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. . v ,
The recent accumulatlon of radlatlve decay rates for‘

<
v

vector and pseudoscalar mesons has made a test of the,

7

:theoretlcal models feas1ble. S%nce the standard quark model

and nonet symmetry schemes are not 1n agreement w1th thesef

A ..

'data, alternatlves must be. sought. In thlS the51s,VPY

schenmes w1th symmetry breaklng are examlned e ' B
A hlerarchy of 90581ble symmetry breaklng structures

is outllned. All concelvable types of SU(3) and nonet :
. ‘ ‘,:
symmetry breaklng are dlscuSSed Addltlonal con51deratlons,

such as the 0Z1 rule and vqptor meson domlnance, are 1nvest1—

- .

-gated._ ] “ 3 S ' /
Mass spllttlng, an accepted example of SU(3) symmetry

breaking, 1s-used in two models to generate a symmetry Ty

L4

breaklng structure for the VPy‘vertex. Whlle the predlctlons
6f thesée models certalnly constltute,an 1mprovement over the

nonet symmetry model predlctlons, total agreement Wlth

|’ . L
- " . N

experlmental measurements is not found

Several general symmetry 'breaklng”schemes are'also
?examined. A number of models can‘explain‘most of“they B

measured rates with notable exception of r{p>ny). There
appears to be an 1ncon51stency between the measured value

of thlS rate andy vector meson domlnance. Problems are also

)

encountered w1th some Pprocesses, 1nvolv1ng n and n' butlthe,‘

«

measurenents of these rates are recent and unsubstantlated

£



Vector mes'n.dominamce.is used tO‘extend some of'the

more successful s etry breaking VPy models to 1nclude other

o

decay modes,“The easured rates of the type P+yy, V*PPP and

P+PPY appear most compatlble with a model‘whlch demonst;ates'

‘ v

- nonet symmetry and'SU(3)asymmetry breaking; ‘ . _";
".‘AnnSU(ﬁ)'extensiopiis also‘performed.' No newhprobfems
arise;in'accounting_for thefmeasured radiative decayirates‘
of 4. - -b," | ‘ f o ; | “'A‘ "h\hi

Of.all the VPy schemes studied ‘the general VPy mOdel

8
-w1th nonet symmetry and. SU(§) symmetry breaklng 1s the most

ossuccessful Not only 1s 1t/phenomenologlcally justltlable,
Alncorporatlng the OZI rule and u51ng standard mixing angles,
/ R
but- it accounts/for a very wide varlety of ratés within SU(3)

and SU(4)

The real problem is the 1ncompat1b111ty of the‘

LN

measured p+ny ate and vector mesori domlnance. leen the

successes of_ hiS“last technique)iit'would be most- desirable

to repeat'the.measurement of T(p>my). . A
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CHAPTER I

' THE RADIATIVE DECAYS OF VECTOR

1.1 Introduction to the Problem . .

AND PSEUDOSCALAR MESONS {”\ :
| o
7]

_The . radlatlve decays of vector and pseudoscalar mesons-

.
<

. have received much experlmeﬂtal attentlon in the last few
o .
years.; Deqay w1dths have now been measured for wrTY, K*“+K°y;

$>ny, 47y, and p+ny, uppeﬁ bounds. are avallable for the w-rny,
‘ [

p>ny, K*++K+Y, n'foy and n'>wy, widths. Enough data have now

been 66}Keeted to provide a critical test of the theoretical

models for radiative decays.

‘ \
1 .

fhe best determined rate is F(w+ny) =‘&80 * 60 Kev_ [1]

"which- has been measured” flve tlmes since 1967. The K*-Ky

rates have been studied in two Primakoff effect experiments:

F(K*°+K?y) - 75 '+ 351KeV [2]‘ I (K**>Kt vy <80 KeV {3]. In a

o

51m11ar experiment, Gobbi et al. (4] have found Tle-ny) =

35 + 10 KeV. The Orsay group [5] dbtained P (grmy) =

< 3

5-9 + 2-1 KeV and T (¢=»ny) = 62 + 15 KeV in an e+e"experiment.

‘xhis last rate is much lower than two previous measurements

(6] and consistent with a recent one by Andrews et al. [(7]1.

Andrews et al. also made the‘first measurements on the p-ny

)

and w4ny widths; depending on the relative phases of the ¢
“ , P

and « amplitudes, they found T (p+ny) = 50 ¢+ 13 KeV and

ii'g KeV or I'{p»ny) =76 + 15 K&V and

H

I'{wrny) = 3-0

o



SV 2
MV .

A . P'$" , o Vo, o
I (wrny) = 29 = 7 KeV These fall well w1th1n/@he old bounds‘

f[l] of‘F(o+ny) < lSO/KeV and F(w+ny) <'50 KeV Zanflno et al.
- P .
[8] have measured the n +wy partlal w1dth,wh1ch together w1th o

‘)

/
“?the avallable q‘+dypart1al w1dth [1] glyes T(n' +py) /F(n +wy)
S / nt
= 9-9 t 2:0; only upper bounds are avallable for the absolute
widths,[l] of these decays- F(n +oy)“< 300 Kevsand r'(n' +wy)
',1 . I .

< 50 ,‘.Kev' . . ‘ : /’/

s

g Untll the appearance of the recent data, no theoret-
dcal problems existed. The quark model [9], some strong |
anomaly calculatlons [lO] and a vector méson domlnance (VMD)
scheme [11T uere all»ln reaSonable’agreement. The only .
measured rate, T(m*ﬂY”a~ l MeV, could be explalned ab initio.
AsSumihg ideal mixing of vector mesons, it was>anticipated
that%r(u+ny3 / F(o+nnf ~v 9. Not only did F(5+ﬁy) turn out a
factor.of three too/ﬁow, but T (K¥°-+>K°y) and,(¢+ny) were also

/
measured to be com51derab1y lower than any of the models

predlcted Wlth/P(w+nY) = 880 * 60 KeV firmly establlshed

ac!

# the radlatlve éecays of vector and pseudoscalar mesons'
clearly requ&red'further theoretical attention. . .
Whiéh assmmﬁions of the traditional models could, if
altered, lead to improved predictions fox meson ragiative
decay widths? Could these assumptions be so altered without
undoihg previous successes in particle theory? ‘The’explana—
tion of the radiative decays oE vector and pseudoscalar mesons
\might involve a reassessment of the'following“unitary symmetry

aspects of the traditional approaches: the multiplet

a551gnment of the mesons and the electromaqnetlc ‘current,
<



3
the choice < . of mixipgbangies,.the(ﬁSeidfﬁthé'OkubovZWeig 
Iizuka‘(OZI)uruie’[IQI énd the natuﬁé of‘the“symmétrY‘

sttucture_of-tﬁe,VPY:amplitude; tIn,this‘phééis;“;t,iq‘this

last possibility which i's explored.

1.2 " Mesons; Quarks and Radiative Decays
The JPC and‘uhitary symmetfy-propertieﬁ of the mesons

can be explained by ‘a simple quark model. Given quarks. with

Jpﬂt +, the lowest mass qa bound. states are expected to be

, _ s,
the 180% C = +1 (pseudoscalar) and 381; c = -1 EEAID:

states in guark terms, the V-+Py decay is an M1 tfansition
] } .

N -

from the Sl to the lS° qg bound state. ‘Wﬁ}le the quark
mode} provides a picturesque description of-the. V+Py gnd‘
P+Vy processes} it is gquestionable whether it is thenmost
useful’compuéational model.

In a quark model calculation of the VPY amplitude,
several assumptions regarding the quark pétenﬁials_or the
quérk waQefunctions‘mdét be-made. While the Qeneral<Lorentz
structure of the M1l decay amplitude is fixed, some énergy
dependence awaits the specification of the meson overlap
‘ihtégrals. .The usual long w§Veiength assumptisn suggests
that theServerlaps are uﬁity and é VPY decay amplitude
resulfs which has the same form as that which results frqm
treating the mesons as structureless pérticles. The quark
model seems to compiicate rather than clarify thg kinematical(

aspects of the radiative decay calculation.

The unitary symmetry part of the calculation may

a ' -

—
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N .
B
y N . . . =
. ; 4

' \ I o
Since-the
it
(.

47

mesons themselves are ass1gned to: unltary representatlons,

also be dlscussed more ea31ly on the meson level
is much less cumﬁersome to- dbrk W1th two meson representatlons
Once the mesons have

a -

R
3

"rather than four quark representatlons.
been bullt from qq states, all ﬁhe unltary symmetry 1nforma¥

1

tion has been transferred to meson representatlves.

,'_ o For these reasons, throughouﬂ most-of this the51s
computatlons are ventured on'the meson leyel Occaslonallyf.

; L B '

of the mésons when the = °

<
Ly

5

Tmention is made of the quark content
Jquark picture provides'a vivid‘illUStratlon of a physical
Some sample quarkvmodel'calculations-appear ine

LR |

prlgplple._

-
b

Appendlx I--these serwe to 1nd1cate the correspondence between

)
5

thd two -approaches.
Implementatlon of Unltarv Svmmetry
Unitary symmetry enters the radlatlve decay rate
the vectpr,mesons

e

b3

¥ bl
;

b3

1.

3
First-of all,
. 2
are a551gned'to SU(3)

¥Y) 1is -
T

i
X
i
3
4

calculation in two‘ways.
and the pseudoscalar mesons (P)

(V)
& o .
multiplets and the SU(3) content of the photon (
Then a Lagrangian is construoted whiéh demon-
rota-

1

spec1f1ed
strates certaln transformation properties. under SU(3)
the terms *SU(3) symmetry and
. ' ‘ .

trons. In this connectlon,

nonet symmetry must‘be defined )
) The vector mesons are assigned to an SU 3) octet

and an SU(3) singlet (index 0). The SU(3)
- ) a : ’ 4 .

&
PIES

(indicés 1-8)
content of p and K* 1is:



4 .
. . R 5
S gete s |o‘>-*~ 1 (11> = if2s) .// e
J feos ‘,=‘:v'l'3'>"’ SR e \\\ |
‘n . [K*.*.n : |K* >-f- .;/ f‘lv‘_.(l4> —"‘i.,45>) 4
S IK*°>_——'}FK’*=°> SEn /% Sl6> "-_Ii,|7>) . (]_,_’L)7

. i

“The w and’é esons.are mixtures of theiSU(B)fsinglet and the

eighth member| of the SU(3) octet: ]
IO TR 3 L
|w> = &in Oy |8> + cos Oy JQ?:‘ . |
l¢>‘ el Gv [8> .~ sinyov ]Q>. - IR '(1.?)
The vector fiixing angle OV is usually taken to be that of
ideal mixing (and close to that determlnéd by the quadratlc

. 2
mass formula), QV = tan (l//— e 35° ‘This 1deal value of -

¥

glves w pure uu and 44 quark content whlle ¢ has pure ss

. quark content

= i
- I

The pseudoscalar mesons are s1mllan1y a851gned to an

SU(3) octet and an SU(3) 51nglet. The SU(3) content of = and

) o g

uA Kis:

‘ 'I.v'i/l= e T>T = 11 - 125

K*> = k7T = 1(as - 15s) K
Ke> = [Re>T = 1(l6> - i|75) . (1.3)
. /E N .

The n and n' mésons are the following mixtures of the
singlet and_octet:

|n'>= sin o, [8> +‘cos o] 0>

.|
[n >='cos¢®P 18> - sin GPIO> . : (1.4)



e B t FI.'>KT ;:-.- . qf
‘is the’ pseudoscalar m1x1ng angle.,‘OP“iS‘usually

‘wheré' B ,
the magnltude belng deduced from the

taken to be —10°‘
‘quadratlc mass formula and the s1gn from F(n+YY /F(w+yy)

- experlments.
D .. ‘ P Y '
The usual electromagnetlc current is. constructed‘

from the thlrd and elghth members of an SU(3) octet of
L A .

currents. : -‘,“w N 5

e - . : o :
R s AU
o S e e P
3dThe”éUf3)vcontentnOf the7photoni;s Seen taibé'
o B R I B A | .
i (1.5)

'..lyv? =_,_.Al'3k> + /% l8'>b.t
Lf[;gtherfforms.of'Ji?dhave,been suggested.tl3l leadinrg to more
foOmplicated"versionS-of'(l;S),_‘This*point'is\giscussed=in>

Appendlx II. .
| ‘In the SU(3) symmetry scheme, an SU(3) rotatlonally

lnvarlantqstructure lS ‘given to the 51mplest nunnmﬂij coupled

'Lorentz and charge conjugatlon 1nvar1ant Lagranglan which
may be constructed from %he vector (V ) and the pseudoscalar
(P ) wavefunctlons and‘the_vector potentlals (Ai)} T

_ - HVpO 4 - - (8) (8) (8)
/, L = /3 t ) f[go_?r ({auv AL A } P )
/ g 4‘31 Tr ({a V(O) api(g)} p (8
| ’ (8 (8)5 L (0)
K’ o ) + 92 Tr‘({auV v ! ?pA o } P )],.(1.5)
[ g 2
/ where
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3
N

V2 i1
v 0o v «
- M /2 »Uv
(8) =l 8 A-Pl u -
7o Lo
& l=l : ES
pl0) =1 g po N
S °
78 _ 18 v Al ) ‘
L , o X T
A (i=l,..;,8) are. the SU(3) generating-matrices and A,= /3 .

- A
S -

'Other SU(3) lnvarlant structures could be con51dered in (1.6)

(8) ( (8)

»but‘they elther vanlsh (eg Tr,({a VT, 9 A 8)}) Tr(P ))

or depend llnearly on those already used.%eg Tr ({@; (g);

(8) (0) o ’ —_— h—
A, }) Tr (P )). : _ PR o L BN

Nonet symmetry is the spe01al case of: SU(3) symmetiy'
in whlch the SU(3) ~octets: and 51nglets couple w1th the samf
'strenth (go gl g2) iIn a model w1th nonet symmetry, onlyf

those processes whlch obey the 0Z1 rule [12] are/ailowed--

ind}viduai/dichnnected initial or final state particle is

forbidden. Sihce'the 0ZI rule seems to hold in.other areas
of hadron physics, nonet symmetry is a likely ingredient for ~

a méson radiative decay model.

N

N . B s
: .- - . . - : - N
» E : Lo ' . . N



 To, more easily implement nonet symmetry,“it’is'con—
. -

o

’ venlent to work dlrectly w;th nOnets of partlcles. . The $6(3)
Lagrang;ana(l 6) may be rewrltten

L= 1cHVP% (g Tr ({3 V.,
. /%e g [gi Tr ‘{Buvvf apAd}meA

% (g;-9.) Tr ({a-uv.v"f?oA_o})' Tr (Ié)-‘ 1
+1 (nggo) Tr ( %va) Tr;{fapAo,‘P}%}:
S T A
‘ (L.7)
,where.
' -8 i ’ —
v o,=1 ALV
| " )/-2— X 1 oH v M -
| i=0 o
. - ;
P =1 g AiPl )
2k
A =1 8 aat
U /'fz 1 u :
Y2y

(S
._TermsxinVCIVing‘A° that, do not appear in (1. 6) are\lncluded
,'iﬁ (1;3); these are. of no consequence for radlatlve decays
The last two terms of (1. 7) lnclude traces over the 1nternal
degrees ofvfreedombof individual partlcles. Since these
'terms can.notfbe'reexpressed to avoid such traces, these )
‘terms constitute OZI vioclations,. .It is clear thaE the
, (gl—go) term 1nvolves only the 51nglet part of P and that -i
‘the (gé—go) term uses only the 51nglet part of V; _these temms
‘o o ‘

break nonet symmetry by glvrng>51nglets special roles. ‘Nonet

symmetry and, equivalently, adherance to the OZIfﬁule are

e .
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'7achieVed when/g°=gl=g2.
In the next sectlons the predictlons oﬁ the nonet

_ model and the general SU(3) model are dlscussed

€

.

NN K

1.4 The'Nonethymmetry'Scheﬁe‘

: The Lagranglan w1th nonet sfmmetry,whlch descrlbeS'
the %adlatlve &ecay of vector and pseudoscaiar meSOns has
‘only one coupllng constant The V+Py decay w1dths computed
from such a Lagranglan are related slmply by ratlos of phase

‘space factors and SU(3) Clebssh Gordan coeff1c1ent$

o

¢

The Lagranglan w1thf§onet symmetry whlch descrlbes

. the VPA 1nteractlon is:

Q
°© ¢

L= g,e"%mr (s v, A lp) - - 2.
o /5_ RS VRN p o ’ _ . .
where g o ’
v =1 8 AL v
woos Lt
2 ko T
P‘_‘ _ l § }\ Pl A
SRR
8 i
A =1 JAT L,
LV ) i u
1=0

o

The part of the Lagranglan (l 8) which descrlbes the. 1nter-
actlon of the vector V™ (momentum Pn polarlzatlon 3 ) w1th
.the psendoscalar.P (momentum p ) and a photon (momentum P,

_polarization,gn) is
_\S"

N .- u o S
KVmPJ.Y = g.d . . ¢ °(pm)' (em) (p.~ (en) (1.9)

. . - o
B ] . . -
[ .
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where the photon index is "« o ° \
LN ‘l !n> ,3>+l|8
‘ /3

‘and d_. ' is the SU(3} structure constant. The cbrreséohding
T matrix is -
Tom i = == é e 1p 90 A e e M (e )Y )P (e )"
VPY | (2n 9/ BEﬁEiEn)l/z ° “min ®pveo ‘Pm m’ ‘Pp’ €n

where Em’ Ei and'En are the Vm,uPl and Y cnergies respectively.

v

The Vm+PlY decay rate is

T ‘ A o S
vispl -1 (272 1254 v 43 3 .
rVPTy) =3 pgl —— [ IT1%6" (p-p,~p ) d p;d7p,

" where n'is‘the dcnsity of final stétes; (5%)3, . After simpli-

ficaEion; the Vm+ply'deCay rate is

r(vTply) < (954 (1.10)

where M aﬁd M; are\the v" and Pt masses respectively 'When
the pseudoscalar is mo;e massive than the vector, a P +V y

decay occurs

M. (1.11)

. : ’ M.
1 _m 71 N2 1 m
F(PT-V7y) = 32w (Godiin’ { i

" The nonet predictions of radiative decay rates are
obtained from (1.10) and (1.11). 'The w>ty and p>ry widths

are simply reiated“byga ratio. of Clebsch Gbrdan coefficients



since they have ai&ost’identical_phase space factors. Assuming

- ideal vector mixing (oV n 35°) , it is, predicted that .. =

\
\

\

11

o F

F(w;WY)/F(p4:¥)'% 9 | ' ' ‘ (1.12)
and fuxthermore"that \ .
) - \} | / | ) R

T (¢>7y) /T (p>7my) =0 . - . (1.13)

\ -
Y
Y

That ¢-»7wy should be‘erbidden is anticipated--under the OZI
/ LA . .
fule, an ss state doe% not decay into a uu and dd state.

Another ratio predidted by this nonet model is

P (K*95K®y) /T (K¥+>K+y) ~ 4 ’ (1.14)

g

This ratio will ﬁe seen to be quite model dependent. =
In TabLe’l are displayed the nonet predictions for

several values of go. " Solution 1 uses de ="0:656 GeV—l; thﬂs

value is obtalned by fitting (1.10) and (1.11) to the five

measured ratés~ T (w>mY) , f(K*°+K5y), F(p+n§) "T(¢>ny) ‘and
¢+n§) Solutlon\Z shows the predlctlons for ggo = 0-483

eV‘-' thlS value arlslng from a fit which omits F(w+wy)

Solutlon 3 uses-»go = 0-778 GeV l, thus fixing F(w+ny) = 880
s
KeV. All flts, in . this<ane other chaptags, are linear least

,/

squares flts to =.T 1/2 Vm+P D The phase amblgulty is

resolved by selectlng the phases which yield the smallest

ER

x27 these phases are always those of the amplitudes TV P -

. -
!

The problems with thls model are ev1dent in Table 1.

T

No value of go gives rates consistent w1¢h all the experimental

\
i \

i

S e T \
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} °

data. The rate'f(¢+ny) m'6 KeV‘méght possibly be explained
with a small dev1atlonafrom‘@deal vector m1x1ng, With a smatl
uu/dd‘content, ¢+ny may proceed by an Q21 allowed transltlon
However, r the other rates remain mutually inconSLStent. ~
Solutlon 2 suggests that the rates for K*°+K°y, p~7ny and

drny demdnstrate the proper nonet ratlos but that T (w>my)

I

should be about <340 KeV. Upfortunately fot the nonet model,

T (wrny) is well established;at about 880 KeV. Solutron 3, v

which fixes F(w+ny) = 880 Kev;\indicates that the K*°-+K°y,

o7y and ¢+ny rates are actually a factor of'2-6§10wer than

: -
the nonet predictions.s Contrary to the bellef of O Donnell

[14], the present data for radkrative decays are not cons1stent
i ”,

¥

with the nonet model.vﬁ S

1.5 The SUCj) Symmetry Scheme L, SN
Boal, Graham and Moffat [15] suggest that the nonet
.

symmetry of sectlon 1. 4 may be too restrlctlve and ‘that by

-

51mply demandlng SU(3) symmetry, it may beﬁ90551ble to

&

understand the radiative decays of Yéctor and pseudoscaiar
! . Q ’
mesons.

The SU(3) Lagrangian (1.6) is used, with g,=g, gl=ff
I

an g2=f. The kinematics are the same as in the nonet
calculation. The Vm+Ply rate takes:a form similar to (1.10):
| 2 . 2\3

[ Tv-PTy) ek (g )% | B (1.15)

where
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g =g d) m,i = 1 8 \;.\
min 7 “min ! reen ot
Imon T * dmon“ m=doe..,8 . (1-16)
quj = £ d; e i=1 8
oin “oin ° - AR "
;pe photon iqdex is, as before,
In> = 3> + 1 |8 . ., - A | |
V3. ~ E '

’

The coupling constants g, f and E' are SU(3) ihvariants. If N
they should all be equal, nonet. symmetry is restored; if they

should be different, violations of, the .0ZI rule occur.

? Independent of the choice of g and"épxja number of
p e

ohservations may bs?%ade. The ratio F(K*°+K°Y)/Pﬁp;ny)
‘maintain® its experimentally substantiated nonétrvaiue——
sihpe,all the involved particles are members of SU(3) octets,

nonet breaking does not affect this ratio. Of the five

8 ‘.

