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,Motlvated by the(Lbservatlon that the photon asymmetry in

"

—~
radlatlve muon capturesls determined by terms of’ O(1/m2) in
.‘.r‘ /’\,
an expan51on 1n powers of the nucleon mass m, ‘a new ., - .
L
cadculatlon of radlatlve muon capture in °0Ca was made hhlch

1s cons1stent within the standard theory, to O(1/m2). The,

Haulltonran was. expanded via a Foldy Wouthuysen reductlona

through O(1/m2) 1nstead of the usual 0 (i/m). to allow for . the

flrst tlme\a calculatlon of the O(1)xO(1/m2) contrlhutlons

to the rate. Ihe results show that the O(1/m2) terms are

deflnltely nece ary "but that the most SLgnlrlcant oLes

f;arlse from the O(1/m)x0(1/m) contrlbutlons Wnlch can De

'ohtalned from %he usual 0 (1/m) Hamlltonlan.

K

A number of nuclear effects were also consxdered o

'1rclud1ng an 1mproved glant dlpole resonance model and ,a

moaeI usmng Hartree—Fock wave functlcns lncludlng spln-orblt

coupllng. As in most previous: calculatlons the ratio of-

radlatlve to ordlnary rates and the photon asymmetry*are

4relat1vely 1nsens1t1ve to the detalls of the model though

» < L&

the aksolute rates: can be qulte sen<lt1ve. FltS to the

o

'avallable data to extract the 1nduced pseudoscalar coupllng Sp

were also done.
In an improvement to the closure approxfmation,*the

Fhoton spectrum was expanded about. the average max1mum

'”photon €enerqgy km and the correctlon terms evaluated using"

,for one a modlﬁled Thomas Reléke ~Kuhn sum rule. The

. B
resultlng rate is much -less dependent on km than the usual

'1;\ N
oy

N



closure result. The ratio km/Y approprlate for closure

[}

calculatlons, wlth Y the’ average neutrino energy, wa§.

’determlned and found to be approx1mately constant and,

’ 1

cqrrectlon xerms'included, somewhat-higher than valueéﬁ

v

previously used_ By similar techniques a consistencyéQ

relatlon was derlved thch can be solved to exp11CLtly

estlmate "phy51cal" values of kn,and V. 2y

."J
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I.

INTRODUCTIOE

Eadlatlve muon capture (RMC) is a relatively rare’process
first observed in iron by Conforto et al (Co 62). The
measured tranching ratio for radlatlve capture of roughly

10— tlmes the ordinary capture rate was later verified by

léhu et al (Ch 65), using a- _copper target. Subsequent

experlmental effort largely focussed on the %09Ca nucleus..

. ’
0

The 40Ca, rhoton spectrum was initially measured by Conversi

et al (Covéu) at CEEN; the photon spectrum plus asymmetryp

. have since been obtalned by Di Lella, Rosensteln et al

“

(Di 71, Eo 73) at Nev1s, and Hart et al (Ka 77). at SREL. An

experlment proposed for TRIUMF (Ha 75) will‘look at, tﬁe

rhoton cpectrum and asymmetry for 4°Ca and 208pp,

s .
Early theoretlcal Studies (Hua 57, Ha 59, Op 64) were

;conflneo to radlatlve capture on a free proton since ng

corplicating nuciear‘structure effects appear. ﬁxperiments
using lh targets are barely“t3§sible because of the
extremely low absolute capture rates, so theoretical efforts
naturally shifted to complex nuclei. One of the first

A

theoretica; studies of radiative capture on nuclei was

carried out by Primakoff (Pr 59), who used the closure

aprroximation and considered.only the muon radiating

diagram. Rood “and Tolboek (RO 65) made.afdetailed

mnvestlgatlon of RMC in 160 and 40Ca usmmg the 1mpulse

approx1matlon. References to the "standard" theory of

radiative uuou capture made here really refer to the Rood
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E

and Tolhoek* work. Fearing (Fe 66) afpplied Foldy an d
Waleoka's (Fo 64) giant dlpole Lesonance model to EMC, and
more recently Rood et al (Ro 74) considered the effects of
including Coulomt and strong nuclear potentiuls. The advent’
cf the "meson factories" has Opened up the pPossibility of

studylng nMC on very llght nuclel, for which newer

calculations also exist (Hw 78a, Hw 78 B) .

Before this investigation was started and pElOE TO the
€experiment of Hart et al (Ha ’7), a serious dlscrepancy had
ex1sted bLetween the experlmentally reasured and

2

theoretlcally predlcted values of the fhoton asynmnetry for
T

»“OCa. 01 Lella et al (Dlp71)‘had,determined the asymmetry to

te*wS-O;BQtO,QS, averaged over éhé interval 57<k<7ﬂ Mev.

This limit on x was at varlance with ‘the standard theory
predlttlon X=+0. 75, averaged over tHe approprlate photon TL;/
energy interval. The 51gn dlscrepancy'has now teen largely
resolved by the recent measurement of Hart et al ‘(Ha 77)

ylelalng w=+0.9010.50, though there is Still room for more

/

Frecise numerical values. h - : N

In 1S75, Fearing (Fe 75) proved that in the standard

theory, assuming gs =0, the entire flrst order correctioi to

& (in zeroth- order, =1) cores fronm 0(1/m2) terms in the

. Square of the transition'matrix element. Since in previous

calculations these 0(1/m2) ternms had not been retained

coLsistently, the Present study was undertaken with the

Frimary okjective of calculating the RMC photon spectrum and

asymmetrydconsistently to O0(1/m2). at the same tlme,'sutn-



theoretical improvements and supplementary investigations as
Froved feasible were also undertaken in an effort to explain

the above discrepancy. Thus the standara the‘fy calculation
o
was carefully checked and extended to include‘ail C(1/m2)
terms 1n the square of the iétrix‘element, the giant dipole
resorance model calculation of Fearing was re-worked and
updated, and a modification of the usual closure
approximation involving nuclear sum rules was applied to RMC
in'order to gain some insight into the average maximum |
rhoton energy parameter Kk,,.
ihe calculation was done_i&iimpulse approximation,
startiy with the usual four-fermion lntéraction damiltonian
describing ordinary muon capture on a free proton. The
. raaiation field was minimally coupled to the -hadron
covariant portion of the Hamiltonian, which.wagwreduced to
non—gelativiétic~focm via therFéldy—wopthujsen procédure, 1
keeping all 0(1/m2) terms. Transiticn amplitudes
corresponding to a set of Feynman diagranms uére ostained by
Fairing . parts of the non—relativ;stically reduced hadron
covdriant with—appropriate leptbn covariants. 1heAlepton
covariants were reduced to non-relativistic forn by
%églecting the small compornents of the muon wave function.:
The resulting transition amplitudes were squared
anatytically and finally, upon choosing nuclear wave
functions, coktservables were cornputed. -

?he detailed presentation‘of our wvork parallels the

steps in the method of calculation just outlined. Chapter II



describes the relativistic Hamiltoniam and its reduction to
mon—relativistic faer The lepton covariants required to
yield amplitmdes-eguivalent to those obtained from standard
.theory feynmam diagrams are enumerated. Chapter III deals
with the fproblenm offéguaring the total transition amplitude.
In several phases of this operation; symmetries were linvoked
to keep tqe numter of. terms at ‘a manageable level. ln
Ckapter Iv\the nuclear physics aspect of RMC 'is addressed.
Feviews of the closure-harmonic oscillator and giant dipole
Lesonance models are combired with desc;iptrons of our
improvements to them. In particular, Hartree—Fock wave
functions are 1ntroduced and recent photoabsorptlon data
utlllzed in the giant dlpole resonanee model. Chapter V
cortains our results for the 49Ca Fhoton spectrum and
asymmetry for a variety of nuclear models. Chapter VI 1is
devoted to describing a modified closure calculation of RHC.
This apprbath invoymes nuclear sum rules and offers a
FOssible means of getermlnlng the average max1mum ‘"Ehoton
‘energy'parameter km- Finally our concluc&ons are presented
in Chapter VII, along with a few observations andﬂ
'euggestlons regardlng further uork. Solely technical matters

and dlccu551ons cf perlpheral 1ssues have been relegated to

the appendices.



II.
EFFECTIVE HABMILTONIAN FCR RADIATIVE MUON CAPTURE BY A

NOCLEUS

A. Relativistic Hamiltqnian'

The impulse approximétion was used to describ€ nuclear
radiative muon capture (RMC). This approach excludes
explicit nuclear mesonic degrees of freedomn from
conSiderafion,"the nucleus keing regarded as a collection of
rucleons which participate individually 1n‘the R¥C process.
“Fence to calculate Cbservables, such as'thé photon Sspectrum
and asynmetry, it is first necéssary to calculate the
fransition'operator for radigtive muon capture by afsinglé
fproton. This waé'done by méking a non-reélativistic reduction
cf the relativistic Hamiltonian for radiative muon capture
bty a proton to oktain an effective Hamiltonian Eor this
elementary process. 1he effective Hamiltonian Eor the
Lucleér case was éhbseguently obtaihed.by summipg the
elemertary ieffective Hamiltonian over-ali protonrs in the
parehf nucleus. Ccrrection terms of order 1/A (A the atomic
numbe r) arisiné from nuclear center Of mass.moiion (K 74)
are expected‘to ce small for 40Ca and were omittéd.

The Hamiltonian for a protén subject to strong, . .

electromagnetic, and weak forces was taken to be : 1!

- ——— i — . —— g ———— —— -y

5.D. Drell, ERelativistic Quantum Mechanics (McGraw Hill Book
Company, Inc., New. York, 1964).

<t



where "

m:_%m'*%}f/;'*%*%y
He=eTr (- F-3) + % (knii # XeT7) x;‘g,,., FAr

7‘/"‘/707"”57‘//” e ‘ | . ' 2=1

Hw= W\T(fyf 7".&0441_ J"?’/I, f/_}q 1‘/4/ Is
+gg )’57uozt Lo ds) e |
57 ?

Ho as Vot ¥oV, a

combtination scalar potential and one transforwming as ‘the

: o , . C
zeroth component of a 4-vector. nm is the nucleon mass, and »?

is the momentunm operator. Ihe form ot the weak ﬂamlltonlan Hw

is the usual

theory of weak

‘the muon mass,

couplings. The

neutron. g,=n,

“Pyels the U-momentunm transferred to the

one evolved from the current x eurrent
interactions. G is the Fermi constant, h“ is

and g,, g4, g, 9ps 9se 9, -aLe the weak

isospin operator J. Changes a proton into a

¥

cadronic current in the weak interaction.: The leptonlc current

o includes all lnteractlons not dlrectly coupled to

the hadronlc current, and its explicit fornm depends upon

which particle

radiates. Detailed €XFPressions for &« are

PLesented later in the chapter when we make the connectlon

tetween our Hamlltonlan formalism and the set of Eeynman

dlagrams Calculated in the standard theor+y. The

€electromagnetic Hamlltonlan Hg contains Coulonb and

.

radiation fields, including those due to the anomalous

<

magnetic moments of pProton and neutron. The electronic



S
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charge is e, 3o 1is the Coulcmb-f;eld of the& nucleus, and A
. . C - "'1 '
is the photon field. X,=1.76, X»=-1.591 are the¢ anomalous

magnetic moments of proton and neutron in unité of nuclear

\\
¢ , Y
4..\.'

ragnetons. ' 5

v @re the electromagnetic field strengths. The jiscspin operfators
. R '\\‘ .

: : a RO

g?,JZ select protons and neutrons, respectively: '

¢ . ' - )

E.

E. FHon-kelativistic Reductiom - ) :
: ‘ ) .
‘The fully relativistic Hamiltonian H was reduced to a

noﬁ—relativistic Hamiltonian hsing the Foidy—WOuthdyseﬁﬁ}‘
o v , .
transformation (Fo 50, Bj €4). The same non-relati vistic K

N
>,

‘Hamiltonian can ke obtained from a Pauli reduction but, as

Friar has poiﬁted:out~(Fr 75) one must be careful to
(fréserve the overall normalization of the transition rate
and‘deal With.initial and final states in a symmetric way to'
preserve Hermiticity; ﬂhén working to O(1)m2), as here, or

‘to higher orders, the Foldy-i#outhuysen procedure i's

[referable because algetraic complications are at a minimum.
. ‘ : S

Furthermore the_ proper ovgrall normalization is assured.

) .

since to 0(1/m2) the difference in normalization of
relatiwistic andvnon-relativistic wave functions (Bj 6&{.15
fxéctl&icancelled by the difference in rélativistic and
-noh-relatiVistic:phaSe'space‘factors (Fe 78). The
Eoldf—ﬁodtbuysén trénsfo;mation decouples the relativ;Stic
Hamiltqhian ﬁnpo two two-component Hamiltonians: one
describes nucleon states and the other deécribes antinucleon

T

states. Since the transformation reduces the Hamiltcnian to



~

A, |

-

only'so—called-"even" operatdrs which do not mix upper and
lover components, an initial nucleon state is coapled only
to,a;final nucleon state. The influence of the antinucleon
states is manifest in the complicated form of the effective
Fapiltonian.’

The initial step in the reduction involved decompesinq
H into odd and even operators, which respectively do and do
not wix upper and lower components of the nucleon wave
function. Thus : .

& &
, A ———A

Ha Yoo + E+ Ew + O Ok

where :
Eo= €T A+ LoV # Vo # (knTu # XpT0) 8. oYY
0 = Yo V- (P-e o2 # 24 CuTu #Xo7e) (V- (VA # - F)
. ‘ ) o 3
- £ (4% J"?‘)&(s +% gt Y5 ¥s) L
=véi = “ “ l A > 5 o
O = & J- (gr & f%; o tigr T e &) Le
. . 2-4

To enable a consistent calculation of RMC observables to

apprepriate orders in the expansion parameter 1/m, H was

: fransformed so that the odd operatcrs appeared in lowest

order as O(1/m3) terms :

H %(muz)vw L [(7[&5]]_4,_ [aov]

Al

2=

The explicit'form'of'the non-relatiVistic Hamiltohian

uas determlned by a combined eomputer and hand evaluation.'ﬁ A

o

EORTRAN program performed the 1n1t1al ‘operator algebra,-



wvhich amounted to commuting oéerators into a standard form;
Each vector space (isospin, Dirac, etc.) having elements in
the expressiop for H" was rerresented by a linked list
structuge composed of those elements.oThe operator
commutatipn rules afppropriate to eéch vector spaée were
coded and ﬁhen uti;ized as the commutators were evaluated.
The basic algorithmlreguired the prcduct of two terms to bpe.
\
Fut into a predetermined canonical form whicn subsegquently
was either printed out or used in further evaluations. fhe
result was an expression for H" involving Dirac.matrices

which were expressed in terms of (two-component) Pauli

matrices. The final simplifications and'projection of the

- nucleon states (upper componerfts) were done by hand.

“Throughout the procedure outlined above, the exact
expreséions for the lepton covariants Zy were left
ﬁnspeiified. This generglity was in keeping with the as yet
quite general ﬁo;m for the effective Hamil tonian, which
descrites several differen£ weak, electromagnetic, and
strong processes. The next task was to isolate those parts
cf the effective Hamiltoniah which specifically descrihe
radiative muon capture.

CA Effective Hamiltonian

. )
To begin constructing an effective 1nteraction

damiltonian for radiative muon capture, the pon-relativistic
. GO |

n

Bamiltonian H" was written as :



.. 7" " n : , ’ . ' ‘

- ‘?// = H, + Hr 4 2-6
whe;e HY is the kinetic energy plus strong potential part of
H" and ﬁ; is composed of terms involving the weak and'
electromagnetic interactions. The states, Green's functions,
etc. corresponding to HY are labelled with the subscript o.

. .

The calculation cf quantities corresponding to the full
Hamiltoqian H" then proceeded using the guantities -~
-corresponging to H)! as a starting point (Ne 6€) . Thus the
full zucleon Green's function is :

z V' “ 2 £
Go {E) A/I G (E) '/- Go [E)

i

¢*(E)

i

6lEy + 6XE) He 6F (o)
2=

ihe superscripts plus and rinus denote retarded and advanced

o

Green's:functions, respectively. For the transition from an

initial state i to a flnal State f, the full T-rarrix is :

T (£)= Tey (E) +(<u,"’z£,/}, AL (G
- - 2-8

The phLoton emission and weak inte\actlon processes appearlng

in g; were calculated to first order 1n perturbatlon theor).

This 1s a good approximation since the "lmensionless)

expansion parameters ez/hc and :
2 ' a2y2
= L. mwl)? G = 65x/0 (77w ")

7%2' V2. r ﬁc( )

l

with m,C? the intermediate vector boson mass in Mew and G
the Fermi constant, are both < 0.01. Thus .G+ (E) was replaced
by G*(E) and only those terms in Ty, in which e and G each

. , ‘ T

appeared just once were rCetained. Thé leading term Ty,
A

10



Lepresents scattering by the nuclear potential and can be .

dropped. The radiative muon capture T-matrix thus takes the

o

form : .
ame )
7z, &) = (Rl #), [//I + He 5,/5)/&]% 54))
2-9
It 1is completely.specified when the lepton covariahts
appearing in ﬁ; afeASpecified. I .

The initial effortvuas,directed towards selecting thé
Bamiltonian corresponding’tc the reynman diagrans shoun in-
fig. 1. The calculation of these alagrams comprlses the
standard theory of RMC (50465), SO qui te naturally was
chosen as the starting ‘point for our investigation bf higher
crder terms in the effective Hamiltonianm. Ih this approach
the ruclear potential is omitted, hence the propagator.q;(E)
appeating in Eq. 2—9.becomés a free Farticle propagator.

Each of the &y described iR the following list was

associated with a corresponding Feynman diagram as follows :.

1. incoming muon, .weak vertex, outgoing neutrino. This
covariant was associated with a nucleon radiating, fig.

1(b) and 1(c).

Lo (X) = Yo (x) ¥ (/- )’5) o (x)

rO

= exo (ilv-w) X) Uy Yo (1-Vs) % -10
L Ze incoming muon which radiates, weak vertex, outgoing
"neutrlno. This covariant was associated. Hlth the

non-radlatlng part of the nucleon current “fig. 1(a).

11



Figqg.

1. Dlagrams contributing to radlatlve muon capture in
. the:standard theory. Diagrams (b) and (c) include’

-'radiation .from the anomalous magnetlc moment of the
proton and neutron. : :

B V4
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Zx(x) /d}/ % (X) Yz (/‘J’s)z Jp X—])ce A’/J/} [])

= '—\Z?%' exp &(wk,a) X) 7 &//-&);ﬂkﬁf@)zt% et '»

iJP

- incoming maon, weak vertex coupllng to. the nucleons vma
a - plon whlch radlates, out901ng neutrlno. Thls covarlant

was assoc1ated ulth the non- -radiating .part of the

nucleon current, flg.:l(d)

el / zcx z&-)x),c (prz0)7) T e (12 05)
72’%/ /zfr) /0( s /‘7) -mﬁfg&

_ﬂ_w_&yO/A(wk/c) X)Z(gé’x(/%fs)z& o 2-12
VEZF' o §a V)Z 7”1

»

Fioure 1(e) cones from the requirement of gauge anarlance,
from ;the substltutlon p-» p -QA in Hw in Ea. 2 2.
'Amplltuaes ‘for the Feynman dlagrams in.fig. 1 were
constructed by substltutlng the ahove covarlants into Eq.j
:2-9,nuh1ch represents the effectlve non-relat1VLst1c
: tran51tlon matrlx element obtalred from the namlltonlan in
Eg o 2-u, In simplifying the lepton covarlants, it was
assumed that the muon was at rest and that the muon wave-
functlon was constant over the nuclear volume. The
prescription aescrlbed by Luyten et al (Lu o3) was used to.
ﬁcbtaln an appropriate average value for the muon wave
functlon. |
Specificatibn‘of the leptcn’covariants completed the
‘constructlon of an O(1/m2) effectlve Hamlltonlan thCh

descrlbes radlatlve mucn capture by a proton. Performing a .



w—-~—\5f———~sum”over the constituent protons of the capturing nucleus

a.

then yielded a Hamlltonlan for nuclear radlatlve muon'A

capture of the form : ‘ : N

X» // 7 V)?g);r

2-13
. . o ° v 2. .
“with J. the lepton spln“matrlces and the nuclear operators

cortained in :

'27 =“276'f 7 Z?k : o 1S S
IR ‘ . e 2-14,
To faC1lltate manlpulatlon by the algebralc sg aring routlnes,

27 was arranged into the form

77 ZJ&)Z(&#J)MCL) »fZ(f‘,‘.D,fc) 5.] @" Y

LN - i
2=-1c

9

- > -

14

’where'fi and-G; are functions of the vectors\€, k, ¥, P/m, amd - °

{Wi' 'a:. Ihe'coeffic1ents E;» D;, and C; correspond to terms

cf”order 1, 1/m, and 1/m2 respectlvely. rhe complete o
namlltonlan appears in Appendlx B. The connectlon with the“
work or nood and Tolhoek (Ro 65) 1e wade by taklng the
contact approxrmatlon for the nucleon propagator G (E), ie.
.lettlng the mass of the propagatlng nucleon go' to 1nf1nmty.‘
when this is done, agreement is found with thelr effectlve
namlltonlan which contains only a selected few O(1/m2)
terms. Gther parts of H" are found to be in: agreement wltn

brev1ous folay-Vouthuysen reductlons of ueak (Fr 66, Oh_66)

and.electromagnetlc (Mc 62)-Ham;lton1ans;_2
Y ‘ o -

ey e, —————

2 The last term in- the express1on for G4 in’ Eq. (u),of,,
(Fr 66) is dlmen31onally 1ncorrect The factor (w - k2/2m)
. should read (w/k - k/2m). . ' 1 ' -

L . . . R S



An extension of the standard theory which includes

- Coulomb and strong nuclear potentials has been considered by

Y
Food et al (Ro 74), who use the Martin and Glauber formalism

(Ma’58).VMuch of their work involves.whol;y numefical
evéluations’of EMC amplitudes which are'checked against ﬁhe
results of Rood and Tolhoek (Roc 65) in the limit of
vanishing nuclear potential§. The original irntent of our
WOrLk was to calculatg, in ap analytic fashion, higher order
correctians tg the rhoton spectrum and asymbetry, ana this
was accqmplished for the standard‘theory. Thebtask of
moéifyind our ekisting(calculation to include Coulowmb and
strorng nuclear ﬁotentLals appeared to require considefable‘
}further éffori, however, andwwas not undertaken. Some

further discussion of the role of exterior potentials in EMC

appears in the presentation of results in Chapter. V.

KX

wy
/
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III.

THE TRANSITION MATEIX ELEMENT SQUARED
_A. Squaring Strategy

The calculation of observableé for radiative wmuon
capture requires that the transition matrix element te
squared and summed on apprtopriate spins. The steps in the
derivaticn are the usual ones encountered in squaring
reyrnman arplitudes (Bj 64). With the inclusion of phase
cspace and'kinematlc factors, the prokability for radiatave
guon cagpture corfeeponding to the nuclea:vtransition ja>—~>
lt>, the photon and neutrino beirg emitted with momenta-i
and 3, wi.lle tiue polarizations of tae iritial muon and

3

pcoton are specified by 5 and A is (ko 6%) :
P (k9 4,5) dhday da, - E_ Cler Zé//ém-/é) “IMba! “dh a2y &
3—1

Al averace value lZJ; of toe muon wave function oOVver the
ruclear volume'has been extracted from the matrix element Mg,

=<b|Heﬂa>. X=1,137 1is the fine structure coostant.
fractical difficulties encountered in the present calulation.
'of H%‘|2 atose as a result of the large number of tefﬁé
considered, which are sufficiently numerous to warrant being
ranipulated by a computer code. ¥or this reason the
algektraic language REDUCE2 (He 73) was used to do a large
. o5£tﬁof5£he algetfal In thedcurrent charter the methodology
1employeo in obtalnlng the sguared matrix element is

~.descr1bed in detall. o R
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E. Lepton Spim Algebra x

Peginning with the effective Hamil tonian :

B N -G 8) 7

[8Y]
|
%]

the square of the matrix element was constructed, taking
accourt of the iritial muon polarization by introducing the

e .
SpPin projection operator (1+5-0.)/2 to the inmediate left of -

_the muon spinor :

Z IMsal = £Z /5 (- V)7Z(/+02 5)/(/‘/

Spins Sms
# ” 3-3

Ihe most general scalar form for %7in terms of the lepton

-
spin matrices (. is
o

— —
77"t O e
Substituting this form in E4. 3-3 and doing the trace o
elgektra yields

X Ml =20 0-7 5)7/?/7721 £(/# v 5)77; 771 u(ws) 772X772.
J/o/IrJ
—z/f?effy,(w Sriin8) 7 v 8- T

- The ex=press;1ons 77 and Wz afe. given. expllc1tly J.n Appendix B.

V-qu. 3= E~was.evaluated analytlcally w1th_tae,help.of‘the
.computerwlanguage>REDUQE2._Eefo;e“desc:ining the explipit'
evaluation though, some general sinplifications of the

squared matrix element are discussed.



&

C. Symmetries in the Squared Matrix Element

The squared matrix element exhibits particular
symmetries which can be utilized to simplify it
considerakbly. fhe manifestation of the se symmetries'may
re¢uire some idealizing assuaptions, and where this is the
cése, specifié menticn is made of these.
Nucleon Spin

Consider that part of the squared matrix element which,

in closure approximation, has the form :“
/%)= a) £ 0l T 61k) G (412
. J . A

where OQj) and O%k) are sirgle ;értié;e operators

indeperndernt pf,s;in,flt is assumed that

1. 'Ja> is a Slater deteriinant OL single parpicle vave
functions including spin-orbit couplirng and that

2. la> Las closed subshells. o y

py straightforwarﬁicalculafion”using the"techniQUeé'of

argular romentum élgebra (Ed 57) showa tnat the one-~ body‘.L

(J=K) part of 1%42 is ldentlcally zero and- tnat “its two~boay

(j#k) part is proportional to the product of 3—j symbols

PAVAY AN RV AW RS
\o o o \ o o o o o0 0

which also vanishes. Here 1, and lzvﬁ;e Q;@ita;'angd;a;’""'

nomenta of the 51ngle—partlcle states.  Hence -terms in-our .. . -

squared matrix element 1nvolv1ng only one nucleon V’are

identically zero.

18
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~ l
Coy

In the case where closute\;s not used, Luyten et al
(Lu €3) find that in addition to the above assumptions one
requires nc spin-orkit coupling in order that <1><0>=0.

IP egration on Neutrino Angle

—
“hen the initial muon has polarization 5, the

available vectors which can be used to construct okservables
9
after integrating over neutrino angle and suiming OL Spins
— —_— . ‘
are 5 and k. As a result the differential photon spectrun

- -

exhibits the following dependence ¢n S and k :

KE d@y /Méc/ ~ [+ & 54/@ S
A2k _ ' 3-7

with & the photon asymmetry. Hence égz is invariant under the
transforqatlon,s,kﬁ'-5,—k- Tf the final and ainitial nuclear
states Lave definite parity, the -tracsformation r—+-r
‘Vabpliedffb;the'mafrix element hillvhét affect the wave
'functlors appearlng im- |ﬁ‘|2 since eaeh state. appears twice,
e
however P 1S 1s changed to -Db. Maklng these tcaneformatlons
T I O UG O | _ |
".'ch LQMLZ,and-now‘taklng,V*~V has'tneveﬁtect of maklng each
“term in the patrix element an eigenstate of the
. — -

transformation operator which changes V+-V aund has
eigenvalue +1 or -1. Thus from an operational point of view,
all terms exhibiting odd kehaviour under the transformation
- > > > "’

,k,:,?* y, ) 5 P vanlsb when lntég[ated OVEr neutrino
solidwangle. ‘Note tnat as. a conceguence of this, the flnal

result. for the squared matrix element integrated over

neutrlno angle will not contaln any vector triple products.



. ‘ o | .
Fejations Between Squared Nuclear Matrix Elements

Define the following set of squared nuclear matrix

elements for ordinary muon carpture :

/mp! = Z( %)2/%% /(é/é Qu () exp (i Vs %) (23] =

3-8
whereze can be V, A, or P_with :
= A -
Oy (&) = L0i) | Oalid=L 00D | Opli)= v 00)
_ , , V3 3-9
Then the following relations between matrix elements
(Fo €4) : : 1
/Mv/ /MA/ //MP/
3-10

Lold exactly in a single particle model without spin-orbit:
coupling, and hold to a good approximation in cases where
the spin dependénce of the inter-rucleon forces is fairly

’ b

weak (Ld 63, Fo €4, Go 7u)..Applied to radiative muon

capture (ko 65, Fe 66), the relatlons appear as :

Z (/ém-/é) /(A/Z JJ(L)CA;O/‘AJ‘&A‘ VA )0’(1,} /ﬂ)/
=3 Z:éém Aa)/%3/2:]’&9550(24615/?)/d)/

Z o= #)° A bIZT ) e CiSub R ) G0/ B IS ) exp CiSub o) i) /2
| = Z A BT A K L7 o -5 B0 )25 ) 5-11
where gu,=(¥+;%$ , and K; B are arbitrary vectors. Note that

the et effect of the relations 3-10 is to remove'the

nucleon spin operators from the matrix element.

20
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D. Evaluation of the Square of the uétrix Element
.Qith the help of ihe simplifying relations detailed in
the previous section, thg analytic evaluation of Eq, 3-5 wvas
carried out. The:algebraic manibulations were done in three
distinct parts, e€ach part beihg accomplished by a REDUCE?
[rogram written specifically fcr the task.
The initial phase of thg wofk involved c;assifying the.

terms 1n the effective Hamiltonian according to :
'l ' -> > |

1. their béhaviour under the traasformation V,Kk, \
\ :

s ding -o > -

r, P+ Y, k,~%,-P, and

— : : A :
2. the number of nucleon ¢ 's appearing in each term..-
All possible'forms_emerginé from this classification scheﬁe
(in whicl the Coulomb gauéeﬁwas used and'the photon -
polarization vector Zqﬁ'tzzf was pade to appear .explicitly)
were enunerated and bstituted into Eg. 3-4+ A list of
these forms can te E:t;% in Appendix B. Eg. 3-5 was then
evaluated and the simplifications cf the preceding section .
associatea Qith points 1., and 2. above wereﬂdone,”Each
froduct of forms in thyis intermediate expression represented
a large number ofvterms in the squared matrix element.

Elimination of the photon polarization vector was effected

by the relation :

0)
: - 3 12
,yhlch folloxs dl:ectly from the exp1101t expre551on for €

.. .

‘“Ihls flrst stage of the squarlng procedure was carrled out

- bY the program SQUARE1.M

21
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ke ‘next step was to substltute the orlglnal tecms back:

~1nto the expres51on for the sguared matrlx element, whlch at

thlS stage was 51mpllf1ed lnsofar as the symmetry propertles

of the forms had. been. fully exp101ted. The re~- substltutlons

"‘;Tr;roduct of O(1/m) and 041/m2) terms 1n the effeetlve

coula not be done all at once as. the number of terms

he,

generateu by the substltutlons far exceeded RLDUCEZ s

storage Capac1ty-‘Rather the squared matrlx element was T oo

Ty

sub d1v1ded and the segments processed one at a tlme.flhe‘
FLogram SQUARE2 handled the re- substltutlons and the'
ellmlnatlon of nucleon ;.s via the relatlonslln Eqs. 3%11a
rand 3-11b. o

The final analytic fecrno cf thevsguared matrix element
was produced by the pregram SQUARE3. An integration over.the
(experimentally unobserved) neutrino solid angle was
;e&formed, introducind y=£-$ as an integrationlvariable; T he
irtegrals of various powers of y multiplied by a squared
nuclear matrix element were systematically labelled. A
feature of the REDUCE2 landuage permltted output of the
squared matrir~element from SQUABﬁ3rin~FOBTRAN, thus greatly
facilitating further numerical work;'

In our final expression for the squared matrix ‘element
all terms of 0(1/m2) and the O(1/m3) terms comlng from tne

G-

Hamlltonlan were retalned.ﬁihese 1ncluded the so—called

el

i "veloc1ty tecms" le. those terms 1nvolv1ng nucleon momenta.*

-u

Appenalx C contalns an expllc1t expre551on for the squared

matrlx element thch 15 fully cpeCJ.fled up to the nuclear"

R

22



matrix'elements. A number of nuclear models permitting

evaluation of the latter guantities is presentéd in the next

.chapterL

23



Iv.

-NUCLEAR MODELS FOR RADIATIVE HMUON CAPTURE

- A. ERMC ModelS'for Complex Nuclei

Al this chapter two nuclear models for radlatlve muon‘

2

capture and -our lm@rovements ro them’ are dlscussed. The

'c;.,l

.standard closure~harmon1c o<c1llator (CHO) model-emplqyed by.
Eood’and lolhoek‘(ﬁo_65[:and‘the;giant dipoletresonauceJ
(GDR) mocel of Eoldy and walecka (Fo 64) aq.applied to
’radlatlve muon capture by Fearlng (Fe.- 66) ‘are reviewed. '
IncluGed in the discussion of the harmouic—oscillator’model
is an improvement to it in the form of a more sophisticated
cshell model (SBl) wave functich due to Shao, Eassidhls and
lomor. (Sh 72). In additiou, a variant of the .
closure- harmonlc OSclllator model “involving nuclear sum:

. rules is mentioned brlefly. A mcre complete dlscu>5lon'or
thlS iatter approach as applied to radlatlve mnuon capture is
containea in Chapter Vi. The standard closure-harmonic |

oscillator model 1is discussed first.

E. Closure - Harmomic Oscillator Model

Simple hkave Egrrzlgge

Recalling Fg. 3-1, which gives the probability for
radiative mu-on Capture corresponding to the nuclear

transition |a>»|b> L.

4{ o /@ /,vz:é/,é “&) IMse) dth dy -

w

Bulk 15/? 5) a% m,e a'ﬂv

T 24
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.?yhere MA—<t]H‘#] >, Jdt - 1s apparent ‘tha t the exact

a .

calculation of : - ‘

. ' as 2 2
Z (%) [Mba/
ab o .
quires a knowledge of the wave functicns of the accessitble

stat®ss in the daughter nucleds. For ¢0Ca, the maximum euergy

to exc1te the daughter nucleus. 49K is NS

.

2 7@,—--53.;% (77 720) + £c % /10,4 MeV

availab

gdoh>binding energy ahd‘ﬁ;.is'the

.

in which Ep. is the
Coulomb €nerqgy dlfferen,e tetween 1n1t1al and final nuclear.

ctates. Slnce 1t is expecte

that most of the transition

strength lies in transitions to relatively'low—lying states
N

in tke daughter nucleus, the use of “the closure
approximation is appropriate (Pt 59). Ci Sure invoLves

\\

replac1ng the sur cn all" p0551ble rlnal state§\lb> in Egq.

. 3—1 by a sum on a complete set cf - ctateQ':_ T~
Z /A><b/

ihe introduction of superfluous states E>E,, in this manper

is not a cause for concern if the majority of tradsitions

are to states of sufficiently low enerqgy, while the

advantage galned is that sgecific flnal State dependent
guantltles are replaced ny su1table averages. Thus k‘A
replaced by an average max1mum phcton enerq.y . K,y
correspordingitg an average_exitation-enérgy:Of“the daughter .

nucleus : '



W.,r"
\

- -fd&' ' | .
om Zgu (Zﬁm 7p) - Afbf KEZ él) - A@n 9#3
with tne assoc1ated notatlonal change : . ?wagw SO
. N - ..,”f?‘-— —
(V*k)_aé;—_’_yw‘e =S

37 'states, respectlvely._lt now remalne to. evaluate products of

nuclear Ratrix elements of the general form :.

e i WA
€0,5<0:)* = a/Z T 4) 7% (4) c&o/wd‘-/@- ) 0.4) 02 (k) Ja)
SO Y S S B ' e

which, since thej are ground state €expectation values of
two-body operators, can be calculated relatlvely eaSLly in a

-

nuclear model The sunms on - b) and k Lun over all occupled

'nucleon states Oof the parent. nucleus. ‘The operators O,‘and 02

are in. general functlons'or nucleon momenta and colns.

'the closure harmonlc osc1llator nodel is :

= 20 {zaf257 025‘7 # 0. 03/257’)6 M .
.U-€

ke

wWith 72 b2(s s)—(sb)2 and b the osc1llator parameter.

EXPllClt detalls of the evaluation of the proaucts of the

: nuclear matrlx elements regu1red here can be found in

'Appendlx D.

hartreevfock~ﬂave Functions

A straightforwarg 1mprovement to the closure- harmonlc

OSclllator nodel was achieved ky replac1ng the 51mple

-



cne, and we\haye used it here.

,closed form ex;re551ons ex1st for the radlal 1ntegrals

'slngle-partlcle osc1lIator uave functlons for the nuclear

matrix elements <1><1> and <1><P> wlth the more reallstlc
ones of Shao et al (Sh 72), calculated from the «°

feshbach Lomon potentlal using a Hartree-Fock technique. 3

'Flnce the SBL wave. functlon includes spln orblt coupllnq,

the relatlons 11, |2 14, ]2 IMP12 adapted for RMC (Egs. 3- 11)

can be expected to hold only approx1mately. An explicit
calculation shows IMAF2=IMVIZ to better than 3% and
IMP|2—|M412+A, wvhere the correctlon ‘4 involves the tensor

toupllng between e and MP..Ais identically zero-when 1Mp12

is lntegrated on photon and neutrino SOlld angle, and,is

»lndlcate that the approximation ]MV|2=]M412=TM;]2'is'a oood

Shao and collaborators have expressed thelr wave

functlons if a ba51s of harmonlc osc1llator tunctlons each

ihav1ng the same osc1llator parameter, thus permlttlng the

maln nuclear matrlx element squared to be calculated f"-n~-"

analytlcally. WOrklng w1th a. ha51s of osclllator functlons
reant tkat the actual form of the result for <1><1> was
known, S0 that the problem became one of determlnlng -
coeff1c1ents. Ihls task was stralghtrorward as the angularA

momentum algebra: ‘'was not partlcularly complloated and

--—_-—_—-—---—_-—-

3 <<pt was expressed in terms of the- two-body part of

<1><1>’and -Was: calculated concurrently with it. The other

~ nuclear matrix- elements, being of lesser numerical -
'C1gn1f1cance, vere calculated using the simple wave

functions descrlbed in the prev1ouc section. See Appendix D
for devails. I '
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(De 66) . The large number of terms to be multiplied and
' sunmed dictated a computer evaluation. Details of the

calculation are to be'found_in Appendix Et The result :

o , . : 2

Syt = 20- (20-3.05 7+ 5./53 %1427 7t rO. 414 7% e

o ' : 4-7

fay not pe corpared difectly'with the result for eimpLe waGe:

functions given in Eg..u-6 since in this letter equatiooJ

£=2.03 fm.is‘abpropriate; while in Eq. u4-7 b=i,90 fm should
ke used. Different methods for fixing b have resuited in
these'two different values. Eood et al (ko 65) oetermlnea

‘ b=2ipé_fm, by .requxring» that ‘the simple’ harmonlc osc1llator

wave functigns reproduce the 4°Ca r.m.s. charge rad;us

I S
v

obtained from electron ccatterlng experlments. Sheofet,aer{;f
'}Sh 7¢) determlned b 1 90 fm.'by regulrlng that thElE,m
;'fhartree—fock wave functlons ylela cptlmum values for the 160
L.L.S. charge radlus and rrndlng energy. |

"It may be noted that the expre5510n in bc. 4—7 contains
a- 7’2 term mhereas t be expressrcn in Eg. U4-5 does not. The
explanatlon for this dlfferé@ce of form (Be 71) is to be
round in the property of factorization'oﬁ simple harmonic
oscillator_wave functions into products inﬁependeﬂtiy‘

. . ‘ x
descr;bing relative andmeegter of& mass motion, eoﬂtined with
the fact.that‘for'°6Ca; N=Z. Erplicitij, if 1sospin is a
good quazntum ﬁtmber: the closure result for the main_nuclear'”

ratrix element squared can be exrres=ed :

>y = (a/z: $‘§/) e,po /1,5 )ZJ‘a)ax/; (i SR,/
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. S p i TR ) exp g S
(Y = 2 (a/j.zfs//)a;o/zS-/?/) Z Jsle) exp (-4 57:) /2y 4-8
For nuclei wWith N=2Z the téfu cf =econd order iJ17=sb in Eg.
u~8,ié :

—£<a)T T5 ) S A £ %4) Sa; /)
=~ % gz(a/g- (R—,:-A—”/«)z/4>

where ?} and 5; are center of mass coordinates of the
Frotons . and neutrons. For the simple harmonic Oéci;la;oc,
the center.of mass motion has a4 grcund ctate wave,function
[Tcrortional té :
exp /—4’%2 (o))

so thét the closure—hérmonic oscillator model givés for Eg.
4-9 :

-$zZ7°
Since the general form of the result for <1><15ris :

(/}(/>’= Z-,Z[/f('/ 727‘- Cz 747‘-...j eX/O/— 722)

L]

4-10
the term Z('éi?z) is entirely accounted for oy the expansion
of tke exponential in Egq. u4ﬁo, therefore implying C, =0 for
the closure-harmonic oscillator nodel. The S5BL wave function
cn the.other hand cannot be factored into terms which |
individually descrike relative and center dﬁ mass motion, so
that the evaluation of £g. 4-9 will not in gJeneral lead to
the result Z(—j:72), and hence C, will be non-zero.

A crucial shortcoming of the closure-harmonic
cscillator model is that it predicts ordinary capture rates

wiich are apprroximately a factor of two larger that those

’



reasured for 160 and 40Ca. A significant part of the
discreéancy may te unaerstood once it is redlized that m&st
of the carpture occurs through the first forbidden dipo;e
métrix elements (Ti 49) to states lying in the region of
excitation of the giant dipole resonance. The emergies of
these states should ke accurately reproduced by the nuclear
model rcecause the capture rate depends strongly on the
maximum>photon enerqy (the“radiative rate goes as k;a). In
thé simple shell model, the giant dipole Fesonance‘does
€energe as a collective feature, but atvtoo low an energy, so
that for a simgle shell mcdel calculation which does not
employ ciosure, the dipole contribution to tne rate will te
overestimated. Presumably the closure-harmonic oscillator
rodel ratenis overestimated for the;samé rceason. A meansvof
avoiding this difficulty was developed by Foldy and Waleck;
(Fo 64) in an investigation of ordipary muon capture. Their

approach, subsequently referred to as the giant dipole

resorance model, was later extended to radiative muon

capture ty Fearing (Fe 6€), and it is in this latter forn

that the model is reviewed here.

C. Giant Dipole Resomance Model

The principal 4dea of the giart dipole resorance«aodel

is to relate the dipole part of the muon capture rateé ‘to an

integral over the exrerimental fphoto-absorption cross
. ’ o . . . .> )
section. To obgtain-tKe re*pilgﬂ-lt is first assuyped that
, C Y e - "';"1!}
isospin is a gbod quantum,nﬁmber. Thus for a nucléar ground
‘ o e

C R
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state ]a) baving total isospin T=0 (Fe 605) :

5 hlbmth)” S J2 (&) exp (~i Sab fie) /2] ?
. ‘@3 “ o ' | . .
-%Z fellom- k)" /<8 J.if-‘?zm/a RN DYV
77 .
- 21 z =) /é) z 7 /T, (i) }ému/a)/
77%° |

1he sum on b' runs over excited T=1 states of the parent

4-11

nucleus. The maximum photon energy in this expreSSLOn'is
ab ‘ ‘
still k,, corresponding to the proper transition energy.

Hence : - "
ab
/ém = Em_ EA,A

with E,;p, aé defined in Eq. 4-1.

In their examination of the dipole (1=1) part of the
crdinary muon capture ana logue cf Fg.. 4-11, Foldy and
ka lecka (rOJG/) noted that the dlpole matrix element could
te written as the product of the matrix element of an
unretarded part é%#; and an elastic form factor Ey. With

this prescripticn the dipole part of Eq. 4-11 becones :

ab 2 2 2. s 2
F= L T hllmt) [l () KBIZ Tz L (0]
6 z5' 3 :

?@ . » 4-13
‘The clcsure-harmonic oscillatcr model was usea to'compute
the dipole term appearing in Eq. L-11 and the approximation

) I
to it used in Eq. U4-13. Besides giving a check on the
accuracy of the approximation, this calculation al so yielded

a check on the formulae used by Foldy and Walecka (Fo b64). //f

The calculation ghows :
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o Z ; KEVE Ta g, (a2 V. Tamy 1))
‘/07 2~ 4 7 fz—;oy 757 fp 2 7 5. ]c,\;o( 7%) 4 =14
¢ § /el 2(5“;)‘/(5’/,3: i)

107 [1-$ 7+ & 7" 5 7+ 58557 fexp - 7%)

-1t

Here :
7= (58)°= 87 ko 24 Chon K)(1-7)]
7

ard L 1is the oscillator parameter. For 49Ca, taking b=2.03

Xh;
A VN

u-1¢6

fm ard k,=90 dev, it is evident that Fq. 4-14 differs from
EG. 4-15 Ly at most a few percent for any value.of the
fhbton pomentum k, so that Eg. 4-13 1s indeed a good
approrimation to the dipole part of Eg. u4=-11.

The nuclear matrix elerment which appears in Eg. 4-13 is
frecisely that which descrikes nuclear photo—absorptioh ir

the unretarded dipole apfproximation :

\\\

OylE) = 4 mrz (£4 Ea)/(A/Z.Z}/L}A [8)) §(£-Es-£a)
W-17

Using Egs. 4-12 and 4-17, Eq. U4-13 becomes :
¥

£Em 2
S= L [ e F L) & (£mE-£)" 8(Em-E-4) /fit (bim=Em-ED]
L P/ g b £ 3

X [(Em-£) - 2k (o= £-R)(-3)] f

{[,.“)//dgf Ty (E) A (em-E-£)" 0(Em-£- ,é)
”/z‘.%
% (b E)* 2k (Eme£-1) (- PIf
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2
&= [hrlErs)] L@ k) + G2k) (1-9)
J4-18
where f(x) is the unit step function, E,.q is the énecgy‘of
the giant dipole resonance and the functions Q, (k) and Q, (k)

e

are defined :

, - |

y / L L NZ . o2
&, (%) Zg;ggziéo dZ’Q%Q?rﬁ(é}azflé)é5n £E-£) (Em-£) .
.

,,,,,, g . b ,
Qz(k)= =K / ZE OLE) 6(bmE-k) (m £-12)°
Tx e £

4-19
Eence tlLe dipole part of the carture rate 1is related
d;rectly to the total photo-abscrgtion cross section,
rggsofat as the sguared nuclea; matrix element bf the form in
Eg.‘u;11 is cbnéerned. ’
The latter gualification is necessécy in that generallf.
the nuclear maﬁgix elements are functions of nucleon spins
‘énd momeuta. ihe nucleon spins, however, are eliminated frgm
_consideration via the relations between squared nuclear
ratrix elements presented in Sec. III.C.1, so that the
- matrix elements appear either as im Eq. b-11; or contain
additional factors of nuclecn mpmenta‘— the so-called
"vechity terms". As the numerical results in the next
chapter will show,'the‘velocity terms rplay a lesser role
guantitatively in radiative muon caéture. In tge giant
dipole resonance model, the velocity te:ésAand the other
prultipole ferms (non-dipole contributions) were cvaluated

\ e
- via the closure-harmonic~oscillator podel, using either
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simple oscillator or SBL wave functions.

