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ABSTRACT· 
- ...... - .. _ .......... -.. -

75 74 75 74 
The decays of Br and Br to Se and Se 

resnec+-ively. The gamma. spectra were studied with a 25 C.e. 

Ge(Li) det~ctor while the beta rays were measured with a 5 

mm Si(Li) detector. In the posi~ron'decay. of Br75, Fermi-

Kurie plots revealed rive prominent beta branches with 

endpoint energies 1.72, 1.59, 1.45. 1.J4 and 1.lJ MeV. Only 

the branch with the endpoint energy 1.72 MeV has been 
75 

reported before t Following the decay of Br ,seven gamma 

rays with Anergies 111.8. 140.9,286.5. 292.9. J77.J, 427.9 

atid 4Jl.6 keV were observed. Only the 286;, keV 1ine has 

been reported previosly. Different gamma~gamma and gamma-

beta coincidence measurements have 1ed to the construction 

of the MOSt probabledecay scheme. For the coincidence 

experiments, a fast-slow system vas set up using s,tandàrd 
74 

ORTEC mo~u1es. It was observed that Br positron decays to 

two excited states in Se
74

with relative branching ratios J:1. 

Two gamma rays at energies 6JJ.9 and 732.1 keV were observed. 

The latter was observed for the first time. The results 

were discussed in terms of recent nuclear models for 

anomalous coupling nuclei in this mass region. A 107 keV 

isomeric transition was observed. Its origin was determined 

and its mu1tipolarity measured. 



e 

8-

ii 

ACKNOWLEDGEMENTS 

l must thank Dr, S.K.Mark, who suggested and 

directed this research,th:fi:er hi~ constant helPs guidance and 

encouragement in this work. He is also to be thanked ~or his 

he1p in the design o~ the "Mini-chambern and the dra~tiBg 

o~ this thesis. 

l must a1so thank Dr. J.N.Ma~ who actively 

participatèdiin this research and wrote severa1 essential 

programs ~or the ana1ysis o~ the experimental data. He also 

assisted in the preparation o~ many o~ the drawings ~or 

this thesis. 

Mt. S.Muszynski he1ped me in the initial stages 

o~ the experiment. Thanks are also due to Mr. K.S.Kuchela, 

who wrote a program ~or the PDP-8 computer which simpli~ied 

the data ana1y.sis considerab1y. He was always at hand 

whenever there was any problem "Ti th the PDP-8 computer. 

The ~inancial assistance from the laboratory 

is a1so acknowledged. 