¢ ,
measured rates, TI(¢-ny):- i1s the only one to use f and may thus

N . - C
be adjusted independently from the other four rates. This

adjdstment may, however, not be consistant with the measured

-
=5

[ (n'+pys /T {n'+wy) ratio.

E

Assuming the usual ideal mixing of vector mesons,
an inconsistency arises. Even though the 0ZI forbidden
decay ¢-»ny 1s seen to proceed, it does‘so very-slowly

conside;ing the available phase space. This means that

el

gn £'. If g~ f', there is not sufficient nonet breaking

J c _
to account for T (w-ny)/T(p>my) ~ 25. Choosing g = (0-480 GeV 1

and £' = 0°-926 Gerl to,obtain Fj@:ﬁy3\=\880 KeV and

- . s
N N



| | . R
and. F(p;ﬂy) = 35 KeV, a rate F(¢+wy)‘=vl46hKeV is"predicted,
If SU(3) symmetry is to. succeed in explalnrng the radlatlve
‘decays, dt 1s necessary to adopt a nonldeal value of %; |

| - Boal, Graham and Moffat. [15] present two fltS, each
correspondlng to dlfferent comblnatlons of m1x1ng angles.
,These fltS are dlsplayed ln Table 2 note that the experl— E
‘mental rates are those current to publlcatlon In the flt f_

: &
for solution 1, OP is flxed at its quadratlc mass formula

[}
value#(-10°):and g, £, £' and @V are treated.as free

uparameters.. The resulting values (g=0~476'GeV-l) f=0-769 b

GeV—l, £1=0s 889 GeVl, @ =24°) indicate shbstantiall nonet

.~

K

breaklng and large dev1atlon from 1deal mixing. @All'

exoerlmental rates are predicted and all experl tal bounds

'satisfled; only F(n'+py /F(n'+wY) dev1ates from experlment
Solution 2 uses mixing angles’from the linear mass Formula

(®V=37°, ®P=—24 ). The xesulting coupling constants display
less nonet breakinq than solution l“(g:0-746 Gev-l, f=0-876
GeV_l, £'=0-790 Gev_l) but the predicted rates don't agree

with experiment. In particular, I (p>7y) and [ (K*°+K°y) are

about a factoy of 255 too large; this is the result of v

belng nearly ideal. The SU(3) scheme is reasonably success-

ful only when large nonet breaklng and an art1f1c1al OV

are used. / ‘The further. 1mpllcatlons of these unusual features

.are 1nye%t1gated later when other SU(3) decays are con51dered
S~

} The SU(3) scheme does offer an explanation of the

o

j/observed radiative decay rates. The necessary nonet breaking
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'requ;res large VlOlatlonS of the OZI rule ‘-Furthérmofe, ﬁﬁe“

tradltlonal connectlon between m1x1ng angles and mass formulae

¢

hlS lost-—the mass formula whlch ylelds\,v m~24$ the inverse

)

fmass squared formula, ‘cannot be applled to pseudoscalars _
v<because the resultlng OP is. complex Although the V+PY

x]predlctlons of thlS SU(3) model are reasonably good 1t would

Iy

‘be- de51rable to retaln mass formula m1x1ng angles and some

iy
,‘remnant of;the 0ZI rule. R

1.6 SU(3) Symmetry Breaklng Models
. The approach to V-Py decays 1nvest1gated in thlS‘
thesis is one of SU(3) breaklng It 1s.hoped that a,phy51—
cally reasonable SU(3) breaklng scheme may permit the use of
vquadratlc mass formula mixing angles and, to some extent,
the preservatlon of the 0ZI rule. i
The SU(3) symmetry observed in partlcle physics {s ;V
N
only approximate. The most familiar example_of SuU(3)
breaking concerns the mass splittings within the chét_Ofi
baryons. The Gell—Mann——Okubo mass formula prediction”
M_ + MN M, + M
2 4

z z
& . 4

is obtained by assuming a Lagrangian of the form

4

- X=m, Tr (BB) + my Tr (BBrg) + m, Tr (BigB).

Symmetry breaking by one A8 accounts for the observed
. R :

regularities of the baryon mass splittings. This type of

U(3) breaking is the only one consistent with charge,



,‘T\I' )
'1sosp1n and stnangeness conservatlon.

In Chapter II, a hmerarchy of SU(3) symmetry breaklng

‘models for the meson radlatlve decay vertex 1s dlscussed.'

o

KThe relatlonshlp between symmetry breaklng and the OZI rule, S

pls studled ‘ The lmpllcatlons of vector meson domlnance are‘»p'

In the next chapters, SpelelC SU(3) breaklng models 5wf

‘are examlned in detall In each case, the avallable conpling

e -
: ]

constants are flt uSLng the experlmental V>Py rate, and the
success of the model evaluated e R

Varlous forms of SU(%? breaklng for radlatlve decays
. of’ yector mesons have been dlscussed prev1ously ~eferences
[16] present schemes anﬁlagous to the weak and strong nonet
models of Chapter II omlttlng one or. more of the SU(3)
bsinqlet sectors Reference [17] takes a sllghtly dlfferent
approach genenatlng apoarent SU(3) breeklng w1th the meson
masses. These dlSCUSSlonS were all publlshed prlor to the
n&qent experlments.. The experlmental V+PY rates nowCavall-'

able make a comprehen51ve treatment of the SU(3) breaklng

models fea51b1e.

™

1.7 Other Decays. : . RN

N Vector meson dominance (VMD) in ?fs original form
related the nucleon electromagnetic form}factors (essentially
the NNy vertex) to the NNV interaction. 1In a more general
form, it relates processes involving photons,to those
involving vector mesons--a Process inyblving a photon may be

N

) V@:f'

1

o



. _ 4 , L
con51dered to p;oceed through a C——l vector meson, the

belng'attache to the vector meson, accordlng to

o / . “.,.. . I.’)',
: ., ' [ o ° U
X/ oeim?s faamn
: . L= m mn v b
S ge S ‘;f :
'f°Where h'is_theVphotohiihdek;ahd‘g lS the pmm coupl % o |
‘constdnt (181 i oo T R O ~‘,fg L
‘!// R Ll R o - % ; Gl e
/g 2000 S e T i e L e
S 2B =293 +.0.02 o . S R :/3‘ e Ll
: . : . . ; .
- . . o ) ;1 _ ‘~\ ] 5
//MOSt models for radratlve decays of vector mesons'f \
may b?,used with VMD to deduce a model for the,VVP vertex“»
f _
A VVQ/and a VPP vertex, together w1th VMD may be used to_ )
p S
_predlct a varlety of- radlatlve and hadronlc ratés Examoles
» V A

of ‘some descrlbable processes are 1llustrated lm Flgure l
- . . r .
In Chapter VI, these further decays arefdlscussed

in detail. PredlcthnS for the 7+YY; n+YY, n YY, w+3n, ¢+3ﬂ,
AH*MHY and- n'*“ﬂY rates are made on. the ba51s of the SU(3) ’

\model [15] and one SU(3) breaklng model dlscussed 1n Chapter"

I

' V. The ablllty of these models to predlct su?h rates may

prov1de an 1ndlcatlon of thelr validity. It Fust be

remembered, however, that thé addltlonal assumptlon of - VMD

is ifcdrporated in these predlctlons.

Ve “ . ey
a . el

[ R

l,8f,Extensions to su(4y

Recent experiments [19,20] on the r:diative decays’

of the ¥ meson suggest that an SU(4) descrl tion of the

radiative decays'of'mesons is now needed. :| If v is in fact



LC)

Figure 1. Processes Ré€lated by VMD:'AEXamples of (a) V4Py,

(b) P>yy, (c) V-»PPP and (d) P+PPy.

°
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a pure'cc State} the éﬁ{4) radiative decays are to prove-as.
recalc1trant as the SU{3) ones. l Already the 0Z1 forbldden'
decays w+ny, Prny and w+n Y, are observed to proceed whlle
'the decay w+n' XZ 83 GeV)y, whlch is OZI allowed and Wthh
has ample phase space,'ls-qulte suppressed. _An SU(4)‘
*symmetry or symmetry breaklng scheme for rad1at1Ve decays
must 1ncorporate ‘a solutlon to the SU(3) radlatlve decay
problem and explaln the ¢ rates as well | ”3‘ ;«-

| ‘In Chapter VII a model for SU(4l oreaklng 1sl
dlScussed. :ThlS 1s a natural extensron of one of the Sd(3)
breaklng schemes of Chapter V-—all mesons and.the photon -
have standard SU(4) gontent, reasonablehmixihg’angles,arev
iused the OZI rule 1s,.to some extent,elncorporated and the

,,/

symmetry breaklng occurs in a/fashion SLmllar to mass spllt—

tlngy by A8 and AlS‘ No new.dlfflcultleSvare encountered.ln'

treatlng the w rates ‘some'preViously unreSOlvedeU(3)
1ncon51stenCLes do howeVer per51st

i 5 P
w



THE HIERARCHY OF SYMMETRY BREAK

2.1 The Nature of Symmetry Breakind

ING SCHEMES

Just as’an SU(3) symmetrlc VPy‘ampiitude'is derived _

from:-an sU(3) 1nvar1ant Lagranglan, so does a VPy amplltude

‘,whlch has the unitary symmetry broken by

Aj come from a

Lagranglan whlch transforms as x s, under unltary rotatlons.

Such a Lagranglan is’ constructed from dl

comblnatlons of V, P A and xj Whlle not 1nvar1ant under

.
- .

‘arbltrary unltary rot&tlons of VvV, P and

fferent trace

ke \

A,vlt 1s ;nvarlant

nder those rotatlons whose generators commute w1th A

furthermore, the quantum numbers correspondlng to thesef

&

‘4operators»are.conserved even under the b

7

roken symmetry

It is convenlent to plcture symmetry breaklng by Xj‘

in terms'Of a 5calar'sPurion‘[211, an 1mag1nary partlcle

,, .

e whlch carrles only an 1nternal symme try

=

label -If.the

dlatlve decay V+Py were to proceed Wlth an addltlonal

scalar partlcle in the flnal state whlch was massless, »

\/

momentumless and bore the unltary lndex

3 the correspondlng

granglan would have exactly the same form as the Lagranqlan

with A] symmetrégbreaknww, The. radlatlve decay V+PY w1th

symmetry breaklnq ls equiv Jltu, tO'the decay V+Pij. ‘The

concept of a scalar P Lo
I when symmetry breakln

Charge and hyperC'arge are. conse

iscussed on

1 prove most useful in AppendiX

the’quark level.

rved;in electromagnetic
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lnteractlons © Total 1sosp1n is also conserved 1f the photon

&

is ass1gned the’ 1sosp1n content dlctated by 1ts SU(3) content
In order that these quantum numbers be conserved, all terms L

3; and
Aédrotatlons of the v, P and A multlplets-—the only’ p0551ble

‘symmetry breaklng ts by AS and, A : In‘the'spurlon plcture,

’in-the Lagranglan must -be 1nvar1ant under Al’ 57 A

any ‘spurion which carrles off no charg/, 1sosp1n or stranqe—,

bness must have T O 'and Y= O——only U8 and U, are~po851h1e.

|  In the next section, a general SU(3)'scheme with Ag
*symmetryibreaking iSNdiscussed. The 021 rule‘istthen enforced
‘and the‘connection between»A; hteakiné and 0OZI violations

' elucidated} The'impifcations of VMD‘are,also_studied."ln

‘the last gection, a hiefarchy'of'symmetfy breaking sChemes 1is

presented.

. 2.2 . The Most General SU(3) Model
With A, Symmetry Breaking

8

In thisuSeCtion,‘the.SU(3).mode1 of section 1.3 is
"egpanded to ;nclude }é‘symmetry'breaking. The SU&?{ invariant
'contributionsito the VPA Lagrangian‘are, as hefore,‘various
tfacé‘combinations of the.v P and A’multiplets; the A8
.symmetry breaklng"terms arlse from varlous tr;ce comblnatlons
of the v, P and ‘A multlplets w1th one A8 matrlx The kine-
matlcs remain unchanged from the previous calculatlons

The Lagrangians that descrlbe the ‘radiative decays
~ are

_ uvopo (8) (8) L (8) y
L, (8) - . (ge 7 (2,000 > a2 (cont.)
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| o (8). ((8).(8)
+ gy (Tr (3 V'O AP rg)

i
.

y (8), ,(8), ,(8)
i+ Tr (auvlv gsy / BpA g V)

= .

3 A
P

(8)

%

(8) (8)

g

¢
] -
&+ g, (Tr (3 V' 'P rg)

4 o7r (s v 8)p(8)
STV R

(2.1

_ nvoo s g8y A (8)45(0) .
Ky (8),(0),(8) = "7 (g Tr ({3 V RS AN
‘ i

(8) = 5-a(8),p(0), b1, = (2.2)
oo 8 2 —_— -

+ /§g8 Tr ({a V'

e MWVpo i : (0) ~(8)
8) gg) = ¢ [g9 Tr (auv N {apA 5
> /2~

ey o (0) . (8)  _(8) o | ‘
+ 3g)q Tr (3 VT AT T, P | (2.3)

| . _uvpo - (0), L(8),(0), .. ”
Ly (0) 5 (01, (8) = ¢ [ 39y Tr (v T Al TRITGT, (2.4)
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_ y : 1=1 .
. p(0) _ 1 a,p°,
. /3 ,
8 oL
- (8) =1 i ~
A u /'2_ i-E::l AiAu. - . .

Other terms could be lncluded in the above, notably terms
involv1ng.Tr ( (0)) or Tr (P (0)), but these depend linearly
on the terms already con51dered

The decay rate takes the form-

.\‘ .o (M 2-m_?}3
Jmo L,

m 1- :
T(V'>P7Y) = 557 Inin
Y ' - .

(2:5)

where gmin“iS'different'foraoctets and éing%ets. .For

w8, p 8 B ‘ :
Inin = Jo Smin * (gL'gz+93?»dsik Yymn
+ (-91+9,%93) dgny dkin * (91492793 Tgmk %kin
+ {9y . 5 (9y-9,%93)) g Sy
“ + (g ¥ %'('q1+gz+q:)) Sgn %im
+ (g + 5 (9+9,793)) Sgp Sy | L (2.6)
ror v (8),p (O ' .
Imin = (97 %nin * 98 %emn’ %io " (2.7)
For g0 (8 ¢ | h - b
Imin (g9doin glOdBin) §mo ) . s .‘2'8)
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\d (2.9)

Imin g1168n6mo&io . | /
The repeéted symmetry index k is summed from 1 to 8 and n is

I
o

the photon index, | ' : - /
Not all the above terms are independent as may be seen ffony/

the application of these identities;

| ) e | 2 o |
dgi1%mn * 5 $8ifmn T Y8mk%kin T3 Sembin, (2.10)
dgiilimn * Yenkdkim T demk¥kin =
. , . |
. o :
3 (68iémn * 68n6im + 68mains’ - ’ ' (2.11)

. & -
where i, m, k=1,. . »8and n is the photon index. The last

identity issa_special'casg of the well known SU(3) identity:

. . + 4., o+ d. o= v
dljkdkmn dlmkdkjn _ dlnkdkng

-

1 . Y . '
3 (Gijémn + éimajn + éinéjm)} (i, 3, k, m, n—;,.WS)(Z.lZ)

Using (2.10) and (2.}1) in (2.6) } two of the v{B g8y

symmetry breaking terms may be,eliminated-?only four coupling

¢

constantS»chaiacterize thedSU(3) symmetry breaking for
(B ®, S

AY

" The“most general:SU(3) model for the radiative decays

of vector and pseudoscalar mesons which usés Aé symmetry
breaking has three Sy (3) invariant and seven symmetry breaking

terms. Ten SU(3) invariant coupling constants‘afe needgd in
/
such a model.

D

This SU(3) scheme with g symmetry breaking ﬁgy be
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reformulated using nonets. ' The appropriate Lagrangian is:

Zgguquwgl Tr ({3"vY,3"A%)pY)

b]

'

£ B1 e (0%vY5Pa%) T (P)
[g— , o \“\
+;£g e (3"vY) Tr (3°A%P)
3
. ” S
53 (e (3¥v¥aPn%Prg) + Tr (a”v“AgpapAO))
V2 '
+ fa4 (e (aﬂvvpa°A°x8) + Tr (a”vvxgpAPP))
2 3
Y \ . |
+ f5 (rr (a“?“a“AOxgp) + Tr (a“v“PxSaOAO))
ﬁ§§%_Tr (a"v¥3°a%) Tr (Pr,)
%, : ' 8" '
+f Y.,V 0.0, . ®
7 Tr (3"V ' P) Tr (3"A°X,)
% S8 ~
+ fg Tr_(a“vvxg) Tr (3°a°P) N
) . ,
x Q 7/
+ T pr ({a“vv,apAo}xB) Tr (P) ‘ o
273 V
+ F10 e (3%VY) Tr ({2°2%,P1ig)
273 S
. - . ~. ®
+ f11 o0 ™Y T (P) Tr (BOAOAé)] ‘ (2.13)
372
Ly V“
8 2 \
1 42 1 —~
= = ALV
) iZo %“\1
8 - 5
= /12'-3 z A Pl
4T i=0
8 :
1
ARG
& 1i=0
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.The Vm+Ply rate predicted‘by'this-Laqrangian is

[, 2 2)3
. &M -M. .
m i 1 2 m 1 :
F(Y,FP Y) = 967 'gminl Mo (2fl4)
where
» _ 4
gmin B f°dm1n + fl smn Sio + f2“5mo Gnl
. " : ﬁ‘
+ (f3—f4+f5) d d

)

B _ e
o+ £4=Fs) dgnpdy, :
y
T fe OgiSmn * £404.0, 8%8mSin
£y dmn8 $ic * f~ld dni86mo ? .

11 6moéio‘snB
The repeated symmetry index k is sumﬁed from 0 to 8 and n is

the photon index. B

»

Of the nine symmetry,breaking terms, only seven aré

¢

independent. This follows from two identities which are

analogous to (2.10) and (2;11):

2
8ix%mn = Yemcdin, (2.16)
Y8ikY%mn * Ygnkein Ygmk Y in N
- 68i6mn * 68n5im +68méin (cont.)
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{

where i, m, k 0,...8 -‘and n is the photon index. ' The last
3y ‘ R

1dent1ty is a 5pec1al case of the 1dent1ty

¢

d. d

ljkdkmn +'dimk kjn * diqakd

kmj

§..6 + &, 6. + &, & .
1j mn im jn in mj

«

+ VB(d, & +d, §.. +d, + &'
jmn io imn,” j& kjn mo 2 ]

t= 3 (8.,.8 8 + 8§ &8, 6. 48, 6. 6
o ij mo "no ‘mn-io"jo . "im jo no

o

M

-

+ 5. 8.6 + 6. 8 &, + & .8. 8 1)
i 10 mo in mo JO mj 10 no

"

-~
]

i

Y
- ° . g . k - P ”
+ 978 0850%m0%no - (i, j, X, m, n=0,...,8) (2.18) .

- Using (2.16) and (2.17), two symmetry breaking terms may ‘be
eliminated from (2.15). The most generél SU(3) radiative
decay ﬁbdel with X8 symmetry breaking is seen to have three

SU(3) invariant and seven SU(3) symmetry breaking terms. Ten

v
o

SU(3) inwariant_coupling constants characterize this model.

2.3 NoneQJSymmetry, the 0ZI Rule ‘ < 4
and ), Symmetry Breaking ” '

Nonet 'Symmetry may be imposed separately on the
lnvarlant and - the symmetry breaking terms of the SU(3)
Lagranglan. When demandlng that the singlets and octets

#

couple with equal strength, it is convenient to examine the

Ies
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first form of ‘the Lagranglan and decay amplitude, (2 l) ;'
(2 9)d' Imp%31ng non@t symmetry ‘on ]ust the 1nvar1afi terms,‘

'the condltlon g° g_l—g9 1s obtalned thls type- of nonet m;
symmetry is referred to as Weah nonet symmetry. If nonet
symmetry is imposed on the As‘symmetry‘greakihg termsras
well (iie., g, 97799+ 9879107 //§ (91+92+g3) and 9117 95 +
%'1gl+g2¥g3));'another'type of nonet symmetry is achleved——

this is referred to ag

strong nonet symmetry.

. . v . : ‘ - : ‘
\" It 1s fore tygfsparent to use the second form of the

Lagrangian and decaﬁg mpiitude,‘(zvi3)-(2 15), when discussing

OZI violations. None of the terms in (2 13). which involveé
traces over the internal degrees of freedom of individual
particles may be rewritten so as not to involve traces over

the interhal degrees of freedom of individualsparticles; all

these terms, therefore, corstitute volations to the 0z1 rule.
'Setting-fl#f2=0, O0ZI violations among the SU(3) invariant

terms are eliminated--this is the same as weak nonet symmetry.

»~

Strong nonet symmetry is obtained by further demandlng thatv
’
fgrflg—f . There are no 0ZI1 V1o}atlons among the remaining

symmetry breaking térms in that the corresponding quark line

diagrams, with the scalar spurion U8 included, aresyproperly

connected. If the presence of the scalar spurion is ignored,
apparent 0OZI violations EEé generated by these terms.
Imposition of nonet symmetry, or equivalently the -
dZI rule, or the general SU(3) scheme with X8 symmetry
breaking has the effect of reducing- the number of ‘SU(3)

invariant coupling constants required in the model. The

i
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K most general SU(3) scheme has tengterms in the Lagranglan

: A
(3 SU(3) lnvarlant, 7 symmetry breaklng) the Weak nonet

~

‘Isymmetry model has elght terms (l SU(3) 1nvar1ant 7 symmetry
Y : S e

ijreaklng), and the soheme w1th strong nonet symmetry has 51x
terms (l SU(3) 1nvar1ant, 5 symmetry breaklng). Furtherv

symmetry assumptlons are necessary to further reduce the

)

number . of cougglng constants.
‘nSymmetry breaklng by_,k° is equivalent toynonetusymf“
metry hreaking. Beginning with a decay model‘Which demon-

strates strong nonet symmetry, the inclusion of X, symmetry
: " : ‘ e ' T 2
breaking terms regenerates the terms which break nonet

s

symmetry. -For instance;:from‘v, P, A and ),, the term

‘Tr\(VA),Tr (PA,) may be constructed; this is equivalent to

B

the fl term in (2.13). Slmllarlv, from v, P, A, Mgy and A,

Tr ({v, A}A ) TrqAPA ) may be bUllt' this is equivalent to

the.f9 term ing (2.13).° Syﬁﬁétry breaking by A, /1ssseen-to

ya
destroy nonet symmetry.f‘Furthermore, in a scheme which-has

no nonet symmetry, A, Symmetry breaking terms are redundant.

