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) 'w1th spin 4.

_nesrRAci

~ This work deals w1th the time- dependent quadrupo]e‘

' 70
1nteractmon of Ga in a Zn lattlce for the 879 keV level

E The Quadrupole frequency has a value wq = e?QQ/ﬁwﬁ-
A315 MHz and it cna*yﬁs (43 4 6)% from 300 K to 600 K. The*'

»der1ved quadrupole moment 1s 0 5 b when the f1e1d grad1entfd

'A is. est1ma@ed accqrd1ng to the proposed universal corre]ation"

A

'between the loca] and lattice part of the fie]d grad1ent Thef‘
BRI ¢

temperature dependence might indicate a 1arger quadrupole

"Tmoment

The measured an1sotropy coeff1c1ents are consistent
iw1th a CN model for sp1n 4 and the pub]lshed anisotropies ['71"
“of - the decay ‘of the 1102 kev 1evei with spin . f_ o
| | The t1me 1ntegrated va]ues of the attenuation ‘
coeff1c1ents gave 1n comhlnation w1th the unperturbed values jﬁs
.;,the 1nd1cation that the assumption of a static electric fie]d
grad1ent is probab]y not correct for all nuclei at higher o
‘;temperatures : fﬁiﬁ f.t<~”” BRER | :' A _' L
| vel The!measureme:ts do not y1e1d a definite value of the;:f

”'sp1n of the 879 keV level or of the asxmmetey paramater n



ACKNOWL£DGEMENTS
WRLED

| f wOutd'like to"thank'Dr Dave Hutcheon for h1s
‘enormous he]p in a]l aspects of th1s work. N _,.

I great]y apprec1ate d1scu551ons w1th my tuperv1sor,"u!

DF. Sheppard, 1n a]] phases of my work . | '~_f';ft p~
" 1 wish to thank Dr. J.T. Sample and:Dr,]R.fLaWSdn_ ;
for the1r work on my commlttee : !H R 'wl |

The help of Jock E]]iot in. operating the machine wasi\

a]ways much apprec1ated and necessary

: I would 11ke to thank the rest qf the staff academi"'

‘\and non academ1c, for the various ways 17 which they helped;fia
My sincere thanks to Mrs Nahl and graphics for the"e}
‘.marvelous JOb they dwd On the technical perfection of thlS |

, thes1s




C 4 R 1

A 1

. CHAPTERI"-: o PAGE .
I ;}INTRODUCTION w L_fu. . }f( o ~ Q A |
R THEORY OF QUADRUPOLE. INTERACTION . . . . . ."7 f V5i;f, 

| II | Angu]ar Dwstr1but1an ._.....:5}_.i,x,   !§:.1 .

II 2 Perturbed Angular D1str1butTon‘ PO WV}’kvior

. II 3 The Ham@]tonlan for Quadrupole Inter- be D

| | j action: w .';:Q jfﬁ,}-;-:fy";ﬁ{f{fg . f}iéﬁ »

I  EQUiPMENT o RS ._}-3 :$;°;2.;;f;f;';_:219f‘7;:

IV DATA ANALYSIS ?; ;_1f. }_;-.ftgjf,*;i{?;[. §Jf~;”30 SO

v THE EXPERIMtNTS N SR ;@g 5;;7,‘,7}7;j;}} } f739ff‘?~

S 7°Zn P n) 70Ga I SR 39

LMY:?T Thé 19 rrial t°i:f;}f*;fég§?if;j;7<7§f476]7-u

.( v 3 ‘»"6 Ga ( p) 6a 58

: 'fVIfj--DlscussloN OF THE RESULTS ;f;«(;@., 5ffL;Ji¢5ff:5§f;¥l 

R Vl 1 The Frequencies f, ;i§:; ;i;;g gﬁlJ: §¢f}59;{f ‘
L Vl 2 The An1sotropy Coeff1c1ents ;t;efiyf; ;ff;6¢{f

s V] 3 Genera] Conc]usions ;f@f{_gfﬁi;_; ﬂ ; ;f:?6gff; i

fREFEREﬁ?Es U ;,;7;;¢5i;;*glt¢;iz“>féf¢f;5¢;;>?¢ib%a&?f

"APPENDIX I:  jTAR§ET HEAT, 6. ;-}f;f:jiféfiiﬂf;f}3.;§j*;72:;?)?

70 %a in the’ INTERMEDJATE f

. 'APPENDIX I1:LEVEL SCHEME OF,
. cOUPLING MODEL' L Ts
'7LAPthpreri1:uRRoGgAMaTDPAD INTERNAL REPORT \b l;;;i;fjfij_{a




¢ - LIST OF. TABLES ~

'Y 2

TABLE R |
1 UNPERTURBED VALUES OF<THE“LEGENDRE*POLY-

' NOMINALS ~ THE, FIT s DONE NITHOUT TIME-

. o YA
RESOLUTION I
Y T

‘\‘2; a SCALING FACTORb FOR w' FOR DlFFtRENI SPINb
L e

70

3 ArA FROM VARIOUS RUNS FOR " "6a

PAGE

a5

4 FJSUBLIMATION RATE OF ZINC AS FUNCTION OF THE557‘;1T7

TEMPERATURE i;.,_. ;(,-;_;f;_.~:f,i.,.

L




FIGURE

.J]F

The electronic arran ement wwth two t1m1ng

;-3f1rst case is. represented by
" ‘the second’ by, the dashed a

—l‘c
m ll

S

—-'I'U

fSp1n"

_u{ir OF FIGURES
- . B . .o ‘ . . Q

~7<Euler angles a s rotat1on around. the z-axisy
- B .rotation around yl - axus, Y rotat1on

around & - axis ih e e e } .~ 6 ,"

counters -

a R

4The e]ectronlc;arrange ent w1th sfng]e timtng 1'5t -
fcounter and the mon1tor counter iwtt. e w20

| 5The normal beam stop target ho1der w1th EEREEICATAT S
: surround1ng @ev1ces _3.._;_. S .r.uaﬁt-~23{‘

" “Hot target chamber.  The 5 feedthroughs are forfj'xa e
" ‘the heating-wire (2). the thermocoup]e (2) LI
v and the current col]ector _,a”, c e . ~___-525 B

. ’\-. R

The- contro] box circuit d1agram This}[°
circuit ‘switches the power on or off if’ the
reading of the thermocouple is- lower or -

‘higher than the requ1red sett1ng .'u'h'°;hJi:25f‘h':

fj The ca11brat1q’ of the contro] box as: funct1on‘;17f”“:vﬂ
.+ of.the. read1n&~of the thermocouple 5 ;,;g.}, c 2T s

thBaokground suppressing target ho1der - ";j;a_ffzgua;fg

‘anhe values of 6, (t) term as funct1on of time

- for different vaTues of spin, ny Sw and the
-.n{reso]ut1on time T. Note that Fig

.9 is .the"
(t) term’ for sp1n 25- For. aXl_curves ‘the .

he%solfd*curve}f,f"

-

2 n =.0. 0 0 .5, ] 0
"" ‘ f" Bl T
in =3 ;n 0 0 0 5, l 0 0.0 1" Do
he G ot ) term ,; : ~‘w‘“‘??,‘5tf?aflzfifE£J343ffff
3

~70§otf%}

:'l"- .
oW

I "
R ]

n —'O 0 0 5 1 0

-

i S

/the’ th1rd by the;,}fﬂfgvij
the dash dot ldne ‘{1 AR T

( ) ter'm '. - e "‘ ‘ 5 «_~.;," S . . iE ".‘”-‘:..'": 34 R




FIGURE “,_ | I S . »’PAGET
- ' ‘ 0.0 ‘“o;o,"ss"_
0.0 T=0.0 36
' 0.0 36

]
"

12 Spin = &2 ' =70.0,0.5,1.0  su
13 71 Spin =4 0 =-0.0,0.5,1.0 6w

0.0 1

15 Spin =4 g 6\4 2S00 %= 0.8,1.052.5 5
R channel;-for w.= 5 rad/channe] T ¥ A

.’ . B .; . P . .
S 16 spin ™4 g =000 W= 0:0 t=0.0,1.0,2.5 S
o chann Js for w =5 radﬁchannelii;. R R Y/

10.0,2.0,5.0% 1 = 0.

14 spin= 5. n = 0,0,0.5, 1\0 Sw.

"o n

1]

i?;} Sp1n 4 g :'0;4f Sw

"
©
<@
w
(0]

N

]
o
o
w
oo

| 18’A,.5pin]==¢f;‘ ﬁ'=-o”0'"6m 0.0,2. oﬂsioz: T

719 - Lével scheme. off7OGa w1th the transitions of ..
» ._1nterest { 4 n‘.‘ . .. T I T L 1\ N

200 VA typlgal spectrum of - 70Zn (P,n) 70 l'Tﬁeﬁ'if‘ 'f~i3.i
, : labels gre the energ1es Qn kev .- };f{';*,;.?, 4Jee';;

'21734L These f1gures show the exper1menta] values ior
' ~the various runs, ‘with the Neast square fit as e
xgzven by Table.3. For the: 340 k. run we.a]so LT
.show the‘difference bet en the various n. L
- values 1n the f1tt1ng _,,,:. ,_,Wﬂ_.‘,e:g;ﬁb493- b
B R (t) of 188 keV at 340 K 'jfﬂ;gjf;jiﬂ;f;'f50f7f 
;azé'gf (t)fof,das keV at 340 Koo 80
| 23*f;,q4 4(t)'of;691{kév;atj34o K: ,};ﬂ;{;;ﬁ,*,;;efﬁ,f;Si,’
2 %, (t) of-5»591~:k§v‘:"afltf ’34071(; NaATs L i

*fzs\-*»a-G»(t)"ofjleelkév5étf4tbfk4?;;f€??¢;i{f€f§,lj¥*152{1fﬁ4

&2° 2

';e3d?‘?f£434(t);dt'rssykev at 560, K::,,:ij;?ifgfyﬁi,iﬂk?sffﬁi -
B R Tt v S S e T e T
7'323_e:azﬁé&t)apfﬁgasﬂkev,gtv§60;&3;=;fij;.SK,_;ﬁig;f{aiSSHffi.a



- . ‘ . : - /

FIGURE v " o e o . PAGE
33 &.464'(12). of 691 keV @t 560 K. ... oL, PERE 56

38" a6 ft)eof‘fQI keV at 560K . .. . . S 56
35 The'dependence of wq on -the temper;%ure of = |
o T0g,. in Zinc :-.,;': o ;‘; NS .f. .80
- C -( ) ‘ O _— :
36 j»Correlation of ionic ahd extra1on1c'f1e1d : PR
o grad1ents in meta]s T e T et eane EEP 62"

237 Var1at1on of the quadrupo]e fredhency of + '
“different ions in Zn with the tehperature and 3
the variation ofvthe Tattice.part of the field R
grad1ent w1th the temperature .Lr,u ,{.fw :3; .
* 38 The time- 1ntegrated attenuat1on coefficient L

as funct1on of wq "eﬁﬁeif?