iii 

CONTENTS ... __ ............. ---
Page 

Abstract i 

ACknow1edgements ii 

L~st of Illustrations v 

Chapter I-Introduction 1 

Chapter II - Instruments and their Calibrations 5 

2.1 The Ge(Li) detectors and t~eir efficiency 5 

2.2 The Si(Li) d~tectors and the "Mini-che.mber 17 

2.3 E1ectronics 22 

Chapter III- Gamma ray measurements on the decay 

of Br75 

'.1 History 

).2 Source preparation 

J.3 The Gamma. rays 

3.4 Coincidence measurements 

Chapter IV - Beta rays from Br75 

4.1 History 

1:'.2 Target preparation 

4.3 Positron spectrum from Br
75 

4.4 Beta-gamma coincidence studies 

Chapter V - Construction of the decay scheme 

of Br75 

5.1 A summary of previous works 

5.2 Construction of the decay scheme 

28 

28 

28 

33 

43 

56 

56 

57 

58 

61 

64 

64 

66 



iv 

Page 

Chapter VI - Spins, Parities and Theoretica1 

Discussions 79 

6.1 Spins and Parities of the 1eve1s of Se75 79 

6.2 Theoretica1 Discussions 8S 

Chapter VII- The 107 keV gamma ray 88 

7.1 Introduction 88 

7.2 Study of production thresho1d and yield 89 

7.3 Study of (p,2n) reaction on natura1 Selenium 92 

7.4 Conversion Electrons from the 107 keV 1eve1 94 

74 
Chapter VIII - Gamma rays from Br 99 

8.1 Introduction 99 

8.2 History of previous works 99 
74 

8.3 Gamma. rays from the decay of Br 100 

Chapter IX - Summary 10~ 

Xp~~ndix 108 

Bib1iography 114 



v 

et 
List of Illustrations 

---~~~-~--~---~~-"-~~-~ 

Figure No Page 

2.1 13 

2.2 13 

2.3 14 

2.4 1,5 

2.,5 16 

2.6 23 

2.7 24 

2.8 27 

J.1 32 

ft J.2 36 

J.3 37 

3.4 38 

3.,5 :39 

J.6 40 

3.7 41 

J.8 42 

3.9 48 

3.10 49 

3.11 ,50 

3.12 ,51 

3.13 ,52 

3.14 ,53 

e 3.1,5 ,54 
" -



vi 

8 
Figure No. Page 

3.16 55 

4.1 60 

4.2 63 

5.1 65 

5.2 75 

5.3 76 

5.4 77 

5.5 78 

6.1 84 

7.1 91 

7.2 98 

ft 8.1 104 

A.1 113 



fI-

1 

CHAPTER l ----------_ .. 
Introductinn 

-----_ .. --.. tI!Ie- ... --

It'pas long been known that low-lying anomalous l 

coupling states in medium odd mass nuclei cannot be explained 

by the simple nuclear shell model. Anomalous coupling occurs 

in nuclei with Z or N = 4,3. 4,5 or 47. Odd mass nuclei i'l,t 

this region hav~ their protons or neutrons fi11ing the 19q~ 

she~l ,and often exhibit low-lying states with spins and 

-~... + q+ ' pari ties of -i • ~ and 'i. . 'They can be "'expiain'éd on the 
, ' 3B~ 

basis of the mul ti-particle configuration (lgql2-) ~) • 
, 1 

(Gôldhaber et al, 19,51)., This approach, however, encounters 

serious difficul t'ies in explaining the ordering of the$e 

stat~s. On the basis of this formalism, the st~te w;l.th the 
, 

spini+ ~Jhould lie lower in energy than the oth.a.r two with 

spins st and It, an'" this is often c.'ontrary to the experimental 
!Jo !2. 

observations. Using the BCS theory which takes into account 

the strong pairing effects of the nu,.leo'ns, Kisslinger et 

al (Kisslinger et al,196,3) have ,performed calculat,ions ont 

these nuclei. The different states of the nu~lei w~re 

treated as different modes of couplings between a vibrati~g 

even-even core and a 19~~shell quasi-partic~e. The core was 

assumed to be in 0,1,2,,3 etc. quadrupole nhonon states. This 

model also:predicts the lowest positive parity state to be 

a 1+' corresponding to a single 19~~quasi-particle 
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'c0upled to the core in a 0 p~onon state. The next group of 
1 

positive parity states should come about 500 keV higher with 

spins ;:+ ~ J~~+, resul ting from the coupling of the one 2+ 

phonon cor p to the 19~~-quasi-p~~ticle. In their calculations 

there is no way in which the phon~n multiplet levels can be 

pulled below the %+ state •. 

Calculations by Ikegami and Sano (Ikegami et 

al,1966) have improved upon Kisslinger and Sorensen's method 

by taking into account aIl positive parity single quasi-. 

partic~e statesinstead of the Ig'Y.!L -shell on~y.\. This pulled 

the phonon multiplets clos~r ta the :1..+ state. ; T~lmi tand 
2 .. 

J 

Kisslinger have shown that in the shell model the state with 

spin J=j-l and seniority three of ~hejJ configuration is' 

narticularly lowered by the restdu~l i~~eractions. Although 

thic: is an attractive suggestion for the exp·lanation l'\f the 

low-Iyllng i+ states, this does not account for th~. low-Iying 

~ + states'. Moreover, the energy of this (gc:d3 r+ state' 
"'" 12- 2. . 

wouln still' he too high. Goswami et al (Gosw~i et al,1966) 

have shown that this close occurence of quasi-particles and 

phonon levels can be explained by taking into account three 

quasi-particle interactions in Kisslinger and Sorensen's 

formalisme 

Se75 is a typical nucleus in this .region lying 

in the beginning of the 19~~shell. Its study wôuld be of 

great interest from hoth theoretical and experimental points 

of view. The ground state spin has been measured to be ;~ 

(Lindgreen.1964). The only other avai 1 able information 
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'about this nucleus is that it has a strong 285 keV gamma 

transition. ~n attempt was made to determine the positions 

of the excited states and the correspondin~ spins,and 

parities wiifh the hopa that this added info:rmation would 

facilitate theoretical studies in this ~xtremely interasting 

region. 