D. Hodlflcatlons to the Usual Closure AppIOX1mataon

- . Lo s e e
M P ',‘,»vv o .,,.‘)' L R I T TP A
7

a In QlSpUSSng, at the end of section IV.B, the fallure
of the closuce-harmonlc oscillator model to . predict the
correct dipole t;ansition,strengph the strang kﬂ,dependenee

of the carture rate was mentioned. Ihls dependence is of

inmediate concern because the average maximum photon energy

A.is not determined a pciori by the zodel, although £ixing K,y

is rlgbly deSLreable from the p01nt of .view of
ellmlnatlng uncertalntlec due to the nuclear Physics. A
similar difficulty.arises in a closure—harmonic oscillator
model descripticn’of ordinary muen capture, where the |
parameter to be fixed is the average neutrino energy ; A
technigue 'employing nuclear sun rules
(Lo 72, te 72, Go 74, Ko 76) which involves modification of
the simple closure appronimatiqn has been successful in
largely eliminating the dependenceeof the ordinary capture
Late. hecently the method has ‘been extended to radiative
capture by Sloboda and :earlng (éla78), whose work appears

as Chapter VI here. A study of the conditions of

_—

‘applicability of the modified closure approach was

undertaken ty Eosenfelder (ko 77), who demonstrafed its

euitability for the muon capture problen.

Ideally a combination of the glant dlpole resonance and

HOdlfled closure~harmonic OSClllatC[ models should result in

.34



Hbecause for the flrst order sum rule, the dlpole part of the

G

a model which is superior tc either of the two. The

reallzatlon of thlS comblnatlon meets. w1th some. drfflcultles

in practlce, however, as the 51mple sum rule ar151ng in the

PR - te @ o - - o -

\‘modlfled ‘closure-~ harmonlc OQClllatOE model do€s not emerge s -

intact irn attenmpts to modify the giant dipole resonance

H

model Ihe proposed comblned mcdel would requlre a sum rule

'for the other multlpoles whlch must be of hlgher order than

¢
the flrst order cne d¢scribed in: Chapter VI. ThlS is so

'maln nuclear matrix element sguared £or RMC ylelds the sane

sum as the full main nuclear matrix element sguared 1tself.

hlgher order sum rules may be derlvea (Er 70) but their

'complex1ty makes then dlfflcult to use.

The nuclear models outlined above complete our
theoretlcal deSCElpthD of radiative mucn capture. ln the
follow1ng chapter numerlcal results are presented.

o
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. - .. . . 'BESULTS

'A. 'RAC Okservables ¢ - N
by way of introduction to tke numerical results, a
summary of otservables for radiative muon capture follows.

The probability for radiaiive muon capture from an

initial nuclear state [a> to a final nuclear staté'|b> was

‘

civen 1n Eg. 3=1 as

s (R0, %) thdasdla, = oy )i A i zzém,& L2

3-1
fpecializing to doukly-closed shell nuclei via the relatiowus
“tetween squared nuclear matrix elements, Egs. 3-11a and
3-11b, and‘usihg the cloéure ag?roximation dgfailed in Egs.
4-2 to U-4, the total transition ;rcbability.from'the

initial state |a> to all final states |b> is :
Wink, A, 5) ah dog dy = z/’m 3 2,5) dedng 4y

; B /2 /,y,émx//—x)q Ax 2y 2y
.

5-1
where x=K/k;. The squared matrix element 77 2 is-a»lengthy
expressicn irvaolving the weak coupling constants, V, k, x,l
. ‘% and produ;ts éf'nﬁcleag magfix elements of the form
‘described by Eg. 4-5. ZZZ is presented ekplicitly in
Appenaix C. |

As.enumerated Ly Rood and Tolhcek (RKo 65), ﬁhevmost
important okservables ar% :
1. the photon spectrum

36
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Nix) dx = ;//Za,é/fz} W/A/,Z’TEZ)E) /x | 52

2. the photon-neutrino directicnal correlation

o\

. . .- ) — -_— . N : ‘
Winon =2 [ & win 519
3. the circular polarization of the emitted phofons

Bt = //;% 2y [ Wi k7 A=+, )= Win v 1, 5)]
///ﬂ* A1y [W/%"{::E/?:f/, 3)# h/[x,/%’)zjﬁ-/, E)] 5-4

4. the photon-muon polarization directicnal correlation

- -

Wi )= /m Wix k1 E)

w
|
wn

In practice the heasurement of the fhoton-neutrino
directicnal correlation is the most challenging. Conceivably
for light nuclei the photon and thé nuclear recoil could be
Cbserved in coincidence, although the FOssibility of neutrorn
emission from the Rucleus would complicate matters
considerably. At present the photon spectrum and the
rhotoL-muon polarization correlation have Leen irvestigated

experimentally, so that our attenticn is focussed on the

computation of these quantities.



E. Photon Spectrum

- ‘iéeldifferehtial photon_spectrum has'p:eviously'been
calculated‘by Rood and Tolhoek (Ro 65) using the
closure-harmoﬁic oscillatot model and by Féaring (Fe €6)
using the giant dipole resonance model. These authorsb

a

performedﬂéauli‘reductions of essentially the same
- relativistic HémiltonidnruSed~in'this ﬁogk, keeping ferms in
the effec;ive Hamiltonian through O(1/mf. Here ail te;ms
thtough 0 (1/m2) arising fron a Foldy—Wouthuysen-réduétiqn of
the relativistic H&miltohianrbf‘fg. 2-1 wéfé fetained,
resﬁlting in the effective Hémiltonian which appears in
Aprendix B. The effective Hamiltonian was squared as
described in Chapter III, and numerical work was done using
the EOBTRAN program NEWRMC, which evolved from a progranm
written by H.W. Eearingr Cur photon spectra were calculatea
using a squared matrix‘element'coﬁplete‘through O(1/m2). In
crder to facilitate the comrarison of results, the followingf
set of parameters has been.defined for 40C5 :

b=2.03 fm.

VfBE‘Mev.

km=87.€ Mev.= 1.03 x ¥

38 ..



This set will be referred~to as the standard parameter
set s;nce it is composed malnly of 'rarameteis which have
Leen used most often in prev1ous EMC calculations
(Ro €5, Fe 66, RO ?u). It should be noted that the
Farameters in the standard set are not necessarlly the best
ones. Choices for all weak couplings except gp do however
reflect the current state of experimental knOwledge of these
quantltles (Kr 75). For 9ps the Goldberger-Treiman value gl;=7xqq

¥as used. The cscillator parameter b was chosen to
reproduce the experimental RMS'charge radius for 49Ca
(Lu €3) . Ihe choices for the average neutrino erergy VvV and
the average maxlmum rhoton energy kK Wwere somewhat arbitrary
although they tend ‘to follow hlstorlcal precedent ’
(Ro 65, Fe €6). The ratio km/v 1.03 is 'slightly larger than
the Pood and Tolhoek estimate of 1.02 obtained for 160 by
€equating results of a closure calculatlon with those
cbtalned Ly summlng partial transitions, and smaller tharn
cur own estimate for 40Ca of 1.06,: based on somewhat
different considerations explained in Chapter VI. In
,instances.where a relative rate (ratio of the rate for
raniative to ordinary capture) is'presented, the ordinary
carture rate was calculated using the effective Hamiltonian
c¢f Fujii and Primakoff (Fu 59, Pr 59). Terms of O(1/m2) in
the ordinary rate were not 1ncluded since these have been
shown“to contribute <5% (Fr . 66 Oh 66) .
figure 2 shows our O(1/m2) photon spectrum and a

corresponding spectrum derived using the squared matrix



Fig.

2.

0

i I 1 » i s
10 20 30 40 50 60 70 80 90
k (Mev) -

1 1

Contribution of previously neglected O(1/m2) .terms
in the squared matrix element to the photon spectrun
for 40Ca, calculated in the CHO model

a - our C(1/m2) result

b - using the squared matrix element fron Fearing
(Fe 66) . -

40
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\element from Fearing (Fe 66), both of which were calculated
with the closure-harmonic oscillator model. Note that :for
k>30 Mev the additional O(1/m2) terms contribute only ‘a few_
percent\to the spectrum. This indicates good convergence of
the non- relatiVistic expansion gf the Hamiltonian in powers
of (Y/m), as it has also Leen confirmed that the higher
crder terms are individually small.

The - contribution .to the photon spectrum from various
parts of- the sguared matrix element has neen ekamined in
some detail by Rood and collaboratcrs (Ro €5, ko 7‘) in
efforts to deal only with the numerically Significant terms.
The. intent of the present study has been to retain all terms
where this was ;cssihle; nevertheless it remains instructive
to identify speCific contributions to the Photon spectrum._
Fiqgure 3 shows the photon spectrum computed-in the
closure-harmonic oscillator model keeping terms (including
velocitybterms) through 0(1), O0(1/m), and O(1/m2), and thatJ
portion of the rate through 0(1/m2) coming solely from the -
velocity terms, ie. those containing an explicit-g.-Ihe most
numerically significant O(1)n2)‘terms come from the sSquare
cf O0(1/m) terms in the effective:Hamiltonian. These larger
0(1/m2) terms have been included pfeviousiy (Ro €5). In
figure 4 the contribution.of thé muon radiating diagram and
its interference'witb-ail other diagrams (fig. 1 b-e) is
depicted. As has been knowr for some time, the contribution
to the photon spectrum from the U on radiating diagrum is a

rajor one (Pr 59). Figure 5 shows the influence of the

-



Fig. 3.

0L

1 [‘0

k (Mev)

\

Decomposition of the Photon spectrum for 40Ca
according to powers of (1/m) appearing in the
Squared matrix element, and the contribution of the
velocity ternms, Calculated in the CHO model

a® through 0(1/m2) ) ' Ty

b - through o(1/m) o

C - through G(1) .

d - velocity terums through O0(t/m2).

020 30 40 50 60 70 g 90
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Fig. 4.

1020 30 40 50 60 70 80 90
k (Mev)

Contribution of the muon radiating diagram and its

interference with all other standard theory diagranms

to the photon spectrum for *0Ca, calculated in the
CHO model
@ - conplete O0(1/m2) result ~

b - muon radiating diagram plus interferences
'C - muon radiating diagram alone.

43

—



Fig.

(@)
T
]
|

N\

1 1 \ 1
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k (Mev)

- Contribution to the 49Ca photon spectrum from he

weak magnetism and induced fpseudoscalar couplings
a - complete O(1/m2) result, standard suplings
b - gu=0

c - gp=0

d - g,=g9,=0
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couplings gp and g,. Notice that the g, terms tecome
relatively more important as-the rhcton energy increases
while the @M terms do not. The diagrams where the anomalous
ragnetic noment cf ﬁhe rprcton and neutron representkthe
source of radiation give a net contribution depicted in
figure €. For these latﬁervdiagrams the contributior to the
rate is small and they are often neglected..lt is estimated
from figure 5 hcwever that dropping these diagrams
corresponds to a variation in g, of about t 29, at any given
fhoton energy k. From this viewpolnt the small cortributions
are-se¢en to be significant and‘hence should not ope dropped.
The advent of recent total photoabsorption cross
cections for mgdium mass nuclei (Ah 75) warranted fresh
computations using the giant dipole resonance model. In the
course of examining the exiéting application of the model to
radiative mucn capture (Fe €€), two major 1mproyements WEL €
rade. First, it was noticed that an lnconsistent choice of
the average neutrino enerqgy in the latter study had resulted
in a giant dipole resonance yodel estimate for the relative
speﬁtrum which was too low. Allegedly the values V=85 HMev
and k,=68 Mev had been used in closure-harmonic oscillator
and giant dipole resonance model calculations of the
relative fphoton spectrum, however the giant dipole resonance
model calculation of the ordinary rate was not in keeping
with the above value for V. The main nuclear matrix element

squared in the giant dipole resonance model appears as :



Fig.

10 20 30 40 50 60 70 80 90
k (Mev) :

- Effect of neglecting the anomalous magnetic moment

of the proton ang neutron on the photon spectrum for
*0Ca, calculated in the CHO model

4 - complete O0(1/m2) result

b - Xa=x,=0. ]
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<Y = /ﬁ[/f//l/fyz)tlp 7> /;hvz)am 5-¢
The value 1.67 for (MEMM was taken directly from Foldx and
Walecka (Fo 64), who inlfact used ¥=89.8 Mev. As a result’(Mf“M
and the‘ordihary capture rate in the giaht dipole
resonagce model were overestimafed as compared to the
«closure-harmonic Oscillator result, hence the relative

capture rate in the giant dipole resonance model wa

o

underestimated. For y=85 Mev (M35M=J.§6, giving a value for
the full matrix element, Eq. 5-6, of 2.28 compared to the
value 2.70 used in (Fe 66). Secondly, the new | '
prhotoabsorption daté for #0Ca (Ah 75) permitted the removal
of an assumption made by Fearing concerning the relation
tetween the then unmeasured photoproton cross section and
the experimental photoneutron cross sectiqﬁ of Baglin and
spicer {(ba 64). It had been assumed that the shapes of these
CLOSsS sections wvwere the samé So that the photoneutron cross
section was scaled to give the correct inteqgrated cross
section for érotcn Fhotoproduction. Thus the relatively
small low energy part of the (¥,p) cross section below the
(¥,r) threshold was neglected. Our calculat;oﬁs using tﬁe
Ahrens data, however, show that this' part of the cross
section is significant in the giant dipole resonance model
tecause the low energy part of the ﬁhoto§bsorption croéé‘\
section is the most strongly weighted 4in the photoabsorption
integrals Q, and Q2 of Eq. u4-19.

In figures 7 and 8 are shown the results of making thé

two aforementioned improvements. Figure 7 gives the
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Integrals Q, and Q. over the experimental
photoabsorption cross section for 40Ca

a - 0,, data of Ahrens et al (aAh 75)

Q,, Baglin and Spicer data (ba 6U)
Q,, data of Ahrens et al (Ah 75)

Q, » Baglin and Spicer data (ba buU) .
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Fig. 8. The relative photon spectrum for 49Ca, calculated in |
the GDR model using the squared matrix element fronm
Fearing (Fe 66) . The ordinary capture rate A is also
given - : A
a = CHO model result; A=4.36x106/s
b -~ using the photcabsorption data of Ahrens et al (Ah 75) ;
A =3.58x106/s .

C - Fearing's result using the Baglin and Sricer
photoabsorption data (Ba 64) and the- average energies
YV =89.8 Mev, k,,=88 Mev; A =2.98x106/s ‘

d - using the Baglin and Spicer photoabsorption data;
A=3.44x106/5s.
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integrals Q, and QZ over the scaled Baglin and Spicer
A(Bé €4) data and over the Ahrens (Ah 75) photoabsorption
cross sections for %%Ca. The Abrens data is seen to be
responsible for a substantial increase in the magnitudes of ¢,
and Q, . The gquantity (Mshw arrearing in the expressior
tor the ordinary captgre rate (Eg. 5-0) also increased from
2.5€¢ (Baglin and Spicer data) to 3.84 (Ahrens data). Our
relative prhoton spectrum cosputed in the giant dipole
resonance model appears in figure 8, along with the curﬁe
calculated by Fearing (Fe 6€). In order to.bést illustrate
tne effects of the improvements, our calculafion used the
ratriy element derived Ly Fearing. Other‘multipole and
velocity terms were calculated in the closh;e-hgrmonic -
oscillatcr model. The important difference which emerges ig
that the 20% reduction in the relative rate found Ly Fearing
~for tnhe giant dirpole model as‘compared to taoe
closure-harmonic oscillator modei becomes very small i1n the

[

present dalculation of these same quantities. For 63<k<80

y

Mev, approximately 40% of this change in the relative rate
is attributable to the emergence of Letter photoabsorption
-data, the remaining €0% being due tc our more consistent
calculation of (MfLM , leading to a smaller result for‘the
ordinarylcapture'rate; Note however that since different
choices of k, and V can cause variations in the relative
réte which are different for different models, the striking
agreement between the relative rates calculated in the CEHEO

and GDR models for the standard values k,=87.6 Mev, V=85 dev



nust te regarded as something of a coincidence. Thys
choosing k,=84 Mev, V=79 Mev (see figs. 18 anqué) one flnds
that the relatlve rates in the ChHO and GDR models differ
substantially for k>60 Mev. The LCeason is that while tbe
kigh energy part Oof the GDR spectrum is fairly insensitive
to the ch01ce,pf k,» and ¥, the CHO spectrum is cut off at k=K

by the closure approximation.

| 1ne main advantage in using the giant dipole resonance
msdel to describé radiative mucn capture is that the
fracfion of the fate due to dipole transitions (about 55%
for 4°Cé)'is directly evaluated using photoabsorption dété.

The importance of correctly evaluating the dipole

contr;bution is illustrated in figuré 9. Thé%aipole rpart in
the giant dipole resonance model amounts to only 66% of the
dipole part in the closure-harmonic oscillator model, so
that the absolute photon spectrum is substéntially reduced
in the giant dipole resonance théory, resulting in much
tetter agreement with the experimental;y obserQed abpsolute
Fhoton srectrum for 40Ca.

The squared matrix element given in Appendix C depends‘
on a large numkber of variébles. It will prcve instructive to
examine_the_sensitivity of the photon spectrum to variations
in these variables, always with an eye to the feasibility of
obtairing information on the weak couplings. Variations were
carried out with respect to the standard parameters.

Efforts to detect the presence of second class ,

(G-parity violating) currents in nuclear beta decay have not
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succeeded in demonstrating that second class currents

actuaily exist (for-details, see reviews Te 77, Wu 77).

Shoufd they be found however,\;he usual assignment of weak
coupling constantg with gg=0., gr=o., would have to be

altered. Figure 10 shows the relative photon spectrum for

va lues ofbfhe scalar coupling gg=x1. In figure'TI the

relative photon'Spéctrum is presented for values of the | -
induced tensor coupling =294 with g,=3.7, the/standard

value predicted Lty CVC theory.

As first noted by %Wolfenstein (Wo 58),lthe(photon
spectrum exhibits strong depeﬁdence on the inducgd |
Fseudoscalar coupling gs. Figure 12 indicates the degree of

e p
sensitivity of the relative photoniﬁpectrum tb'gA, and is
included here fcr coypletenéss.

o

The 1mportance\3fhiéf nuclear model in radiative muon
. capture Las been investigated by Lkood and Tolhoek (Ro 65).
They established that the relative photon spectrum depends
cnly slightly on the nuclear model used\to calculate it. The
tasis for their ccnclusion invol&ed cbmparisons for seve;al
dpproximations and models, including a statistical model and
a closure-harmonic oscillator model; In the case of harmonic
cscillator wave functions which are rparametrized by the
oscillator parameter b, the relative photon spectrun
calculated here was found to be insensitive to modest
variatious in the value of b. lhis is illustrated in figure
13. %

The kood and Tolhoek study (Ro 65), while it utilized a

\



;
T T T T T T T
6.1 -
. 5~_ i
% —~
Fs
S b1 y
b .
=
>
= 3
<
~
=
= 27 7
‘l' - -
O L 1 1 1 1 1 1 |
10 20 30 40 50 60 70 80 90
k (Mev) |
f»ig‘;. 10. Efiect of varying gs on the Lelative photon

- S. -ctrum for 40Ca, Calculated in the CHO nmodel]. The
O0-dinary capture rate A is also given. i
a - gg=-1. ;A=3.U8x106/s . N
Y- gg= C. ;A=u.36x106/s ’
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spectrum for 49Ca, calculated in the CHO model. The
ordinary capture rate A is also given.
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b - g,.=0. : s A =4.36x106/s

C = g,="gy=-3.7 ; A=4.60x106/s.
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Fig. 12. Effect of varying g,, on the relative Fhoton

spectrum for 4°Ca, calculated in the CHO model. The -

ordinary capture.rate is also given.
a - g,-—10ng"-12.., ;A =U4,13x108/s
b - =7xg,=-8.75 ;A =4.36x108/s"

c - g,.—ung--S 0 $A=4.65x108/s
d - g,.=0.0,\ i1 A =5.11x106/s.
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Fig. 13. Effect of varying the oscillator parameter b on the
relative photon spectrum for 40Ca, calculated in
the CHO model. The ordinary capture rate A is also
given.

a - b=1.50 fm ; A =4.01x106/s
b - b=2.15 fm ,A =4.68x106/s.
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e
e
ngmber of simple nuclear models, did not consider more
sophis£icate@‘wave functidns than‘those of the simple
harmonic osdillator shell mcdel. In fact the Rood and
*idlhoek survey of nuclear models indicates that at least for
doubly-closed shell ndclei, different elementary nuclear
rodels predict relative captpte rates which are in good
agreement with cne another. In our work the 1nvesnigatio§\of
the nuclear wave function is taken one step furthér by
computing the phcton spectrum using-the Hartree-Fock wave
functionﬂfor 40Ca of Shao et al -(5h 73). As mentioned in
Chapter IV, the results ﬁor the main nuclear matrix element
s@uared given in Egs. 4-6 and 4-7 are to be compared using
slichtly different values. for b. This discrepancy is not
cfucial however since, as has béen demonstrated earlier, the -
relatiyg rhoton spectrum 1s quite insensitive to modest
variaticrns of bp.

As a test or the SBL wave function, the charge fornm

¢

factor :

Fet () = F[f)xf;/(f) n g/z wxp (Lg-7:)/2)
(/+ 0055)42) | 5o 7

was computed for “Ota. Here F (g) is the body form factor,
Fy (5) 1s the nucleon charge forn factbr, and Z.is the
rorentum transfer. The nucleon charge form factor was
rarametrized as in Lim (Li 73). Results for the SBL ané 
simple harmonic c¢scillatcr wave functions, along with an

experimental determination of the form factor by Bellicard

et al (Be €7) are presented in figure 14. The closed form
/‘
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Fig. 14. Elastic scattering charge form factor for 49Ca

a -
fm

h..
(Be
c -
d_

CHO model using the SBL wave function, b=1.70

experimental determination of Bellicard et al
67) .
CHO model using simple wave function, b=2.03 fnm
CHO model using SBL wave function, b=1.90 frm.
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expression for the form factcr in the simple harmonic
cscillator model is : ,
2 B 52
/7] = (1-0.257"+0.01257%)  exp - Uz
' 5-8
with 7=qgb, b=2.03 fm, and using fbe SBL wave function isg?\\\
2 2 4 52 2%
JEQ) "= (1= 03467+ 0.0368 77 0. 00416 7°) exp (- Vz) ,
' 5-9

with £=1.90 fm. The region of three—-momentunm transfer p-n of

interest for radiative muchn cafpture in 40Ca is

0 é/?/b/'—‘-' 0.56 Zém,—/

From figure 14 it is seen that with the conventional choices

5=-10

.

~ ¢

for b both the simple harmcric osci;laiét and SBL wave
functionrs predict a form factor,yhiéh is slightly Lkelow
experiment.-Fiqure 15 shows the abtsolute photon Spectfum
computedius;ng SEL wave funcﬁions, and figure 16, the
relative spectrum. Since tke means cf fixing b employed by
Shao e; al (Sh 73) involved considerationsroased on 160 and
not 40Ca, it was decided in addition to fix b for the SBL
wave function by fitting the electrcmagnetic charge form
factcr over the range O$l7/p150.6 fm—l- The fit gave b=1.ZO
fn, and the associated aksolute anavrélative photon spectra
also appear in figures 15 and 16. It should be noted that
‘although the absolute spectrunm is.decreased, the 'relative
spectrum is very nearly the same as for b=1.90"fm. In fact

for the CHO model all relatiyve spectra calculated here using

+

‘.

a fixed set of parameters but different wave functions, ie.
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Fig. 15. Photon spectrun for 40Ca calculated using SBL wave .
function ’ )
a - CHO model, b=1.90 fm
b - CHO model, b=1.70 fm
¢ - GDR model, b=1.70 fo.
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Fig. 16. Felative photon spectrum for 49Ca calculated using
the SBL wave function. The ordinary capture
. rate A is also given. ‘
@ - CHO model, b=1.70 fm ; A =4.05x106/s
b - CHO model, b=1.90 fm ;4 =4.63x106/s #

\ € - GDR model, b=1.70 fm ;4 =3.44x106/s.
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either the simple harmonic oscillator or SBL wave function

for several different choices of b, .are in gquantitative

-agreement to within 5%. Thus one 15 able to conclude that in

closure calculations the relative spectrum 1S insensitive to
the choice of nuclear wave function. This conclusion
csupports the similar findings of Eood and i%lhoek (ko 65).

1he variaticn .of the relative photon spectrum with k,/¢

3

is 1llustrated in fiqure 17. Although k,, can be roughly

estiravca from the experimental photon spectrum, 1n practice
it is difficult to fix K,y accprately,enougn to obtain
frecise inforﬁgtion on the weakﬂcoupling constants. This
fFoint is dealt with in more detail in Chapter VI.

Having examined the sensitivity of the photon spectrum

.-
to most of the parameters, we Nnow present our rest

theoretical prediction for the fhcton <spectrum caiculated in-

the various nuclear models,'assuming t he Go%dterger—Treiman
value gP=7ng for the induced pseudoscalar coupling. The
cther weak couplings have been assiéned the current values
in the standard ﬁarameter list. Our previous cohsideration
of the ;OCa charge form factor has indicated that the values
k=2.03 fm for the simple harmonic oscillator wave fugzkign
and b=1.70 fm for the SBL wave functibn are afppropriate. 1lhe
average energy.parameterg determined from the sum rule
analy51s cérried out im Chapter VI are Y=79 dev, k,=84 Mev.
for the.GDR model the new photoabsorption data of Ahrens has
Feen used. Figures 18 and 15 show the relative photon

spectrum in the different models using these Lest

a
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Fig. 17. Effect of varying the ratio k,/V on the relative

' photon spectrum for 49Ca. The average neutrino
energy was fixed at Y =85 Mev. The ordinary capture
rate is A =4.36x106/s.
a -~ kmyvy=1.06
b - k,/¥=1.03
C = Krx/V=1.00
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Fig. 18.
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40Ca relative photon spectrum for the best
parameter choices ,

Yy =79 Mev, k,,=84 Mev, calculated in the &HC nodel.
The ordinary capture rate A4 is also

" given. Aexp =(2-29:+0.06) x106/s. (Ha 17)

a - SBL wave function; A=3.13x106/s
I - simple wave furction; 4A=3.37x106/s.
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a0Ca relative photon spectrum for the best
parameter choices

y =79 Mev, k,,=84 HMev, calculated in the GDER model.
The ordinary capture rate A4 is also

given. /exe =(2.2910.06) x108/s. (Ha 77)

a - SBL wave function; /4=3.02x10¢/s

I - simple wave furctiocn; 4=3.03x10%/s.
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parameters. Ordinary capture rfates are also given. Compared
with experiment, all of the rategmcome out too high by as
ruch as 50% for the CHO nodel ordlnary rate and a factor of
almost three for the GDR model radlatlve rate for k>60 Mev.
In the rest cases tre ordinary rate is 30% high for the GDK
rodel and the radiative rate is 60% high for the CEC model
for k>60 Mev.

Eecently evidence for the guenching of the ax1al vector
Strength Ly up to 25% in medlum and heavy mass nuclei hao
emerged (Br 78, Os 79, To 79). For max1qu guenchlng
%q=—0.9, gP=-6.3=7ng. Ihe‘corresponding relative photon
Srectrum is presented in fiqure 20 for the SBL wave function
add the best parameters given arove. 4 While the relative
SFe€ctrum is changed only slightly, both the ordinary and
radiative absolute Lates are decreased some 60k. Such a
large effect 1s in the right direction to dchleve agreement
with eéxperimentally measured rates.

She relatlve photon specrrun is especially sen51t1ve to
the value of the induced Lseudescalar coupling J9e, hence
Fotentially can te used to obtain information about 9p- A
complication arises in that the relative Spectrum is also
sensitive to the average maximum fphcton enerqgy k,, which
cannot te accurately fixed in an a priori manner. The usuyal
“approacf to this dlfflculty, which will pe followed here, is
to taxe pboth 9 and k,, as adjustatle parameters in fitting

e T e e o —— — - —

4 Note that the Farameters v=79 dev, k,,=84 Mev were
determined assumlng Do quenching, and that a revised sun
rule analysis 1ncorporat1ng quenching mlght Yield different
values of y and Ko

h s
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Fig. 20. 40Ca relative photon spectrum for the axial vector
strength quenched 25%. The SBL wave function and
best parameter choices y=79 Mev, k,,=84 Mev were
used with g,=-0.9, gp==6.3=7xgy-. The ordinary

capture rate A is also given
a - CHO model; A =2.05x106 /s
b -~ GDR model; A =1.98x106/s.



. the giperihental phcton spectrum. The fixed parameters were
set to the Lest values jUSf discuscsed. Figures 21 and 22
show two representative fits to the relative photon spectrunm .

for 57<k<S90 Mev measured Ly Hart et al (Ha 77), using our

1%

C(1/m2) squared matrix e€lement. The figures correspond'té.
cases 1 and 2 respectively in rable I. Complete results’of
all fits done are giveh in table I. Similar kinds of ﬁits
were done by Hart ét él((Ha.77).qsing tbe theory of R%od,‘.
Yano, and Yano (ko 7&)*ﬁhich:includes effects on the,x
-intermediate states of the muon and the nucleoh»due to the
nuciear Coulomb field.'&héir best fit, done setting
 Km7¥=1.02, gy=-1.24, gave k,=86.5:1.9 Hev, gp=-8.13%2.00,
the fitied value:for gé'apparently agreeing with the |
Goldberger%irei@an prediction of g;=7xgﬁ=~8.75.fA£SOlu£e
crdinary and radiativé capture rates in the RYY theorj,aré

¢
_however still some 80% higher than.experiméntf As th97 
results in table I illustrate, fhe quenchlhg,ofjiafﬁectsithe
relative phqton spectrum-only'slightly;’however’as ppintea°
,out_éarlier the’absoluteirates can be decreased‘By as muca
as €0%. Ihus if g, is_gruly queﬁc%§d on the ofder of 25%,iﬁ
40Ca,:the RYY theory may tLe ahlelfo predict Both atsolute. .

and relative radiative capture rates using a value for

dp consistent with the Goldterger-Treiman estimate.
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Fig. 21. Iwo-parameter fit to the relative photon spectrunm
.,of Bart et al (Ha 77) using the CHO model with the
SHO wave function and k,/=1.06. Results for the
fitted parameters are km=89.1+0.9 Mev, :
- gp=(-2.E24.8)ge. The ordinary capture rate
isA=5.3x106/s. .
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Fig. 22.
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Table I

Pl

Fits to the relatijve Photon spectrum measured by Hart et al (Ha 77)

Case Model Wave 9p quenched km/v ' km(Mev) 9p/9p IO—6A(§f])
function 25%

1 CHO SKO no 1.06 89:1+0.9 -2.8:4.8 5.29

2 @R SHO no 1.06 87.0 3.0 -0.3:2.0 3.89

3 CHO SBL o '1.06 89.1:1.0 -3.5:+4.5 5.0

4 GR‘*  sBL no 1.06% 86.4 + 3.6 -0.2 + 1.9  3.75

5 CHO SBL yes 1.0 90.5 2.4 -7.7+%6.3 363

6  GDR SBL yes 1.06 86.4 +3.2 -1.4+32 245

7 CHO SHO . no 1.03 89.4+1.4 -1.1'+ 3.0 559

8 GDR  SHO no 1.03 86.9 3.1 0.8:1.5 4.05°

9 CHO SHO no 1.00 89.4 1.6 0.7:23 599
10 GDR SHO no - 1.00 86.8+3.0 1.8+1.2 4.2
1n’ 1.06 89.1+0.9 0.8+1.0 -5.0

CHO SHO no

fwithout any 0(1/m?) terms

Table I. Results for X and g, obtained from two-parameter
, . ' fits to the relative photon spectrum of Hart et al
“ T (Ha 77). The other weak couplings were assigned the

€

-for the axial vector streng{h quenched 25

A

S
B

standard values referred to in the text; the value
% was
ga=-0.9. Also given‘is‘the ordinary muon capture rate
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C. Photon Asymmetry

If the incoming muon in radiative capture is pelarized
1
then there will exist a measureakle correlation between the

direction of the emitted photons and the muon polarlzatlon
vector. In partlcular the directional distribution of the

rhotouLs can be €xpressed (Ko 65) :

A

N = NO.(1+a §-4)

5-11
where N (x) is the photon

spectrum for unpolarized muons. The

Fhoton asymmetry is depicted schematically in figure 23-
Fearing (Fe 73)

has shown that for thevstandard.theory of

Ladiétive nucn capture (Ro 65) including all weakﬁcouplings

€xcept g and all Feynman diagrams shown in figure 1, the

Fhoton asymmetry satisfies -

a = /07’" O(—”ZY_Z)

5-12

Ihus to first order the entire

correction to @+1 comes frorn the O(1/m2) teras in the

where m is the nucleon mass.

squared patrix element. .Cne can make the following
-observations :

1. the leading {1y terms in the Squared matrix element all

originate from the muon radiating diagram

as pointed out Ly Fearing (Fe 7%5), the nuon radiating

dlagram and its 1nterference with all other dlagrams

contribute only to &=1 to all orders-in 1/m and for dll
six couplings. ‘
A

Hence the ‘first order O(i/m2) correction to &+#1 conmes
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X’>

N(x) = 1/471 x NGO [1+0¢15 | cos 6]

Fig. 23. Pictorial representation of the angle 9.entering :
into the éxpression for the photon spectrum in the
case of polarized muons.
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entirely from the square of O(1/m) terms in the effectiye
Fapiltonian originating from diagrams otLer than the muon
radiating one. Similarly the seccnd'order C (1/m3) correction
to A#1 comes from the product of O (1/m) and O(1/m=) terms’in‘
the effective Hamiltonian originating from diagrams other
than the muon radiating one. Thus one is altle to compute the
fhotorn asynmetry to O(1/m3) from a knowledge of the

effective Hamiltoniarn to C{1/m2). The caf%ulated asynmetry

is shown in tigure 24. Note that the 0(1/m3) correctiorn
amounts to at most a 3% drcp inlthe Ok1/m2) asymmetry, a

decrease consisternt With the collective magnitude of the

C(1/m3) terms. For thegﬁ%ant dlpole resonance model the

.1"’ . «

asymmetry had not 1n¢§ﬁr ﬁﬂﬁg‘g“been computed. This entlrely
new result appeafs in figure 2%5. Over the experlmentally
observed reéion €0<k<90 Mev the curve is only a few percesnt
lower than the harmonic OSCillatér result. Apparently the
parts of the squared matrlx element 1ndependent of, "and
depending on- ghrespectlvely, change in a 51mllar fashion
when the nuclear matrix elements are changed, imdicating
that the ésymmetry depends littie ch nmclear particulars.
It should be emphcsized‘that the abcve.discussion.of
the photon asymnetry has been limited to calculatronS'doner
within the framework of the standard theory. With the
inclusion of Coulomb and strong nuclear potentlals, the
theorem proved Ly Fearing (Fe 75) is no longer generally

valid (see'Appendix F for a detailed discussion of this

. point) so that the presence of additional‘iuteractions;cam/

- -
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Photon asymmetry for 4ocCa calculated in the CHO
model :

a - 0(1/m2) result

E - 0(1/m3) result ) - -
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Fig. 25. Photon asymmetry for 40Ca calculated 1n‘the uDR v
nodel to 0(1/m?2) q
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@ - CHO model 0(1/m2) result

b - GDR model - !
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affect the asymmetry in lower orders of 1/m than the second. )
An lndicatlon that the asymmetry is just so affected is
provided by tke work of Rood et al (ko 74), who conSLderea
Coulomb and strong nuclear potentials in radiative muon
f\xapture. Tgeir computed asymmetry 1s sllghtly higher than

the standard theory result, so tmat while it aprears

Q‘Eearlng s asymmetry theorem Do longer hclds, it also seems

that the effects of exterior potentlals on the asymmetry are

small for ¢ 0Ca-

" The ;zoton asymmetry is virtually unaffecteo Ly cmanges
rg\some of the variables on which it aepemds.'Among,the
varlables in this cateqory are the oscillator parameter of
the simmle shell model waye functicn or the Hartree-Fock
wave function of SBL where it is used, tme average maximum
photon energy km, and the velocity terms. In summarynthe
asymmetry 'does not depend much on the puclear physics. This
Foint 1s well illustrated by the fact that our test
p;edlctlons‘gbr the asymmetry, correspondlng to the best
parameter ch01ces made in the pﬁev1ous section for the
photon spectrum,'are essentially 1rdlst1ngulshable unless b
“the distinctidh is made Letween the CHO and GDR models. thS
.our best CHO model predlctlons both for the simple harmonic
csc1llator and SEL wave functicn dlffer fro; the asymmetry
in figure 24 by less than 1%, and similarly. for' the GDR
model asyometry in figure 25.

The asymmetry does depend to a consideraktle degree

however on the values of the weak coupling constants. In



eﬁamining this dependence, the asymmetry will be calculated
to O0(1/m2) in the closure-harropic oscillator model usiné
cur standard set of parameters. S figure 26 shows the |
asymmetry for g,=0; 94=9,=0; ge=-0.9, gP=—6.8=7ng;
illust;ating, in view of the g, fresented below,
that & exhibits strong g4 dependence. The latter value of g,
cortesponds‘to the axial vector strength guenchéd 25%.
\Figure 27 depicts the asymmetry calculated for non-zero
values of gg and g¢g,, gs=*1, g,=%Gy. In these cases & varies
at most +10%. Finally figure'28 shows the photon asymmetry
for valuesﬁgf the induced pseudoscalar coupling gpﬁo, 4Xd,,
and 10xgp. With g,=0, & assumes a value close to 1, while as
takes on increasihgly negative values, & decreases fairly
rapidly. Thus exrerimental measuremenis of the photon )
asymmetry may prove useful in fixing ge, provided the other
couplirngs can be indepeddently Sﬂd Accuratelf determined. It
would seem g4, presents the kiggest proplem in this regara.
Hart et al (ka 77) havé measurcd & for photon energiesv_ld,
‘57<k<90'Hev; obtaining an average value Z=+0.90+3.50. While
this :esulﬁ is inp agreemen; with the standard theory and
‘with our results, % moze‘pfecise measureméﬁt of the

variation of & with k is clearly desireable.

<

- — . —— - —— " ——

S As fig. 2U seems to indicate that tte 0(1/m3) terams change
the asymmetry by a few percent at most, these terms have
been omitted here in the interest of computationalv.
_expediency. It has been verified for the cases g,=0, g,=gp=0
discussed Lbelow that inclusion of the O0(1/m3) terms indeed
affects the asymmetry by no more than 3%. '

» ] . ’ e

gp'
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26. Effect on the photoh asymmetry for 40Ca of the weak -
couplings g, and g4, calculated in the CHO model
a - corrlete O(1/m2) result
b - g,=0
C ‘g‘=0. ‘
d - gg=-0.9, go=7x9, (g4 guenched 25%).

Fig.
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' Fig. 27. Effect on the photcn asymmetry for ¢0Ca of varying dgs
and ¢g,, calculated in the CHO model
a = gy =-gy=-3.7
r - gg==-1.0 .
C - gp=tqu=+3.7
d - gg=+1.0
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Fig. 28. Effect on .the photon asymmetry for *OCa%f varying
dpe » c:alculated in the CHO nodel . .
a =~ gp=0.0 -
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3 VI.

A BODIFIED CLOSURE CALCULATION

A. Introduction
| The calcdlagaonlbf radiativé mueon capture rates in
"nuclei has keen pursued by a number of authors with the aim
of extracting the magnitude cf the yeak'induced pseudoscalar
coupling g, from measurements of the differential photon
spectram or the fphoton asymmetry. In most of thgs%/__;/////
ca}gulatiéns_(e.g.'Pr 55, FRo 65) the closure approximation
on :he final nuclear, states has been used to exyress.the
“tate in terms of the ground state expectatioh ;alue of a
tuo;body operator. In *this agproach‘an‘avérage maximum
Fhoten erergy k,, éotte5ponding to an average excitation
energy of the'reSidual nucleus is introaucedf The rate
—depends‘tery stfongly on k, and hence'uncértainty ia~km
_Eoses a prohlem when one attempts to extract gp from
experlment. The situation is entlrely analogous to that for
ordinary muon cafture, where the result of a closure \
ap%roximation calculation is very sensitive to the choice of
the average neutrino energy y.

Recent calculations (bo 72, Be 73A,'@e 73C, Go 74,

. .

Ko 76) of ordinary muon capture rates employing syl rules 4
“have suéceeﬁed in largely eliminating-the y dependénce of
\the rate. In particular, Bernabeu (Ee f3A?'has shown that a
first order expansion 6f thé capture rate about V¥ gives a

o P
result which is essentially independent of the specific

'83



value of y within a range of plausihle values.

In the present Chapter these ideas are extended to
radlatlve muon capture and it is shown that a flrst‘order
€expansion cf the €Xpression for the photon spectrum apout kyy

gives a corrected express1on for the spectrum thCh lS
Tuch less dependent on the specific va lue of km used than\
the usual closure result. | .
| In Sec. B a corrected’expressroh for the d;fferential
phcton spectrum is der}ved As for ordinary capture, two
addltlonal terms arise besides the ucual closure tern. One.

can be calculated from the'tlosure term and the other one,;s

o
.

evaluated using a generallzed Thomas Relche—ﬁuhn (TRK) - sum
Lule (Er 70). ' ' ‘ S <

‘Several further corrections are considered which wvere

not 1rcluded in earller calculations of ordlnary capture. In

partlcular, the effect of the- Coulcmb ehergy dlfference . o

retween 1n1t1al and flnal nuclear States 1s lncluded in a

)

simple way. Exchange effect- are.also 1ncluded albe;t in a

pheromen logical way,. by modlfylng he sum rule term/;y an -’ -
e 5

/. ,
overall factor which is obtalned from a sum- ‘rule aualySLS»of

total photo absorptlon cross sectlons. /

/

; In Sec.:C the meanlng of these average guant;tles km;and'

P ~

V is clarlfled and it is shown that hy a sxmple -
exte351on of the sum rule technlque, a con sistency eguatlon‘
which allous an expllc1t calculatlon of amerage guantltles
Lelated to k,, and ¥ can te obtained. Then as an exanple in
Sec. D our results are applled to the closed ‘shell nucleus

o

i
|

Al

.
‘V{){{
o



*0Ca, using a 51mple harmonlc osc1llator model and flnally
N ,

a ‘brief dlSCUSSlOD of these results and our conclu51ons 1s
presented
5
E. ?heory
In an approxlmatlon which neglects the "velocity

terms" the dlfferentlal Ehoton spectrum for radlatlve muon

r

capture can ke wrltten : !
/WA») (xﬂ;u @/4”)/51’/ zZ I(é 2) ..
A=t/ 4 ‘ To6=-1
-Here Z, is tke muon wave functlon,\and toe sum on A 1s over
the cxrcular polarlzatlgns of the fphoton emltted vlth
absolute value of momentum k Ihe functlon 12(k,3) contains

. . >
the nuclear matr;xtelements. If one assumes for radiative

capture the relatlonc given in EZq. 3 11 then :

‘ZI(,H) /@Z&M/_@ﬂ_z olh: /%)/(A/.ZJ ‘ “"‘”f/a>/ }

6=2

E/d;vz G T s k)
-~ Zb :

o e A 4 ‘ — > - . -» -
In this expression Y = k-¥ and Sa4 = (k + V)~ with Vd: Ka4

and kaé respectivelylthe'neutrino_momentum; the photon
momentum and the max1mum ‘photon energy Corresponding to the
transition a—,b. G2 is a function of k;f, y,.and the weak
coupllng constauts, and the sum on ap denotes an average
over initial and a sum over flnal nuclear states. The

maximum energy available to the photon .is given by :

-

('Y
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d L . . ‘ . |
Km = 770 = (77t~ 770p) - Ene = (Eb-EeR,

"in uhlch Eas 1s the muon binding energy and Egs EA are the
.&

: ‘?‘r“
epergles of the nuclear states.v :

ts
[N

Since q& depends only weakly on km through the

comblnatlon km /2m ~ 0, 05 we_replace.k:f 1n_€; by an

affpropriate average value.km, and deflne :

i 4) /«77 ZLA//%». Y

L

Ihus the dlfferentlal phcton spectrum can be written

a

CNUA) = (xm &/47r )/l z: Cn z,. /»é)

~

The C, , which are obtalned by extractlng the expllc1t Yy

'épendence from qz.,are functions cf km and the weak

1

coupllngs. When the In;are evaluated in the closure-harmonic-

¢scillator model, Eq. 6-5 glves an express1on for the
\ .
spectrum 1n closure approx1matlon, N(km,k), wnlch exhibits

strong dependence on the average maximum photon energy ks
as will te seen in the next section.
- v

In an attempt to Cemedy this Situation, correctlon

terms to the closure apprOleatlon were calculated using

technlgues analogous to those used by Bernabeu (Be 73A) for

ordirary capture. Thus 12 (k;?,k) was expanded to flrst

ab
order in Kop about an average value km and a corrected
eXFression I‘A for which the k;f dependence 1s explicit and

lipnear was obtained.

Lt = Tk Vs Rt # 3009 1 2 ) i (A% )

=2 E“;('EA‘EL) o o '6'-3 :

6-5
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4

‘'satisfies the commutation relation [3:le{7 = 0 then also

87

051ng Eq. 6-3 :

[

I.,,; - (/1 ([-,s,.)m. )z /km, £)- 3 [te- fa)za»,, A)]A, o

€-6
Substltutlng.Eg. 6*6 in Eg. 6-U4, a. new e?}ression is"'
obtained E . | | | |
T Clom )" (/f/f-,ém)o'?% ) Il ) /@7 . fZ/« (k@ &)’
(laE) a‘(k,f“- RIRIE )6 ""/zz)/ z/é,f":,é;; f |

6-7
where‘ln(km,k) is the closureiaprrexiuation to.I (k). when,‘
cubstltuted ain Eg. 6- 5 this ylelds an- expre551on fer the
dlfferentlal ghoton cpectrum thCh Hlll be denoted N(xm,k). :
r"he flnal term in Eq. 6- 7 can be calculated using a _ \
I . b

modltled Ihomas-Relche—Kuhn sum rule (Er 70) For a

many- partlcle Haulltcnlan H = I+V, an operator EZCQ which
. : c

satisfies :

(&£ KBIZ 0. /23] = L (a/Z('xZ of)' (Z @)/é) R
s . “© S 2777 AR . 6-8

with Exe Eg elgenstates of H and’ m the nucleon mass.
Ihere are two refinemerts whlch canh now be made before

applylng thlS sum ‘rule to the evaluation of Eg. 6-1. These

have not generally been made in previous calculatlons for

crdlnary capture, but do seen to have numerical 51gn1f1cance

and so will. be 1ncluded here. The flrst deals w1th the

vCoulomb energy Shlft. Observe that Eq. 6-8 contalns E'-E'4' S

" _
the difference in eigenvalues of the nuclear Hamlltonlan,



B

‘whereas Eg. 6-6 infolves‘E;—E' the dlfference 1n actual

nuclear level energles, whlch cf course 1ncludes the Coulomb
»energy. Ihe two are related by EA—E = E'—E'-Ec where E is
the Coulonmk energy dlfference between the (A, Z) and (A Z-1)
By ground states. Suhstltutlon of thlS relaéion into Eq » 6=7
’effectlvely replaces E by E+Ec in the second term. -

Tre second refinement has to do Hlth the lnfluence of
exchange corrections., Hhen the TRK sum rale is applled to’

s,

photoabsorptlon processes it falls, predlctlng total

pﬂotOAhsorptlon Cross sectlbns which are too low. ThlS 1s

IR

not ertlrely unexpected since it has been known for some

time tha{,nuclear exchange potentlals not satlsfylng

w

[Z 0, Vexcﬁ] =0 glve rise to terams whlch make a

h'51gn1f1cant contrlbutlon to the sum rule (Le 50, Be 57). Lhe

"

1nclu51on of exchange férces wou;d enhance the rlght hand
>C1de of Eg. 6-8 Ly an amount conventlonally descrlbed by a

phenomenologlcal factor (1 + 5), which for spec1f1c nuclel

<

may be determlned from fltS to experlmental total
photoabsorptlon cross sect10n= Moreover since the prOCessesv

- cf photcabsorptlon and ‘muon capture are noth domlnated by
. W™ .
dlpole trans1tlons and in that approx1matlon 1nvolve 51mllar

‘operators, we may reasonatly expect that vakues .

