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INVESTIGATION OF LONGITUDINAL POLARIZATION 

AND other properties op some BETA-TRANSITIONS 

k.s.r. SASTRY 

University of Massachusetts, Anharst, Mass. 

abstract 

Several hinHered allowed 6-transitions and forhidden 

decays are Investigated through 6-ray longitudinal polarisa¬ 

tion. 8-y correlation and 6-sh.pe factor studies. The re¬ 

volts ere presented and their significance is examined. No 

evidence is found, within eaperiwental limits, for significant 

decay with moderate energy release Cnntu 
ay exease. Considerable success is 

Achieved in understanding properties of several forhidden 6- 

transitions in terws of meaningful nuclear models and expecta¬ 

tions hased on current theory of weak interactions, studies of 

influence of multiple scattering of electrons on angular correia- 

tions are reported. 



2. 

I. INTRODUCTION AND STATEMENT OF THE PROBLEM 

Early In 1965 an extensive series of experiments were planned to 

be carried out in this laboratory in order to measure properties of 

nuclear $-transitions such as ß-ray longitudinal polarization, 3- 

spectrum shapes and ß-y angular correlations. Such information was 

intended to be utilized to Investigate 

(i) higher order effects in nuclear ß-decay 

(ii) the ß-decay matrix elements and their relation to 

specific nuclear models, and 

(iii) the validity of the relationships between matrix elements 

of the coordinate type and the relativistic type predicted by the 

current theories of weak interactions. 

While facilities for ß-y angular correlation measurements and 

for ß-spectrum shape studies were being developed through initial 

support provided by the University of Massachusetts, a proposal was 

submitted to the U.S. Army Research Office, Durham, N.C. for assistance 

to build the ß-ray longitudinal polarization part of our program and 

for support of the ß-decay studies planned to be carried out in this 

laboratory. With the materialization of grant support from the Army 

Research Office, Durham, effective October 1966 it became possible to 

carry out our experiments. 

The Army grant AR0-D-31-124-G859 was made for the three year 

period (October 1966 to October 1969) and was extended to June 1970 

since no additional funds were involved. A supplemental grant DAH- 

C04-70-C-0064 was received for the period July 1970 - January 1971, 

A summary of the nuclei investigated, the experimental methods 

used and the major interest in the work is given below: 



3. 

NO. NUCLEI 
EXPERIMENTAL METHOD INTEREST 

1. a) 

2. a) 

b) 

3. a) 

Pm148, Cd115“, P32 

Na22, Co56, Co58, 

Co 
60 110m 

Ag , Sb 
124 

Cs134, Eu154( Pm148 

Cs134 

Sb126 

3—ray polarization 3-decay matrix 

elements and 

models; higher 

order effects 

3-y angular 

correlation 

Shape of 3-spectrum 

Higher order 

effects in 

allowed 3- 
decay 

ß-Y angular correia- Spin of sb126 
tion 

b) 

c) 

d) 

e) 

Cd » 

Tí207, 

Bi2U 

U140. Pm148, 

T*208. Pb211. 

ß-Y angular correla¬ 
tion 

First forbidden 
ß-decay matrix 

elements and 

models 

ß-y angular correla¬ 

tion, ß-y (CP) cor¬ 

relation 

Second forbidden 
ß-decay matrix 

elements and 
models 

Cs137 
Shape of ß-spectrum Second forbidden 

matrix elements 

Bi212 
Shape of ß-spectrum First forbidden 

matrix elements 

and residual 

n-p interaction 

0th.r computed studies include (1) etfect of multiple ecetterlng 

of electron. In the source on e'-Y end 6-Y corr.latlons¡ (2) ma.urem.nt 

of K-intemel conversion coefficient., end (3) go.e-g.mm. dlrectinn.1 

correlation measurements using Nal-Ge(Li) detectors. 
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1 II. THE EXPERIMENTAI, methods - A BRIEF1 DISCUSSION 

IIa> —el.tion! , Although for unpolarlzeH 

nudof the radiations (E.y etc) ere «itted ie.tropi.dly. when o„. 

selects out the directiou of «l.slon of one of the redietions (s.y 

B-rey), the y-redietion (if any) that follows the 6-decey shows a 

definite angular distribution when observed in coincidence with the 

proceeding radiation. The angular distribution function N(9) is glyen 

by 

N(9) a 1 + A2P2(e) + a4p4(6) + 

where PJO) are Ugendre polynomials, and A2> a4 etc. are the angular 

correlation coefficients, and are functions of the nucleer matria 

elements, the angular moment, of the nuclear states and the radia¬ 

tions involved and their energies. Por allowed 6-dec.y N(9) . 

constant (i.e.. isotropic 6-y correlation) „„less significant con¬ 

tributions from higher order matrix elements occur. For first for- ' 

bidden 8-transitions / 

N(0) « 1 + A^P^(d) . 

I 1 ‘ ; 

In the case of second forbidden B-transitions, the P4(6) term 

oay also be present. 

The experimental apparatus uses a.NEIOl plastic scintillator for 

B-rays and a 2"x2« Nsl detector for y-rays. a shetch of apparatus is 

•hown in Pig. 1. Coincidence electronics of the slow-fast type are 

used with resolving times of about 30-40 „secs. Provision exists for 

multichannel recording of the date and for sfmultaneous measur«.nt 

Of more than one ß-y cascade. 

I 
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6. 
The y-detector is movable and the angle between ß- and y-detector 

axes can be varied from 90° to 180°. In another arrangement (not 

shown) a 3"x3" Nal detector is used and the angle between ß- and y- 

detector axes is variable from 90° to 270°. Special care is taken 

to minimize scattered y-radiation from reaching the detectors» Con¬ 

tribution from y-y coincidence background is experimentally measured 

in each case by stopping the ß-rays with an aluminum gate in front 

of the ß-detector» For positron decays, the effect of annihilation 

quanta- ß-coincidence background was evaluated in the manner described 

by Müller,^ Other precautions and procedures employed are described 
! 

2 3 
by Gupta, and by Amadori et al. In the case of ß-y correlation work 

involving hindered allowed ß-transitions, about 2 to 3 million coin¬ 

cidences were collected at each angle, and in the evaluation of y-y 

5 6 
coincidence background at least 5x10 to 10 coincidences were collected. 

This was necessary in view of very small ß-y anisotropies that were 

expected. The allowed ß-y(0) measurements thus proved to be very 

time consuming. 

lib) Shapes of Beta-Spectra: The energy or momentum dependence of ß- 

particles emitted in nuclear decay is predicted to follow the statistical 

2 2 
distribution, (W -l)(Wj-W) » (M being ß-ray energy and WQ the end point), 

required by the sharing of the decay energy between the leptons and 

residual nucleus. Although the majority of ß-transitions follow this 

phase space behaviour, several ß-transitions display additional energy 

dependence of the ß-spectrum. The energy dependence C(W) which a ß- 

transition displays over and above the statistical spectrum is known as 

the shape of the ß-spectrum. It is a function of the ß-decay matrix 

elements and ß-ray energy and the end point. 