75 
The excited levels of 5e were populated 

through the positron decay of the ground state of Br75 • The 

gamm~ rays' emitted ~~~~~~to this positron decày were . \, e . ' , 
st~died with a 25 o.c. Ge(Li) 'detector; Gamma-gamma 

coincid~nce experiments were pe~formed using NaI(Tl) and 

Ge(Li) detectors. The positron spectrum was studied with 

5i(Li) detec'to'rs and Fermi-K'urie plots w~re constructed. 

Beta-gamma coincidence experiments were al~o car.ried out. 

For beta spectrometry and beta~gamma coincidenoe measurements, 

a speoial chamber for housing the 5i(Li) detectors were 

designed and constructed. This chamber, christened the 

"Mini-chamber''', will, be descrihed in Chapter II in ereat 

details. 

Gamma ray intensity measurements yielded the 

gamma and beta branching ratios and the log (ft) values of 

the betâ., transitions. Tliese enabled the construction of the" 

level scheme of 5e75 and als~ the assignment of tentative 

spins and parities to the different levels. 

,75 
While studying the decay o~ Br ,an i~omeric 

state of 107 keV with a half life of 4.6 + 0.5 m~ns. was 



4 

1 

'cbservedi This state was identified by means of threshold 

and yield measu~ements to be first excited state of Br77 , 

which has already been reported. Internàl conversion 

coefficient measurements were done·for -f:-h.isrline and the 

multipolarity of the electromagnetic ~ransition was 

identified. 

74 
The gammal~ays from the decay of Br were 

also studi~d. Two gamma rays of energies 633.9 and'732~1 

keV were observed with a half' life of 42 +~ 4 Mins. The -
first ga~:a ray has been'observed p'revious1y, but the 732.1 

keV 1ine has not been reported before. The relative 

intensities of the two gamma rays were a1so determined. 