39 - Compar1son between the exp mental and “_ef:fff{ﬁg’
. calcu?ated 1eve1 scheme ffr.70 The }e-p{;R£ g’
.-y - calculation is done witb/ene phonon in the . . i
- Intermed1ate Coup]ing Mode+~ ,l._,,{.;_"_27.>;,,

. - Y] o o ' EEEE
: R I
: G L e A e
S ":i‘.."' T s
ke
» e im




: S L. C S

- - ‘CHAPTE'R"I . E'r P
‘ EE INTRUDUCTION o

‘, L | : . n,/b?; Co jgw o .‘
\\Nhen -a nucleus 1n an exc1ted state is formed 1n a igf*c

reactlon. the population of the magnet1c substates is not

o r

'=necessar1}y equal, but the nuc]eus may be aligned $h1s

causes the dq[ay of the nuc]eus to be an1sotrop1c AThe

degree of ‘ani otropy y1e1ds 1nformat1on-about the spins and

of the 1evels 1nvolvéd 1n the decay : wnen the excited state

3 formed has an electric or magnet1c mu]tapole moment and ';{ L

:angular d1str1but1ons due to the tnteract1on of the nuclear

4‘experiences an appropr1ate fleld for th1s moment, it will _b:i
,~precess Thqs 1s the wel] known Larmor precession for the alvd
Qcase of the magnet1c d1spoles This precession wil] also }”fff{;
,rotate the angular dlstribution of the decay)of the level

‘°To see the effect of the precess1on the level has to have :ca

.‘a 11fet1me The technlque wh1ch looks at the time dependence t

_'of th1s precession in trmes ]onger than f1ve nanoseconds is

-pCaILQd time dependent perturbed angu]ar d1str1bution method

Th1s thes1s descrubes Studies of pertubation of vy ray

quadrupo]e moment and the electric f1e1d gradient (E F G )

'lat the nuclear s1te

By
/

 -Z/g_ The 1nteract1on 1; chanacterized by the spin of the
71eve1 and the quadrupole frequency e qﬂ/ﬁ where eq )s the |
j]argest component of the f1e1d gradient ande is the quadrupo]e

.'/'

o



L c | 2
. : N , . ,
' mament of the nucleus. A1l three parameters are\pbtainable‘

from a time- dependent angular correlation or distribution
'h measurement (TDPACcor TDPAD)/"In the correiation expe?iment- :
the nucleus: is aiigned by the detected fﬂrst decay>L:hich

h

feeds the level, and. the angu]ar distribution of t second

.decay, depopu]ating the leve] is measured " The distributlon

o

'experiments 1n¥o]ves the nuc]eésgaiigned in a reaction ' T

RTDPAC is the most applied technique of these two, for TﬁPAD

\,.experiments require a Qul;id beip to define the time of
creation of the levei, while TDPAC uses the populating decay

as. time reference p01nt Untversity of A]herta has a pu]sed

‘

beam with a w1dth of 1. ‘ns and the ]eveT of interest is not-

qpopu]ated by a. 1ong lived parent TDPAD was the way to perform_
. . S VT , .

'these experiments e B R

Since the frequency 1s a product of two unknOWn L

/
quantitiés,s_, q and Q. the resu]ts of one Measurement don-
yield definite values for both quantities By looking at the

behav1our at various temperatures or in diﬂfenent hosts or :<§h,

4'compare the va]ue of the frequency with those of other ions

l‘

v;Tn the same host, one is able to obtain more information aboutfv

B the various g%ntributions to» the fie]d gradient i e the

f]attice part, the 1oca1 part and radiation damage The other

9.;p0531bi11ty to calcu]ate one vaiue and deduce the other is ;f
s SO _&“ \ R
“.pp,to the pretent, 1n most cases, 1mpossi le el
S Three sets of measurements were carried out ‘Tthf°’”°f

B

1'-f1rst concfrned the 1nteraction of Ga in a metallic Zn ;/

= . ,". N
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_target In the study of the spin-and parities Of ieve]s in L,'
the isotope 7°Ga there.appeared a discrepancy between the

data obtained from particie work and the y. ray anisotropy

- of the 879 keV evet (Do72) Since th1S level has a haniife N
f of 23 ns, and the Zn Tﬁrget used rn the Y ray study is non o
cubic there 1s the pOSSibiiity of a pertubatiog of the’
‘anisotropy due to a’'quadrupadle 1nteractloh The other }
coiiaborators of the pubiished paer (Hu75) had measured the
time dependence of the anisotropy at,room temperature ~In, .
.order to estimate the effects of radiation damage the - f.i7f?

measurements were extéhded to investigate the temperature L

vdependence of the interaction :ff,, 'Jf' ~¢jiif '?L.?;fiQ. h-p“

Two experiments in addition to the interaction of |

L : ’ é'm«'-.l-\_‘
‘Ga in Zn, were begUn - One was an attempt to/measure the

L R X

quadrupole interaction of Ga ﬂn Ga meta], bhe other an
experiment to compare the quadrupoie 1nteractions of ,gls5h
F(1121 keV 1eve1) and F (197 keV Q 0 ii b) Both
h.these expernments need oniy the f1na1 data taking, but thts
:was prevented by a maJor shutdown of the beam iine. <7gm5htf5iﬁ

| _ For the experiments varioq; requirements were present,_,
'fespec1a11y for the target chamber The Qa in Zn experiment
,,had Qe particuiar requirement for the room temperature run, f ﬁ*f
'ibut for the study of temperature dependence a hot target
:7chamber was deveioped, which was capable of keeping the target

;lat a; weii defined temperature as high as 600 K did n

oo

‘?produce background radiation and showed 1sotropic absorption.i‘ﬂ



. ‘ | | : .
: , o\ . ‘?"" . 4
The annihilation radiation of'the Qeoay-of.faFij/zéylio.min.)

)‘producedeso.much background? that“it was netessary to shier '

' a part of this radtetion“}rom the detectors. This was done
‘with the background supress1ng target holder, which uses up
to 5 targets in the same measurement The Ga'in Ga metal
_55per1ment requ1red a coo]ing‘device, because the melting

hpo1nt of Ga is only%29 8° Q‘and the purpose was , to look at a
solid target It a]so required the use of a ]ess.efficient

‘detector, for ‘the yield -of the reaction of 1nterest was very:
h1gh The' Low Energy Photon Snectrometer (LEPS) detector
was used for this pur/yse | o | |

AT éxperimentsqﬁere ana]yzed with the assumption\that

~ the interaction orig1nated from a statlc electric fie d 5ff o

tgrad1ent ‘This assumpt1on imp]ies that the radiation damage ﬁi.

either 1s neg]ibible or 1s "frozen fn". for a time long | ‘ht’_

.compared ‘to the 1‘#et1me of the level of 1nterest ' Th1s wasif9i
Just1f1ed by the measurements of B]eck et a] (8172) and o

McDonald et al. (Mc72). But the resu]ts}of this work |
indicate that ‘the field grad1ent experied%ed by the 0U0191

is probab]y not static for al] nuclei



CHAPTER I

“II.1 Angular D1st(1but1ons
In the der1vat1ons ‘we fol]ow the sign convent1ons

“and def1n1t1ons of Rose and Br1nk (R067) and Brink and
_Satch]er (Bré2). e | |
A nuclear state with spin I, can be complete1y

described with a density matrix 5‘ ‘whose matrix elements are. .

‘defined by o @1;’.. o ;’%\55/. ”f"'7,-<,,

One can expand the density matr1x 1n so ca]led statist1ca1jfl"‘

tensors pg “

lardl

<1 mlfbf]l_m">4=,;x.pq (1 - I n |A q)( 1)A I-n
- o ey o e

(11 l)én':;

PA 5.3' ( 1)A I -m (i m I m |A q) < I m] p II m"$;:i?f : 
These statlst1ca1 tensnns bawane under rotatﬁon‘over the lf{b'

“’Euler ang]es a, Bs ¥ (F1g 1) as ' A B -

(D ) q:'Q\ql_:quq_n-l,(GBY_)': T T (113)



| F1g] Eu]er angles a rotatwn around thé z - axis
o ‘8. rotation around ;he -Vl' ‘axis
y rotation around the 2!~ axis

Q.fﬁ%’



where ng. (aBy) is . the rotation'matrix.
) 0.

Nhen we look*at systems with cy11ndr1ca1 symmetry aroUnd ‘h
the - ax1s a rotation around the z- ax1s w111‘not change the

1den51ty matr1x Such a rotat1on is o # 0 8 =0, vy =0 and
'k , L
qq

(a,0, 0) = ‘q“

-and

oo
M .
1)

. ('pl')'g.'