- for & determlned frcm photoabsorptlon data (Ah 75) ‘can beAg%
used to estlgate the § necessary to calculate muon capture .
‘rates. Thus use wlll be made of the modlfled TRK sum rule in

o

" the form :
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Apglylng Eg. 649 to- the flgal term &n Eq'

dlfferentlal photon spectrum obtalned/;s : ,. ' ?L' S, oy

/va»m, A») (m% ¢ /firz)/¢ /2 P ‘J;;/A»,. /é)

with P T

N

AR [ /#(EtE mﬁ,,.]z;, k) (/ﬁf) g i SR
_ 7% v G
| (3@%;éé%a+3kv/ﬁﬁd f gﬁ¢mg'

} S e -1
‘ RO S : TR
To obtaln the relatlve rate, the ordlnary capture rate .

’!L

®
calculated in the Same apprcxxmatlon is requlred. Thus the

fordlnary rate A is wrltten (agaln negl@ctlng veloc1ty terms)

. . . : 5 .
as : P , { . . o

S,z 2 ~ S o ] :

o em12

with : Ao - | 4 -
His (v - ,(»»f.‘/mx/ G iz ::“-g-).e“'f?‘ 7 >/ B

S PR »; " - 13

] V"

Proceedlng as for radlatlve capture the corrected rate is:

found to ke : A . V v »“‘ q‘
/TW g@/?/(@f&émbwnv ’
{\ C 6-14 ;
uhere : | o )
:(y) Ve /t (Er ki y);,;] Mn- z(/fs)z_z,@ (x ) |
PR | | 6-15
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"with 2(V) the usual closure result. Thls is essentlally ‘the

ﬂn‘

_»,feSult of Bernabeu (Be 73A),'w1th Coulomb and- exchange

* SRR

Ve

correctlons added as above.‘% o N L

So far in thlS and prev1ous work the velocxty terms‘“

J - B : ®,

have been neglected. Thls has been necessary for the sum

ha

- s

'rule plece because an operator ~P does not satlsfy the-ij

-

_assumptlons necessary to obtaln the . 51mple sum rule of Eqr

: -3 -
. .6=-9. ObserVe however that both ‘the: veloc1ty terms and the

fsum rule correctlons to the maln terms are O(1/m). Thus

~wh1ch would 1nvolve commutators wlth the klnetlc epergy

¥

presumedly a.sun rule correctxon to the VeLOClty terms, -

”

“2/2m, would be of O(1/m2), i.e. of the" sameforder as other

,,"z

-

: terms neglected. Correctlons of 0(1/m) are" obtalned houever vk .

by 1nclud1ng the veloclty terms -in the usualaclosure results
I

’2: Cn I,(km,k) and (G2 + 3G2 MZ(V) appearlng Ln the

‘<.£1rst two tegms of Egs. 6-11 and 6-15. So henceforth the _ -

veloc1ty terms blll be 1ncorporated in 1ch I, (km,k) and (62 . 3 )

xuz(y), yleldlng a result whlch is expected to ' : -

-

. te accurate to O(1/m). S R

. .
3 . !

AG. Sum Rnle Relatlons for Average Exc1tat10n Energies

Before actually evaluatlng the expreSSLOns derived

above in, the context of a speclflc model,-a dlscu551on of

the meanlng of the parameters k,,z and yV 1s presented. In the

)

‘;process, a conszstency relatlon is derlved Hy usmng the same

sum rule technlques emgﬁoyed abqve. The relation allows us

to make -an. expllc1t est;mate of the "phy51cal" values of km and
R ‘ <« ‘a?\ ' T v :
/ B



g

So far kmand V have been somewhat loosely referred to)
s 'o-' ("

Wy

R

as "average" paximum photon energy and "average" neutrlno s

energy correspondlng to an average nuclear’ excrté%ion of the

resmdual nucleus. Strlctly speaklng they are not averages in
the phy51cal sense but 51mply parameters defrned formally by

\N(k) sy (km,k) and A= Aw) wherevN(km,k) am A(V) are the

.

f"closure approx1matlons to the actual rates N k) and A. This

and Y are the values ﬁhich, when used thevaluate<the

rates in closure approx1mat10n, give the correct amswer.

”»

In the previous ‘section 1mproved approx1matlons to the'

~

correct rates were obtalned 1.e.j (km,k) and A(V) It-will‘*'

re shown ln the followlng dlScu5510n that at least in a

LA
clmple model these are relatlvely lndepenaent of.km and V.y
Ihus ‘the approprlate values of 'k,, and V to use in a closure”
calculatlon can be estlmated by solvrng the eguations
N(km,k) = N (ky, k) and A(y) A(y), that lS, hy determlnlng
‘the 1ntersectlon pornt of the closure and corrected

calculatlons. lhls 1s just the pornt ‘Where the two

%?qg . . '
correctlon terms in Eg( 6 11 or those in Eq. 6-15 exactly ‘

. cancel. The resultlng parameters are then those which must

~ ke used ‘in a closure approx1matlon calculatlon for

con51stent results. They are of course somewhat. derendent on

YO

the model used. for the nuclear matrlx elements and thus if

drastlcally dlfferent values are regulred to fit the data,

3

one should view the model wlth SUSPlClOD-

lhe "phy51cal" values of averdgeamaximumﬁphoton.energy
N / . . . R . .



b

-
‘and average neutrlno energy (thCh ve shall wrlte as- k and

*‘E) are in prlnq;ple dlfferent from the parametef; km and

]

”V-vﬁhelr pﬂé moments can be deflned formally ase:

z (A- ) /Vd//e)/z /%A(A)

y’ Z.'(Vd)f/faé/zﬂw o A.‘: 6¥l6.N"A'

o where tne denomlnators are just the rates N(k) and A and

the numerators are the approprlate guantltles for the

.transmtlon a—+.b uelghted by the rates for that tran51t10n

and summed over all states b.

\,)
—

43n closure approx1matlon Ko = km and V Y . Wthh is

\ (R
. What is normally assumed Correctlonf\tf/}ﬂese relatlons can

however ke calculated in exactly the same way that-

COrrectlons to the closure apprcxlmatlon for the rates were

calculated 'S0 that when’ such correctlons are 1ncluded

these equalltles wlll no longer hold. To do thlS let us

expand both numerator and. denomlnator of Eg. 6-16'about'k;fb= Kpn
and Ka V and carrcy thrcugh' the sum rule l

evaluatlon as done in Egs. 6-6 through 6-11. The results;.-

keeping cnly ‘the first order correction, are :

ke ,é,,, + /:,ém }f(£+£c-/ém) (/+8) (Zk/mm)(ém%)
Z Cn.z;; (/ém,fé.) "

. X5 O (fom - Zé//%m—é))//rzf/)} 7 eVen
R g Z,é(km k) (ntz) n  odd

6-17
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v =v’+f>v’” f(ﬁfﬁc V) - (/fS)VE/(ZmM(P))_} e 18
'Thus for p—1 these relatlons express the phy51cal averages km
apd .V as the closure parameters. Kom and YV plus a
‘correctlon term. Note that the correctlon is essentlally the:
=ame, only wlthout the derlvatlves, as that appearlng in the‘

=~

equations for N(km,k) and,4(v),v‘
A more useful result can be obtalned oy expandlnq the

'Ilght sides of Eq- 6—16 about km,and y lnstead of kﬁ and Y.

The resultlng eguatlons (1dent1cal to those above with kﬁ*’b;;

and V—»V everyuhere) now provide cons1stencg

N relatlons vhich can be solved for km and V. Since the ' . | % -

leading terms cancel the~solution= correspond to the zero |

~of the term in hrackets-and provxde an estlmate of the

.;hy51cal avetages correspondlng to- the phy51cal average o

eXC1tatlon energy of the re=1dual nucleus. Note that the'

.results will depend on the model used for the nuclear matrlx ‘n

elements in In(km,k) and MZ(V) ‘These consistency relatlons\

. wWill be evaluated for a =1n;le model in the next sectlon.

L. Applicatibn‘to soca

To illustrate the ideas outli d in the previous

sections, an appllcatlon of our m‘ Vcd wlll be made to the
nucleus 40Ca, the nuclear matrix elements belng evaluated :
using harmonlc.osc111ator shell model wave'functlons.'Such a
-model is perhaps too simple, but has been used for most.

comparisons wlth data and in any case will lllustrate the

basic results. In this model the<closure result for Ih is :



\

\

i

| . , . : : ~ '
1. . C | SRTY

| ) ~“ ’ N

5

»

6-319
vhere for 40Ca with 72 ='(sb)?jthe‘ma1n-nuclear matrir ‘
element is” | C : |

775 20[/ (/7‘-% B%f_zz_)ex,o[ 71/,3)] -
620

The oscillator parameter is taken tao be b = 2.03.fm.

Expre551ons 6-5 and’ 6- 10 for the dlfferentlal photon ‘

. - - " /
cPectrum were evaluated usirg the Cn from the appendlx in '
Fearing (Fe 66) and the'set of weak coupllngs gV = 1.0,

. : I3

gM = 3.7, 9. = —1.‘2.5, 9,: = 7"gﬁl gsg = 0, g.r = 0. From NOlén_
and Schlffer (No 69) Ec = 7.13 ¥ev, and from Engfer et al

En 74) Ege = 1. 066 ‘Mev, whlch give the value E + Eg = 110.4
-Mev. As noted abomei the veloc1ty terms have,been included
as has the phenomenological correction for'exchange_effeCts, (1.

+5)_ o _:~

F

g

It has been customarf to.present results for radlatlve
- muon capture mates as a. ratlo of the dlfferentlal photon'

, spectrum to the ordlnary rate, as presumedly some of the
podel dependence of - the nuclear matrlx elements wlll then

- cancel, thougB factors Vthh 1ndependently affect the"
cverall scale of the amplltudes for radlatlve and ‘for’
ordlnary capture Hlll of course also affect the ratlo. In.

flgures 29. and 30 are shoun such plots whlch 1llustrate the'

- rain features or our results. It can be'seen that the rat10'

of corrected quantltles N(km,k)/A(y).;Choun as solid and

‘vshort-dashed curves for tWOvdifferent values of'o,

AY
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K flg. 29. Ihe relatlve capture rate’ N(k)/A for ‘°Ca for k-60 S
Mev and km/y=1.06. The usual, closure result '

- {(long- dashed curve) is compared to the corrected
"~ result. for 8§ =0 (short-dashed curve). ang. for6—1 15
- (solld curve) . The horizontal hnes are
vexperlmental bounds on N(k)/A fron (Ha 77).
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km(MeV)
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- flg. 30. The relatlve capture rate N(k)/A fot ‘aoca’ for. k= 7‘

Mev and kmy/Y=1.0€. The cufWes have the same meanlng o

as in-figure 29.
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' generally much less dependert on k than.the usual closure..
iresult N(km,k)/A(V),.shown as a long~dashed curve. Thus thehj7
»1mportant gualltatlve result is that for radlatlve capture,.

ijust as for ordlnary capture (Be 73A), the sum rule

technlque allovs one to obtaln ‘a result more or less

vlndependent o? the closure parameter k over a reasonable_h

range of km. Note that 51nce A(V) is 1tself nearly d;T{ |

iu;lndependent of-¥§&n thls approach these gualltatlve 5}Qf” f

‘ﬁfeatures hold for the absolute rate N(km,h) JuSthas,for:thehv

:a:ratlo N(km,k)/A(v}.. v' | .

| It LS also observed that the durves for the oorrected 3

H

ura¢1o N(km,k)/A(V) and the closure ratlo N(kmrk)/ﬂ(y) :’»;;.H.

Lo

1ntersect ‘in a reglon where N(km,k)/A(V), and due to the

ctablllty of A(Y),.ﬁkku,k) 1tself,'1s stable. Thus th

B 1

‘“1ntersect10n of N(km,k) and N(km k) can be made a trlterlon

K

'1n the selectlon of a value of km to be used in an Ordlﬂary
ﬂUClOSUEG calculatlon of N(k). Slmllarly the approprlate value of
'"Vv can be determlned from the 1nter=ectlon of A(V) : _‘?

\-‘,

' rand A(V)-'As emphasrzed 1n Sec.cC,’km and V determlned thlS thsq
uay are ba51cally just parameters.uhlch force the closure | .
approxlmatlon to glve results for N(km,k) and A(P) equal to v?hbh
the sum rule corrected values, whlch ln turn approxlmate thehﬁ““
"pcorrect results. | : o | |
_. In flgures 29 to 31 are. shown results for tuo dlfferent
values of 8 5 0 and 5 1 15- The value 5 0 corresponds to noh

'exchange contrrbutron correctlon to the sum rule plece, whereas‘

.'5-—1 15 1s the louer 11m1t on 5 glVbn hy Ahrens et al

A _'s 1 B
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Fig. -31.

76 - 80 84 88 92 - 96 '.IO:O.

kn(MeV)

S ' .
Influenqe of the Coulonmb energy shift angd velocity
terms on,theg4°Ca Lelative capture rate for k=70 e

Mev and 'km/Y=1.06. Eesults including velocity terms

(so0lid curves) ang not including then {dashed
curves) are shown for two choices of the
phenomenplogiéal ‘factor & and vith and without the
Coulomb €nergy shift E.. The horizontal lines are
€xperimental bounds on N(k)/AN fron (Ha- 77).

a - usual closugre result . .. .- )

- é=1.15, E.;=7.1 Mev

=1.15, E_=0 . : ,, p

s
- §=O, E¢=7;1kMev
~='0' EC =O‘.- ‘-‘"

"o OO



Y

jcorrecticn (cf Table II). As" 5 15 increased from 1.1: to

,99

(Ah 7%) as determined from the ratio of the experimental
Fhotoabsorption cross section to the classical dipole sum.
It is observed that the introduction of the correction & is

numerically important particularly for large k. The

‘correction is also important in priDCiple Since a consistent

treatnent of both photoatsorption and radiative muon capture
using sum rules requires that the, inrormation available from

photoansorption be used to constrain the Parameters for

.

~radiative muon capture. It seems reasonable to take the

va lues for 5, 1.15 < 5 <1.&\\diregt;y from Ahrens €t al.

(Ah 7%), since tkte Ooperators in the nuclear matrix elements_
for protoabsorption are essentially the same as for muon
capture (Be 73C Fo 60) and since for °°Ca the dipole
transition dominates both ordinary and radiative capture.
For the minimum correction 5—1 15 the absolute rates are

&3
in much better agreement With the data (Ha 77) than for no

-1.4; the" relative rate decreases, in most cases improv1ng
-the agreement with the data. The current experimental
'uncertairty in § corresponds to an’ uncertainty in k,,
'determined fron the intersection criterion, of about 1.5

Mev.

Figure 31 shows ip additicn'the sensitivity of the
Lesults to the two other corrections which have been
included, Coulomb energy shifts and velOCity terms. The

oulomb corfection is very important,‘lts lnClUSlOD tends to

increase N(km,k)/A(y) and the radiative rate N(km,k) by as - .

"o
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Iable I1. Ordlnary and radlatbve mucn capture rates /.and N,
-and corresponding average parameters VY and k,
obtained fron: the intersection of the closure and
corrected rate exgressions for 49a in a simple
harmonic oscillator model. Also. pbresented are
values of the physical averages V and k; obtained:
by solving the consistency  relations (Egs. 6-17

and 6-18) for these quantities. The cases are :

I:
II:
III:
1v:
Ve

é=1.15, E =7.1 Mev, velceity terms included;

§ =1. 15 =7.1 Mev, no veloc1ty terms;
= —0 0 Mev, velocity terms included;
6=O 0, E -7 1 Mev, velocity terms included:

it

§

0. =7.1 Mev, no veldcity terms.



Table II

Crdinafy.and Badiative Muon Capture Rates Obtained from

the fntersection Criterion ..

101

kn/v | 10770

v v Km km | ka/v N 108N/
(MEV) | (MEV) | (MEV) | (MEV) | (MEV) : (sec-1)|(sec~! |[(MEV-1) .
: ] MEV~1)

| 60 78.72| 82.76| 84.08| 84.93| 1.068| 1.026| 0.333| 6.55| 1.97

65 , ' 83.92] 84.42 | '1,066] 1.020] : 4.96 | -1.49

70 . 83.53] 83.73| 1.061| 1.012 3.15| 0.95

75—A———f———1 82.75| 82.81| 1.051{ 1.000 1.32 | 0.4

i 60 | 77.12| 80,78 82.22| 83.30) 1.066| 1.031| 0.283 |- 5.24| 1.85

. 65 1 82.31| 83.02{ 1.067| 1.028 ' 3.96 | 1.40

70 82.17| 82.57] 1.065] 1.022 2.48] 0.88

75 81.74| 81.89| 1.060| 1.014 1 0.98] 0.35

e 60 - | 73.41}| 76.94) 77.86| 78.22| 1.061| 1.017| 0.259 | 3.65 | 1.40

65 - | - ' '77.44 1 77.54) 1,055} 1.008 2.24 | 0.86

70 | 76.67) 76.64| 1.044] 0.996] 0.83 | 0.32

75 75.80| 75.51| 1.033| 0.981 0.01 | 0.00

V. 60 93.12] 96.05| 96.99 97.94| 1.042| 1.020| 0.599 | 15.98 | 2.67
1 65 g 97.04| 97.81 | 1.042} 1.018 13.96 | 2.33 ~

170 97.04| 97.62| 1.042| 1.016 11.73 | 1.96

75 96.99] 97.38} 1.042| 1.0141 9.23 1.54

v | 60 92.31} 95.12} 95.91| 97.00] 1,039 1.020| 0.540 | 13.87 | . 2.57.

65 | - | 96.011 96.96| 1.0k0| 1.019(" - ."112.20| 2.26

70 96.14) 96.87| 1.041| 1,018 ~10.33 | 1,91

75 96.18| 96.71) 1.042] 1.017 - 8.17 | Y.s51




ruch as a factor of two or three - for some kvin e€extreme

e

Cases. It also increases A(V), though by a smaller amount
~ and 1ncreas€s km and V obtained from the 1ntersectlon
crlterlon by roughly the Coulomb ~€nergy shift. Ihus 1n thlS
lapproach it is clearly 1mportant tc con51der the Coulomb
energy. ' | y : -
The velocity terms are somewhat less 1mportant but
still should be 1ncluded. They 1ncrease the ordlnary rate by.
15-20%, the radlatlve rate by 30- -3%%, and the ratio by

v

h\;§:15%. Ihls is a somewhat larger effect than is found in the
;\\\

——

‘usual closure approx1mat}5n (where‘the‘FEIBEitY‘tEIES‘make-“ssllll

very little dlfference in the. ratlo N(km,k)/A(V))‘both

because the corrected rates N(km,k) and.A(V) are more
_sens1t1ve to the velcc1ty terms than their closure |
coupterparts and because these changes 1n the Lates change
the values of km and v obtalned frcm the 1ntersectlon
crlterlon by about + 1 Mev (cf. lable IT) whlch 1n turn
Froduces a change in the contrlbutlon of the leadlng terms.
flnally the ' results obtained for Kom and Y from the>

;intersection criterion and thoSe fcr the physical averages k,,

Egs. €-17 and 6- 18 merit sone dlscuss1on. These results are
gaven in Table II where V Vkm,-km/y, t he ordlnary and
radlatlve rates ang- thedr ratlo evaluated at km and vV, and

the values V. km and km/V are shown for several comblnatlons o
of the correctlonc dlscussed above and for several values of’

ko Rad



Ihe mnost strlklng result is that for flxed 5 “the ratlotf'
ém/? is essentlally constant even though Kypy- and V vary
1nd1v1dually by 51zeable amcunts and for some k the rates
tan Vary by as much as factors of two..Thus 1t seems
'sens1ble to flt data by f1x1ng km/¥ and treatlng say km as a.
-parameter, as was done‘by Hart et al (Ha 77). For the

.standard Rood and Tolhoek node using simple

5=1'15 it is seen

R - + B
”,/,.,x—/' o Je

!-01 is an. approprlater‘

harmoric oscillatcr wave fan
from Table II that km/V = 1.25

value. For the less de51reable chc;ce 5:0 km/? is still

"_falrly constant, fut a bit lower, about 1. 04.

Ihese values of km/V are somewhat larger than those .

'used before. Thlsrcan*berunderstood by looklng at the ratio

——

ct "p}yslcal" .averages km/V obtalned oy solV1ng the\~ellh'

T

———

"cons1stency relatlons startlng from .the deflnltlons of Eq.

6 1€. The’ values are not qulte as constant as was the case
for km/V, but still. vary by only + 00. 02. Ihey are® generally
lower than Km/Y. Values of km/V used in previous f1ts to

data Lave usually been obtalned from caltulatlons such as
that of Kood and Tolhoek (Eo 65),fwho got 1.02 for 1s¢ by
comparlng the closure result with that obtalned by summlng
over : partlal tranSLtlons. Such a calculatlon starts ulth the
‘deflnltlons of "phyclcal" averages (Eq. 6-16) however,iand s
so is really a calculatlon of km/Vacﬂence the agreement w1th
tour con51stency result for km/v is encouraglng. The éffect

of the addltlonal sum rule correctlcn terms is to increase

-sllghtly the value of km/V approprlate for a closure



..calculation. o 5 .AI.@5‘§

<

it should be empha51zed that the spec1f1c numbers, €.d.
g

for km/v, may depend on the model us@d, in thlS case the

harmonlc osc1llator model thohgh the gualltatlve features

4

1t is presumed are general. In a more\complete calculatlon a

number of addltlonal correctlons sho$ld re 1ncluded in.
.-““l

partlcular the propagator correctlons of ‘Rood, Yano, and

Yano (Ko 74), the higher order terms suggested Ly Fearlng

[

: experlmental values (2 29 4 0. 06) X 10"'\sec*1 (Ha 77) and

fof 20% by the RYY correctlon (Ro 74), so that it may be

0

(re 75), perhaps tetter wave functlons and perhaps the
requ1rement of con81stency with electromagnegaf matrlx

elements as: done 1n the GDR mnodel (Fe. 66 FQ;6“).u"

v
.

It is 1nterest1ng to note that with 8—1 15 the ordlnary

rate 3 33 X 106 sec—l is. 1n falr agreement with the R

(2 53. ¢+ 0. 02) X 106 sec:-'1 (D1 71). Tne radlatlve rate is

’“comewhat hlgh, but presumedly w1ll be reduced on the order

‘pos51ble to achleve gualltatlve agreement here as well.

Alternatlvely, an 1ncrease “in § (5 1 15 is a lower llmlt)
reduces ordlnary, radlatlve, and relatlve rates.

Thus to summarlze, it has been .hown ‘that the

'dlfferentlal photon spectrum fér radlatlve muon capture can .

:re calculated ln a way whlch renders it nearly 1ndependent

rof the value of the maxlmum photon energY' in a fashion

analogous to that for ordlnary capture. The procedure

consists of expandlng the expre551on for the photon spectrum'

-to flrst order aboutﬁx, then us;ng closure to perform the

104
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?um over flnal states. Evaluation of one of the resultlng
_correctlon terms is done u<1ng a modifled TRK sum rule,
leadlng to an express1on for the photon spectrum which
exhlblts only sllght dependence cn hﬁ The 1ntersectlon O f

this result u1th the usual closure result determlnes values

A» of km and V for use in clocure approxlmatlon calculatlons.

‘From a practlcal p01nt of view. the most useful -resultc- may be

that in the standard Rood and Tolhoek model (Ro 65) . the sum
- rule correctlon gives: valuec for h,/? whlch are essentlally

_constant, and sllghtly larger than those used prev1ously.-~

105



VIiI. _

;i . SUMMARY AND EONCIUSIOHS
In the present uorﬁ‘the 40Ca photon spectrunm has,neen
'calculated.to 0 (1/12) andithe pnotcn asymmetry calculated to
c(1/n3), using the impulse approkination with the standard.
theory.set of Feynman diagrams shoun in fig;’1. While sone
cf the 0(1/m2) terms previously considereu (Ro 65) are not
negligible,vthe‘cellective magnitude oﬁ_previOusly neglected
C(1/m?):and QK1/m3) terms was found to be small, resulting
in a change'over*the experimentally accessible range k>55
ﬂev of less thar 5% for toth the photon spectrum and
asymmetry}as compared’uith the standard theory. Introduction
'fof.fhe SEL Hartreevfeck gave'function (Sh 73) derived from
the Eeshtach—Lomon.potential increased the absolute speCtrum
Jahout 10% for b=1;70 fn (b=1.70sfn gave‘the.best‘agreement
with the'neasured'AOCa charge form factcrlfor.g<1 fo=ty,
towever the relative spectrum was reduced less‘than 3%. Thisb
tears'out the insensitivity of the.relativebspectrum‘to the
.choice Qf'nuclearrwave functions.

Two improvements in the GDR model - a more consistent
choice of k, and VY, and the use of neu 40Ca photoabsorption
data -~ resulted in our finding that the GD? model relative
_Fhoton spectrum is comparable invmagnitudeito the,CHO.model
cpectrum Within 4% for 55<k§§5QMe§; lhisiresulx furtheri
Vindicates that the“relative'snectrum,is‘tc.allarge extent
:zindependent of the nuclear vave function. The GDR model thus

predicts absolute and relative capture .rates which are too

0% .. .



L | | | | 07
b gh by up to-a factor of tHO, however both ordlnary and
radlatlve capture rates are in substantlally Detter.
agreement with experlment than CHO model absolute rates. Ihe
dlscrepancy whmch eX1sted prlor to 1577 between experlmental
and theoretical determinations of the ‘°Ca photon asymmetry
‘yhas largely been resolved hy a recent SREL experlment
(Ha 17) . Our calculatlon of the ChO model asymmetry is in
agreement Hlth prev1ous'calculatlons (Ro 65, RO 74) and with
.vthls "latest measurement. The uDR mcdel photon asymmetry for
40Ca, a guantlty not previously calculated was found to be
nearly identical to the CHO model asymmetrya
Ihe mOdlflGG closure calculatlcn ‘presented in Chapter

VI indicates a poss1ble means of flxlng km by appeallng to nd
eexperlmental photcahsorptlon Ccross sectlons. Though our
calculatlon contalns a number of approx1matlons, the
underly ing Ldeas can be pursued further if one is lnterested ‘
in improved accuracy. An undouttedly temporary llmltatlon 1n,
this regard is’imposed by contemporary uncertainties in
| measured photoabcorptlon cross sectlons used to determlne‘ ‘\‘“ff/
the modifying factor (1+8). Result= ob tained for the |
ordlnary capture rate by modlfylng the classical dlpole sum
are_encouraglng, and_focus attention on the need for
yconsidering~exchange currents in both ordinary and radiative ' -
muon capture.

:As'prev1ously mentloned ‘in our dlscussron’of motlvatlon
for the‘GDR'model, nucleon-nucleon correlations play a,major

role inidetermining the ‘position of the giant dipole



e

7descrlbed in Appendix b can be decomposed into one and

‘Qtlll fairly sparse (Mu 76). Ihe approach that has been

.- 108

' resonance, and ‘are capablle of produc1ng substantlal changes

,.in EMC observables. The shell model nuclear . matrlx elements

two-body parts.‘As it turns out, the value of a matrix»u
€lenent depends to a large extent on'the partial
cancellatlon between the . one and two- nody parts. In a theory
wlthout two—tody correlatlons‘such as ours, the aegree of
cancellatlon is mcstly determlned by the normallzatlon of

o Pl

the wave functlons. The 1ntroduct10n of two-nody

correlatlons 1nto the theory mlght FOSsi hly affect the
'ycancellatlon, thus brlnglng about a change in- the value of a
’ nuclear matrlx element. An 1nve<tlgat10n of two- body

'»correlatlons in ordlnary muon capture by McCarthy and Walker

§

(Mc 7‘) has shown that the capture rate for 16Q is’ reduced

;/by 30% when correlatlons are 1ncluded.{ - -',\

Lastly, to mentlonta closely related matter, the

-

7p0551b111ty of nuclear renormallzatlon of the hadronlc weak

v
s

form factors has only recently rece;ved theoretlcal

attentlon, and experlmental 1nformatlon on- this topic is

followed so far consists of attemptlng to retaln the

framework -of the 1mpulse approxlmatlon and to replace the

- free heak coupllngs wlth effectlve ones. Indlcatlons that

~ the axial vector strength 1s quenched up to 25%. for medlum

>

”'and heavy mass nucle1 (Br 78, Os 79, To 79) have strong

1mpllcatlons for mucn capture. Our results suggest that for g

&

max1mally enched, both ordlnary and radiative rates are‘
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substantially redhced;lihistpange is in the'right'di:ectibn

' to improve agreement with experimentally measured rates.

. ) ety
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Appendix A

Free-=Particle Propagatofs for Huon and Nucleon //

" For the muon, the momentum space representatlon of the

relat1v1st1c free propagator :

o 77;“7‘1/5 - | R S
Was uSed'directly in the evaluation of the lepton covaciants'
on'.

In the case of the nuclecn, a free propagator
consistent with our non-relat1v1st1c Hamlltonlan uae:
requi:ed. Accordlngly it chould satlsfy the coordlnate space

equation : -
-2

'(ZJ?%“??Z‘.ZL%:)& (x-]) = 54()(‘—5/)

" where. th.e oi)eratot "(zft -'m—'E_z ) is‘ a Foldy-wouthuysen
_reductlon to O(1/m2) of the relatrv1st1c Hamlltonlan for a
free partlcle. Since the 1n1t1al and flnal states of the
nucleon involved in the EMC process are energy eigenstates,
,and tne terms comprlslng the effectlve 1nteractlon
Hamiltonian have position and time dependence : ¢

-/%fok)v“'.t§0 (i/-x)

Hwix) ~ 2x0 (£ (v-p)-x)
' . A-3.

cur problem is reduced to obtainingﬁaisuitable”;'

time~-inderendent propagator for the nucleon which

117



‘:f;fflmllariy one ooﬁa;ns for the proton radlatlng dlagram

= | B A -

satisfies :. ,

-2 N c, >
(E°+7)6 (x- ) = §0x- 72,
2m A A | | S
‘with T=E-m, E being the total (relativistic{ energy of the‘
rucleon in the'intermediate state. Thus if for example the

s . o~
peutron emlts the photon, I=I, =E +k m, whereas 1f the proton
¢ P

radiates, T=Tp=E;-k-m. Recognlzlng that Eq. A-4 is exactly

the equation satisfied by the usual non-relativistic

,propagator for the free Schrodlnger equatlon, one can
— ’
1mmed1ately wrlte the solutlon :

(- 4B, ep(iP i)
y 7 (271‘) /- ﬂﬁmrf‘.b€ B : 315 .

4

further if k is large and p2/2mT is mall compared to 1, the

1ntegrand in Eq. A-5 can be expanded yleldlng

—er

& (X_/y)”g —7/:{/ 2_5{7' %(E%v_f? ] 5( I A;_ﬁ"

Con51der1ng the neutron radlatlng dlagram spec1f1cally, the
second order S-matrlx takes the form : :
4
4 /z?:e/)//.e/)f [/— e
/7 VY 2w (E’%’) |
xd(7- D@ uE C L aa

Eerformlng an 1ntegrat10n by parts and maklng use of Egs.

A-3 yields :

0bn7')z

T I P P T el S AP S

B LT S Nt S S



““':"E”v.;r,.;'fj; ;; i'_;j.‘[,_‘;:‘ :i,;'ljajﬁg I
‘ Jﬁ /dj/ 9#/7)A/w/7)ﬁff/7)zf_r[/,‘%)_
PEL A TP f,;;.‘_;.,

e (2m7}) ‘ .
o ‘-'Note that the correct contact llmlt,for the propagator

‘ﬁifenclosed in: braces in: Eqs. A 8 and A= 9) ls,obtalued bY~~~r<‘

lettlng the nucleon mass go to 1nf1n1ty :

- m:az‘fm mzz/mz‘e"s E

/omz‘an /‘¢dz¢fas y 16
_ At this point the‘initial‘nucleon was put On- mass.
shell,,an approxlmatlon con51stent v1th the om1s51on ef
_external nuclear flelds :
] . - 2 '
Li-m = 12 -
_ .sz : : A-11

‘ o , '
Expanalrg 4, and T, in ;the variakble P2/2nk and keeping terms

rormally to O(I/m), the free Frcragator is approximated :

_7___+.L_Z_‘z_-2_k;__é_2' newtron

(@ V), 2m (7,;(.‘-;7)’2 m m/v/.: radiates
L . L _ AP roton _
LA * m /roza/mz‘es A-12

As it turps out, hlgher crder terms in the expanSLOn of the

-

propagator beyond the flrst P/m term are not requlred 1f the

o .\\ squared matrlx element ls kept to 0(1/m2).'1n fact keeplng
- Lterms in the squared matrlx element to secona order meant l?f"”
St "_\h

at .in. most cases only the leadlng contact term am the

-,,_,.’:w.. .

expans;on of the prcpagator vas actually used-.a;fffo;fﬁFﬁitéf
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cur effective Hamiltonian has the overall structure :

~)

Appendix B

'BMC Effective Bamiltonian

o eff f/ 2 o
= Xy (/= 00 V) o
A= Xy (120 V) 7 X -
with : _

T Aef'jf1;:B;2; SRR

,

:Von fa01lltate manlpulatlon by the algebralc sguarlng routlnes,

‘27 was arranged 1nto the ferrm :

Z/ﬁ w,,fa)r .7 /5 Y f&)ﬂz @] e S:

o=/ -A’f/ ' B-3

Zﬂ7(9
7,,, G

' - e e _
wgére ¥, -and G; are functicns of the vectors €, k, ¥, Ps/m, and

_The coeff1c1ents E q ‘ and C; correspond to terms

-¢f order 1, 1/m, and 1/m2 respectlveij. Taole III llStS ‘the

terms appearlng in qp, while table IV lists tne terms 1n,qg.

A "Y" appended to a coefficient name denoted that the factor y=

B :
k; appeared in the coefficient. These "“Y" coefficients

were segregated because an integration on y had to be domne

after the algetraic squaring.ga,complete,list-of the

coefficients, as used by the numerical frogram NEWEMC,

,-;appeersfbe;oy,_Ihe FORTRAN symbels.are explained in table V.
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Table 111 -

Terms in 7?h'

Non-Zero-Coefficientsj

i}
.
- .

R

R
<§\

My My
PR T
C. -

N T
O

3 “PXV/m e
4 3/ B DA -4 cey
. _ ,

5 ~

B

D5 5
s
L c7

N
NN

c8

i Xa ‘0‘ h{ V*A

N
3

€9
10 R : D10, D10Y c1o ch

o

O
TR N T I

CDILDIY '.cn cuyf-. S

AT T
oy

E?;'ip

13 {c13 c13Y' L

y Yo
LI

14 C1a

K
3

15 €15

16 Cié

™y My qu; N1 §4QH ¥
IR T N RN N

3
[

s |y

17

RIERTER IR

C17

Table 1I1I. Comblnatlons of vectors " arpearing in the ’
expression
for zp, ulth the effective Hamiltonian given by

' Hom XL (-G8, # G P2) Yo :
The non- vanlshlng termns c¢f order 1, ‘1/m, and 1/m2

o are denotea by the E, D, and C coeff1c1ents
respectlvelya :

L € e
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- . Terms-in 77z

o

S Table WO

_Non-Zero Coefficients -

<20

22

a3

24

c2s

27
28
- 29
Itif:;ff'30;' |
- é],,;.
32
, :53
34
. 35
-37 
38
39

‘>v1able-IV,

»‘The‘noneyanishing“terms“cﬁ order ‘1, 1/m, and 1/m?

}\; h;

P T T N N U VO W G

XX
: My M oy T
RO Agwg e
Ny O \u By X '{d§¢
| N NN
Ef Yy 3 ;E?f

>
3
Hy

N

AR AT A TR T T

Ay b
x

SRR
Cmyy
X
'{;
3

0

vmx‘-.,(TS"\ mx k\\ . »‘; My Oy A Y \.0‘ R)s;v ‘('\w'._m;
,-‘- . - - . .
VI

% X7
Rk

3

R YR T
'
n
My -
\4
S
N

Y W
R
N
>3
N3

,¢‘

x
o
X
a§j~§
R

,4. ‘ .

Co B0 e

. D37

© C20,C20Y

€21

- e
 ?1éé3””*

c24
€25
€26

. C27
. €28

29 -
€30

€31

lt3é'
o3
c34
€35

, C37Mf, o
s

e

39,6397 © -

Combinations of vect¥rs appearing in the

€xpression for

77t » with the effective Hamiltonian

HeH = X 01-G- 9) Oy 4 T 72 X o

given bj

are denoted by the E, D, and .C coefficients

respectively.

o122



| Tab'lg' 1V (continued)

- Terms in 2.
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aT.7 i FORTRAN Symbol .. ..t

) fiTabTe‘Vj

'a'FORTRANLSymbOTFDictidnary;

P —

LPL - 1_. : | A+

TR e A

P

T L
MR Kt K

MMU o ’--’ I » W}‘_

: 7315Mﬂéﬁgf;;;ff;;.f‘iiﬁ:,;gg Ke=Xn.

-:.Ks~’Juj?¥”gf;;L;l‘,ﬁ‘igt_:;.»1257'fiﬁ”;'.sfaJ’:,!'«*fl'

s 7AR

! -
A

NU- _f Y

: FSDK - R . ‘v S‘-',é ter‘mv f]ag »

CFVEL
i

- FCP

-velocity term flag

“oec 00 ‘muon radidting diagram term flag. -
o A

.  contact-pr0pagat0r;term;f]ag

~ “Table V. | o
: _computer,listingsvof,the”sguareQTQaﬁ:;x_elemgnt;?vﬁﬁf"'

SRR

Dictionary of FORTRAN sjmbcls appéaring in the

- W
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FORTRAN Symbol Dictionary
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Table V (continued)

Variable ¢«

68

'FORTRAN Symbol

FEP
T

KP

X
CXNUS

BE.

_ ';:’".“f,GAN' :
DEL
- ,fﬁéﬁ S
L GRL
'-'iapolf

RP1'
RNO -
RN
CRNMC
~ appended. G

-

GT

GV

GA

R X x_/

i ’ ) c
expanded propagator'tefm'flgg;“
T /2 771
A?n/CZZW |
R/ hm

' ‘\ o 'V//A%7
VR O

: a? (fﬂ%”’Z¢u15227&/%n)/467%r"Zah
y /?»:/ﬂ(za%-f‘zgu '

| 3' ,Z"sz’z/Q’zva-f'zgw)

gl B o

‘”yP[M Jx(/—x)(/—y)]
_/é—/ ‘
(2m)”’
(e vO ) B
om) O
- =0 (unused flag), Sl

- denotes cdmb1ex éohjugatioﬁ
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E Coéfficients
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HWA¥ IdT¥V9=0:C 4
Mit4¥ 1d ¥ ¥V9==h 4



I

127 .

Vv e
I8
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: C R X¥ ¥ Td IV 194v9) 47
(AWA¥TdT="T)e Xy dN¥ (SNNXYX¥THA4WV9) ¥ (X¥ A= TV ¥Nd92TGU~ 2
. Oce¥iimnxyo-=g8g ‘

) (HWA¥TdT="T) YSONX ¥ dXY (SNNXYX¥ 140) ¥ (X¥ I9=1V) ¥xNd9==AS. U
S AW A¥ SONXe AN I (LO+4V9) + %

(AW TdT=" TI ¥ SNNXY ANY (SONXY XY TAU+ WV ¥ (X¥ 4= 1V) ¥NJ9=Sh U

— . . YW A¥SNINX¥dXY Id ¥ (WI+AT)=2hU

: : » HW ¥ X¥dAY T 1IN WI+AD) ==T 1 (

X , : . dnd¥ 1d 1¥v9==0nd
. o (ONHENNWHOAMY (ANWA* T) ) ¥ NTWWEX Y dN ¥ TRy 9= 3
o , . YA d¥dX¥Td ¥ A9= 3

- : : ) d¥A9=z=6%0

, W4 1di¥A9=LS
) ‘ ﬁczxtﬂz:zlcaaxﬁ&:r+.dvv«:zz«x«n_x«.._«qc}
Hiv 4% ( _.ul&v‘vfn_n_ﬂ,%.—.c.la.m ,

: LIv (W94 A9) ~=0 /@
(SONX¥XY 130) ¥ SANXY XY dA¥IHYNGI==AT T
(SHONX¥X¥ 130+WVI) ¥SONXY X ¥ dHY FH¥NIIN 1A,
> ‘ (SANXYXY 130D ¥ ¥ ¥ SONX¥dH ¥ IHENDI~SACIL "
_ ) (SONX¥X¥130+HY ) ¥ 2 SIINX ¥ dY¥ JH¥NA =0 U
. o 0dAYNN VY (AD489) =W 4x Td I¥A9=~=250"
(ONHFNHNEOGAY (MWt * 1)) ¥ DWW ¥ X¥ ¥ 1¥ (A9459) = 3
C HWA¥ (L A=) ¥TId v LU4e 2
: UWAY (X¥*C=" 1) ¥dAY 1d T (WI+AS)+ ¥
., . Lo LA¥ (Ly+Vv9=Nd9=)=hd
-, _ , ’ 3 HWA¥SNANX ¥ dNY Td 1¥ (WO+AD)==14

D Coefficients
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(CSNE¥ 4+ 1) =L A+SNINX¥IN) ¥ LN "/ v9=H=hD
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CONM¥NHA=OdH¥ (dNIW+ " T) I ¥FSH¥IXSIINX¥ I H¥LT¥YI=TT=T )
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CONYRNW+ 0¥ (dNW+ T ) ¥ SHXSOINX dYY ] A T¥Nd9==9)
AW A¥ (X=SNNX) Y dX¥ 1dT¥ /7 v+ %
hozx<z:r+c11«ﬁa:z+ 1)) ¥SH¥ ¥l 3¥y9=¢I=G) -
NARN¥OdH¥SIINX¥AN¥AI=4I=G))
13¥S9+42=G)

I3
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HAI¥SOINXEXX Y ¥ ¥ 1d 1% 19~=1E )
HWAXCXFSINX Y dN¥TId 1% 1 9=20€D
HHJXSIINX ¥ AN 1d71¥19=62)

S : : T HHAY X¥dX¥1d1¥ Ly=g2 0

HAA¥SNNX¥X¥ZYedueTdI¥ 9=

. WA XY dHY TdT1¥WI=9CTI=9D
: : o HNI¥ XY AN¥ 1D 1%/ AD=929=92)
. . , (UWA* Td 1= T)rX¥xAN¥*T/89==922

S , HAAYSANX ¥ dHY T4 1¥WI=58 =62

HWJYSIINX¥ AR Td I C/A9=50=580

(MWA¥ Td T="T ) ¥ SIINX¥dX¥* 2/ 89==5%¢ ]

S ’ o Td Iy dm J¥SININX¥dRH¥YI+RC D=l
‘ , . ANJYUWAIXSTINX ¥ DN ¥ Td ¥ V4 R
CYY(SANX¥dA=LT) /SNNX¥Y ¥ dNEX¥ TYNNWY ] J¥V =720
: : _ . ¥ Td I ¥/ vyY=2a=¢c
$ T RANA¥YWAY 2/ dI¥ V=g

o : AW XX AN 1dTIxV O+ ECI=TED

CHNA¥ NI X¥dN¥ dIvy 9+ w
, : dId¥ (dNu+ 1) ¥ 1v ) I¥ vz
: . . Hw4¥ (3= &xv«m:zx«ux«_aq«zon w
(ONAYNOWHOAH¥ (dNn+* 1) ) YSHXSIINX¥FAUY ) AV T¥ WY+ 18D=120
czm«z:z*m‘«m:zxxax«bL<<w<.J-m:zx«mx«»u«<c+_muu~m
. - . CUWAYSONXY AN¥ (L I=dN) ¥ 1d 1% /A9~ 3
ﬁ:z;<z:z*cam<ﬁa:z+ I)Y¥SHYSNNXY ¥ LI¥T¥A9=12D
_ C¥YdN¥ (SINX¥X¥x*2)%dI¥*2/V9=A0CD=A0CD
WNI¥ IR AY (SOINX¥X¥ "2 xZ¥ydd¥ TdT¥v9=A02D
CONY¥NINTN=0dEY (diin+* 1)) ¥ (L d=SUNX¥ M) ¥X¥ MY I 1940332020
(L3=SNNX¥dM) v ] 3¥WI+023=02D
ﬁn<<m:zx+ﬂ<«xv«.s<¢x<_a_«.m\quu b
ﬁ:zm<z:z¥.vsc&m<ﬁ1:s« 221 ) ) ¥SHARX Y MR ¥ LA 2/ VI=08D=02D
VMY * 2+ T ¥X¥dN= | 3=ClINX¥dY) ¥ LIX O/ A4020=0C)
, O OWNAYHW IV (Y XSANXECP¥X) ¥ 2¥xdX¥dIvVI+ 8
(CINSYNNWH=Td8¥ (dNKH+* T) ) v SH¥ T L ¥y ==y
dIF¥(X¥dX) /LIy (VO+A94+89) =L 1)

. _ C 0dUYSHELIYVOY U AR XK ¥ ¥ T2/ V9=9T D
: _ _ ; : HHA¥SONX¥dX ¥ Td T [ 9+ 3

A
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cse 0w

o a . ) , . ) ,HA“ZZ.m.Z__Z.I.Av&I<AQ,:XA..-ﬂvv<WKKﬁ.x.ZX%lx«;.M«J«ZCINQUHM_N.«_
o B , LIYSIHINXY dMX Y= H =2 h ]
e . o e WY CLd=d)) ¥ SONXY dn¥ 1d 1¥"2/AT+ 3

S , ﬂc:zfz:xncam«ﬁg:z+._,,«mz*g«m:zx«mx*hu«>wlnn:u

. HHAYCK XXXV AN 1dT¥LO4X¥ I %) T% 9= )I=Th)
" . L _ : OUWAY (L A=dY) ¥ X ¥ dMY IdI*WI=TH =1 h ]
: ] B | . B X¥d¥¥13%°2/¥941hI=1h0
= : S ; L MWA¥ (L= g M) ¥ X¥ U Id TR 2 /AT~ 7§
o . . _ OAd¥ (dNW+* 1) ¥SHeTeXwdNy LA¥YAY¥* 22T H )
._v<ﬁ_q-1x,<.m\ﬁn:ZX$x«4lcu‘ﬁx«uasJ<g«zmau>cau

, : HW ¥ XY ¥ 141%*2/v9~ 3
‘ ﬁczm<z:z«.m-oaa*ﬁa:z<.m+._»v<mx«bl<.m\<w+hm«.m\<uucnunczu
o . _ ,m32¢«4a4|.~u<m_unlxv«.m\ﬁw:zx<X<4uc+z<wv«ﬁx«meJ<u«zacune:u
_ . 7 A HAIY (XRGNNR¥*E) v ¥ ¥ dN¥ 1dTYWI+A6ED=A6E D
N o _ S ag¢«Am:zx«x«.mv«m««ax«4a4<.m\>¢+>omuu>omu
> ‘ L . : ﬁmzm«;a4|.qv«ﬁm:zx<x<.mvﬂmxﬁax*.m\muu>omuu>omu
o L - _ © 0 VNG C(SONX¥XY 2) ¥2¥XdM¥ (MW A¥ T T=" | ) ¥89z A6
K : _ _ : . . S XvdA¥Lla¥ v 9~ 3
- B : ﬁczm«z:z‘c&a«ﬁlzz+.quv«mx«ﬁpu-m:zx«me«hM«J«Fu+amuuomu
. R » HWA¥ (LI¥X+(X=SINX) ¥ SOANX¥dN) ¥dN¥TdT¥WO+ 3

N

2 S © (MH4¥1d -

>

. ; _ - : (L3A=-SNINX¥d¥) ¥ [ IxN9+6C =65
e e - .ﬁczx<z:;<.m+c&a*n¢:z<.m+._VV<wm«x«ax*»L*qf.m\<w- 3
Sl o o ) o X¥dX¥L)¥ IS  [¥V 946592650
T . , v s CUWAX (Y SINX ¥ ¥ X)X v ¥ g W¥ Td T/ A9+ 3§
v — . o . . WYXy dNX(Ld=d¥) ¥ 1d1x "2/ A9~ 3

CCYNWY "2+ 1) ¥X¥dd=13-ENNX*¥dN) ¥ L 3% "2/ A9465D=65)
R S _ ﬁxz¢«414:._v<Hm«<m:zx+m«<xv«m««ax«.m\mcnomunomu

; e ~ WNIX(C¥¥SANXESY¥X) ¥ 2¥xd¥¥ (UWA¥ T1dT=* 1) vS59+ '3

CINHYNOWH T A ¥ (dilW+* 1) ) ¥ SHY V% | J¥¥9=z65D
. ﬂ - : C UdH¥SNNX*¥ N ¥ WI=BLI=8F D
E L DAdAd*¥NHWYSIINX Y dH¥XAT=23¢

do:m«z:z«.w+og1«ﬁavz*.m+.qVV‘m¢<hu«.m\<c+su«.m\<c:uumu.