Slnce x symmetry breaklng yields no new structure for the" a
1{‘;
dESlred radiative- decay amplitude, it r; not considered
Q B -
further.

2.4 Vector Meson Dominance N

Many -V-Py models have their origins in models for the
hadronic process V-»VP. If the assumed VVP vertex demonstrates

symmetry breagnng, so does the VPy vertex whlch is derived

from the VVP wvertex by latching a photon onto one of the

-



‘Vectors u51ng the VMD Lagranglan (l 17) N The V*PY models so ls
obtalned form a restrlcted class of all V+Py models descrlbed
gso far,.v_rif7ljyf‘,ﬁul. ' | g ’ |

A model for V+VP w1th symmetry breaklng 1s obtalnedv
';hy taklng varlous charge conjugatlon 1nvar1ant trace d

“comblnatlons of two vector multlplets, a. pseudoscalar;

hmultlplet, a Ag and a Ao.' Boson symmetry further requlxss{
that when the two vector multlplets are 1dent1cal (1 e, both
octets or 51nglets) that the resul%hng amplltude be symmetrlcw‘
_1n the two vector 1nd1ces. When the photon is attached the
V+Py amplltude is necessarlly symmetrlc in the vectgﬁ and
photon indices. = . = | | o ,

This Boson symmetfy is compatible with the general

86(3) modelvwith A symmetry breaking only when certaln

8
_coupling constant restrictions are met. :For the amplltude ér
(2.61 ' be symmetric in m and n, 1t 1s necessary that . . o .
r .

91 =“g3 and g5=gs. Equlvalently, it is necessary that»f —f5
and £ —fs'in (2.15) Fewer coupllng constants ‘are permltted
~in'a V-Py model which is derived from a V>VP model through
VMD.
VMD may sometimes be used to deduce a'VVP vertex from

a VPy vertex. If the radlatlve decay model satlsfles the
coupling constant constralnts outllned above, then this is
possible. In Chapter VI, some V-+Py models are used in thls

S
way.
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5 A mieFarchy of Models With
= SU(3) Symmetry Breaklng '

A w1de varlety of models whlch descrlbe the radlatlve

Tl .
N ] -

decay of SU(3) multlplets of vector and pseudoscalar mesons ;c

L has been presented._ The 1nteractlon Lagranglan may be

lnvarlant under all SU(3)urotatlons or may have a part whlch

. transforms .as l8 ' SU(3) octets and 51nglets may couple w1th‘

the same strength or may be totally lndependent The resultlng
VPY model may or may not be compatlble w1th VMD.

* The two schemes whlch dlsplay the 51mplest symmetry
structure use SU 3) &byarlant Lagranglans The nonet symmetry
model is the most 51mple——no VAR v1olatlons are allowed. ‘The'
general SU(3) model does permlt 021 v1olat10ns.

’ Among the: models wf%h AB symmetry breaklng, the strongv.,
nonet symmetry model has the fewest coupllng constagts&d/”Tx
v1olatlons, in a strlct sense, “do not occur,»the symmetry
breaklng terms do, however, 81mulate 0721 VLOlatlons., The weak -
nonet symmetry scheme forbids OZI v1olatlons 1n the” SU(3)
1nvar1ant terms but permits them in the symmetry breaklnq
terms. The most general SU(3) model w1th k8 symmetry breaklng.
allows 071 VlOlathnS in. both the lnvarlant and the symmetrv

breaklng terms.

A V+Py model which may be related to a V+VP model

through VMD must satisfy Boson symmetry in the vector meson

and photon indices. As a result, fewer independent_symmetry
breaking terms appear in such a model.

The numbers of couplings available under the different

.



'r,,symmetry assumptlons are summarlzed 1n Table 3

' The nonet and SU(3) models haV1ng proved unsatlsfactory,

<.

;1n predlctlng the observed decay rates, some of the A8

v
-

'Q_Symmetry breaklng schemes are now explored. It 1s hoped that

~

.8
sort of nonet symmetry and that, when used w1th standard

Ja A symmetry breaklng scheme ex1sts that demonstrates some

 mixing angles, "yers an eXPlanatlon for the’ experlmentallybn_u”“

observed rates,‘ All of the schemes to be examlned demonstrate

"elther weak or strong nonet symmetry Only -on two occas1ons

‘;are nonstandard m1x1ng angles mentloned In addltlon, most

of the models to be dlscussed are compatlble w1th VMD. Wlth
-Only flye measured absolu§e rates, two prellmlnary absolute

rates and two relatlve rates, it 1s lmpos51ble to- fully explore

.(' .

:all the symmetry breaklng schemes presented 1n thls chapte&
tIt ls, ho%eyer, p0551ble “to thoroughly test some of the‘
_schemes and sample partlcular cases of’ others. In the next

"chapters such & w1de varlety of symmetry breaklng structures

3

S 1svexplored that many conclu51ons may be drawn regardlng thev

= P
1.l 'R

- success of }8 symmetry breaking in explalnlng the radlatlye

‘decay rates of mesons.

34
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PR A  CHAPTER fII

THE BARYON LOOP MODEL L

3.1 The Nature of the Model

' . .
The baryon loop model was flrst used by Stelnberger'
'[22] to descrlbe the n°+YY decay, A modlfled ver51on has
l been used by Rockmore g\d collaborators [23] to study the
.nonleptonlc decays of K mesons. It has been further.f N
suggested by Rockmore [24] that a’ baryon loop model mlght
lend ltself qulte naturally to a descrlptlon of symmetry
,breaklng in strong and radlatlve decays of mesons._ In thls ;
chapter two baryon loop models are used to produce x8 |
'symmetry breaklng 1n the radlatlve decays of vector and‘
pseudoscalar meSOns ‘» ' | -
| | In a- baryon loop model, the decay V+PY is 1mag1ned
'to proceed via: a baryon antlbaryon loop. As 1nd1cated lp
?Flgures 2 and 3 the photon may be - attached dlrectly to the
.baryon loop -Qr VMD may be assumed and the photon attached
‘to a vector meson whlch 1n turn is attached to the baryon'
Aloop Assumlng that the 1ntermed1ate baryons form an SU(3)
octet bearlng a 81ngle octet mass and adoptlng sSU(3)
1nvar1ant coupllngs at all vertlces, a V-Py model results
whlch has SU(3) symmetry.
SU(3) symmetry_breaking_is introduced Very‘naturally

through the;baryOn masses. -Taking the baryon masses as

@meScrﬂxﬁ "by the oCtet mass formula;

:36; o



Mij = modij + SmD d 3 + 1<SmF | ) ,(351)_

a V+Py model whlch demonstrates A8 symmetry breaking is

‘obtalned. The three baryon masses, mo, SmD and_Sm’ may be‘
N N _ '
obtalned from the. observed baryon mass spectrum and (3 l).

'Alternately, ]ust the symmetry breaklng structyre of the o

' V+Py amplltude may be taken serlously and the baryon masses

_may be taken as symmetry breaklng parameters to be fltted
Both these approaches are tried.

In thls cﬁapter, the mesons . are assumed to have the

standard SU(3) content, m1x1ng angles and masses. The

usual forms of the VBB PBB, yBB and Vy - 1nteractlons are

used with - accepted co&pllng constants and f/dxatlos. Only

: for the V°BB and p° BB 1nteractlons are coupllng constants
| not ava;lable, these may, however, be fixed if weak nonet
e R -

symmetry is assumed. e i ‘ -

ke

3.2 F-type Coupling of the
~ Photon to the Baryon Loop

'1'The baryon loop‘model in which the photon is attached
dlrectly to the ‘baryon loop u51ng standard yBB coupllng 1s

now dlscussed. The Feynman diagrams of interest to thlS
-0

model are presented in Figure 2. Figure 2 a lllustrates the
Su(3) invariant contribution to the VPY amplitude. .Figures
2hb , ¢ and 4 give the symmetry breaking contributions to
1 firSt.order'in Gm 7m and sm /Ro; these terms demonstrate

symmetry breaklng by one x8 Higher order terms are . expected

to be negllglble 51nce, accordlng to the baryon mass spectrum,

i
N

i
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Figure 2. Contrlbutlons to the Baryon Loop Model with the
Photon Attached to the Loop with F-type Coupling. = (a) SU(3)
invariant contribution; (b), (c) and.(d) sU(3)- symmetry
breaking cqontributions.
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GmD/mo and {hF/m : of tiWe order of 5-10% [24]. . Such a

-

| flrst order ‘;alcu;atl

\

the masses as
PEN
breaklng is: always found to be less than 25%. °

is seen to be ]ustlflable even when

ed as- free parameters~—the symmetry

‘The Lagranglan used to descrlbe the varlous inter-

actions is:

e . . - 3

_ s ’ =m |, n _i
L= 2g) (-if £, +dap BT ave" e
x o 4 | " }
+ 29, d_ g™ iYSBnP° : S : '
' . ' =m u N i
- +
+ 29.'3 ( ld)f,l (Sdllmn B Y' B V].l .
| N
+ : °
‘ 2g4 éo B vy B VU
o (i sm £, + sm_d  B® Y 7
. F 8 7D 8mn , ‘ -0
. em no . | . '
- ie (f4 +/— Q\B y* BYA . (m, n, i=1,...,8 7(3.2)

»
“

‘The gi are SU(3) invariant coupling constants. -The relative
amounts of f-typeyand'd—type coupling are given by £ and d
J(f + d = 1) for the PBB interaction and by ¢ and § (¢ + & =
for the VBB interaction ]
| L i - . . .
The computation of the vp y amplitude 1s a straight
'._forward pbut tedious exercise in Feynman integrals. Only*
two details are of particular notetﬂlFir tly, it is assumed

that the average baryon octet mass;‘ﬁo} is large compared to

‘the meson masseSr -this permits the 1oop integration to be

7

390

(L

51mply approx1mated Secondly, SU(3) traces of three and/four

f and d matrices are needed——these are avallable in [24]

. /
e
ya
s

o

- 2
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. The 'resulting T-matrix for vty is

. X ; .
T m i = . c g . el (p
_ (2n)9/ (8E E.E )1/2 min uvpo .m
mi'n

whera the momentum and polarlzatlon a551gnments ar

section 1.4. For_V and P‘ both members of octets,»

29y) Bagle g

g, = , : 3 (sf + sd)d_.
min (2n)2m5 2 . min c
' ([ ' §m ‘ sm.)
: 29 5 D 9 29

+,d8mkdkni (35 ¢d + 36 §F) - + (12 of + §3 §d) .
8 . sm_, )
29 29 ™, 9 5 F
* dgnk%kmi (37 ¢d + 3¢ §£) m, * 37 ¢,f&+ 36 §d) m,

" s §
5 - 29 ™, 9 5 Mp
+ 81kc1km{(§€ od + 52 65) 2 + (g7 of + 35 sd)
. | |

S s
M 8 7 p 1 8 Mg
+ 6_%11161’11 (~ '2'7 ¢d + -2—.7 df)T,; + (-2- ¢)f T -2-77— §d) m,
( ¥ Sm sm. |
8 8 D 1 7 SR
+ Sgndni | (7 37 #4737 B mp v (3 efr g7 S,

. / (Sm

7 8 1 . 8 . °TF
. o T %i%mn | (37 %Y 2T $Ehm # (5 ¢F - 57 8d) - }
(k = 1,...,8)." (3.4

For V"' a sirglet and pt a member j: an octet,”

_ (2q,) (2g,) /g . 3/2 D, .
9min 1 5 4 fdgh T3/ 3 (f = +;d~ m, )dgin |-

@m) " me

For V" a member of an octet ‘and pt a singlet,

K]



(2g.) (2g)e [ *. 5 =~ sm Cem. .
- 2’.°773 - /2 3 /2 (x _D _F » .
. 9 = ' [‘3/ 3. %%mn * 3/ 3 (¢ * )d8mn} - .

min m, m,
(3.6)
m __.i S
For V' and P~ bqth singlets, N }
‘gmin = (392)‘2g4)¢ GEF Séé- : i 7 | (3.7)
" (ZTT) mo ° ' J/ ‘

As before, n is the photon\i€dex; The V"»p'y decay width =

. o J
which is obtained from (3.3) Ié\\\_
¢ .

, m 2 W 23
T i _ 1 2 m - i AN ] N )
: . ' .i \\Mf ,
i _.m . . \ﬁ
and phe P +V y decay width is \\
i om 1 2 M12 - Mm2 > o
A R R B Tt U v P \_(‘3'9) ‘

°

128

~The symmetgy structure of this model.ié that of a
génef;l éU(B{ model with {8_sym@etry bT wking. The twelve
: coupang'COngtahts of (2.5) - (2.9) are-built f;omxghé’f
fdllbwiﬁg parameters of the béfyon loop model: Iy g2) I3
Iy a, £, &, ¢, m,, GmD\and Gm%. Because. the  photon 1is’
coupied touphe~£aryon loopﬂwith pureik—type coupling, the
amplitude (3.3) is not symmetric in.m and n. This lack of
symmetry in m and n means that this VPy model is not com-
patible with VMD--a VVP model, which mdst necessarily

demonstrate Boson symmetry} can not be derived from this '

radiative decay model. This medel displays weak nonet
. N Rt

I's
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syﬁmetry if” ’ ‘ ¢
_ Sf + od . -
:gz - gl 2¢ I) - (3.10)
§E + ¢d -

v

If (3.

‘ 3
'

in the SU(3) invariant terms. No relationship exists among

n

94 % 93 2f

8)

the baryon loop‘paramete}é (except GmD =“6mF =\D) which would\

(3.11)

and (3.9) ®*do not hold, 0ZI violations are perm

s«

N
produce strong nonet symmetr?

\

§
The coupling constants and d,/f ratum are assigned

accepted valueSéf% avallable. 97 /4n = 14.% [25], 95 =

.303"
0.30 9,
-0.5 [ZS]QK,Lacklng any lnformatlon on g, and g4,,the weak

_-nonet relations (3.10) %nd (3.11)(aredused. The VPy ampll-

[26] so that 95 /4n = 0.27, d/f = l.8”[25] and §/¢-=

>

" @'

tude is now a linear combination of 1/m,, émD/mo2 and ¢

émF/moz; equivalently, it is a linear combination of Kivqjaig:
Fe - . NAX . _ﬁ o % :
(2g,) (2g,)e ' o | o Lt
K = . l .2 3 i} ‘(6f +J¢d) 7~ 'f} ' A Y.
4 2 )
(2m)" m_ - : .
o
= ~ N R
. D =K qu/mo_, \ \
L — D . |
Fo=Xomg/m - | 4 (3.12)

-

Once K, D and F have been specified, the radiative decay rates

o . . ‘ P

may be prgdiétedfa .

At this point, oné of two approaches may be adopted. +
y . . .

The -baryon riasses m,, dém_, and dm, may be defermined from the

b F

. i 7
observed baryon mass spectrum (m, = 1155 MeV, SmD,= 67 MeV,

-



b

‘bfeV ',—D 0 054 GeV™ ?*5 —0 044 GeV e Adjustlng the

- IR S &

“ s

_Gm% = =55 MeV f24])' The V+Py and P+Vy decays w1dths are then
'“predlcted by (3 8)'and (3. 9) W1th To. free parameters Theseql

' ,predlctlons are tabulated as solutlon 1 Table 4 (ﬁj— 0 923

i1 153

"c‘.

overall scale to brlng these predlctlons 1nto better agreement

w1th experlment, solutlon 2 1s obtained (K = O 735 GeV 1,
0} 043 GeV l} =-o 635 Gev Y). It is remarkable that thig
'model should come so close to?the“properoscale. The pre—' o

e

dictidns "of solution 2 are only ‘s&mewhat of an improvement

over the nopet Dredlctlons of Table l

»

Another approach is to take the symmetry breaklng

Astructure Ofw(3.4® - (3.7) serlously but to treat m,, 6mD and

Sm or, equivalently K, D and F, as free parametersl .Three
/
fltS of K, D and F to the avallable nates are given in Table

1./ -1

4. Ssolution 3 (K = 0. 749 GeV D =-0.140 rev F =a-o 113"

*-l.\

GeV-l) shows the results oﬁ a fit }o the flve avallable data;

solution 4 fK = 0.49L”Gev l,jp

-0 086 GeV'l

omits T (w>wy) from the fit;

D= -0.175 GeV ~, F = -0. '; ) F(o+nY) is. oﬁlttéd;ymf?”

Whenever T (w>ny) is Pr dlcted to be con51stent w1th experlment
r{p-»mny) and F(K°**K*/§ are too hlgh when the latter are

1 Y
reasonable, T(w+ﬂy{fls too low

the observed ¢7ny§and ¢+ny rates

’ ,ws'x ’
3.3 The Photon- zlﬁpled to;@he & .
,  Baryo ood Through VMD W

o

§

gﬁgTh zgrams aporoprlate t0acoupllng the photon to the

tmvwan—antkiharbon- loop through a vector meson are given in
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thigure 3. As 1n the other baryon loop model ‘a flrst orderl
'calculatlon is executed. °f‘

The Lagranglan (3 2){ w1thout the.«BB term,¢1s used.3

‘,»The VMD Lagranglan 1s also needed,

£v= e"Ml’l .(6> ’ b+-:_l‘. § ) VA.uV‘nv S e (3 “]_3.) g
~Tg, . n3 /3 "n8 W T T
. *A\‘ ) 19' : ‘

t

The resultlng v P Y T matrlx 1s the same as (3 3) where q in -

now has the following form. - For Vm and P both members of
octets, |
S (291)(293) e 22 el
Ipip = E—3d¢ +d8” - 654914
¢ (21T) g ) e
. p».
. S ~535%+29d4" +34fd¢ ‘
* (d8mkdkni~+ d8nkdkml) 36
2955 +27f¢ 34ds¢ 6mF S
.36 ToTme| T ,'5\
e o) —5352+5d4°4 +58f6¢ " , 13f52+27f¢2+58d6¢ omp,
(g1 @mn T 36 m, 36 ,mé-'
R | 1146 —l6d¢ —2f6¢ _
T (68m6ni.f6Qn mi {' ~ 54 »mé +
-16f62+27f¢ —2d6¢ Smy,
54 ‘ m, |
2 8 2 sm
+ (s , |1las“+14do —32f6¢ ™ . 14£s +27£4° —32d6¢ 13
8i mn’ - 54 m, 54 mg| |°
e , . ) ¥ (3.14)
Vm ‘ -\n) . l . .
For- V'~ a singlet and P” a member of an octet,

&

S . . . . )
s 4 -
N : . " g
B . p
P Al .
[T
i K
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Figure 3. Contributions to the Baryon Loop Modellwith“the -
Photon Attached to the Loop through®vMD. (&) Sy (3) invariant’
contribution; (b), (c) and (d) SU(3) symmqtry breaklng
contributions. : v 7 ,
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(291)(293)(2g4)e

R ..-‘Pjy_ujﬁc, SN R
.ﬁ?,.4;/245da+9f$?3‘j% ;'Lfk—d6+3f¢ 3£543ds émp
I T eI T2 f.:ma».‘ ;2.,,_,

)d81n

For V' a?mémbergof‘anyébtetcandfpl-é,singiet;jvg;}" ' |

<2gz><2g3)2" L

: (2n) gff.l*

- &¥._‘. i '5 . “.._Shﬁ;,'AhT;i
N /2 55 +9¢ =6 +3¢ mD F .

Fox V" andp1 both singletS, T

_ (2g )(2g (2g s 5m RSN _7’1y.”h
g ., = —2 3074 ré 5§ ?D +39 —4~)68n,. 3Ty
mln » (27")2 Mg [_3 mo : e o T

,As before, n 1s the photon 1ndex The deCaY‘Widthsvare asQing

;’siiS)fand (3.9Y. .

ThlS model is an SU(3) model w1th X symmetry breaking
Whlch demonstrates Boson symmetry. Slnce the photon lS
~3attached to the baryon looo through a Vector mesoﬁ, 1t 1s

‘ attached w1th the same d/f ratlo as the lnltlal (or flnal)

state vector meson——the VPY amplltude 1s automatlcally sym-

A

_metrlc i m and nki Weak nonet symmetry may be 1mposed by
. requiring’

(3d¢ —ds +6f5¢)
(56 +9¢ )

1 9,.= 9 (3.18)



3(3d¢ -d62+6f6¢)

V94rf1gv (58a¥9Ee)

v-a."

lNo relatlonshlp eX1sts among the baryon loop parameters,i

r(except Gm GmF = 0) Wthh produces strong nonet symmetry

D
»wThe prev1ously quoted values for gl, g3, d/f and 6/¢

fare used and g2 and g4 are. determlned by the weak nonet
relat10ns,(3 18) and (3 19) ' The VPY amplltude 1s now a

‘llnear comblnatlon of 1/m°, GmD/mozband GmF/m : or, equ1va—t

-3

flently of K D and F"i'}f‘if*
S (29 )(2g ) 25 SN e =
o Kg;: L 3 (3d¢ —d52+6fd¢),
S (2ﬂ) gp- _ A

D #‘KNﬁmD/mo ;o

I

_ ‘ Taklng the baryon masses from the barvonnass spectrum,j

g“solutlon 17 Table 5 (K l 120 GeV l ] 0. 065 GeV l} F T
B h A

—0(53 Gev ) 1s obtalned. Scallng thlS solutlon down to

J
'ibetter a?ree w1th experlment, solutlon 2 ( = 0 715 FeV y,

D —CGwﬁﬁl GeV l,iF‘= -0 034 GeV ) is obtalned ' Agaln,,thisfe'

is not remarkably dlfferent from the. nonet model
-/ o
- When the baryon masses are treated as free parameters,

the model is more flex1ble Solutlon 3 (K = 0.660 GeV l,
", ‘

D = -0. 025 GeV l, F = x-0 130 GeV 1) ises the five avallable

S

rates; solution 4 (K = 0.510 GeV 1, b= -0.075 Gev i, F =
,0.01k GeVT;)fomits”F(m+ﬁY) from the fit; solution S-(K”=,,u
S SR T Q b
0.673’Gev.l,'D_=_—Q.l93'GeV l,'F =v—0.060~GeV';) omits

) - ‘ , AN , o e
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- r(p+fy) ~ ‘With this‘SU(B) breakingfstructure,5it'is'stillf'

'hdlfflcult to make both r(w+ny) and P(p+ny) con51stent w1th
texperlment F(K*°+K° ) is lower in thls model than 1n‘the:"
Lher baryon loop model but Stlll much aboye the observed

value;“Floeny);and C(¢+ny) are well\predlcted. :

.3;4 Conclu51ons "uld o 1;f o oo R

Ny S
4

q*f~ In these two V+PY decay models, symmetry breaklng 1s .
"1nduced by nondegenérate baryon masses. The flrst of these
‘models does not dlsplay Boson symmetry, whlle the second

.’fbelng derlved w1th VMD does Weak nonet symmetry 13 used 1n‘

jboth cases.yf i
When the baryon mass spllttlngs are taken as deter-
,‘mlned by the baryon mass spectrum, these models predlct

N

.limeson radlatlve decay rates very 31mllar t@ the unsatlsfactory'

.

lnonet predlctlons
. When the baryon masses:are‘treated as: freelparameters,
"the models’demonstrate marglnal successfi The symmetry
ibreaklng structure 1s compatlble w1th the measured ¢ rates,
(¢+ﬂy) and F(¢+ny) _ In partlcular,:the flrst decay proceeds
dentlrely thrOUgh the symnetry breaklng terms . The nonetl(
'problemnofhthe_xncon51stency of T(p>»my) and F(K*°+pr).with
H»th+ny) perSlStS In the secondimodel the problem with

P(K*°+K°y) is not qulte so sevege as in the first model and

the nOnet model; thlS 1s reflected by T (R*°>K°y /F(K*»»K Y)

.ﬂ}ngsomewhat fromlts SU(3) value of 4.

aklng structures of the baryon loop .