7. 

Usually magnetic spectrometers of high resolution are employed in 

ß-spectrum measurements and B-shape factor studies. This method is 

excellent for B-transitions without interference from other B~rays. 

Since nuclei often B-decay to excited states, one can have clean 

measurements only for the most energetic B-transition at energies above 

the end point of the inner 8-group(s). Furthermore all inner group 

8-transitlons suffer obscurity due to the outermost B-transition. 

An apparatus for the study of B-spectra and their shapes has been 

developed in this laboratory utilizing two matched Si(Li) detectors. 

The principle is simple: 

Although Si(Li) detectors with their very high resolution are 

excellent for accurate B-ray spectral studies, they suffer from the 

problem of backscattering of electrons in the detector. As a result 

B-spectra measured with a single detector are falsified even if che 

nucleus used emits only a single B-ray group Backscattering cor¬ 

rections and spectrum unfolding methods may serve in some cases but, 

on the whole, the problem of backscattering essentially renders the 

Si(Li) detector quite useless for precision studies in spite of its 

high resolution. 

An easy and effective way out is to use two Si(Li) detectors of 

identical characteristics with the source sandwiched between the 

detector faces. For electrons of any given energy, there will be 

then a full energy peak and a backscatter tail in either detector. 

However if one sums the output of the two detectors, the problem of 

backscattering is eliminated. The pulses from the two detectors can 

be summed externally by electronic means or internally. The external 

sum method is very tedius. The internal summation works very well 



8. 
only If the detectors have Identical response• In our case specially 

selected natched pairs of Si(LI) detectors have been used. The detector 

surfaces are Insensitive and can be cleaned If desired. Two pairs of 

detectors are used: one with a 2 nun depletion depth, and the other 

with 5 ran depletion depth. The former is suitable for 8-ray energies 

up to about 1.2 MeV while the latter is used for energetic 8-rays up 

to about 2.5 MeV, The detectors, of couroe, are cooled by liquid 

nitrogen and low noise electronics are used. This way of operating 

the two detectors in parallel affects the resolution somewhat. Thus 

for detectors with a resolution of 5 keV FWHM at 0.600 MeV, the ef¬ 

fective resolution is about 7 keV FWHM at the same energy when the 

internal summation Is done. 

The advantages of such a sandwich detector system are the 

following : 

(i) The geometry is essentially of the An type Thus very 

weak sources are adquate In fact the sources should be 

3-4 
weak (1¾ 10 dis/min) to prevent pile up effects. 

(ii) The measurements are fast, and the technique is suitable 

for nuclei of short halflives. Errors due to decay cor¬ 

rections inherent in point-by-point data collection in 

the case of magnetic spectrometers are avoided as all 

data are measured simultaneously. 

(ill) Long lived sources or sources of low specific activity can 

be studied with essentially no problems of energy degradation 

due to scattering in the source material since in this method 

only a very small amount of activity is neaded for the ex¬ 

periment, and hence the mass of the source Is very «mall. 



9, 

(iv) Perhaps the greatest advantage offered, by this method le Its 

applicability for the study of Inner 0-transitIona when ob¬ 

served In coincidence with the cascade gamma-ray. To 

facilitate such applications a 4"x3" Nal detector with a well of 

2-1/4" die X 2" depth is placed so as to envelop the Silicon 

detectors This system also has the advantage that the true 

ß-spectrum is obtained even if there is a large energy 

dependent 0-y correlation because of the 4w geometry. 

A sketch of this 4it Silicon Detector Spectrometer is given in 

Figure 2. This instrument has been so far used to measure relatively 

simple situations so as to gain an understanding of systematic effects. 

The following 8-spectra have been measured: (i) P32 (allowed) (ii) 

T£2Q4 (un|que fijgc; forbidden) and (lii) C£3^ and Cs337 (second for¬ 

bidden 0-transitions). Ail of these are pure 8-emitters,, end their 

measured shapes (see Figure 3) ere in good agreement with work utilizing 

4 S magnetic spectrometers end other methods. 

To check the operation in the presence of cascade y-reye, we 

measured so far ß-spectrum of the allowed 8-decay of Co60 in coin¬ 

cidence with the 1 17 end 1.33 MeV y-raye in Ni**13, A statistical shape 

was obtained in spite of the large ft value (log ft * 7,5) for an al¬ 

lowed 8-decay 6 Encouraged by this result, we measured the shape of 
+ + 94 

the 6 +4 second forbidden 8-decay of Mb in coincidence with the y- 
94 rays in Mo . The experimental shape is In fine agreement with the 

magnetic spectrometer date of Hocquenghem and Earthier,2 and of Snyder 

end Beard.8 

Measurement of the ß-spectrum of the highly hindered allowed 

(4+-*4 ) 8-transitlon (log ft » 8.9)6 in the decay of Cs1'34 has been 
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14. 

made using ß-y coincidence method. Preliminary analysis does not 

indicate any significant deviation from the statistical shape, the 

implication being that the higher order contributions are negligible 

although the decay is strongly retarded. 

h vi» of the above successes, we are in the process of under¬ 

pin, an extensive series of measurements of shapes of ¡¡-spectra of 

inner-U-transitions and B-cr,„sitions in the decay of long llved ,„d 

low specific activity sources. 

A discussion of our results will be presented in Section III. 

IIc) Beta-Ray Longitudinal Polarization 

(1) Introduction: That nuclear 8-tays are longitudinally polarized 

has been «11 established. Since ß-r.y longitudinal polarisation 

(P^ i. a measure of the quantity <£.p>, a pseudoscalar, observa¬ 

tion of this quantity is evidence of parity non-conservation9 in the 

e-decay interaction. Frauenfelder et al.10 „ere the first to show 

experimentally that nuclear 8" rays are indeed longitudinelly 

polarized to the extent of -v/c, (v being the speed of the ß- 

p.rticle and c the speed of light), the negative sign indicating a 

left-handed helicity for ß“ particles. 

Although the theory of weak interactions predicts + v/c polariza¬ 

tion for ß--radiations, one expects that nuclear structure effects 

night alter this behavior in special cases. Such cases are interesting 

f°aôn ln''e8tl8“l0n °f the 8-dec*y natrix elements. The case of 

Bi 
with about 25-30% reduction from - v/c polarization has been 

11 a classic example. 