CHAPTER II 

Insttuments and their Calibrations 
~~~-~-~~------~~----~~------~~-~~~~~-

2.1 The Ge(Li) Detectors and themr efficiency 

--~~----~~~----~----~~.-------~-~~---~-~~-----

In ~he past few years, great efforts have been 

directed towards the development of semiconductor radiation 

deteotors (Goulding,1966; Mayer.1966). These deteotors, 

employing direct colleotion of ionization in the semiconduotor 

material, possess one striking fundamental advantage over 

other radiation deteotors such as scintillation counters. In 

single crystal semioonductors such as Germanium and Silicon", 

the average energy required to produce an electron-hole 

pair is about 3 eV, which is about 35 times smaller than 

(Houdayer,1968) the amount of energy required to produce one 

photoelectron in a good NaI(Tl) scintillation detector. 

Consequently, the statistical fluctuations in the number of 

charges produced by a radiation in a semiconductor detector 

is much smaller, hence, better energy resolution. 

There are two types of semiconductor detectors 

currently used in nuclear spectroscopie studies; the Lithium 

drifted Silicon Si(Li) detector and the Lithium drifted 

Germanium Ge(Li) detector. Because of its small photoelectric 

absorption cross-section, the silicon detector is good for 
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low energy « 50 keV) gamma rays and charged particle 

(electron and positron) detection. On the other hand, the 

g~rmanium detector has a larger photoelectric absorption 

cross-section and hence it is more suited for gamma ray 

studies. Because of the small amount of energy required to 

liberate an electron-hole pair in semiconductor detectors 

they must be operated at low temperatures (normally at 

liquid nitrogen temperature 77°K) to minimize the thermal 

noise in the detector. 

In the present work. two Ge(Li) detectors have 

been used for gamma ray studies. The first one was supplied 

by the RCA Victor Company (Model SJGG-2-40) with a depletion 

depth of 2 mm. This detector was used in preliminary studies. 

The detailed characteristics of this have been described in 

great lengths by Lessard (Lessard,1966). The other detector, 

which was acquired last year, is a co-axial Ge(Li) detector. 

It was supplied by the Nuclear Diode Corporation of Chicago 

(Model L-247). The detector is mounted on the cold finger 

of a liquid nitrogen cryostat in an upright geometry. The 

nominal volume of the detector is 25 c. c. and the cro ss-·;· 

sectional shape is trapezoidal with an area of 10.8 
2 

cm • 

The active area is 9.6 cm2 and the length is 26 mm. The top 

view of the detector is shown in Fig. 2.1 while the side 

view is shown tn Fig. 2.2. The whole detector is vacuum 

encapsulated in an aluminium can of wall thickness 20 mil. 

The intrinsic side of the detector is facing up and is 16 
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\mm from the cap. The advantage of having the intrinsic side 

facing up is that this side of the detector has a very thin 

( "'" 20 microns) dead layer of germanium so tha t low energy 

gamma rays would have minimum attenuat!Ïlon when they enter 

the detector from the top, while the other sides of the 

detector have a dead layer of germanium of about 400 micronS n 

which has a sizeable attenuation cn low energy gamma rays. 

When the detector is in operation, it is under a voltage 

bias of -2000 volts for charge collection. Since the detector 

is only 16 mm below the aluminium cap, a teflon bar 9 mm 

wide and 5 mm thick has been insetted between the detector 

and the cap to prevent electrical breakdown. 

The charges collected in the detector arefed 

into a low-noise charge sensitive pre-amplifier (Tennelec 

model TC l35L). The entire detector assembly, including the 

pre-amplifier, gives an energy resolution at full-width-half-

60 
maximum (FWHM) of 2.9 keV on the 1.33 MeV Co gamma ray and 

of 2.0 keV on the 122 keV C0 57 gamma raYe 

When a gamma. ray enters a detector, i t may pass 

through the detector without losing any of its energy or 

lose part of its energy via Compton scattering or be absorbed 

completely by photoelectric effect. The second type of event 

gives a continuous pulse height distribution, while the last 

type of event results in a weIl defined peak in the pulse 

height spectrum. 

Before the detector may be of great use in 
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gamma ray measurements, its photoelectric (or photopeak) 

efficiency for gamma rays of different energies must be 

known. The effioiency calibration of the 2 mm detector at 

different geometries has already been done in this laboratory 