“The symmetry bxd
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 models’are‘on1y ‘somewhat. successful in predlctlng the vector

and pseudoscalar meson decay rates Problems Stlll occur in

the mutual con51stency of F(p+ny), F(K*°+K°y) and F(m+nY).

- \
v
: ¥ (H

i ,q;m“ o .

J
’ ! i



- CHAPTER IV

o

THE CURRENT ,ALGEBRA MODEL

4.1 Symmetry Breaklng Through
‘ Current Algebra

. . ‘Current algebra technlques may be. applled to a quark
modzz | Haﬁlltonlan w1th symmetry breaklng to generate a
varlety of strong 1nteractlon vertlces, all of whlch demon;;
strate symmetry breaklng. The further assumptlon of VMD

\
produces a varlety of radlative decay vertlcesrw1th symmetrv

breaklng. . This programme 1s carrled out by Aubrecht and:
Razmi'[27]-1n the context of SU(4).1 They 1nvest1gate the

VPP -and VVP strong vertlces and several assoc1ated radlatlve

processesr,rln thlS chapter, the SU(3) -VVP* 1nteractlon is

hstudled and a symmetrv breaklng model for the radlatlve

~

decay of vector and ‘pseudoscalar mesons ‘is developed

The free quark model Hamlltonlan den51ty is

o

o ‘ 3 SRR « -
/)‘4(x) = Z qj‘((x)v(—lx-g + mk-) qk(x) 4.
where the k th quark, qk has mass my (ml =.m, # m3)r ertlngﬂ /
the quarks as an SU(3) trlplet q,k ‘
\‘ .
’)4<x) = G(x) (=1y+2 + m ¥ sm Ag) q(x) 4.2
Y )

where

-
&

,52
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“(2m |

3
I

1 )+ m3)/_3 /.'

dme = (m

- m) /VE -
\’ 1 m3_/

[
o
[N

The ﬁamiltonién corresporiding to the mass termsfis;

o Ry . .

. H(x,) = Jd3x E;'<5<>‘(/§ mA, 4 dmAglg(x) . . (4.3)
L) . -_ * \" . ‘: . . ' ‘ 7 .. . ' : [
. Thisemay be written . S -
. 3 ‘ o L Coe ‘ :
- H(x,) =-jd X (aq U, (x) + ag U8(x)) ‘ .}4.4)
usingjﬁhe scalar densities: ;- : ‘ L

‘.“ ‘,
o ﬁ - o d%\

U, = é (x)inq(x)}

1

TN

-

o

A -

- This standard quark model Hamiltonian [28] has an SU(3)

invariant'part whose strength is related to the average quark

“mass - . o V ‘~" ' i !

a, = V6 m. !
\ ‘ 0

A A8 symmetry breaking term is aiso preéent;‘its strenéth is

related to tﬁe qguark mass difference

ag = ;am.

As in the baryon loop calculations, these masses may be taken
literally; alternately these masses may be considered .merely
as a pafaﬁetrization of the symmetry breaking. It is this

last attitude‘that is taken.
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4.2 - The Strong VVP Vertex

\ - ":‘- ‘;. . ' .
\\\\\\\he matrix element <y"p l (0)']v™> is to be computed.

This oonstlt »s the first order caiculation‘of ,the vvp

strohg vertéx. ~.The owing ark content is assumed for
| -ﬂ“

the vector and axial’ vector~cuu nt den51t1es and for the

-

»

pseudoscalar«den51ty3 ' ) o e

: \{‘ "'.J ' fﬂ : ) \\.\\
i _ l - ’ X ’ T — : |
n Vu (x) = 3 q(X_)Yukiq(X) , . "

N l B i— . » ) . |

A (x) =5 q(X)Y Y5 .q(x),

P (x) = = q(X)Y q( ) . : o (4.5)

2 5 '
alculation proceeds”in several stages with speETaL\\\;;\\
~ [ -

k4

“Tirst, an LSZ reduction [29] is performed on_ the.

WRMSing a matrix element between

‘the two! vector ‘stabes of }%£23? ordered product of the

’ pseudoscalar field and e Hamiltonian.
<Pt lH(0) V">

<V ‘¢Out H(0) ivm>
1

11 2,
- HT Pl om0 v 1 c
‘ .
b
k3 . 3 - - ¥
> = i & x £ (07, <vnl¢i‘X>H(0)Lvm>
B [ 44 3 "o o | BN
= ifa* x =5 (£] (x) T, <V [T (o, (x)H(0)) [V">)

"

ifa' x £] o @m®). < T, HO) VY (4.6)
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where_¢i is the pseudoscaldr field and fi is a c-number

plane wave solution td-the‘Klein-Gorddn equation:,

43 * 7 :
¢; (£) = ifd” (x) £, ()0, (x) ,

; \
4 ®

2

/‘/

- e, Do 1 =i p-x :
" . e : 3 .
. £ o(x) = . A .
. i ?

© | (2n)3/2 v 2Ei ‘ : _ - ' :

In the second last line'of ﬁtﬁ;ﬁ a term which reduces to .

B W ITUSEE § WS A 2 o . ,
<Vn1H(0)¢ian > is omitted; this term is zero because there
‘ 4 > : ‘
. @ .
. is no pseudoscalar in,the initial state.

.
¥

~- .. " Now the partially conserved axial current (PCAC) [30]

—

_assumption is used. This¥states that the pseudoscalar density
5 ) 8 :

1
v

%

ig,s apart from a constant, the divergence of the axial current

density: o S
’ i L 2 . ) |
3 éuJX) = gimi ¢i(x). - - . (4.7)

.

/

o ' °

The PCAC coupling constants, Ci,_ére specified later."dsing:-

.

W

% e

Q?FTXAiJXJH(O))Ivm>

~

ks
:

h



_ l s 1 p‘u\
3/2 /2E.:C.m.%
1 1 1

(-p% + miz)fd4 x etP"X

(2m)

N
N

« |
Yt @l Gomo)) [V
e —x
1 1

/aEi Cimi

o . ¢

2 2.,
7 (-p" + mHfa

~ 4"X éip-x
om 32 :

<v?|¢A§(x), H(0) ]|V .

valid as long as the

¥

This las;/gte

mass shell.

<

56

(4.8)

pseudoscalar is off

(

When the pseudoscalar masses are small, pu=0 is a

»

reasonable approximation to the real pseudoscalar momentum.

This soft pseudoscalar limit [31) yields a simple form for

the desired matrix element. With pufﬁ,

(2E, (2m) 3y 2 y"pt 1 (0) |V )
= 2 WP alx,), H(0)GIRE ‘ p
C.: L . _
i . Shabe X,=0

A - - s . .
where the axial.vector clrrent is defined
L]

’

S U 30,1 o | ]
A (x,) =[4d x A (x). , u

0

I3

The qﬁérk,commutation rules are now used to compute 7

the equal time commutator. From

ty, - _ 3,
{(qf)a(x), (gj)8<y)} LT 845 Su5 8T (7Y
‘ Xo=Yo
' £ ‘
{(g,) {x), (g.) (Y} . =0 T g,
1'a o 3 BL K=Y .S ?(;7




J:\j R 0
it -may ‘be hbﬁ%f32] that : N ;Qy
'a ! . o . a > ¥ . .
. [ . -i- . . . “ Q
A qlx), gl y)ronaly) Lt o ~
a Lo o - L ,\':’b i C o L - s
= qF e ir A, T ) q(y)a (x )| (4.11)
o a b ~ ,
3 . ! XO—YO . @ N
utator ‘ ' A
:v‘ N . G‘ L] ! } - ‘
: b= L Dardg) Lo, SRR U Y g
«"a’"8 b 2 o’ B ! 25 N a’""b’
is easiLy:combuted from" the SU(S) andvDirac~algebras; The
commutators of interest are.
R I faodiok‘Af(x)a3(x~y) }
"X0=Yo' . e Mo Xo=Yo 7/
- S ;
/ . —and. A, (x) 87 (x-y)
‘szyo 8 18k 9. N X Ko=Y ol
| (i k=0,...,8)  ..(4.12)
The standa d current algebra form ‘of th? de51red matr;x
' eiement'is - {
!/ .
: : b
(2B, (2 )3 1/2 ™ H0) [V
% e E o
- i I & n;.k m . o
= o {a?diok agd, } o<V le(O)|V >, (1y m,. n, keO,.f.,B)
‘ (4.13)

A

Further symmetry assumptions are needed to simplify

" this expre551 If < ]A (O)le> exhlblts nonet symmetry,
¥dducing no new symmetry breaking into the model, -

' thereby in

VVP vertex' results. Using

a5 o) v e gd o (n, k, m=0,...,8) (4.14)
{ - a . . “!



. in’ (4.13), a VVP model’ is obtained whose effectivé Lagrangian

- is

=&,V 3 %%in * 2g%ix%%mn)

B T L ! Y '.. O: ’.Q' o A‘ ,‘A'
. SR Euvpo (pm)’(em) (p,) Kgn) .. | (4 15)\

"

A more compllcated symmetry structure for <Vm!A 0)|Vm>

would result in a. more compllcated ver51on of (4.15).
y . L :

@ o . S
R

. 4.3 ‘The Radlatlve Decay Model B

VMD is now used to derlve an’ effectlve VPY Lagranglan

: ¢ s .
The result S ‘ s .

/2 P
3 2e9nin * 33%ik%mn’

~ . _ . 2ge
' I viply Cigp(/

®

(6.5 + =8 ) e (B )V (p )P (e )

1
. 'n3 /g, n8’ “uveo_ "m’ 'm n | .
. o | ' : . (4.16)
- . 2/1.7 ‘ _ K ' i o
leads to the followiﬁg-vm+?ly decay width ) P
| 2 o | 2 . 2)3

N . TP [ R
FVTPYy) = ges = (Redpy + Bgdgy di ) M|

Qg

o
5

" where n is the photon index and ,
. - 5.

A, = jgﬁi /2 a, :
1 ki D . . ) . E

. = 29e S
Ag C g 8g

mop : 2

b
ca 1 Symmetry breaking enters th;s model in two ways, &

@1ther through the A8

term or through the PCAC coupling

a
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constantsn, If C -;LC ;¥\Cﬂ75_cg and 1f A ;0} thls model

k ,w\8;¢« 8
demonstrates nqnet symmetry._ If the C s renaln equal but

the SU(3) symmetry 1s broken by one X8 Thls 1s a'h*

“%yisoec1al case of the strong nonet symmetry model which 1s

'2 _;‘

.:compatlble w1th VMD (compare (2 15) w1th f ey féﬁ?hfsfghh
b:A /2 and the remalnlng f O)._ If the PCAC coupllng con—h -

w0

i-’stants are not equal a broader symmetry breaklng structure
,than those outllned in Chapter IT. 1sofound Thls model is 7
t 9. ; \ :
‘qhe result of- symmetry breaklng by more than one Asnmatrix,

. LI
3

4.4 The Predictions of the Modelv
)

" In thls sectlon, varlous ch01ces of the PCAC coupling .
'constants are made In each case, Aq and A8 are’ determined'

‘°“by flttlng (4 17) to avallable decay W1dths. Notlce that
: I

Cﬂ'affects only the ¢+ny,'o+ny,@nd w*ﬂy rates, k affects only

the K*°+K°y and K*++K+y rates and C8‘and o} only enter those

Y
rates whlch 1nvolve n and n' ]

It is flrst 5§sumed that o =“Ck'= C8’= CO.: Solution
g S S
L, Table 6 (A = 0. 650'GeV LA, = 001s2 Gev™ 1 gives the

8

predlqt;ons based on the best f1t of (4.17) to all flve‘

Navallable rates Solution 2 (A, = 0;560'GeV l, ‘é 0. 313

‘GeV l) u®es a fit which omits thel¢4ny rate. The symmetry

breaking structure of (4.17) with . c_ = C}{"= Cq # C;'shows

only orre 1mprovement over the nonet model~—1t is p0851ble
" for elther P(K*°»K°y) or F(¢+ny) to be con31stent with
F(m+ny) ‘For ideal vector m1x1ng, ¢+ny does not proceed.

@

The p+ny rate remalns hlgh near its nonet value.
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The pos51b111ty that the PCAC coupllng constants areﬂ

';aunequal 1s now 1nvestlgated Several current algebra and 7f}

l”ﬁisum rule calculatlons [33 34 35] orov1de DOSSlble values for

lf}the C Under least dlspute 1s the Ck/C ratlo——from fﬁ7d5

}iuK+uv decay experlments Ck/C —‘l 13 O 03" [33];f Thls ratlo?

tals used in: solutlon 3 (A | 0 601 GeV ; -1

.

O 242 GeV )

8

“f"The flt to Ao and A s based on all the decay data except

"8

‘a.F(¢+nq) the predlctlons use C '- C, '#fcw.f Hére also, the :
's;symmetry breaklng structure does not destroy the nonet

H»ratlos of F(p+wy) 'F(w+ny) P(¢+wy) The K*°+K°Y w1dth
'may be flxed at the experrgental value, the ¢+nyrate remalns

;,low}

Ad]ustment of C8 and»C-V'.; now attemptedi Many -3

'dlscu581ons of C8 and C have appeared [34 35], the suggested

R'gf ‘/C and C /C ratlos varylng w1dely Solutlon_ A(A ,— 0 6&
L8 T : -

) ,AB' - 0. 242 Ge" ¢ 8/c = o 702 and & /c 1. 133) h
'yuses the values Of J ﬁnd A8 from Solutlon 3 and Chanow1tz5$_
[v35.];.rat10‘C g/ Co =’-’io.62. Whlle both I‘(K*°—>K° )'anvd Flo>ny)..

are predlcted to agree w1th experx@ent, TGO*WY) aﬁd‘f(&»nyj,
fremaln near thelr nonet values. Slnce C8 and C, don t ent%g
these last rates, nothlng .can be done about thlS problem o
Other values of C8 andeo also give T(¢fnY)UN'64 KeV but‘only
. a small range offvalues‘is‘consistent'with»r(n'+oY) < 300 KeWw.
The symmetry breaklng structure 1nduced 1n the VPy

. a

amplltude by thls current algebra. technlque 1s not qulte that
S
which. is requlred to explaln the observed radlatlve decay

widths. Small adjustments in ev couldyprobably cure_the

Dok



¢+ny w1dth._ Tﬁ latltude 1n C8 and C Wthh 1s con51stent

w1th F(¢+ny) " 64 KeV and F(n +oY) < 300 KeV could be used

'to ad]ust the other . and n w1dth$

w1th P(p+ﬂy) whlch ls predlcted near 1&”m?ene$ value f%_f'

more general symmetry breaklng structure needed.to destroy"nf

jthe nonet relatlonshlp among F(w+ny), F(p+wy) ana (¢+ny)

‘
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u CHAPTER{ v S el

R
~

o

THE SU(3) SYMMETRY BREAKING MODELS ffl«

m;l,.yﬁx,-,»le WITH NONET SYMMETRY

5 l The Models

The four general Xs symmetry breaklng models whlch r,{gi

demonstrate nonet symmetry are dlscussed 1n thlS chapter.rn7

."_

OF" partlcuLar 1nterest lS the 51mplest of these models, the

stronovnonet symmetry model whlch demonstrates Boson symmetryrfb
| ..Flrst,ya V(S) ( ) (8 ) model w1th Ag symmetry breaklng
is’ studled. ThlS model lS extended to- 1nc1ude the vector and':'
] pseudoscalar smglet sectors and then, w1th :\7MD, 1s turned 1nto S
a radlatlve decay model It 1s seen that thls model 1shtﬂ |
sentlally equlvalent to the most general strong nonet”
‘symmetry model w1th Boson symmetry and A8’symmetry breaklng”
m . The strong nonet symmetry and Boson svmmetry con—‘.‘:‘h

strarnts are then looSened 1n an attempt to account for

t)OSe[rates that are hot well predlcted by the flrst model

5_5.2; A VVP Model With su(3)
e ymmetry Breaklng

Muraskln and Glashow [36] wrlte down the most general

(8)

ifOr th V (8) (8)'vertex where the SU(3)

’?tsyﬁmet ‘ds broken by a- xswscalar spurlon.. ThlS Lagranglan

-z“’

may“be modlfled to 1nclude vector and oseudoscalar 51nglets

by sxmply replacxnr‘ The Muraskln and
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"K, ””p° [g° Tr (a v Pa v ).
‘o L : g

"‘i+7gi Tr (a v a v ) Tr (PA )
fjgz ??“‘?gVQP’»?r"ang%s);i v~§;5’_

N e T L e BT ey
N wgy TR VIR URT B

.1“

’f‘The term-in (5 l) Wthh descrlbes the 1nteractlon of V

(momentum p polarlzatlon £ ),,.n (momentum p } polarlzatlon

"e ) and P (momentum p ) 1s-‘flﬂkg"

:VVXQmV5§iT%5/%?§min"uvpo~§? )ﬂ‘e ) ‘P ’p( 0% s

)“’,.:,._

SRR ' /%ff‘
3(igmin;:ng§qminp+t2ql§mn§i8 g2(61m n8 ln6m8)

*+ 95 Ggrpdyin * dsnkdkim‘—“dsikdkmn) R
- .Ly,"V ST ,"'gf (m, i, n, k—O,.. '8),’- (5.3)

As expected this amplltude exhlblts Boson symmetry.
Thls VVP model leads to the follow1nq radlatlve decayf

‘e_modeLﬁ ,Uslng VMD-and.(S,Z),’,

9, Imin Suveo

o Ampiy = 2 S G e, (e, )“(e ) (p )p(e ), (s
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T_where”n‘is'nowﬁtheephctonAindex._ The‘qorresponding V+Py
décay rate. is

W
~

g i 2_M;2a3A o e cfﬁ,

':jF(Vé*?‘”?‘”«48vw‘§; g (5.5)

,'TFrom chapter II the most general X8

w1th strong nonet symmetry and Boson symmetry predicts

symmetry breahing‘model

v S, hl CO Bt

CTvmely) = 20 m T T (546

rtegmin:;-f°qﬁiﬁ +/}2f -fé) d81k kmn o
;gghkdkim:* dsmtdkigf; f s:_:'fijn_
+ f7 (68n51m »_{ : agmsln) (;n | 1 k=0 , 8) (5.7
>7rcomparlson of 5 5) and (5 6) sﬁggestle\:;:

oL T2
e gp‘ go ’-

: e ‘ \ ‘
3 f/i%{g? » . .
ﬂSlnce ;ﬁ the most qeneral case it ls not necessary that f3 = 0,

tthlsﬁMuraskln and Glashow derlved model lacks one degree of g

é’\h



o : v

o ‘ I e |
e ) ‘A ) ’ : /
. |
: : : |
- freedom. Thls stems from the form of the VVP LagrangE

(5. l)——whlle thlS has the most general xesymmetry breaklng
-,
. structure for octets,‘lt lacks one degree of freedom when

-

-51nglets are also consmdered Ve. ’ “_U .»‘;' X

For most of the radlatlve decays, this fack of - |
‘generallty is: transparent Wlth the exceptlon of K*++K¥y,>
-_all the decays of 1nterest (see Table 7) ‘involve- SU(3) :

‘1nd1ces whlch satlsfy

’dgnkakim + dsmrdgin*; édsikdkmneﬁudféft : ': (5.9)
| Rearranéement‘cf-(5;75.gives j o v - .l, .
ﬁ"f (2?;>+ £ )(d8nk klm\ .démhdkih;; d8iRthh>;‘
+ (-2, )‘ds nk%im . dSmkdhrh;°>?>d8;kdkmh) ,
‘+zf: § i § 'f+’ft'(& S +e, 8.0, | :‘(5;165

6 8imn. 77 8n im “8m in”’,

Use of (5 9) now 1nd1cates that for all decays,’except
"K*5$K¢y, the restrlcted model (5. 3)—(5 5) 1s equlvalent to

‘the'most general-model (5 6)—(5 . The restrlcted model,‘;
‘baSes its'éredictiohsrof P(K*§+K°y) on the:assumption‘that 

fj 5'0; if5f3 # 0, thén'F(K*°+K°y).shculd be comphted~us1ng

(5.7) or (5.M0). |

For clarlflcatlon, it is worth mentlonlng that i the

i

publlshed verSLOn of thls model [37] the followxng set of '

a coupllng constants is useq



Ya8w g -
o | B ) X
e - ’
) B = -%- . "G &
. ‘48'n'g 3 ‘A‘-‘.
Wt /48T g . ' '
D= —— (29, - %.93): R (5.11)

Y481 g .

These c0nstants yleld a partlcularly 51mole form for the

(8) ( )Y amplltude v .