I S

L
C
’

But ‘P')Q~_-, q

wh1ch means that on]y the terms with q 0 do not disappear
| ‘ The rema1n1ng terms are s1mp1y related to the

‘alignment-parameters.IBAAI),as>defjhedﬁbva067 by ia5

| ’,_' A.' . ];- " ah S ..f' o T }u; T ':':; s :fi L.'u’;;:3

et (1) = — B (1) o e (I18)

When a . state as described above decays with a -

A

Y - ray- to a state w1th sp1n 12 we have an angular distribution
y'as der1ved in R067 ﬂg; _] fw,ﬁ--fh}?'fiﬂfifyhv f”;t:lﬁ‘ah~}ffiﬁ
"*(6)!-5:= B ven k“ IRy () P (cos e)-, ms»¢
bhere Pk (cos e) 1s the Legendre polynomia] in the
ljcos1ne of ‘the.. ang]e with ‘the. z- axis Sl N

:;Rk (1];2).trah51t1dn'dependent_pahameter;>thiﬁj‘;diji;;fjchﬂvafjj

/.



.- R ‘. ' . (-") 6<“l>} .' .
)=z, (R ILL'TT,) O oL 2

4

Ry (Lt I] 2)‘is a broduct of Clebseh-Gordén and Racah

N coeff1c1ents(see formu]a 3.31 of R067). SR
: L and L' are. the a1lowed multtpolar1t1es of the decay and

{n? 1nd1cate Qn Electr1c or Magnet1c transition
5™ s the so- cal]ed m1x1ng ratio defined by '3}«;:

s Il T L, sz e ) b T
S .'<Itll-Tt‘va lll»~>/(2L‘f‘1>:'f';J SR

Py

where TL<ﬂ> 1s the tran51tion operator for the L trans-!*”“

1t10n and 1 the lowest order mu]t1polarity 1n the transition,J7l

\

aThe angu]ar d1stribution of the second Y —ray from th% state.ij;

N W1th sp1n 12 to the state with spin 13 1s gdven by ;_”'

.;;' f“(e)* B (I) R, (1213) Uy (1112) Pk(cos e) (;;;g;;;;

y 'ttn'ﬁdﬁﬁit‘f izlixhltnlhﬁ d (L ‘I I») / ztt )“
.\._"“W B nl) = R
S ko2t L]'Z.ﬁ _l_n]g | ]2 ] 2 L 2

9

S

| K N(I 1 ,k 1L, ) PN CEA
U, (t 1 1 ) ( 1) 2 2 12 (11 9);”

: ‘3

where N 1s the Racah coefficient and

L]é 1s the muftipolaraty of the y decay from}l E

Usua]ly and also heré we take only m1xing between two mu]tt

,'smal]er with h1gher mult1po]arity

\ T, ," .



‘ffFormu]a I1.8 is onTy’vaTid if thé‘state-wdth-spin
‘12 is unperturbed, i. e' the 1ert1me is short compared to
the t1me in which an 1nteraction .can dlsturb the density )

matr1x

. He

For Practica] purposes the angular d1str1but1ons |
'qarepdescribed by T ‘ ‘
& L
. where - .. R 1ffl o v-:_a5n:*_?»,a

AT B TR e e ,(II,JI)
(U 1 when we ' observe the f1rst decay and Rk is the va]ue ;f;~
for the observed decay) t;tt.T[E:"‘ - S o

: Mhen 1eve1 1 1s perturbed ' has a time dependentﬂ'A}

','!“"

dens1ty matr1x, we end up with a time dependent angdqar

distr1but1on for both*decays

e A ) Py deos 01

B (I t) U R P (cos 9

gk B (I 0) U Rk P (cos e)iG (t) :
R | , ---;*~ _nw_*;e
A Z K G (t) Uk Rk P (cos 6)

e

(t)
'a (05

From th1S we see that the second decay, for wh1chi1n‘9r#'ﬁ

_*n

'Nhéne:fﬁ (t) =




I _ Lo .10
the,unperturbed”VaTue ak(O)lwi]lfbeydjffenent.

‘IILZ Perturbed Angu]ar D1str1but1on

| The express1on for G (t) can be evaTuated for any
case w1th a known 1nteract1on Ham11ton1an, which 15 t1me-t'}' ff
dependent in one system From (II 2) and (II 4) followsi

L k40) ak(l 0 e (0)

.‘In soIv1ng the eXPression for G we have to work in three A.fjgfff
'-”coord1nate systems ,1;i$ud‘zkif-{:; : L ﬁ. o " ) ‘yd“

| _"( ) The Taboratory system wh1ch is defined by sii;:e
| the plane of detectlon In this system, ak(o) and G (t) are:;ftf

,'deg1ned g _‘v‘ fee : , . = ff f ", o
(b) The creat1on"'system In th1s system we know e

Ulthe dens1ty matrlx as

formed by the beam and subsequent

”3%react1on, or any other method U TSR e

B (é) The crystal system._which gives us the 1nter-f§dfffd
ij;yactlon Ham1lton1an, defined by an externa]ly app]ied field v;hT
};h,or hyPerflne fie]ds | ’” ft‘“ ‘A _' . :“A 'f¥f{_f351?;51;.»
:’?To caTCU1ate G (tJ we follow the fol]owing procedure J‘hei?fdﬁ*%e

(1) Transform P4 (t) from the laboratory system to j}fif’f

:f:7the crystal system

(2) Form the denstty matr1x in the crystal system

(3)

CaTculate the time dependence 1n'thiswsystem 0

Vjt1me zero




(4) EXpand'the time'zero_density'mafni* in

: stat1st1ca] tensors

o . '

(5) Transform back to the laboratory system and
- we end up w1th f‘et“ B t = i ';_A* : - .

p (t) = .‘;;q A" XX:(t) p)\:(g)

The tfme dependence of the density Fatr1x is’ g1ven by the f-'-f’,-
equat1on of mot1on S ' PR TR
/j ”’lp(t) [H: D]
i»aﬁe cons1der only time 1ndependent Hamiltonians so 'eix_

'n,p(t) f»e

e

~ We also use the formu]as II 1 2 3 f}%gff S e

‘L"_q;'fj,(-_tp?f.-'?"fﬁ g ) -- ?(.*%')i g

Eqa. (I m I m' |A q")( 'l)A -I;m,“

SR <I mlp (t)II m '> D ,(ﬂ)ﬁiisfff-:fﬁ?fﬁ

N .‘

(I m I m [A" ")

qllml |m|||

x<I ml e 1Ht/h|1 m"><I m"ID (Oflﬂ m"‘>

x <I m"f e I



.//(.- A .f-s ".; : . ;»v A V5 :
./ : ' ‘ oL '
..‘: q mm mll ])\(I m I 'Il lA' X A
. /

(- 1)A L-m og..q. (a)x

X <I m{ e 1‘Ht/h [T m" ><Im'” |emt/h |Im'>x -

x “’""’3" (0 (1w T M’_i{f').(*-i ).‘T’f'-'z“',f;.. -
e q"qm"m-- -N L ,3«;l-q.,_",..(,__],:_w.-_fl_f-',"e-_.-';,'-fx

u' ?‘¢'i X <I mle th/h l, m.|> <I mol 4‘ 1Ht/ﬁ II m > X tht:l:;~ 

AA' “' A
t, Q

(A1

E (II 15)

'eTh1s 1s the general e:press1on for the pertubation coefficient(ﬁ
f edue to a- stat1c Ham11€onian It 1s appl1cab1e in aIl cases R
"::of seometry S Sl l °
There are a couple of experimental conditions, wh1ch

ﬁ:can redéce th1s express1on to more workable formulae. ;Qijf‘»*”‘ 2

Lo e ?:.(') The creat10n system, 1n whiCh p 15 cy]i drically

f:.syayetr1c, co1nc1des w1th the 1aboratory system That means

(0) 0 for q ¢ 0 sfiej;;,~:5

e

;lﬁ ::A,_;ﬁ‘vlﬁlﬁl"XX"ﬂf' ~X:::ﬁ?ii ;;‘;”3j;. i?7 ffig;;?¥;€;;iixﬁ?ji;f
';x”gq{‘t};i.fx ﬁogj(tz“PaLO);{;;t_;iE;;;;pg-;;}:;&{}flﬁl; S




/‘..‘ : .h..: ",;f n S AEPURREER ¥ §
"(b)' A random or1entat10n of the crystal systems with
. respect to the 1aboratory system, as encountered in micro-vm
cystal]1ne~samp1es Then we can perform an 1ntegration over. n
Ll f-“(-Q)AD—" (n) @ =
4 i Oq'_l LI qilql -y L

o e Lo "n"".;i°'1 S
_ 7r77'f'9q5'.50(9) Dyri g (@) da-= fxf;—r aq...q.. q o GAA"
(1117)

Here we can . 1ntegrate over two angles a and B, for Y may be jf ;ef
taken zero and sti]l we wi]] descr1be the rotation Nheh we

.are. averag1ng over the total sol1d angle the factor 4n dreé%

E J;_

"°“¢3; Substitute (11 17; and (11 15) in: (11 15)

%

‘-'.
~—
I

: .htht. . (I o I m |A q")( ])zA - 21 =m - m X .f;“"'”

**.ij3-_} ' 1Ht/h 11 m..

X <I ml > <IJn" ¥ I eth/ﬁ lI m > X ' -

(1 —m" I m"'|x q") 0] (0) Ei”i'TA' ';T_;_eﬁf(ll 18) |

;&. :

0 e Hlm Wi

S 1Ht/ﬁ 1Ht/ﬁ

e '<I ml II mn 4 > - e m” .




| Lo SRR 8
This:sohstitutino in (ITQIB) e L

pg(t)‘= ﬁ(i -m°1 m[A q')(-1) 2221 -2m -AE /R,
X e Epi t/h (

‘fei. (I -m- I m ] q'? cos{(E .)t/ﬁ} D (0)

I -m ,"I'm"lll-'(']';'.) og(O)ﬁl;*r

qllm

B (n 19)
'7 1 for the exponent is aiways evem\

(E iy ='"(E r' E ) 50 the sine functions wil]}7;;fﬂf

. m
fcancei each other and wB are left with the cosines

Formula (II 19) is the often derived formula usefu]aefifﬁ}

'r:for an axially stmtru: quadrupole interaction, measured inffff‘”

f;a microcrystailine sample For a magnetic fie]d (E - E -);i”:fa

N is a constant for the allowed transitions of Am~-1+1, and

. 9

'7?this w111 further reduce the expre5510n o

For a Haniltonian, which is not diagonal in the |I m>?5;i¥
*Q;representation, we have to diagonalize it to a set of eigen-'f
~7Tvect0rs jn>;f The transformation from ]I m> to (n> is described
;:;by the transformation matrix U U is unitary and U ]U =~i ‘
T R e T . L

I %

g TR '"”_// e

"?‘,;thfjkkr_.‘ﬁ'ﬁ mm' <m"|n> <m"|m"> <nlli|n ><uf"-f

B L I . . v
s . E . [
. B
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me n Umn ™ nn' ?