(Lessard,1966). The calibration curves are shown in Fig. 2.3. 

However there is no calibrationfonrthe 25 c.c. detector and 

this must be carried out before the detector can be used for 

gamma ray intensity measurements. 

Different source-detector geometries which were 

used in later experiments have been used to obtain these 

curves. There are two different methods by which these can 

be done. One method is to use the known effic,iencies of a 

standard NaI(Tl) detector. It requires the recording of 

different gamma ray spectra by both the Ge(Li) detector at 

the desired geometry and the NaI(Tl) detector at a fixed 

geometry. The efficiency of NaI(Tl) detectors is accurately 

known for different geometries and so by compa.ring the 

gamma.ray spectra obtained in the two detectors we can 

construct the efficiency against the energy calibration 

curve for the Ge(Li) detector. This method is used only when 

the strengths of the gamma ray sources used for calibration 

are not known. 

The second method utilises gamma ray sources 

whose strengths are already calibrated. The NaI(Tl) detector 

is no longer neccessary as a comparison standard and in a 

way makes calculations much easier. The procedure consists 
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of calculating the number of disintegrations per second of 

the standard source at a particular geometry with respect 

to the detector and then computing the area under th~ 

photopeak for the particûlar gamma ray desired. The ratio of 

these two quantities gives the photopeak efficiency of the 

detector at that particu1ar gamma ray energy and geometry. 

The 3tandard sources used are 1isted be10w in 

Table 2.1. They were obtained from New Eng1and Nuc1ear 

Corporation. Boston. 

Table 2.1 -----_ ...... ----
standard Gamma Ray Sources 

~-------~--~--------~--------

-------~---~------------~------~----~---~~~~--------------

Sources Mode of decay Photopeak energies 

----------------------------------~-----------------------
1. Co.57 

60 
2. Co 

3. Mn.54 

4. Cs137 

.5. Na
22 

Electron capture 

Electron decay 

Electron capture 

Electron decay 

Electron capture 

& Positron decay 

Electron capture 

1. 122 keV 

2.136 keV 

1. 1.17 MeV 

2. 1.33 MeV 

1. 83.5 keV 

1. 662 keV 

1. .511 keV 

2. 1.27 MeV 

1. .53 keV 

2. 81 keV 

---------~------------~-----------------------------~-- ... --
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Table 2.1 (contd.) 
----~~~-~---~--~-----

--~----------~~---~---~-------~~----------~-~~-~----------
Source Mode of decay Photopeak energies 

-------~--~----------------------------~~~---~--~---------

6. Ba133 (contd.) . 3. 160 keV 

4. 223 keV 

5. 277 keV 

6.303 keV 

7. 356 keV 

8. 384 keV 

-----------------------------~-----------~----------------

Both Mn54 and Os137 have one gamma ray each. 

So for either of these two sources. al! that is to be done 

is to ca1Qu1ate the total number of disintegrations per 

second at the time of the measurement and then compare it 

with the area of the photopeak. 

Na
22 

decays to Ne
22 

by both positron decay and 

e1ectron capture. the former contributing to 90% of the 

decay. Theo 511 keV 1ine comes from the fact that every 

positron when annihi1ated gives rise to two 511 keV gamma 

rays. So the total number of 511 keV gamma rays emitted is 

twice the number of 90% of the disintegrations taking place 

per second. For the 1.27 MeV 1ine the ca1culations are 

strightforward. 



Il 

Both 00'7 and 00 60 have complicated decay 

schemes but aIl the branching ratios are weIl known (Lederer" 

et al. 1967) and the contribution to each gamma ray can be 

calculated. 

lJJ 
Ba is one of the most useful standard sources 

for efficiency calibration in the range JO-400 keV. (Gurfinkel 

6 lJJ et al .. 19 7L Ba nucleus decays via electron capture to 

the excited states of oslJJ. The depopulation of the OslJJ 

energy levels t~ the ground state via different cascades g 

gives rise to nine different gamma rays. In addition to 

these. there are two relatively intense ~i and K~ X-rays 

emitted following the electron capture process. The relative 

intensities as weIl as the number of photons per 100 

disintegrations for each of the gamma !'9.ys are presented in 

Table 2.2. The 81 keV peak is actually composed of the 79.6 

and the 81.1 keV gamma rays which were not resolved. So in 

the Table we have in aIl eight gamma rays. 
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Table 2.2*. ---................. ,..-

Relative strengths of Gamma Rays from a Ba133 source 
----------~~~--~,..-------------------------~--------_ ... 