.. . " HWIRX¥dN* T 1¥ T/ V968D

UHAY SONX¥dHY 1T "/ V=g D
o . : . . . YW A¥ 1d ¥ *C/V9==g5D
L : \ , e HWAYSIINX ¥ XY 1d 1% * 2/ V=228 o,

1
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4 ~

x ﬁ ﬁgzu<4aJ- _H«Hh&-&xv<x<ax< \ﬁmazx«x«Juzv«ﬁx*Lx -1V 1¥Nd9=2AES

R SX¥ANY | vy _*<¢+zz_*ﬁbm =dA) ¥X¥duY 1dA¥*2/VI4£5)= wwu

- ﬁxzm«da_- I)¥(t 3= axw«x<ax{ \ﬁm:zx<x<_me+z<uvanx«ux 1v) ¥Ndy=¢50

IS

. N B

E S

“(ONHY¥YNIAWY

x -~
¥

2

dU¥A9m==250)
= . x:u«a:zx«ax<4¢4< \<u-~mu
i AW X dW¥ Td ¥/ VY= em;xo
: - _ © 0dUYSMY LA¥A9¥ o=
LI¥L9=0dyviinmx (1]~ “SONX¥N)*19+48H)= x:u
HWA¥ (L d=edN) ¥ 141X WY=BHJ=gh )
dd¥NWW¥ V9= IXV94RHI=8h 0
WAY (L I=d M) ¥ 118"/ AD=241 D
; R (WY 1d 1=* 1) ¥STINX¥dWXRSY+ Lt I=L b))
zzu«x:zxxax«ﬁxxm<4aqu [)¥G9+ 3

n««ﬂw:zx«ax hug\m:zx«xﬁn«<;x*aum<z:zg_*pu«<w =/hD

(YW4¥ 1d1="1)*°2/89=9h3=29ph1
WNIY (4WA¥Td1="T1)¥"2/89=9h2
(W% Td =" () ¥ X¥dX¥S9I+5hI=Gn 2
N WNAYX¥dX¥ (YWY 1dTI=" 1) ¥G59+ 3
P dI4¥(dNuW+° 1) % TeLI¥yy=gpn)
) : 13%19+4hh2=trpd
mz¢<ﬁpunaxv<_14*zc+aau-=au

* ucmmfﬁlsz« m+ L)) YSOU¥LAv @/ y9= dx 2/ VY= =nhd=hh)

- AW (LA=dM)I ¥ 1d ¥ "C/7A9+ 3
ﬁczm«z:z+omxxaa:z+ ﬁuv«mx«hm*4«>ouaca

mﬁglqy ~v«ﬁpu a1v<w32x«ax<.m\ﬁ¢32x<x<_ucv*ﬁx«u: IVI¥NGI==ACHD

SNANX¥ XYL I¥)9+CHI=EH)

HozZ<z:zuc;x¢ﬁa:z+.~gu«mx«p+«032x«ax<4<rc+ cuI=2h3

UWAY (LI=dX) ¥SNINX¥cdN¥T1d 1¥°2/V9+ %

. ozx«z:z*ox«w:zx«ax«h+<<c< CHSNNX¥IN¥ ) I¥VI+EYI=CRD

- e ,ﬁczz<z:£|oaz<ﬁa::+ _vu<ox«m:zx«lx«;u«4«>c+ FI=€h 3
Cavded i="* du«ﬁ_L azv«w32a<1x« nc:zx<x<ggc+zqav«ﬁx<axn_qw*zaw =zt

2 oMWY (L d=dN) ¥ GIINX¥dX¥TIdI¥ W+ ¥



CMppendix ¢

A-T,RHC,Hqt;ix_Element‘Squared

‘fhe’ REDUCE2 programs SQUARE1, SQUAREZ,‘and igUAREB performed
'the algebralc cquarlng of z7 'u1th output fronm SQUAREB belng
mdo;e in- the FORTRAN language. Ihe compLete expre531on

for was not squared all at cnce, rather it was divided
_into segments according to powvers of 1/m (via the E, D, and
YC coe:f1c1ents of Appendlx B), and the indivdual segments -
~proces¢eu LlStGd Lelow are the partc of 7772 which were
wcalculated ;"

1. M¥S01 : (O(d))é‘+ 0(1)x0(1)m)

z. ‘M5012: (0(1)+0(1/m))2

3. #s2 : 0(1)x0(1/m2)

1& MS3 : 0(1/m) x0O(1/n2)

The output.files 3501, Ms012, ms2, and1M83 are reproduced

‘,telow. Products of nuclear matrix elements are denoted :

FPrn¥m Jfg?/}/ )(FZ%7Z

where the expressions POLn are defined in Appendix D.
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YIYE4+0CIT0AT ¥ I RU¥ en=02 3¢ 1 ATA¥IRUX IV R+0CAY FATA¥ASSAY T h+0 ¥ AT dX
«>mw:«4<:+cNu«eac«w:zx*m>ma«msxax«;<a =6CA¥VSHNXX¥CACAYLEOFTMY-dU¥ T¥X
B=0TA%0TUYXSONX¥dA¥ TASA¥OMY 1y n=6C J¥ SANX¥LLUY dX¥ TATAYIM¥ T¥ =02 3% 0 UX
YEMYANY TATA¥XX ¥ =6C A¥LSUNEMY¥AN¥TASIYX¥ T¥D=0C ¥ 0NUVAN¥ZIM¥OAZI¥X¥ IX
¥Pe6C ¥ LEUYAN¥CMYOASHY XX ¥ y=0C A% TATAYLSU¥MY I¥ 40 AY TATd¥ ThU¥M¥ 1w X
ucmq,m>~1,n:c«z<_«:+cnu«r>_1<>wwc*3<_<:*0p;<n>~a«>n=c«z*4«z+P:cP¢y

: =iNn0L3d
e _ : Pl

023w fU*0ATdemM¥ 2~ omu<o~:<~>ﬁa«3<glcmL<>__o<“>_m<3<mLomm<dﬁc«m>_m«x

3«m+cx¢«>c_e«n>_a«3*r|opm¢c#:<w>_1«3«n+oo;<>q_a«q>q;<;«:+0nu«»odcy
<a>qa«3«m+:u«c:a«a1«mz«o»ra«n:7x<4<n+=4<o:o«ax<w3<n> "d¥SNANX*¥ T¥X
i :¢<ax*~z<c>m1«¢:zx«w:ax4<auzu«1x«mz<n>ma*mac<w32x<4«p+onaxaxgmx«y
0AZdYS :zx«mc«q«m+oMu<mx«m$«m>na«m:zx(wc«g«onomm<AC<o>,a«z<4<m+=¢«y
ZhUYOATAYMYI¥Z+02INTU¥CAIL¥MY T¥C=H A¥CHUYCATd¥my ¥ ¥ DA T YL Q¥M¥X
V¥2=h3r2ATI¥EHA¥MX N2+ AY T AL DAL HU¥ MY ¥ 2= “RI¥CATI¥ATA¥MY Tx I+ 1IN0 14X
 =in0lA

Wyl
(1nrUx
«ﬁ>ﬁa«:u«:+o>qu«n:c«:u<m+m=c«r>da«:u<m d>,a«>Mcs<:p<m+n>~a«>m:cx
Y I¥2=0ATld¥ TO¥0CI¥C=TAld¥ TU¥0LZINC=SUXANYSIINX¥ QAL d¥ZH¥ 6L ¥ ~LA¥X
AMYSNNXYZM¥ZAL "A¥Y6C I¥ 2+ dAROAC IO NGFIMY T I¥SNINX ¥ = -“dN¥0h Q¥ MXIACd¥h dX
Y SINX¥C40ATAYRI¥ShAYC+CATA¥NA¥C U~ dN¥SNNX¥OACAY IM¥ 7 A¥BRURI=dAX
<n:zx«mz<m>ma<ad«@za«m+o>da<_:o«zu,z<au_>~a«.a<omk<z<s+ooo«~>ﬁay
vhA¥ v hea¥ [ATdY 023 ¥ n=1ATd¥pI¥0CI¥ 1¥n= =0ATd¥02ATTUYI¥+ZATA¥X
01T TUY 1¥C=TATdY02IvATIAY I¥CHTATAYOCA¥ATTU¥ I 'O AT d*0CO¥ I M¥ X
AR 0YOAT A0S I¥MY IY B4 0ATd¥ 0T U¥OCA¥MY TYCHZATA¥OTUYOCINM¥ I¥ =T ATdX
<>o~:*omg<z«4.m+>oda«m>,&«cm4<z<4<muc>um«:u«onL«x«J«auvP:cbmx
uh:chu

; CWYIL
: . c>_m«o_a«aq<o+c>_a*n««:u*n
+e_ay=¢«r»_&«m >o~c«a;<~>_a«m+c>_1«:m«:o«:+>c~c<su<w>~1<r|>cqo«:uy
ZAldYM¥l= >oﬁzgzu*:>_1«s<p+c~o«:p«_>_;<x<oom««zp*~>ﬁ&«3<n|:m«ﬁ>qu
S xhd¥Myh- c_:<qu.n».m«z«m+:u*~c*_>~g<4«a+:uiﬂ:«n>_m«z<4«z 1IN0 L 4X

=ENOLA

WAL
Swydl z\« UNV

]

R

LSS



. : . 0ZAYCNAYZATd¥MeTx gm0

OPU¥dAY SANXYEAS ¥ MY O I¥ 2= 4M10L4=1N0L 4

. . E . BROY dN¥SIINXYZAZIYCM¥ 02 T¥h =X
I M : oq:«mn«m:Zx«mx*c>ma<omm«m-mac«mx*mazx<mz«c>ma<cmu«¢+ax*mx<~>mg«ommx

} . . «cag«X*:nax*o>ma*mx<omu«oq@«x«:lo:C<&x<@:2x«ﬁ>ma«m3<cmu«:¢¢x*chx
v . _ . «mx«onu«“xmaxx«anaxwmmc«m:zx<m>ma«mz<ommxmpax«mma«m:zx«mx«o>ma«ommx
«mmax«nmg<mx*omm«c>ma<x¢a-1x«~m¢«m:zx«*>ma«mx«omu<:uomu._>~m*>msc«x
m+omu«mqo«m>ﬂa«a+omu«m>_a<mao«m+omu«>Mao«m>_m«m+cuu<m=c«o>_a«:xomux
, *m:c$o>~¢«m+omm«_>~a«mmc*:+cmm«m>ﬂm‘>mncs:+omu«>mvoim>.Q«z«a+ommx
P *,>_m«mac«z«:+omm<o>ﬁa*mmc<3«a+emm<_>_a*>mmc«x«a*oma«omu«_>_1«J«x
\v g . . :,m<«cm;<<>_a«J«m+omo«omu«ﬂ>_&<4«:+m<<omu«~>_a«4«m+oma*QMu«o>qm«xx

i . _ ' o *4«:+m««omufc>ﬁa«z«4<m+om:«omm«o>_axz<d«a+m««omu«o>~a«3<4«m+h:ohmx
: . R . “ _ N ‘ =1N014

_ : IWHAL

. m«femu«ﬁ>qa«zxsnomu<~>da<omc<x«¢'omu«Nmo«m»ma«mx*mzzx«x
. ‘ . H az«4.m+amm<hm:«mz«w:zx‘ax<c»n&«J«Q-omu«m>m1«mx*m:2x«ax«oaexJ«m+x
: : , . omu«m;«¢:zx«1x«c>ma.o::«d<m-omm«_:a<_>~a<3«d«m+omu<m#a<=>~;*z*g«m*x
SR I¥TATA¥ASHA¥MYETIY C+0CI¥ATHAUXS AT A¥MY 1¥E=1N0L JX

.‘_ . _ . u =1N01L 4

A , GWH3IL

o C o . c¥¥x0c3x
. o x:>;u<z+m«<omu*c>_a*a+cm@«c>ﬁafcmo«xfomu«okﬂlxomc«:+m«<omu«ﬁ>~a«zx
- C ‘ o a:+m««omg«_>~sz«m+omqu>—a«cmc«x«¢+omm«_>_&«omc«z<:+omu«o>ﬁm«mmcx
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MS012

o , S 1a¥Z5ux
«m>qa«;*m|omc«~qc«m>~a«;<m+_c<>maa<_>ﬁa<4«m+cmc<>~_c<_>_u«4«mnomcx
*:eﬂ~>ﬂm«4<=+~>m¢«zz<mc«mﬂcx_<m+_>:1<az<ma«~ma«J«a:c>ma¢mzﬁmo«~mcx

1;*m-c>aa<mz«m:«ﬁmo<4<m+_>mu«z3<u<<ax<m««m32x«:e«nmc«,sm+m>mm«m3x

*m<*1X¢m<«m:ZX«maach«J<m-o>NQ<_:«o:oxmz*az*x*J*mluc«:cc«mz¢m>max,
«a;«x«4«m+m>ma«=x*m«<;x«m:2x<ue«nmc<x<_«m*c>m1<:x«m{«&x*mazx«mcx.

. *mm:«x*;*m+_»wm«mz*m«<;x«m32x¢mc«hma<x<A«zy_>ml«:z<m««ax*mo«hmc«x
: m««x«u«m+o>ma«m3*m««az«ﬁe«NMC<m<<x(;«N:c»,a<_:«m=:<z«4«mno>~a«omcx

. *cdcﬂx«;gmcc>_a«cmcqzc«x«J«z-cmc*>o_¢<m>_Q«X*J«m+qa<m:oim>ﬁaxz«;x
«m+oma«c_o«m>ﬁa«z«;«m+onc«>o_o«_>_a«k<4<mn_:«_:o*ﬁ>~1«x«;«z+»:chmx

) - =1N0L4
. - : - v R :

. mwxqﬁc«=>_m+e>_a«m««qo<m+c>qa<:C<o~cmm+c>_a«m««:“:+pac~mnh:Ch¢

, _ ‘ i 0ATd¥X

T _ m*«ac«ax+o>:a«n*«mc*q;xm<*m:<m««ax«m<<m:zx«m>m¢<=z+m<<mo«q>mm«mzux
. m««mc«_>q;«mx+m*«mc*m<<lx«n«<m:zx«m>m¢<mz-_ﬁc«>o_a<:;dm«m-m««>c~cx
. «:>_a-:a<>c~C<m>_1<m-_ﬁe«o_c«m>~1«mn>o_c<c_c«m>ﬁa«mnm««__o«m>~1x
4_,c«»cﬂc«m>ﬁa<m+m<<>o~o<m>~a+ao«o~c<m>~a«m-m««oqc<m>eanao«>cﬁcx
.«—>-1«m+__o«c_c<~>qa<m+>cq:«c~c«~>ﬁ&<m*kcqc«m>_ax>ﬁdg*mro_c«ayaax
.«>~ac*m|~_c*m>~a«>qﬁc«mn>o_:<m>~a«>__:<m+c~c«m>_a«>«~:xm+__c«_>_ax
«»_qc«m+=>“a«m«¢>~_:rm>~a«m<<»q,c+c>~¢<m<<_c+m>dm<m««ec+m««wc¢m.
*«axwm:zx<a>m1«vx«x«m+m*<mc<m<«ax«m:zx<m>ma*m3<x«ano>ma«m««mc¢mx«x

mx«a:<m<<x+m««me«m«*a1«~>m;«mz*m<«xa~HC<>c_o«m>~a«z<m+h:cpuu»:c»m

. _ . . . o o J¥¥A0TU¥SALd¥X
C z+:c¢>oﬁc*a>_a«z«m+~_c«o~:r:>_;«3«m+>c_o«o_o<:>_a«xxm+m<«__c«mmﬂmx

. «z+~—c«>:~c<m»_a<3<m:mk*>o_o«m>_u«z|:C<o.c«m>qa«z«m+m«*o_o«m>quzx
. +:o«>c_:<m>ﬁa*3«m1-o<c_c«m>—n«z<m->cﬁo«cﬁc«m>~m«z«mum*<__c«~>~¢«xﬂ

_ . zsmx«:c*_>_1«z*m|=c«o“a¢q>;1<z<m|m<go~c«_>ra«zu>cﬁc«o>~m«>__c«zxmx

. +c~o«m>~nx>_ucfx*m+__o«:>.a«>~_c<z«m*>o-o«:>~1«>_ﬁc«z*mwodc<m>a1«x

. _ o >__o«z«m-__c«m>qa«>-:*x<m-n>_a*m«<>ﬁﬁa*3+m>_1<n«<>q_olem>~%«m««x

. i i_c«z|e>ﬁa<m*«wC<znmao<o>_a<_C«_«mu__c<m>_a<_c«4«m+ac<_>_af_c«4y3+x
m»a1<>,rs«~a<J«m+_>~a«>-:<_C<_«m--C<m>_a<~c«z«d«muac«m>~a«ﬁo«zﬁx
d*:-;qcx_>_1«~c«3«4¢m+=>~1«>~_c«_:«z<;<m-u>_a«>__:sd:«3<4mm+»:c»ux

. =1lnot4d

TWHIL _
W71 Yy W/ 4o uz<:em

s

»
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MY IYCHUAY LGS AT ¥ ME ¥ FAOLO¥EQUNTAVAYMY I I L UREGUNTATA¥MY T¥Z 4D UX
x¥enygvd >_1<z<4«n-_a«cho«,>ﬁa<z<.<o|> PU¥SATI¥ AT [UYMY ¥ 2+ACSU¥ AT AX
«>~_c<3<4<n+ﬁaaa:>ﬁ1<>__Q«Z<_«r+>q=c¢n>_a«>_~c<z<4«m =CSU¥TATd*X
LUAVTAY M v 24AG SUYCATAYATTUYMY 1¥C=C (¥ >_1«>_ﬁc«3<_«nsoﬁc«>ﬁas«q>_ay
«3«4«n|:¢<>m::«q>_¢«z«g«rv__:<>w GYTATAYMYE ¥ = A0 TUYERO¥ AT d¥M¥ ¥
nﬁ_a<m::<_>_a«x«_.m o_:<mma<_>_m<z<4< SCSU¥ATTUYTALG¥ MY Iva=1NUL 4X

! B =1noi4

‘ PZZ\_P
_ OATA¥TUYQIUYC+0ATdYE p:«ﬁﬁ:,nuc>_a*oao«cqcy
¥ CSUALd¥ChU¥RU¥E=ASSAYAQ T U¥G TATA¥2HALGAYAL LU¥ AT ¥ THATTUYTHUYBATA¥X
¢+>oﬂa«—ac<:>_a<m+>o~c*muo«:>_a«m+>»h:<c_c<v>~a«r+> mc<>c_o«m>~a«x
D d=A0FUXE qa<r>#a<m+>__c«mrc<h>_a<m+>>uo<__c<w>_a<r+nsC¢_.a«m>~a«

_:c«c_oin>_a«m+ML;«c_C<n>_a«m+~c<onc<n>~m« FACSU¥AT Q¥ ZAfd¥ e~ >_dcy
mnzc«m>~1¢nn>c_34_a:«n>ﬁa«r|>o_;«ﬂmc<m>_a« leCqUYTIQ¥CAT d¥2+ACSUX
*Oldy2Aldvd=2 :C<cﬂc«m>~1<r*mzo«=c*n>_a«m+>cqc«m::<~>~1«mn>_ﬁc«wncy
¥TAT |y 2= >wm:<ﬂ_c«~>da<r :o<__:«_>_a<nnﬁzc<o_:«_>~m<rlh:o_m tnol4
C2SQ¥0Ta¥TATdX
xZ2=1n «ao«~>wa«v >q_:<m>ﬂa«>mae<m+>o~o<z>~a«>n:c«n+_ﬁo«a>_¢<>macx
<m+>~qc<m>_m¢>msc«n “0TA¥CATA¥ACHA¥CHNAYSATG¥ACHUXCH+HAQTUYCAT J¥ASHUX
Y=l TU¥ZATd¥ AL (¥~ cqc«~>_a«>w:a<ruac«“>ﬁm«>m:a<n:c>_a«o_c«macx

nvc>~a<cc«m:c«nu>-o<:>_a<m:c<p+>oﬁc«m>_a* RU¥CHTTUXCAT DX pQ¥E
+>~qo<m>~m<m:c<m o_o<r>_1«m:c«m+ac«r>_a«ﬁ:c«a+>oq:<ﬁ>~u«mzc«m T1ux
¥TATd¥erQ¥g=- c>ma*oco«cqogmzfaz«n:zx<n+c>ma*oac*zc«rz*ax«nDZx«m+y
Ovd¥ATLUYY x«=>ra«axxm32x<r.o:o«>odo«r3<m>ra*ax«m:zx<rs:ac*__o«nx«x
CACAY AN¥SNNX¥Z=0AY AT 1 Qx& CM¥CACH¥IN¥ SIINX¥CHOHUX0TUX MY TACA¥dNYSIINXX
¥Z2=0havhare x«m>ma*ax¢wozx<4:o:¢<>c,c«43<«>ma«ax¢m:zx« '41n0l4=1N0Ld
, OnUYTTUYEMYT AT *xdH¥X
m:zx«m+o>ra*rz«oAC<1x<w:zx*no«n+“z*omafm>o¢«mz«w:zx<m:« ‘=0ACd¥ONUX
¥ITA¥IM¥dNYX¥CHOHAYAOTUYZMYENACHXANY XX 2= 0 U¥AT TOYMYCATARdN KX ¥ =X
OUhU¥0TU¥IMY L LAY DAY X¥C=DUA¥AOTU¥CMYCACA¥ARYX¥CHONAY ] QX OMRTAZd¥ N X
¥XVC=0PUXA LT A¥ZMXT A2dvdAxXyY240PU¥0lQgye MY LACA¥ AN¥X¥T+0ATd¥Thax T TUX
«i<h+o>~1<_:c«cqa«3<m+c>q1<_acfco«3<:+>c_e<m:c<=>~a*z«m ~AT1Qa%2hQ¥X
CATAY MY Z=A0TURTHO¥CATA¥MY2=2hd¥0TAYLATIYMYCaAOTA¥HAYTA) I¥MEZHTHAX
¥TTA¥ZAT Y MY =T hUY O TU¥CATI¥M¥L=TU¥OTA¥TAT d¥ My = ~ATTQ¥nUYTATd¥M¥eX
+>c~a<_:c«_>-m<z<n+maa«o_e<.>_1<z«n+o>qm«_:«me<_<A+c>~a«o v T1Q¥X
4<~-~c<> Sdy ¢ >,a«_,n|c,a<>ﬁ_C<n>,a«_«4+.:«_z:<m>_1<_«a INuld=inuld
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;«:+»m¢c«mmc«m>_a*x«n+m=a<mae«m>ﬂm*sxnnm*«m:c«m>~1<x<m:b:chmnP:chm.
’ ‘ - . L . : AL RUX
«m:c«m>;a«z«a+>mmo«mmc«m>ﬂm<x<:+m:e<mrc<m>aa«z«a+>m=o¢mao«m>-ax
ﬁz*m+m««cmo«_>~1«z<q+Mx«msCi—>_a<3<m+m«¢_::<-»qa*3«m+m*«mwo«q>qm«x
3*m+mac*ch*~»~m‘}«m+mg«m=o«~>qa‘x«m+ﬂ>~a«m*<omc<z«m+omc«daogo>~ax
«J«amoma<mm:xe>—a*A*a+cmc«o:C<_>ma«az<m:zx<mz*4«srcmo«azo;m>m¢¢1mx
.«m:zx*mz«J«sacmc«»mqqgm>ﬁ;«4«q+cmc«>mm:*~>qa«4«a+cme«mao*_»~m«4«x
a+_»ml«mx*w:zx*mx«omo«mm:«4*:Jm>m1«1x«w:zx«mzxom:*sm:«J«s:omo«oqcx
«mxxo>mm«mxxx¢4«n-cmc«oqct.»ma«a;xmz<x«J«soax«o>mg«mx«oMc«smo«x«;x
YI=TACAY MY EM¥6CUXLEQEXN INh=0ZUYATHUYEATA¥MY T¥h+02U¥AL SO¥TAT JEM¥ |X
xs*omc«m::«m>_143«4*a+cm:«~:c«—>qa<g<;*a|cma«mm:«ﬁ>ﬁ&«z<;«a+p::»ux
: . ‘ o _ =1Nn014
. . WYL . , B .
L g y m»ma«mm:«mo«m««1!<m«*m:zx<mx«m|_>mn<nmo«x
,m:«m««ax<m<«mDZX«wz«m+c»ma<hmo«mc«m«<ax«m:zx*mx«x«m*m>ma«~mc«moxm\
**mxxm:zx«mz«x*mno>ma<mx<mx*ﬁo<c:c«x<m1m>ma«ax«mz«ﬁ:<c:o<x«m+o>~axv
*mmc<~d<3<m¢c>_a*-c<cmcxg«m->c_c«ona<:>_a«x«m+>mma«,c<m>~¢«x«mnx
m:c*ﬁc«m>~a«x«mmc~C¢cmc«M>_a«x*m+mmo<_c<m>_m«z¢m|>oac«:mc«m>qm«z«x
mk_~o<CNC<m>—1<z<mtom3«m>ﬁa«>«-cfx«m+>mmc«qc«_>~m<z«m+mzc«~o«~>~ax
«z«m+o~o«omc<ﬂ>~a«z«mucmc«>_ﬁo«~>qa«x«muo>ma«omc*mc«ax«m:zx«mxx
«4«m+m>m&<om:«mc*ax«m:zx<mz«Jﬂmnm>mm<>o_c«mx<m:zx«mz«oao«4«mt_>max
«>o_c«mx<m32x«m3xozox4*m+m>ma<—~o*ax«m:zx«mx«o:c«;«msh:c»muhno»m.
L S : o . FACA*¥TTAvdAYSIINXXEMYORQ¥X
4;m+c>ma<oﬁc«mx«m:zx«mz«o:cgq«m+m>mm<o~c«&x«m:zx«mz«caa«Jﬁm;c>mm«x
zc«mx«m:zxxmz*owe«Jﬁm+m>m1«:e«az«m:zx«mzfoac*4<m|:>mm*¢x«m:zx«mx«x
>ﬁ;c*o:o«d<m:m>mu«ax<w:zx¢mz¢>_~c<o:o34<m+:>ma«>oaoxax«wz«o:c«xxgx
*mrm>mag>oqc«mx*mz¢oae«X<4xm+c>ma«ﬁ_c«ax«nz«ozagxg4xm+m>ma<ﬁdo*axx
*m;«cqa<x«d«m-m>ma«c~o«mz«mx*aac«ng<m-_ﬂma*o_o(&x*mzxocg<x«4«m+x
m»N&«&x«mz«>~ﬂc«c:c«x«q«mud>ma«1x«mz«>*wc«cqo«x<4«mfo>qa*o_o«m:c«x
x*_«mro>_a<:¢«mwc«z«J«mro»~a<ﬂ_c«mm:<z<4«m-o>ﬂa«sc«m:C<z*;«m+o>~ax.
*—o«caa<3«4<m+>o~c«>mma<m»—a<z<d«m+>og:x>mac«a>_m<z<4*m+d_a<>m:cx
VOATDEMY T2+ 0TU¥ATSURDALI¥M¥ T¥2HA0TAVESUY D AT d¥ My v+ L0 L 4= LN0 L 4
o S o iy . ‘ OTUYASHUYSATdYMYTxENX
,+scm>mqg<m>_m«?«4*m.>ce:<>mm2<m>~1<z<;«mmﬂﬁc*>mn:*m>~a«g«;<m+>o_cX
<mac«m»qa«x*4«m+_.:«m:c«m>_a«3<4<m*oﬁo«mmc«m>~a<x<;<m+>o_o«>macx

ﬁ<m>~1«3«4«mc~ﬁc«ym:C<m»ﬁa«34_xm:odC<>mm:«m>_a«x<4«m|c_c«ch<m>.&«y
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caagaxww:ZX*ﬁag«o»ml«m31a+@:c*ax«m32x*_a:<m>~a*m3«m:ozcxmx«w:zxx
. «m»m&«mcg«mzxm1otc«&xﬂmmwx<_>ml*m:o<m3«m+d>m1<m«<umc¢mx<mud>sax
YC¥EVLEUXGMYCHT¥ ¥ dAY ¥ ¥ SN AGA¥2¥¥ LEOYSMYE=0h Q¥ diYOALd¥ThAREM¥X¥X
m+c:c«ax«m>am«m:g<m3*xﬁmsm«*ax«m:zx«o>m&*mﬁ<nm:fnzxxucr»:chmupnchm
o . , SR .- 2wwdXR
N SIINX¥ZAG¥ ¥ ¥ LEAN GMYX¥ LY VAN TAGAYEV¥LTU¥GMY T ¥ X¥ =2 ¥ ¥ 0¥ TATdX
«x«:wm»~1«>m:c*_:c<;*m+_>_a*>m:c<q:c*zxm-4>_a«m:o«ﬁdofz«m+_>_a*
«m««_zc«zxa-mac«~:c<q>_&<;<m-:>,¢ﬁ>m=c«ch«z<m*m;ﬁ&«>m:c«m=oxz«x
m-m>#1«maa<m=e«x«m+~y_mesc«a:c«z*mumy_&<;:c*mso«3<m+ﬁso«o>,m«m:cxa
«;«m|m>_n«m««mzc«z«m+s>—a«mx«mac«z<nnm>_a«mqa«>mmc<z*m+d»ﬁm«m:cx
*ASGUYMYZ=2A1d¥ehU*xes ¥MYZ40AT¥CNOYE QUMY 2=020¥0 (¥ dAYSNNX ¥ 0 ACdX
¥C My 1¥2=0cUv0nQYdX¥SANXYZAZAYEMY T¥ 2+ dNXENNK¥OATIY MY LLO¥OEQ¥ T¥C=X
AN GHINKY2ASAYSMYLEU¥6E ¥ 1¥Z+02UFEATAYAERUFMY T¥T=0CU¥ TATJ¥ALRO¥M¥ IX
«m+om;<m>ﬁa«m=c«g1_fm-cmc«_>_a«_::«x<;<Q¥cmc«ch«o>ﬁangng+»:chux_

£ .

# . C=LN0Ld -,
; : _ quHAl b e :
X0 ZAYOAT X+ ¥ vENUY0ATdYZ+E¥¥ T nQ¥0ATd¥C4LN014=LN0Ld -
_ - 2¥¥CGA¥0ATdX

«m+m:o«m:e«oﬂﬁa«m+m«xm:c<o>aa«m+o=C<>mmc<m>mm«ax<w:zx«mz«:uo:c*x
>mnc«q>ma*ax«w32x<mz<axo:c‘d>mn«mro«ax<m32x«mz«::owa4m>ma*mzo«mx*x
m:zx«mz«mfc:a*m:c«mx<m:zxfo>m&«mz«aro:o*msc«aX¢m:zx*c>mm«mz«mnoaox

«>mmc«m»mm«ix«m:2x<mz«:|c:c«>mao«m>ma*ax<w:zx*mxf:ncqo«mzo«q>mmx
«ax«w:zx<mz*saczc«m>m1<mme<ux«m:zx«mg<:-cac«m»mm«m:a«ax«m:zx{mzxmx
+o=o«d>ma¢w¢c«az*m:zx<mz<m-m<<o=c«o>m¢<az«m+m«¢o::<~>Ma*mz«m+>maox

«»mmc<m>ﬂm«s+>m=c*mso*M>_&<mxm««»m:c«m>_axm+m««>mmc*m»da<m+>mmcx

4.*m;o*m>~a«:+>m:a<mm:<m>_a«q+m:c«m:cgm>aa«m-m«4m=c«m>,m«&-»m:o«m:cx

«d>¢1«=+>mmc«mmc<~>dm<a+mzc¢mmo«a>da$c+>m=a<mao«~>~m«m+h:c»muh:opu
. o R | .  OATd¥I¥¥X
omo«m+o>ma<=zfm*whma+o>:u«:x«m«<~mc+m**a1<Nggm:zx<m>m¢«sx<m««»mcx
-q>m1*mx«m<mxmc+ﬁ>aa«mz«m<<umo*m««mx<m««m:zx«m>ma«mz«m4«~mcnoscx
<>m§:*m>m1*ax«m34x<:::=e<>mmc<g>maﬂ¢x*m3<xw:so:o<Mao«_>maﬂaxxmzx
«x«:nc=c<mmo«mx<c>m1<mzfx*:-c:a«>m:g«m>mu«lx*mzax«q-c::<>mwc«m>max
«mx*m3<x«:-cqc«msc*m>m1«1x«mz«X<:rosc*_>m&«mmc«&z«m3«x*:-m«¢mxx
1m:zx<_>ma<=z*M<«NMQ«x«mnm«*az<@:2x<u>wm«rz«m««NmC<x<~|m««1x«o>max
ﬁ:x«mgqmm:<m««n-m¢«az<_»ml«mx‘nx«»m:<m<«xw>m:s#>mmc<v>_¢@2<z+>mzcx
«m:c«:y_1«z<m-m«*>m:;<m>_1<z*m+m«<>mnc«m>~m«;xm+>mmc«m=c<m>_a«x
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=0y »ma«ax«n:Zx«n$<or;< =0 AYUACAYAAYSIINX¥CMYOTUY =0 Q¥ T A d¥dH¥X
SONXYCMYOLU¥Y=ACTUYCATGY02UYCH+ALGUY >_a«orc«z+w:c«h>d,«oro«n+m:o«x
n>~1«cmC<z+>m:C<q>~1<or:<r+MfO<~>_a<cnc¢z+n>,1«1x< SNANX*UM¥6T UYL UX

¥=DALAd¥dN¥SIINXYIM¥OTUY LS UR=TASAY DAY SNNX¥S z«op:«\m:<z lnuld=1NnotL4

OnQ¥TACAX

YAMYEMYOLA¥X¥=0BUX QATAYAHKEM¥UCURXY 1= [ACAY IH¥CM¥ 6T UYL CO¥X¥ED=0ALdX
SOYANYIMYECUY L U¥Xy ha nm:<c>_a<crc«z<:+>ﬂv:<,>_¢xonc<x<=+>wmo¢q>_ax
QUYMY B+ U TATE¥0TAeMYy b +450U¥S :C<c>_a<_<r|wzc<ﬁqo<c>_a«4«m ~Zhdx

¥ hAYOATdYy I¥c+0hA¥ T ACHY AL SU¥IA¥STHINXY MY I¥ =00 0¥ CACd¥ AL HUY AN Y SNINXX
Y MY lxh= sscxr>ma«nmc«ax«c22x*rz«4«:lczc*_>aa«mz:«ax«m:Zy«nx«J«:y
|oa:«m>ma<_:c«ax«wzzx<r3<4<muczc<#az<o>m1«aV«::Lx<n3«4<r+oq:«m>nay
YACSUYAXN¥SINX¥EME 1¥=0h ¥ TASIYAShUYAN¥ESIE X¥C ¥A¥ =0 G¥TACH¥ESUX
¥ARXYSHNXY¥SMY 1¥ =0 AdYCACAY I UYIAESIINXY S MY ¥ J¥SCRUYOACd¥dN¥SNNXX-

YCMy Iy = oac«msc«o>na«;xs@:Zx«mz*4<n-n«<oz:«_>ma¢:3<4<m+P:ohmuhzchu

C¥¥0OhdXx
¥OACLA¥SMY I¥CHALSUYAChOx AT ¥ T¥ D+ C¥ ¥ ALSA¥CATd¥ 1¥242vYACHUXE AT d¥ %X
Z+ATHA¥LQUYE >,a<_*:+>fmg<w:c<m>“a«4<:+>m g«ma:<m»,a*4«n+>w:c<qsc«x
SALAY ¥ CHACOU¥CHUXZATA¥IY D HACHUYEHURT AT d¥ T¥R+540¥S PCaYyCcAldx l¥n+gs
YCHO¥ZATdY 1¥2+4ehdeIhAylATdylvesl :o«_:c<m>_&«4<mun«<wmo«_>~&«4«m+my
¥XERA¥LATAY I¥C+ACEU¥ZhU¥ AT A¥ I¥C=AS HUY [HUXTAY DY 1% =T AT d¥O¥¥020% T¥X
m+~»_1«m«¢omc«d<m+_>za133«m««NMD«J«n+o>aa*mz«o««FMC<J«m+n*«¢x«m««x
SMANX¥SMYZASA¥ ¥ Y LEU¥ T¥ Tl ¥ dN¥CH¥SIINXY MY [ AGAY Y ¥/ Ca¥T¥ =0hdv¥2AcdX
«>mmc«ax*rz<x«4«s-occ«m>nax>mao<ax<mx«x«4<ano:o«~>nu«rmo«ax<mzxxx

Y l¥xp=0hd¥ZAld .mag«mx«mzfx<_«:occc«m>m1<mc:«a&«mx«x«4<m|psohm|»3chu

ORAQ¥ChU¥OACH¥dAYIMEXX

«4«m+oao<>nm:«q>ma<ax<qs«x<4<auc=c« ACA¥AINA¥AN¥EMYXXT¥h=0hQYTACdX
CHAOYIAYIMXX XY h= c:o«qﬁc«o>ra<1x«mz<X<4«:no>rax»««Qx«mzzx«az«r««y
nwc*x«~<rnm<«a1<n:zx«cz< AGA¥C¥ ¥ LTAYX¥ T¥C=C¥ ¥ dH¥SNNX¥Y M¥TAGd¥I¥¥X
LAY X¥ VY P UASY2¥ Y dHYGMY XY LS U2 ¥ ¥ XY ¥ 2= YXAMRIMYTAGQAd*I¥¥ [ CQxCx¥)
X¥ 2= ¥Y CSAYOATd¥M¥ 1¥ T+ ¥ X EHUYOALAYMY 1¥CHEHUYZHIAYOA] d¥M¥ ¥+ ASSUX
YACHUXEATD¥ME WY DHACHURSIUYC AT ¥ MY I¥ =2 ¥ ¥ ACGARCAT JYM¥ INCHO¥YATHUX
«m»“1«3«4<m+>m:c«mma<m>ﬁa<x<J*s+>mma<mcC<m>qa«x<_<a*m:o«m:o«m>qax

- YMY ¥ e ACGUYCSUYTATdYMY ¥ P4 AT RUYLHUYTATAd¥Me v b4 SGU¥Sh A% TAT d¥M¥X

4«:+>m:¢<mqe<_>+a«z«_<r+o>.1«n<fc :<z«4«n+c>_l«n«<owc«z<4«n+h:chux
=Lnoi4

N , .. 9wyl
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¥EIYOC Y XY NFH M CACAY ANV O AY 6 IF XY Y =S¥ T A ¥ ANY O AV 6 I¥X¥ T¥ D+ X
CMYCACA¥SLI¥dN¥NIRX¥ TN CH U AT AF N AV MY B Y X¥ N¥ 24 PMY CAC YT DY W¥ b AX

TX¥ YD =EMY TAC A NS IN¥ WY R A¥ XX IX DAY CACHY O DN J¥ XY 1Y = L1041 4= 4110 L 4
CMYTACYY RS D¥dN¥ I X¥ X
«zsmz«~><a<mmuxlx«:m<x<;<::mz<mmu«a1<o>ma«:u«x«J«momz*amu«ax<o>max
YRAVXY Y =2Mr 62 0% d AXYOACH¥ b IYXY T¥CHIMY B DX N OASHY R AV XX TP+ IMXCIX
«ax«o>m1«:L«x«4«:Lzx«r<«ax«m:7x«n>¢1<mwu<3g«x<4<n|m3«n««ax« INXX

¥ [ AQd*S mu<:m«x«4«:*:z«r«;az«wzvx«c>cm<Mhp<ap<y«_<~|uz*n<*1x<q>max
«cmu«:quf‘««xxg«u+nx«r1‘1x<c>xa<crwxc_;« ¥Y¥XX X=X ¥ dNYTABAX
LY AvyexXxlvg=- “GMYC¥YdM¥OAYdY ] CAVH IYZ¥¥ XY INHCAT ¥ AT D% 0 JeM¥ IX
+_>~a«>o_u«crm<3<J<nnﬁ>~a«»a;«erm«z«4<:an>_a«o~u<crm<;«41n+c~u«y
OATAYOZIYMY I 2=DI¥0ATA¥ O J¥MY I¥Y D=CA YOS ¥ Y MY TN HT ATAYAOS DR J¥MX
*J«z-_>_1<>mezu«3«_<:+cMu«c>qa<:u<3<4«mucmu«o>_a<3u<z«4«z|»jCP¢x

A =iN0LA

cWHAL

TATAYAOT v Ay 2= AL dvAOT ¥ hI¥C+ALAY 01D ¥ 4% C=TATde A IYIA¥H40]I¥X
UATAY I3+ OATd¥ 4y b4 ACTO¥CACIY ANYGNINX¥CM¥X IR+ ST IYTATA¥dHESIINX X
YOMYDAVIHTTIRCAC AR ANRSINXY CMYX D J¥ 2+ AL T I¥ A2 AN dN¥SIINXY MY D I¥ g =L XX
TACAXdAH¥SIINX¥ MY I h=GT Y dN¥C :2x<c>r1<oz<7m«¢|mqu«ax<m:zxxo>ma«n3x
¥RANC=6I¥ dH¥SIINX¥ QAL A CM¥x Pl IY=AC DY T ACH¥IN¥ SIINX¥SMY D I¥ =G [ I¥C AT dX
YAAYSANXY CM¥ b J¥ =G F IV T AT Y AN FSIINX¥CMY I J%¥2mAG | TI¥CACA¥AN¥SNMNXxIM¥X
au«r+m;«m>xa<1x«w32y<p3«:¢«:+m_L«,>pa<ax*w32x«mx*au<m*w_u«~>ma«axx

¥ONNX¥EMYBI¥CHOIV LAY MY SIINXYIMY D A¥+UI¥0OAOdY MY Y b+ 1N0UL4=1N0L 4
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: ‘ T CACA¥CLIYANYSNINX YO J¥EMX
*stnm>ma«cmuxaz«m:zx«cmm«mx«4<:+ﬂ>m1<mmu<axxm:2x<smu«mz«;*=+m>max

*omu«ax<m:zx«cmu«m;<4*m+o>ma«omc«;<<w32x*cmu«mz«;<m|c>ma«ax«n:zxx.