Use in (11.13)‘;'-.;-1,-‘ I T

‘A ‘fhr | _ ) ZX - 21 - m~-m"}

po(t)g' %f'mm hn (I mI m|A q’) (1) ) X
|

s ek SE t/b :

T Umn Um"~ne Uy “tn u, m'n' > e

1E t/h

P al_'_l:'lil' ||‘A ] -"  : \ : |
(1 Lw l%fa Je0 gy
. v . ., 7 vo‘ T
This 1s the formu]a for the perturbed angu]ar d1str1bution
/

for a non dx1a1]y symmetrwc Ham11ton1an, from a cyﬂindr1ca11ythv;;

"symmetrlc state at t1me zero 1na|n1crocrystal1ine samp]e g
"As is evident the pertubatton factor G(t) (t)/ p(O) 15
.on]y dependent on the mult1po]ar1ty of the y decay and the.i?

';»Ham1lton1an 'f"i,f u;?ff

. F

11,3 The Ham11ton1an fOr Quadrupo]e . -k’("lifﬂl
S Interaction g | .,*f i

The e]ectrostatic HAmiltonian of 2 charge distri-;}

‘,h_bution in an external fie]d lS (De53) k

‘tﬂwhere p(x) the loca] charge density is a¥£f°?}if§;é?ff*;ffiﬂ?%?
- A Tay]or expans1on of the Potentia] aboutthe origin 1ST&i“

V(x) V(O) + X. W(O) + H j g—— (o) X, x
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So . i

. | '( . ,j='(- .21)

R ; ‘
~The f1rst termlls the energy of fhe nucleus 1n 1ts surrou d- g
,ings and not 1mportant for th1s problem The second termgh ’
van1shes because the nucleus is in a minlmum of the potentlal\ S
s0 3 v ='0gn The th1rd tem is the qpadrupole 1nteraction,_the |
h1gher order terms are neglected we can: ‘write the quadrupole iQ'
_1nteract\on as i “_j~ | "4: ";”; .,'fa%-7” R

= Y (2) (2) B hfﬁ;é v
| f E1q Ti50 V5 - b 'a”': L ”?j]_f~ (11‘2?);.5,

- where ;(2) 1s the second rank tensor, the quadrupole moment
’itensor, and T I p(x) X x d’x and V(z).“ 3 (0) 1s the?t o

'&component of the f1eld gradient tensor
A h L : .
It 1s always poss1ble to make the field gradlent tensorgﬁ

;id1agonal by*a su1table choice of the coordinate system

§

“Furthermore the Laplace equatlon 1s val1d for V describes

L N S W

“only the external f1eld

g e e T
"""A%?uYXXZf;YXJif_Zz27:.Q,(-fA"ﬁ_; S :»n,l11,2§l -
. ;By?déflningithe;axisjﬁfdpésf;ftne~usuaiﬂ;qnajtiqn'1g5 L EE



A - S ,
From (1. 23) and (II 24) 1t fo]lows that 0 < n< 1. ~In this -~

- way the f1e1d grad1ent is. descr1bed by V ‘ and n and the '

”or1entat1on of the coord1nate system

T(2) and v(2) caq be expanded in ;pzerjc;1 tens&f$«
e zﬁ?z T§ e | "

R For a d1agonaﬁ field tensor'

L
’ .

B ."V‘v>§ -

o

+ N
'

' ,“<I m| H ]I m > -'f

e T‘ZA’ H“ V"' aw z"qu " P

“ffThe quadrupﬁle momen§a5f the nucleus 1s defined as?f i;if5

Cep

TR

Hi
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’: ’ _ . . 2 3 . , ’ : ’ . ) : : . .
Y =2 f pn.m d3x | SR b
= 2 <11 s PR |
'éé ; -2 (- 1)“ (1 I 2 0J1 1)< Ill T(Z){|I> RN _f
?”So S <Iom| HII m's = | ’f B .
V2 a
-q

& |
gﬁ“ broeq (Im 2 q[1 m)- (11 2.ol1 1) -1
W Ca]cu]ate the Clebsch Gordan coeff1C1ents and substitute the
1

trw 1ues for the components of V

a = 0. <Ll H[In'> =30 - 1(I4)) 71zr=1y Yoz Spmv
g o=t <f'm1-H.117m'>'= 0 . o unaen
q éetz M<I m| H- II m +2>d=,f' f : d;t'f',_'7;offw” S
{(1 m 51)(x+ m)(I + +1)(1¢ n(r‘bfz)}i "93 v
"ThESe va]ues are also derived‘by Matthtas, Schneider and
'¢Steffen (Ma62 and Ma63) using the expansion of the Coulomb
- potential in spherical harmonics It should be noted that
the def1n1t1ons in tnls referenee for both T and V differ a
constant factor from the def1nition used above e -
5 o o e
| 2 . S R



"CHAPTER 11

o w a
- EQUIPMENT
¢

*

Beam - '1 D ST "x-

: we used the 7 MeV Van de Graaff acceTerator of the ‘

&

Univer51ty of Alberta, w1th a pulsed beam of l s width

with a. repetition ratp of 1 MHz \

lDetectors o o -f-i S f‘kyl]i .

o As detectors we used 4 Ge(L1£ detectors, 2 in each
experiment, with vo]ume;'of 20 7, 23 0 and 27 4 cc - and the-_ff
LEPS detector The three Targe detectors combine good i
; energy resoiution w1th good time resolution and a wide '
efficiency range The LEPS‘ﬁetector (3 cc) is very good for -
Tow energies (less than 400 KeV) and less sensitive to higher];
energy gYﬁreyS'redycjngﬁthe,countingfraaevby.a~iarge_faccor,-

LaLT s

Electronics

, "f we had two e]ectronic setups, one for two time.
dependent measurements at one time and one for one timihg o
- and one monitor The double timing had the drawback that
the tuning was more compiicated and thet the sum boxes«were
not . able to handle high counting rates ihe single ;iming

*.iloost more time,,but was easy to set yﬁ and could handle hiyhf:

COU"t1ﬂ9 rates The time reso1ution of the system ﬁas szﬁ »
typically é 7 ns rwun for 843 keV and 8. o ns: for 188 keV.

) [
iy
2>
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B N 2
A maJor problem thCh showed up was the appearance o

of 10 and 30’MHz r1pp1es 1n phase w1th the 1 MHz beam pick off
This' showed up in the tlme spectra as a modulation of the R
;ay1eld as funct1on of ‘the t1me He suppressed it partly with
a 50 ns de]ayed reflection,-ga1n1ng at least a factor 4., |

i , For the t1mer we used A tame to amplitude converter ;~}
_(TAC), supp]1ed W1th a start signa] from the Ge(Li) detector
hThe stopplng 51de was from the beam p1ck off This signal
;was de]ayed to p]ace the prompt peak on the end of the f*_” _
':spectrUm E Th1s set up had the effect that there was a]ﬂays a
' stop s1gnal and that the time in our t1me spectrum was ;i-y{ﬁj'i
frunn1n9 backwards | ‘: ". f't L”'_ : 'h: | :‘:4 .
g The cal1bration was performed with a commercial
:gca11brator (Ortec model 462) For on 1ine sortlng of data L
'we used the program THO PARAMETER SORTING, available on the E:;

;:Honeywe11 516 computer For descriptlon sef Chapter IV‘

f,Target Mount1ng

(1)

Normal beamStop target

jfthe dotted line in Figure 4 The col]imator s no
'ian the next f1gures 9-7"' o L

(2) Hot target chamber For heaﬁtJ
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unit; ~After some tr1a]s th1s final set up had these propertie&
(a) Ceram1cs wemetngh temperature castable ceramics9{'
_‘ “from Aramco e _'f :
,\,f(b)‘jThe target ho]der can be placed at an angle up e
| '*B‘to 30° to the beam, made poss1b1e with a rotatable {i
_tk‘tonnection above the heating wire o h '*i;ff])
.,(ejavThe target ho]der,-the*heat1ng wire and the | o
‘nwckel hat which eerved as a. Faraday cup and as ff“hi
nt,a sh1e1d1ng of the surroundings, ere e}ectri-1_it'
| '2"ca]1y isolated to the ground and each other. f"? **;
‘”d”t_(d) The obtainable temperature was at 1east 600 K. ."(??
;-?]-(e) The required power 1nput for 560 K was approximately
S "(f)iiThe temperature was stable within 0 1 K for each
afftemperature, 1f the beam was constant Large djfff

ﬁ;{ffluctuations of the beam resulted 1n the dfd";j:ffﬁﬁf;

| ”?ftemporary change 1n temperature Too much power e

' "7jainput resu]téd‘?ﬂT&rge temperature variations

B Vg')f"
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_ . ‘Co pper ' \
1, _.:”,:,-__‘Targermounr L
HAAN A ~__ﬁ.';Ceromlc Bowl

NTHIMON '. ».'f__-l.':-:Heahng ere

_:mg 5 Hot target &amber The 5 feedthroughs arje $ e.heat
| (2) the thermocoup1e (2) and the current con:ector"*’
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 heat

‘The:control- box c1rcu1t d1agram ThiSfcircui. switche. the

_,1power ‘on or off if the reading of thefth rmocouple is ower'
"i}}or h1gher than required Lo