£
(3

5.3 The Strong Nonet Model
With Boson Symmetgy

The predlctlons 6f the general strong nonet model w1th
N
: Boson symmetry and SU(3) symmetry breaking are now compared

*fW1th experlment : From the avaigable data f3 can not be

obtalhed; as. a result, the K*++K+Y rate is ambiguous and is

quoted u51ng,f3 = 0. All other rateés are totally spec1f1ed

by the model

| The predlctlons of this model are presented in Table
7. The constants f,, ¥:$o£6 an@ f7 are used; equlvalently,

gog 9gp gé and g5 Or A, B, C and D could be used. Solution 1
(£, = 0.539 Gevl, £, = 0.420 Gev'l, £, = -0.320 Gev ' and
£ =,—0.059 GeV_l) fits the five measured rates. In solution

7 ' .
2 (£, = 0.472°Gev ', £, = 0.174 Gevl, £, ® ~0.110 Gev 1*
£ = -0.054 Gev ), T'(u»ry) is omitted from the fit. In

7 : ,
solution 3 (£, = 0.551 Gev ', £, = 0.448 Gev'!, £, = -0.349
- | |

and f7;=’—0.055 GevTY) ) T(p-my) is omitted from the

and

GeV
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. o . ot v 2 R e ) ) A
it. In all a w,Ay_,*~; - ;f 2 Vreaklng enters.. ’ .

hrough the fijterm ahd 1 found toﬁba substantlal (NBO%)
"

Manyrof the . 1nconslstencresoftﬂmandnetmo@el arey

X & U ey
W«.um ‘xi\r(. Vst 3“ fp .
'esolved 1n thlS symmetry bre kl@Q scheme. b= “y proceeds -

ihrough the symmetry breaklng tﬁme, both I%K*°+K° Y'and

S e v,
2

‘Y&+ﬁy) are 1ndependent of meﬂy)and may take thelr measured

“ o
n

Jalués. ’The' 1ncon51stency of the p+wyand(wﬂw ratesadoes,

1owever,rema1n——1f Nwﬂw) ‘takes 1ts measured value, Fb+ﬂy) is

o

predlcted too large by a factor of 2. 2. ‘This problem.is ﬁ”

discussed further in the next sectlon.

The amount of- symmetry breaklng required in these fits
. 2 R
causes Ssome problem for rates whlch are reasonable in the

nonet model. In particular, Mp-nYy) and F&wﬂw) are predlcted

r

-£00 lowoand T (n'»py) /T (n'>uwy) too hlgh Solutlon ‘4 (f;‘% 0.623;1

‘.:.

Gev™l, £, = 0.269 cevt, ”f6'= ~0.057 GéV ! and £, 7.=0.056 .

cev-l) fits to the. ¢ive ‘established rates Fm*ﬂY)'-SQ‘*JB KeV{ *ii“
I (wony) = 3 £ 2 KeV and T(n'»py)/T(n' +wY) 9.9. Thep*nY and - mﬁﬂY.. 13ja
rates mdy be Obtalned at the expense of a‘sllqhtly W1def ;AF{ :

K*°»X°y width, but rQn—my)/thewy)remalns about 14. These . . G
" rates are examined again as the strong nonet and Boson symhw-“
y o ’ \ i :
metry assumptions are lifted. . : ' 't‘¢”~»@¢

vl N ,

That the predicted values of T(K*+>Kty) sometlnes EM* -

ceed the experimental upper bound is of little concern. ThlS

-

sl

yw;dth may ‘be brought w1th1n bounds by adjustment of f3 e,

5.4 The pinY width

¢

The failure of, this model to predict the measured oy

rate is a seérious shortcoming. 1In this sectiony three
' - @ . e ¢ - -
t ! .
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r .

remeéﬁgl squestions are explored. Working Qithin thefcontext

of the present modelT.the ‘measured p+ﬂY w1dth may be accomo—
. #
dated by changlng the vector mixing angle Thas solutlon is

con51dered lnadequate because the narrowness of ‘many of the

a

¢ decay w1dths could no longer be attrlbuted to the 021 rule.
AN

A second solutlon is to dlscard VMDQ-~2a strong nonet model
with no-B i n,symmetry provides a con51stent descrlptlon of.
 the fivewestablished decays. A, third possibility, which is
not entirelydfathous, is that the measured p~my width may-Beo
wrong;a g |
To understand why the present modelipredicts
F(p»ny) N 80 KeV when F(w+ny)0m 880 KeV, it lS convenient to

examine the unltary symmetry structure of the correspondlng

decay amplitudes. _From (s.7y, . 'h\ - o
. L ' ¢ B
| g = Lfo+ T o(af, - é A - :
oy  3.Qe 3 3 4’ " V3 T’ - g '
d.,8 = 1 1 - ‘_ ' o ON!
A '[r'y /3 £, + /3 (4f3. f4) + f7, i (5;12)
. ‘ .4
so that,
s = Ag R - (5.13)
oy /3 By ‘ : p.', ’
Fiom (1.2), ‘
e . . : % )
*|8> = sin evtw> +* cos 9vL¢?' . - (Sfléj“
Hence, S A
& @ ® 9 '
g . (sin 8., g .+ cos 6., g )h (5 lg)
omy V3, vV Fgny T TOT UV Pomy’C =



© With 6. ideal and . = 0,
JTAER Oy fgeal and 9yny T O
. gpnY *BT?mﬁy’-

n;7ilh

génaffhe nonet ratio F(w+ny)ﬁF(p+ﬂy) " 9 1s obtalned._uThls1isf

not altered much by afsmall value for g¢vY f

That adjustnent of 6

o (
»'solutlon for the p+my,

1

. r"hese values are conslstent_with (SrlS) if ¢ ;.f5246’¢f o

s e

may lead to a con51stent"'f

w+ﬂv and ¢+ny rates is seen from (5 l&

"ﬁrFrom the experlment 1 rates,.experlmental values of gp iy "l
ECLLE SER : : . » o .
e g - ; = iOLﬁ’(Slj Géo—l élr | 7$£j1 UL '.1 A: ;p-.
. ‘ o . w.n-.y E I . "Q‘ . . ) |
v g k = #0..04 (13) GéV»,-vl"' (5[-16'.)
"¢HIY‘ ’ R N : KA

v
=1 l

< . : .0
S 18°“ Solutlon l Table 8 (£, "0473 GeV ” f = 0723 GeV

;_fé.- -0. 616 va nd e

= -O 236

F\u/"\a .' -

Gﬁﬁ/) flts the,_flve establlshga

j.rates to thegstrong nonet model w1th Boson symmetry and

~

@Vn

: necessary to aCCount

for the

24°f7-Notioe;tte very largelSU(3)symmetry breaklng

narrow ¢»ny w1dth ‘Thls 1s

;Qslmllar to the case of the SU(3),model of Boal, Graham and |

~

- g \"

‘b‘k ;

f}Moé;at~*here~too large dev1atlon from 1deal vector m1x1ng R

is accompanled by la

4

”‘breaklng 1n thlS lns

:’symmetry and ev y24

S n rates < T(p

y‘thelr observed'

alues,.

ance.
has tr
ﬁy) and

but +

'ge symmetry breaklng, nonet symmetry

-

-The strong nonet model w1th Boson
ouble w1th the newly measured
F(w+ny) may be ralsed éo near'

¢

hen F(K*°+K°w> v 180 KeV and 1]59
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F(n +DY)/P(n +wY) v 70-" Nonldeal vector m1x1ng mlght be ‘3'ﬁﬁ'

5.;__;

*&qustlfled on the bas1s”of overwhelmlng success but here only

7‘ffpart1al success has been found——another cure fortthe p+ny

v”;yrate lS sought.‘

o

*\\\\\flcult Prlmakoff effect exPerlment

’_lng the Boson symmetry can explaln the p+ny rate,,ﬁu'h

n,experlmenters [4]

bexperlment, would be des1rabLe.wy: [ifff_ R ] /va.

If e. 1s to be ldeal, a model must be found 1n;wh1ch L

"V(S 15) 1s not valld. ’The nonet symmetry structure 1s not thedff?“
“ffsource of the problems for only octet relataons are needed
‘to deduce (5 13) and hence (5 15) To explaln T(p+wy) e 35

TWKeV' lt ls neCessary to abandon VMD AThat the measured p+ﬂYlgge:

ate lS 1nc0n51stent w1th VMles seen agaln 1n the\next

mvchapter.. “In- the nextvsectlon, lt 1s demonstrated,h W‘remov_¢:7~

Before glVlng up ldeal vector m1x1ng or VMD, it 1s -
reasonable to con31der the reblablllty of the measured p+ﬂYﬁf

w1dth Thlsﬁrate has been measured only once [4] in’ a der”ﬁ‘

The data ana1y51s 1s*r-

\

qu\te\compllcated sin & relatlve phase of}himf“*”“

-strong productlon amp 1tudes lS unknown.1 Whlle suggestlonSV

f{l4] that the analy51s mlght admlt the further solutlon

| r(p+ny) " 80 KeV have been effectlvely rebuffed by the :'

. doubt Stlll hangs over. the publlshed rate.rb

”Another measurement of the p+wy w1dth, espec1ally in: an e e P

5. 5 Loosenlng the Symmetry Assumptlons 1 '1-'_ ',igtt

e S
In thlS sectlon, he Boson symmetry restrlctlon 15"“n

' Qﬂllfted Ln an attempt to explaln P(p+wy) v 35 KeV The strongO :ﬂ




e measured»n-and n» radlatlve decay processes.éﬁy*"m?iffﬁnﬂ'ﬁfﬂf‘w
The strong nonet symmetry model w1th no Boson symmetry

e

i*f uses (5 6) where now,

s e

»+ f ) d8nkdk1m fléfdffﬁfdff;?3¥f§émk§kin7fl’rfff

~}f'except K*++K+Y; follows from (5 9) 7 As a result flve coupling B

constants characte'lze thls model when K*++K+Y 1s not con—«'

,nyf7 and fg-v To obtalnvt(Kf++K+Y9:'.‘.

Solutlon 2 Table 8t;‘

e L S <
-must also be spec1 1ed._

ff 5# -o 051 Gev™ l)

3+ 2 KeV and T (p+ny) O

flt solutlon 3 (f O 610 GeV l
GeV 'fyﬁéj—oﬁisz Gev =1 and f8'=

As eﬁpected, r(p+ny) e 35 KeV may be obtalned 1fl§oson sym—fﬂﬁ

l"metry 1s not 1n force.« The n and n' rates pose ‘a. problem

l ki
31m11ar to that of the strong nonet symmetry model w1th Boson

;“yThe flve establlshed rates;requﬂfe S0 much symmetry




lncrease ‘ Furthermore, the F(n +p )/F(

predlcted too hlgh 'fo"jyl,“
1

The weak nonet symmetry model w1th Boson symmetry

,uses the follow1ng g

I R R L

- 8nkdk1m d8mk kln fE

6:581§mgf+3§7 5&éh§im,fg§ah§iﬁ?_jfiyfy,ﬂ;~3;fq‘-

'Vﬁjgkrates, F(w+nY)
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‘ must be accompllshed by ra151ng F(n *wY) above A#$=bouhd)

- @ather than by lowerlng r(n +pY)
Thé’most gegﬁtal SU(3) symmetry breaklng model w1th

nonet symmetry lS the weak nonet model w1ﬁh\no BOSOH symmetry-:f B

4‘1"‘.‘...

< U T e e

. Omin T o dmn‘* (e At ) dskdkmn o

u } - ‘_./_,.\ -

+ f ? d8nkdk1m T (f '+ f4_~ﬁ

_ fgmﬁ(Z 16), (2 Lﬂ) and (5;9),v‘hﬁee redundaﬁ01es.'effff s

: only problem fs Wlth the n :rates F(n'+py) v1olates'1ts“f

fUPPer boung.gnd ( '+0Y)/T(ﬂ'+wY) o l9. 'bbe"ast ratlo\ i

';may be reducedwto the observed v”lue but as a’ result,af”'"'“f

o

"s_upyer_bound—-thls 1s 51m11ar toitx

""ﬁr(n +wY) al “Vlélatesb



e
23

,‘v

"‘_Siﬁl Conclus1onS‘]ﬁuzt'f¢

The 5ymmetry hpeaklng structure of the Agrsymmetry .

\\

th nonet symmetry is able to account for the -
K*°+K°v, ¢+ny and ¢+nY rates.' It 1s

"Qfespec1ally 1nterest1ng that r(¢+ny) Ry 6 KeV may be obtalned\ty,-ff
E L

. h

i 'even when 1deal vector m1x1ng 1s assumed.,

. db

t! - %

Us1ng_1dea1 vectot m&xtng, theqoﬁg%rved p+ﬂy rate

w 9’8., e

t were@gompatlble w1_hia VVP;.men”

resultswﬁnVa suppress;on of F(w+ny) and P(p+nY) Only 1n a .
4 @ R .

"weak nod%t symmetry model can these 1ast two rates attaln

.l

/F(n +my) 1s found‘to be about ;zfﬁfuf:

The ratlofrﬁdf;

.\

15 25 1n mo t of the models.

pOSSlble todﬁet

ment of F(w+ny) and F(p+ny)

yfreméﬁkahie glven’thatu hednumber of explalnid-data usuall
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; C : . . . : : ’ \
N ' .

"eqqus the number of avallable cdupllng censtants

' On the other hand, all the nonet models W1th A8 y ‘f.A‘w
‘yyﬂ symmetry breaklng can explaln the four well measured
N S .
“nonﬁasputed rates.‘ The remalnlng data whlch/seem dlfflcult

.1--

) eiplaln are not on such flrm ground experlmentally.‘ Ay.

o, .—«r-\‘ A

measurement of p°+w y 1s needed the phase problen W1th

RS w+qy and p+ny must be resolved, absolute rates for n +wy

0

and n +pY should bedobtalned and,.ln addltlon, the remalnln

’Q,**rates, F(K*++K+Y) and F(¢+n y); should be measured 1 Untll

—

seme of these rates have been better establlshed 1t would f

ﬁye@premature to ellmlnate any of the nonet symm%&rgy@gdelg
e 5 BRI S

. Cen
natlons for theunad1at1@e decays of mesons.:;_.y,

v v N ‘ ; " 3
ERTA . R : POl




- CHAPTER VI |

S . .. ¢ OTHER RADIATIVE:AND:HADRQNIC DECAYS

6.1 The Ba31c Interactlons R U . .

e Sl As descrlbed in sectlonc
i 1, many dlfferent hadronlc and radlatlve decay rates may be‘

'oredlcted once the VVP and VPP hadronlc vertlces and the'

7 and 1llustrated in 1gure _“F?
N

‘.,ffVMD Vy vertex are known ‘ In thlS chaoter, three dlfferent fﬁ;,"

'h‘pVVP models are used along w1th stand?id Ver51ons of VMD and
- "Lq(d, :

Ceals

‘the VPP 1nteract10n to predlct raggs for such orocesses as. ~‘f{d
: JV+Py,‘P+yy, P+PPY and V+PPP ?,;g»:

The Lagranglans of 1nterest are

_.1\ Vg i Ny ’,‘,v p - 5 ': e e Lo
St ’ LT e - - ’ vl

X nvn 1 = gvmvn e V (p )u(e ) (p )p(s ), (61)
y()Vm}? P gp
w2

m;:

\ huH

mjk (eg (pk—p) . e <s 2) |

S : I *7.i4' gx o .
\;Both (6 2) and (6 3) are the standard 9U(3) Lagranglans

;fgﬂY%Dependlng on the form of gvmvn i 1n (6 l),vthe VVP nagranglan

'7fjmaY‘or may not demonstrate SU(3) symmetry breaklng

Each VVP model to be examlned stems3from a VPY

'”:vaodelgrlth the requlred Boson symmetry._ If ';.?°d'f

1 VmP y mln Sy yi""‘vap_\gpc. (pm) (Em) ‘»_,}(‘Pn‘).;,f.(e‘m-);.f"

A

?;litirt;'i7}5;;i¥}€]>ﬁ;§énﬁ45if ;ééff




80 °

- . Lo -

‘where n lS now a general vector index. For a model with

o

'nonet symmetry and no SU(3) symmetry breaklng,

gvmvn L= Ay

. In thlS chapter, the SU(3) model w1th nonet symmetry breaklng

©.

of Boal Graham and Moffat [15] is used (g in from (l 16))

hAlso, the strong and weak nonet symmetry models w1th SU(3)

¥

'symmetry breaklng are dlscussed (g . from (5 7) and (5 18)
min

~

Vrespectlvely)

6,.2_"- The P—*‘yy Wldth BTN Mo e

i;(:"__‘*ip“'!:‘ ’ T ’ ."-Q ot B "vk

Only the VVP vertex and VMD are needed to descrlbe ’

i [

't,rthe‘V+PP decays (see Flgure lb) Us;ng (6 l) and (6 3),.the L

. '\
: . . »,‘w
e 'reduced T-matrlx for f+yy lS _ ; .

C 9 ° 7 A

“%*Tﬁfiﬂ'gésﬁ‘ L (p)fu )(p)p() . (6rs)

2l

-
&

S 9piyy T YR Cnytmyl o
s b g B T Lo
" The decay width is - B IR ERE DT “.ilv

f‘~-'::r(-p:-l;*.vw> = gar (gpiyy)” _"._M'f e (66)

By comparlng “the: structures of the V+Py and P

afamplltudes,.anffnterestlng relatlon lS obtalned"'
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sin o cos 6 o

— Jopiy
i AR

AgPiY'Y _—_-,ae“%sgp PlY + _‘
This ?s'a rsStatement ofFVMD

;From (6.7), it is expected that the prevxouslf
encountered 1ncon515tency between the meaSured p»my width .
and VMD should be reflected in the n+yy width. Therexper1~‘
mental amplltudes-for.the pHTY, wrWY and'¢+ny,along.wlth. .

6y = 35° may be used in (6.7) to.predict that mwyy decay.
amplitudef"ilﬁfisyanmndhthat

’

[ e L A& ' v ’ . '
Rl I‘(TT‘*'YY.) = 4:7 eV or 57 eV, - S - (6.8)

’J:hdependlng on the relatlve phase of the ¢+ﬂy amplltude.‘

Experlmentally [l],.

'(nfw;g = 7.85 t'0.54 ev. '’ ) . “ —— (6.9)
fClearl the measurednvalues of F(p+wy) F(w+n&) I'(é>wy) -and
Y & ‘\ , Y .

et

o P(n+yy) are not cons1stent with \\\r
B . . . z ,-v'w;x, 4:%‘* Vv \

wﬁ‘ . s S N Aa

350, ~»AdJust1ng_GG to

o rbrlng about con51stency, 9 25«+48° or +55°*,

v

was found 1n chapter V to make F(p+ﬂ¥) and T(w*wy) mutually e:@“

'uconSLStent Iy There 1s no- value of e that reconc11es the o

v

’,;ameasured p+ny rate w1th other measured rates and- VMD

‘Theorelatlon‘(6,7 holds 1f F(p+wy) " 90 KeV and if

1
ffbreaklng and the nonet scheme w1th SU(3) symmetry break1ng,1'f“

vffé- n 38° .TFor'botH;the-SU(3) scheme w1th nonet symmetry

R



":fﬁalSQ occur. the reduced T—mat:lx-}s:

) ',, ‘ ‘ : - ‘% ‘%\)9‘\':" “‘fﬁ- = ‘ 82

Hence; . _ - .
. g =294 T » 0 (6.10)

o

g | = 2e 1 (sinyf., 9 + Cos o d ). h (6.11)‘
vy /3. 18RSy Fyny T TV ey : y
i . [. . ) ’ k

@lw
Rl (]

Using the expefimental nfyy, w#ny and ¢~>ny rates in (6.10)

and (6.11), it is fand.%hat T (p>my) ~ 90 KeV and that
eV = t329 or t38° , These schemes are eXpected to be most

successful lf ev 1s near its 1deal Value, furthermore, they

are. not expected to account .for the observed p+my rate. .

6.3 The V+PPP'Width”ﬁ, -

'As seen in Flgure lc, the two strong vertmces, VVP

" * A ”.

'and VPP, “are needed to descrlbe the V+PPP decay ‘The

‘process Vm+P Pij is con51dered to oacur in two staoes-

s N o st

'Vm Vn k, followed by v +P P] other permutatlons of (ljk)«-

.

2 2
®5*P)

. i’ij =., e : ,
To(¥mP P-'PT) %gvmvnpl gp fn]k uvp.o

o | S
: - N R A R T TR

|  *49ymynpd 9 Fnik Fuves T (o ip %oy 2
N T N Pi"Px’ n

- -.1:“9 o RN TE ; o,
. - - S | | (E“Qﬂ'(P“J%?(D‘) .‘9')
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“summed over all pOSSlbllltleS - ¢1-.ﬂ"f.., B o

3|

The two decays to be dlscussed here are w-m?® n+n

S
and :¢>n°nmw . For these céses, the 1ntermed1ate vector meson

" is always p and (6. 12),3

lrfles:
ol > .

(c)“( RE (g5>‘?<p) o

M o'+ =\ = pe ' a3
T, (V. TrTr ) 4gvm ‘ 5o B

2 _am . 2 2 2 2
+ — +pP, - =
(P+ p ) -M (p+ po) -'MD A.a(p"+p°) MD '
“?@ - ' r(6'l3)
The decay w1dth is: - S

I‘»f(Vm->n°.Tr’+n_) = 1 k5
(27)

Wi

(4 gvmp . gp) Mm . “ . . | =

3 ; 4 |
333 S (ppPemRyrR) o
x [a7p,d"p d"Po T1G M ELE,E.