*:mu«cmm<mx«J«auq»ma«ax«m32x<mmm«omu<mzxJxanqx«o>xu«0mu«mmu<m<«axx
«m:zxxx«_<m+:}«m>ma<7mu<mmu<m<«az«m:zx*xfg«m+ms«~>x1<omu«mwu«m««x
1xxm:2x«x«J«u+m>ma*omw*ax«wmu«mz«x«_<m-c>mm«omm«az«_mu«mv«x«d«m+x

m>mm«omw<lx«Nsu«mz«x«;«acﬁ>ma«omuﬁaX<ﬁ:u«a3«x«#«:-m>ma«mmu*ax«mz*x

omm«x«_«m|:>m;«mmu<ax«m3iomMxx«_«m;m>ma*mmu«axfmz«omu«x<4«muc>ma«x
mmuglx«mz«:ml*x<4<m+m>ml«:mu<my<mz<caL<x*a«m+c>m1«:mu«mx«mx*omu«xx
«4«m+«;Na<ﬁmuxlx«mx«omu<x<#m:+m>ma«omu<ax«m3#emg«x<d«mxpzchmn»:c»m

, : 0ACAY O ¥ dN¥IMX

*cmugx«_<m+m>m1«mx«qmu*mz«amm*x«4(:Lﬁ>m&*ax«mmu*mz«omm*x«4<=-=3«x.

c»xmqm«<ax<m:zx«cmm«mmu*x«qwa+cz<m>@m<m<*mx«m:zx«cmL<mmu«x«;«a+nzx
«->:1*m<«1x<w:zx«cmm<mmu«x«_«¢+~>m1<omu<ar«m=u«mz<x<4*a|o>ma*omwx
«ax«msu<mz«x«J<=-_>ma«mmu«az*cmu«mz<X1;«q-q>ma*amu<¢x«cm1«mx«x«x
. _*q+o>a1<mmu«&x«cmm«mz<x<4<:+_>m1iax<qmu«omm«mz«x<4«=xc>ma<ax«mmux
y *cmm«mx<Xi4«a:m3«c>wa«omm<mmu«m«*ax<m<fx*4«m+az«~>c1«omu«mmu«m«*x
az«m««Xi4<m+m;«o>ma1m««1x«cmu<mmu«m«<x<4«=+:3«_>ml<m<«ax<omuxmmu*x
m«<x<4<a+ﬁ>_a«omu*>omu<z<;<:§c>_a*om;<omuxz<4*q+m>_;<cmu*omu<z«4«x
- ’ mn:>—1<OMU<cmu«3*4«m*~>_1«>omu<cmu«3<_<:+c>da«cmu«omu«3<4*a+h:ohux
_ o =1N0L4

: Ol A
m»m;«az«m:ZX«omu«ﬁmu<m3«m|~>na<ax*m32x<omu«_mu<mz<m+s>m1<mx<w:zx«x
omu«c@u*m;<m*m>m1«3x<m:zx«omu«cmg«mz<m-m‘«1x«m<*m32x<mxmg«omu«mmux
<mx;xmm*<11*m<«wDZX<_>m1<omu«mmu<mzqm+m>m1<1x«m:2x<omu«mx<cmu«mx
r_>ma«zx<w:ZX*omu<M3<om@<m+o>ma*1x«w:zx(mmu«mz«oug<m+m>maxax<w:zxx
«omu«ﬁza:m;«m-c>m;«ax<m12x«xmuwM3<cm;«m*m>ma«1x<m:zxswmu«mxxomwx
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CAlAY6EIVIZIV2HOAT Y6 AN CIFTHEALAYOL IV LTI IHNENNX¥IMX
«m-o>mu«omM$Nmuxax«w32x«mz<mum>ﬁa*>m:U<omu<m+ﬁ>_a<>nqu«omu«m+m>dmx
¥ACGIYOLAYh+2ATd¥ShIV02 IvCHOATA¥ TN I¥ O I¥Z+2ATINZHI¥OLI¥N40AL A¥X
mau*omm<a|~>~u«mmu«omm«=+m>m1<;x«m:zx<>c:u<mz*omu<mud»ma¢a1<m:zx«%
AODI¥2M¥ 0P ¥ 2=C ALY dNYSNNX¥ONI¥CM¥UCIY2=0AC ¥ dN¥SNINXYURI¥CHY 02 J¥EX
-m>mu«ax«m:zx«c:u«m;<om“<:-o>m1«ax«m:2x<xsu«mg«omu<:+_>ma«omM«nmux
;*1x<m:zx«mz«:nm»ma*lx«m:zx<>ozu<cmw<mz«z|_>mm<mx«w22x«oau«omu«mzx
«:|—»ma*onm«hmu<ux«mz*x«:|a>ma«ax«>c:u«mx«omu«x«zlﬁ>mm«mx«ocu«m3«x
omm«x«=|o>mm«omm‘nmu«¢x<mz«x<zu_>m1<ax<>ccu<cmm«mx<x«z:y:c»unh:ohu
: _ : . 0ACdX
«mxxcau«omm«mz«x«anﬂ>qa«omu«_mu«x<:*m>_a<>m=u«omm«xxa+_>_a*>mmux
*omu«z<:+.>ﬁa«mau«omu<z«:+c>~a«mmu«cnm«x«:+mx«o>ou«omm<o=u«4«:+azx
<ﬂ>a&«omu«o=u*giz+mz<o>ca«omu«mmu*4*m+mz<o>~a«omu«mmu«4<mu:x«—>oax
6T I¥CG I IR HIMY TALAYOS 3¥2SDI¥ ¥ =GM¥ZARYY 6T I GV ¥ ¥ dH¥ ¥ ¥ SNINXX
XY HOM¥ TABA¥6E I¥2SIVTXNAN¥ZY¥SOANXY Y T42A ¥ 6C 4% A6EI¥ 1+ T AT d¥oE IX
YOEIF TV 4T AZAY6E I¥dNYSIINXY LD ¥ MY 1Y h=CAld¥ 6T I¥dM¥SNNXY SR I¥ZMET¥X
a|m>m1«omm<ax«m:zx«omu«m3«d*anc>w;«omu<ax«m:zx<omu<mz*d«m+mz«o>oax
fmmu«cam«J*:+=3«ﬁ>ca<ﬂmu«amm«_«:+m>_a«_mu<cnu«4*m+o>_a«_mugcmm¢dx
«m-m>_a<%mu*:muﬁ_«m-:>~;<Nmu<cmm<_*m+m>_a«>cmu<omu<4«z+PDChmuhzc~u
TALd¥022X
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L1

G,

¥X¥ IYE=CMY TAC¥ S IXdNY BUY XY I B MY ALY L2 A% dN¥ Q¥ XY 1¥T=4N014=1n0L4
ST : I o CM¥TACAYETI¥dA¥ QXX ¥ X
¥R=CM¥LACAY D FAN¥ LAY X¥ NV aZM¥ G DX ANY OASd¥ QXXX 1¥=M¥ P IxdAH X0 ACdX
YRAYXY V¥ e My G D¥IAYOALSA¥ D A¥ XY IV HEMY Q2 I¥ AWK OAS DY PAXXET¥H+EM¥T DX
YAAYOALY PUX XY ¥+ M vl Y ¥ dNY SHNX¥CARDYSEIYHUXXY 1N C=GMET ¥ X HEGIINXX
¥EABA¥CCIYNAXX ¥ TXHEPMYCY ¥ dHY SIINX¥0ABAY S TI¥hU¥ XY RY = M¥ ¥ nd MY T ARdX
YOSUYRTI¥C¥¥X e N 24+ GMY ¥ dNYOARDYOSUY D I¥2¥x Xy ¥ = M¥¥X¥dNY T AQdX
¥CEOWhAY ¥ XX ¥ M= SMY Py dM¥ O AT ¥ CEAX UV EXNY T¥2+CATAYAOTIROCQ¥ME X
YCHTATA¥AOTI¥OCAYMY A C=TATAYANIYOC UMY Y¥P=2ATdYOTIVOSGEMYXTI¥CH+0TI¥X
DATAY0CUYMY N =Dd¥0ATAVYULUXMYTIY D= Al dYOSI¥BAYMEIYC+TATAYAQOTI¥ UMYX
¥ h=TAldYL2I¥hJ¥M¥ I¥ 4 0S¥ 0ATd¥YAYMY T¥XC=02DY QAT AYDUXMY I =1N01 4X
" o=1noLd

4 Wyl
CEATAYAOT DY U =T AIdAYAOT I¥ RA¥CH+AVAYOTD¥nU¥=TATdYAId¥nQ¥h+0TO%X
o+vi«ac«m¢:u«okqa«:g<a+>mﬁu«m»m;ﬁ&x<w:2x<wz«:a<m+mqu«m>ma«ax«w:z%x
COARMYNUYZHE T DREAS AN DAY SIINX¥ QY TU¥TH AL I D¥ | AC ¥ ¥ SIHINXYEMXB (Y=L I¥X
FACAYdN¥SNANX¥ZMYBUYE=GTIYANXSNINX¥DACAYZM¥RU¥ =S T INANYSIINX¥OAC ¥ MX
¥PO¥Z=6IndN¥SNNXX¥DAZd¥IM¥EAYh=AC DV DACHYAN¥SNANX¥SMYBU¥T=G1I¥E AT dX
YAAYXSHNXYEM¥ P U¥2=C T I¥CACHY IN¥SNINXYEM¥TUXE=AC T I¥CAS A AN SIINX¥TM¥X
A2 LIRACHd¥AN¥SNNX Y CMe ¥ 7+ ST I¥ L ACHYIHESIINXYEMYXBUYO+ETI¥ T A2d¥dNX
YSONXYEMYBUYCHOI¥ LAY INYSANX¥EMY Q¥ 4B8I¥0AIdPMYDUY P+ LN0L4=1N0LA
. I7T2X
¥QAQI¥ MY A4 TN OALAdX MY O¥ 2=t ) I¥CY Y IH¥Z¥XGNNXYOMYTAQd¥ QY2 +8DX
¥TAGdv oMY hd¥h=h T I¥% [ AOd¥SMYEA¥C~ 1 D¥ L ALd¥SM¥ A+ T I¥C¥ R dN¥ ¥R GNNXX
¥CARYOMY DU =6  TATAY AN MY NUXXY 1=/ D¥dAYOACH¥ MY D U¥X ¥ =6D¥Z AT dX
YANYEMY DAY XK+ LY TASI¥dN¥SMENURXY D4b I D¥2 Y X dMKSINX¥TABI¥SME D Q¥ X ¥ X
Bal TINC¥¥ANRSNINX¥IM¥ TAGAY Qe XY h+ b1 DY Y ANYOAQIY UMY B A¥ IR X ¥4+ T %X
¥¥ gAY GMY T AQDY¥ ¥ Z¥ Y Xy C=hATAYAQOT DY NAYMYZACATAYAQTU¥DAYMEI=CATJ¥OTIX
¥UAYM¥ZHT AT d¥OTI¥AXMYC=CATdYANDY UMY D=l AT d¥ 0¥ QY MYh=13%¥1ATd¥hUX
e+ LACAY AN SONXY MY RU¥2I¥ 1¥ = ACAY AN Y SNNX¥EMYBUY2I¥ ¥ 74 dX¥0ATHX
«mz«zc*mu*x«4«:|q>m1<1x«mx«::xmu<x<J<s+_u«m>q1<:c«x<g«:n~:ohux
: =inotLd

1 WL

. J <= 7 INJWIIVIdIA IHL VIA
(Zv¥r) /1 ¥ T wWOM4 (FALHIQ FSUHL 0) UNULSTHHOD SwTl 40 LIS LSHIA

(Cxx) /1 ¥ W/ Ju Iviys WOod4 SWHIL ($¥¥wW) /)

vouLo
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dMYSNNX¥Bh ¥ TU¥C=CM¥ TASHY ANYSNNX¥ B IV EURD=gMEC AT Y dN Y SIINXX O ¥ b Q¥ X
; C=CALAYAERI¥HUYTHLATAYAS DY DUYC=2ATdYCNI¥ha¥e +ZNIVOALID¥hU¥I=dM¥dNX
: : «m:zfmcfoE%Z«minafw:zx«i::;na;o«f M¥AM¥SNNX¥ONI¥0ACdX
' 4 «s:«m+q>_1<hsu«aa«n+o>ql<mau<:o«ma_»g&«_=u<:c«:um3<,>ma«ax«mu«omax
. ¥X¥P=EMYARN¥CI¥DACH¥OTUF XK +UMKCY XANY SNINX¥CARD¥ L TI¥6CUXX¥T=hM 2w
ax«a:zx<~_u«o>xa«o»c*x*r*“3«ﬁ>ra‘ax<a:u<:c«x<a+ms<;¢<::u«:»mm«qax
, *xx:|—>_¢<—u«cmC<3*c ~QATAYTIRI¥hUYM¥ B+ S AT d¥AI T Dx02dY 1%+ LN01L4=1Nn0L 4
™~ TATJ¥ATTOX
YOZU¥ NN L= ATd*ANI¥OC Q¥ IX B+ MY ALY LIV ANYSNAINXXOCOY Txr=SM¥ 1 AZd¥ L DX
«ax«m:zx«cmc¥4<=+mz<m>ma«o¢U<ax<m:ZX<omc«A*‘ung«n>m1« 13¥dX¥GNNXX
' : cm:.4<m|<>~1yqqu«cma<A«r+_>_a<:u*cn:<q«a+d,J«o>_a<ore«d« ‘= ZMXOT X
R «ax«m:zx<o>ma«cnc«_*m+q;< _u<ax«¢:2x<c>ma«cqcx4«,+ax<~>oa«wu¢oma«x
. 1& : T+4 «o>ca*mgﬂcmC<4<a “hM¥ L A9d¥02UY RTI¥ 1¥CH+TMET ALY OCQXD I ¥ ¥ 2=GMX
*m««ax«m«<m:zx<m>m1«orc«:.U«J<o1:z«r««ax«n*«m:zxaﬁ>mlfono«=~u«4«y
CHOMYUAD¥OCU¥ T I¥ 1¥C=SMY G ALY OZU¥ NI DY T¥CHIMY2ACAYdNYSIINX¥02Q¥ ST X
¥I2=EMY AN¥SINX¥OAZA¥0CU¥GTI ¥ TN EMYCAZ ¥ IN¥SONXKY OZU¥AS I J¥ 1w ~EMX
«~>ra<1x<f:zx«cnc*>m~q*_<m+mxi_>ma«ax<¢:zx«o ‘U6 ¥ Ixh=1011014=)1N0L 4
: CM¥AN¥SNNXYDAZH*DIU¥EIY ¥+ X
PMY TAYD¥ SO I¥d¥ N¥en+¢ %F?.:nmuiim:zx;o« T¥=CM¥ A ¥ ZEIRdH¥GNNXX
¥hA¥ VY= EM¥ ALY HC DR INKSNNX KT UX TR+ EMY T A2A¥ D INdNYSIINX¥h (¥ %=X
MY Ald¥6L u«axnwyzx«a:«_<r:mz«m>ma«nru<ax«m:zx«:C<_«an LMY ACd¥8CIX
YANFSOANXY¥ Q¥ T¥ T+ MYTACHX22IEANKSAINXY URTY¥ h=C MY [ ACHYTCI¥IRYSNNX ¥ X
: . HAETI¥D+IMXCACH¥AN¥SNINX KO IR UY (¥ 2=CATA¥ 1 EIYhQUX 1¥ T+ AT A0 IXpQ¥ 1% X
:+m>~a«wmu«cc«_«:|_>~mfonu«:c<_«:+ﬁ»J<o>_1«ac«;«rlmx«mmu«axmeZx«x
OACH¥Y U 1N CHEM¥CLIYINYSNNKXOACHY¥ DA IV+ T MY CININXSIINX¥OACI¥ ¥ 1% X
umz«:mu«ax«w:Zx«o>mm<zc«g«q+mz«omu«1x<m:zx«o»ma«ag«4«m+m3«ax*m:zxx
¥OI¥0ALdYbA¥ ¥l +LuMa Y Gy n ¥ ¥ =MY T ADdYCS Uy 1¥Z=LN0UL4=1Nn01 4
MY T ALD¥CED¥h ¥ X
<A+m3<m<<ax«m««m:zx¢r>cl<ﬁqu<:c*410+:;<m«*¢x«n««m:2x«~>ma*m I¥xha¥Xx
¥ E=GU¥0AOD¥LE I RUAY TY L+ q ¥OALAYSCI¥ DAY IS =CM¥ TASHY LY dNYOT ¥ X ¥ Tl X
i umz«m>ma<m_u«ax«om:«x«g«mxmz«uuxaxxo>m1«cmc«x«4«n+m3<m-u«mx<o>ma«x
. OCUYXY I¥+hMY e ¥ dUY SONX¥CARAYOCGY T IYX¥ I+ GMY ¥ ¥ MY SIINX¥ T AQI¥OTUX
) , _ ¥OEIN XXV UMY ¥ AR SINXYUARAY OCU¥ I L DYX¥ T+ EMYCATH Y dNY0CU¥ AT TIvXX
YA¥C=M P ACAdYdAANYOCTURACT IV IVCACHMYCASAYAAXEINESUEXY IV =UM¥XdNROACdX
<mu«omC<x<4¢m+m3‘mﬂm;<1x<cmc«o;<x<;<aunx«_>41*1x<:mc«ou«xsd«=+x
CMYCACd®S! L«&x«ac«y«_<r+rs<m>na<: J<11<:C<x«_,m+,z<p>na<: "I IHRUX

<



-

w5,

)

mz«cmc«a>ma«>m~u*mxgw:ZX<mnmz<caC1m>ua<>m_u«ax*m:zx<m*m1«omc<m>max
smﬁu«mx«w:zx*mnmz«onc«_>ma<m~u«ax«m:2x«&+mz«xmu«m>mm«ac*ax«w:zxx
*m+mz«mmu«m>m1<aa«;x«m:zx<m-mz«xmu*_>m¢«qC<¢x«w:zx«m-mz<mmu*ﬂ>max

*aa«ax‘m:zx«m+m3*c»ma«cnu‘:c«ax«m:zx«m+mz*m>ma«omu*ao«mx«m:zx«m-x
mz«m>ma*amu*:o«ax«m:zx<m+mf«_>ma<QMU<aciax<m:zx«mnmz<m>ma«¢mu«=cxx
ax«w:zx*m+mz«_>ma«omu«:a<1m«m:2x«~-o:<e~¢«:ﬁu«m>m¢<m<«az«m«*mazx«x
m-wz«cmc<:_U¢m««ax«_>mmxm*<m:zx«m+mz<ac«m>ma«m<«aX<m<ww:zx«mmu«m+x
mz*:a«m««a1<“>ma«m««w:zx*mmu<m-m3<cme<m>ma¢>m_u«ax«x«crpoc»mnhpc»m

w«oma,_>m1<»mﬁU,axqxaw*mxicmc«o>m&<mqu‘¢x<x<m+mxfom0<m>ma«m~u«&x«x;

x«m-mz«mmu<o>m1«ao«lx*x*n-mx«mNU<m>ma<:a«mx«x«m+mz«o>ma<=mu«=o¢¢xx
*x«m-mz<m>m¢*amu«::«@x«x«m*mx<o>mm«amu«a:«&x«x«m-mz«M>ma*omu<=a«x
,ax«x«m+m3*:mc*a_u«o>ma«m<< x«m:zx«x«m+ms<omc«:~u«m>cm<m<«mx«m:zx«x
x«m-mx«o>ma<mu«ax«omo«x«m+ ;«mu«m>m¢<1x¢omc<x«m-mx<o>na«ac«m««&x«x
w32x«mmu«x<m|m3«qc«m>mm*m«xnx<m:zx«mmu«x«m+:>~a*ome*>c_u«z«m+m>qax
«omc«>c.u«x«m|m>-a«omc«>r~u«3<m+r>—a<cmc«>—qu«x«mnm>.a«=wo«o~ux
*;«m*q>~a*omc«o«Uﬁs«m-m>qa«ouo«_ﬁu«z<m+cmc<o>_m*_ﬁu«zxmoM>_a«omu«x
ac*z«m-~>~a<cmu«ve*3«m+m>~l<ﬁ,u«:ofx«m-o>~a«_mu«ca*x«m*~DCFunh:o»u
: : _ T . EM¥CI¥0CUYOAZHX
«1x«w:zx«4«mnmz<mu<omo<m>ma«‘x«w:zx<4<m+mz«m>mn«aa<>oau«mxgw:zxx
*J*N-mz<~>m;«aa*>oau«&x*m:zx<4<m+mz<o>ml(ac«mcu«ax«m:zx«4<m.m3«x
,m>mm«qc*mau«aka:zx«4<m+mz«o>mm. o«o:u«mx«m:zxx4«m+mz*m>m1<:o«o:ux
,«mx«w:qu4«mnmzavu«a>ma«ax1m:zx« ma«4<m+m3¢mu«m»mn«a:«w:zx«omo«J«x
m-mr«m>ma<mx«ax«mx«m:Zx*omo<n_u* *m-ngm««ax«~>ma«m«¢m:zx«omo«-ux
*4«m+m3<c>m¢«m««a;wm:zx«omc«n_u« «4«m+mx«m>m1«m««ax«m:zx«oma«n~u«x
x«;«m|m>_1<omo«ﬁu«3*4<mnomo«—u<o _a«x«q*m+m>~1<:C«>nau«x«J«m+q>qax
*qa«>mqu<x*d«m-m>~¢<qo«m:u«3«g« -c>_1<ae*m:u«z«4<m+m>ﬁm«aefmau«zx
«4<m+c>~ma=c«mcu«3«_<mnm>ea<au omc«z<4<m+ou«o>qa<vnc«3«4*m|»3c»ux
- _ R SiN0L 4

WAL
mz«m>ma«azﬁm:zx*NU<omcﬁm-m:«_>ma<ax«m:zx«mu«omex
«:+m;ﬂa¢.u<cm:«m+~u«o>qamcma<m+mx«;z«m:zxxmu«o>ma«cmcxm|:z«m«*ux«x
m«*m:zx«m>xaxm,cxomo«muqz<m««az«m<*wDZX<_>c1«n_u«omo«m+F::»mupso»u
. _ CHYZA2d¥dNX
«m32x<mu«ame«m:mx~a«cu«omc<m+ou«c>_a<om:«m.mz<;>q_\zx<mu«o>mm*omax
’ «m+m3<m>m1<1x<m:zx<>cau«a:<m:mz«—>na<1J*w:2x1>::U<ac.nAux«m>ma«x

“
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Pl

«m-az«m:2x<mz«_>m1«mmp*omc,a-az<n:zx<mx<m>ml«mmu«omcxv*h:c_uuh::»u
i - o R dX¥SNNXX
«mx«_>m1«mmu«cmc<:+¢x<m:zx«mz«m>mm«er<coC<a “dM¥SNNXY ML Al el I¥X
cmcsaaax«m:Zx«c>m;«mz<ang«cmc«x ax«x:zxxﬂg<—>oa«ap,«coc<m ~GM¥xZEI¥X
.>51«cﬂ¢<rtmz*wnu*_>om<or:«x+ax<m:zx<»z«p>nl*nru«on@«@ mx«o:zy«oxx
¥1ACd¥22I¥02U¥8=VATdYOCIYO2UY T AVd¥ QY d¥0cUxhe “TAIdYLCI¥0CU¥h=TATdX
<>cru<coo«m+c>_a«crufcmc<m+mz«me<.>Na«cmc« “CHX YRR ESINXXGMEY
2YI¥EABY02UXI+2¥xdNY ¥ xS SOANX¥ MY I¥CAGd¥02A¥C+dNYCMYOSANCAL YL DX
xx«: mx«mz«omc«qua«mauxx«: ax«c>ra<r3<orc<maaﬁx*=o dAYEM¥YETUYTALAX
GITI¥X¥ = ««ax*¢22x«n3«omc«mru«n»oa<x«a+m«<¢x«a:zx*az«omo<rmu«y
ﬂxma«x«:+ax« 3«r>m;<amu«cro*x<a+mx*nz<:mux~>oa«cnc<x<q.k:c»u inol4
dHYSMYCACH¥ESEIX02UX
¥Xvhe= ax«mz«—>ma<mwu«cmc«x«z|az«c> z«mmg<omc«x«:+ax« MYTACd¥SGEIX
¥O02A¥X¥ 4+ dN¥0ACHR MY L u«cmc«x<:|ax« 1<~>nm<xxJ«c,C<x«: =dA¥EM¥2ACdX
¥172)¥020YXryQa lx*mz.~>rm«:mu<opc<x«m ~dH¥0ACd¥ MY JYoZarXvg- ~dX¥TM¥X
_>Mm«mau<o ddxXxg= m«*ax«m:zx<mz«wwp«r>wa¢crc«x«=+rx<ax«m32x*ez«mm_x
>ma«omc<x<s+m<«ax«o>ma«a;«@MQ«omq<n<*x<m+w««ax«uz<o»c*rnu«q>may
«m<«x<m+m««az«o>ma«cz<mmq<o&C«r««x«n+o«<&x«mz«wmu<_>oa«cmc«rﬁ‘x
x<r¢m>~a<onc«>omu«z<z+~>aa«omc«omd«x<a+m>_a«cwu«ooc<z<zn_>~¢«chx
¥O0J2UMYB+2ATA¥L2I¥0¢ c*z«a:a>_1«>omJ<cmc«z«m+_>qa<onu«onc«z«w+1xx
n:Zx«mz<onc«m>mm«~mu<4*:-ax< :zx*nz<omc*_>p¢«nmu«_<a ~inuld=4nol4

v : . . ~>qa*omc«~ou«4«=+x
m>_m«>m:u«omc«_<:+_>_;«> nuxomc«_«=+~>qa« :u«orc«a<:+c>_a«~:u«oocy
¥ ¥h- c»~&«wmu«omc<4<z+ax«m32x«wz«o=g<a>na<orc«4*: “dX¥SNNX¥IM¥ I IX .
xn>mm«omc*d*a+ax«w:zx«r3<cau<ﬁkxa«cro<_«: &x«n:zx<o3<a:u«_>n&«opcx
: «J«:+ax<m:zx<.3«n>ma¢cno«>oau ¥ ixfy- ax<o:zx<mz«n>ra«cnc«>ouu«4«:n
dHY0AZd¥2MY LS A LEDV XY Tx = “dAMXEM¥6CA¥Y L ACH¥YLE CI¥X¥Y AR ~dAYOACH¥CMEO I X
UCAY XY I¥h- az«c>ma*nz<a=u<cmc<x«J«:+1x<mxxc=u<q>ma*:mc«x<4«q ~dA¥TMX

_«:qu,_>ma«om:*x<J«:‘ax«mz<m>ma<omc«>ovu<x«4«: ~dA¥YMYTACH¥OCAYAORIX

¥XNIXD=CATA¥OCAY [2D¥M¥ 1k b+ SATAYACIVOLUMY. ¥ p4o ATd¥ASGI%02g¥ M 1X
.«=+4>_axnqu*om:<3x4«a+ﬁ>~m«~au«omc<z<4«:1_>_a«mmu«omo«3<;«<+hachux
=1N0L4

_ " . BT TES :
- mz«cmo« ACd¥y TI¥dY¥SNNXYC=L1NUL4=1NUL 4
’ , SMYOLU¥TACI®STIX
g «1x<m:zx<m+nz<cnc«c> m«c_uxmx*m:2x<n+mx«cmc« ACdYOTI*dN¥SNINX¥Z=X
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: «cmu«mz«:mc*m4m>ml<;x<m:zx<mmU<mz«cmc«c+m>a1«;x<m:zx«wmu«mz«cmcx
¥ =T ACd¥dN¥SHINXYBE IXEMKOCO¥Z+ T AOD¥LLIYSM¥OLUN¥ T+ TALIYCL I¥OM¥ QLA =X
m*<&xfa«4m:zx*_>«1«mﬁu«mz<cmC<:+~>cm<mmu*m3*cmc«m-:>m¢*ax«omc«_mux

4%z«x«m+m>ma«ax«owa<ﬁmU¢m;<x«m-o>:u¢m«*¢x<m32xuomC«mmu«mz«x*m+mx

X dNYSIINXY2ATH Y68 Y26 0¥GMe XY Z=0A2d¥ dUY DL I¥EM¥ O U¥ XY ZHTACd¥dN¥hED¥X

_@_Wa*am:«x<m1Q>ma¢ax«omu«mxxcmc«x«m-m>u1<ax«cmu«mx«cmc«x*m+o>ma<ax«*

mma«mz«omo<x«m+m>ma«az«mmuam3«cmc«x«m-~>mm<ax«xmu«m:«cmo«x«w+m>max
faz«zmu«mz«CNC<x«m+_»ma<ax«mmu*m3<ch<x«x+o>m1«mx<mMu«mz«omo«x«mx

-m>mm«ax«mmu<mz«cmc«x<m+o>na*m<<ax*m:zx«mmu«oz«cme<x<s+»::hun»:cPu
‘ : , - V¥ AN¥SNNX¥X
em>w1«mmu«az«omc«x«:+m«<1x«_>mm«mmu«mx<cmc*m««x«:ﬂd>“1<dmuxcmc*z«mx
|c>~a«~mu*cmc«z«m+m>~a«mmu«omc«z<c+c»~uimmu«cmc«3<m¢m>q;«»omu«cmcx
«z«x1~>~n«cmu«omo*z<mum>_m«amu«cm:<x<m+_>d¢«cmu«omo«z«m:o»ma«axx
«m:zx«omcﬂhmu«mz«4qm-m>ma«az«m:zx«oma«Nmu*mz«4«m+o>ma«mz«w:zx«o:ux
«mzﬂomc‘4wm-m>mm«ax<w:zx«o=u<wz«omc<4<m+c>m1smx«w:zx«:au«mz«Onc*x
4«:-m>ma<1x«m:zx«::u<m3«cma<q«=|M>mm<mx«m:zx«maxomc«>c=u<4«m+d>max
«ax«m:zx«mz«omp«>o:u*J«my_>m1«1x<:zUﬂmx«omofu«4<cnm>_@«omc«_mux
gz«#«m:o>~1*omc«dmu<3*_«m+m>~a«>m:U<cmcmzx;«mnﬁ>~;ﬁ>m=p«omc«x«;x
,«m+m>da«m=u«CNCx;¢d«m-c>~1«mauxowc<x<;<m+_>_a*_:u«omc«z«d«m+p:o»ux

° o - ) =inol4d

. . : . SWyIL

_ . g 0A9d¥hMY6SQ¥IRI¥h+dAX

.«m:zx«C»ma*mz«ama«Naugquax«mbzX<mz<orc«_>mm«nnu«cnax«m:zx«mx*omcx‘

«m>ma«m:U<:-az«m:zxxm;*OMC<d>m1<mau«a-mz«omcsd:uxq>ca«z+~>~a«omcx‘

CAGS IV EOA] d¥6EU¥EE YN HOAGIYHM¥OCA¥ZGI¥2HOALA¥M¥6EANTLI T GM¥EEUX
xﬁ>oa«mmu«m+wz«omc4a>»mxmmuxmrm««ax<m<<m:zx«mxmoma«mmU§m>£$<m+m««x
mx«mf«m:zx<:3«omo<mmuwmqu4a+mx«m:zx<c>mm«mz*omc«_mu*unpzcbuu»:ohu
R O ST . dAYGHNXX

NEMY6EAYEAZ¥ [ GI¥THAWFSINXY¥IM¥6TO¥TAL¥ I GIN¥ 2+ WK SIINX¥EN¥ 6L Q¥ TACAX
«ﬁmu«m-c»oa«:x«mmu«cm:<m-c>Naw§%mwmqumC<m-c>ca<:3<mmu«oma«w+axx
KSANXYOASAY MY BT I¥02AYC+dA¥SINXHEMYLASHFREI¥FOCU¥THINY SINX¥FCM¥CALAX
X1C T 0CAYCHINESIANXY EM¥EI¥ TACHY 02 G HdN¥SIINR¥OACAV-EM¥E2I¥0cdrh=diX
,xw:zx«m3<n>ma«omu«cmc«:+ax<m:zx<mxﬁmxwlxomux&mc<:+mx<w:zx«mz««>m¢x
«cmu«:mg«::az«m:ZX<c»m&«m;«mmu«om¢<:-ax«m:zx*m:<m>m1«¢mu<omc<=x
_+ax«w:zx<~3«m>ma«xmu<cm:<:+ax«m:zx<mz<_>m;<mmu«cﬂc<q;ax«w:zx<c>max
«azammu«:mc«m-a;«m:zx*m;«m>maﬁmmu<CMC¢m-a1«w:2xgm;<m>m1«mmu«cmcx

a
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YdNNSIINXY 3«cnc<4.m+o>ra«mmu«ax<o:2x< CMY¥Y02AO¥ 18+ A d¥ AN YR IR SIINXX
«mx«omc«_«o|c>ma«1x«xnu«w:zxfrx«cn54_«o+_>r1«1x<m:2x«:nu«nz«:ncy

¥ 1=l ACdYdN¥SONXN2ZI¥IMY0UF I¥h=CMYOALI¥02UNSEIY I¥p=OM¥YTALg¥0CUX
«wfuﬂ_«cumz<m>xa«m«<1x«m««m:zx«cmC<mmu<;«=+aZ<~>xa«m««ax*m««w:zxx
¥OCAYELI¥ T¥ N+ CACAYELUXAAR T GI¥FSNNXY LMY 1¥CH0AZA¥OLAY AN¥ TSIXSNANXXSMX

¥ l¥l- o»ma«omc«ax«w:zx«\qu*mz<4«:|_>ra<cmc«ax«n32x< GRAXIMX ¥ e ACdX
YRHED¥IAYSONX¥OZUNEM¥ [¥CHOACIBIINANYS DZX<or:«m3«Jxmnh:CPK-»:ohu
CALA¥CLIN IH¥STNINX¥QZQ¥REMX

¥ lxh~ ~CACAY N IvdH¥SONXYOZUFEMYT¥ T+ LACAY QS I¥IN¥SONXYX 02 AXEMYI¥X I+ ACAX

- xOﬁu«1x<n:z>*cnc*mx<_<m+c>ma<oru«mx<w_zx«orc«qz«d<nnc> 'd¥ AN ESNNXX
«smuycmc<m3«g«qn_>nasax«m32x«nru<ono<px«_«vuaz«o>w1«o»c*mmusm««axx
¥EANX¥XY TXCHIMYCABDY 6L UYTRIFCHEdNF SIINK KX ¥ T4 GMETARD¥H6E U¥CGINS ¥ ¥ X
dN¥FSHNX¥XY 1¥h+cACd¥6CU¥dW¥ I SIVIMEXY [YC=0ASd¥6CU¥dRAY TSIV MEX ¥ T2+ X
CACH¥OLUYIAN¥LI¥ MY XY Txh=TA2d¥6LU¥dHYY PI¥CM¥XX V¥ = Al T ¥ dARIMEX
om:«x«q*mvc>ra«nMu«1x«rz<omm<xx4«r|r>n1«LrL«mx<n3<:r:fx<4«m4c>maxx
mmu«az«mx«cmc«x«~«m+a>m1<:mu«&x«mz<cmc<x<4<m+o>ma<:mu«az«mx«omc«xx
¥ ¥ 24 TALAYSEINIAYCMY OCUNY Y 142 ACH¥6CIVANYCMY QU X¥ T T= L1101 424001 5
) LOACHYOEC ¥ dARTMX
«omo«x«J*m+m>ma<ax«amu«m3«oﬁg«x«J«:1—>ma«ax«mmu«mxkomC<x*J«znsz«x
VABA¥ ¥ ¥dNYSONXYUCU¥ST DX ¥ ¥+ hMYCAHGYC¥¥dN¥G NNX¥0CUYZEIFX¥ [¥hp+GMX
*ﬁ>m1*m«<ax<n:zx*omc<qm;«x«_«x+q>n1<oma«1x*ﬁz4«mz«x<4«3 =0Ald¥6gdX
‘ YAXYOTI¥EMYX X T¥ =T ATI¥CE Jn dN¥0LUY G MYX¥T¥ =] AC¥HCIVdAYOTU¥EM¥X¥X
4«:+c>ra«wmu«mx*omc«mxxx<4<:+_>r1«QX<znu«ono« MexX¥1¥h=0Add¥dU¥ X
XOZAYEM¥ XY IX I =GM¥0ABAYEEU¥ZGIYT¥¥INY IV KXY |¥2 +hM¥TAQGd¥ 6L UY QI ¥
AX¥CH XK DN CEGMYOARDKL Y ¥ AN OZUFCCIFIXY X¥ I¥ D MY ARDY Y Y IN¥OTA¥S S I¥X
m*«x«J«a+q>~a«o U¥AHLI¥MY NN+ O0ATG¥O6LUYOEI¥METRP4TATI¥OLI¥OCT UMY %X
c>ﬁm«OMU<on:«z«4,m+_>qa«>orU<cmc«z<4«~+o>~a«onu<cnc«3«4*:+h:ohux

. =inoid

o - _ GWAdl

SACAVINRSNINX¥LGEA¥ISQIYEMY = A dH¥SNNXYBLCAY TS u«w3<n+o>mu«mx«m:zx«y
owc<cw01mz<n+n>na«ax<w:zx«onc«omufmz<nqm¢«¢x<n««m:zx< AQd¥6CJ¥CSIX
YOMKC=Y ¥ dNXC Y ¥SIINX¥TABD¥6E0¥2GDY Y MYCHEAC DX dN¥SIINXYOEIFEMY 0 2U*CX

= TACH¥ANY SIINK¥OEI¥EMY0O (Y "FQACA¥IN¥SIINK¥Y CO¥YIM¥OTHEYCHTATAXAN¥SIINXX
«mpp*vz<sn:«n|c>n1<ax¢o:2x«xrp«v3<cn:«n+m> d¥dNY SONXY¥ QI I¥EM¥TUX
YORTACHY AA¥SOINX¥BLIVEMY U+ DACHYANYSHNXFOE J¥ g MY¥OJdv =100l d4=)in0L 4
) CACd¥AMYEGINXX
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m>_1<>c~c«_du«sgm-m>~a<_~e«_ﬁu«z«m+_>_a<__c<_qu*3<m-a>~m«o~c<_qu«x
;«m+m>qa*:ﬁc«__u«g«mra>_:<»o_o«qu«z«m+m>_u«yo_:«:u«3<m|h:chmnh:c»u

m>_a<o_c«:uxw.

*z<m+_>_a<c_:«au«xim-n>m1«1x<m:2x«mz<>~_c«mu*J«nnq»na¢ax«w:zx<m3x,
«>~_o«mux_«m+a>m1«ax(m32x«m3<>,_:(mu<_<m+m>mm«1x<m:2x*m3«>—qo«mux
*d«mum>mm«ax«m32xsm3<~qc«mu«4<muax«m:zx#o>mg«mx<-g<mu*;«m+m>m1«x
K az«w:zx«mxg_qo<mu«4«m+_>mm<ax«m:zx«mz<__c«mu«d«m-m>_a«>_~e*~u<_«mx
+~>~a*>~_c<_u«_«m:m>_a«~_C<~u<dmm+c>*1<__C<_u«J«m:m>m¢<¢x¢mz«>o_Cx
«mu«x«_«m+~>ma«ax«mx<>oqc«mu«x*;<m-<>ma<axxMz«>o~c«mu*x<.*m,m>aa*x
ux*m3«>cﬁoumu«x<4«m+m>m1«ax«az«mu«o~C<x<_«m+ax«c>ma«mx«mu«oﬁc«xx_x
«mnm»ma«ax«mz*mu«c_c«x«_<m-~>ma«ax&pz<mu«c_g«xgq«m+:>,m<>_.c«ﬁu*zx
: «4«mum>ﬁa*>__c«ﬁuxx*g«m+m>_1«—_C<~u«3<4«mnq>_1«qﬂa«ﬁu«z<4«m+p:cFux
C =1nol4d
° Twadl
m>_a<omc«qmu<m4c>_a*omo«_mu<m+m>ma«omc«~mu*ax«m:zx«mxx
«m-c>ma«omo«nmu*ax«m:zx«mx<msm>_a1>m=u<cmo<m+~>_1«>mau«omc«m+m>~;x
«>mmU<omc«a+m>~a*mzu«omc«m+c>ua«m:u«omo<m+m>ﬁa«mcu«:m:«:+o>_a*x
m:u<cmc«Q1_>_a«muu«oN:«a*m>m&<ax«m:zx<>cauxmz«omc«m-_>m¢«1x«m:zx«x
>o:u«mz«omo«m-m>ma«ax«m:Zx1o:u«Nx«cmc4mnc>mm«mx«w:2x<osu«mx«omo«mx
um>ma«11<m:zx«m:u&mz«cn:<:-o>ma«ax«m:zxxm:uwmz«cm:«a+_>ma«oMC<nmux
*ax«m:zx«mx«:|m>mu«ax«m:zx«>cqu<cmo<mz«a|_>m1«ax<m32x«c:Ufomc«mxx
*:n~>mai@ma«nmusaxqu<x*:cw>ma«az«>o:u«mz*cmc«x«cn~>mm«az«o:u«mz«x
omc«x«a-o>m1«omc«nmu*a1«w3«x«a-_>mg«ax«>cqu<om:<mz{x«:»#:Cpmnhacbl
0AZdX
«1x¢oau<cmc«m3«x~anq>xa«omc«_mu«z«:+m>‘a<>m:u<omc«x«:+_>_a*>mmux
*cmo«z«q+q>aa«mcuxomc*x«:+c>ﬁa«mmu«ono<3«a+mz«c>om*om:«cau«4«a+qxx
*,>oa«CMC¢c=u«4«a+mz<c>ca«om:«nwu«4<m+rzxo>ua«omc<mmu«ngx:z<q>oax
<omc«mmu«4«m+33<_>Na«om:<mmu«J«m-mx<m>ca«0mc«mmu«m*«ax«m««n:zxx
*4«m+:3«_>ma«om:«mmU<m*fax<m<«m:2x«;«m+m>_a<omc«>0pu<Jg:+_>ﬁm«omc
«amu«~<:+ﬁ>ma«omc*&x<m:2x«~=u«mx«;«qum>ma«omoxax<m:zx«m:u«mz«4<x
anm>ma«omo<mx«w32x<cmu<m3¢J«Q-o>m1«omc<1x«m:zx«omu«m3«_«c+mx«o>oax
«mmu«cmC<6<:+az«ﬁ>ca<mmu«omc«d«:+m>_1«_mu<omc«4<m+o>ﬁ1<_mu«cmc«4x
ym-m>ﬁ1<mau<cmc«4<muc>_a«nmu«cmc«J«m+m>_1<>cmu«cmc«4«:+b3c»unh:chu
T TATd¥02IX
«cmc«d«z+_>ma«mmu«11<m:ZX¢m3<cmC¢_<:|~>m1<:mu¢1x«m:zx<m3«:mc«_«:x
+w>mu«omu«a1<m:2x«mx4oma«4<m+o>n1*ch<ax«m:zx«mg«cmo<4«mum>m;«mm;x



156
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CTI¥XXL =AY AN MY AT I UG D¥X¥ A ACAY AR¥CMYAOTUYS JAEXYCATACA ¥ dAX
«mz«>c~C<nﬂp«x<m “QACdYdNFEM¥AULURE I DVRRC =S ACHXANYEMY AT URT T J¥X¥e' X
+o>ra«ax<n3«~wc«n_g«x<n+a4*o>na«\;<__c<m_u«x,n| ACHY INFEMETIQRET X
¥X¥C=TASdY dY¥SMY T 1U¥C T v X LAY AXYIMYO T UY ST DX X¥CH T ACH¥DN¥CMY O TUX
«m,U«x«m-z>ma«ax«bx«o_c*m~bxx«nnm>m1<ax¢cz<cdc<m_u«x<m+4««ax*a:zxx
GM¥ QN AGH¥ QU XD =¥ Y AAY SIINXY MY GIY TAGA¥QUEXY N+ AT dXS ¥ ¥ dH¥TH¥EX
m:zx.cz<xo«mqL%xgcnﬁ>ra¢m««1x<p*«n:2x<og<fa«N__«x<c =S¥ X dAXRC¥¥GIINXX
«m>xa«cz<fo<Nqu*x«m+q<«a<<m<<o:zx<~>mm«c;<mC<N_u«x<a+_:chu lnui4
CYYINYQOAZdAX
«cx«mc«h_u«y«a+ax<o>fa«o;fmo«nﬁp1x<f+ax¢o>=a*oz<mcxk~J<x{m ~ev¥duX
FOAGYIMYQUY LT I¥XYZ=C¥¥dN¥QARG¥OIMYG c«m:q«x« Cm ALY ¥ LI M¥GUY LT IRXX
¥C=TACH¥EX ¥ M LMY GUX LT DX X = CALAY EX¥ VANY ¥ XGNINXX LMY GAYL T D¥XX¥ 42 AL X
*w<<ax«m<<m:ZX<ms<mC<h~u«x«m+ax«_>=1,N:«LC«N_Jxx«ﬁ+n««az«h*« SITNX X
YEARD¥IM¥YQUXLTINX¥ 2Ty Xy 2¥ v S INXYD >ma«m3«ne«n~u«x«:uw««mz«q>max
YIMYGU¥ LTIV XY CHIR¥OMY 0¥ SA¥ LI D¥X¥ONY=L ¥ dA¥ 2¥ Y SNNXY IM¥CAGH¥GQ¥ LT IX
«x«xum««ax«m«*m:zx<cxir>m1«mc«n~u«X<x+m«<mx*r««w:zx¢Nz«m>m¢«mo«x
LIJ¥X¥l=Cr ¥dU¥CX¥SONX¥OMY [AGA¥QU¥ LT DY XY h+C¥ ¥ dN¥K /M-I AQI¥ QUYL | J¥X¥e X
C¥ARFUAGHYMIYGI¥SURCY KXY 42X ANV SMYG DY T AL A QURT¥ Y X¥Om LNULA=1N0L 4
_ TACAY L ¥ X gUXSINXYOMYGUYR LT I¥ZxxX¥X
= m««ax«m:Zx«#>xa<C3<pc«mﬂu« YEXY ALY YANRSIHINX¥QACAY IM¥GUYL DT ¥ % XX
YHe O ¥ ¥dAYSIINX¥0AY dYOMYGQAY /[ TIYIHEXRT+HCY Y UNXSIINX¥OARDYOMYGUYL IV ¥X)
X¥h+ZACAYTX¥¥IAYSNANXY LMXGAYLTI¥C¥RXY 4 | ACA¥C¥ ¥ IN¥SIINX¥LMYSUYLTIXEX
««x«x+m«<ax«m:zx«n>ma«nx<qc«mdu«m««x<ﬂlm«*ax«w32x<q>maahx«mc«~qu«x
CHRUXA =LY ¥ dH¥SIINX¥ LMY AGH¥ G LT D¥I¥ XY= CY¥YIH¥YSNINXYOM¥YTASHYGQU¥ LT IX
¥OXEX¥BHEY X ANKSIINXY LMY TAGH¥GUY LTI D¥C¥YX¥D=CY ¥ dN¥ QAT AXOMRGUNLT IS XXX
X¥D=C¥¥dU¥OAGA¥IMYGAX LT IXEXXX¥N+EXYANYOARI¥OMKGARL T AXE XY X ¥+ TAS X
¥OX¥dU¥ LMY QU LT DX ¥ XX ¥ NS v N ¥ TAQAY LMY GUY LT I¥C R XY =S¥ X N LMY TAG
¥GAYLIDVEY¥X 1= 9ATdYATTUXAQTI¥M¥+TATA¥AITA¥AQTI¥MYO=LN0L 4510014
GATdX
«»cwc«>o~u*z<n+a>~a«>o_:<>c_u«z«uur>~1<__:«>o_ I¥MYC+CATAYTTU¥YAOTOX
¥MXZe ALY OTUXAOT DY MY+ ZATIYOTUXAUT Dy M- =SATA¥ATIAYATTORMECHTATJ¥X
>~_g<>_ﬁgxz*ruc>~1«>c_c«>.du<x«r+z>_a.>o_C<>__u<3<m|:>_a«—_c«>-.
«;«m+m>_a«_ﬁc«>ﬁ~b<z«4|q>_1<c~C¢»_ﬁU<z«m+m>qa«c~:«>_ﬁu«z<mnw>_;x
«>ﬁﬁc«c_gﬁz«p+m>~a<>_qa«c_u«x«m|:>_a<>c_c«cﬁu«x«m+M>_a«>o“c«c~pX
¥MYC=UALAY LTQ¥O T MYZHCATYY TTUYXO Y IYMY =S ATAYO T A¥0 T DJ¥MYXS+HTATA¥OTUX
YOLIYMY = ATAYALTAYTITOVAXZHCALDrA L TUY LT I¥M¥2aGATdYAQTUYT I J¥M¥ 24K
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¥CHOMYDLOYAOTURCALA¥Z= MY D] Yy 0 |

«cﬁc«_>ma<m:o>ma«:x«fu«mc«m+c>u

wx«.mu«.mc«m+m««az«m.AkmDZx«mz«f‘u«

FSUKCHIALAY AN SINXY ZMYOIY Gy P4 d
i - r

“HACYAAYSINX*EMY¥ 9 DX QUYL+ AG ¥ d

¥OM¥QUYLTOXN+SATAY ¥ ¥dWYG ¥ ES
«u~u«mnm««ax«m«¢m:zx<m>ma«ox«m
mrm>ma«mx«m32x«n3«m:<m~U<m|m>ma
*mgﬁm:Zx«mxxmc«Nﬁu«q+ax<m:zx«m
«m31m:«mdu<m|m«<ax«w:zx«a>ma«N3
+m«<ax<M<<w:zx«mx<:>mafmg«Nﬂu«
f*ax«m:zx<mz«m>ma«mc«Nqu<m+m<<a
¥EARD¥UMYBI DY AL TU¥X X243 %Y g3y SN
¥ALTO¥XYZ=C¥ ¥ dM¥SNNX¥ AU QXS MY b
¥AOTUXXY Y ¥ dX¥SIINXYTASd¥ MY Y
¥AOLU¥XY =2 ¥ dN¥SINXYCABIYGMY b