*( Table taken from Gurfinke1 et a1,1967) 

-----~---------~-------------... --------------... -~-~---~-----
Photon energy Intensity 

Relative to Abso1ute photons 
keV 

356 keV per 100 disint. 

------------------~-------- ... ------------------------------
30.8 .:!: 0.18 129.0 + 9.0 66.7 + 8.7 - ,.. 

35.2 + 0.18 33.9 + 2.3 17.,5 .:t 2.4 -
53.4 + ,.. 0.25 3.7 ± 0.09 1.9 .t 0.22 

81.1 .:!: 0.26 64.7 + 4.2 33.5 .t 4.3 

160.,5 + 0.27 1.2 + 0.0,5 0.62+ 0.074 ,.. -
223.2 ± 0.4; 0.8 + 0.042 0.41+ 0.0,51 - -
276 • .5 :'0.32 Il.6 + 0.17 6,0 + 0.67 -
303.0 + 0.6.3 29.7 .:! 0.29 1,5.3 + 0.17 - -
3,56.3 + 0.48 100 51.7 + 5.7 - -
384.1 + 0.42 14.1 + 0.26 7.3 + 0.82 - - ... 

-----... -... --... -----------------------------------------------

Errors cou1d have been introduced by the 

uncertainty in the reproducibility of the source-detector 

geometry. However the standard sources used are aIl 

encapsulated in standard containers. To keep the geometry 

fixed a suspender was attached rigidly to the side of the 
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Figure 2.1- Top view of the 2' c.c. co-axial 

Ge(Li) detector 

Ct 

\ 
Figure 2.2- Side view of the 2' c.c.\co-axial 

Ge(Li) detector 



FIGURE 2,1 

FIGURE! 2:,2 
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Figure 2.'- Relative Photoeff~ciency of the 

2 mm (SJGG-2~40) Ge (Li) cietecto'r 



FIGURE 2.3 
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Figure 2.4- Absolute Pllotoef'f'iciency of' the 

2.5 c~c. (L-247) Ge(Ll) de~ector 

Source placed vertically above the 

detector. 

A.~ Source-Capsule distancé ~ 1 cm. 

B.- Source-èapslile distance = 20 cm. 



FIGURE' 2.4 
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Figure 2 . .5.- Absolute Photoefficiency of th.e 
1 

. '. 
2.5 c.c. (L-247) Ge(Li) detector ~ 

Source facing the curved surface 

of the detector at a distance of 

11 cm. from the axis .( This is 

the geometry used in the internal 

conversion coefficient measurement) 



j'IGURE 2;5 
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IGe (Li) 'detector and the standard sources were a1ways placed 

at a marked fixed position. In any event it is believed that 

the error introduced in this way is much less than that by 

the inherrent uncertainty (~10~) in the strengths of the 

standard sources. Thus the results of the photopeak 

efficiency calibration are at best accurate to about 10~. 

The efficiencies were determined for three 

different distances and configurations with respect to the 

detector. The calibration curves are shown in Figs. 2.4 

and 2.5. 

Si(Li) detectors were used for electron and 

positron measurements. These were supplied by the SIMTEC 

Ltd. Montreal. For studying the positron spectrum, a 5 mm 

Si(Li) detector (SIMTEC model K14) was used. It can stop 

beta particles of energies uppo 2.3 MeV~ For the work 

described here, this detector is thick enough to stop the 

most energetic electrons and positrons encountered. Although 

the Si(Lf) detectors have usually negligible photopeak and 

moderate Compton 5cattering efficincies for gamma rays, the 

photoefficiency increases with the increase of the volume 

of the detectgr. For the 5 mm detector. the photoefficiency 

for lower energy ( ~ 100 keV) gamma rays is sufficiently 

high to interfere a great deal with the accuracy of low 
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, 
energy electron measurements. Since the eleotrons produced 

bpy,yintèrnal conversion in nuclear electromagnetic transitions 

are of low energies, the 5 mm detector is not suitable for, 

themr measurements, particularly if the source emits low 

energy gamma rays. For this reason, a 1 mm Si(Li) detector 

(SIMTEC model Kll) was used for interna1 conversion electron 

measurements. 

For the best performance, the detector should 

be operated in vacuum and cooled to 1iquid nitrogen 

temperature., exact1y 1ike Ge(Li} detectors which are used 

for gamma ray detection. However gamma ray detectors are 

encapsu1ated in small evacuated casings while at the same 

time being cooled with the help of a highly conducting Metal, 

the so called "co1d finger", rtinning deep inside a liquid 

nitrogen tank. The gamma rays are p1aced outside the capsule 

which is usual1y made of thin aluminium. This is possible 

only because ~he gamma rays suffer negligib1e attenuation 

whi1e passing through the thin aluminium window. However 

oharged particles have far 1ess penetrating power th an gamma 

rays and hence very thin aluminium windows wou1d attenuate 

the chargedpartioles considerably, especial1y if the energy 

is low. For this reason, the charged partiole source as we11 