26




RE ADING TH%RMOCOU PL E | mV) o |

CONTROLBOX SETTING

F1g 7: The cahbratwn of the controlbox as function of ,the reading-‘\of-?
: , the thermocoup]e R R R S




C1e

S e e
the tables in the Handbook of Chemlstry and
Physics (Ha72) o o

j,(3)' Background surpressing target holder For the fA}
F exper1ments we encountered a high 51] keV. Y- yield from |
athe ann1h1]at1on of the 8" of the %BF decay Using the fact‘;
that ‘the- ha]f Tife is 110 m1n, we sh1e1ded1n this sét—up four‘af
targets with 2 cm Tead and used the fifth target for the -
'.measurements By chang1ng the targets every 30 m1n we were-'
lable to reduce the compton background from the 511 keV y ray tdf
in the reg1on of interest. 180 -4200 kev by a factor 3.to 4'tif

7frelat1ve to the yield of the ]88 keV F‘§ ray The ladder :
, ,srupting7'7

'Izth the. f1ve targets can s]ide in and out w1thoit}}
he vacuum The targets are e]ectrica]ly 1so]ate rom the

.hamber.,f
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CHAPTER IV
~ DATA ANALYsISf

As described in Chapter IT1 the . electronics give to

the Honeywei] 516 comput 3 51gnais, an analog time signal,
an analog energy Signai :fd\a\iogic event' pu]se ‘The; ’
" event- pu]se serves the purpose. that during the pu]se the- 7h§'i

computer accepts both other pu]ses and processes them )
iyaccording ‘to the program | ADC s convert both other signals
~ from analog to digital with up td’4096 channe]s after which
‘the program TNOP stores both in’ a separate memory region and
’Uif the energy happens to fai] “in one of the set regions in %
‘ the energy spectrum, the so cai]ed windows, its corresponding ji
-time is also stored in a third memory region So we have _
| three spectra, the energy, the times of ail v ray s and the
:‘times ofv ray s. with certain energies, for each window one ;f{‘
f,compléte time spectrum After each run the data was writtenii;f
;ton magnetic tape for off 1ine analysis on the XDS 940 e
| The off iine analy51s is with the program TDPAD
f;(Lu?S) especially deveIOped for the anaiysis of these
ffexperiments It 1s lee to fit time spectra and "i;ffgf?jiﬁ
Efgackground of the peak of interest to the time dependent
fﬁangu]ar distribution coefficients and fits that to the ”
f{theoretical curve which depends on the frequencyg its
1?reiative spread, the spin, the asymmetry parameter n, the
teunperturbed value of a2 and a4, the A (t) and the interaction jff



frequency mq.% (e2Qq)/h.’ . S
The TOPAD-program s essentlaiiy fitting to the formuiae j
(II ii) and (II 20), using the Hamiltonian given by (I1. 27)

The pertubation- coefficient as described is

kN

T o

G (t) ="z, ‘ cos:d(Nw t) . 'f '. 1:"" a(Ivui)

For the axialiy symmetric case N 1s 1ntegeﬁ but dev1ates g

in generai from 1ntegrai vaiues for n f 0. The s _areueasily "
| kN ST 558 _

obtainabie from (II 20), ’u;'

N "z (E‘~- E .)/(Ew ) and 9 (e‘Qq)/h

:Because aii nuclei do not feei the same field gradient,; “
due to siight displacements in the microcrystais, we have a
' ,reiagive frequency spreadoéw Ne assume;yw torentzian i,:::ﬁ

frequency distribution given in (Ha73) i
Gk(t?'ef_fﬁN'skNig,'lq ui_&ces;hnqt“_.d.:;y://;iivigh.ﬁe;u

3 Both (IV i) and (IV 2) are the theoreticai curves for infinite
time resoiution This 15 experimental]y unobtainable, so We o

i have to take into account the time resoiution of the system Eﬁif;f

O

This 1s a Gaussian distribution and can be described by

(IV 3)

where T 1s the time resoiutaon _”;z“;:r11g5;3~?7uf3‘;.T;;;s‘yigﬁ;

,‘-,\/ ‘

.'f!k. -

[N



-

CThe fit is to
) .e.(t) E k(0) G"(t) + c, where c 1s a time-
'\1ndependent constant G (t) is calculated by numerically
o :d1agona1121ng of the. Ham1]ton1an | -
. The theoret1ca1 curves, as they ake calcualted with‘.'
the formulas (IV 1) (IV 2) and (Iv 3) are shown 1n the‘,f;:'f
| f1gures,for a coup]e of typtcal Sp1ns and spins of fnterest,y-

fw1th various asymmetry parameters, resolukion times and

. -frequency spreads.

.Infthe ]iterature'wo 15 often giNen imstead of wq; TRNS

. ‘ g
s noted wo is def1ned as the sma]]est’energy difference

.

_..,“,‘..n: L - _- ; . »}\.., )

for. an Laxially symmetric f1e1d ff1~;g TIPS 2 SR

€

()

.on
T ,
. P
B P
.'..

—
"..,r :
UE

o

AT :?- v for _'heil_fl-:i.n:te#e*. spin.

- E.
il

‘ )

We'brefer-tOIUse'mdf for 1t 1s dependent only on the 1nter-fﬁ'{f;

/
act1on parameters Q and q and not on the spin.;-_j}'“
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o -

uF1gures 9, ~.13;,"

The va1ues oF the. G (t) term as function of time for.ihfvl
'different va]ues of sp1n. n, S and resolution time S
‘t. Note: that Fig. 9 is. the G. (t) curve for spin 2. .
.For a]l curves the f1rst case 1s represented by the f}1~[
- solid curve,- the second by the dashed and the third o
"_by the dash dot line ’jg-fv’»,b~ S ;%‘_ ',_hff;“ =
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“Fig 15: Spin= 4 n 046w-001 001025 E
S SR Channels for w.-’sfrad/ch“
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7tfan1sotr0py in- the y decay of the 879 keV leve#. eSPeC1311Y

t"ieCHAPrtéjvfjejeﬁgg;if:;.,

o THE EXPERIMENTS

The expemment was 1n1t1ated because a discrepancy existed:‘_".-n;"-ff

vj;bet"ee" the 5P1" a551gnment from Part1cle work and the mea5uredr;f

-?lwhen compared with the 411 keV'yray from the 1102 keV 1eve1.

lill;:..Y 59 1 e
7}175 keV of : ‘
3V;of 511 keV The 591 keV othcides Gith th sssze 0

411fe time and the poss1b111ty of an E1ectr1c F1e1d
ﬁGradient, we extracted the unperturbed value of the
janisotropy, to see 1f this is 1n agreement with:the

fprediction., jfr B

fjwhich also was. assigned a sp1n I ¥ (0072) Together with the 1“}j;j

The 879 keV level of

197 kev of

72
ransition in Ge from{(nqw.
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o FiQ' 19 The ]eve] scheme Of 7oGa With the rans_; e
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Figire 205 oo 0t S0
o A typicaliy - spectrum from - Zn-(p,n): Ga: ;The . 5.
- ..labels are ‘the energies in-kev. - . [t
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4
:Tn'deuelopingka hot-target chamberdthehaTuminum hasi;':
to be sh1e1ded for thTS g1ves too much background radiation
The target shoqu also be prevented from evaporat1ng Thetwe off
3.m1c4 fo; th1s purpose 15 unacceptable for 1t gives too much |
.ann1h11at1on n§d1at1on The solution was found 1n cTamping T;T"
0003"ﬂth1ck nicke] fb1ls around the target '._t “l'_
The target was a 1. 9 mg/cm fo1T of enr1chedv??2njpifgfjf
'f(68%) The beam was 2 85 or 2 9 MeV prftons, which is 300
kev above the threshon for the 879 keV TeveT, adh the nuclei
'are a11gned by the reactlon ; There were three measurements
"done 1n a s1ngle run, one at 410 K,’one at 420 K and one at

HSTO K. we used the doub]e t1m1ng system and measured only two

..

_angTes, 0° and 90° Th1s has the probTem that the a2 term 1s o

7determined onTy when a4 term TS negT1g1b1e

A run at 560 K and one at &40 K, were performed

;dusnn the single timing set up and at five angles each

We f1tted the data w1th a norma]ization to the 651

;fkev T1ne, assum1ng that the timewinteQrated yield °f this decayfa
ff1s 1sotrop1c (Do72) The time'zero is deﬂined by ffft |

ffpos1tion of the backgrOUnd prompt.peak'tn

.Ffeature wh1ch makes them unbe?ievabTe, the nigh;ﬂrequency
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o | | .
Spread When we 1ntroduce the. finite tlme resolutlon and ! ‘
the asymmetric f1eld gradient, 1t turns out that the tlme .
resolut1on pushes the frequency spread down to zero L

Out of the analysxs it followed that one cannot dlstin-Jcru

& .
QUISh clearly,between the var1ous spins : Neither spin 3 nor

spin 5 can be excluded for the 879 ‘keV level with the;e
exper1ments This ls eaused by the short llfe tlme compared

to the full per1od of the t1me dependence Only the flfSt ‘: 

- recoVery of the an1sotropy 1s seen and this 1s not sufflclent
to determqne the sp1n Only sp1n 3, 4, 5 were considered for“.t'
- the others are excluded on the bas1s of spln assignments |
from part1cle react1ons All the values calculated belowiz]uh

' are for spin 4 If sp1n 3 or 5 1s chosen for the level. one

| must scale these values Nhen the recovery ls set at a fixed
time,, Wy w1ll be dwfferent for the three cases Then m-,e ;;‘f