Qv - " x F F* (i):_x-pf_) . (E+x-§_) , o 8 e (6.14)
,where}

) . i‘:,.), "’ ‘ .
_ . 1. 1 .
N F B (‘p +p: )'2'-M4,2-il" [‘AII< ’ (t)'+p )IZQO’M 2,-11‘ M ¥ |
' + 5-% p PP + 70 e p P

1
(p;+p°)2—Mpz—1F M

s

»

This modifiedvb propagator i’s used 1n order to 1ncorporate

the'finite p lifetime. The decay w1dth is abbrev1a;ed

'\o_‘.if (Vm“"“oﬂ-*—ﬂ_) = (21)5 ':13_ (gvmp“ g ) M X X(an) [3 . (6-15)
. . LN ~ - . i T : s .

where the phase«space 1ntegral is hldden 1n ﬂ%ym) When @?{::

'needed; thlS lS evalu%ted numerlcally §51ng a programme due'



L

e

" to Tofqerson[BS] S : SR

- The experlmental ratlos [1] agfee;withvthese theotetiéal ones

'qute sens1t1ve to the detalls‘bf the VVP or VPy model used

pOpular vvp and VPy models.:

(6.4 The P-PPy Width

.the ‘VvP and VPP vertlces. .‘The P +P3Pky orocess occurs 1n

N 5 . . o
N -

hf;x, VMDfrelates the V- 3P. and V-+pPy rates ln a 81mple

fashlon ) From (6. f/ ) oL &;‘
| | 2 ' 1 | | e
- <€ A D . o ¢
Yury = g ‘(qwoﬂ t 3 G@Vgn), . ,
v ) ~ 28 1 ' oo . ; : R - N
. 7 gcp,”Y = 'g—p‘(gq)pﬂ, +“f§lg¢V81T). o . : . . (6.16)

3 ~

In all the VVP schemes of lnterest, both g883 and g083

‘'vanish. As a result for all the schemes of 1nterest,, . 5;
P(w+3ﬁ)/F(w+ny) =*——E' 5 5 5 3X(w) = 9.2, - (6.17)
’ e ‘27\' e (M -M ) -'IA‘ﬂ"‘
e s '

and : o - s
o ”k«' R l’lqo4: fM¢4‘ ' : i . yo -
F(¢,’*3Tr)/r(¢->ﬂ¥) = e y\ _— WX((#) =115, » |, . [6.18)

2n . e (M, T-M ") ' o :

I o e . R

[}
A

. . ‘ ) - . ) ‘/‘ e
to W1th1n 10% ' oL (l\ C

, . \
L . :
. Y u\» + >
IS

The K*>Knn process may also be dlscussed us1ng thlS

i

‘V+PPP formallsm In [39], several VVP and VPvy models are“

S’
used to predlct the rate of .khis decay Not only does this

rate appear to be large enough to measure, but it also ‘seems

)

2

A measurement of thlS rate should prov1de a good test of the

. 7
-

" : .
. . K
)
. < ,
. . s [
. ‘e ’ .
. .

.The P+PPy desay ?lgure ld)\uses VMD as Well as both T

0

wol

three steps:.’ *vmvn: followed bysgf%p3 and Vlay ;.
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+ -
T(n>m m y) =

7

: . o .0 . )
permq;atioﬁs;of.(ijk)ﬂanda(mnﬁ;dlsp dccur.

reducedﬂTJmatrix,ié; -

e

‘ ] k- _ . L oo
T (P P ) H4engvqupl fmjk
S

L4 des .y f
, Ae Iymytip ¥ fmlk 6ny

+ ?e ngVnPk fmji dny

2

$° LY
s

N

S
1 e .
B

€
uvpo

e
uvpo

[N ¥ X i .
The appropriate.
N L
\

‘\A\
‘ (e)”(o) (p

4

.(pj+pk) -M_°
Cowt v .b -
/,(en) (Pn) (pi) (pk) "
2 .. 2 L
(pi+pkl.-Mm ’ :
1

b

Ty
.)“an) (pn)

N o
(pj)‘(pi)

— 3
| | (pj+pi) -M
; .

(6.19)

. ) ' ! ) ) ‘.';: . e 4+ - + -
‘ The two decays-olenterest)are n>m m y and n'=>®m W Y.

Loy

For these decays only the flrsw\term of (6 19) is active;

p is the 1ntermed1ate yector mesong
. Toa

(2m)

1 .
g (4e gpvn )

The 0 decay w1dth*ls

YoM 2

ny n

.4, i ¥
8 -p =D -
S (p ~pp~PyP.)

3. 3. .3
x [d7p d7p,d7p_

.

(B,XB_)* (P,xp_)

16 MuE EE_

* 2.2 2

A corresponding expression holds for the n'

: 2 2
((p *p_) -Mp ) +Tp M

, ' ’ (6.20)

decay. Notice

that the finite p lifetime is -again included in the o

propagator.

+ - 1
T(n>r % Yy) = (e
BRI (2“?5

This decay width'is abbreviated

B -‘.6
gpvnn ,,nY) Mn Y(ﬂ)

’

2 T (6.21%

" - @ -
4 g
. K
s
.

s " ‘ . \ ; ) B 85/ ,

A 19(p£)0",
ny uvpo . 2 2

1A
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where Y(n) 1ncorporates the phase space 1ntegral. fWhenl
needed Y ‘is evaluated numerlcally u51ng a programme due
to Torgerson[38] :L;fklj R L ‘ SR
e B 4 : ‘ . 'f‘ o '
g agSlhce, from {6 4) N -
2 :' : n"’ t v . . E .. ! ) . , J )
[ £ . 2e Vg» ! . y ; :
S gDﬂY‘ g9, ovn ny’- | 1
o . _de .g ; e , c. 29
. on'y'_“go pvNn' oy ' . ‘ :
it follows that ) '6.‘*s R n
pores g, gy | |
F(h*ﬂ"Y)/T(O*ﬂY - - = 0.0025
: it %M %3
A - p "o |
L N N . . . " &
| N g Bt : -
“ST(n'srmy) /Bla'roy) = - 49 5 73 = 0.9612. (6.23)
4w (Mn' —Mp. )

These ratloS*are predlcted by all the models of interest.

- Only ‘the first of these ratios may "be compared w1th experi-

meht. Using F(ﬂ+nny) = 0.0416 + 0.006 KeV El], Clp=>ny) ~ 17

v

‘KeV is predicted——thls is much lower than the recent results

’ ~

K . _:\ »,
A%

of Andrews et al. [7] suggest.

-~

3

615;AThe Predlctlons of the Models

¥

a

The SU(3) VPy model w1th nonet breaklng {15) and the

nonet prncdel with SU(3) breaklng are now used to predict

¥ >

a varlety of decay rates,; Besides the V->Py and'Pﬂh'ratesaﬂlhady
&

‘ discussed "the rates of the follow1ng processes have been

measured'[l]:., TYY, BFYY, w>3T, ¢->_3Tr and n-nny; the n' —HHIY/,
’ ‘ o

partlal WLdth is also available [17. In“the following, the

model parameters are fit to the measured rates of ‘these nine "

~



‘5.models, no attempt’ is made‘to f1t~1t

A Lo f .n . "_ .87

decays: w>my, /*K°Y. ¢+WY, ¢4nY}-ﬂ4Y?,‘n4YY,‘w*3ﬂ> ¢*1ﬁ
' and«h+an. ~In the weak nonet modél, the flt also lncludes
athe lower of the p0531ble m+ny and p+ny rates_[7]g‘.Slnce

nF(p&ﬂy) A 35 KeV lS known to be 1ncompat1ble ‘with-all these

k '

The flrst three solutlons of Table‘9 use, the<SU(3l
Tsymﬁetry nonet symmetry,break;ng;model of Boal, Grahamiand
Moffat [15]. Solution 1. (g = 0.681 Gev ', £ = 0.461 cevL,
£' = 0.778 Gev' 1) uses o = 35° and 6, = -10°; this is

for comparisonfwith>solutionsv4 and 5. )SolEtion 2 lg = 0.523
. . . o £ .

Gev'l, £ = 0.747 Gev'l, £' £ 0.951 Gev™!) uses 8, = 24° and
o, = ~10°. Sqlution 3 (g = 0.719 Gev™, £ = 0.182 Gev ',
= 0:761 Gevil) uses 6. = 37° and 6, = -24° ., These last

£ /2 -

' : . L ] ' ' - , o
solutions should,be compared'with those of .Table 2. Of the

‘three mixing angle p0551b111t1es, the dnes with eé'almostb

ideal work marglnally better than the one with GV = 24°--

B

this follows from the dlSCUSSlOﬂ% of section,Ké.Z).a Evenl
so, none 9¥Ethese models‘works well.Q.F(K*°+K;y), F(p»ny)
”and F(¢+:2) are all high approachlng thelr nonet values,'
meanwhlle, F(n*YY) and F(n+yy) are low and F(n?nwy) is

A » E

much too high. The SU13) model wlth nonet symmetry oreaking

3

loses "its ability. to account for the V+PY rates when faced
v . ‘ o
with the other hadronlc and radlatlve decays ‘ S t

The last two‘\Blutlons use nonet symmetry nodels w;th
J ‘

Boson symmetry and SU(3) Symmetry'breaking. Solution 4

(f, = 0.592 Gevfl, £, = 0.438‘Gev'1, fo "= =0.311 Gev'l,
. : U

‘f7 = -0.055 cev™h) uses‘strongenonét,symmetry; solution 5
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' . . . e ) - X . ./ . o
‘ ‘predictions’ of Meson Decay Rates in '~ / - o
'rvo"rypoiof.,S'ynuhetry Breaking Models . . . }
, e g S
R L = :
o — ' ' ‘ N I N T
*. _ Decay Mode © Soln 1 soln 2 soln 3 ' Soln 4 Soln 5 ', Experiment’
Wiy sy ©(810) (1000) (810) (960) (960). 880- + 60°[1)
TRe SRSy - {160) L9y (180) (90) “--(69) - . 15 & 35 [1]
piy ' 71 . 4219 s\ 8 . . . 35 : 10 (1] o
a-uy ' (6.0)-  (5.4) 6.00 (5.7 (s.8) 5.7 £.21 (1]
4oy . {160y (99) (150) (68) (63) 64 + 10 (1,7]
weny N 7.5 27 .8 0.7 ° (1.6) 3.0 ﬁﬂi'chr 29 ¢+ 7 17}
xe*oxty 39 23, w43 1901 130 <80 (3]
- ] h .
pny . 3129 35 16 (20)  50.+ 13 or 16 +-15 (7]
nteuy : 2.8 . 2.2 0.035 12. 45 . <50 (1]
nteoy is 120 0.41 . 160 90 " <300 (1)
esn'y 0.35 ° 0.83" 0.30 0.053  0.35 _ -
Y- " A
N _ (0.0061) (0.0036) (0.0069) ~(0.0072) (0.0073) 0.0078S = 0.00054 (1l
0y . . « .
aeyY ; ‘ TLq0.24) (0.24) (0.23) {0.36) (0.32) 0.923 £ 0.046 (1]
Ateyy 4 2.2 6.3 .« 0.050 6.2 8.3 . <20 (1]
wedi . _{7500) (9300) (7500) (8900) {8900) 9000 + 400 (1]
DR o (690)  {620) (690) (660) 1660) 6706 + 70 (1] .
neray . (0.091)  (0.072)  (0.086)  (b.039).  (0.049) 0.0416 : 0.006 [1]
Tntemwy C 34 110 0.40 160 280 -
T (n" =0y} /T{n’+uy) 13 54 12 13 6.5 9.9 + 2.0 [8]
) Fin'syy) /T {n'~oy) 0.062 0.055  0.12 0.038  0.029  0.066 ¢ 0.0L1 [1]
. ¢ «u/ N
4( t All rates in KeVl
" * May be adjusted by appropriate choice of £3. , . ) . e
a . . * LY . :
1 '/‘-«, 3



1L S|

\ ‘(foyé 0. SSl‘GeV-', £, = 0.285 Gev 1, £, = 0. 240 Gev !,
| -1 . B -1
‘f7 - 0. 021 GeV f9 = 0 567 GeV 3 flO =-0. 186 GeV )
‘\.use weak nonet symmetry——eV 35°-and ep # -10° are used

in both cases.. . These solutlons should be compared w1th

| ;those oj Tables 7 and 8 Both models ‘can account for the‘4‘
nine 1nput rates . As expected 1n both cases F(p+ﬂY) v 90
‘Kev,y ‘In the strong nonet model F4m+ny) and F(p+ny)»are :

d predicted 1ower than measured [7] This,tlme when the strong
nonet symmetry~is lOOSened to weak nonet syminetry, good
agreement is not achleved for: F(o+ny)—-accord1ng to (6. 23),
AF(p&nyj can not be as hlgh as measured Lfvr(n+nnyx ig to
remain at its measured valqe. .Problems alsor occur among

2

the n' partlal w1dths

of the two pr1nc1ple explanatlons of the Y-Py decays,

- 8U(3) symmetry w1th nonet symmetry breaklng and nOnet
‘symmetry with SU(B)Gsymmetry breaklng, only the latter
,surv1ves exten51on to other types 'of decays While prevmously
“encountered problems w1th F(p+ny),and the n and n' radiative
decay rates per51st no new problems apoea; for the SU(?)

symmetry breaklng scheme 1n the treatment of the P+Yy,i‘ «

Vv-+PPP. and P+PPy decay-rates.

-



CHAPTER VII

P o RADIATIVE DECAYS IN'AN SU(4) SCHEME

-1

7{1_ The Advent of SU(4)' um S » k ;n i

N _The existance of a‘fourth quark, e, prov1des the
",Smelest explanatlon for the narrow w1dth of the ¢(3100)‘l
.partlcle: ‘ If \3 is a pure cc meson, the OZI_rule, applled
how uo'fpur quarks,'requres that,w yshoula decay yery

slowly, if at all, into particles‘censtructed from the u,

d and s quarks6 An %ﬁ(4) laSSlflcathn scheme is’ lent

A\ﬂ' -
further credlblllty by the observatlon oF particles with

vnaked charm [40]. ‘_', , " - ﬂ

Y

Several radiative decay modes of ¢ haYe-been
ohserved;v‘Rates-are now known [19] for the decays y=my,

y>ny and w+n'y.‘;According to the 0%ZI rule, all these
processes %hould”be totally suppressed. - Assuming.that-the

recently eohfirmed [41] spiu:zero charmoniumsstate at -
around 2.8 GeV is'the T=0,Y=0,C=0cc 0-+smeson

P - . ‘
fhc' the‘decay’w+néy-is i}pected'to proeeed vigerously;
instead, experiment (20 ] suggests'that F(w*ﬂcY3 < 9_5 KeV.
While the first'three decay rates might he explained by a
small admixture'of uuédgjsssquérk'content’into v [427, the
e;treme suépression of w»ﬁcy requrdes_a more drast}c
-solution. One sUggestion has beén the use ot multiplet
mixing. [43]. Another p0551b111ty is that of symmetry break-
- ing. In this chapter an SU(3) symmetry breaklnq scheme 11)

&

90
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extended .to SU(Q) “in. the hope of explalnlng the radlatlve_,

0 . :
decays of ¢ as wellias the SU(3) radlatlve decays dlscussed
E . ’ ' RN N I
earlier. - . s | C '
. vfﬁfhhw% ‘ ‘ 2
LAY ‘Ather radlatlve decays of 1nterest w1th1n tHe context

-

»lude-D*°+D° Y, D*++D+Y and F*++F+ . Because the

=fueokvector mesons have such low masses, m and Y emlsSLOnsr'

Iy

(T "~ 5 L]
RN . : . )
x&}z The SU(4) pParticle . . =

. Cla551f1catron.

S

v

The, vector and pseudoscalar mesons are a531qned to
. the two 4®4 multlolets-—a 15- -plet and a 51nglet Similar to
the SU(3) case, the T. 0, Y=10,C=0 mesons are mixtures
of the 15 plet and the singlet. |

The vector mesons have the follow1ng SU(4) content:

|p+>“= ‘p_>+’= ‘/% (ll>».—- 1_|2>)

b ' .
) . . ’ { h >
ey o e 0
C ; . o ‘
IK*°> =-|K*°> = /5‘(|6> - 147>) . !
A B f . ‘ .
Cpres = [BF5T = 2 (9> + 1]10%) -
Cprs =l ot = g e iz
. o . . ‘ ' . S
N s = et e R i1e (7.1)
The T'= 0, ¥ = 0, c = 0 mesons are w, ¢and v and are assumed

to be ideal mixtures of-the singletland'the 8-th and 15-th

8 "

-

) Lo .
oY < . e * : ~
T i . ;



member of the 15-plet;

i

,lu3> = f]f;;l8>‘+/%— l]:5> +/}2" |0> . ' ' . ’ IS
1¢>'= _ /2 lss + 1 |15> + L'l0>»
- Y3 pYIZ T 2
e = - /% l15> + L qos., | C(7.2)

2
. T o | ‘ .
As a result of ideal mixing, these mesons have the following

pure quark con

o dwr= A !
|o> = ss
Ill)) = CE. .

Here ¢ is given the opposite phase from its SU(3) assignment;

-

the SU(4) structure constants are, however, consistent with
T ( o

"this choice of phase.

The pseudoscalar mesons are similatly assigned to

the iSfplet and singlet: . : °
|_”+> = l.”.">+ = /]2_‘- (“]_> - j_'L2>)
|me>'= ]3> *
TR SIPRTS
2 .
ko> = |&>T = 5 (6> - i]T2)
lpe> = 1557 = 5 (19> + i]10>)

w}

\%

I

w}

v

]
NI

(11> + i]12>)
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| R . AL R TP (7.3
%he T =~0, Y =10, C - 0 psaudoaaaiars.With‘ideal miging are ,%\
! . 'v v s
‘|n0>,.= |8>+/—|15>+/—|o>\ .
{nsi % _//% [8> + /__ |15> N %:|0> .
ng> = _ /g IﬂS; + = |os. | ":(5.4)-

A

S~

 Giving n and n' the same quark content as in SU(3),

Bl
~

fn> = sin (OI'— Op)l”0> - cos (OI - OP)lnS5'

[J

[é'> = cos (0

- OP)|nq>‘+v51n»(O - ep)lqs>, (7.5)

I
where GI”E tan_l(l//7 v 35°, Using OP v -10°, . n and n'

are observed to have almost equal uu/dd and ss quark content.

kY

« The electromagnetlc current is_ assumed to be akw«\\

spec1f1c mixture of a 15 plet and a 51nglet of vector cur—{u

’\>rents£ . : "
R em _ 3 . 1.8 715 /3 .
J‘ J = JU + /—3—Ju / -§'Ju + 3‘Ju. ) (7-6)‘
,The SU(4) content of the photoh'is

A e

Coas . L 2 hes o V2 © s
.|Y>_" |3>+/§i8> —/§Il5> +'§-

o>, (7:7)
Other proposed forms of Ji? are discussed in Apvendix II.

7.3 The Radiative Decay Scheme : .

All the concepts 1ntroduced in the context of SU(3)

‘have the1r°SU(4) analogues. The formulation of symmetry

-~

G
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breaking; the O0ZI rule and VMD are now discussed. A sfmmetry

. - . ; it : : w
breaking scheme for radiative &Ecays is then developed--this
. x. : ‘
scheme is a ‘natural extension of the most general strong

S

nonet and Boson symmetry SU(3) scheme with->\8 symmetry

, breaking.
~_In SU(4).- three T‘=.0, Yy =0, C'= Olscalar.spurions
exist: U8’ U15 and U,.. A symmetry breaking scheme in which
. ' ' L ‘

charge, isospin, strangeness and charm are conserved must
) A

necessarily employ éymmet;y breaking by only Xgs and A,-

‘15
,AFor reasons to become evident, A8 or AlS breaking is called SU(4)
bréak}ng and A, breaking is cailed 16-plet breaking.

The O0ZI rule is:easily extended to include diagrams
drawn with four quarks. As.in su(3), this-rule'fofbids
terms in the ifAteraction Lagrangfan whiéh invblve the trace
over the internal.symmetry indexlof aﬁ individual particle.
Phe 0ZI rule thus requires th;t thé 15—plet';nd the singlet
be treated iqgthe same way--this is i6—§let95ymmetry. iA
model with symfetry_breakiné may demdnstrate either weak
ror strong 16—plét symmetry--the formef if only the ﬁU(4)
invariantiterms obey the OZI rule; the latter ;f all ferms
obey the 0ZI rule: As in SU(3),‘X° symmetfy breaking terms
are eqdivaient to 0ZI Vioiations. They are not allowed in
an SU(4) schéme with 1l6-plet syﬁmetryh ,

VMD is extended to SU(4) by allowing‘w as well as

o, wand ¢ to intermediate.a radiative decay. The VMD

!

Lagrangian is: : ‘ e



[ {

_ 2 1 -/ 5 ). - (7.8)

e
"3, M.© B3 * /3 %ng T/

win)
Wil

§ . +

nlb5 no

VnY
An SU(4) VVP -model and VMD may beAused %o.derivé a model for
v+ Py radiative decays. AsS in SuU(3), a V»Py scheme sO obtained
has a‘aecay‘agplitude whichﬁis symmetrié in the vector and
" photon indices. | | |
The most general sﬁroné 16;p1et and Boson symmetric
radiative decay m@del‘ﬁhicﬁ usés.x8'énd”xls symmetfy
breaking has niné SU (4) inVariantchuplinq constanfs.

These accoméany one %U(4) invarianttenﬁ, four terms which

transform as A8 and four, terms which transfdrm”asixls. -The

radiative decay widths are - " ”

i 1l 2 m
r(veRty) = 6m (gmin) - .

o}

—
[\
=
3

F(Pi+me)

327 Imin’ M ' | | (7.9).
where:

gmin = g°dmin

d d + d d )

97 gix%mn ¥ 92 “Y8mk%kin 8nkkim

a -

o 4
93 %gi%m * 94 Cgnlin ¥ %en )

$ .
im

95 4151x%mn * 96 F1smk%kin T 4150k im’
@

+ 95 895:%mm * 95 Crsnlin T 815n8im’ " (7.10)

-

where. n is the photon index; k is summed from 0 to 15.

In the next section’ this model is used to oredict
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rates of the type V-+Py anq‘P+Vy. In the following section VMD

."is used as well to discuss. V~+VP and P+2y rates. ) .ﬂ?
. , . . . .

. i
4 !

7.4 The Predictions of the Model . - N

“ The measured radiative deca} widths are Tow used to
. , . ' * l 11
fit the parameters of this SU(4) symmetry breaking model..

- ‘ ~

- Because all thede rates are not indevendent, only seven of

.

the nine parameters may be determined; as a result’, some -

v

. . L “ , o+ + _+
ambiguity remains in the.predictions of the K* -K y, D* -»D v

+ _+
‘and F* »F y rates.