«g_3*x<m+m<«1x<m:zx«c>m1«:3<a
_ﬁCsx«mum««mxxm:zx«q>naxmz«:_u«

«xxm+m<«ax«m:zx«_>m1«q3«:~u<c
K¥Z=2¥ ¥ dMXSNINX¥TABDRGMY L [ Jx 0] G
ax«m3<>_qo<>m~u«xwm:m>ma<mx«mz«

.*x*m+m>ma<¢x«mz¢>cﬂc«>m«u«x«m+m>

¥IMXAOTUYAS I D¥X¥2=hACd¥dHKS MY A

c«n>ma<m|zz«v_u«>c~C<~>ma«m+m3«:~ux
a«:zgru«mc«mn_>ml*w3«mu«mC¢muq>:a<x
m>m1«rc<mvn<«axxm««m:zx<:3«mu«m>wax
X<m:zx«c»ma«mz«ou«ma&m:h:cFunH:cpu

- m»maﬁax«m:zx«mz*au«mc«mX
i ca—

A¥SINXYTTXGU¥ LT D¥ 24 T AT E ¥ ¥ dNXSANKX

:zx<c3<mc«N_u*:-1x<m:zx«d>:&«oz«m:x
C<h_u<m+m««a1«m:zx«~>m¢«oz«mc«~duax
«m*«QX<m:zx<nz«ma*N_u<=-:>m&*m««4xx
>:1«m3<$aisﬁu«m+m««1x<m««m:zx<a>@ax
«mg«n_U<m+1x«m:zx«~3«om*mCxNﬂu«ommx
:nm««ax<m««m:ZX4oz«m>m1«mc«N_u«:+mX
x«m:zx<o;«_>ma«ma«~_u«m:m««az«m:ZXX
x<~>m1<qzx:_u<>_~C<x*m,h:Cqu»:cHu.
. C¥XIN¥SMINX¥HABD¥SMxl T DX
wu*>__o<x<m+m<«¢x«m:zx«a>xa«:z«:quy
~u«>ohc<x«m-m««mx*m:zx«m>ma*mz«=qux
_U¢>c_e<x*mfm««ax*mDZX«m>xl<=3<=ﬂux
_U«Q,C<x<m-_w*ax«mDZXKm>ma*ﬁ3«a_u«x
ﬁ*c*x<m+m««mxxm:zx<m>mm«axﬁa_u*o_cx
~o«x<m-m<<ax«m:zx«a»aa«mZ«a_u<o~c«x
x«m+=>mm*QX<mx«>__o<>m_u<x«m+m>maxx
>_—c«»mqu«x<m|m>m1<ax«mz<>ﬂ_o*>m~ux
mamax<m3<>c_o<>m_u«x«u-bschunbzcbm
: 9A2d¥dAX
cﬁc«»m,u«x«m+m>m1«1x«mgw__o*>mﬁu«xx

«m+«>ml«ax<mzf~_c*>m~u«x<m-:>ma«ax«m3<~ﬂcx>miu«x«m-m>ma*ax<mz*_~cx

«>mﬂu«x«m+a>ma«1x«mz<c_c<>m,u«x

FOMYOTQYASTO¥X Y-S A2dvd N SMYQ |
m»ma«ax«mz<>cﬂciou«x<mnm>ma«ax«
x«m+m>ma<ax«mz«o~a<ou«xAm+_>mm«
FXYC=ZALA¥ dN¥ MY 01 0¥6I¥ XY I+5 ACd
«\U«Xﬂmna>m1<1x«ms«>c—c«m;«x«mx
o_:«Nuxx«m+QX<c>ma«mz<o_:<mu«x«m

m+m>m;«ax*mz<>__C<MAU<X¢m+r>aas

*m+m>ma«ax«mz«c~o*>m_u«x<m|m>mm«axx
c<>m,u«x<m+:>ma«mx<mz<>o_e*ou«x«m+x
m3«>o~o<ou«x«mum>na<;x*mx«>:qa*ou«x
1x1m?<o_c«ou«x«n):>ma<11<mx«cﬁc«cux
«1x«m3<>c_3<Nu«x<m+_>m;*1x«mz«>c—cx
m>ma<QX<m3*>ose«mu«x«m+m>ma*1x«mz«x
nm»ml«&x*mz<o~:¢~u<x«m:h:cbmuhzobu

. TACAYANYEMYOTAYLI¥XX¥YX
ax«m2<>_,c«mﬂu«x<mna>ma«1x«m3«>~qcx

/
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- ZAVAYATTUYAQT D% A
m+:>_a(>o~c«>o;u«m:m>—a«>ogg<>c_u«m+:>.a«,_a*>c.u«m|m>~a«_;c«>o_ux
«m+m>_a*c~C<>c~Lxm-ﬁ>~1wc~c«>o_u«m+=>ma«ax«w:zx«mz<>oHc<ﬁu«m‘m>max

«ax«m:ZX«m3«>o_a«mu«m-m>m1<ax<m:zx<m3*>c.o«mu«m-m>max1xrm:zx«mzx
*>c_Q«NU<m+m>maﬁa1<m:zx«uz*o_c«nu*m+_>ma<ax«m32x*mzxoﬁc«nu«mua>max
«a:«m:zx«nx«cﬁcxNU<m-m>wa<ax«m:2x«mz<o_:<h3ﬂm+:>—z<>-c«>ﬁ~u«m-x
m>_a«>.ﬂc«>__u«m+m>~a<>9~c«>a_u«m-m>_1<>o_c<>_~u«m+m>_a«~ab«>q_u«x
mcu>ﬁ1<__:<>q#u«m+:>_a«c.a*>__u«m|m>_1<c_o<>__u<m+M>mawmx«w:zx«m3x
*>_ﬁc«c_U<m+~>ma¢a1*m:2x<mz«>__cﬂo_U<m-q>ma¢ax*m:zx¢mz«>-c<o“u«mx

.nm»m&«ax,m:zx«m3«>_—C<oTu‘m¥:>ma«ax«m:zxxmx‘>c_s<o~U<m*h:chunb:chu

_ . . CACAY ANRSIINX¥IMX
.«>cﬁC<o~u«m-m>m1«1x«m:zx«m3*>c_cic_u<m¢m>ma«axwm:zx<mz.>c_:<odu«mx
+m>ma«ax<m:zx«mz*~_:«o_u<m+ax«m:2x«o>ma‘ma<d_:io~u<mnm>ma«ax<w:zxx
«mx«__c«odu«mu_>m&<ax«m:zx«mz«_~Cxa—u«m+m>ma«11«n:zx«mx«:“c«e—ux
«w+~>ma«ax«w:zx«mz<c_o<c_u«mn:>ma«ax<m:2x«mz«c_c<o~u«nwm>mc<ax«x
.w:zx*mz*odc«o#u«m+=>mm«ax«m32x«mz«>~qo<mFU<m+m>ma«ax«m:zx«mz«>qdcx
«m~ugmnm>ma«ax«m:zx«mz¢>_ﬁc*mqu«m-m»m;«ax«m:zx«mx<>,_c«m_u*m+m>max
«ax«m:zx«mx«>c_c«ﬁ_u*m+~>aaxax*m:2x<m3*>o_c<m_u<m|:>m1*1x<w:zxx
«mz<>c_a<m~u«m-m>mm«a1«m:2x<mzﬁ>c~C<m_p<m+m>mmﬁlx«w:zx«mz«__c«mqux
«m+~>ma*ax«m:zx«mz*__c<m~uimnz>ma«1x«m:zx*m;<__c«rﬁu*mnh:cbmnFDCPu
) : 2 CACA¥dNYGIINXX
«mzﬁ_ﬁc«m—u*m+m>ma<ax*m:zx«mx«cﬂc*mﬂu«m+ax«m:zx«e>maxm3«e,o«mqux
«mum>aa«1x«m:zx«mz¢oﬁc«mﬂu«m-q>ma«1xxw:2x<mz*c_a«mﬁu«m+:>_¢*>__cx
«o_u«mnm»éa«>_ﬁo«o_u«m+m»_a«>oqc«o_u<m|_>—a*>c~cﬁo_u«m+m>_a«_~Cx
*cﬂu«m|~>_m*~_c«o~u<m*m>~a«o_c*o,uxn:c>_m<o_o¢o_u<m+:>m1*ax¢w:zxx
«m3«>~ﬂc«m“u«m+m>ma«a1«m32x«m3«>ﬁ_c«m_u<m|m>ma«ax<m:zx«mx«>qwcx
«m,u«msm>m&«ax«m:zx*mx<>g_c«m_u«m+m>m1«ax«m:zx«m3«>o~c«m_U<m+q>max
«ax«m:zx«m3¢>o_c«maufﬁua»Na«ax«m:zx<mzf>c_o«m_u<mnm>na«az«w:zxx
n«mz«>c_a«mqu«m+m>m1<ax«w:zx«m3*_dg«mﬂu«mf_>w1¢axxm32x*mx*_,cxmﬁux
«mu:»m;«ax«m:zx«mzx~_c«mﬁu«m|m>ma<ax«m:zx«m3«__c*mqu«m+h::pmuFDChu
: m>ma<ax«m32x«mx«o_cx.
«m“u«m+ax*m:zx«c>ma<mz<oqo<m_u<m|m>ma<a1<m:zx«mz<cﬁc*m~u«mn_>max
*1x«m:zx«mz<c_a«m_u<m+m>_a<>__3<-u<m-~>_a<>~ﬂc«ﬁ~;<m+:>_;«>c~c«x
_wu«m-m>_a<>c_c«__u«m+n>_ai_~e<,~u<m-c>~a<_ac*d_u<m+m>qm*o~g<q_;«x
ms,>ﬁa«cﬁ3<_~u«m+m>_a<>oqgﬁzgann_>~a<>c_c«qu«m+m>~a<:~c<:u«ano>qax
<c_c«cg«m+m:«q~u«>c~c«:>mm<m¢:z<:~u<>c_a<m>na«m|ms<:~u«o_o«m>n1x

-



159

&

*m«*ax«xac«m««x«:1c>m1<nz<:_u«m««ax*m:c<m««x«a-c»f;«mz<:_u*m««lxy
YRUUYTRY XY 44 xa«nx<z_u<m*<ax<xz:«m«<x<m+oz«squ«_>aa«m<«1x«mvc*MX

««x«muc>~a«_uf,.c«;.m+>mrc«_U<m>~1$H<mu_u«Mf:«m>da«agmnh:chun»:chu
i o . AZGUNX
«qux_>q&<;<m+o>ma«_u«mz«;x<m:zxa¢=c44*m+m>ma<qu«mz<mx<m:zx<w:c«x
4*m|m>an<>mmc«mz«1x«m:2x<mu<_«n+ﬁ>mm<>wmc«m;«mx«m:2x«mu«;«m»o>ma«x
mz«mmc«ax<m:2x¢mu«_«m|n>m1fm3<mwc«gx<m:zx«mux_«m+~>ma«sz«w:o«mu«_x
«m+_>=a«:z<m:a«mu«_*m|c>ma<n3«m=c«mu<;<w|c>qa«w3<wac<mu<;«m+~>ma«x
:z«m«xax<m<xm32x«mzc<nu«d«a+a>ma<m3«m<<1x«m**m:zx*m:c«mu«J«mnm>max
, *>m:c«m3<lx¢mu*x«4«mu_>ma«>m¢c<mz*az<mu<x«J«m+o>m1<m:c*mx«ax<muwxx
«4«m+m>ma<m=:«mz«ax*mu«x<4¢m|c>ma«33<m«‘1x<m:zx«w:c*mu«x«;«m+m>max
«ssqm«*ax«m:zx<m=c«mu«x<4«m+a>ma$r3<m<*uz«m:zx«xzc«mw«x«;«:uq>max
«:3«&«<ax«c:c«mu«ﬂ««x«;«m+c>ma«m3<m<«ax<xsc«mu<m<«x<_«mvhzchux

: =ino1L3

_ _ cWHdl

T m«*&xfm«<m:zx<=>maf:3<:.u«>_dcxm+?:chlnb:ohm

. C¥XIAXTYVSIINX¥TABd¥TM¥X
aﬂu<>~_C<m-mx«a1«m««w:zx<m>ma<uz<:~u<>~,c*mnm«<mx<m«<m:zx«m»wa«m3x
«=_u<>ﬁ_c<m+m««ax<m<<m32x<m>¢m«:x<:~u<>c~c«m+m«*mx<m¢«w:zx<_>ma«x
zz«qﬂu«>c_a«m-m«fax<m<«m32x<n>aa{mx<=«u*>cdc«m-m«<¢x<m*<m:zx<m>max
ﬂmx«a_u«>o_o«m+m««a;«ms*wgzx¢w>wn*:z<:_u«~do«m+m¢«ax<m««w:zx«—>wax
«3;«:,u<d_c«m:m««az<m<*wDZX4am@a<mz‘a_u«_agwm-m<<a1«m«<m:zx<m>max
4m;«=_u*ﬁ_c«m+m<«mx«m<«m:zx*a>xm*:x<:_ugo«g«m+o>ﬂu«=z<=du¢o~c«x
m+m««ax«m«4mszx«c>m&«qz«=~u<c~c«m-m««1x«m«‘m:zx<M>¢a<m3«:~u«oﬁc«mx
-m««mx«ms«m:zx«—>ma*mk«s~ufodc*m+v>ma<1x<m:zx¢m3«>_ﬁc«>mdu«m+m>max

«mx<m:zx«m3«>_dc«>m_u«m-s>ma«1x«m:2x*m3*>ﬁ_g«>mﬁu«m|»:cPlnp3cku
) ‘ _ A d¥dAX
«m:zx«m3<>_acx>m~u«m+z>ma«ax<m:zx«mz<>c_cr>mdu¢m+m>ma«az«m:zx«m:<x
>o;o<>m«u«mnm>mm«ax«m:zx<mz«>:_a<>m_u«m;m»ma«lx«m32x<mzx>o_o*>m~ux
«m+:>m1«ax«m:zx<mz<ﬂ_cyym_u«m+m>ma«az<m:zx«m3«ﬁdc«>m_u«m|m>mn«x
ax<w:zx*mz<~_:«>m#u«m-m»na<1x«w:zx«m3<“,c«>m~u«m+m>mmx&x«m:zx«m3«x
cﬁa<>m~u<m+d>ma«a;<m:zx¢mz«oﬁe<>m_u«m-:>ma<gx«m:zx<mx«odc«>mﬁu«m|x
m>m1«ax<m:zx«m3«cMc«>m&U<m+m>ma*1x«m:zx<mx<>o_c«ou<m+_>ma«ax¢o32xx
) <m3¢>o_C<ou*m|a>m1«1x<m:zx<m3«>o_c<ou<mum>mm«mx«m:zx«m3«>cﬁc¢cux
<N+M>ma«az<m:2x«m;qc_:«ou«m+lx<m:zx«c>ma<mz«cﬂcxou<m|m>maﬁ1x«w32xx

«mz<ce:xou<mnq>n;«1x«m:2x<mz«c_:gcu<m+m>_a«>._c<>:#u«mxhzchuuh:chm
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¥CMYXOIY XXX ¥ HEACAYASHUX MR LD ¥ ARV X¥ =AY ACHQ¥ MY LIV IAYX¥TH (AT ¥ N
CUYIMY LD dAN XX HCACH Y HU¥ MY LINDNF XV =0ARI¥SGUXEMY 7] DX ¥ RN ESIINXX
¥X¥ZHAL DAY MY PABd¥ T DY XY IUY GANXY XY C= ACGQU¥ IM¥ N T I¥CARA¥ Y FIHFSIINX¥X
X¥C=ChUXhIMY DT IYCAB XY ¥ X SNNX ¥ XY= ACNUYIMY P T D¥CARGY XA dN¥SIINX ¥ X ¥ X
CHISUYIMY DI D¥LARA¥ XY AUXGNNX¥ XY= ACGUY TM¥ T J¥ TAGAY Y YAN¥SNINXEX¥ T+ X
) CHU¥IMX T D¥ T AYAY ¥ Y IUXSNNX¥X¥CHTACHYOM¥Y I ¥ cdN¥BUAYX¥l=TAd¥IMY T IX
YAXN¥RPDUFXYI+0ALAYLIMeTIxdI¥BhAYXYCHOARD¥LIMY DT D¥dUYEh Q¥ X¥l=L MY TI¥X
OdydA¥Bhd¥ X¥0nB=TACHYOM¥ L TI¥C¥¥dN¥BhUY XY= ALd¥OMY R T I¥XE ¥ ¥ dN¥GRU¥ XX
CH+O0ALd¥ LMY I Dv v ¥dN¥BhA¥ X+ 0AGA¥ LMY T D¥C ¥y duYRpuY X¥=1nuld=LnNul4
. OAQD¥ MY RTI¥E V¥ dNXQNU¥XX
¥C=OMYRTOY TAQA¥CE¥dAYARAY X ¥ Z+HASH¥ MY ACT De ¥ ¥ dUXSIINX¥BNA¥X¥ = ASdX
. FIUMVACT w2 ¥ dAN¥SIINXYBRUY X¥ZHEASA¥GMY AL T I ¥ ¥ dN¥SONXYURU¥X ¥+ TAGAX
YGMYAZT IV Y »dN¥SHINX¥URUx Xy =CASAYIMYC I IR ¥ dUXSNNXYBIGFX¥ =T AGdX
«az¢m_u«m««ar*w32x<mzC<x«m+c>m1«m3<m.;*m««1x«m32x«m::«x«mam»max

¥OMY I DX ¥¥dN¥SIINXYBhURXYZ+ZALA¥NIMYOT ¥ ¥ ¥ UK SIANXYBII Q¥ X¥ 7 =T AGdX

. YOUMYOT DY e xdARSANX¥BhUXXY D+ T ALY MY S L D¥ ¥ ¥ UYSNINXY B ¥X¥ =2 AGdX
YOMYGT XY ¥ dA¥SIINX¥Gh Q¥ XY P+ CAGAY MY O I¥ ¥ X INXSIINX S URX¥C=TAGH¥X
PMYO6I¥CF¥ANXSANX¥BHAYX¥Z+0AGH¥ UMY LYY Y INRSNINX KGR U¥ XY +CASAYM¥LDX
YO¥YANESIINXK¥RRU¥EX¥C=0ASAYOMY DT I¥ TR Y dNYCX¥SNNX¥BA¥X¥g+LNUL4=1N0LS

, OASH¥OM¥ BT IS ¥ ¥ ¥ ¥ ¥X
SANX¥BHUYX¥=0A8d¥OMYRTIYS ¥y dH¥CF¥SIINX¥Eh Y X¥paGCAd¥OMYL 1 I¥C ¥ ¥ dH¥ X
C¥XSIINX¥GHA¥ X ¥ T+ CAGHYIMY I T DY C¥ ¥dA¥ IR YSIINX¥QUU¥XX¥=TAGQd¥9OM¥ D 1 J¥Tx¥X
AN¥C¥XSINNX¥BHUYX¥h=C A HYIM¥ DT IR X¥INY R XSINXXBNUXX¥ =T ACd¥ L Mx T DX
¥CXXdA¥YCH¥¥YSIINXYBNAXX¥R=CAGHYIM¥ DTV CYYINXCXXSANXY ER(¥XXB+TAGH¥LMX
«:;u«m¢«mx*m*«m:fowqo*x«q+ozm:_u«m>ma*m«<1x«m*«m:zx¢wsc«x«mlnz«x
aﬁu«m>m1<m«*azfm<xw:2x«w:o<x<m+mz«a~U<_>x1«m««1x«m<«m:zx<m:a«x«:+x
 PAGAY UMYX T Ik X ANNB UK Y XX 2= 0AS ¥ SGMY QI IV Y NG UFCF ¥ X¥CHDAGHENMYX
¥GTOxd ey dN¥ghUY ey Xy =T AGYY¥SMYS T ¥ Y Y dU¥OHO¥ ¥ X XY+ OALAYOMY T INEX

XX ANYSNANXYRNU¥ XX ¥4+ 0AGHYIMY DT IY S ¥ ¥ Y YSIINXYRhA¥E¥ ¥ X¥h=1N014=4n0Ld

. _ OABdYIMY R T IvE ¥ dA¥SIINXXGHU¥I¥¥X

X¥Z=TA2dY YCr¥dNYSINXYBIU¥CR¥Y XY G+2ASH¥OMEDT IV Y ¥ INYRSIINX¥GhUX

- ¥ XX X¥H=TAGHd¥ UMW I IV X ¥ dN¥SHNX¥BHU¥ Y ¥ X ¥R QALY LMY R T IS ¥ X dNESIINXX
¥GHAYL¥Y XV H=0AQA¥ LMY DT IV vy dUVSIINX¥QUUYC XY X¥ 4 0ABAY LM eh ] I¥Tx¥da¥X
SANXY¥RUUYIY ¥ XX+ TACHY MY T IVYCXYANRSININXYQRUY ¥ X ¥ 1= AGd I M¥ T IR ¥R¥EX
AXESONXYERAYCYY XXB+IGME D T IV T ABAY ¥ ¥ AUV SIINXY R vy X¥p=LM¥h1I¥TABAX

YO XdAYSINXYYUDUX SR Y X ¥ AT ACH¥IMYEL T Y ¥ gy G (e ¥y Xeh+ T AGH¥YMYTOX

-
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Yy

¥C+TALAYLHMEY wusmzc«q+_>:1<ﬁz<,_u«x:c<m|c>a¢«:x«oq<wse«m|m>cax:z*x
6IYHDU¥2H+OACAXO I I¥CMYANYSNANXYRPU¥LCHCACH¥O L I¥CMYdNYSIINX¥EPA¥C=LACdX
YOLDXEMYANYESINXXGHAYC+TASAYO I I¥ICMEINYSIINX¥HIU¥ = ACH¥IM¥ AT T I¥dAX
¥SIINX¥UHAYZ=CACH¥TMYXATTOY INYSNINX¥BHUYTHLACHYSM¥ AT T O¥ gN¥SNINX¥BhU¥IX
+~>m1«mz*>~_U<1x<¢:ZX<xs:«o:w>na«mz«»oﬁu<1x<w:zx«xac<f|h30hu inotL4
TACA*¥CM¥AQ T J¥dNX
¥SOUNX¥YRUY +DNACA¥ZM¥AOT IV AAY S :7x<m:o<n+m>r¢«ns«>o.J*az*m:zxfmac«ay
|o>m;«cx<a_u«az«m:zx«m:C<p|o>ma«c3«:ﬁU<ax«vjzx«w:c«r|n>zm«oxxadu«x
AN SANK¥BHA¥C+CALAYOMYTININESIINXYGhAYCH T AT d¥ L M¥ T I dW¥SNINXYEhA¥CX
FTADAYLMYBTII¥dAYSIINX¥BNAYC=0ACA¥ MY Y IHESHNX¥GIAY T+ ACA¥YCM¥NI¥dNX
«m:zx«m:o«mnoz<a_u«ou«ax<m:zx<c:c«o:=~+c>ma«ox«:~u«m««ux«m:zx*mzcx
¥HeOAGH¥OMYDTIYC Y ¥ AUYSIINX¥EIUYCH+0ABAYIMY DI D¥ T wdd¥ SONX¥RITA¥C+ T AIAX
¥ IMYDTIXEXYAUXGINXYENAYh+ TAGAY LMY T IvE v xdAY SNNX¥HhUY =L M¥R1J¥TABdX
«m««ax«m:zx«m:cxmum>ma<cx<>m~u«m««ax«m««m:zx«mao<maﬁ>ma«:x«>mqux
«m««ax«m<«w:zx«mzo«m+s>m&«w3<>mﬁu«m««mx<m«<m:2x«¢ac«~+h:chmu»:o»u
. cAGdX
¥OMYACTIYCYXINEZ¥¥SIINX¥BI(J¥2=0ASGd¥ MY L TI¥ Y ¥ dM <n*<n:zx~w:c«n+m>mux
. Y IMYS T IV YR N ¥ ¥ SIINX Y QI O¥Z=CASH¥GMY L TI¥CY XNV ¥ Y SANX ¥ Q¥ 2+ TAGdX
_:«mz«m.U<m<«ax«m««m:zx«c:g«m-m>ma«:z<o_u«m««az«m««m:zx«m:o«mum>mux
q«mx«o_u«m««mx«a«*m:ZX<m:c«m+m>ma«:x«mﬁu‘m*«ax«m*«m:zx«mzc*mnm>ma*x
UMXGTI¥2Y Y dNYXC¥ESIINXKYBRUYZHOASA¥TMYEIYCHF¥FANFC¥ESIINX¥RNA¥THIAGA¥IMX
X6IL2¥XdNYLRESNINX¥BHUYC=CASGdY MY LO¥CYYIH¥CY¥SINX¥BI7A¥ =T ALD¥M¥ LDX
*m««ler«.m:zx<m=c« FOAOGYOMY D T O¥E Y dUYE XY SIINX¥ G U+ ASH¥IM¥ T X
CYN NP EYYSINX¥BHUXT=CASdY L M¥ R EIRT Y dNYXIXYSIINXXBn(U¥h=2ALd* L M¥ 7T IX
*w<«1x«m4«wDZx«x:c*a+mz<:_u<m>w1*m«<ax«ﬂ«<m:zx«wac*m+h:chm inoli4
OMYRTI¥CABA¥RL ¥ ¥dNX
¥CY¥XSINNX¥ENA¥C=CACA¥ MY IUY¥SHNX¥ 1 1A¥gRU¥C~TACH¥ MY dMYSIINX¥T [ D¥8H0AX
«n+o>ma<mz<ax«c:2x<dﬂv«xrc<mno>ra«mz<ax« INXXT 1 0¥ QY C+GACH¥ALHA¥X
CMYAS T O¥dNY X¥THGAC X ASHUY MY AS T D¥ AR XYCHNATA¥ASGQUY MY AL I I¥dN ¥ X¥ =X
4>may>mmc«m3«>m~b«ax<x<m+:>mm«m:c«pz<>m_u«ax«x«p CALAY I hUXIM¥ALTIOX
YANYX¥CHE ALY CMYCGA¥AST IV ANY X ¥ L= TALAYIMYE SUYASL T D% AdAYX ¥+ A d¥Y AL RUX
Y OMYS LD dNY X¥2=CACdYASI UMY I D¥dNY XY+ TATd¥ALSAYIMXE T D¥dirX¥l=X
[ ACAYASGUYCMYS I DNAN¥XYCHSASAY S RUY MY LI I¥dNY XX =TACH¥ChHUNIM¥ZTI¥dAX
¥XYCHOALAYCMYCGUE T DX AHY X ¥R+ AT CMY L GURCTIR MR XY= A ¥ AL Q¥ IM¥X
EINAMYX¥C=CACH¥ACHOY MY BV ANY X ¥ CHTACAY L HA¥ MY QDN dNEX¥ =40 14=1N0L 4
TACd¥endX
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¥CHATHUYTALA¥ UMY 1DV =0ATYChU¥NIYZ=ALHU¥AT I D¥ QALY+ INOTH=4NULA
. : B ACSU¥AUTI¥GA L J¥X
CHOTIVYALGUYNALAYZHASQUYATTOXNATA¥SH L UYAT DY RATA¥C+ASIHUYAOI DY RATAX
¥IHEQUYAOQT DY DATA¥CHPACAY ACHUYCHY AT LAY INFSNINXYZ=CACIYALHUIMYAZTIX
¥dUYSIINXY +m>ra«>nm:«r3«>w“u<1x<m:zx<n|»>na«>nmo<nx<>m~u«az«w:zxy
YCHLACH¥ I RURCMEAT T ¥ dARSINX =T AT Y CHUXIMYAC [ DY ANYSNNX¥T+HACAYX
CMYLSU¥ASTO¥DN¥SNINX¥Z=CACA¥CMYLSU¥AL I D¥ANYSINX¥CHCALA¥ AT A¥ MY TDX
YANESTINXY =T ASA¥ACHAY MY ST DX ANYSIINXY 4 DACHYASGUYIMY LT IV AN¥GIINX®L
m>m1«>mmc«mz<n~u«ax«%Zﬂx<m?o>m;«nzc<ns<m.u«gx«m:zx<m+m>:a«n:c«mz«x
LIV dA¥SHNX¥ =LA dY MY OGU¥ ST IVANYSOANXY = [ ALY MY LSUV T LI¥dN¥SANX¥ X
+a>mm«>m:c4¢z<o~u«;x«m:zxwrum>oa<>wac<nz«odp«&x«m:zx<m+h:c»u 1noui4d
- CACdY ATSUX
«nz«cﬁu<ax< :zx«o TACAYACGU¥CMY Q| DY dN¥S :zx«m+m>n1,1ac<nz«oqu«1xx
XSNNX¥CmTACA¥ L RU¥CM¥OT IV ANYSNNXYE0ACAVCM¥CSA¥OT IV IN¥SHNX¥Z+T AN
«mx«mm:¢p_u«ax«w:zx«mlm>n1¢>MaC<m3<m_u«ax«m:zx«mnd>maf>m:o<m1«mﬁux
YANXSNNXYCH+HACHY¥ACSA¥IM¥GT J¥XAAFSIINXY L =CATI¥ACGUYCMYSTIVANYSNNX¥X
CHOACAYINAYZMYSTI¥ANYSNINXX¥C4CACA¥EHAVEM¥S T I¥ANYSIINXXC=C AT H¥CH¥EGUX
¥STOVAXYSHINX¥C=TACdYCM¥SGAYST DX ANY SIINK¥CHSALCAXACHAY MY 6I¥dAN¥SNNXX
¥ =T AYALHUXIM¥BIYAAXSNNXYCH+OACAY L UMY LI¥AN¥SIINX¥CH AL DY TQ¥X
MY B IFdN¥SIINXXZ=RACAYAChUY MY LI¥INYSIINX¥C=CACAYATRUYOMELD¥dARGNNXX
¥CHTACHY I HUYZMY LIV ANYSNINX¥ =T ACH*¥ T MUY CM¥LI¥AN¥SNNXYC+LNUL4A=1N0LS
) . v . OAQI¥ LAY MY T IV ¥ XdAX
¥ZYX¥SOANXYZ+AGQUYIMYAQRAY I TIFCKEDAXYYSNNX¥C=ACAYWMY DT I LA ¥ ¥¥X
dAY X ¥SANX¥ =G SUFIMYEN T I EAGA¥ ¥ ¥AN¥CYYSIINXYZ=ACGUYPMY¥ T I¥CABI¥C¥¥X
AR Y ¥SNINXYCHS Q¥ IM¥ T I¥CAQAYC¥¥ANY XY SIINX¥ Z=AChU M 1 J¥ T AQGd¥C¥¥X
AH¥ ¥ ¥SINX¥C+HESUX UMY DT DY TARD¥C¥Y AN ¥SIINX¥Z+0TIYACHA¥TATd¥ 40T IX
¥EGAYEATd¥C+ATHA¥ATTI¥G AT gv 2= COUYATIIYEAId¥24ACGUYAQTI*¥CATd¥=EAX
¥AOTD¥EATd¥Z+ACHAYHIYEATA¥2+01IVASGUYZAldY L= 0TI*%EhQ¥xAlTd¥C+AEGQ¥X
AVLID¥CATd¥ =9 U¥ATTIYCATd¥C=AShA¥ADYIYCAId¥2=CGa¥ A0 T A¥ZATId¥C=C (¥ X
BIOYCATA¥HOTI¥ALHUYTALG¥ =01 0¥ LSUXTATAYZ=CQU¥ATIOYTATA"=CPA¥ADTIX
¥IATA¥=AZNAYPI¥ TATdYC=0ATd¥eSU¥TID¥=ASLhAY AT d*¥T12¥C+4N0L4=1N014
ACSGQA¥CAT ¥ TTIX
¥+ NUREATAY ITI¥CHACHUXCALIGY¥ T TN = GAY2AId¥ 1 TD¥CHACGAY TATA¥TTI¥IX
|m:b<ﬁ>~a«~ﬁu«hnm>z&<zz«>mqu<®?c«m+_>:a<az«>m_u«m:c<moo>:a«:x«mqux
YRNAYC=CAbd¥IM¥ S JygndYC+TACa¥IM¥OTOY QA= AND¥ MY OTI¥ QI U¥C+0AS N
YOMYQT J¥BHUNCHOARIYGMYOT Jxd hU¥C=0AZdYIMES T D¥GNA¥C=0ARdY UM¥ST DX ghUX
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¥L1U¥AQEDI¥ ¥~ CATA¥YATTUYOCIY AN CHLATAYALTUX0ZI¥ IV I~=CAId¥ ] TU®0CD
<J«m+c>ﬁa«~ﬂcscnu«q<mnmx<w:zx«a>ma<»__c«xmufmx<4<m|lx*m:zx«m>max
YALTU¥RBLIKLIME INCHANYSNNXYGACHYALIUYREDRCMY 1% C=dAYSOINAY I ACA¥ AT TUX
FH2IVIMY I¥CHANESIINXERAC AR AT TUY LIV IMY T¥Ca X SNNXYZACH¥ AT TUX22D¥X
CMY T HANFESIINXYCACH¥ YT I¥ ) T UMY IV d N ¥ SNINX ¥ I ACYB2I¥ T TAXTMY T4 X
AMNYSINXY¥ AL NI T UMY TY C=dA¥SIINXY OACAY IR TTAYCHM¥ 1XC+dN¥SNNXX
YEACAYZLZI¥TTUYEMY T C=dUYSIINX¥ TACAY LY LTQY MY Ix 4+ T D% AN ¥ SNNXX
¥EACA¥SA¥EM¥ TN 2= DY ANYSANX¥SUYOACARIM¥ IR+ AN¥SINX¥EACI¥AT TUX
¥HOI¥FEMY INZHINESINXY TAZIY AT IU¥REIVEMY 1¥2=dN¥SIINK¥SACAYAO T Q¥ 2 DX
«mz«_«muax<m:zx«d>m;<>cMC<zm4«qz«;<m+ax«m:zx«c> 'A¥AOTA¥SIIDrIMRIX
¥C=dA¥SNNXY¥ZAA¥AOTU¥CCI¥IMY 1¥2+dNYSINX¥LACAXBCIY I JA¥SMETY2+dN¥X
n:zx«c>ra<mnu«~_:«n3<_«r-nxxm:zx«m>rl«:ou«o_o«w;<_<m|h:ch Lnutd
AX¥SIINXYOALD¥ IO 1 a¥X

CMX ¥+ AN¥SNNX¥CAC¥22INOTUFEMY ¥ 2= ~dN¥SNNX¥TATAYEZIX0 1 Q¥ EMY TR+ X
mz*m«*ax«m««m:zxqﬂmu«mc«m>ma«d*rnﬁmu<mc«_>m;¢=3«4«m+nmu«mc<q>aax
¥NM¥ T XV ARV E¥YGINXFLCIYSAYIMETAGAY 1¥ 24 dM¥XRACAYRII¥ AU T Q¥ IMEX¥EX
1¥CHdAYCACA¥BEI¥AOTAYCM¥XY 1Y C=dX¥ NACI¥AITA¥NZI¥IMXX¥ I¥T=dN¥TATdX
YATTU¥hEI¥IM¥EXY TV T4+ dN¥CALH¥AT LUYCCI¥CMY X ¥ T¥C=dNY TASdY AT T Q¥ 22 IX
«mz«x<4<m+ax«q>ma«zmu<—qg<mz<x*dgmu&x*_>.a«qmu<~ﬁc<mz«x«4«m+mxx
YZAdd¥dd «q,c4mz«x<4<mn1x«c>na«pmq<_ﬁc«oz«x«4<r+ax« ACd¥8CI¥0TUX
YIM¥YX¥ DY ¥ T AC¥RCI¥ O TUY MY XY 1N Cmd N Y CAC ¥ B I¥ A TUNEMEX X ¥ dNX
¥LAZA¥RLI¥AUTURCMY XY TYCHANY RALAYAQ T U I¥SMYX¥ AN CmdNYCATAYAD TUX
¥R2I¥EMYX¥ T¥ZHdN¥TACA¥AOT U IFEMYX ¥ NN Cmd WX [ AT Y AN [LUKSTIREMEYX

X¥ ¥ C+dN¥YCASAYYCI¥ O TUYEMYR XY IV =dU ¥ 0 AL d¥BCI¥OTA¥EM¥X¥ 1¥T+dN¥EATHX
¥NEOYOTAYSMYX¥ T2 =dUY TACA¥ICI¥OLUYSM¥EXY 1%+ dNXCACA¥COINOT QXS MX
¥XE T =dN¥0ATA¥CTZI¥OTURCMYX ¥ TR HTY Y IN¥SIINXXLSIYGUYOASA¥ IMY X ¥ XX
CHE¥EANY SNNXFLEIYQUYTASHF IMEX Y 1¥CHGMY ¥ ¥ INRSANXY LCAXGUYX T AG ¥ X ¥ IX
«aumx«o«<&x«NML«mc<o>mg«m««x«annrﬁ<;x«-u«no«:x«ﬁ>m¢«m«<x<4«m+
o InGl4=1naolL4

CALA¥ATTU¥LSI¥M¥ T¥ 24T AT ¥ AT TUXLLDYMY 1= AT AR T TUY LOI*MY IR+ 0ATAX
VITAYL2O¥MY IVC=hALdYAQTUYAUCI¥MY INCHCATA¥AOTUYAOSIYME ¥ =S AT dX
¥AOCTYOTU¥M¥ NN 2+ T ATA¥AOCI¥OTAYNMY I¥2=CATI¥AQ T QYOI I¥MYE 1%+ T AT IX
«>:Hc.cr,<3«4«a:r>_1‘o_c«c\u«3<4<m+o>ﬁa«cqo<:o4*3<4«n LnoL4x
=inoi4

; OATdX

¥OLIYLUAY = ACnU¥ e ALd¥nMe Y DY CHUALAY S YUY IMY DT A= AL XS I Q¥ MY R T X
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YCQI¥QUYOALA¥X¥ZH LMY INY CGIK U QAN DY X¥ 2= L M¥ S XY ANY EGAXGAY0AS ¥ X e X
-ozgm«<ux«m«*w:zx«mmu«m:«o>m1«x*anux«m*xax«mmu«m:so>x1*x*mucz¢mx
«<1x<m<«m:zx«muu.md<c»¢1<x«¢-cz«az<muu<mc«_>m¢«x<muoz<ax*mmu«mcx
«,»sa*xxm+ax<a>ma«>-g<>c:u<a3«x<mnix«m>mlﬂ;_ﬁ:«>c:u.m3«x<m+a1<x
m>ma«>:au<>cqc«mzﬂX«moax<m>ma<>caU<>c_c«mz«x«m+ax*z>ma«>cﬁo«squx
«m3<x*mnmx«m»mm«>o_:«z:u«m3<x<m+1x<m>ma<>oau«ﬁ_a<mz«x«m|mx«q>max
¢>oaU<_ﬁa«mz«x«m+mx<w>ma<>ﬁ_c«o:u<m3«x*m|ax«~>m1k>-_o¢o:u<mxx
*x«m+mx«a»mm«>oﬁc«oau*mz«x«mnax<m>ma<>c.:<oau«m3«x«m+»:chmn»:c_m
’ : dN¥CACd¥ T TUX
«c=u<m3«X¥m:ax«o>ma*~—o«c:u«mz«x<m+lx<:»m&x>cau«odcxmz<x<mxaxx
«m>ma<>oauxcﬁc«mz«X<m+ax*m>ma«:zu<o_cfmz<x*mnax<~>m¢«=:u«9qc«m3x
VXXCHANYEALA¥ORIYOTURCMEXY=dAN¥ 1 ALY Ol YO TUXSMEXYCHOMYEXY MY XXX
w::x«mmu«mc«m>ma«x<:nax<m>ma*>oqc<q:u«mz«x«m#ax<ﬁ>ma<>c_c<=:u«x
mx«x«mulx«m>m1«a=u<o_c<mz«x<m+mx«c>ma<=:u«o_o*mx<x«mxmzfm««ax*mx
««m:zm«mmu«mc«m>ma«x«x+m<«ax«m:zxxmc<o>ma«m=u«:z<x«m+m«*ax(m32xx
«m:«b:u«m>m1«zz«x«mlm«<ax*wvzx<oru<mc<m>m¢«:3«x<:um««az«m:zx«mcx
«m:u«m>ma<:z«x*mnwz«m<«ax«m:Zx«cmu<ma«d>ma«x*c+ox<m«¢ax<mmu«mcr
<_>ma*x«m+os<m««axqmﬁ«w:zx<mmu<mc«~xra«x<:-N;«ﬁ««lx«m<«m:zx«mmux
«mc*q>ma*x«a+m«*ax<m:2x<wo«nsu«:x<H>va<x*m+ox<m««ax«m:zx«_>xax
.*mmu<no«m««xxcnuz<m*<ax«m:zx«#>m;<mmu«wc<m««x«m+ox«m««ax«w:zxx
«ﬁ>ma¢mmu«w:«m««x«x+mz*m<«ax*w:zx<d>ma<mmu*mC<m««x«:-ox«m*«axx
«w:zx<mmu«mo«c>m1<m««x«q+nz$M<«az«m:zx«mmu«mc«o>ma«m<«x*mnmx¢mx
¥¥ANX0SIYGU¥OAGDY ¥ Y XX+ OMYC¥ ¥ Y SANK TG I¥ AR OAS AN ¥ XX K m [ MES ¥ ¥ X
mx«m:zx*mmu«mc«c>ma«m<«x«z+cx«m*«a1<m:zx*mmu«mo«o>ca<m«<x«m-n3x
«m«*ax«m:zx«mmu«wo<o>wa«m«<x«:+ozsm<<ax«m:zxxmmu<mc«m»mm«m<<x«:x
uox«m««mz«m:zx«mmu«wc«~>ma<m«*x$:|~x«m«*ax«m:zx<mnu«mo«q>m;«m««x
x<x+m«<ax«omu*rc«:z<_>mm«m<<x«mnoz<M<1ax«_>xa«mmu<mc«m*«x<mnos<x
\m«<ax«~>ma<mmu*mo«m4«x*:+ﬂx«m<*ax«muu«mc*c>ma«M<<x«::y:c»unh:chu
, LMY C¥Y G A¥ GV G U OAS PG KX X
YOHLMYE Y ¥ dN¥CS IR GUYOASA EY ¥XXCHOMYE Y ¥ dN¥ GG Q¥ T AG ¥ S VXXX =S AT dX
«>_4c«mau*x«mn_>_a<>~—:«m:ufr*w+:>_1<>c_C<m:u«x<mvm>_a«>oﬂc«mqux
¥yM¥Zd4Z2Ald __c«mau«x*m-c>_a«~_:«m:u<x«m+m>ﬁa«>cqc<ﬁ:u<z«m|q>qax
«»cﬁc«ds.«x«m*m>_a«m:u<o_o¢3<w|e>_a<mau«c_c«z&m+m>d%«_:uﬂo_o«x
z<m|c>~1<ﬁ_U¢o_a«z«m+m3<NMU<vc<c>ma<_«mumz«Nmu<mc«o>:1«;<m+a>_ax
<>,_:«mmu«g«mum>_a<>_.c«mmu«;«n+m>~1<__C<~mu14<m|,>~a<_ﬂe«nmu«qx
«m+:>#a<>__o«>omu*_<m+n>~1<>__c1>onU<d«mum>.a«_~:«>cmuf;«m*~>_ax
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/ .