S0, s
.3uq/(4l(21-l)),.so,mq is certalnly different for the three cases 1

TABLE 2

SCALING FACTORS FOR m FOR DIFFERENT SPINS

A -‘.':l'- 1 ooo%l.;.f“: EAE, ooo
S R 1) SR 1361
(n~- 0, values normalﬁzed to spin 4) vﬂf 5:*;"'*ffff-tﬁi
o, .,' . o O




v \\i : ‘: - '}_, ‘.)' - o '*T B L."-f 47
This is confirmed with the anaiysis of the data with the S
4fthree different spin values » “ | L
Neither 1s the value of n determined -For‘sptn.thhe_;;;j
value of n is restricted to 0 0.<. n < 0/ 6 : This iarge range i
(is also due to the sma]i part of the full cycle which 1s
visible. | | _\vu o ‘: ”v‘ ,
_ Aii values of a2 and a4 can be affected by a mis-'j*; _
| alignment of: the set -up. up to 0. 05 This error 1s not quoted _[f
in the table. but is common to the 188 and the 691. and will |
“appear in the constant term c, which is a time independ nt
constant: added to a (t) to get “a (t)"' This constant term
Labsorbs aiso the normalization errors S ‘f"" B iff ,
»__‘ Ail data or typica] samp]es of it are shown in the é:ni?
y;tabie and figures The a4 of . the 691 y ray is consistent Lo
with 0.00 and not. quoted in the tabie. B

iv 2 The F Trial’

Ne tried to measure the quadrupoie moment of the ITZIIifff,
hkev 1eve1 of ,F; which decays with a 184 keV y ray to the :
7937 kev ievel. which subsequently decays to the ground stat“'

;_The 1121 kev 1eve1 has a spin 5 and a half life of 145 "s‘,gﬁsfﬂd;
L Since fluorine doesn t have a stmpie non-cubic ystal

,in any of 1ts compounds, we wanted to compare LR

. : 19 ,' -
~.keW'1eve1 1n _ F. which has a known Quadrupole moment_

“'Radiation damage.~ hich is dependent on the beam intensity& nd

‘Qenergy, can change the effective E F G So we wantﬁf*



-;"‘48f;f;
Tab]e 3 . |

-THE DATA FROM THE VARIOUS RUNS FOR

jiy o

188 keV ray

U560 . 330 . 63.7 34 0.04 0278 +0.008 0.32%0.01
510 . 31K 415 250 . 013 0.255.40.026 0:38 £ 0.03
420 - U305 2820 250 0.7 0.264'+0.021. 0,43t 0.02 .

410 316 28.7. 25 0.7 0.209 £0.020 .0.38 £ 0.02
M0 319 195  "24ﬂ"a¢(Los3>go 341 & ocmz_ 0.42 £ 0.02

691 'AKEV'Y'a,Y{f;A_"-"' -: : :'; | ‘. '.i“‘ L -;.-:- '

560 - -330 25:6 23 i.LeO,tsj.:-o:}sa-eio4017;;.6329~t'b'oi;,{
510 316 37426 . -0.06 -0.169 + 0.020 -0.23 ¥ 0. 02
420 031500329 267 . -.0.05 -0.170 2 0:018 -0.22 £ 6.02
M0 816 7.6 26 - =003 -0.186'£.0.020 <0.22 % 0,02
R [ BRI A 722;_-:*-0 025 - -o 257 20, oze’i-o 29 S o;oz:f?»

188 KeVray . .

]%e}ﬁtame41Z”f&e*¢omv40%1:omy@om:nmﬁg;
p“934o‘_;.;j 319*~;Jz b ;?4 1000 -0.144 % 0, 050};4)l4ft[0£05fff

-”Nf 1s the number of degrees of freedom in fitting a(t) to the theéiy.
S are) =_‘a(0)*c L ;‘ e
,:T1me-1ntegrated values for the 188 keV t?anSItion.__ge,.?gjf,

Temperature R r,,,A ,-~.n;:. »; a
. S 2 e 4

ok 3,}jQ 0204000 g 0.0
iion_“e'i on 001 -—moszom ‘wef“M
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i-measuré both frequencies in the same run, to enSure that

, both E. F 6. are the same B S "'_ 'a. e ,

," Ne used the reactions 0 (’He p) F and F ( He,fHe)

}T[ F*,w1th 2. 95 MeV ’He beam The target was an oxide with a i

: Tayer Can evaporated on 1t ' The present recoiT energy ji;}_,

rfrequwred a thicknoss of CaF2 Tess ‘than’. 100 ug/cm2 - We ‘.]i s

Qumeasured the thickness of a samp]e with o particle back- if55;7:i’

i}fcattering and used the yield of the 197 keV Y day of this

i sample as calibration In this way one is abTe to teTT if
the targets are thin enough 5 targets are Tess than 100
ug/cm2 in thickness The choice of the 0xide 1s bound by

l some conditibns f The anion in the oxide should not give a

?910t of radiation in the 3 Hev ‘He beam;fl‘,n
‘?and 10wer e materials. for most of. them;iiﬁf‘“"'
vnuclei, producing too many a""ih“ﬂtionfifgffff”ﬁﬁ'”

comptons Second]y the oxide should be;emsifa:

! hexagonal, rhombic or tetragonal. He found the

5 molten on a tantalum backing, ith;fg_z evaporated on

fftargets
;1184 keV by a factoﬂv‘ﬁfiﬁl



- .ss : 70
' V,3,'/ Ga (d)g) Ga

with this experiment we start to get some comparison
| between gallium 1ons in Zn and Ga meta]]ic surroundings '
"bThis a]ready has been done with Ge as probe (Ha73a) ’, '
| Cused natural Ga and excited the 879 keV leve] with: 5. SNV
'deuterons The on]y experimenta] difficulty was the low p
‘N_melting p01nt of gallium metal which is on]y 29 8 °C Th‘ﬂ][fft
target wWas codled by using the background surpressing target ]j.f

"nchamber and ummrsnm the rod of the target ladder into icevf7fiuﬂ

,;;water » Probably due to poor thermal contact between the

o target and the iadder we didn t succeed in maintaining our

'"”1target solid. and measured so the~time differential pattern

v’mfoﬁi Galin liquid Ga]lium The results show the feasibifity ﬂ}f{
*fTOf Study1ﬂ9 the quadrupole interacti'niof

RS v} reaction | the'._vnve:*‘-t.""beﬂx_.-v’a-i»ﬂe--M.‘;ftz?f‘f?{i'ii proxinately



CHAPTER VI

DISCUSSION'OF,THEeRESULTS: '

VI The Frequenc1es . | -

| " The frequencies quoted in Table 3 have an uncertainty“
~of 3% in which reg1on the X2 changes by only up . to 3% of

'the quoted m1n1ma] value A change in.the frequency will _ffﬁ.;
; s11ght1y affect the unperturbed ak values I ‘:A‘

. The values with the1r uncerta1nt1es are pJotted 1n

;rig 35 as funct1on of the temperature.: From this graph
ffol]oWs the value of Mﬁ at 300 K of (315 10) MHz The ;t ft;{
»'change in frequency from 300 K to 600 K is (+3 6)% -

- A defin1te ca]culation of the E F G has not yet
'ibeen performed According'to tﬁe current theory ’{qffzﬂf!f:

I ; . R el BT A o

y"f,'féqqffff(' 5] )eqlat R)eqloc ;flti;., (VI ])

. ._o\,vn_:_ ‘.: T

where A q ] oc

ﬂ’j”\cf\:;nucleus not containins °the' 1°“5’

1s due to the electronssin”a she11 aro%nd the_fgf{;

‘ttt;“eq]at 1s due to the other ions 1n the lattice énd thest'

s electrons outside the shell L
. Gk e

| represents the effect of the displacemeht of_'he

L e

core elect;ons 1n the 1attice electric fiéld,"

. called the Sternheimer anti shielding factor,_f



0

Fig 35: The dependence of w, on the temperature of - Ga inZn . =



| ', | 6
R ls the sh1eld1ng factor, which expresses the change'%{h
- Tn the E. F G of the electrons at the nuclear site |
: due to the 1nteract1on of the nuclear quadrnpole

w5

moment on the core electrons (wass and refs. therein)

| q]at can be calculated for var1ous laﬂplces (Neﬁl d"

'and Dael), yieldlng for our hexagonal Zn lattice eq]at -

-l 5 X l0 te V/cm y R the ant1 shtelding factor has been

:‘-a]so calculated and Ts -9, 905 for 7é; So eqlatp(] B y ) =.y? -

- 1.83 x 10, V/cm The factor R 1s calculated by'pternheimer o

\for var1ous ions and determlned to be 0 l to 0 4 (St63 and

-t-‘refs there1n), but calculatlons of q]0 have not yet been
'7performed adequately for most ions ‘ o .

For an est1mate of the local contr1butaon of the

- ELE. G the value from the graph “in (Ra75) Fi§ 35 was . taken fff°‘[

'h:ThlS glves (l R)eq1°c = 5 8 x. 10 V/cm So one

‘..Test1mates 'eq 4 1x l0 VIcm , yieldlng with mq 315

MHZ [Q] = 0.5 barn. - J
The temperature dependence of Ga ln Zn dev'ates

than

elat

- :lcertatnly less from the temperature dependence of
Ilthe var1ous other 10ns Tn In (Fig 37). this mlgat Tndicate

*']that the latt1ce contr1bution 1s in comparison :arger than in a"fe

/

‘%ethe other cases - Th1s would increase the mag’ltude of the 3f
;f;quadrupole moment e '; ; A_ ; N :  _t
| The other part, the calculated.v-lue of Q ls not

”7{‘establlshed In appendtx II the results afe qunted f°” the.” a5

o @, :_‘ .



Fig. 36:

B TeUImteratialSw < [,

62.

Correlation of ionic and extraionic fidld:= = .. .
“‘gradients.in'metals. Most values refer to: . -
- /room temperature. ‘A -typical temperature.. -

~ 'dependence is shown in the case of ZnCd by - .-

- an.arc of data points. ' Underlined symbols . - -

refer to the host metal.

‘Aand Brefer .