The ß ray longitudinal polarization measurements originally 

proposed sought to investigate the role of higher order contributions 
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and other subtle effects in hindered allowed 3-decay. Anticipating 

that such effects might be perceivable at low 3-energies, we wanted 

to use the principle of Mott Scattering in our measurements. By 

the time this grant became available, however, our experience with 

several allowed 3-transitions in 3-Y directional correlation studies13 

and the experience of others1*’15 indicated that the higher order 

effects are too small to be detectable in 3-ray polarization measure¬ 

ments. On the other hand, measurements on first forbidden 3-transi- 

tions seemed to be valuable in obtaining their 3-decay matrix ele¬ 

ments and thereby understanding the 3-ray properties in terms of 

nuclear models. Another question of importance has been the relation¬ 

ship1^’1^ between the matrix elements <r> and <a> arising via the 

Vector interaction in first forbidden 8-decay. For these reasons it 

was decided to concentrate on the first forbidden transitions. In¬ 

stead of Mott Scattering, which is suitable mostly for low energy elec- 

_ _ 1 O 

trons, use has been made of e -e scattering (Miller Scattering) 

suitable for energetic electrons (E0 > 500 keV). 
p 

(Ü) Principle of Miller Scattering Methods ÍThe Miller Scatter- 

19 
ing method has been used earlier by Geiger et al., Benczer-Koller 

20 21 22 
al., Oilman et al. and Harmsen and Holm among others. Good 

discussions of the method, precautions and various corrections are 

r\ o f\ » 

discussed in the literature.¿ ’ In this report we shall briefly 

consider the principle and some special details of our apparatus. 

An extensive discussion has been given in the Ph.D, theses by 

25 26 
Amador! and by Horgan. Details may also be found in a forth- 

coming paper by Amadori et al/ 
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The basic principle of ß-ray longitudinal polarization measure¬ 

ment is illustrated in Figure 4. Beta-particles of a well defined 

momentum are selected by means of a short magnetic lens and are in¬ 

cident on polarized electrons in a thin ferromagnetic foil located 

at the focus of the lens. After scattering, the "incident" and 

"target" electrons leaving the foil are observed in coincidence by 

means of suitably located detectors and appropriate electronics. 

The spin dependence of e--e” scattering is such that the scattering 

is more when the spins of the incident and target electrons are 

antiparallel. This is easily understood in terms of the Pauli 

principle for low electron energies. Let us denote by C+ the 

coincidence counting rates corresponding to the situation that the 

spin of the incoming electrons is parallel or anti-parallel relative 

to the direction of poalrization of target electrons in the scatter¬ 

ing foil. Then the scattering asymmetry 6 - 2(C+ - C_)/(C+ + C_) 

is related to the polarizations of the incident and target electrons 

by the relation 

5 « 2(C+ - C_)/(C+ + C_) - 2PlPtR (1) 

where PT - longitudinal polarization of the 3-particle 

PT - polarization of target electron 

R - (1 - ap/aa)/(l + ap/0a) and 

ap(a) " Scattering cross sections for parallel (anti¬ 

parallel) spins. 

The quantity PT in the above expression for 6 is given by the 

fraction f of polarized electrons in the foil. Since it is very 

difficult to polarize electrons in a thin foil along a direction 
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normal to its surface, the ferromagnetic foil is oriented at angle 

a with respect to the horizontal axis of the spectrometer. The foil 

is located inside a pair of Helmholtz coils, and :the electrons are 

polarized along the surface of the foil as shown by the heavy arrow ' 

in Figure 4„ Then pT “ f cos a, and PL is given by 

1 , , 1 i 

PL ■ 6/(2R f ccs a) (2) 

The cross section for Miller scattering from all the electrons 

of an atom is much smaller than the Mott cross section for scattering 

in the Coulomb field of the nucleus by a factor of about the atomic 

number Z of the scattered Therefore the events of interest must 

be detected from amongst a larger background of Mott „cattefed 

electronso This is not a problem since tiñere are characteristic 

differences between the two processes, Tn* Mott scattered electrons 

carry essentially all their kinetic energy while Miller scattered 

electrons involve collisions between particles of equal mass. In 

such collisions; for 90° scattering in the cepter of mass system 

when the polarization effects^ are the strongest, each electron (in¬ 

cident and target) emerges with half the initial kinetic energy at 

an angle 0 in the lab frame relative to the axi,s given by 

sin2e = 2mc2/(W + 3mc2) (3) 

; i I , 1 

W being the total energy of the incident electron,, 

The detectors are therefore located at th¿ appropriate angle 

0 given by equation (3), symmetrically with respect to the axis. 

By appropriate energy selection, only pulses in the detectors cor- : 

responding to half the incident electron energy are selected and a 



coincidence is required between the two pulses to define a Miller 

19. 

scattering event» 

It turns out that only about 2 electrons out of 26 in an iron 

atom in the scattering foil can be polarized. As a result the scatter¬ 

ing asymmetry 6 is only about 8-10%. However, the combination of the 

choice of the scattering angle, energy and coincidence relationships 

provides a "clean" measuremento 

Equation (2) refers to the over simplified case of a single 

electron energy, scattering angle and the angle between the electron 

trajectory and the axis of the foil. In any experiment, a fairly 

wide range of all three quantities vill be present» Thus it is 

necessary to appropriately average the quantities cos a and R in 

equation (2), These procedures are discussed in great detail by 

Horgan»26 In order to evaluate the absolute value of the polariza¬ 

tion it is also necessary to determine the fraction f of polarized 

electrons in the foil, f being given by Mg/Ny where Ms = magnetic 

moment per unit volume in the ferromagnetic material (foil) due to 

electron spins, N - total number of electrons in the foil and y - 

Bohr magneton. 

The averaging processes mentioned above and the determination 

of f do introduce an error in the final result. These errors can 

be eliminated if one makes a measurement of 6 for an unknown case and 

compares it with the 6 measured at the same energy for a standard 

allowed ß-transition for which the - v/c polarization is very well 

+ _+ 
established, keening all other conditions constant The 1 - 0 

32 
«-transition <»ith an end point of 1710 keV) of P has bean chosen 

21 28 2 
as our standard in view of the excellent experimental evidence 
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in support of a full - v/c polarization for this transition. 

(iii) Experimental Arrangement ; A sketch of the experimental 

arrangement used in this work is shown in Figure 5 and a reproduction 

of a photograph is shown in Figure 5a. The set up consists of two 

vacuum chambers separated by a 1 mil Mylar foil. The source is 

contained in the smaller chamber. It was arranged such that the 

source side of the system could be easily opened to air without 

disturbing the main system. The energy loss and depolarization 

effects in the Mylar foil separating the two systems are very small. 

A lead stop prevents direct radiation from reaching the 

scattering foil and the detectors. The short magnetic lens was 

30 
designed by Mortarelli, and the electrons selected by the lens are 

focussed on the scattering foil, a Supermendur foil 0.2 mil thick. 

The focussing was verified by photographic means and by the use of 

counters. Baffle systems and stops were arranged such that stray 

scattering was minimized. The walls of the main chamber were lined 

with a 1/16" teflon sheet to minimize effect of scattering from the 

walls. Counter-to-counter scattering (which can simulate a Miller 

event) was prevented by appropriate shielding. 