¥EUI¥ZHTATA¥AQLUXERINC=CATdY CHIV¥EHIATA¥TTUYERI¥C=C A d¥AThOX
wo_g«m+_>da«>m<u<oﬁo«m-:>_a«>mmu<o_c«m+m>_1«>mmU(c_c«m|m>_m«m=uy
«c_a<m+o»_1<m=u«oqofm-m>ma«ﬂzu*o_C<m+_>~a<_:u<c“c*m-m>_&«m=u«x
c,a<m+o>qa«m:u«cﬁc*m-m>ﬁ1‘>__c«rmu<m+_>_;<>__o«mmU<m,h:c»mnh:c»u
’ : _ : BATA¥AOT(*¥ESIX
«m+m>~1«>o~a*mmu«m-m>~a*ﬁ_:<mmu<n+o>_l<__a<mmu«m-m>_a«c~c*mmux
«mwﬁ>ﬁ1«:qc«muu«m-az*m:zx«m>ma«>_#C<>czu<mz«mnmx*w:zx«m>mm*>__cx
«>c:u«mz«m+ax«mazx«a>ma«>o:u«>o-C<mz«mnax«m:zx<m>ma<>oau«>c_cx
«mx<a¢az«m:zx«m>ma<>oqc*asu«mx«maax<m:zx<_>m¢*>c~:<=:u«mx<m+az«x
m:zx*:>ma«>oaU<~ﬂo<m3*m-gx<m:zx«m>ma<>c:u«qsc«mx«m+ax«m:zx«:>max
«»,_c*oau«mx«m-ax«m:zx<m>ma<>,_a«c:U<mz*m+¢x*m32x«m>a1«>c,c«csux
«mz«m-ax«m:zx«_>ma«>c“:«cau«mz«m+ax¢m:zx«m>ma«q,e*c:u«mz<m:axx
«w:zx«_>ma<ﬁ_c«oau«mz«m+&z«m:zx*a>um<>_#c«x:u«mz«maax<m:zx«m>mmx
«>_~c<mau«mz«m+ax*m:zx<m>ma«>o_o«n=u<mz«mnax«w:zx«_>ma<>c_c«cqux
«m31m+ax«m:zx*m>mm«_ﬁg«n=u<mx«m-ax<m:zx«_>mm«ﬁqC<m=u«mz<m+ax«x
m:zx«m>m&«>nqu*o_o<m3*m-&x«m:zx«q>ma<>:=u«o_c«mx«m+axxw:zx<m>max
¥ERI¥OTQ¥CM¥ CmddY SANX*¥ VA ¥ I¥ 0T AYEMET+H AN SIINXYZAT ¥ 0P I¥0 ] Q¥ MX
¥C=dAYSANX¥0ALAYORI¥OTAKZM¥CHdNY SIINX¥CACA¥ G I¥ 0T (¥ MY.CmdM¥GIINX X
«o»Na*mau«cﬁo«mz«m+mx<m:zx<m>mm*mc<omu«Nz*m-az«m:zx«mo«o>mm«emux
«mx«m+~z«m«*ax«M<«w:zx«mmu«mc«m>ml(a+ax«m:zx<:>ma*>oﬁ:«a:u*mz«mx
+1x«m:2x«m>ma«>o.o*qau«mz«m-ax<m:ZX<m>ma*>_ﬂc«@au«mz*m+1x«m:zx«x
ﬁ>ma«»~qa<m=u<mx<mr1z*m:zx*:>Na«>oﬁ:«mau«mz«m+ax<m:zx«m»mg¢>o_cx
¥ONIVEM¥C=dA¥SONX¥TACH¥ L TQ¥HROY LMY T+dANYSNINX¥OATAY T TGN I¥E MY X
lax«m:2xxm>mm«:zu«o~c«mz«m+a1*m:zx<~>m1«qau«o—:«m3<m|b3chunh:c»u
‘ N ' AN SNNXX
«m>ma«m¢u«oqe«mz«m+axxm:2x«_>ma<mdu<c_c«mz«m:mz«m««mx«m«*w:zxx
«omu«mc«m>ma«m+oz«m<«1x«m«<m:Zx«mmU<vo«m»ma«::mc<o>¢a<>au<:z*mnx
m««ax«m««w:zx*me«o>mm«~=u«=z«m+omu<mc«—>m1«=z«mrm:<mcu«m>:a«sx*x
m+omewciq>aa¢az«m+m«xax<m<«m:zx«omu«mc«m>m&*:z<m|m«xmx«m«*w32xx
«mc«r:u«m»ma«az*m:m«<mx«m«<m:zx«m:<mau«m>wa«:x«mwn3«m««ax#m:zx<x
CRINSAYTASH¥T=C¥ ¥ ¥ Tx Y SANXY SAYSHIY MY [ AS ¥4 LMY O Y dAY @G IV G Q¥ XY X
OnE=GMY LY ¥dX ¥ KX SNINXY CARA¥ S D¥LUY XY= LMY ¥ X MY Y ¥SINX YT AG ¥ DG )% X
WQ<x<m+cz<m««ax«~>w;<mmu‘nc«x«m+NzRM<«ax<m««m32x<~>xa<mmu<mo«x«x
:+ox«m«<ax«m««m:2x<m>mgﬁmmu<ma<x«s+Nz<w*<ax*mx*m:zx*n>m1<mmu«nax
«xqsuozqm«<1x«_>m1<mmu<ma«x«=um3«m<<ax«m<<m:zx*~>ma*mmu«mc«x¢wux
LMY XX AT COIRGU QA XY 4 OM¥ Y MY Y YSIINK¥ZGIRGUY QAT X ¥ Q4L M¥ dHX
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’ ’ o>cm«ms«w
nn:&x«m:zx*mu«n >mwa«ﬂ3<ax<w:2x<w>r1<ﬂU¢r+ z«m..c«kx<f_:_x«n>m.l«n‘;
*m+>mm_c< MYAXFSTINXXCITACAY =S AGA¥ SMYCHF¥IRY YR SIINKY L J¥QuU¥+ 1 ASdX

GM¥ZY N ANV «<w:2y*nb«m=c<ruwx<#14m:zx< ACd¥gIa¥ [IVZ+EMedU¥SIINXX
«q>ma‘¢ac«_u«h-c>mu<ch«MZ<1x<mp*x<n+mq:<mx«az«n»nl*mugx*m-m>ma

YOMYZY Y AX¥SNINX¥CIVRPAY XX ZHOAGA¥GMY ¥ XANY STINX¥CI¥GRUXX¥C=EMXdA¥ X,

CACANCTIFACHUY N ¥ C=EMX ANV I LAY AZHUYXYC+0ATAYEGU¥ T aXMYE+ACSA¥E AT dX
*_u«x«m:nmc«m>~a«_u<z«m:>m U¥TATAY IOYMYZHOATAXTTI¥CQQa¥M*TI¥2=DATdX
YChUYXOTJ¥FM¥ v = c>ﬁ1«1:c«:u«3«_*n|>cqu<>wJC< ATA¥YMY ¥ ZHAOTIYEGUX
*=>~1<x<4<m+>w c«cﬁU<a>_a<z<4<r+>oﬁJ<>me<»>_a~z<_< -1Nn0Ld4=1N014
~ AOTDxShUX
<m>~a<3«a«n+>~mo,-u«m>,a<x«_«m+m:c<~—4«m>~1«z«4«m+q g%0l1J¥ZAldX
VMY ¥ HAOTOYCLAYZATA¥MYXINL=T [D¥CQUY AT dY MY IXCHASGUY DT INTATA¥M¥X

Ve 2=EhA¥0TI¥ZATD¥MY T¥C+TUU¥NI¥CATAYMYTI¥ZHAQT D¥E ¥ TAT ¥ MY ¥ 2=ALGUX
¥ITDYLATd¥MX 1¥2=Cha¥T 1D TATAYMY I¥ =500 TIY AT DY MY TI¥=ACSU¥PATAX

YALTOYMY 1¥24EhU¥ BATA¥AT I DY MY ¥+ SUYEA LY ATTID¥MY T¥CHATSUXRZ AT A¥ X,

AVID¥M¥ I 2= A% ZALd¥AT T IVMY I¥2=CGUY LATd¥A LT I¥M¥ T¥Z=A0-T DY D AT ¥AS HUX
«zs;<m+__gfs>_a<>mac«x«_«r+c~u«w>_m<>m:c«3«4,m+:u«a>~a<>nvo«z«4«x
CHAOII¥ZATI¥ASHUYMY AV =TT )¥ZATd¥ALHAYMY I¥C=0 1 D% [AT ¥ AL HA¥MY T¥x=RIX
¥[Ald¥AShU¥M¥Nr= n>qa<>_—_«>ma:«z«.<n+m>-a*>*qu«>m=c«3<4«n|»:o»ux

. . : nh:chu

- . szF

) GM¥Od¥ MY SNINXY Y nuﬁﬁc<co:~+oxxmx«n>nax
«m:zx<4mu«mc«m+nz<m«¢az¢m««m:zx<»>wa«o;g«nc«n+ox<m«<mx«t«« SIINXX

- ¥2ABdYZSI¥SUN¥C- “LM¥CY¥INYSINX¥TAQGD¥ 24DV QUX2=LM¥ g Y¥IN¥KTVYGNNX¥X

w»ma«mmu«mo«::oz«m««ax<m««o:zx< PACAYCSINGUXh+ LMYS Y NS :zy«q>nax

p<ma«a+oz«w««11«c:zx<mm~<VC<o»n1«:qmz«cnu<mo<c>ma«o+oz«axx
m:zx« 'GI¥ QU 0AEdY - wz«OLp«wc<c>=a<n|c3<ﬂ«*ax«m:zx«m IxGA¥0ASdX

«m+ozxax«m:zx«nmu«ma<c>m¢<onoz«w<<mx«m:zx«me<Lo<c>mm*n+~x«mxy

YSNNX¥ESI¥GU¥TASd¥ +m>_1«>__c«>rzp<n+m>_a«>~—c<>m=J<m|=>_a«>o~my

NAERIYZHCATA¥ADTUYACH I¥2=DA ¥ AL DY T IUYCHCATAYACHI*¥11G¥C=hATdX

CYATTAYACSD¥CHEATA¥ AT TU¥ACQI¥C=SA AYAD Q¥ ASGI¥ T+ CAT A AV TA¥ALGI¥X

Z=CAldY TTA¥ACSI¥CHTATAYLTQAVALSI¥E=DATA¥AL Q¥ 203+ ATd¥ATTQ¥chIX
vd= m>_a«>c«c«m:g«m+~>q1«>c~c«m<4«rum>_a<._c«n:u<4+“>_n«__o«radx
<n|=>ﬁa<>o_:«_:u«m+r>~a«>o_o<ﬂ:u«rl@x«gx«n32x<rw9<ﬁc<J>=1«m+hz«x
AMYSTINAYCSI*¥SU¥TARd¥=bATd¥Y AT Ly¥ ¥eh IVCHCAT ¥ AT CA¥d=CATld¥AQTUX

/

!
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FITARDEIYLHCHY MR SIINXY CAZAY I TA¥RCIYC=EMYdNRSANKY RATAYAQ T QY HE T X

m|mx*ux<w:zx«m>ma*>c~c«:mu«m+mx«¢x<w:zx<m>ma«c_c«amugmlmz*ax«m:zxx

,«~>ma<o_o«nmu«m+m3<m«*1x<m<«m:zx«mc<~mu<ﬁ>m1<m+mxgzxfmzzx«m>mmx
gadc«NNU<m-msxmx*m:Zx<q>ma<_~c«mmu<m+mg<&xgm:2x<m>ma«>c_agmmu«x
mnmzxmx«m:zX*m>ra«>o_c*mmu«m+mz<axxm:zx<q>ma«p—c«mmu<mnh:chmnh:o~u
g _ , _ S CMX
*ax«m:zx«m>mu«c_e«mmu«m+n3<azkm:zx<m>ma<ma«emu«mnmz¢ax«wazx«~>max

o YGURTCONEHIME AR SINX ¥ SACUY6CI¥AY [ OYZHEM¥ANKSINX¥EADA¥ 6T I¥AT T ¥ I X
,-mz«@xgm:zxxq>ma«omu*>ﬁqc«m+mx«ax*m:zx<m>ma<cnu«>-e<m+mzxazsn:zxx
*mxma*wmu*>,—c«:-mx«ar<m32x‘~>ma<umu<>__c«m+mx«1x¢m:zxmm>ma«¢mux
«>ﬁ_c«m:mz*ax«m:zxwa>mm<:mu<>__n«m+mz<ax«m:zx«=>ma«mmu«>-c<m-mzx
«mxmm:zx<m>mm«mmu<>_ﬂc«m+mz<o>ma«m«*lX<m:zx*mcfnmu<X<m+mz«mx*m>Nax
*>o_g<amU<x«m-hz*ax«m>ma*>c_Q«QNU<X<¢+m3*ax*_>ma<>o_c«omu«x<m-mzx

¥OACA¥dHY D FA¥OCI¥XYZ=CM¥dNYITATI¥ 01 U¥6CIKN¥CmE MK AN TAL A0 (¥ IXXNX

:+m3«m««ax<m:zx«mc*pmu«m>mm<x<mum3*ax<m>ma«qﬁc«zmu«x«mxhachmnpzﬁbu
S : " _ . MY dMY I ACd¥ ] Ta¥h2 DX
¥XAZHEMXANYGALD¥ ADTUKIEI¥X¥=EM¥XANY CAZAXAO T QKN I¥X KT H+E MK AN K AT dX
«oﬁc«SNU<x«N-m3<ax‘N>ma«oﬁcwzmu«x«m+mx«o>ma«ax«q_c«mmu«x«m*mz«ux«x
CAZdNTTO¥ZeI¥X¥C=EM¥xdNX DAY AOTOYZCINXY 2= EM¥ MK ALY A0 T G¥OC IV XD+ X
EMYANYE A0 TA¥C2ZINXY T My d WA TAZA¥ UL QY 2R XN 2HS MY ANY HAZ ¥ DEDVAT T OX
YXNC=2 MY dN¥ CACA¥HZI¥ AT TA¥X YA CM¥ YN CARA¥ 2 IXAT TAVXY =S MY N T A dX
YCCI¥ATTA¥X¥THGATAY 1OV AQLUYM¥IFTATGY ICIYAOTQ¥ MY h=TATA¥FSI¥AD T UX
¥MYCHOATAY T IQ¥DEIVMY Zmp AT ¥ TTO¥OEI¥MYE=TATA¥T1¥0SIVM¥EDHOAT ¥ ]S IX
.«o_sﬁz*m‘:>qm«~mu<cdc<z*m+myg¢<_muxoﬂawz«a-m>~m«~ua«»cmu@x*m+a>_ax
@»«Qﬂg«»omu«x«m-m>_l«>c_c«>omu<z<m*m>aa<>oﬂo*»ONU{z<m-»::Punh:o»u
T S o ‘ PATd¥0TU*AQ2I¥X
MXCHCATDYOTA¥AOCI¥MRC=0ATA¥ T (Q¥0LI¥MYC=ZAT ¥ TTU¥0TIXEMRS DA 'Y AD T OX
xomu«x«m+m>ﬁa«>cﬂc«omu«z<mnm>_a«o;:«cmu«z*m+_>dm*c AY02I¥M¥=GATdX
¥OZI¥ALTAYM¥CCATA¥0SI¥ATTAYMYI+ LA AYOSI¥AT TAXM¥ 2= DAL ¥ A0S I¥AT TUX

;*3«m*m>_1<>cmu«>,_c«z«mrm>_a<cmu«>#ﬁc<z<m+ﬂ>~m<:mu«> TA¥M¥2=TATdX

‘ sm:u*_—a*z«4<muc>_:<qgc«mmu«3<4<mam>.a«_-e«mmu«z«¢x~+m>.a«-.c«x

>m:u«z*q<mnﬂ>_a«msu«>o_c<z«4<mum>_1<mmu<>o_c«z«qu|m>— ¥ACtJvAOTAX

«z«4«mzo>~afm:uxcqc«z«q«m|m>.m«meu<o—c«x<4«m+_> dYEEIv0TdryMy ¥ X

-_>_a«>qu<o_C{x«;ﬁmnmﬂqas@:u‘>__c*z<4<m|,>_¢«mmug>~_a«z<;<mnﬁ>~ax

' «_ﬁc«>mmu«z<_<mlm>~u«c_:«>mmu«z<;<m|m>f&<>qqc«>mmuxxxdxmvssc»ux
, S=LN014d
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m:zx«mg*m>ma*>o=u<o_C<;xm-gx«m:zx<m3«_>m1*>cquxc_c«_«m+h:cbumb3cpm
. . ~ UACH¥dX¥SIINXYXEMeX
c:u«c_C¢_«m+ax«m:zx*mz<m>ma«o:u«o,c«_<n;c>:a«mz«N:u«mg«J*mrc»ma«mx
g«ax<m«*w:zx«m3h~=u*mc«4<m+m3«h:u«m>fa<ac*A«m+o>ml.¢x«m:zx<mz«omux
«m:«_<m+a1<m:zx*Mz«m>ma<omU<mC<;«m-m<<ax<m«*m32x<m3“m:u*m>ma¢mcx
«J«a-m«<1x<m««w:zx*fz«ﬁzu«m>ma«m:<;<m-m««az«mfxm:zx<mz*mqu*~>ma«%
.m:«4«m+m>ca*ax«m:zx«N;«ﬁc«mmu«_<m+m>ul<¢x*m:zx«ﬂz«m:<mmu*;*=-o>m&x
«1x<m32x«h3«mc«mmu«4<mfo>:g«a¥«m:zx<N3<mc«mmu*A«a-o»o&«az«m:zx«hzxa
«mcxmmu<.«mac>ma«axfm:zy<~;<mc«mwu<64:+m>¢¢«ﬂ<«ax«m:zx«N3<mc#mmux
*A«m*c>ma<m««mx«m:zx«ms<mc«mmu<d*m+c>wa¢M<«ax«m:zx«nz«mcnnmu*J«mx
-ax«m:ZX¢~z<m>ma<mo«mmu«4<m-;X<m:zx«Nz<mx:m<mcsmmu«d«a+h:c_mubzohu
, o . , o . T¥¥dHEGIINXX
«h;«m>ma*m:1mmu«J<m111«mzx:>ma*>~_:<>c:u«xx4«m,az<m3gm>m¢<>—qcx
«>o=u*x<4«m+ax<mz<m>ma<>o:U<>cq:«x<4<m-mx«mz«m>mm*>c=U¢>o_o«x«;x
*m+mx«mz<m>ma*>__c«oau<X<J«mulx*mz«#>mmﬂ>_dc«oau«x<_<m+ax«mz<:>mux
«»c_c«ocufx«dim-ax*mx«m>mg«>o.c«o:u<x<J<m+1xﬁmg*m>m;«>c<u«ﬁA¢«xxx
J«Nnax«mz*_>mm*>c=u«qﬂc«xr;«m4o>ma«1x<mzxo:u<4_o«x<_*m+mx«mx<m>mmx
. . «c:uf_~c«x*qsm-ax<mx«=>m1«>c:u«c_a<x«J«N-ax«mx«m>ma«>osu«a~c‘xx
- «J*m+ax«mx<MMNa<o:u*o~c$x«A«m-1x<mauhuma«cau<oﬁa«x<4<n+o>ma*m«,axx
*m:zx<m3«m:u*mc«x~4<m+m<«a!«m:zx*mzaN:uxm>ﬁmgmg«x<J«m:m««mx<032xx
«mz«b:u«m»mm«mc«x«g«m1m«<ax«m:zx<m3«N:u«_>ma«mc«x«4«m+h:cumuhzo»u
, . CABD¥LY¥ANKI¥YSNNXY LM¥GQ¥2GI¥X
X¥ 1D+ CAGdY S ¥ d A ¥ TR SIINXY LM¥SA¥CGINXY I¥h= [ ABd¥G ¥ ¥ dN¥ T ¥ K SIINKY L M¥SUX
«mmu«x«4«a-o>m&«m«qax<u*<m:zx«h3<mc«nwu«x«_«a-o>cm*m<«ax«m««w:zx«x.
hz«mc«mmu*x«;*a+m«<ax«m*<m:zx«uz«m>m1<ma*mmu«xfg«awm<*ax«mx*m:zxfx
mx«m>ma<wC<mmu«x<4«a+m««nx¢m<«w:2x«~z<—>ma<mc«mmu«xx4*=+m>_a*>mqux
,«>A_C<z<4*m+m>_a*>mau<>q_e«x<;*m-=>~&«>mmu«>__o«zxq<m+=>;l«m:ux
«>,qc«z«ggm+m>_a«mmo«>eﬁc«x<4«m+z>_a«>m:u«>cqg«3«4<m+m>ﬁa«>mmu«x
>oq:«3«4«m+m>_1«>mmU4>o_c«zx4<m-m>s1<m:u«>o“c«x«~<mf:>~1<mpu<>oﬁox
«z«4«m+:>«m<>sz<ﬂ~o<z«4(m+m>_1<>mruaﬁ_c«3<;«m*m>~a<m:u<-c<3«4«mx
+m>_1<>m:u<c_c«z«4<m+:>da*>mwu«cdo«zu;«m+m>—a«mmU<cﬁoqs«gxm+kschu¥
, > ‘ . =1N014
3 . CM¥XOAL ¥ IAX
«m:zx«.,:«omu«m+m3<lx<m32x«=>ma«aﬁ:xomu(m+m3«ax<m:2x<m>ma«__aﬁvﬁux
«31mx«c>ml<1x«m:zxq—qe«:mu«m+m3«a¥<m:zx«:»ma*#—o«fmu«M+mx«ax<w:zxx
x¢m>al<~_:«xwu«:-m;«~¢«11<aq«m:zx«g:<mmu«m»m:«m-mz<:»macax*o:zxx

%
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¥RLUY TY=Z¥ e A¥SIINXY¥ LMY OARAY b ED¥GIUY TRCHIN¥SIINX¥ LMY AL d¥ T I¥ GUX
«J«m+mz$wdu«w:c«m>:a<4«:tmz«ou«mqo<m>aa*Aamuax«w:zxrﬁz<z_u«c:c«x
ALY T¥=SM¥AS I D¥ERUYTAnd¥ I¥xh+dA¥SMY QALY ETI¥CGU¥XY 1 C+HAH¥TMYALT IX
«»ma:«m>m1<x<J«mnax«mz«o>ma*mzcgﬁu*x<;<m+ax«ms*>pﬁu«>mmcssxmm«x«ax
gmr&xﬁw1<m_u<>m=o«:>m1<X<4<m-mx«mxa>m,u*m::¢c>m1«x<J‘N-ax«Mf«>macx

BTN ACAY XY 1N =dAYEMYC T IRACGUR LAY X¥ ¥ dN¥CM¥ AT IRAC QYL AL XX

XN AHANFEMY AT [ DY SGURCATAY XY TV =dN¥EMY L [ DRI U¥ CAT ¥ X~ dN¥ TM¥E D UX
«ou«m»mm«x«4«mnaxxmzx>m:2xnu«m»ma<x<_fmnmx*mxﬁ>m_u<>mmc«m>ma«x«x

4«m+1x«mx«m_u«»ﬂ:c«m>m1«x<;«m+ax<mz<n_u«mp@«N»ma«x«;«m:p:c»mnb:o»u
. . dX¥X
CMYASTIYSHUYZACAY XY T¥ S+ ANFCMFATIUXEIYIALA¥X¥ 1¥ZHdNYEM¥EhU¥LI¥2AZdX
«x«d«muax<mz«mﬁu«>mm:<q>m1«x«4«m+ax«mx«>mdu«mmc«~>ma«x«dxm+a¥«mx¥
«mﬂukm::<_>mm«x«4«m+1x«mzfm:c«ou«~>ma«x«a«m+ax<mz<>mqe«hu«~>ma«x«x
K24 2¥ ¥ dNY SANXYCARD¥GMYACGUY R ID¥X¥ TV = ¥ ¥AN¥GIINX¥ TAGA¥GM¥AZGA¥ 17T IX
KXY IR HY Y AN¥SIINXY DASd¥SUYATHUY T AY XY T¥C= ¥ X IUYSIINXYCABD¥SM¥ALUX
«:~u«x<;«m+m«<ax<m:zx«m>mm<mz«nmcx:—u«x*_<mom««1x<m:zx<mz«c>ma«x
COUYRTIRXY ¥+ ¥ ¥AdMNXSNINXYSARDYGM¥ERUY R J¥X 1% 2= ¥ ¥ dNYSIINX¥ 1 AQd¥GMX
XCHUYDTIYXY |¥x2+hASHY Y ¥dH¥SINX¥OGMY AL TIRURU¥XET¥N+CAGAF ¥ ¥dHVSIINXX

«mx«>mqu<csc%x«qf:|m>m1<m««ax<m32x<m3<m_u«w:c«x«4«3+_:cpmnhzchm

. . . | . FASdX
_«m«¢ax«mt2x«m3«m_u«m::<x<ﬂfs|m>ma«m«<1x«w:zx«m3«ou<w:q?x«;*m+.>max
«m««mﬁ<m:zx«m3«ou*m:o*x«A«Ncm>ra«m<«ax<w:zx«mx«~u<x:c<x*J«m+mK$x
ax«m:zx«m3«o>ma<>u*x:c<x<4«mumym1$m*<1x<m««m:zx«¢k<a_u«w:é«x«q«a+x
CAGAYS¥¥dAYZV¥XSNANXY LMY DT IXRUUYXY 1¥h=TAGA¥TY ¥ dN¥Z¥ ¥ SANXY LM¥h [ ¥ QR UX
XY IXR =S¥ Y AM¥CYESIINX¥CABAX LMY DT I¥QNUY XY 1¥ =¥ dH ¥ YSIINX¥CABd¥LMX
.«:Hu«m:c«xig«a+m««ax«m«<x:ZX<eymm«m3<=,u«m:aﬂx*_<:+m«*ax«m««m32xx
YLIMYOAGAY T I¥EHAYXY I¥h+ ¥y dX¥CY¥ ¥ STINX¥LM¥QAGARD TD¥GRUY X ¥ ¥ =8 AGdX
«m««mx«m3«>mﬂu«x:c«m««x<4<mfg>wa¢m<<lx*mz<>mﬁu«x:C<m<*x«4«m|u>max
YOYYANYGM¥C I DXGITUXSY KXY T¥242¥ XNV GMY DALY C T Dvgnuy 2y ¥ X ¥ Ix=1N0L 34X

o o =1nul4
ANYSIINXYEMYGACH¥ AT TA¥AQRI¥ TVC=dA ¥ SIINXX
«m§<m>ma«>_ﬂc«>o:u<J«m+axam:zx«mx«:>m1*>c:u«>o_:«4<mnax«m:zx«m3x
xm>m1«>cau<>c_c«d<m+mx«m32x<mz«:>max>“ﬂc«o:u«d«mlax«m:zx«mz«m>max
«>~qc«cau«4«m+ax«m32x¢ms«m>ma«>c_:«c:u«:<m|1x«w:2x<m3«_>ma¢>o_cx
YOUJ¥E ¥ HdNXSINX¥CMYRAZdr AORIY L EUY ¥ C=dNY SANXXYEMYTAC¥AORD* T TAX
%_«m+ax<m:2xrmz<m>m;<o:u«__C<_<m|1x<w:zx«mx«_>ma«c:u«__c«g*m+mx«x

— e
- . .
w
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¥CTD¥AY QUY DAY 1N =dNYSIINXYCMYAC L DY AS DAY DAY T¥C~dNYSIHINK¥CMYAES

YHALAY I¥=dX¥SHNXXTMYAT Y LI¥D ALY 1Y E=dAY SIINX¥ECMYAC TIRACGUYLACHX
Y CHINRSINX¥OMY ST IRACHAYEASAY 1¥2=d MY SHNX¥CM¥XASDUYGTIVE AL ¥ T =dHX
YSINXYEMYACGUYY T IVNGC ALY 1= d0NYSINX¥SMY S [ O¥Y fc*w>ma<4«m|h:chm|»:opu
AAYSIINX¥EM¥GT v GURTACd¥ v
=dAYSIINXYIM¥ASTI¥EHUYSASd¥ ¥ -az<m:ZX<wg<c_u«wao*q>oa«d«nnax*o:zxx
YOMYACHU¥OI¥LACAY I¥C=dN¥SIINXYEMY LAV LIXCALAR IR = A¥SOANX ¥ MY LT IX
YACGUYCACHY T+ dH¥ SIINXYEMEAC T IV ACHUYCASHY I¥ 2+ dM¥SANXYSMYACGUYS T I¥X
CACAY 1¥CH+dN¥SHNX¥IM¥ATCHAYITIYCACHF T¥CHANRSIINX¥SMYAC T ¥ CGURT ALY 1¥ X
CHANYSIINX¥TMYGTIFNCGAY AL HY I¥CdN¥SIINXYEM¥E T I¥E AXCAC X TR =dH¥SIINXX
¥OMYGTIJYSh e<m>qa«4*mnax<n:zx<.x«ma:«@uio>na«g*n:ax<m:zxﬁqxw>m=e«x
LIYCACH¥ IR HANFSIINXXEMYC T I¥ACHU¥ TACAY. I¥ 2 +dNY SNINXY¥CMYASHUYS T I ACAX
¥ INZHAAYSIINX¥CMYACQUYIT I TALH¥ T¥HINYSIINXYEMXCTINEGA¥ T ACH¥ Tx T+ dAX
«w:zx«mz«w_p<pmc«_>na<4<r+1x«c32x«mz<>w_u« TAYTACdY IxZ+LNUL4=IN0L S
- . . dAX
‘ ) ¥SNANX¥IMYQ | I¥E acx~>m1<a<n+ax<¢:zx<nz<>m:c«oJ«d>.a<J<m+ax*m:zx«mzy

YO A¥LI¥TACAY T¥C+Y YINRC¥F R SNNXYITABAYG z<>rrc«aﬁq«~<nor««ax«n««m32xy

¥CAQA¥GMX AL msgzﬁu«4<n+m>wa«m3«>w:o«:ﬁu«d«n+_>ma«mz<$ RA¥h T I¥
- CH¥¥ANYCRY GNINX¥CAUDYSMYACIIQ¥TIY 1¥=2YYdX¥IY¥§ :zx<~>ma«mzx>mzc«aqu

«_«m+m««ax«n««w:zx«n>w&<qz«Ama«:;,<4<~un««mz«mg«m:zx«~>mm«mx«mmcx_
¥hLO¥ IYHZALAY MY CHAYDT ¥ T¥C+HI¥¥AAV Y XGININX¥CARAY SMYERA¥ R D¥ ¥ 2=X"
GMYOALA¥SHUXTTDY 1I¥CmZ¥ ¥ dNE X ¥STINX¥SYMYOARBAY T UXD TN I¥ O+ dNESIINX¥EM¥X

DACAYI¥BhUY I¥C=CAGHY XX AdNY Y ¥ SIINXYOMY AL DY HROR IR+ T AGAY IR ¥ N ¥ T K ¥X
SHNX¥GM¥ACTI¥YIUY I¥C=ZAGdY ¥ Y AN ¥ Y ¥ SNINX¥GM¥E T O¥grUyY v+ lnul4=1n0oLd
’ OMX

*o>m1«m_ YEA¥ IR =GMY QAT I¥BLOY IV H42¥ ¥ AN¥ ¥ ¥SIINXY OMYOAQA¥RE T I¥X

B U 1¥C=CAGAYT¥ Y dNYZYYSNANX¥GMYOEIYBRUYTIYCHSMYXOALd¥6IYRIIUY 1¥4+2¥ ¥ dNX
«m««m:zx«mxxc>ma«ou«m:c«;«~|m>ﬁ;<;<«1x<m*‘m:zx*mx<nu<mao«4<m+_>m&x
XY RAAY L YSONXYGMY LDV O TV C=dN¥SIINXYSME DI ASHY Q¥ 1%+ GM¥AL TIX

YOALAYBNA¥ IYI+HSM¥CTIXIACAYBRUY TINTHGMYA 1DV [ ACAYEHU¥ T¥C=GMYASTIX

bl

LAY BTA¥ IV U=CAGA¥EY ¥AXYKSAINXELM¥ D 1IVERU¥ 1¥CHdA¥SANX¥ZAGd¥ LM¥H T DX
¥EDUY 1F= MY SUNX¥CALAVLMeE1D¥BRU* 1Y+ C¥Edy¥ S SNANXYXCARA¥LIM¥P1Dvghg¥X
T¥=dMYSIINXY LMY OACA¥ I T I UY T¥S~dX¥ SUNXY LMY OAd¥ 7 I D¥ gAY Ixn+EXx¥dAX
<m::x<Nz<c>ma«aquyxza<_,pn;z<m:ZXm :<c>ca«:—_*m::<_<m*_:c»m 1nul4d
.n_x«c__zx«ﬁz,«o>N.n_«_~.—by

<m_b%:»pl*J«mnlx*m:ZX<m3«>m:c«cuu«=>ma*4«,-;x«c:ZX*mz«>m,u«mmcx.

[

>
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«:mu«mmc<mx«m32x«_>ma<4«:-mz«NNU<Mm:<1x*m:zx«q>m1<4<:|»:ch¢n~:c~1\
‘ . _ . : - gMX
«xmu«mmc«axxm:zx«~»m&<4<m|m3<:muﬁm:c<ax«w:zx«_>na<4<:Jm>~a<>m:c«x

_mu«a«m+>ma:«_>~a*_mu*;<mra)_a<mac<#mu«q*m*>mma«m>~1<cmu«4«m->mch
«_>ﬁa«cmu«J«m+m>Fa«mmo«cmu«_xm,m>_a<>m:c«>omu«4*:+>mme<m>_&«>cmux

— «ﬂ«:+~>~awmmci>cmu«;«a+m>~a*m:c#>omu«4«s+>m:c«m>qa«cmu«4«a+>mmcx

«~>_a*:mu«;«c+d>.1«mqo<:mu<4«:+ma:<_mu«o>_Q«J«mnmmc*cmu*o>q¢«4«x
m+mma«cmu<o>_a*4«:+N3«0~U«Mﬂ¢«&!<m:zx<c>m¢«;«m;mx«:mu«mmc«ax<m32xx
,«c>ma«4<a-mz«mefmmC<a1<w:zx«c>m@m;<m-mz*Nmu«az<m:zx«m>ma«m§c«4«x
m:mzqﬁmu<ax*m:zx«m>ma«mac«J«N-ms«NmU<ax«m:zx*~>ma<maa«J«m+mz«Nmu«x

ax*mbzx«oyma«xzc«.«m+m>ml<:x«m««ax*m<<m:zx*cmu«x::<d<m+»:chunh:chu

Y

_ L. 2AGdX
«mx«m««ax«m*mw:zx«mmu<wac<;<m+m3<#>ma<mmu«xacx4«m+:;<c>mm«mmu*m:cx
*4«m+:z«:+:a<mmu«mzo<;<mnnz<_>aa«mmu«m:C¢4<mumx«omux>mz:g&x«:»Nm«x
x«;«mnmz<»m:o«amu«axﬂa>mawx<_«a:m;«0nu«>m:c«mx«m>m&«x«dgmamz«>mmcx

«:mu«ax«m>ma«x«;«::mz«>m:c«mmu*ax«m>m1«xﬁqx:umzx>m:c*mﬂu*ax<m>mux
«x«4*:tmx«0mu«m:c«az«m>ma«x<;«momz«amu«ch«ax«m>NA<x«J«almz*omux
«»m:c«mx<m>ma«x«4«m+mz«>mmc<:mu«ax«m»mm«x«J«aumz«>mm:«muu«axxm>max
«x«Jqqnm3«>m:crmmu«ux<m>m1¢x«Ja:-mx«:muxmw:«ax*m>m¢«x«J*qnmz«omu«x
msoxax«m>ma<x*4*m-mz<amu<ch«ax«m>m1<x<4«a-mz«mmu*mcc«ax«m>ma*xﬁqx

«:lmz«omu<>m:o«1x«ﬁ>Na«x*4«m+mx«>mrcfmmu<ax<~>ma«x<;<:lh3chmu»30»u

. CMYREIESURDNETAZdX
<x¢4*:-mz«mmu«mmc«ax<~>NQ«X<4«a-mz<omu*m=o«a1«_>m¢<x*J<m+mz<mmux
*mcd«QX¢~>ma«x«4¢;nm3«mmu«mmc<&x‘o>m1<xm4‘:|mz«omu«m:o.mx«:>ma«x«x
4«m+_>ma<zxxm««ax«m:Zx«mmu«wzo«x<4«=+m>ma«mz*m««¢x<m:zx«xmu«caogxx
«4«:+q>maxmz«m*<ax«xmu*x:a«m<«x«4«m+=1<m««ax«o>ma<xmu«x:o«m««x«4¢x
m+a»ﬁ1<>m:c«ﬁmu«3¢4*m+>m:o*m>qa«ﬁmu<3<4«mnm>_a«mno<ﬁmu«z«J«m+q>~&x
«mcc«ﬁmu<x«4«mn>mmc«:>ﬁa«OMu«x*4<m|>wmc«m>ﬁl«omu<zg4*m+m>,a«mmﬁx
«cMu«z«J«mu_>_a«mmc«omu*z«J«m+>mm:«m>”a«>omu<z«4«a+s>~a<>mac¢>cmux
«z«;«:+m>~1«mm:«>cmu«z(4«:+m>aa<m=c«>omu«z<J«=+m>1¢«>mac«omu«z«4«x
:+>m;c«m>_a*cmu«x«;*q+ﬁ>_g«mmC<cmu«z<;<:+u>~a«m:a«cmu«z<_*q+»:ohux
o . sinuld
WL

dX¥¥SINXX ¥ 0ACd*¥ 9 I¥T5AX
«4«m+ax*m:zx«mx«c>m1(m_ufmzox4<m+1x<m::x«MZ¢q>m149_u«m:e«g«m+axx
«m:ZXﬂmg<c>m;ﬁm:c«mu<4<m+1x«:TZX<mz«>m.u<>»mc«m>na<é«muax«w:zx«mzx

.
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GRYOUIYTARd¥BIU¥L=GM¥HNIY [AND¥BIUXO=CASd¥ MY ¥ ¥dAYIY VS AINX¥ P HI¥girUX

Y2 ASAYGM¥CH X INRCRYSINXY I I¥BRUXCHGMY L AL d¥ P d¥gndyxHIM¥OALd¥ I X

*x:Cfm+:z<o>=a«a=u«xzc<mnnz«_>:a«a=44wac«mnnz<>cau<>m:cﬁmx<:>mm«x
X¥=CMYASGA¥AORI¥ANXE ALY X ¥ = MYAOR DY AL HU¥dN¥ CATHY XY h=ZM¥ALRQ¥ 0D IX
«az,m>ma«x«=|v3«>ccu<q:C¢a1<m>ra*x<:nﬁ3«>wmc«>c:u«;x«m>nl«y<: EMX
c«;x*m>na«x«ana3<>1Lc*c:u«&x«m>ma«x«:|m;*>w:c«c:u«ax«m>nax
MY AG :anac«ax<r>oa<x<=aw3«cs_«Mzc«ax«n>oa<x<q -JjnoLd= p:c»u

zy

-mz«czuxqqc«ax<_>na¢x«=:ﬁ3<a :«c:u<ax«o>,;«x«aun»uairz«»oqu«.x
¥ a‘<m:zx«m:o«x<q+m> a<fz«>ozu«r<*ax<m:zx«ch«x«:+~>ma«=z«c:u«r<«x
dMYSIINX Y B A¥X¥h+2AGAYGM¥ O DX Z¥ ¥ANRSNANXXGTUY X ¥ 74 TAGAY MY T ¥ ¥ dH¥SNNXX
mz:<x«m~+r>va«mz«r«<1x«m:zx<va<w:c«x<md+~>ma<:3<m««ax«n:zx«x
a:u<x:c¢x«:+m>ma«mz*m<«1x«nj2x*:su«m=c«x*=+H>pa«:z<>c:u«n**m1«cacx
YOXYXECHIAGA¥SMEAODI¥CY ¥ AUV BNAYTY XXV [AGA¥GMYX O ¥ T ¥ xdN*¥Bh ¥ ¥ ¥ X
x«m+~>mm<m3<m«¢mx«wzp<x:C<m<«x«:+=x«o:u<n««axxc>na«w:o« CrxXyd+eMeX
m««lx<x3u<o>ma«x3c«o«<x«o+,>na<mz«m<«ax«:au«x:g«n«xx<m+b:cpu h:c»u
PMY2¥ ¥ dAYOAGd¥hI¥8naX

XOXYXYCHTATAYACHUXTHI¥ MY =ACHU¥C ALY OhI¥M¥CHCAT ¥ QYN I¥M¥Z=TATdX
*Ch c«mzu«z«m+>1m&.:>~a«>ﬂzu<z«=+r>,a<>m=C<>m:d«3<:+m>—a«mmc*>msuy
«z<q+m>ﬂa<m=c*>aau«;<z+, GU¥CATAYATSIYMYXTERAT d¥ACHU¥AZGI¥M¥ D 4ZAT X
*wmc«>»mu<z<:+w>~a*m:a«>mmu«z«:+>mmc< Aldve aq¢z«:+>1sc«n>_asm:u«x
M¥XT+2ATAYZSA¥EnIENY N+ TATdERAUYE DYFMYP+EATAYACO¥TSIEM¥ I +ASGAXCATdX
¥CGIXMY D+ TATAIRSAY TSIV M¥ N4 TAVIFENUYESI¥ MY N+ EM¥6C IV ALSU*dA ¥ ACHX
XSNNX¥T¥ZHEM¥ AL _<mmu<a1*a>rm«ﬂ:zx<_<=|mz«>mmo«mmu* \\k&dmrm:zx«x
THC+EM¥E2IFATOULINY SNINX¥CAZ ¥ TXTHEM¥ AL Q¥R I¥IA¥SIINXFLACA¥ T¥ P =EM¥ X
>mnc«mmu«ax<w:zxA..mm<4¢= ZMY AL A¥ZEIVAARSIINX¥EATAY Teb=LN0L 3= zinoL4
m cMX

«>wﬂo«xrg<&z«m:zx« 1«4<J+m3<oru«mnc«&x«m:zx«m>pa«4<n+m3«wmu«mmcy,

<1x<m32x<m>ma«_*m+mz«mmu,m:a<¢x«m32x<p>m1«_«:-Mz«oAbx>mﬁc«mx<a:zxy
¥ OACA¥ 1Y = CMEASSUYNT IXdNKSIINKX AT Y T¥I=CM¥ AT A¥ b DY Y SANX¥ZAT dX
¥ l¥h= MY ACGU¥ECI¥ANRGNINX ¥ ZAZA¥ IXD=SMY ALSU¥ BT DX N ¥ SIINX¥C AL ¥ T¥Z=CMX

¥6TIVEGUYANYSIINXRCAZA¥ IV MY 22I¥ES UYIXXSNNXZALAY 1Y =CM¥ 3T I¥EHUX -

¥dXYSIINXYZAZdY ¥ * FCMYBRTIRSHUYANFSHNXY ZACAY T =My I2I¥EhUxdH¥SIINXX
YCACAX 1Y =M 62 IY ACGUYAN¥SIINX¥ T ALY ¥l “CM¥ACSUXITIYINYSNNX¥ 1 A2dX
«_<=um3<>1fcyxwu«ax<m:zx«,>ra<4<;|~3<om_«pfcgax«n::x<,>na<4<m TMX
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C=TAId¥ALHUYOLIYMY J¥242ATd¥CHAY0CI¥ MY ¥ 2= o>-1«w:c«:J;«x<d«n+h:chux
‘ =1noi4
EYEEN ,
: A LR
ALQAY AU I¥dA¥DASA¥ SANX R =ZMIACGUY AU DY IR¥SIINX¥CAC ¥ h=TM¥YAO R ¥ AERUX

«ax«m:2x<n>mQ<=|nz<>o:u«mmc*&x*f:2x<m>n&«: ~CM¥ACSU¥OhI¥dX¥SNNXX

¥OACY U =dMYADNIYACHOYAN¥SIINX¥ZAC D =CM¥AOI¥EGA¥GNY S SHNXVCAC PR~ MX

«>ﬁnc«oagxm1«m:zx«n>r1<: ~EM¥ACHU¥ORIVANFSIINX¥CACAY h=CMXCGA¥ 0 nI¥dNX

SNNX¥2Kld¥h~ m:«>oaU<aac«;x<m:zxﬁn>rl<a-p3«>1:c«o:u<ax<m:zx«q>nay

¥H=IdMYLSU¥OUI¥ANXSNNXY T ACH¥ I=2MYAQO DD ¥E PU¥dN¥SIINXYTAd¥h=T 3*o¢4x

¥OUXIHYSIINX¥TACH¥ =S AT dYACHUYCI¥T =AY ::«_>_a*n:u<q+4>~1«ﬁ:c«m:u«x
|>mm:<v>~1«>n:u«=+>nv:«r>_a<> DI¥U+CATd¥L wo*>n=u«i+_>~a<ﬁaoka:_x
«s+w>_m<>m::«>mru«afwﬂnC<u»_a<>1f4<:+_>_a< SUvALSIvR+IN0L4=1iNei S

CAld¥ChU¥ALSIX

_ <:+>mmc«m>_a«wau«a+>mcc«_>~&«q:u<=+—>,a«wmc«m:u«=+>»ac<r>na«mmux

¥UHACQAY TAT ¥ CGI¥ A TATAYEHA¥EQIF N+ TMYASHUY AN B ACAY SIINXYEh IV 2+ M¥X
ACHAYdA¥SANX¥CACA¥ G IV +IM¥ TR AN ¥SIINXYCACA¥ B ¥ CHEM¥ AL RA¥dAN¥SIINXX
YCACAd¥Bh I¥2=M¥XS OV IN¥S DZx«n>rl*wcu<n+03<>ﬁao«1x<m32x<_>ﬂ&¢w:uxy
lr:«M:C«Ex«m:2x<ﬁ>ma<w:u«rl PU¥CII¥ QAT H¥L +1:c«mau«o>_&<:+mmaxmmux‘
YOATA¥D+ZMYOhI¥CnAYAN¥SNNXYOAC¥=CMY¥S hUY dN¥SNNXYGhIXOAT ¥ =S M¥EX.

>mag«ax«z>p1¢m:zx«:cu<n+r3«>mcc«ax<w:zx<w>oa<::u«r+wz«mac*ax«o:zxy
«m>ma«z:u*m+r3«>ﬁag«&x<n:zx«r>mm«::u«Nlrz«msc«ax«m:zx« 'Ald¥ b 3%X
m+ﬁ3<>mac«1x«¢:zx*#>mm<::u«m mz«w:c«ax<m:zx<_>ma«::Jxonh:ch¢ Inoutd
. CMXEhUxdURSIINXX
«o>ma*s:u«mum>ma«sx<>o:¢<m<<ax« ««m:zxxmao«n+=>m1<mz*>caq*m««mxx
*m*xm:zx«m:c*n+m>mm«a3«o:q«m««mx«p<<w:zx*m:o*m+m»ua«mz«::u«mx«azx
«n««m:zx<w:c«m+w3x&x«m32x«m>raﬁr:u«m:a«o+rz«mx*m:zx< >m&«r:ufwcc«x
G+IMY AHXSANXY T ATA¥EHI¥BNUYY= MY AN TATAY¥ SINX¥ACEI¥ B ¥+ Mxd MY SINXX
¥CACA¥ AL I¥GRAYZ+EMYANESNNX¥XCACH¥ACUI¥ Rl Uy~ nz*mxxm:zx<_>n¢*>maux
¥Hhdy = ﬁ:«»c:u«n>~a*mac*r+:z«>czu«_>ma«w:c<m+m3«ozq<_>ma«w=c«m+mzx
¥ANYXSIINXYZACH¥L P I¥GhUXCHIMU AN FSNINXYCACAYED I¥BRQRI+TMYINY SNINX¥ T AT X
¥ChIlvghdyd- m»mm«sx*r««mx<m<«m:zx«x:u«m:c*c+m>mm<mz<r««axxn*«m:zxx
Y¥YPIvghU¥U+SMe T ACH¥ 8L I¥BHUYY 2 CMYAN¥GNINXYZhI¥0ACd¥BPAY9=1NUL4=LN0L A
CHXAARSIINXX
PI¥0AL a*m:c<muzz<o=u<o>q1<m:c«n+:x<c:u<o> d¥8hU¥x9+pM¥ONIY0ARdX
<x:;*x PMYQUIYOANdY R a;<our3<>c:u<r>za<c=C<,|az<>:sq<~>=1<w=a«muy
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AN
<m=u«mzC<n+qz«ax«m>ra¢»m:c«azu*xfrnwz*ax«q>m1«>q=3«:qg«x*m+mz*y
ANYCACHYSRU¥ T I¥X¥C oMY dNY¥0ALAYENAY hD¥X¥CHSMYRNX¥IHFSNINX¥BY IV IASHX
<x:c*x«a mz«m<«a1«f:ZX¢c>ma<::u*m:a<x«m+fz«m<«lx«a:zy«m>na«::_y -
YRy X¥ - mz<r«*1x*maq«~>f1*n=a«r«*x«r|m>_&x~:~«>«aC<z*m+*>_¢«q¢u<x
AL Q¥ Mx2=¢ ATAXTHI¥SHAYM¥CHID¥OATA¥ZHOYM¥ L= ATA¥AZRAYCNI¥MECHZATIX
*>m:c«r:u*3«oun>~a<>qmc«r:L<z«m+_>~a<> GUY2HI¥MY C=FAT ¥ A¥ 2 I¥X
My +,>~a«m:a«nsu«x«ntm»~1<mm:*ozg<z«m+c>_a«mmc ¢:u<3«rnp:o»m LnuL4-
: »z«ax«a:zx«m>mm«armw>m:a«4«y
m+Mz«ax*m:zx*,>ma«:mu«>m:c*4<mnmzpax<f:zx«:».a« CIVALHhAY Tx I+ EM¥dEX
SESINX¥2ACd¥2IATHAY 1¥2=CMY dN¥SNNXYEACd¥NC PINACGUY T¥T=C MY DAY SIINX¥X
~>mm«xmu<>nmc«,<m+quax«w:zx«n>ra*zrq‘»sﬁd:«¢+mz«&x*f:zy<o>ra<=mqy
o CO¥ TN =IM¥ AN ¥ SIINX*E ACAY22I¥THUY Y+ EMXAN¥STINXY [ACD¥ IS I¥Ena* TPX-
=4 ;«&x«m:zx«m>ma«mmu<nmc«4«r-wx«axxm:zx«o?maxmmu<ﬂmc«4*W+mz«c>a X’
«zmu«xqc«J*n+nz«m««lx<n*<w:zx«c>na<:m,«mzc«J« '=GMYEZI¥TALA¥BNUX
XN =GMY P I¥ZALd¥BHAY T¥P=GMY BT I¥ [ AL d¥BIA¥ 1¥ 2+ GM¥ZY ¥ dN¥ ¥ ¥SANX ¥ IX
YCAGA¥RRAY T¥ 2 +SMET XY AN¥ZX¥SIINX¥RCIXCAGAYHP Q¥ TR FGMY ¥ X dN¥ ¥R GNNXX
«mmu«ﬁ>ma*m:c*_*n-mz<p<«;x<m<«m:zx<nsp«_>maxw:c<r¢;:P:c_m|»:ob¢
oMex
az«m:zx«m>.1«>onp«¢zo*_«u4ms«ax«m:zx<ﬁ>m1«>cru¢wa <4<ntmz«mx«a:zxx
\ veA2dY02D¥8hA¥ 1Y 2+ S My d0YSIINX¥OACHYTZI¥ghd¥ ¥~ MX(OASd¥BhOA¥62I*X |
Yxd=GM¥ 0ALd¥BIUKGEI¥ I¥H+GUYZ¥ ¥ AN ¥ LY ¥SNINX¥0AGH¥RIIAY 620¥% [¥C=GM¥2ALdX
YRU¥EZI¥ 1% Z+UMYZALd¥BIAY6CI¥T¥l= ~GMYZEXPUN KN STINX¥CAGA¥BRA¥62IX -
<d,m+mz«ax«m>ma«cmu«>m:cfx<4<r+m3«mx<_>ma«moq«>m:o¢x.4¢ =T M¥dN¥X
BACAYRCIYACHO¥ XY ¥+ EMedNHY AL TA¥ NIV ACHUE XY (¥ 2= CMXIN¥ SRS Y CTIRATHUX
¥X¥(¥2+% 3«&!«~>ma*mru*>mao<x«4«:uqz<ax«r>mm«mmu<m=c«x<4«n+mx«mxx
;o>n;<@mp<ﬁ:c«x«q«nuwz«mx«m»mm<:mu«»:g«x*_«m+~x«ax<ﬁ>na«cru<m:c*xx
¥ ¥ = CMedU¥ AL m«nmu<m=g<X<d<m+m3*ax«o> 'd¥C2I¥ChA¥XyxC=-1n014=1N014
‘ GMYCYYdAYSNINX¥BZI¥X
UAGHYBRUYXY TV I=GM¥2x ¥ dHY S SONX¥OASA¥22IYENUXXY 1¥2=GMY Y ¥ dUFSNINX ¥ 12X
<m>ma«mac«x«_«m+mx<u<«ax«n:zx«ch<u>wa«m:3«x«J«nnmz«m<<¢x*w:zx*x
onb< PAGYBHU¥ XY T¥C+HGMY ¥ Y dXUY.Q 3zx«:ru<d>ma«x::«x«*<ﬂ|m2<r««1x*w:zxx
>ma<x:C<omu«x<4«z+r3<m<*ax<m:zx«_».1«:zo<o IeX¥ ¥ PeGMYC¥ ¥ IN¥PIIX
m?&ﬁ> d¥EhAYC¥¥XY T¥CmGMYCY Y ANYOASH¥BINUYELIXC¥ ¥ X ¥ T¥T~GM¥ ¥ ¥ IH¥ZASH¥X
GOUYOCI¥CY¥X¥ 1¥C+EATEY LS ;«>mmo«z«4«rn“>,a«NmJ«>mma<;<4<m+r>,a«~nuy
YOQOVMYE IV =0Ald¥LSI¥EGU¥XMYTIYZ+RATdYALhUYADL I MY T¥C- SATAYACRA¥AQCIX
*sz(m+m>~a«m::<>cmu<z*4<m-_>eaxmscxkcmu«3<4<m+m>ﬁa<>m=o«omu«x«_

o,

5
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«m+m>m1<lx«w:zx<»mmu«mz<mqa<m|,>ma<ax<m:2x«>mmu«mz«x:c<m+m>ma«mxx
*m:zx«msu«mz«w:c«mnq>ma«ax¢w:zx<m:;«mzxczcmm+w>mm«ax«m:zx«mau«mz«x
m::«mn.>ma«1x«m:2x«m:u«mz«m::«m+m>ma<1x«m:zxxmx«wmu«m:c<m1¢x«w:zxx
«o>mn«mz«mmu«xa:«m+m<xax«mi«w:ZX*:>ml«>o:uvmx«m:c«mnm««mx;m«<w:2x%.