.'f:to:twozinequivalént{substitbt16n§f53iteS}ihf‘ilff{7"*”"’

owelre Filled circles indicate data from. | 0

/

equ 'va]ués of_-}k‘no‘wn_ signs. For OPencircles;
. e*qQ sigps are unknown. - Locations of ‘these -
. bpoints are predicted. (Ra75) - .,




w(293)[ T

part of the f1e1d qradtent with -the temperature"” '




t'calcuiation of the energy ievels in the Tntermediate Couplingf‘.."ﬁ_,”j
’Model for 79éa;i The results indicate that the resuits can”

”be described with some. admixing of phonon states Hith the .

B 'known quadrupole moment of the vibrational 2 stete in 736efﬁ1{f
:’iofo 38 b (ch72) and the two particles outside the core. a fiﬁfei
v“i‘quadrupoie moment of Q 5 b isRnot unbeiievabie :jf‘i“;gfff?°lh

........

VI 2 The An"SOt‘erl Coefficients

For a: determination of the va]ue of the anisotropy
o

B 'vcoefficient a2 oniy the runs at 560 K and 340 K- were teken

| 7-jinto account The three other runs are measerements/with two;;-h

ﬁ!if;angies oniy, which wiii eesi]y introduce errors in the Vaiuesﬁjkf

’i iarge in comparison with the runs with 6 ang]es.ﬁii‘th; E

The experiments yier different vaiues of ‘2 for the,f~3n

.various runs This effect is not consistent between the 188
"}rkev and the 691 kev Y r&yS) which 1ndicates t"‘t:m;ﬁlﬁj“ffu;‘
'ieis not the only effect ’

Vin3f8u74

iffmAii others show differences up to 25$”

Other y rays of Ge shoued{agr:ement etw ﬁn-_he two
‘runs, and With the anisotropy coef:ic s she

”"f(oo72) and (Na73)



*'7:,and spln 4 are p]otted 1n F1g..38 > as a functioq/of W
:"5340 K run we have’G'(.“vh

T“tfgrad‘e"t°: The 300 K run’ does agree with the theory;and it cané”*
: @,fbe conc]uded that the az(o) value 1s 0 42 t 0 OZEfnd 4(9):

i - B -55_4_1:3‘-
| The theoretical expression for the t1me 1ntegrated %
attenuat10n coeff1c1ent 1s (Fr65) L |

% ‘“7 TN S T qu-r) T e R

where T 1s %he 11fet1me e e

The va]ues for th1s expPESSTOH for halflife of 23 ns

, q L

. For the 560 K run the value of the time integrated attenuation
;1coeff1c1ent 1s 0 66 and the va1ue of mq 1s 330 MH For the

o 48 with g = 319 MHz. If one compares

irgjthese values w1th the curve 1t can be conc]uded that the

’Q;560 K run does not fit the theory of a static electrtc fie1d

?:;0 14 : 0 05 For the 69] kev y ray there is no possibilityu
”v.efor such a check for the peak 1s obscured by the 692 Kev peak



Fig.~‘3'8':_' ‘The time 1ntegrated attenuation coefficient as

" "'function of wq for a level wit‘h sp1n 4. ,and t]/?_ N

: ",_23 ns, for various va ues of n (O 0, 0 2. 0 4.
;o 6, 0. 8,;1 o. mth o 0 the highest valu@s of B
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coee

u_ﬁncrease W1th 1ncreasing temperature The time d1fferent1a1

w,patt%rn Of the aniSOtr°PY Caﬂ be described w1th fiﬂﬂfﬁufiefrﬂh

,,I(hf; where Gm 1s a Iarge frequency spread as 1n formu]a iifiiﬂ
C(1v.2); (Be74a, 5072. Va73) This mwght also. explain the - R
"results of other results :ﬂﬁfpn}ah;Q'“j””r'jﬁ]ﬁ;3;*é} 'H -
T The constant c, which appears 1n the fitting w111 1n .
:?these data absorb the effect of the non substitutional fractior\
7;on the time,dependent results For the 340 K run 1t will

hfprobab1y no@;contain any effects of normalization errors,

for these errors will have the same effect on:'he time

:fintegrated vaTues as on the time differentia] resu]ts end“theht';x
‘e1ectr1c_f1e1d% i

1;present values fit the theory for a static

f}gradient

;3VI 3 Genera1 Conclusions S

hiaSjthe'shor

Despite experimental difficulties”suc

}ﬁlifetime and a re]ativer small erosmfsection. these experiment

27(Na73) e d
f}as the a2 veloe

s



The wq value of 315 MHz 1s d1scussed'1n.section VI ] ;
and 1nd1cate a- quadrupo]e moMent of 0 5 b, when 1t 1s assumed
 that the un1versa1 correlat1on of the components of - the L;'f
’gf1e1d gradient as suggested 1n Ra75 1s true i' f'“,_i,,..;--
o The TDPAD technique has the capabi]ity of meaSuring
"the quadrupole 1nteraction, but has the drawback that it can :
:ion1y be performed with a. pulsed beam, This gives us no B

,anSS1b111ty to place the nucleus in a particu]ar place of

jas the dis-

:&a 1att1ce TDPAC wh1ch hasn t this drawbac g

ffadvantage that the beve] of tnterest hasltf b“'fed by a ]0"9‘1.

5f11ved parent (t]/é > 1 day) If these techniques are performed

ttin qombination withMossbauer and NQR experiment {5both of

ffWh1ch have the1r own drawbacks, one 1s able:to measure f1610

f}grad1ents and quadrupole moments of most huclei 1n variousf _yi;

‘fsurroundings But the d1ff1cu]tfes 1n the measurements are'"

ffclear]y 1ndicated by the fact. that the theory was we11
;edeveloped in 1962. and only in recent years hav he

faexperlmental results been availabled'
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'.vrad1us‘1s:

APPENDIX I

TARGET.HEATING';.
. Nhen a beam depos1t 1ts energy 0 on the target,
= Aradfus b and th1ckness d .1n a C1rc1e W1th rad1us a (a < b)
1n ‘the centre, the centre w111 have a higher temperature

tha" the edge The edge is assumed to absorb the heat with-:.‘t”“

out a temperature rise. The temperature as functiOD-of'the“itx'lr

e

1t

SRR PR
. o :

EaTI

|}

J ”’-‘)‘ ~ T mr‘"*ai"
‘,where K 1s the constant of thermal conductivity
Define P O/d the energy 1oss of the beam per cm mater1a1
“H.IIn this way f:.fuﬁ'\'“}';"’ N N D ' :
T(b) - T(O) —;~f,_t14f_2_ln ]}**”

nucr

'"teSubst1tute the apprOpr1ate values for=3}n§vtbtbtbn;;95553ff;,”_

'7g_z1nc target;ﬁgﬂfjfp;jimi xiw“

o
]

;'70"5—1~—— X 7200 mg/cm -5o¢fu_cmfffpkf:ff]v§;;g

j?? mg/cm

t 1 2 w / (cm K)

b' 1 '
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: The'subl1mat1on rate of zinc,'whlch was used as a

/

__check on the’ approx1mate temperature can easlly be calculated,;';'

Every mater1al has a vapor pressure. whlch w1ll be pumped

&~

, away in the h1gh vacuum beam llne \ Th1s pressure ls given by‘fh;.

'po T ;§ P vE ‘A;;@ B AR T P U SO
j‘where o s the denslty of the gas and v the velocity)of the
.,gas molecules : Per unit tlme the average d1stance tTavelled«j;f;”

'f;by the moletules 1s 2 The mass escaplng per unlt,tlme andqﬁg}f

. %y 53{**#1;;{];-77;;1

ay

‘per unit area 1s

ﬁﬁlFor the formulae for Vav andﬂV?5SEe7Tifkégu;'”""i“

V”f;with the vapoq.rressure qupted 1h ref 2 the sub],m?tion;uifbiitlf?

70

L Zh:tan be calculated and the values are tabulated in
_-",A'Table D o & e l
e ._/»ﬁfﬁf'f-.Vf“f S TR T T T T e
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| S TABLE 4 | B
_ SUBLIMATION RATE OF ZINC AS FUNCTION
OF THE TEMPERATURE

- ] . (PPN
Ty py (mm .Hg) A m'gud7sm25).
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. APPENDIX “1 ,? R
‘ .Y . “} o L
THE LEVEL SCHEME OF 7°ea IN THE

INTERMEDLATE.COUPLING nopEL,

\ The Intermediate Coup11ng Model couples one . or- two Sy

"part1cles in shel] model states outside an even even core to;;.ﬂ
| the vibrat1ons of the core The coupling 1s characterized
by the energy of the phonons, the number of . phonons and the :f* :

-~

..fcoup11ng constant E (Ch67) »ji:“b "'_  ‘,A{~_m, ,,-T
: : ST : 607" RO o
For_= Ga the 5ven even core 1s In An estimate of

- the phonon energy of this nucleus 1s 1 Mev The particle

»'1evels can be taken as the single particle levels of Ni and

L yie]d for the energies  e

E( |2p 3/2>) - o}ofner""’ "

E( Ilf 5/2>) 0 78 MeV

: E( l2p 1/2>) ﬁ‘J-,O‘SffM'e'v‘ SR

N E( llg 9/2>) 2 00 Mev ;fﬁ.ﬁyi.,"nuff@x§!;}';fﬁfﬁf}lﬁ”“

h-fexcept for the g 9/2 state, which 1s not observed 1n |
}_ﬁquoted value 1s the estimate of Dohan (Do72) :éff'g
| .: : Nhen the calculations_are done with one phOnohﬁ
3 orbitals available for'the! pr
neutron,:the resu]ts predic} reas pari the
e{71eve1 scheme _ The other letels m{ght have an adnixture f

:thwo phonon states f\_;'giq];;lﬁffi“”



. The'4 state at the calculated energy of 795 kev above the

'lowest state 1s bU11t up ‘as:
o ’

14> = 0. 977 |o. p3/2 99/2, 4>+o 017 |o,~ 5,2 99/2, 4> + 5,

£

70'030 lo ‘93/2f99725’3? to

gty & <0180 I

p3/2 99/2’ 5’5*5"'

#..