The detectors were surface passivated Si(Li) type supplied by 

2 
SIMTEC Ltd., Canada, and had 2 mm depletion depth and 200 mm area, 

and could stop electrons up to 1200 keV. These detectors were set 

up symmetrically with respect to the axis at the proper scattering 

angle for each chosen energy. The detectors were cooled to liquid 

nitrogen temperature. The resolution of the detectors was better 

207 
than 20 keV for 1 MeV conversion electrons from Pb 
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Th# acattariug foil wat mount#d on an aluainum. írama and 

locatad at tha cantar of tha Balahotc colla. Tha foil «faa at 30* 

relativa to tha horizontal. 

Tha and plata of tha nain chamber haa been arrancad with a 

rotating aaal ao that tha datactor ayates can ba turnad In tha 

vertical plana without affacting any other part of tha ayetam 

and without tha naad to break tha vacuum, Tha chamber haa, of 

courat, tha appropriate feed through for maaauramant of vacuum, 

and for signals and other electrical comae clone. 

Tha slow-fast coincidence syst« of electrons used Is shown 

in Figure 6, The data collection procedure was automated using 

Canberra Modal 1473 Printing Scalars, Modal 1489 Serial Scanner/ 

Printer and Modal 1490 Blind Timer. ORTEC Model 118A Fat Pre¬ 

amplifier, Model 410 Multimode Amplifier, Model 420 Timing Single 

Channel Analyzer and Model 414 Fast Coincidence Unit are used. 

The coincidence unit was oaprated at a resolving time of 30-35 

nseco. 

(iv) gome Experimental Details end Procedures; The Pa1'48 

¢5.4 day) and Cd115® (43 day) sources as well as the P32 ¢14 dsy) 

were produced and supplied by The New England Nuclear Corporation. 

The sources were prepared by Dr I, Gruvarman of New England Nuclear 

Corporation on 0.05 mil. pore free nickel foils as wall as 1/4 mil 

Mylar foils by evaporation method. The sources were spread over 

circular spots of diameter of about 8 mm,. The uniformity of the 

sources was checked photographically, and their thicknesses were 

measured by weighing and by X-ray absorption methods. The P32 and 



24 

H 
*» 

■r4 
O 

h 
il «rl 



P» »«wire«* (M«d w«r« 1.., chM 1 ■g/c.2 thick, and W.ra .bout 

25-50 «micuri.i «t ch. «Urt. Th. Cd115* .oure. v.r. in th* 

íorra of Cd(N0,)2 and had a thlckn.aa of 10 mg/oi2 and eh* Initial 

activity t#a. 4.5 ■lllleurlM. 

Hagii.t and d.t.ctor calibration, war# parformad uaing con- 

varaion tlactrona fro« Bl207 and Ca137 aourcaa. Tha first sat of 

aaaau rasant a war« p«rfom.d on 800 k«V S-partlcl.a fro« p«148, 

P 2 and Cd115“. After gaining axparianca, Pm148 ««..uramanta ware 

extended to 1000 keV and 1200 k.V, while Cd115® »•a.urasant. war* 

ext andad to 600, 1000 and 1200 k«V. The standard P32  -nnrt 

«ade at all these energies provided energy dependant polarization 

fot PJ‘ in th.lr con tl,ht. Th. colncldmc. count, 

v.tled fron 60-120/nln for P3Z (trun/chnne. t 3-5), -. 10-30/nln 

for Pa (true/chance % 2-4) and 5-10/min for Cd115“ (true/chanc* 

% 253* -°11 low counting rates necessitated measurements ovar an 

extended psrlod of time Statistical accuracies of about 2¾ wart 

obtainad for 6 measurements on P32 and «bout 5* on other measure¬ 

ments 

The Supermendur foils were kindly supplied by Mr, Gould of 

Bell Telephone Laboratories.. The foil wee magnetized Initially 

to saturation at a field of about 30 oersteds end a holding field 

of 3 oersteds was used in the measurements With the «ingle 

channel analyzers set up to accept pulses corresponding, to one 

half of the kinetic energy of the incident electrons in a narrow 

interval of 60 k«V about the mean value, the coincidence count«, 

say, C+ and the 6~singl.es rates were determined for 20 minutes, 

the counts on the three scalers and counting time were printed out 



on « up«, th« «c«i«t. were re.ee, the field of Helaholu coil, 

(hence target polarUetion) we. rever.ed end now C_ end S-.inglM 

were counted for the eeae length of time end recorded. This cycle 

of operation, va. repeated over and over automatically with better 

than 95: efficiency 24 hour, a day Regular check, for in.trument.l 

.tability and reliability of operation were employed. 

I*, data were corrected for accidental, and the measured 6’. 

of individual repitition. were tested statistically before the data 

were finalized and pooled together. It was found that correction 

for half-lif« of the decay had negligible effect since successive 

C± mM8urenent8 ware donfc in * time much less than the half-life 

of the source. The C± counts of course decayed with the well known 

half-lives, 

(v) S^teaatlc^and^lnstrumental Effects: The instrumental 

asymmetry was measured using an aluminum foil of equivalent thick¬ 

ness and found to be small; 6A{, « + 0 002 + O.OOj For relative 

measurements it was only necessary to consider depolarization cor¬ 

rections for multiple and single scattering effects in the source. 

For P32 and Pm148 sources, these effects were less than IX, but 
f „ .115m 
ror Cd the corrections ranged from 4¾ at 600 keV to 1.5% at 

1200 keV. These corrections were calculated using the theory of 

ifaihX.chl.gel .nd Kopp«31 «„d Bl.nl.ln « ¿1 32 Contribution, du. 

to S-Bremsstr.hlung colncld.nc. background .nd S-y colncld.nc. 

background were too small to be measurable. Multiple scattering 

effects in the scattering foil were considered for P32 in evaluating 

the absolute polarization. 



W) !aaur°,at 01 f! *32 ■>*« ». «v.lu.t.d th. ibaolut. 

».1».. of polarization at th. .rp.rm.nt.! .n.rgt., m 800 ^ 

1000 k.v .nd 1200 koV. For thl. purpo.. . kno.1«!,. oí f 

nacsary. Thl. obt.ln.d by m...url„, th. ^el„tlon ».In, 

. cllbr.tad flu, n.t.r, * hy.t.rl.l. cnrv. for 0.2 ml. s»p.r- 

nondur 1. .hown In Flgar. 7. Ihe 0,..ur(Ki n.,n.tlc BM,mt „ ?K 

unit yolun. conuln. not only Ma but . amiu contribution (-v 52) 

du. to orbital contribution.. Th. dclrad quantity Bs lo glv.n by 

", - 2(g’-l)M/g' »bare g- i„ th. gyrom.gn.tlc ratio. A..umlng that 

*' for Sup.rm.„dur («,2 F., 0,2 Co uni 22 V.) 1. ,om«,h.r. b.tu.„ 

th. vain., for F.« Co>34 ve used g. . ± Q ^ ^ 

Of f was found to be 0.0598 + 0.0018. 