as the detector have to be kept inside the same vacuum 

chamber with no windows between them, whi1e at the same time 

maintaining the detector at 1iquid nitrogen temperature 

throughout the experiment. It is with this purpose that the 
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'
I1M:tl,1h.chamber" was designed and constructed. Provisions were 

also made for utilising this chamber for beta-gamma 

coincidence expariments and internaI conversion coefficient 

measurements. 

Figs. 2.6 and 2.7 show fuhe horizontal and the 

vertical Qross-sections of the mini~chamber respectively. 

The mini~chamber essentially consists of two portions~ the 

source compartment (1) and the detector compartment (2) 

which are connected through a vacuum gate (3). The source 

compartment is made of a brass tube of 12 cm o length and 

10.5 cm. diameter. One end of it is closed with a brass 

flange (4) in the-shape of a cup. This cup has an opening 

of 8 cm. and a depth of 5.S cm. The bottom of this cup is 

15 mil. thick. It protrudes into the source compartment so 

that a 7.6 cm. by a 7.6 cm. NaI(Tl) detector can be inserted 

into this opening such that the detector a~d the source are 

just separated by a thin brass window. The other side of t 

the source compartmen~~ as already described, is attached 

to the detector compartment through a vacuum gate. The source 

can be placed at the centre of the bottom of the cup inside 

the source compartment. For inserting sources, there is an 

opening (5) of diameter 9 cm. in the source compartment with 

a transparent plexiglass cover (6), so that when the source 

is in vacuum it can be viewed from outside. When the vacuum 

gate is opened to allow the detector in the detector 

compartment to face the source, it is neccessary to prevent 
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lany light from getting inside the chamber as the Si(L~) 

detector is sensitive to light. For this purpose~ an 

aluminium oap ls provided to coyer the plexiglass viewing 

window. The entire chamber is evacuated through the pumping 

section (10). 

The detector compartment essentially consists 

of three concentric cylinders. The innermo st cylindrer (C), 

.\S made of stainless steel~ and has a length of 17.5 cm, and 

a diameter of 5 cm. It serves as .~.t,:~ liquid ni trogen tank 

for the detector and its outer wall is silver plated. This 

cylinder is placed inside another stainless steel cylinder 

(B). These two cylinders are thermally insulated from one 

another and supported by teflon rings (7a & 7b). The inner 

wall of cylinder B is also silver plated for better heat 

insulation. The two cylinders Band C' are fixed with respect 

to one another and form a thermally insulated detector 

assembly. The Si(Li) detector (D) is mounted on the end of 

cylinder C. The detector assembly slides along a triple '0' 

ring vacuum seal inside the outermost cylinder A. This 

cylinder A is made of brass and has a diameter of 9 cm. and 

a length of 7.5 cm. The signal lead from the detector D is 

connected to a pressurized BNC connector (8) on the side of 

the cylinder B. 

To operate the mini-chamber~ the source chamber 

i5 connected to the detector chamber by lifting the vacuum 

gate. The whole chamber i5 then evacuated with the help of 
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,a mechanica1 pump. The u1timate pressure obtained is 1ess 

than 10p. Liquid nitrogen is then poured into the tank 

(cy1inder C). The si1ver p1ated surface of the two inner 

cy1inders and the vacuum in the space between them provide 

an effective thermal insu1at~on to the 1iquid nitrogen tank. 

·There is a 1everage mechanism by which the detector assemb1y 

can be pu11ed away from or pushed in towards the source as 

May be required. During an experiment, high geometrica1 

efficiency is needed and as such the detector must be as 

close ·to the source as possible. When a new source is to 

be inserted, the detector ls withdrawn and the gate is 

closed. Air is then allowed to enter the source compartment 

and the old source replaced byaa new 9ne. Since the vacuum 

gate is closed. the detector is maintained in vacuum. ACter 

insertion of the new source, the source compartment 18 

pumped down again. When the pressure is low enough the vacuum 

gate is opened and the experiment is resumed. For fine 

adjustments of the source-detector distance, there ls an 

adjustable ring stopper (9) insta11ed at the end of the 

outer cylinder A. This ring stopper determines the distance 

through which the detector assemb1y May be pushed towards 