«m>ma*>oau«mzfx:c«m+m«<ax<m««m:2x<m>m1«ozu«mz«mzc«mn»DCHmn»:c&u
_ _ C¥¥dN¥CHXSNANX¥ TAG¥0O R IX
«nz«m:o«m+_>m1«m3«x:u«©qo«al_>:a«mz«mau«m:c«m+mx«1x«~«*m:zx<m>m1«x

vmzxmzu«xac«mlmxxax«w:zxfmkm&«>c=u*mx<xac«x<mlm««a¥<w:zx«_>m&«>oaux

<@2«c:c«x&m+m<«1x«m:zx<m>ma<o:u«rz<mq:<x<mnm««1x«m:zx<c>ma<o:u«x
SMYBTA¥ XA X AN KSIINXITAGA ¥ GMY BT IXBIUY X =¥ ¥ dN¥ TAGAYSMYBHIYgha¥e X
*«x*m-~>ma<mmu«m3«wac<g«m-_>aa<xmu«mz<wac«;«m+m««ax«M<«m:zx«m»mm«x
cmu«mgimao«4<mnm>:m*:mu*mzxxac<4«m+m<«ax*ﬂx«m:zx«m>ﬁa<:mu«mz«m:c«x
_«m|c>aa<aNU¢w3«m:c*4<m|mx«lx«m«<¢:2x<o>ml<amuxmz«m:a«Jﬁu+m<«&xxmx
«*m:zx*mxma«mmuswx«nacf;<m-m‘«ax<m<«mazx«_>mm«NNU<rz<w:g«4«m+m>Nnx
«1x«m:2x<m3«>cmu«m:e<4<m-_>ma<ax<m:zx<rz«>omw«x=o<;sm+h:c_muhzohl _
R CACA¥dHYSNNXX
xmz«umu«¢=c*_«m+ﬁ>mafax¢m32x«mz«mmu<mcc*_*mum>mm«¢x«m:zx«mx«cmux
«mqa«4*mnlx*mDZX¢o>mamwx<omu«wqc«4«m+m>ma«mx«cao«omu<4*m|m>c¢«mz«x
m:c«omu«_«:+m««1x«m««m:zx«m>mm<m3*m=c<¢mu#4«mlo>ma<mz«x:c*omux;«mx
+c>:a«wz«w:o<omu*4«a.N««az*m<«m:zx«o>ma«ux<cqcxwmu«J«m+a««mx«w:zxx
«m>ma<wmu<m3«m:axx*_f:.m««pxxm:zx<m>ma*:mu*mx«cao«x«u«mnm«*ax«x
m:zx«_>ma<:muxmz«w<o<x«_<m+m<<ax<w:zx<m>-1«mmu¢mz«m:c«x«;«mum«ga1x
¥SONX¥OAG¥2ZIYSMYRBRU¥RXY 1¥2+T¥ ¥ dNYS|IN FEAGA¥SMYXBRAY LIV X¥ T¥=2¥¥ X
ax«m:zx<dxwa«mx«mzo<omu<fo«s+m«ﬁax<“>ma¢mmu«mx*x:o«m<«x«A«Nrm<«x
1x«m>m&<mz«maC1omu«m*«x<Jxm-m<«&x«o»ma«ux«maa«omu«m<*x«J*m+F:c»ux
’ o / - =IN0L4
. o CMYAN¥SNINX¥BAZ ¥ ACPO¥EhI¥T=SMYdNX.
«m:Zx«a>ma<>m::«m:u«m+nz<1x«w:zx<m>m;<>mmc<w:u«mnmx<1x«m:zx«q>mm«x
>mma«w:u«mrmx«ax«w:zx<m>mlﬁmaoxmqu«m-mxiax<m:zx«_>ma<m=o*mau«m+mzx
«1x<m:zx<m>ma«xau«mmC<mumz«1x<m:zx«o>mm*wau«mnc«m+m31ax<w:zx<:»mmx
«>ch<::u«mnmz«az<m32x<m>maf»m:c«:au«m+mz«1x«m:zx<m>mcxm:c«::ux

-

«m-mx«mX<m:zx«_>m1«m:c«q:u<m+m3*ax«m:zx«m>m1<_au<m¢c«m-mx«a1«w:zxx

«_au«o>ma«m:c«m+nx«q>ma«x:U<c:a«mamz<_>:a«m:uﬁmac«m+p:cbuuhzchu
| | o : 3 % N o SM¥2x¥dNX
*m<«w:zx«m:uym»mm«c:c«mnngxa<«1x1m<< ‘x«m>m1<::u<x:c«mnmz*m«gaxx

t

«m««m:zWVhVMa«a:u«maa<m+mz«1x«m:zx«m>maxm:u«m:c«mwm5<ax<m:zxsd>max
: e .
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YLDy EnAdY 1Y Z+dNYSINXYOACHA¥ MY THI¥RRAY ¥ 2=dU¥ SNNXYTAZA¥ L M¥ASCHIYEhHUX
YN HDAXSIINKY LACH¥EMYACHI¥GIUY 1¥2=dNYSIINK¥GASH¥IMY ACSI¥BRA¥ 1wl =dNX
YSONXY TACAY MY ALSI¥BHQAY I¥C+dUYSTINX¥CACHYSMY¥ S AR IAY IvC+LNUL 411014
: - dA¥SNNX¥0AZdX

YOMYEDIYERU IV =dNY SNINX ¥ ZACdVCM¥ESIYRIUX ¥ ¥ SHINXXNACH¥CM¥LSIX
FRYQY TYZHAAYSNNXECAL Y AT AREM¥IDI¥ IVCHAN¥SIINX¥ [ ACAVATRA¥EM¥DH I¥ T¥X
=AY SINXYEASA¥ENAYEMY L h Tx 1Y HINYSINXYUACAYCRAXEMY i 1% J¥ SR TACd¥IMX
¥@R ¥ ¥ 1¥2=TARdY MY YAy hhI¥ [¥C4C¥ VAN ¥ Y SIINX¥ TAGAY EM¥8RA¥ R D% 1X
¥C=0ACd¥SMYBRA¥ DY IVC=0AdYSM¥BRAY LR IY TR HC¥ X AN¥ Y ¥ STINX¥CAGI¥GM¥X
PuUYrrde Iy 2 dA¥hACA¥ASHAYAONIYCMY¥XY IV hadH¥ S ACHYATLSUYAOD¥TMRX¥ TxlIX
=dX¥EACYASHA¥ONI¥CMYX¥ I¥ =N ¥ CACd¥ AL GA¥O T IXSMEX¥ IV p=dH VL ACd¥AO DX
¥CHA¥EMY XY T¥=dN¥CACA¥ O I¥E Q¥ CM¥X¥ 1V n=d XY TACd¥ AL FU¥ADR IR TMEX ¥ T¥X
headX¥2AddY AZGU¥AORI¥IMY XX Ttli=dA VY ALY AL QY ORI ¥ MY X¥ Tey=LN0Ld=NULd
‘ - . dA¥ [ ACd¥AESAX
¥ORIYEMYX ¥ I¥Rp~dX¥ZA2dvAOR DY LAY IMY XY T¥h=dXY | ACd¥0ObIY L UFEMEX¥I¥DX
=dN¥2ACHY AN I¥CM¥CGOVX Y 1Y =dAY TACA¥ O I¥CM¥TGUY X TN = N¥ 1 ALAYAO I D¥X
CMYXGGUYXY 1Y II=dN¥0ACYONIYEMYCSUYX¥T¥ =¥ ¥dNY SNINXXCAGA¥ AV I¥UM¥BRUX
YXYI¥ZHCF ¥ ANKSINXRTAGAYAQ D IYIM¥BHAYX ¥ T¥ L+ ¥ ¥ A SNINX ¥ OAGA¥ O IV IMX
¥RHA¥ XY VY + e e dNRSIINX¥CALDYON ¥ IM¥GRUY X TX 4 ¥ ANY SIINXHCAGH¥ AU I¥X
MY RRA¥XY Ty 4% rdXYSNINXYXTAGA¥O N I¥GMYGRUEX ¥ 1N+ dA¥ T AZD¥AL PO¥ M TR DX
XXX C=dNY TASH¥ALURIMY DI D¥X Y T¥CHIHY AT HUFCM¥ IR IEX X IV =dN¥0AZdX
¥ERA¥IM¥EPIRX¥ETIN2HC X AN KSOINX YO AGAY MY U¥ 7 ¥ X ¥ 1¥T=2¥ ¥ dHESNINX¥X
CASHAYIMYGRAY IR I¥FX¥ Iy 2= ¥ v dUXSIINXY [ AGIVGM¥8iQ¥x 7 a¥ XY ¥ h=LN0Ll4=1N0Ld

CvNdN¥ZASAX

«»c:u«:g«@:gxm«xx*_«m+m«<1x«_>Wa«o:u&:zm@qo«m««x«J«m+m««ax«ﬁ»mlx
¥AORI¥SMYBRU¥T¥F¥X X T¥CHIK¥IN¥OAGH¥ 0 I¥GM¥ BN AXZ¥ ¥ X¥ 1¥ 4+ ¥ ¥dA¥TASAX
YIMYYITA¥hhI¥ ¥ ¥ X¥ T 2= ¥ ¥ dN¥0ASH¥SMYBUU¥ IR I¥ ¥ xX¥ 1¥0=0ATdYEh Q%2 I¥X

MXIVCHO0ATdYEHUYIRIY MY Ivh+ AT d¥SSUXESIYME TN RHACOA¥ASHIAYCATd¥MY 1%+ X

ASHAYALSI¥EATA¥M¥ TN b4 ACHURCHNI¥CATANMY I¥2=AShU¥ATH IV CATd¥M¥ Tvr+EGUX
YALBRIYCATAYMY T¥ b+ ACGA¥ACGIY2AT Y MY IR+ IHUXACSIRCATIYMY Y+ Q¥ IR IX
¥2ALd¥M¥ I¥ 2= ACGUY DY CATAY MY IY D HACRAYE S IR AT Y MY Iy D4 NUYASHIYTATAX
¥MY Y PAEQUYASSIYTATAYMYE IVE+ASTU¥SHDC AT ¥MY TXCHACHU¥SHIRT AT JeEM¥ T¥X
BACGUYSIOY TATAYMY Y P EACQURXL GIOY TATAY MY ¥+ nA¥SQaX JATd¥MY Txr+ LNULAX
, il . =1N0L4
. oWy L _
: PACHY dM¥SNNX¥ACHIFLMVBHOY L= AN dHXSIINX¥ACHI¥EMYBHUX

;‘U
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_ o0 o o2 _
‘ o «omu*qz<x:o<x<=|m<<m1<m:zx<_»ma«omU<:xgm:c«xx:+m<<ax<w:2x«o>max
: «omu«wx«w:a«X¢:+m<<¢x<m:zx<m>w1«omu«mzimacix«:nm<<gx<m32x<m>max
- : <az«aﬂu<m¢:<x«c-m<<a14x:2x«~>m1<:x<:mu«m::«x«:+m««¢x«m:2x*o>max
«:z«muu<m:o«x*m+m<<ax<m32x«m>r1«:z<mmu«c:cxx*m-m«‘axam:zx«o>max
xz;«mNU<¢ac«x«z+m<«ax<w:zx<m>ma<:z«mmu«xac«x«:nmﬂ<ax«m:zx«->max.
«qs<xmu<xco<x«x-m«¢axsm:2x«n>ra<mz«xmu*wscmx«x-m«.ax*a>ma<az«¢mux
«x::«m«*x<q-m««ax«_>m1ﬂmz«mmu«m:c«m*<x«c]»macf>omu<m>aa«zxa+>mmc*x
_ . >omu*m>.1yxf=+>:muum&o«m>~a<3«q+>omu<mmaﬁ_»_a«3«3+c>ga*mao<qmu&x«x
- ‘ m-»macxm>qa«4mu«x*m+mcc<m>—a<_mu<3*m+>mv:<_>~agqmu«3«mnh:c»umh:@»u
) ~OATd¥X
mmo«omwxz<m+>mmc«m>ﬁQ«cmu«z«m-mwc«m>;1<cmu<3«mn>»wcf_>—m<cmum:«m»x
o>_1«Mmg«amu«z«:+>m:c«~>ﬁmﬁcau<x<=+>mmcx‘>q;«omu<z«a+mac«~>~a*:mux
.<r<:+1x«m:zx*m>mn*mau«>mmc<m3<4«miax<m:zx«_>m1«w:u<>mmc«mz<4«m+axx
FSINXYEACHYATHUXAOLIVIMY [xh=dN¥SIINXY I AE CSU¥AONIVEMY I =dN¥SIINXX
¥CAZAY ACHUX UMY Y e dN X SNNX G AT ¥ AL P IXCMYTY D= WY SINX VA ¥ X
>o:u*m:o«m3<.*anlxxm:2x«~>aa<oau«ch<mz«4 P=dX¥SANX¥CACd¥BEI¥ALHUX
«mz*;*a+&z«w:zx«_»algn:u«>ch«mz«;«m-ax*m:ZX«m>ma«>m::«>c:u4mz«x
J*:-ar«m:zx«m»m&«»mmg<>c:u«mx«AxaumX<m:zx«_>ml¢>mac«o:u<mz«;«:nlxx
YSINXYCACAYAZS Q¥ O DY EMY Il = g0 ¥ SIINX¥CACA¥ BN IVEN QX EMY ¥+ LNUL 4= L0 L B
, , dN¥SIINX¥Q0ACAY BE IS nU¥EMR TxE X
-1x<m:zx«q>ma«>o:u«ma:«mx«4«:-11*m:zx<c>ma<o=u«m:c«mz«_<:1ax*w:zxx
: «m>m1<m=u«m3«mmc¢Jxmnax«m:zx«c>m1<w:u«mxmmmc«4«m+1x*m:zx<m>mm*x
\ . cau«mx«mmchxannx<m:zx«m>m1«oau«ngmmC¢4*qwax*w:zx«c>ma*>onuxﬁz**
mrqu«a-ax<w:zx«_>ma<o:u<mz<mmc«4¢:|o>_1«ma@*f:u<4<m|c>_a*mmo«mcux
*J«m->mmc*>m:u*a>~a*d*:+>ma:<>mmu«a>_1«;*a+>m=e«~au«m>—a«J«m+>m:cx.
«»mau«m>_aiq«:+mmC<>mau*m>_a<4<3+>mm:«>mmu<m>_1*J<:+n=c*>mmu«m>ﬁax
«_«<+>mmc«mau«m>_1<A«m.>mmg<mau«m>ﬁa<4«q+>meo*mmu«m>_a*g<n+m:cX
«_au«m>~a<d«m¥mac«>m:u«m>ﬁa<_<:+mmcx>muu«m>ﬁa«J<=+mmcxm:uxm>qm«$«x
m+>mac<wcg<m>_a«;«:+mmo<m:u¢m>_;*g«:+>muc<mmu«m>_a<Aﬁz*FDOHLnP:ohu
< _ . . ChHU¥SQIVCATdYI¥+X
. »m:c«_:u<_>_a«g«m:>mm:«msu<_>_a<~*mpmao*m=u«a>_m<4<c+mma<mmu*q>_ax
’ ‘«4<q+m;ma«>c:u*az«mac«41a+m>aa*>o:u«:zxmqo<J«m-m«<ax<m««w:zxﬁm>max
<>c:u«az«mac«;<m+~>ﬂ&*c:u<sz<m::<;<m+_>aa<c:u«:x«z::<4«m1m<«mx«x
mxxmzzx«_>mm<c:u¢:z«mzc*_«m+ﬁ>m1<>c:u«m3«nqc«4<m+H>:m<>o:u<m3«¢:Cx
*_<m-m«<ax«mf«m:2xxm>m1<>c:U<m3<xmc<4<m+c>ma«c:u«ma«m:a*;<m+o>aax
«:au«mgﬁxcc*;«m-mf«1x<n«<w:zx«n>m1«o:u<mz«x:c«_pm+ax<m:zx«m>ml«mxx

<
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=AY SIINXY T AZAYEMYCGUYBE DN HNYSIINXY OACA¥EM¥TGAYGE IV ~ASHAVADTI¥X

,:>ﬂa<m+mmu«>mmc4m>_a«m|>mme«>omU<n>#a<=+>cmu«m:o*m>,m«n+>mac*>¢mux
T ¥ZATd¥CHLED¥CGUNCATD¥C=AV2I¥ESUNCAN DY I+ LED¥ACQUY TAFC¥CHANCI*¥EHUX
- «ﬂ>_a1r+>p::«z>_a«_nu«r+m:c‘ﬁ>_axﬁau<m+>«:o«u>~m<_wu«y-m:o«~>~ax
¥1C¥e- >mmo«:>~1«cnuw&Wm c«m>~a<cmd<ru>m UvyCATc¥0L2¥2+LN0L 4= »:ohm
. CQUXTATA¥ 0S¥
+ax<m:zx<m>muxmmu«nx«m:c<u+&x<w:zx<,>ma«\ u«»z«m:c«m &x«w:zx«m>nax
¥AOZ)I¥SHYEBhU¥h~ ~dMY SIINX¥ FAZAYAUCI¥ MY RNA¥YN+2ANd¥ 6 D¥ M RU¥ 40 AR dX
¥6CIYIMYBHUY =2 ¥ ¥ dN¥ ¥ xS :zx<o>wa«orJ<:3*cac«:+o*<1x< YYSANX¥ZAGdX
¥6CI¥UMYBRUY =¥ xdY¥ ¥ xENNX¥ZLASD¥6L Lz*m:o*:nrm«mx«ra«m:zx«_>max
¥62I¥SMYgly¥h+ZAldyhMxll L«@:C«a*c>:a<:3<amJ<m=c<num««mx5m«<m:zxx
«c>m1«:3«<op«m:c«:+r<«ax«m<«m32x«n> YHM¥B2IQRAY =¥ dH¥ ¥ ¥ SNNXX
¥CAGAYIMYBZIYRNU¥C=2¥ ¥ dUY XY SIINX¥ L AQAYIM¥ R I¥QnUXC+ ¥ ¥ AN¥C ¥ SIINXYX
CASAY UMY ZLI¥EhU¥ =¥ vdixl ««w:?x«_>rm<:3«onL«x:a«:+o>max:z«wmu«m:cx
*he- c>:m<:3«mmu<w:a«:+r¢<mx«m<«n:zx<r>wa«:x«¢ﬂ4«m:a*: -knuld4d=1n0l4d
. IR FASd*GM¥8LI¥8HUX
«vp_>:a<mz<mmu«mzo«:+n«1mx« <<m32x« AGd¥Y M¥BLI¥BHUY T ~dAN¥STINXYEACX

¥CMY FCI¥ghdvti=dXeSNN mq>raum3a4»u«x:c«:+ax«w:zx«r>na< MeTCAvghax X .
" uax«m:zx<=>ma*mz<_mu<msa«=+1x«w:zx«r>nm¢oz<omu*x:c«a dH¥SNNX¥0AZdX

B ¥2M¥DEI¥GIUFE +HdAY SANX Y EASA¥EM¥ 0L I¥ R U =dH¥ SANXYTACI*EM¥ 0L I¥ B AX
¥D+0ATAYIHA¥OCI¥CHACHA¥CATA¥0CINCHALGUKCATAYOZI¥ N+ CHAXTATAY0ZI¥EX

+ATHU¥TATAY02I¥CH+EQUYTATAY02I¥N+dNY¥ SONX¥CACA¥IM¥BhU¥ O I¥I=dN¥G SANXX

«c>mm«m3«m:c«onu«:+mx«:>»a«>m:o«o PIVEMEXXCodN¥CALHYAL h ¥ IR IM¥XX
«n+1x«m>ma<m=cfomu«mx*x«pnax<~>ra«m=c<om4«mz«x<m+ax«m>m¢<>m:c<onux
¥CM¥X¥ = mx¥_>m1«>n=c*enu*mz<x« ;1x*n>ra<m:o«omu<mz<x<,:k:Chm 1nol4
dAYOACH¥ T (A¥62IX

«mx«x«m+mx«:>max>m:e«n3¢:mu«x<m dAYZACA¥AThQXIMENS J«x<n|ax«m>rmx
YACGUYCMY R IEX¥D=dA¥CACHYSHAYEM¥ PRI XY ~dAN¥ TACH¥ UM R RS T¥ XY =dNX
YEACAYALTQFYEMEDTIXX ¥ =dNYCASA¥ACLAYIMEDZI¥X¥N=dN¥CAC X ThUXTM¥RT I*X
X¥hodN¥2AZd¥M¥CGUYH2INXY 1=dX¥ FASA¥ZM¥YISUXR2D¥X¥h=dA YL ACd¥ AL ¥ MX
«mnp«x*g*ax«_>na«>q::«rz«mmu«x«m dHYZACd¥EhQ* x*cnb<x« +dN¥OACA¥X
CHAVCM¥BCIYXY Z=dN¥ S ALY AL HUNOMYCZINX ¥ =dA¥ TATH¥ AT Q¥ IMATTI¥X ¥ =dAX
¥YCACAYALSAYCHRZ ISR X = dMYZALAY T UMY I¥XY Z=dNY¥ DALY L Q¥ MRZIDIRXX

XA d AV ACHY AT HUYCMY 22 DX Y 1 =dHY AP Y AT SUKIMN 2 DRX ¥ h=cIH¥ [ ACA¥EHA¥EMX

«mmu«xxznax<~>ma«mz«mmo<mnu«x«znax«w»ma«mz«&mc«mmu<xxznp:chmnk:obm
. CYYAX¥SNNXYZAGdX

e
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o

“

©

C AA¥SNNX¥IAZAY¥ATSUY6LI¥TM¥THAN¥SIINK¥CATAXASSUXOTINTMYZ=dAX.
© o MSNNXYCALD¥ATSUNOTI¥EMNCHYH¥SIINX K TACA¥ACGA¥6CI¥EM¥2=0A1 WL I¥ESUX
«m+az«w:zx«m>m1«omu«mz«mmc«m+az«m:zx<.>m&<omu«mz«mmcfmnp::hmuwbohu
o . dA¥*SONX¥CACdY 62 IX
«mz«mnc«m+mx«m:zx«o>ma«omu<m3«mmc«mumx«m:zx«m»mm«ymso«mzxamu«mnmxx
«mDZx«—>ma«>mac<m3*:mu«mddxwm:zx«m>mm<>mmc«mz«=NU<:tmx«m:zx«m>max
«mzosmzmzmu«mnax«m:Zx«o>ma*>ac*mz«:nu«mvax«m:zx«w>ma«>m;oimk«:mux
. ¥N=dA¥SNNX¥TACH¥ ACSO¥EM¥RZI¥N=dA¥ SINX¥[ACH¥SHA¥E MY I¥=dN¥GNNXX
. Y LAZdYCM¥LGU¥N2I¥ =g Y SIINX¥ 0AAY CMYESU¥H2D¥ h=d XY SINX¥EATd¥ AT SUX
«mzxmmu*mrax«w:zxxﬁ»mn«»mna«mz*mmu<m+axﬂm:zx«w>naxmz«mmo«wmu«mnaxx
¥SINXY¥OAZA¥IM¥EHUYBEINCHANYSANX¥ VA AY AL NU¥CM¥ 22 IV~ dN¥SIINX VAT d¥ X
- ASHUXZM¥CLI¥C=dNESIINX¥ ALY ACSUF MY 2T IV I=dN¥ SINX¥CAZH¥ENUXTM¥Z2I¥ X
C=dX¥SIINXY¥ TACH¥ENA¥ MY TV =dN¥SNNXYCASD¥ATHA¥IM¥ IO h=)Nuld=1N01 4
, v _ ‘ dA¥SHNXX

YCALAY ASGUNEM¥CC IV hmd MY SNNX¥ ALY ENURTHY 2D ¥l= AN X STINK¥TAL J¥THAX B

L EGUYLEIN=dAYSIINX¥ TAZ ¥ TM¥ QUYL IR ~dN¥SINKY HATI¥ACSU¥ MBIV HdNX

,«m:Zx<m»m&x>mmc*m3«wmu*mngx«m:zwwW>ma<>m:c«mx«mmu«m+mx«m:zx«q»ma%@%
¥ALGUYSM¥BE J¥ (= dAY SIINXFEACI¥TM¥CGUNBEIFCHINRSIINXY TACI¥CM¥ESA¥EEDX

” H
f

W L

J.A . R /‘u o . :,_.,.



« W

Appendix D : ' - : ’

Nuclear Matrix‘Elelents in the Closure - Harmonic Oscillator

x

-Médel

In the standard theory of ;édiative muon’capture“the

evaluation of :
0,502 = Z (b/Z J(j) exp -i3- /}) 0,9)/4>
X’65/2:Jrﬂé)&§0(%06,zé)6kékhﬂz>

D-1
'is a principal concern, where la>, (b> af%nfggf;n%tiél and .
flnal nuclear states, respectlvely, and O (3j) is an- operator 2 ,
referring Eg the j'th nuclecn. To evaluate products of - -
nuclear matrlx elements of the rorm D 1 ;he closure'
relatlon : & i .
i: /6X<b/ = 1

D<2

was utiliZzed and further it waS'accumed the 1n1t1al State is’

'a SpheriCal‘ spln zerz nucleus which can be descrlbed by the

shell model as a set of\completely fllled shells.
\

Accordlngly, a alater determluant was choéengfor ja> :

/e>=f-_zu%m,)%,//zz) ‘)

Heie A is the nucleon number and ‘P 1is the coordlnate
permutatlon operator.Sﬁk is the vave functlgn for aapartlcle

in . the shell nodel state . Hence : - o |
<0,><02> =2 [Z@/ozo,u) Z (]z/e)\;o um)o,/z,)’ o \
o . | : o x(Rz/t»\;O(z )0;/11>} tb"-u .

180



where the index A, ({:) takes on all values of the coordinate
) [ e e .

srace quantum numbers describipg cccupied profon\(neutron)

.6
‘.

. states. .
In our study of RMC the following. products of

exrectation values arose : |

3 ar y

{ . IR -

. <<t . o | -

2. . A-<p><1S R

. - - » ’ ’ ) S ) ' “ ‘ .
3. <p>-<p> , S ' SRR .

- s - -

. A-<P> B-<P>

G ‘ PN
Pe

=i <pep><t o ' o
b e, T ’
€. A'<P B 1 'S
. . T -»-o..v n -t . " ‘ i "k “s
7v., A+<P><B°P C-E> L _ -
- > 5 » N Lo
8. <P>-<P.A-P> ’ .

o - > e, . . L .
‘ _9'. <A-P>LP P> .
- R > > e " . L
where P=-1?’and A'~B, C are v'ectorc not dependlng on the .

nucleon boordlnates. Express1ons for the comblnatlons ‘1 and. .

! ]
2 can be found in the llteratu:e (Lu 63), whereas the

quantltles 3 through g. have nox appeared ln prev1ous EHC

ctugﬁes. Expres=1ons for the lgtter, whicCh . appe r*herefﬁ

Py

kecause we keep all O(1/m2) terms, were derlve
,' )

- Harmomnic bSCLllator functhns were taken for

Ty

he s;ngle{
partlcle wave functlons and the evalua%lon of expectation

: ‘values was. ‘done in Carte31an eoordlnates. The un&erallzed
R ) , o g ‘ !
wave functlons are : ' e

_ ' 2"'1 2 i ‘, .
9}71727[ ~ 2xp (-(X+ +Z')/ZTA/H'(X)H y) Hny (2)
TeTye TP TATY TR AT PR E
with Hﬁ“a-Hermite‘poiynohial of‘degteeen.-EaCh exbecfetion 

R S

N T A

‘as follows.-" .



value regulred that an lntegral of the form
00

Lmn ;/e,\;o /—x,sx) cx/o[ X9 Hm 2 Hn (x) a’x

-2 _ ' D-6

vhe‘evaluated. Thefnecessary'integrals were_derived from the

‘relation :
' m ‘ . N - . 2
. i P .
/6X/0(-45{\’) cx,o(—x,) dx = /7?_5)90 -%4) o
TR | o D-7
Ly success1vely dlfferentlatlng under the lntegral sign wlth

respect to S to generate each term in the polynomlal

(x)Hn(x). lhe flnal results 1nvolved polynomlals in sb

raltiplied by the uau551an factorvexp(-(sb)2/u).

\
The procucts of expectatlon values containing an odd .

number of P operators (2 7 8, 9) were-evaluated by expresslng
then. as combinations of other eXpectation values given +in
the list above. a parlty arggtent relates the expectatlon
Values. By way of 1llustrat10n of thls relatlon the
evaluation of Re<P><1> is con51dered below. The extension of

the argument to the evaluation cf the ptoducts listed as 7,

8, and 9 is straightfotwerd.
Re (P>(/> -2 { </>> </> " 208 }

i { -2 z' ou/ex,mwu,xz,/zxp/w/2‘)/3'/2»

R )

-2 Z <,2//u,o - 45/&)/]9(12//’4«70 SR>

=z az/a/oaiz)/x»a,/a,o/-,,m)ﬁ/w

U/ exp i 4)/2:).(22/45«\;0 (e /L)/D/21>
+ S (L/u(,ofx, )/,Zz>(2z/&x/o (3 )/l/>
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D-8

‘ Note that there ls no one- hody CODtrlbﬂthD to Re<P><1> |
' . wf”
‘51nce the parent nucleus is assumed to be spherlcally

LN

symmetrlc. Now change T to -r 'in the second term,. assuming

‘ the states .L.Xz have deflnlte parlty :
SN . 2
S ReBoas - - Z, 5 /Ka/ex /-zs_-/z)/ﬂ»/ T

! # <12 /a;o CESA)IAD Chlexp Li 3’ 2P /22>
- Cb/u;o X IYRTE) /eA;o (Cis /z) P//L_)

D- 9
If N= Z and states 2, are 1dent1cal w1th states 2:, 21 angd- Zz

can be 1nterchanged, making the last tvo terms vanlsh :

o e (P>(/> -5 Z /(2//0,0/4454)/29/

= _% /(/) o D=0

- . ) ' . , L N e o " ’
Thus Re<P><15:is €eXpressed in terms of the two~body part of
' ‘ e Voo :
A< 2,
i ”

The computer language EEDUCE2 {He 73) was used to sum
4the polynomials Jnvolved in each product of expectatlon
values. Final results for the products of nuclear matrlx

elements are :

/) /(/>/ =zo[/ (/+§ %_ %)ex,o/ 72)}

= PoL 1 | | .
, ,
2) " 7 :_(/> .—/o S /+§ % %%)%K %)

_ ’ 2 4 4 . nB1y* / * = |
3) /(;4 (:zi)z ’e (/1‘2?, Z @{—07 - %) e C %) Poz,a



”m
‘4B« poss - 7.3 B _\s_xPo,¢5
- Zm zm

5) (/;/:‘) (‘/>‘ (;1%)2 f/—(/—za 2407 ;g_ _gza)c,;o(,@)}
= PoLs | ’

ia

-~ (/- F
9 A /;5 CAPB-EU* (ZZ) AB// //_% 7 _%tl 7)c/;o/ 7)}

~2A4-8 B i'/‘. \/6z 7?7‘ ’)cx/o/Z{z)

- m m
"=/T§x/’047 A_ﬁ.BSXPOLB'
_ : 2m ' 2m :
/.

. . - * i —D ~p » ‘
7). Re AP, ) A-3 f ExPoL7: zoac -53 2-3 xPoLs}
o 723 2m , (mé) 2m 2m

R 5’1’ CxrPout-204.0 - 3.3 Z3 xPous]
pa : (mg)’- 2m 27 -
# ij’f POLE 2048 - 4.5 B.3 x POLS]
‘ Zm (mé)‘z Zm i
L + A8 B3 EF xrus
, ' 3

¥

8) kc QD) (i’AoP} A-S [PoL7— 00 -s® v POL8 +Po/.3
m-’ 2m nb)? 2

+PoL4 —_5_ x/’O/,é' +.52 x,aosz
Zm
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7). Re APPA"= A5 [roté +2xroe - ,
< mI 22 A (mb)
-_‘*;,L"'d(f’a/.z,—/’oz‘o’)] s
o 2Zm? o SRR
/0). POLA = 20 ,
| (mb)
{ o .
T g‘ | w ST -1t

in our GDR model calculatlons, the elastic form factor:

.5‘ and the unretarded dlpole Fart D of the main nuclear

8

matrlx element equared were also regu1red.}Calculatlon of

"

t%gse guantltles proceeded as, above for the matrlx elements.

4

The results are ;7- . : L o

.D /a-’zv <a/): Z J“a)a;g) (s/z)(u )/a>
4= fal

. 4=/

£/ f w(zsm/@ T
_' - ((4":;4.?:*'537‘),4)(/)/-«’2)_ o i W

%
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Appendu E
L ' M e
ﬂaln luclear uatrlx Elelent Sguared stng the SBL Iave o
' : - Pnnct:.on . zﬁ‘ I
Iakflng the ground state wave functlon to be a Slater Yoi
.de;:ermnant o L m e - ’
CovAr T ) S S
-and substituting the‘-SBL' ‘(:'Svh,73) _single?rpa'rt,i.q;e, wave . '
fgnctions : ". ' : : SR S o .

%(/z)ﬁil %vz @HI) ZZ C’m/ (lmz‘m.v//' v>ﬁm/ﬂ) B o

'. M 7"‘1 Ek.‘ff . g ff‘
R ' 'r . & ﬁ o .,;;. ‘ o

| = Z Z C’mg (/m, z 725 /@)/Mzm» /7 m)/z‘;Wg) e

;n Eq. D-1 ylelds, in. closure approx1mat1.'on H - P T |
. o B  w?)a - | ‘,LS/L '
/2/ 2[#21 S iﬁt,

. . . P - . . "
where ,Z, (,?z) takes on all values of the guantum numbers (NljmJ) :

~of states occupled by protons (neutrons).' The ""? BV ;
CNM{/ are constant coeff1c1ents determlned by Shao et al Lo

(Sh 73) and reproduced in table VI, (jﬂ&f??ld/?f?) are 5 i
Clebsch Gordon coeff1c1ents, and /M/?)g,) /z ”Is) / 77(,f> are
space, spln, 1so=p1n wave funotlons, respectlvely. Worklng ‘_
'_,1n spherlcal coordlnates,' the angular momentum algebra ‘can : |
4be handled us:.ng standard technlques (Ed 57),.so that a :
jstralghtforward calculatlon ylelds T

g
|
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R

N3

Osc111ator Funct1on Coeff1c1ents CNM]J for

1S 1/2

.

25°1/2

b

Table VI

»

(Norma11zat1on 1)

~Tp»3/2

1P V/2

AD5/2 1D 3/2.

Coumw
&

Ca

0.9575
fﬁf2634

BRI
-0.0239

- 0.0059

~0.0086.

>

'10;1709
0.8283

-0.5005
£0.1592
70:1262 j

0 9867

;~-o 1247»

-0. 0958
-O 04]9.
0 0000

10.0536

I~

3mdféé9q;

ld.oqso

-0,0289 -

20.0163

-0.0066

0.9947  0.9951 ¢
703673Qz -0.0692 i;'
-0,0527 0.0688
-o osooxg-o;o160

-0. 0083 ~0.0119

lable VI.-Oscxllator functlcn coeff1c1ents CNMQ, for'ihe

. 40Ca wave function of Shao et al (Sh’ 73). The "
- single partlcle wave funct_Lonc are normallzed to

;one.

pE

Net L e T
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Cay

Sy .

R

(/)(/) =Z- Z/\}: Z CMMJ, CMMI;I e é'm,xj, mej, (Z/v‘/)(Z// f/)

') 2 ”I ‘41 .
, - '“3 /V:Jz : ’X/Z/zv‘/) IM,JM‘;A! -[M.//M:./:.I (f’ 7" ’!)2“
3
The last factor lS the square of a". ngner 3—3 symbol and ﬁ%@

Y

radlal lntegrals aré represented as .. 7 ; hff'ﬁ o

Immu. fRMz //Z)Rm'(/z}/L (M)/é aiz p

'Wlth jL(Sr) a spherlcal Bessel functlog. For the harmohlc
' '.csc1llator potentlal, Eq.-u 97 of DeForest et al (De 68)

cives : ' ' ’ S u

Iuews's =2z (1) ex,o/ %}‘(A%Md)/) /f'/Mf/f )Z'(Mfuf))
) x)fl f‘:l » 'W’”, ! r(é(jfuszz,vuﬁs)L

4o wZo /v//v'/ - NI M-N* N riN+L+%) T(/vu"f %) i

g

XF(z(L-l—,l z/v z/v) /.f%,?z/z) R

L =6 ;

where 7-—(sb) 7 is the gamma functlon, and F 1s the

R o .
x . . . L

‘ confluent hyperceometrlc furctlon. . ' ~ a L

‘Taking CNMQ, ka recovered the 51mple wave functlons

y

used ﬁ;ﬂAppendlx D and allowed us’ to check that for thlSA

c1mpler case, Eq. E u reduced to the approprlate expreSSLOn

‘Wthh appears as Eq._u 10 in Luyten et al (Lu 63).
o Inspectlon of Eg. E-6 shows that the evaluatlon of Eg.v;

E~4 must lead to a result of the form :"

|I

</></> Z- Z(d.+d,7g +dz7g .. )e)go(-’Z/)

" "hence our task was to calculate the a; . Thls was

'f_faccompllshed by a FCRTRAN program whlch was checked lnsofar

. /o
as possxble hy lettlng Cmm9 5 . thus recovering the

l’

‘s . E-5

5

o
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oﬁorrespondlng expre531on obtalned for the 51mpleauave
. fUPCthDS. Our flnﬁJ result was,:ﬂ' : E-f af
P . - ( ) "-.\.‘a -2 : - : ) 2. ‘o !
v </>?/> - 20- (20—3057 1‘5'/5'7 /g37 +0 4/47)6 |
L E-8

- P . .

v ";,?

For the GDR model lt was. necessary to also calculate',
the unretarded dlpole part D of the maln nuclear matrfx
.elemeg@ aﬁd the elastlc form factor gda Ihese calculatlons

jufroceeded in:a. wholly analogous fashlon to the one: abofe an&
4

_hence only the flnal results appear here.?

' ) [,2 ',va,)"‘. .-
D=/3.05 7" *

e =-(/- 0346 720.038&7{4-0. 004/_6‘7_‘) ci,'.%f " E-10
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7 Appendlx_v , ( ‘ -
'_‘ R A Conleht or Fearing's Theorel B J v<
_ - - o B | . o v |
The theorem.provedrby Fearing'iFe-75)R;LatES/{£at I
‘"for the standard theory of radlatlve muon capture
1pclud1ng all weak coupllngc except dg and all usual
~diagrams, the phOton asymmetry x ana_the olrcular po%arizationo
(6 satisfy = +1+O(1/m2) andza +1+O (1/m2) .
where n is the nucleon mass.
The standard theory referred “to (Ro b5 Fe 66) considers the
muon and nucleon to propagate freely lD their 1ntermed1ate |
' states. In what follows the guestion of whether the theorem
remains valid‘whenVGXternal potentials are incorporated ini
the theory ie examined;
Con51der the- Feynman dlagram 1n flgure 1(a). The
correspondlng amplltude can be written :' |
M= T Be (1-46) 250 (i) % e
o o - F-1
lwhere S° is the free maon propagator and T ‘the BadroniC’
current. ThlS amplltude forms part of the etandard theory
consldered by Fearlng (Fe 75y 1IE flgure 1(a) is altered =To)
that.tne intermediate State_mnon 1nteracts vith some
external_field, then to_firSt order in theiconp;ing to the
external field the new amplitude;is : _ o |
M, = z;;,);,.(/-_y,w. (}e,;a—k) CiTUp) S u-t) LAV TE L
Hath f(g) the external 1nteract10n tertex. Note that to'all

‘ crders of a Llppmann-Schwlnger expan sion of the muon -

190
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aﬂl;lplltude o Lo .

iy

propagator, the rlghtmost factor ulll be .S, ;a k). (ThlS fact

\ k2 N

other-dlagramS'of-1nterest.(flgs. 1(b)-1(e), modlfled to ;

Tt

1nclude the external fleld) may be'lumped 1nto the :

L) r

Z%*X&(V’f&)ﬁﬁ'ﬁ?%lqb

Ff3
where'hf%g represents photon em15510n b}‘tﬁe_aadronio‘
current. Using Egs.’ F 2 and F- 3 ylelds e

A4 Z: /Oﬁ&ffﬂz/z 3 -_}. g L
4 ;wns = : e
\}z 7 );o(/-ys)([d,(f /a-k) 7*/;;5, -A)J; rfffef Qum)//f/sﬂ <
L ”%v B
. _ /_ . R
x(ﬁ’[f;a /é)/"gq)J. ga;;a A).77+R % )Y;—( _YS)E%z,» - -_“_,4

. v
9

Iaklng the muon at- rest and us;ng the exp11c1t form for the

free muon propagator :

So ;&t’é) M A—L—M

” | L uR)E =TS -2&7@« S | F-5 |
ylelds, after some algebra : R ' )[;° -“1_; _
M= 7/7% ol J’s)/[&(fw /e) 7?;)] (Jf)ﬁrz-[lf“)‘f») .&Z-e‘ 7lr _}ef"’e(,). BRI
| ;(_(/f 5’:;:3')(;2-.2’(].+Y5)f72;)5.9¢74-k)7' +/e 2 )a’s ?/_:é.’z)
. S ‘ ’ .2 : Ny .
S B 7w oA F-6

~ -

Now consider the factor (So (g;a-k)f%g)). If hlgher order

terms from the expaDSLOn ‘of s were kept in M,, thlS factor

f.aould be dlfferent. Independent of 1ts expllc1t form

~ v

‘ however, it can alvays be decomposed lDtO a sum E#O such -?>:_.'

wlll be used later uhen our~argument lc generallzed ) ALl ) °



. Ys*E/ E¥s R
ym-—oys

, 4
« - - » F~7
kY . - ..

l

Eep:esentlng the factor in guestlop by the sum E+o and u51ng -

R

the’ commutagww:'rules of Eq F-7 allows us to write :

M= -

([EJ:‘. 0.2_.7( H{,Z 02 6 7"'*/?”6;,)//7‘0,, 5)
= 7’1“ 7'7'* ST 777»"-'. A S

NoW look at the flISt term, thCh is the sSquare of the muon !
'radlatlng amplltude. Ta&;ng expllc1t representatlons for the

‘gamma matrlces and uclng € —(1 113)//— the term becomes :»'i

/14. 7/7/ //)&)E(&Z.)Tfl,c//-ﬂz,é)(/fs’/é)f i T
’ ﬁ’”h”}u

| ,+ mf //-)’5)0( +x) 7'(’,2- (/m:fe)(/—s A)a’r" /S
o ' “ . - o 2”7»*74‘ F-9 -
,Contact is. made Hlth the work of Fearlng (Fe 75), in, whlch

gthe muon was taken to propagate freelj, by settlng E= E 11

-4

i:and 0 O —O. In thlS case M has the overall factor,2(1+3lq

}and thus hastr 1. In the general case vhere the muom,_

d propagates in some external fleld houever, O will not
 van1sh For thlS general case then,'the muon radlatlng
:dlagram w1ll contrlbute to x44. Ihus the conclu51on is

reached that Fearlng's theorem does not apply to theorles of

radzatlve muon capture uhlch 1nclude propagatlon of" the muonix-.-:.

AP

‘1n external potentlals.