(»11) Saauggla. Th. r.l.tl». .u.ur«..„t. performed h.r. 

enabled more accurate determinations of polarization than on. can 

obtain by measuring absolute values. The errors er. essentially 

statistical (provided there is negligible depolarization In th. 

source). Th. errors on results given in Section III can be i„- 

provad but on. ha. to weigh th. returns of getting any new physics 

out by spending four time, a, much time and resource, to reduce 

the error by a factor of two. 

The use of silicon detectors contributed to minimize background 

due to e-y coincidences. More Important la the fact that th. 

detector, wsr. not effected by the field r.v.re.1. i„ the Helmholtz 

noils. This bs. been . difficult problem with plastic sclntlll.tor. 

and photomultipliers. Finally these silicon detectors in conjunction 

with magnetic momentum analysis helped define 
the energy accurately. 





The present apparatus and method can be used up to about 2,5 

MeV electrons if only we replace the present silicon detectors by 

those with a larger depletion depth. It is also suited for 

longitudinal polarization measurement of positrons utilizing the 

so-called Bhabha (e+-e“) scattering. It is hoped that this facility 

can be used in the future with relatively limited funds to perform 

3-polarization measurements on more first forbidden 3-transitions, 

III. RESULTS AND DISCUSSION 

In this section the results of various investigations using the 

methods of Section II are presented and discussed. To facilitate 

discussion we divide this into three sub-sections A, B and C in¬ 

volving allowed, first forbidden, and second and third forbidden 

transitions respectively. Sub-section D contains an account of 

other related work, 

xxia) Allowed Beta-transitions: Allowed 3-transitions (AJ*0,+l,n) 

are governed by the Fermi and Gamow-Teller matrix elements <1> and 

<a> respectively. In addition to these, contributions from other 

matrix elements <a-r>, <r2>, <ar2>, <(a-r)r>, <y5I> and <axr> occur 

when one considers interference effects between s and p and d wave 

leptons.35 Detailed theoretical expressions for the 3-spectrum 

shape factor, and 3-Y and other directional correlations have been 

given by Morita35 and by Behrens and Janecks36 based on Buhring's 

formalism.37 Normally for allowed transitions with moderate energy 

release these latter contributions are small (indeed negligible) and 

these transitions are characterized by statistical spectra and iso¬ 

tropic directional correlations. 
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When large Q values are Involved such as In the case of 

" » C decays, the Importance of these higher order con¬ 

tributions has been well established. Indeed the contribution of 

<2?L> is the central point in the weak magnetism effect38 and Con- 
39 

served Vector Current Theory, 7 amply verified by Wu and collabora- 

40 
tors. The small but significantly non-zero ß-y correlation ob- 

41 20 
served by Boehm in F is understood in a similar way. 

There is a large set of ß-transitions for which the energy 

release is small or moderate but with comparative lifetimes (ft) 

orders of magnitude larger than for normal allowed transitions for 

which usually ft is in the range 103-105 sec. Do these hindered 

allowed transitions show any evidence of higher order contributions? 

In the early 1960's the answer to this question was controversial in 

the sense that there seemed to be conflicting evidence/4 The answer 

to this question became important in view of subtle effects that were 

examined theoretically by Huffaker and Greuling42 and others,43 

In this laboratory a large number of hindered transitions of 

allowed character were investigated. These include Na22(3+-*2+, 

log ft 7.3), Co56(4+-*4+, log ft 8.7), Co58(2+-+2+, log ft 6.6), 

Co60(5+-*4+, log ft 7.5), Sb124(3“-3", log ft 7.7), r i134(4+-*-4+, 

log ft 8.9), Ag110m(6+-*6+, log ft 8.3) and Eu154(3"-»2”, log ft 1C.0). 

The beta-gamma diiectional correlations in all these cases proved to 

be too small to be measurable, and within the limits of experimental 

error, the conclusion is that the correlations are isotropic in spite 

of the large ft values. These results have been published^-3 and some 

of their implications have been considered.45 Since then two more 

ß-y cascades have been added to the above list of isotropic correia— 
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tions: 1/2+(B“)3/2+(yH1/2“'» in . 
WU/Z ) in Cd decay with log ft - 6.8, and 

l"(e")l'(Y)0+ cascade in the decay of Pm148 „lth iog ft . 7-7- ^ 

respective directional correlation coefficient ^ is -0.001+0.003 

for Ee>350 keV for Cd115 and -0.0008+0.0030 for EB>75o keV for Pm148. 

The isotropic correlations measured in this laboratory have 

been in general agreement with other careful measurements published 

in recent years,It ^ rM80Ml)le t(j ^ ^ 

results .hich implied "large" enough effects in allowed transition, 

are most probably instrumental in nature. Cipclla et al.15 cUlm 

that significant effects are seen in the decay of Tb160. The extreme 

complexity of the decay scheme makes us wonder if this effect is 

real. All one can say is that 6-y directional correlations in the 

hindered allowed transitions are isotropic to within presently at¬ 

tainable accuracies. It would be desirable, though very difficult, 

to push the limits an order of magnitude down» 

As pointed out by Sastry et al.13 either one of the following 

situations may exist: (a) the higher order matrix elements are 

•iso hindered in about the same way as <£> resulting in essentially 

normal behavior for the 8-transition except the large ft value, (b) 

the higher order matrix element, may be relatively enhanced but the 

observed Isotropies might represent a cancellation effect, et least 

in some of the cases. It was shown that if the latter situation 

existed, one would expect to see small but measurable deviations 

from allowed statistical shapes in a way very similar to the (1+b/W) 

type empirical shapes reported in the literature.47 Should such a 

situation exist it was noted45 that determination of <!>/<£> through 

6-Y circular polarization correlation results might be considerably 

affected. 



W. have developed our 4* Silicon Dotactor Sp.ctron.tar d.acribed 

ln Saction Hb) prine.tlly to etudy th. ahoy. Inplictlona. Our ahap. 

neaauramanta on Co60 giv. a atatiatical ahap. Plgure 3e)- 

ray pol.ria.tion ma.aurenent. by Ua.ru.48 do«, to v/c - 0.4 do not 

aho^any d.viation. from -v/c lon,itudinal poUrlaation. For th. 

4 -4 transition in Cs134 (log ft - 8 9W. i u « vxog ic ö.y; we find less than 3Z varia- 

tion ovar ti* energy range 100 k.V to 600 keV. Meaauramente of 

ahapea of othar atrongly hind.r«i tranaltion. are now contemplated. 