0084 I p3,2 99,2, Yy 0.062 OF

5/2 99/2"‘:">

il?OON Hr ‘ ooman,.w29w2,¢g{fooj"*-"
-0.020 ']' 5/2 g9/254551+V0193§.;,11, 572 99/2’ 6?5i“;'f e

l;‘v+o 042 ll. p] /2‘199’.2;714-}['297-0558-' -j»".l]’ p] /2 99 /ﬁ 5,.-:.

.'_where l‘ 5/2 99/2. 4>{fmeans a- state with 1 phonon, the

_proton 1n the f5/2 orbit, the neutron 1n the 99/2 °rp1t.°"di;£:”,

%7:both particles coupled to spin 5.



7:,Ff§e439 Lomparison between the ”
|  level. schEme for ZPG
j~_one phonon 1n the Inte
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R "PROGRAM TDPAD""E-.' R
. | Nquear R@search Centre lft;xaﬁff‘.j._;mqv.;d
EE R Untveraity of'AZberta LN T
1j;ﬁ§]. Eﬁhonton, Alberta v §¥ wtlTh“§;~;z£f‘~“

, INTERNAL REPORT #Z?
| C W Luursema, and D A Rutchean f ';Lf’ 
SRR SRS AT ’ff“.»g RNt : . SR

T _'f‘:.v, I '»ff'ﬁ »

’ ’iflntroduction :_”15

oA Th1$ prOQram 1s meant for the analysis of a time depéndént Y nay
»l{f anguTar distr1bution due to static electric Quadrupo1e Interaction 1n
1  fifrandom1y or1ented microcrystals with the p]ane of detection containing
_fjl1 fBe beam It starts wfth time-de1ay sjectra of‘;he transition of 1nterest
f“f 'fand of background data for two nr more angles and give5 the lea't X

”ff§ﬁ f1t parameters to the theoretical'_f




Theor U e T e 80, -
| Time dependent Perturbed Angu]ar Distribution 1s given by (all refs )

A

' T-I- ? W(e)' zk(akGk (t) + c) P (cose)

where ¢ is a tlme 1ndependent constant B
Gk (t) qmm.. m(l I mrlk q) X R e
S . (I _m" I m"'lk q) & 1(5 : nr)t/h - {_ni;«ea.;g;,,“‘,‘ o

mnn U

»n[-where U 1s the transformation matrix which diagonalizes the Hamiltonian

ff-Q51nce (E -E .) (f , E ) we end up with on1y cosine tefms =
| Gk(t)‘- EN SkN COS Nmt T S RN S

>l.f"ere ' e2qQ/h and N*a (E n')_h .

;;fﬁThe Ham11ton1an 1s given by the elements

i -.**

‘iifwfth v = -3;- v, evaluated at the nuclear sitea




-y .
- "

By taking into account a spread of frequencies around the centra1 t} 81'11
',one ind a. finite resolution time of the detect1n9 system. the formuIa R

‘ G (1) =L S cos N wt e Gth ']/Z(NNT) ,thﬂ*'

'.fh 5“‘ absolute frequency sPreadr¢f{' el

- ”f_:t resqution time of systemvf,'?fv,te:jc :
'fThe f1tting is done. to f} ‘_'_..: -7
| ak(t) Gk(t) ak(o) + C-

f‘where 3 1s ‘a time 1ndependent constant f]h;fyfnhif‘}tf;:.3tf{f?fffgfffffgfibffﬂi
i”BreseQute if‘?v.:igf-*7" i"ft?;él*ff9vf7ff?§ffé}fﬁfll T e T
f>The program 1s split up in three parts _ e e

ff(”)fb 'Data This part reads 1n the data from magnetic tape unit numbgr 1
"vff;'.and calculates the ak coefficients as a function of time Theainput

S 'data consist of the time spectrum for the region bf 1nterest and the

vf?fge,appropriate background spectrum, both should be 1: th
:”*ffgfathe tape

It 1s possible that there are two ang]esiin one_ru ;

apfbackwards By reading 1n;a$faked?high r ]Ow’run_;,



..\ .
e

:(h)h 'DiSplay' The central process1ng and fltting unit. This part asks 8
l:. for- the other lnfOrmatlon necessary for fltting to the formula
"~L.(l), The out put from. 'Data »i.e, ak(O) and the error in ak(o)
" -:1After calculation of ak(O) and x2 1t can be dlrected to all
;.5-parts of the prbgram (see listing ln Table I) The program
'_types after each step the number of channels used for the flt
RERE o the ak(O) value, its the error ln ak(o) and the x | .3 Q[f;ﬁg’afi"
ﬁ (5),f'5”" Th1s part calculates the s, R coefficients and the values i
| ffflof N. for formula (l) as’ functicn'cf spin. n and k It calculates Ifffﬁ"w“'
"hlAthe matr1x and diagonaiizes 1t wlth the method of Jacobi then 1t— -~?:ﬁlif1

ﬁ”zfslcalculates SKN for eac N. making use of the fact that for eaCh\n

{ff, nly half of the magnetic substates contrlbute. L ;ff’[;;;iifn~;ff_5

f‘Table 1 L1st of opt}ons 1n 'DlSPTGY on question '0'

0.0 _?Types out all possibﬂities.f / ‘-,:_' "'ff..l,."}j[ji'" i

agllgf‘soes to 'Data and read 1n new set of data

kN

"and fudge

l”3?7aAsks for new value of time-zeruﬁ“'



.rIf the upper and Tower 11m1ts (amax and auﬁn) contain zero._ To leave -

_ | - this rout1ne set breakpoint 4 Lo . _
\‘8;7 Goes to the pTotting routine, if and onTy 1f the program has dispTayed
- "i}the data after the Tast calculation, otherwise it does the same as

, | . RPN S '_ H»(_' -“.} w»t:. 4.' B
‘f;9t ‘iTGoes to the pTotting routine, tak{hg on vaTues for the plotting
o parameters except for YOFF unTess they are zero. inquhich case

»“}f:* ;?1t goes to 7

Input for Data UNRES SRR . -
Card I NGRP NCPG NLEG, IDTR, TITLE (FORMAT 414, TOA4)

NGRP number of groups Tes$ than 513 o e
| .';'_NCPG number of channer per group NGRP * NCPG < 1024
E fﬂy_TNLEG number of Legendre polynomials (maximum 3)

. .j';IDIR direction first searcho(O forward, 1 bGCkward)
. l“tsar1t1e (Tess than 40 characters) PR
:jCérd;ii Date, Month, Year Run, Angle
iy ”‘»";-'Format 413 F6 0. L S
S ,_QJJYear = 0 caTcuTations f°]]°ws'\L;fo??
fard III IBASE ZNORM -
TVFORMAT 15 1, 3

3 ””.T'jIBASE‘ First ChanneTf_;fidﬁ}“ﬁ’w to be




So prOper order 1s 8 ,

1 II, 111 (background) III(real data), III(b]ank), I, Lxr(oackgrouod);
III(rea] data) III(blank), II(b]ank) : DR T
:Te]etype input o e S
T BRINTYES(1) GR NO- (o) (11) Lo
: - f‘li.‘]PRINTS out ALL ak for each group norma11zed to a —T and
| .”’TI\I;not norma]ized w1th group number, erron/in ak and x2 of
"‘ffh}f1t for each group ERERAE N RN

S0 Suppresses this output. and this 1nformation is lqst, except

o ";.for the nomal1zed values wh1ch are. used by ‘DISPLAY‘ and s
| ;ﬂ;may be. p]otted Fj%_tajfuz.i:_,;;jf;{;;lz,_-;é’ff{;};;;[,‘ﬁff”fif;
ENTER T RESTART 0 T0 EXIT, (1) Sl e iiu

-“[ﬁ:fv ] Begins aga1n at the beg1nning of the program (reread 611 data)
: 0 Stops S - | - T

'fResolution Time (FWHM)

Float1ng point 1nput of the resolution time of the eIectronics

and detector expressed 1n number of groupsf

f

;ﬁFREQ IN RAD/GR c REL SPREAD
Format 3F10 0

Asks for the essential parameters 1n theoformuIae, the
B fr%guency be1ng mq and relative spread being zw
iiTz(F 10. o) e .,.[‘ fﬂ'ﬁ | ‘r S
L Input of time zero, as group;number according to the qutput.

. | 11st1ng of':
~;_-';'AM1N AMAX SR T
o The lower and upper ],,1t of thepva1ugs o

and fOr the plot routine. Vaiues:outs

to the upper or ]ower _1m1t1‘



. 'GROUHS/INCH YSC, YOFF (F'loating pomt) 8
| GROUPS/INCH X-scale . | |
a& YSC, number of 1nches ‘over which the y-sca]e extends | iQ:ﬁf’

: YOFF vert1ca1 offset of AMIN 1n 1nches zero being point of o :
| ‘ Pen 1ocat10n SRR | 'T_J oot
:."'_'.EXP(I)EAL(Z) AXIS(3), suzu(4), DONE(S) o -

| "_Format* n oo B
;‘fl. .‘Plots exp?timental error bars } ‘,. T

L '2;A 'P]ots the current theoretica1 curveLd_%yfﬁi: e :

‘llhﬂfé; th]ots the x and y axis, from t1me-zero to the 1ast channel to o
f;ii;if.”“p1ot and the y-axis from amin to amax, nd x-axjs at ak-o and ”h:'th

ldyl-_:the y-axis on time =0

}d'{_4feo'51ews the paper up t111 the second 1nteger 1nch after the p10t i
'L‘,f;and cannot be returned _h‘ D I i I
.rnitis,'thReturns to the rest of the program. ;h_.#:f:fzf;Z f§£41‘f*fif;i;-f:A“-
}Plotwsame as above jlijiffﬁfﬁ'oihiif"7h[i;!};ft;;a;fi{’V:“" SR

:fOther questions are self—explanatory L ”x;ﬁih-?ndffdjo_-:mfvhh‘fiﬁ’ff[fﬁﬁ* B

~’A11 1nput parameters are floating point unless‘otherwise 1nd1cated SR
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