The following identities hold for y-»my, ¢>ny, ¢>n'y

and all the SU(3) xadiative decays except K*f+K Y )
' ' 9

/

(7.11)

2985k %mn T Y8nk%%kin T Y8mk%kin’
2 d15ik%mn T Ysnk%im. Y 1smkdKin’ (7.12)
and
dnin = 76 915ixkma N (7.13)

As a result, a fit- to these rates yields values‘for'these

: | : e 1
ngpllng constant combinations: g, + Ve (qs + ZgGLJ (ql-h%gz),
937 94+ 9y and gg- For v>n Y and D*°-»D°y, (7.11) agé (7.12)<_{\

hold but{(7.l3) does not.’ if either of these decays is
considered, g, andy(g'5 +,2g6) may be separately detefﬁiqed.
In order to ﬁfedict F(K*++K+y), separate‘knowledge of gz‘}s
needed: for F(D*++D+y2 and'F(F*++F+y), both 9, ahd gg are '
needed. ' v . '

In the fit presentéd in Table 10, the measured rates
’ 14

-

”

&
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TABLE 10
’ ' v
¢ Predictid®s of Radiative Decay Widths in
the SU(4) Symmetry Breaking Model
Decay Modé& ‘ ’ . Model - . Experiment =
> i : - e Al i - e it b i < e P _-r,w_\m_... SO - WO
WY . (870) ‘ 880 + 60 [1l]
K*° Koy, . (100) v 75.% 35 [1]
- c 18 35+ 00 (1]
Ty . . T (5.9) 5.7 + 2.1 [l]
, oy o, (83 64 + 10 [1,7]
Cweny . 4.9 C 30 f S oor29 s 7 (7))
(K Ii_f+'*K+Y - ‘ 3 . 2I* ” - . <80 [3] .
0Ny ‘ . 58 % 500t 13 or 76 + 15 [7]°
n'wy : 6.5 . - <50 [11 ~ = -
n'apy 130 - "t <306 [1]°
B 7 . 'y
p>n'y . 0.24 o, S
. R & » ] .
YTy - . (0.008) . .  0.005 + 0.0032=[19]
4y : . (0,055) 0.055 + 0.012 (191,
§onty ‘ (0.150) 0.152 + 0.117 [19]
b>n Y N b 0 E <3.5 [20]
 D*°-~D°¥. .' 18 T . " - ~
p*FapTy 0:76 1 H* —-
' _— . . ol
+ _+ . +4 -
F* »F v 0.09 'Txx -
T(n'+py)/T(n'>wy} o20 | T 9.9 ¢ 2.0 [8]
+‘All rates in KeV-. .
t+ (g5 + 2g6) was chosen to suppress yn Y
* gz = 0 ”

* * = = (0 - : ¢
g2 g
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@

for w»my, K*°+K%y, ¢>my, ¢>ny, ¥=>my, y>ny and y-n'y are usgd

oo

to determine g, +/5 (gs + 296), (gl + 2g2),>g3,

94+ 9, and.

dg- .$hen_(gs +'296) is chosen to_completely suppreésfw+ncy.'

‘The résﬁltiﬁg coﬁbling.constaﬁts-aré Jo $‘0;503

w e = o oag cau—lc o _ -1 _
.gl“+‘2g2 —'Qi248 GeV E g3 = OtOOl GeV K 94 =
g + 29, = 0.391 Gev™ T, g, = 0.003 Gev ' and 9g

‘Gev—l. The three ambiguous rates are pr@dicted

&'

0.
This model gives reasonable predictions
]

. ’ ., h . .
input rates. The K*°-K°y rate is a little high

within experimental bounds. That all thesthree

Gev'l,

~0.052 Gev T,
= -0.0003

with 95 =~46 =

for all the
but still

Y rates are

reproduced reflects the fact that they dépend on independent

combinatfons of 93+ 99 énd Igi in- particular, T (y~>7y) depends

@, . et i
_on q8 alone.. That the model predicts T (p>ny) ~

80 KeV 1is

not suprising--the experimental rate is not compatible with

the measured w+ny rate and Boson symmetry. The

predictions

of T(w»ny) and T (p+nY) are_ in reasonable agreement with the

recent measurements of Andrews, et al. 17]£ the

-~

n' partial

widths, however, are not in accord Qith the measurements of

. - .
~ Zanfifo, et al. [8]. The predicted nc+¢y and e

L
+wy widths

suggest that,né is much broader than y. That substantial

symmetry breaking is in effect is visible through the D*

.radiative decay predictions--in a l6-plet scheme with no

' SymmetryTbreaking, F'(w>my) ~ 880 KeV would require

. + _+ .
I (D*°+D°%°y) ~ 70 KeV and T'(D* -»D y) ~ 4 KeV.

If instead of totally suppressing w+ncy, (g5 + 2g6)

were chosen to satisfy the bound F(w+ncy) < 3.5

o

Kev [20],



T - i ' . ‘ , 99
i ‘ ' Lo . . ‘/'
the charmed meson decay rates of Table 10 would cﬁénqgﬂ

These bounds wouidwbe obtained: ,

) 4 : _' K
) . s/
15-KeV < T(D*°+D°y) < 21 KeV, - s A
. ‘t-% . : : o o ”/,_ . N
. + _+ /
0.61 KeV < L(D* »p y) < 0.92 Kev, - 7

{
4
/
K
’
‘

0.04 Key < F(F*++F+yf <. 0.15 KeV.
a ) ‘ ’ . - &

0f course, the last. two rates nay still/Ee adjusted using

gz'and J6-

7.5 Other Decays

o~ .
. S + - ‘
In this section, Y->VP, P>¥yy and V»e e decays are

"discussed within the context of the SU(4) version of VMD.

The VVP Lagrangian which, with the help of VMD,

S o :
leads to the VPy decay width (7.9) is:
’ i gp // u v ) o
szVn?l = 26 %min Euvoq/(pm) (Em)-(pn)'(an)l' LZ'i4)

-

whereAgmiﬁ is given ;ﬁ (7.10). The v'sy"p' decay width is
. / .

. g 2 22 4 2.2 2 3/2
Sytply = 1 “ég g . X (M "M, ) S+M o =2M ) (M “+M, ) 170
3

fa
v 96t “min
/ . m

T (

- ; : ) : M
T (7.15)
‘Several decays of the type ¥»VP have peenn meagired [20]; ‘these
include w»on,;w+K*ﬁ, w%¢n and y=>¢n'.  While all these
procésses are 0ZI forbidden, they may proce%d throuéh‘the Ig
‘symmetry breaking term. In Table 11 are listed the predic-

tions of (7.15) for seVeral ratios of these rateé; the

experimeﬁtal ratios are also presented. Notice that T (y-pmw)-
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. TABLE 11 ‘
Ratios of y+VP Widths = - //[
/ .

. . - : - ' »
Ratio : ©  Model . Experimert [20]
I (y>K*K, all) '

1.1 - 1.1 + 0.2
T (y~+pm, all)
T (y>¢n) ,
¢ 0.13 ‘ /
T(y>pw, all) : , L
+ T (y~>¢n') Y 2
‘ 0.093 - 0.045 + 0.037
I {¢>pm, all) _ \ / ‘
A W
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\ : v . - . o

and P(w»K*K) .are . mutuallg‘con51stant, as are F(w+¢n$ and
(w+¢n ), However F(¢+¢n)/r(¢+pn) appears qif by a factdr -

of about two.,. e

| ¢ v ’ B |
s ,
The absolute scale of the V+VP W1dths 1s also set -

by (7.15). From (7.9) and (7 15) = ;@,'17' :

i
L2 Y “2)3w~ \ y
T(y-rmy) = - : ' : v e ‘T (yrpoom®) .
\ 2 M2 2.)2+M T_om Zm 2 2 /2 .
Sy m p P [ Ui

C S S &)

Using the<experimentai value (20}, T (y»pm,all) 0.76 t,O.lg
" KeV, VMD;prediCts that
‘ ) ’ i A . . ! ) N

.ég(w*ﬂY)‘= o.?S'eV. ‘ ‘ Y 141:16)
;This is comﬂdehﬂﬂy lower than thefmeasufed rate [191]:
fF(¢+n¥5 5'5.0 + 3.2 eV. "'A ) Y ' (7.17)
v " The P4YY decays may elso be stuqied usinq”(7.8f ="
. (7.10): The P-yy decay width is L

i e _ 1, 2 3 oo
T(P »yYy) = 64 (—; gmln) Mi . _

(7.18)

Using the coppling constants of Table 10, the fbllow1ng
‘predictions are made: T (w>2y) = 7.04 eV, T(n>2y) = 0. 56 KeV,
T(n'+2y) = 5.72 KeV_ahd F(HC*YY) = 280 eV., The last rate is
quoted feflr(w+ncy) = 0; the‘boﬂ;g\ﬁ<w+ncy).< 3.5 KeV implies
rngovy) < 3.7 Kev. That the n~2y width is a little wide is
_not alarming——a fit toﬂall v+Py and P-2y data weuld improve

this rate without substantlally altering the V»Py predictions.

+ -
The VMD vertex alone is needed to descrlbe Vm+e e

“
. 3 N
' ° L



'tors.WH- It is expected that“ "“"f

.

pnless the electromagnetic current has a strong q2 dependence"

‘Slnce thlS process occurs v1a an 1ntermed1ate photon,

”53Vm+y+e e the amplltude of thlS process is proportlonal

e

) '!,' .

&

"fkp+e+é—)r"F(w§éﬁé_xz r(¢=e*é™) s r(preteT) v 9:12:8,

FE IR T (7.19)

While experimentally therratio'is seen to -be ~ 9:1:2:2;
’ ‘ AV '

not indicated‘in (7.6)=(7.7), VMD seems to fail.

The predictions of.the VPy‘model.and»VMD seem to

be only moderately cq\srstant with experlment The ratio

L™y
1

of V+VP rates are very sensrtlve to the VPy symmetrv breaklng
structure so the problem 1nithls quarter may not. be slmply a
resuLt of VMD. At such’energiesﬂas are needed to produce
,.higher‘Vector.pultiplets, whose membership.includesv i
p'(LglO), - are dlso availeble to intermea;ete a radiative
decay——perhaos (7 8)»is a hai?e eXpressioh of VMD.A In the

context of SU(4) it .is not clear whether VMD works poorly,

+
as. the F(w+e e’) predlctlon sugqests, or whether other
& ¢

‘ compllcatlons drise to cloud the issues.’

s .
- i .

7.6 Conclusions

.,

. 3} .
The strong lé6-plet and Bpson symmetric SU(4) V-Py
model with A8 and AlS symmetry breaking seems to work as

well as the SU(3) counterpart. The rate predictions for

. the SU(3)_processes are‘qu}te comparable .to those of Table

TMY,.Soluti%ns 3 3nd 4. As before, the measured p+ny rate

’ . . .
ig incompatible with VMD. The model is also able to account
/- '

L1020
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for the measured w+ny, w*nY.and ¢+n Y rates. Bp ré_]el symmetry
1 ¢ . o L

: fbreaklng is- needed to suppress the OZI allowed w+n Y decay.

N

Some amblgulty 1s Stlll present in. the K* +K Y, D*) +D Y and

~

‘F* +F R rates, for both g2 and g6 remaln to be spec1f1ed

»

'. The success of thls V-=2Py. model used together w1th

\

VMD is. -more dlfflcult to Judge.' Some ratlos among the .

K3 s . - -

!

p+VP rates agree w1th measurements, some. ‘are. off by a ‘factor -
[

of two. lhe F(w+ny) r(w+pw) ratlo 1s low and the Pryy w1dths}

.are just in moderate agreement w1th exoerlment. The real

¢

problem w1th VMD. appears in the predlctlon of” F($+e+e )5

hlle thls BU(4) svmmetry breaklng scheme provades

a good- descrlptlon for the observed V+PY decays, the use of
'thls model W1th YMD requlres more 1nvest1gat1%n Incfact,
'the use of VMD 1tself ln the context of SU(4) must be

studied further. | g o B S



&

 CHAPTER VIII

 CONCLUSIONS'

. \
P S

‘8.1 The SU(3) V+Py and P+Vy Decays .

A w1de varlety of radlatlve ‘decay quels has been o
presented 1n thlS the51s. For the.most~part it was®the-
SU(3) symmetry structure that was the topic-of concern;. -

»howeVer, the m1x1ng angle ch01ce and the Boson symmetry

structure of the model were also dlscussed on’ occasion.

b

'-'Whlle no m@del was able to exﬁialn all the experlmental data,

some did prove to be remarkably successful and phy51cally

reasonable.
- ) B .
Four models were presented that accounted for all

five of the more-or-less established rates, F(m4my),,

»

I (K*°-K%y) , F(o+nY) T (¢>my) and F(¢+nle ‘The first-gis
the SU(3) symmetry'model_with nonetisymmetry‘breaking [151]-,
solution'l.Table 2; nonidealp vector mixing was used,

ev = 24°. The othervmodelszere models7with nonet stmetry

and SU(3) symmetry breaking._.The“strong nonet sym?etry

modeLVWith'Boson symmetryand ev = 24°, solution l'Table~8,

acCounted-for all five rates. So‘'did the strong and weak

nonet symmetry>models with no Boson symmetrycand standard
'mlx1ng angles, solutions 2 and 5 Table 8. 7
%

Two models could accouny for all the establlshed

jrates except F(D?ﬂY) ~ 35 Kev, Given the dlspute (14, 4]

_ over this rate, models which predict T (p>my) ~ 80 KeV should

104
\\



105

not be rejected yet. The strong and weak nonet symmetry';

B

' models‘wlth SU(3) &ymmetry breahing, ‘Boson symmetry and

~standard m1x1ng, solutlon 3 Table 7 and solutlon 4 Table 8
) »
respectlvely, reproduced all, the flve establlshed rates

*

except for F(p*nY).wthh was predlcted near .its VMD value

The current algebra model solution 4 Table 6, with its
multiple SU(3) breaking was- able to accoﬁnt for f(@+ny),

. T(K*°5K°y) and T (¢+ny). As mentioned at the time, a-slight

adjustment of éV'COuld produce the desired ¢+ry rate and not

appreciably alter the other rates.

. o ' { S

At this point, .two'facts have beceme apparent. First,
I \ M

substantlaf'symmetry breaklng, either SU(3) or nonet sym- .

metry breaklng, is needed to explaln the observed V-Py decay

rates. Second, only two of F(p+ny) N 35 KeV, 'ev = 350 and

Boson symmetry are p0551b1e If the VPY model demonstrates

°

Boson symmetry and, thereby, may be related to some VVP

‘model throughgyMD, then either ev = 24°.and r(p+ny) ~v 35 KeV
or 6, = 35° and I (p~»my) ~ 80 KeV. If no Boson symmetry is
* present, then both ev.= 35° ind T(p+71y) ~ 35 KeV are oossible.

None of - "the models predlcted all of F(w+ny), T{p+ny)
and F(n >py) /F(n'*wY) ;n agreement with experiment [7,8].
The SU(3) model'wlth nonet symmetry breaking predicted w>ny

. and p-»ny amplitudes of opposite phase but T (p*nY) was too

P

low; all the strong nonet models with SU(3) symmetry breaklng

suggested that w»ny and p-ny were qulte suopressed in the
weak nonet models, enough coupling,constants were available
~ to produce either of the two T'(w*ny) and T (p-+ny) experimental

°
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solutions. The I'(n '+py)/F(n'+wY) ratio was even more
problematic.' In the nonet symmetry scheme W1th no SU(3)

symmetry breaklng, it was hlgh (Nll)v and grew even larger

with the 1ntroductlon of symmetry breaklng ‘This ratio was

24° and somewhat‘

s -

v T

b-lowen (15 - 25) 1n§§he schemes w1th e = 35°, The weak nbnet

\Y
’symmetry schemes demonstrated the addltlonal problem that

T'(m'>py) > 300 KeV; when‘attempt was made to flt the measured
s ) 0

T'(n'=»py) 7P(n'+my) ratio, F(n'+wY) also went above experlmental
bounds. None of. these modeis is obV}é/sly Superior to the

other§ on the'baSLS‘of the . ‘and n' predlctlons
e . Some of these reasonably succeSSful models are more

justlflable than others when the ohenomenolOglcal 1mp11catlona

of thelr“symmetry structure  is exam;ned.\ The success‘of the

0zI rule in explaining“the decays of strange particles
,suggestsfthat'both nonet symmetry-and by ™ 35¢° are important
- --the former'EOrces singlets to couble with the same strength
< as octets, the 1atter'insnre5\that'¢‘w ss. That 0/ should

"be near 40°?% is obtained'from_the guadratic mas’s - formula.

6

'Faced with the necessity of symmetry breaking, SU(B)_symmetry
.breakingyis a hatural chdice because of its previous |
sucqessesiin explaining mass spectra; also, the alternative
of nonet symmetry breaking is pndesirable’because of iés .

connection with 021 violations. The'successes of VMD in
‘other,radiative processes suggest that the VPy mo&el sought

here should be related to a VVP model through VMD, the VPy

model thus requiring Boson symmetry. Perhaps, given some of
B

i ] ‘ °
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“the interpretive problems with VMD, this is., one of the least

- important reqﬁifements for the desifed VPy model. All of
these eonsiderations point ﬁo‘a VPy model with nonet symmetfy,
éU(B) syrmmetry breaking, standard mixing engles and,'perhaps,
éoeonAsymmet;y.‘ fhe‘strong andiweak,ﬁonet Symmeﬁry models

with SU(3) symmetry breeking setisfy these criteria..

8.2 The VMD Related Decays

A VPy model with Boson symmetry may be further judged
{ : - .
by its ability to predict decays of the type P»yy, V-»PPP and

P>PPy. While a success in making such predictions is
certainly significant, a failure should not necessarily be
blamed oh the VPy'modei——if may be VMD which is at fault.
Withlthis word of caution,‘some'qf the successful VPy models

are compared with respeet to their ability to predict the

) . )
t

a

VMD related rates.

The models which used ev,= 24° could not explain the

a o

measured w->yy rate. While attempting to accomodate some of

©

the VMD related rates, these models lost their previous

ability to fit the V»Py rates. The nonet symmetry models

with SU(3) symmetry breaking, Boson eymmetry and standard
mixing anéles faired_much better--all the VMD reiated ﬁftes
could be?explained’without substantially altering the V-Py
aﬁd P->Vy reze predictions.- If VMD.is&corfectq the_honet
symmetry modele witﬁ“SU(B) symmetry breaking and etandard
mixing angles afe the mpst.sqccessful of the VPy models.v
It is worthwhile noting Ehat,'by assuming VMD, theé
v

VPy'models with artificial 6., and the VPy modelS'which lack

&)
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nonet. symmetry are ellmlnated These are precisely the models,a

-

that would be ellmlnated\on phenomenloglcal arquments based

on he 021 rule and mass ¥ormulae.
. ’ ~ “ l\
8.3 Extensions to SU(4) \‘

Another realm 1nto whlch an SU(3) VPy model may be

P

\

extended is the'world.Of SU(4). A model would be successful

~

indged if it could explain the\radlatlve decays of ¢y as well

-

as all the prev1ously dlscussed SU( ) decays.

The str\hg nonet symmetry model W1th SU(3) symmetry
breaking and Boson symmetry was extended, in a natural way,
to an SU(if'model. The model accounted for all the ¢ v
radiative decays without substantially altering-the SU(3)
V+Py and P-»Vy rate predictions: In fact, with a slight
widening cf the K*°+K°y width, T (w>ny) and‘F(p+ny).were
predicted close to one of the measured solutions [7]; the
r'(n' +py)/F(n +py) ratio dld however, remain in dlsagreement
with experlm nt [8]. \ \

-

A fur her exten81on to\lnclude SU(4) VMD related

rates was not partlcularly syccessful ‘but VMD, itself, was

considered to be highly suspect in‘tﬁeDSU?4) context.
. S

8.4 Experiments . - !

»

In the last few years much attention has' been devoted- ..

to the measurement of radiative decay rates of wvector and

psetdoscalar mesons. Hopefully thls~rnterest will continue

1ong enough to resolve some of the theoreticsl ambiguities.

WhiLe, of course, all nem measurements are imPOrtant, some
. C e \ :

\
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particular experiments are especially so.
Among the SU(3) rates, the p°+ndy rate is the most

v
depending on the value of“%T(p>my). . Given the difficulties

crucial. If. 8 o 35° i accepted, then VMD lives or dies

of a Prlmakoff effect experlment, it would be desirable‘if
this process could be studled in" an e+e ‘setup.

Other SU(3) processes of interest include the n
ahd n'-decays:v PNy, wrny, ¢>ny, n'>py, n'-wy and‘o+n'y.
Of these, only the thira has been heasured more than once.
Since partial widths are. a;allable for n'+py -and n'>uwy, the
measurement of '(n'") would begsuff1c1ent to determlne these
rates absolutely. These n and n' rates would help seﬁtle
pseudoscalar mixing apgle ambiguities and would help choose
among the more-or-less successful VPY models listed above.

) gince F(K*++K+w)/F(K*°+K°y) is very sensit}ve to’the
symmetry breaking structute of the VPy model used, a
‘measurement of the K*++K+y rate would- be useful.

Of the SU(4) processes, those>involving n. are of
the mosr interest: NP Yy Ne=wy, nc+¢y and w+ncy. While it
now appears that there exisrs a spinless'c5‘ state at around
Ziigev, it still must be substantiated'that it really is Nes
Only when the N rates are known can such alternatives as
slightly nonideal mixing angles (42], multiplet mixing [4 3]
andpsymmetry breaking be evaluated. s

The charmed meson radiative decays are of interest
for two reasons. .First of all; radiative decay is an important

decay mode for these mesons because, except for = emission,
N
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. a ® . . .
their only alternative is to decay weakly. Secondly, these

~

rates provide a measure of symmetry bregking in a way‘similar

' + _+ . "3
to the K* »K y rate mentioned above. !

‘8.5 Conclusions

o

After the examination of a wide vériety of VPy models

—

and a large selection of radiative decay data, several -

tQ B
symmetry breaking,

‘conclusions may be drawn. Syﬁstanﬁial
éither of the nonet or SU(3) variety, is needed in a VPy

model to account for the,obsefved V+Py and P-Vy rates. An
, inconsistehcy is seen to giist between VMD and the measured

fate for p»wy--if this raté does not- change, VMD will beﬁin

serious trouble. Except for this problem, several VPY

\ & . .
schemes can account for all the reasonably established T4
experimental rates. Among these schemes are some that are

quite justifiéble on phenomenological grounds; in partiqular;
the Qonet'symmeﬁry scheméé which démonstfate SU(3) symmetry
breaking and which use standard mixing énglesfafe quite-.
successful and extend well to describe otﬂer SU(%) VMD
related decays and, to SU(4), to descriﬁe the radiatiye
1decays of ¢. While the ultimate judgement of the sﬁccess of
these radiative decay models must await further experimental
data, it is clear that the use of symmetry break%ng has
gfeatly advanced the understanding of the radiat%ve decays of

o

vector and pséudoscalar mesons.
3 .
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FOOTNOTES

, lThe.amount of symmetry,breaking .for a given model
may be judged by comparing the éo&pling constants of the
symmetry breaking terms to the coupling constant of the
SU(3) invariant'nonet symmetric term. In this way, it is
seen. that the baryon loop models have about 25% symmetry
breaking. ‘The current algehra models display about 40%

sy try breaking through the quark mass differences and-
another 30% through the pseudoscalar leptonic decay
constants. The most successful models (the nonet symmetry

. breaking model:of- chaptér I and the nonet symmetry SU(3).

symmetry breaking models of Ghapter V), all have more than .
80% symmetry breaking. 1In an absolute sense, the amount of
symmetry breaking neéeded to explaln the' observed V+Py widths
is large--the decay amplitudes do not arise principally from

'the SU(3) invariant nonet symmetric term but instead have

symmetry breaking contrlbutlons which are as 1mportant as the.
symmetric one.