In Figure 3b) ie ahovn the ahape for P32 meaeured in thi. 

laboratory. Th. deviation from conatant ahap. over the energy rang, 

ia about 3X and can be axpreaaed in the empirical form (1+0.04/M) 

or (1-0.01W). Theae re.ulta do not aupport largar deviation, re¬ 

ported earlier49 and are in agreament with th. work of Canty and 

Connor,50 and of Fiahback.51 The 8-ray longitudinal pol.rir.tion 

raeulta from tbi, labo, tory for P32 .hown in Figure 10 alao egra. 

with -v/c pol.rir.tion aa do the re.ulta of Bro.l at .1.28 ,nd 

Wenninger .at ¿I.29 a. pointed out by Buhring.52 an.. mll .ffect. 

due to higher order contribution, do .... to .net in thia caae. * 

detailed inva.tig.tion b.e.d on nuclear modela might be of value. 

The 8-tranaitlon her. Involve, th. tr.naform.tiop of th. 17th neutron 

to the 16th proton, vd3/2 - n.^, which ie i-forbldden. For auch 

caaea, contribution of th. matrir element (t (2.r)r - içr2))mi,ht b. ' 

important aine, thia operator ia of th. type T121 .„d the matrix 

element <e1/2I|T121||d3/2> i, n<m_r,ro. A look at 1-forbldden 8- 

tranaitiona in thia way might prove to be int.re.tin, from th. point 

of view of nuclear structure. 
I 

Although Wilkinaon and collaborator.53 have drawn attention 
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recently to the possible existence of Second Class Currents in allowed 

3-decay, careful experiments5^'55 by the same group seem to show that 

such effects may not be there after all! 

IIIb^ First Forbidden Beta-transitions: First forbidden 3-transition8 

(AJ-0, +1, yes) of the non-unique type are governed in general by six 

matrix elements: <£•£>, <Y5>of rank zero, <r>, <axr> and <a> of rank 

one and rank two,, The aim of these studies is to determine 

these matrix elements, where possible, using observed properties of 

3-transitions and to compare them with model dependent expectations. 

When the experimental information available is not adequate to de¬ 

termine these parameters, meaningful nuclear models are used to cal¬ 

culate the matrix elements and the predicted behavior of 3-transitions 

is compared with experimental results. It is found that in several 

cases 3—transitions serve as a good probe of nuclear structure, 

especially the shell model aspects. We shall now present the re¬ 

sults for various nuclei investigated and consider their implications 

briefly. 

61^87 ! The 1 ß-transition (log ft - 9.1, Eo - 2.48 MeV) 

is governed by only the three rank one matrix elements. A strongly 

energy dependent shape has been reported for this transition by Baba 

l££i*56 This suggested a possibility that the 3-ray longitudinal 

polarization might show a deviation from -v/c. The work of van 

57 
Klinken using the double scattering method was quite indefinite 

(see Figure 8)„ Carefux measurement of the 8-ray polarization when 

combined with the ft value would permit a determination of the three 

matrix elements in this case. 

The results of longitudinal polarization measurements are shown 
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in Figure 8 along with those of van Klinken,57 There is over all 

agreement that the polarization for P-rays above 800 keV Is -v/c or 

PL/(-v/c) -1.0. The low value of van Klinken at 1200 keV might be 

due to instrumental problems. 

Analysis of the ß-ray polarization data and the shape factor 

«lata (Figura 9) of Bata at al.56 ha. bean performed ueing the 

theoretical expre.aioua of Morita and Morita58 for ahape and tho.e of 

Lee-Whiting for ß-ray polarization. Exact electron radial wave 

functions tabulated by Bhalla and Rose60 are used. The best fits 

to the data are given by the two ratios x - - C <r>/C.<iaxr> ■ 

+ 0,56 + 0,08 and y « - Cv<ia>,CA<i0Xr> - 17,0 + 1,0. The solid 

curves in Figures 8 and 9 represent the theoretical curves for the 

above values of x and y„ These results for the matrix elements and 

interesting physical conclusions about the structure of Pm148 have 

been given in two preliminary communications,61'62 A detailed ac¬ 

count will be included in the article by Amadori et al.27 We shall 

state here the major conclusions: (i) The ratio <ia>/<r> - 

31.0 + 6.0 agrees with predictions16'17 based on Conserved Vector 

Current Theory, (ii) The shape of the ß-transition and some re¬ 

tardation in decay rate are caused by a strong cancellation in the 

usually dominant combination Y - - Cy<ia> - 4('CA<iaxr> - Cv<r>), 

4 being the Coulomb energy factor, (iii) The ß-transition proceeds 

primarily as a vf?/2 -*• Trd5/2 transformation with a small admixture 

of the mode vf7/2 -* irg^ (Baba et al.56 draw the opposite conclu¬ 

sion iue to a numerical error). (iv) The I" ground state should 

most predominantly have the structure as 

required by its magnetic moment,63 (v) It is found that this most 



do»in«n«: «tructur. of P»148 cannot d.c.y to th. 0+ ground .ut. of 

S» du« to angular nowntua coupling, (vi) Th« ß-d«c«y th.r.- 

for. proceed, only through «Mil «daixtur«. of the configuration. 

‘"■JL -3 
^ffd5/2(Vf7/2)7/2^1- *nd ((^7/2)7/2(^7/2)7/2)1-* ThiB th. 

strong hlnder.nce of 0-d.c«y to the ground atete of Sa148, 

Th« r-2+ ß-tranaltion in the decay of Pa148 has been atudl«i 

by aeena of 0-Y correletlona. The ea.ll directional correlation, 

aeaeured are understandable through several sets of the matrix .1.- 

aent parameters. A measurement of the shape of this ß-transition 

would be of interest. This work has already been published.3 

115m 

(11) 48Cd67 : The transition of interest here is the 

11/2 -*■ 9/2 transition from the metastable state (43 day) of Cd115 

to th. ground state of ^In“5, „fth log ft - 8.7 and Eo . 1.62. A 

strongly energy dependent shape of the form C(W)a(l-0.78W - 17.2/W), 

where W is the ß-ray total energy, has been reported by Sharma and 

Devare.64 Kulkarni et al.65 reported a ß-ray longitudinal polariza¬ 

tion of ?L - - (0.80 + 0„05)v/c at 128 keV. 

The purpose of our ß-longitudinal polarization measurements 

was to determine this observable over a wide range of energies and 

to obtain ß-matrix elements. Our results are given in Figure 10 

along with our data for P32 which was used for relativa neasurament. 

as a standard. A deviation of about 15% from a full - v/c polariza¬ 

tion is confirmed. An attempt has been made to interpret the shape 

factor and polarization data in this case in terms of ß-decay matrix 

elements. One expects that this transition may be described as a 

Vhll/2 * ^9/2 transformation in the shell model. For this we have 

the ratios66 x - - Cv<r>/CA<ioxr> - 0.82, z - <Blj>/<iaxr> - 2.1. 