This amount of symmetry breaklng shonld he compared
with that previously encountered in hadron physics [49]. The
application»of mass formulae to many meson and baryon
multiplets. suggests that, with the possible exception of the
pseudoscalar mesons, mass symmetry breaking is less than\
about 15%. Examlnatlon of several hadronlc interactions
including v+PP, B{8)+B(8)p, B(10)+pg(8)pP, indicates no need
for SU(3) symmetry breaking in the hadronic coupling
constants. Against this backgrournd of reasonably good SU§3)
symmetry, the amount of symmetry breaking needed for th

'V»Py decays is indeed anomathSly large.

S ¢
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e |  APPENDIX I |
.~ RADIATIVE DECAYS IN THE. QUARK MODEL

13

4TheUNehrelativistic'Qﬁark‘Model

The M1 tran51tlon amplltude between the . 3Mi’and lb-S'

q q bound states is to -be calculated ' The 381 state is the ,

. vector meson and is asélgned the nonrelat1v1st1c wave-~

functlon [44],

AV 2 "(A-l?

¢Vl
. . P . h . .
whéte.fv contains all the spatial dependence and ¢vvcontains

Call the spin-unitary spin“dspehdence} each»ie separate1y
normalized to unity. For the different possible spin

projections of v, takes these forms:

¢)'V
R

tylsy = = agragt,

I

- oy = 1 - . =
~ ¢V(s = Q) = /5 (qiqu+’+ qi¢qﬁf),

w
I

¢v z -1) = qi¢qj¢. ‘ ' . i (A.2)
l V N . .
The ~S, state is the pseudoscalar meson and is similarly

L. e

. . . . = h
assigned a nonrelatiwvistic wavefundtion,

¥p = £, ({r})

=

¢p .

The spin-unitary spin part takes this form:



i*

3- momentum and Dolarlzatlon of the emltted pho%on, M 1s the

quark mass,‘ Because L =0 er both the S, and’ l

‘element forpV+Py.1s then:

‘115“
’p T vz 19TyT T 4yt e S A

,The 1nteractlon operator whlch 1nduces ‘an Ml tran51tlon of the

[the i- th quark, Qi and-gl are the orbltal and 1ntr1ns1c spln

3 1 S states,

the- first term of (A 4) 1is 1mpotent. The quark mOdel matrix
_ \ ‘ cent. : , | _

v

- ; é He, i ik;r5' , R . o
PlH|V> = <vp| 4 oy (kxe) e7F Tifv>. . (a.5)

: : . . 4
When/this has been computed,_it shonld be compared with_the

mesop matrix elements derived earlier, for eXample (149).

\\\Ehe flrst step is to separate out the space dependent

—

parts of (A. 5) and to perform the spatlal 1ntegratlons.- For“

_the i-th term in the sum in (A.5), the_spatlal&part is

‘fdrvf*({r}) e™ Iy £ (txh, L
where . o
_ 3 e
dv = T a7 r. 8(5 Zgj).

In the usual long wavelength approximation elB"Ei is

Ci- th quark is [45] R prﬂ7rf.." tf‘fh: o o _rj
B R uélf S L
Hy ?*%ﬁ;"%i-' xe) + 2 ¢ k*E)J o e

fangular momentum Operators of the‘lith quark--k‘and e are the -

‘where ei'andfr are the,qhggge and p051tlon, respectlvely, of j~v”

£



'*these features are not present.

Y 3
SRR 117

apprOXLmated by 1 and then th@ P and V wavefunctlons are

_ assumed to overlap completely These two assumptlons reduce"

fall the spatlal 1ntegratlons to unlty.' It 1s at thlS stage

that momentum dependence and meson form factors mlqht havel‘

“tentered the VPY amplltude but 1n the usual approx1matlons

5"

The spln unltary spln part of the matrlx element is

~vnow calculated ' Dependlng on: the spln prOJectlon of V

' dlfferent parts of H contrlbute, for séf=‘+l;,0) —l respec-

' gtlvelyj'only~o_;'cé, c+‘are effectlve-' - 'v\\\yfu,‘
- ‘L. . u.lei'+fe-p o
coplilay (5, = 0> = 5 | L) o) «
T e S ey ey
\<‘¢.1',""|HI¢V (s, =0)> = u ————l =1 (kxe)
e L y e;>+‘e;-' _ o v
Cnplileyits, = s = AT e e
”;lUsing gvdasfthe:polarization.oanV
B dﬂ Aei.+;eq S : - : BT j&~ |
<opluley = u | =t ‘5v;'(']5_".3)7- AR -(A-T).

3

g

‘ i : - - 4000

The‘fractiOn’(e’l + e )/e may be s1mp11f1ed uSLng ‘some.
propertles of SU(3);: Each d. qj palr corresponds to -a

superp051tlon of mesons, each of whlch has a Drescrlbed SU(3)

: /
index and may be represented by a superp051tlon of X matrices.

. /
For example,

- + 1

000

X
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Inlfact the state qiaj may always'be répfésented by 5_383 '

matrix whose .only nonvanishing element is the‘ji:th; this

qiéj-state'is*ﬁhelmésdn wifﬁ SU(%K'index'mand

Ao L

3
Dy

S

g B

Using this representation,

From the”definitiOn of the SU(3)Tstructure constants it’

Py ® G o L
. _. 1 [,1 1

3 s 5} L§3(/§ (51 * 851) = /5 (855 % 855))

1 R KN /2

T L g g s e
(844 f‘ajl):+ /3:(612 + 6j2) +1V3~4§i3 + 6j3){]'

(A.10)

" follows that
A= =L (6. + 6.0 = (8§, + 6,.))

Cmm3 T2 0041 %5 2 T2ty

1§mﬁs~' 573,((6il + ajl)‘+ (6i2 + 5]2) 2(8,4 + 6]3)),
, ‘ | © L (A.11)
 and that

N - 2 -1 3oL .

pmy =3 i1 * 850 73 By T 8yp) m 3 (83 % 8y5)

fa. 1’ (A-lz)
sing e;! = 3 nd e, = ej -3



ThlS expre551on for (e + e.)/e is easier to work with when

‘the mesons of c0ncern are: constructed from a. superposition

.

~of. qq states.

Comblnlng the spatlal 1ntegratlons and the splh—
unltary Spln sums an@ us1ng mesons bullt from a comblnatlon -
h7of qustates, the full Ml matrlx element for. the Vm+P Y

' . . ; ,

<P ]HIV > = u‘.‘dmiY"s‘ T (A1)

- Up to factors of E /M whlch are unity in the nonrelat1v1s—r

}J‘
2’

'th llmlt, (A;l4) is the nonrelat1v1st1c reductlon of a matrlx

.element of the form, * SRR

i b S ‘>“(>e‘->“(k>»°-<' )° Caas

_.VmP Y ~£§} "miy uvpo m m' U gl Lo
m o ‘ I :

CIf Mﬁ'ls a551gned the Vector multlplet mass, thlS is exactly
Vthe same as the nonet matrlx element (l 9). 1If M ‘is the
"actual mass of Vm some symmetry breaklng through masses . 1s
’-present; ‘compare. [10] Most quark model authors [44, 45]
”start Wlth (A.14), use nonrelat1V1st1c\phase space technlques'
to calculate F(Vm*P y) and then ad]ust the klnematlcal
factors to give T Vm+P Y) the proper relat1v1st1c form (l lO)
The essential point is that tr sgnark model yields the-same

[

sU(3) structure and the same lisic Lorentz structure for the

'yPy amplitude as do calculations he meson level. The

' only possible point.of diyerf involves the spatial

b : . -
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'overlap of the qq wavefunctlons——lf this overlap weren 't

approx1mated by unlty, the quark: model would suggest some
extra momentum or mass dependence of the matrlx element over

.

that proposed in the standard meson calculations.

Quark Llne Dlagrams

: The VPY Lagranglans of . Chapter IT may be ea511y

Vlsuallzed in terms of quark line diagrams. Partlcles whose

B -

-lnternal symmetry 1nd1ces—are summed under a 51ngle trace in

-

the Lagrangian are all connected~1n the‘correspondlng quark
line diagram. *

In Figure 4a are illustrated the two contributions

‘to Tr({V,A}P). 'Piotnring V as q.&; the first dlagram has |

streggth‘ei'and the second strength e:| thus accountlng for

the total strength (ei + ej) found above."The quark lines

of Figure 4a may be distorted somewhat, as'in Figure 4b,

thereby preparing the stage for the appllcatlon ‘of VMD.

-

EraSLng the photons: in Flgure 4b, a VVP vertex results. The

two contrlbutlons are 1dentlcal except for the lnterchange

of the two vector'mesons and,,as a,result, the sum of the

two contributions demonstrates the required Boson‘symmetry.
. N : B - : ’ L e~
In.Figures 5-8, all the terms of the most general

3

SU(3) - VPY Lagranglan with k8 symmetry breaking, (2 13), are

-

illustrated. The dlagrams are drawn in such a manner that

VMD may ‘later be applied. 1In the most general schemey each

\of these twelve dlagrams has a. strength which is lndependemt

of that oftthe other d}agrams.

\



Figure 4.

(b)

Quark Line Diagram for V-Py.

(pb) VMD-version of Tr ({V,A}P).

!
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(a) Tr (1V,A}P),
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)

(b)

IS

tribqtions to.ﬁ . (a) Tr
(c) Tr (V) Tr (AP).
: T .. 'ﬂ'p -

4

, Figure 5. »sU(3) Invariant Con
- ({v,ayp), (b) Tr (VA) Tr (P),
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i
1

. Figure 6. Total{% Connected SU(3) Symmetry qugking

contributions to . (a) Tr (VAPUg) + Tr (VUGP

(b) Tr (VPAUB) + Tr (VUSAP), (c) T (VAU8P) +°T

‘K_.-\ ‘ s Nl
. . *ﬁ
»/ o . 4 N - (&)
\ ;
. ., .

r{(YFU8A).

(.';'
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Figure 7. 'Pairwige Connected SU(3) Symmetry Breaking.
Contributions to . (a) Tr (vA) Tr (PUg) ,

(b) Tr (VP) Tr (AUg), (c) Tr (VUg) Tr (AP). L

I

=3



h

{c)

Figuré 8. Disconnected SU(3) Symmetry Breaking Contributions
to L. .; (a) Tr ({(V,A} Ug) Tr (P), (b)" Tr (V) Tr ({A,P}U8),
(¢) Tr (V) Tr (P) Tr (AU8). . )

>
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In Figure 5, the SU(3) inva%iant contributions aregs

-

‘shown.' Notice that the diagrgms 1n Figure 5b and c have

29

. rule.

R
K 4

ind1v1dual disconnected 1nigial or final sfate particles——f"

these diagrams represent OZI v1olations. | 4
In Figure 6, the totally connected diagrams withpone
U8 scalar spurion are giVen. These diagrams represent three

of, the 0ZI allowed Ag-Symmetry breaking terms.

»The other three 0%ZI allowed Ag symmetry breaking

terms are represented by the diagrams of Figure 7. These

-

diagrams are~pa1rw1se connected. o

'.7,\

In Figure 8 are the remalning contributions B Each

!
v v

diagram has one U8 and a disc0nnected V or P. These diagrams

represent symmetry breaking terms.which also violate the 0ZI

2 w - \ B

»

;¢he.two types of nonet syﬁmetry are imposed as
followSl’ For weak nonet symmetry, SU(3) invariant 0ZI
violating terms are forbidden--Figure Sbvand c are not
permitted{’ Fer strong nonet'symmetry, no 02I violating terms

are allowed--Figure 8a[”b and c are also forbidden. The

remaining symmetry breaking terms may simulate 02ZI violations

o

but when the Ug scalar spurion is'remembered, are seen to be
%, ’
properly connected.

If VMD is to be compatible with the VPy model, rémoval
4 s ‘L.\
of the photon from all these diagrams must result in a
legitimate VVP vertex. ‘Erasing the photon from all these

diagrams, it is. seen that Figure 6a and c are identical except
*: .

for the intérchange of the two vector%; likewise, Figure 7a
: : 14
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-‘and C. are 51mllar.. Slnce a VVP model ‘must demonstrate Boson

f symmetry,_Flgure 6a aéﬁ c @pd also Flgure 7a and c must have

» thersame-strength; Thls is. the Boson symmetry condltlon L

derived in'Chapter‘II.

While all the possible‘symmetry breaking structures-

.
-

may be ennumerated without the helpaof quarks, it all becomes

clearer when quark line diagrams are used.

s
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(aepENpIX IT RN
ST . o . : - -
ALTE‘RNATE ; fO,R&S OF THE ELEC(TROMAGNET Ic CURRENT
The electromagnetlc current in SU(3) is usually taken"'

to be the follow1ng superp051tlon of the third and eigth

members than SU(3& ottet of currents: , - -
s . : : : \ . - : 3

em. .3, 1 .8 , ,
Iy = J»u + /3?11' (B.1)

As a result, Jem,coupleslto the quarks acchdingtto‘their

Heharges: o E;V~ ‘ ' .
_em . 2 = 1 = 1 - ‘ - .
‘Ju 3 u yuu 3.q_yud - 3 S_YUS-; _ (B.2)
The u = 0 component of J%™, integrated over all space, is-
a quark ghargeyeperator: . L ' S
! * 4 » =
) . . | PEE
. 9" i it _ | (B.3)
/

‘and, after aénonrelativeistic reduetion, the spatial part

of Jem’glves rise to a quark Dlrac magnétic moment operator:

% oy e
M=i 7, ' | . ~(B.4)

2m, . iy
i "t : < it’

where e and m, are the charge and mass of the i-th quark ahq

n. and o, are the number and spin operatQrs in the space of ;x

T

the i-th quark. In Appendix I, (B.4) was used with degenerate
quark masses. From the charge operator (B.3), the Gell-Mann--
, _ . . .

Nishijima formula may\be deduced.:.

3

128 ' . ' .
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(B.5) .

)zslnglet Contrlbutlons to J _
Bohm and Teese [13 46] suggest the p0351b111ty of
' 51nglet contrlbutlon to: the electromagnetlc current Wlth _

 sem 3 1 .8 a

interesting consequences are found for meson radlatlve decéys.

Assumlng the usual partlcle a531gnments and nonet

symmetry, t@gs current glves the follow1ng VmP Y vertex-

TR oy S ._g__ “,:f'ﬁ
B . _ o
lAsva-result,

miy min

it

9o

go 43+ /2 ) T

and pbmy rates are independent.

model is equivalent ‘tola'x8 symmetry breaking
model in which the standard current is used. The vertex

(B.7)‘is the same as

gmiy = 9o ‘dmin t/2a 68n 6mi)(6n3 * 75 6n8)' (Bfg)

=

' intrcducing a singlet part to the e1ectromagnetic current_is :
equivalent to using a speciﬁicltype‘of X8 symmetry breahing;_
(B.9) i5 the amplitude for‘a.xahsymmétry breaking model with
strong nonet symmetry and no BOSOnvsymmetry; compare (2.15)

with all the couplingcconstahts‘eXcept f, and f7 equal to
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- zero. It 1s’the/l;ck of Boson symmetry whlch allows F(m+ny)h:'“

‘and F(p+ny) to be conSLStent The experlence of Chapter V

»

[suggests that the w+ny, p+ny,”n +wY and n +pY rates can not
lfbe explalned in thlS scheme-—thls is: also found by Bohm and
Teese [13 46] ﬂﬁ‘o

' It 1s not clear a’ prlorl how such a 51nglet current

is constructed - One pOSS1b111ty, the 1nterpretatlon taken :

PR

. in [47],,1s that J° is a 51nglet current constructed from',

"the three quarks already used

Q‘Ju\“-u y,u +‘d,Yud +»s Yu??b'~ S e “(B.lQl:,
. :

’lSuch a current couples to all’ quarks w1th the same strength
and, when taken between baryon states, 15 seen to be propor—.
tlonal to baryon number.' ThlS appears to be the type: of

31nglet Bohm andTeeseuse in [l3] The problem w1thnsuch a ;y
. N\

.

51nglet 1s that lt results in a modlflcatlon of the Gell -Mann

. = AN
- ——NlShljlma formula: ‘

Q =T, * %- Y + /“ B : | (B.11)

and a551gns 1ncorre¢t charges to*the‘obServed baryons.

’

The other poss1blllty is that "J° is constructed

from new quarks; perhaps,

~
|

;s (B.12)

win
[OST )
ot
<
Ies
\
Wi
ol
<
i

‘VJO )

EYc+‘

LI VO

4

in this‘case,,the 51nglet current makes no contributlon to

" the "old" baryon charges but may p0531bly affect the baryOn
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-f»magnetlc moments Thls is. the type of current Bohm and Teese-

3:use &n [46] ' Unless the 51nglet current is: expllc1tly glven,‘.v'

"no connectlon can be made between the baryon sector and meson

‘radlatlve>decaysbw_.w.*h‘ E ‘“’rTQ‘ L e

L D

’h‘Quark Anomalous Magnetlc Moments

'i Another way to alter J '"1s[torintroduCe'anomalous 

'magnetlc moments for the quarks

“

dAssumlng that the u and d quarks have the same mass and

. A

lettlng m /m ?1a;.} ki
e 1f% .,M;a .

S “jyli '?ﬁ% +Lkl)” | R B

| TP u(?% +5K2)l C d‘ R

T = ule Ry, S B

&

"3 3
where', 3 o - ‘}:'

W= g T 2:79 g

 These magnetic moments result in a VPy vertex of the form£

I P
Imiy = w1 T M) dpis

+./“ (wy *up = 2u3) dp;g o

/ (ul $u, k) A ). o (B.1S)
/ : , ;
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'For processes whlch use only the 5pat1al components of J

- lt ggears as 1f ST t]7«>? ‘tﬁf .,'ff-'

C(B.16)

\/2 (iy

(B.17)

;fBecause CB 3) and the standard Gell Mann——lehl“*ma:formula

‘stlll hord (B l7) must not be used to calculate charj

d, :4 For arbltrary ValueS?of the quark magnetlc moments,\

Athls J _1s seen to have J3 and J8:1n non standard proportlons[lj’

aalso,-some smnglet contrlbutlon 1s present.- The standard Coln

hrelatlve amounts of J3 and J8 are restored 1f

” Mg My (BB
/ . B " . " . ‘ - : ’ . ‘
and‘the slnglet_vanishes“if, _ ' o
Mo tap tuy =0 et B

Quark anomalous magnetic moments'may be generated‘through
strong 1nteractlon correctlons u51ng the'standard electro-
'magnetlc current,' If degenerate quark masses are used 1n
such a calculatlon, (B 18) and (B.19) aut%matlcally hold

[48]. It is clear from (B. 15)‘to (B.17) that nondegenerate
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quark masses,‘even w1thout anomalous magnetlc moments, are

suff1c1ent to produce an unusual apparent J
v -‘,

Theuvertex (B-lS).maY be_rewrltten:;‘g g
. o - ;g ' - ‘ - o ;. V3. - |
g . (Kul »_U3)'dmin.+ 3 4?3 ) d8nk dklm

miy  p

L2 AT
vz eyt 2up) S Sin) CGnz Fv3 Sng)

K=0, . .. ,8 « . (B.20)

:}This modétho’isiaspecial éése"of‘a Aé}symmetryﬂbreaking,
'model with-strong nonet”symmetry'and.no Boson'stmetry;j:
"]compare (2 15) w1th all coupllng constants except fo,-‘4'
:(%fS)’ and f7‘equal to zero.‘ Agaln, it is posslble‘to‘
‘reconc1le_r(m+nY)-and r(gme);but problems occur:among the
hin and n rates. | | o | |

Because thls model may be used 1n both the baryon

'and meson sectors 1t 1s 1nstruct1ve to examlne some of its

:itpredlctlons ' The follow1ng symmetry breaklng parametrlzatlon

, S -, s
' 4 . N
18 use AW
v R
oo Femy 21 T M2
' _gDﬂY r -2 . -
fo XUk M2 T M3 A
. g . T (B.21)
eTY My T My : ‘ '

v

Inothe quark model wlth no anomalous magnetlc moments and’
degenerate quark masses, r=3 and t = =2; the same predlc—
tlons ‘hold in the nonet symmetry model of Chapter I. In terms

of these parameters, the baryon magnetlc moments should occur
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in these ratios: |
Yp _ 3+ 5¢, S
u 3 - 5r I
n _ 4
. B o 7 ."
oty l2t+x -1 ' -
n. 0 | 3+ 5r L ’ . (B.22)
: , e o

- )
t

_Ideally,_r and t should be chosen to-satlsfy (B. 21) and (B 22) -

51multaneously : Unfortunately, the experlmental measurement:
"[l].suggest that these sets’ of equatlons are not consdstent
‘and only_one of (B;2l) andv(B.22) can hold. | X
'ChoOSing r_=,6;21 and,td=y+l?8,"the experimental»

values fof‘uékﬁn and uA/pp:are.obtained.i Fi§i?§;go;in (Brl5)
so that.f(w+ny)'=f880 KevV, predidtions yery'similar to the
nonethpredictions of Solution'l ‘Table l-result; *¢né only -
'_51gn1f1cant 1mprovement.1s F(¢+ny) . 71 KeV; ongimild-v_
'1mprovement also occurs, F(K*°+K°y) = 150 KeV. ,F(p+ny)
remains‘nearmits nonet value andf¢§wy is completelQ forbldden'
Witﬁ'iaéai'yectbf mixing. |

| :Choosing'r = 4-9 and £ e’-l-ﬁ, the experimental rates
for wn+y,?o+ﬁy'and*K*°+K°f arewobtained. T(¢>ny) is pre-
: C'.livcted‘ verx;ei.éw' 0:2 KeV, and T (n'+py) /T (n'+wy) = 25‘. (cb-*m)
remains’zero,f Meanwhile, the baryon magnetlc moments are

qulte dlstorted,'up/un = —1-28 and uA/up = 40-01.

Quark’ anomalous magnetic moments, While loosening the
%

i

VPY vertex structure somewhat do not prov1de con51stent
predlctlons‘for the ‘meson- radlatlve decay rates and the

baryon magnetic moments.