For valuta of A in tbt ran«# 1.9 to 2.3# (<io> - AÇ<£>) (ata raf- 

arancaa 16,17) tha polarlcatlon data ara axplainad. Variation of 

t did not affact tha fit atronfly, Tha ahapa factor howavar ra- 

quirad about 351 largar valúa of t ovar tha aingla partida valúa 

to obtain a aatiafactory fit. It ia daalrabla to parfora a chi- 

aquara analyaia of all data for tha baat paranacara. Unfortunataly 

no axparimantai arrora on tha ahapa factor art quotad. Wa ara 

contamplating a ahapa factor aaaaurament using our 4tt silicon 

detactor apactromatar. Although tha precisa matrix element ratios 

are not yet determinad for tha above reason, tha physics of the 

situation is quite clear: tha strong energy dependence of tha 

shape factor and deviation of ß-polarization from - v/c are caused 

by an Intense accidental cancellation of matrix elements in the 

combination Y - - cv<ia> - $(CA<iaxr> - Cv<r>) as in the case of 

148 
Pm . Tha values x - 0,83, A - 2.25, z - 2,75 seem to describe 

the situation here quite well. These numbers result in a vary 

small value for Y (¾ 0 04Ç, Ç “ ff) » whlch i««« qualitatively 

explains tha hindrance of the decay from the normal case of first 

forbidden transitions for which Y^.67 That the value of z is 

somewhat larger than for the single particle case might be due to the 

presence of a significant component in the wave function of ^In*"^ 

with a g9^2 proton hole coupled to a phonon,68 This work along 

with the Pm work will be published soon.27 

Th® 0-Y directional correlation involving the 

l/2+(ß )3/2 (y)1/2“ cascade (Eo - 850 keV, - 260 keV) in the 

2,3 day decay of ^Cd^5 has been studied in the 0-ray energy 

range above 500 keV. The results are given below: 



Eg(Ic#V) 

540 

560 

600 

710 

> 650 

- 0.128 + 0.011 

- 0,172 + 0.016 

- 0.164 + 0,018 

- 0.167 + 0,012 

- 0.168 + 0.016 

In view of aovare interference effects due to the complexity 

of the radiations involved, it was not possible to obtain better 

experimental accuracies nor could we extend the data to lower 

energies. These results confirm the finding of Pandharlpande et 

69 
al. that the 595 keV intermediate level in In115 involved in our 

cascade has Jïï - 3/2 . It is tempting to characterise the 6- 

transition as transformation of an 6y2 neutron to a p3^2 hole state 

(49th proton). For such a transition we have x * - 0.83 and 

z - - 3.16 in the single particle shell model. Using these ratios 

a search for the best value of A in Y - AÇx yields A £ 0.2 in 

strong disagreement with expectations based on CVC theory. On the 

other hand several other sets26 may be found in agreement with CVC 

theory but the values of x and z differ then from the shell model 

picture. Since there is a general agreement that the 595 keV level 

may have other phonon coupled components,70 our findings are not 

surprising. It would seem that the ß-decay information can once 

again contribute to a better understanding of the nuclear structure 

in this case, 

(iv) 5^75 : Beta-gamma correlation measurement involving 6* 
126 

level in Te has been measured to be A2 - - 0,045 + 0,013 for 
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*3 > »00 UV. TM. „.Mt „o.. not support tH. r ...^ for 

.Ptn-puttv ot Sfc by Orth ot al. ^ 0ur r..ult .nd oth.r 

.vallab1. information .r. con.iat.nt vith J* . 7" ..„gan.nt. A 

brlttf report of this work appeared ia referenr» ?■» 
PF m reterence 72, A more detailed 

account will be published by Gupta et ¿1.73 

(v\ * 140 ,, 

57^83 ; 1116 structure of the 2084 keV level in Ce140 

may be viewed as a íttc tth ^ 7A 
^87/2^5/2) + two Proton state74 or as a 

more complex state in the quasi oartír-ií „4 
2 ,,. q P1 le plcture ^nvolvio8 Predominantly 

Cwi7/2)4+ configuration with amailar .dminturaaj^^^ .nd 

componanta. Both picture. enpUin the ohaerved magnetic Iment« of 

this level, u % 4 nuclear magneton.. Since l.»» ha8 M8Mtlalljr 

the structure uf \ 
*7/2 ^7/2^-* one «»ay identify the ß-decay of the 

83rd neutron as predominantly a vf,, -4 c 
7/2 7Td5/2 transformation if the 

first picture is correct, and as a vf -> . 
7/2 ^7/2 transformation if 

the second picture is correct. The S-y correlation involving the 

3 (6 :4 (B2y)2+ cascade (Eo . 1.68 MeV, g^ . 487 kcV) haa ^ 

sored by us and the results ate shown in Figure 11 by the solid 

circles^ our data ate tn fair agreement with those of Fiahbech and 

Newsone (shown by open circles). The data of Raghavan et al.78 are 

considerably larger than ours, probably due to 
, V uoaoxy aue to some over correction 

for interference from 6-y and y-y coincidence background, „e have 

verified erperimentally that the correlations are not smeared out due 

to extra nuclear field effect-« ■*», * , 
ettects in spite of the large lifetime (o, 4 nsecs) 

of the 2084 keV intermediate level. This is presumably because the 

ium ion is in a Ce electronic state which is diamagnetic, 

A search for ß-decay mstri* element parameters shows that the 

data cao be explained by a wide variety of sets, although a cancel¬ 

lation effect in the combination Y seems to be the cause of the large 
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80 

* value. • Set. A. B .hewn In Figura 11 .g». “^l*r 

picture end with CVC theory, toper79 find, thet the nore coupler 

.tructure 1. also coneletent »1th the directional correlation dete. 

However the velue of A In hi. ca.e 1. ehout 5 end It would eto herd 

to underotand .uch a large value In any theory relating" ¿%> end <£>. 

A measurement of the .hap. of the 6-ep.etto. though difficult In 

view of interference effect., might be of velue In clarifying to 

situation. A preliminary report of this work ha. been presented. 

(vi) wirst Fotblddenjea 'SSSiXZ Leid 8egl-! AP,rt 

from the strange11 case of the 6-decay of Bf210. few systematic ß- 

decay investigation, have been reported until recently in the im¬ 

portent lead region where shell model is ejected to work well. 

Damgaard and collaborator.81 have extensively investigated to rank 

tero and rank one combination, of the B-matrix element, using the 

ft values, in this laboratory the B-Y directional correlation, have 

been investigated. It is found that in most cases the correlation, 

aud ft value, are understandable within th. framework of to shell 

model end CVC theory. Following is a summary of our findings. 

e) gÆ The “emclent ^ ' °-03> f0t the 1/2+ 
- j- a- can be understood by considering 

(8 )3/2 (ï) 1/2 cascade in Tx, can ^ 

the B-transitlon as a |irs¡)2> - IV3J2> transformation. ^ 

») Binur 11,6 A2 ':‘>e££lcients £or the 5+ * 5i’ 5 " 4 

end 5+ i 5Õ 6-transitions in the decay of II to to excite 

states of the doubly magic 82Fb2f6 are shown in Figure 12. Our _ 

results are consistent with the picture that the lowest 5 and 4 

levels are most predominantly of to type (vp^. ^9/2^,-1 

and the second 5" level is complex. For to lower 5' level, our 
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data and tha g factor84 for the level allow an estimate of the 

proton particle-hole component. Preliminary resulta have been 

83 
reported at the 1969 International Conference on Radioactivity 

in Nuclear Spectroscope. It is interesting to note that the 

last odd g,/2 neutron (N - 127) plays essentially no role in 

the decay to the 5‘ and 4" levels, while the transitions are 

cade by breaking up the N - 126 closed shell. This is essen- 

tially due to energetic reasons. 

211 
C) 82Pb129: Th0 8-decay of 82Pb^J to „Bi^J has been 

investigated in our laboratory and the work has been published.85 

This work also resulted in an extensive theoretical shell model 

86 
study of the levels, ß-decays and electromagnetic transitions 

in A“211 isobarso 

21A 

d) 83Bi131: There is at present no clear evidence for 

the spin-parity assignment of this nucleus although it is 

presumed to be 1 , Beta-gamma correlation studies by Gupta2 

yield small but significantly non-zero A2 values for the 

18 MeVß - 769 keVy and 1.8 MeVß - 1378 keVy correlations 

(A2 0o016 + 0.007 and - 0,,018 + 0.007 respectively), Thesé 

results and other information available support Jïï » l" for Bi214. 

212 

e> 83B1129: The shaPe of the l" - 0+ ß-transition here has 

been measured by Sastry and Sahai.87 A small deviation from the 

statistical shape is found. Matrix element analysis suggests 

that the ratio - Cv<r>/CA<ioxr> £ + 1.2 and A £ 2.0. These are 

quite similar to the familiar case11 of Bi210, the implication 

being that the residual interaction88 present in Bi210 is also 

important here although a neutron pair is added- Similar situa- 
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tion seeme to exist in with two neutron pairs on the 

2L 
basis of an analysis of the ß-spectrum data supplied kindly 

.. 89 ' i 
by Liihrs and Mayer-Boricke. 

IIIc) Second and Third Forbidden Beta-transisions 

a) C¿36 and Cs137: The measured shapes of the 2 +0 and 

7/2+ + 3/2+ second forbidden ß-transitions in CA36 and Cs137 re- 

i ! 

ported in Figure 3a are in fine agreement with earlier studies. 

Matrix element analyses in these cases are in progreàs. 

b) Nb9^: The 6+(ß")4+(Y)2+(Y)0+ cascade in the second for¬ 

bidden ß-decay of Nb94 has been investigated by means of ß-Y cor- 
I 

relationso In view of finite source thickness and consequent washing 

i 

out of the correlation, measurements have been made for source thick- 

nesses in the range 1 mg/cm to 8 mg/cm and the results extrapolated ¡ 

to zero thickness agree very well with the measurements reported by 

Hocquenghem and Berthier.7 Our shape factor (Figure 3c) is in fine 

8 
agreement with the work of Beard and Snyder and reference 7. 

Analysis for the ß-decay matrix elements ^ijk^ 

shows however that the available information can be explained not 

only by the set reported by Hocquenghem and Berthier but by a band of 

sets some of which are in agreement with the value of A in the relation 

j , 16,17 
. _ a predicted by Conserved Vector Current models. 

A measurement of the ß-Y circular polarization correlation has been 

carried out by this investigator along with Dr, S.K, Mitra of Tata 

Institute of Fundamental Research, .Bombay, during the past year. 

Preliminary analysis of data shows that the effect is about as large 

as for the well known case of Co (same sign)• The theoretical ex¬ 

pressions for this quantity are now being developed. It is hoped that 
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this extra information would result in better definition of the 

experimental matrix elements and contribute to an understanding 

of the situation in terms of nuclear models. 

87 
c) ,j7Itt550: The third forbidden 3-decay matrix elements in 

this case have been investigated by analyzing the data of Egelkraut 

90 91 
and Leutz on the shape of the spectrum. It is found that the 

data are consistent with the picture that the decay is a Vg^ ^ ^3/2 

transformation. Furthermore the relation between the matrix elements 

16 
of the Vector interaction predicted by the GVC model is consistent 

with the data. 

Hid) Other Studies 

a) Extensive studies of the effect of multiple scattering of 

electrons on e -y and 3-y correlations have been made using the e -y 

207 86 - 
cascades in Bi decay and 3-y cascade in Rb . Results of e -y 

92 
measurements have been presented to the International Conference 

on Angular Correlations in eiclear Disintegrations, Delft, The 

Netherlands (1970) and are shown in Figure 13, These results 

93 
agree with the theory of Frankel based on multiple scattering 

94 
theory of Goudsmit and Saunderson, A complete paper including 

these results and those for other energies and elements obtained 

through 3-y correlations will be shortly communicated to Nuclear 

95 
Instruments and Methods. 

b) Internal conversion coefficients in the R-shell for some low 

energy transitions have been measured using ultra high resolution 

Ge(Li) and Si(Li) detectors. Preliminary reports^ of these works 

have appeared on various occasions. The purpose of these studies was 

97 
to verify the new calculations of Hager and Seltzer, to lobk for 
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any penetration effects in hindered Ml transí irions, and to examine 

if any threshold effects exist- A consolidated account of these 

studies will be submitted for publication in the near future. These 

studies have been done by this investigator in collaboration with 

the Emory group (J. Palms, R, Wood and P. Venugopala Rao), 

IV. SUMMARY AND SUGGESTIONS 

The major aspects of this work may be briefly summarized as 

32 
follows: (i) Except perhaps in the shape of P no detectable 

effects due to higher order contributions are found even in the 

case of strongly hindered allowed ß-transitions, It would seem 

that the higher order matrix elements are also suppressed by 

nuclear structure effects that hinder the leading Gamow-Teller 

matrix element. When the ß-decay involves large energy as in 

some light elements or nuclei far off the ß-stability line, one 

may expect to observe the effects of higher order matrix elements. 

Such studies may be valuable, 

(ii) Beta-ray polarization and other studies on forbidden ß- 

transitions have been worthwhile in that significant understanding 

of these in terms of their matrix elements and relevant nuclear models 

has been gained. Experimental studies of more observable quantities 

for many of these cases would be very useful. In particular, shapes 

of ß-spectra in inner ß-transitions, angular distributions of electrons 

214 
from oriented nuclei, ß-ray polarization in special cases such as Bi , 

137 
Cs (second forbidden decay), gamma-decay of analog resonances and 

radioactivity studies through (y,tt) reactions near threshold are needed. 

(iii) The present work supports Frankel's theory of the influence 

of multiple scattering of electrons in sources and absorbers on their 

angular correlations 
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