the source by catching another ring mounted on the outside 

of the cylinder B. The mini-chamber is fixed to an iron 

plate base and is mounted horizonta1ly at present. 

This chamber is not only useful for beta ray 

measurements, it can also be used for conversion coefficient 
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l 
measurements and beta-gamma coincidence experiments. The 

thin brass window of the source cQmpartment has negligible 

attenuation to gamma rays so that a gamma detector can be 

placed right outside this window. 

In view of the 2S c.c. Ge(Li) detector we now 

have. the mini-chamber must be modified for use in a 

vertical configur~tion. In this position~ the source would 

face the full active surface of the Germanium detector 

instead of facing the curved surface which has a much 

reduced efficiency. Moreover. the detector can then be 

brought far closer to the source than i8 possible with the 

presen"t arrangement resulting in EL great improvement of 

experimental geometry. This would enable more accurate 

measurements of internal conversion coefficients g 

The main modification is to extend the aperture 

of the cup so that the Ge(Li) ~d:etector assembly (diameter 

7.6 cm.) can slide up against the thin brass window. The 

whole mini-chamber should be mounted vertically on a rigid 

support. At the bottom of the support there should be a 

platform on which the cryostat (on wheels) for the Ge(Li) 

detector can be rolled up. This platform can then be raised 

to a proper height in order to put the gamma detector at 

an advantageous distance from the source. 

2.3 Electronics 
~-~----~-~~------

The electronics used in this work is mainly a 
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Figure 2.~- Horizontal Cro~s-section of the 

Mini-chamber. (For explanation of 

symbols, soe description). 



FIGURE 2.6 
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Figure 2.7 ... Vertical Cross-section of the 

Mini-c~amber. (For explânation of 

symbols, see descrintion)./ 
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general fast-slow coincidence set up as shown in Fig. 2.8. 

The building blocks of the set up are the commercially 

available standard AEC-NIM modules purchased from ORTEC and 

Canberra Industries Corporations. It basically consists of 

two coincidence systems; the fast coincidence system with a 

resolving time in the nanosecond (1 ns.=10-9 sec.) range 

and the slow coincidence system with a resolving time in 

-6 
the microsecond (1 ps.=lO sec.) range. The former insures 

the time simultaneity of the two radiations detected and 

the latter makes sure they have the selected energies. 

When a pair of coincident radiations strike 

the two detectors respectively, the two signal pulses from 

the detectors are fed into the respective pre-amplifiers 

and then to the linear amplifiers. Theseamplifiers shape 

the input signaIs with appropriate integration and 

differentiation time constants so that they have the best 

timing and signal to noise characteristics. The linear 

amplifiers provide both unipolar and bipolar pulsesoutputs. 

The bipolar pulses are fed into the two cross-over pick-off 

units which send out standard sharp pulses at the time when 

the signal pulses cross the zero bàse.line. These outputs 

are then red into the fast coincidence unit which gives an 

output when the input pulses arrive within a preset 

resolving time. The cross-over units have built in variable 

delay time for their outputs so that srognals coming from 

the detectors having different time charectiristics May be 
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IpUt in coincidence. The unipolar outputs from the linear 

amplifiers are fed to the two single channel analyzers 

respectively. This enabl~s the energy selection of the 

radiations measured by the two detectors. The outputs from 

the single channel analyzers together with that from the 

fast coincidence unit are fed to the slow coincidence unit. 

The logic signal output from the slow coincidence unit 

indicates that the time and energy charecteristics of the 

two radiations detected. This logic signal is used to 

operate the linear gate for the pulses from either one of 

the linear amplifiers. The radiation energy analog pulses 

from the linear gate are fed into a pulse height analysis 

system, 

The pulse height analysis system used here 

consists of an analog-digital converter (ADC. Nuclear Data 

Corporation, model ND-16lF) interfaced vith an on-line 

computer PDP-8. The system operates like a 1:.096 channel 

pulse heightanalyzer. It has a pulse height resolutiCln of 

less than 0.1%. The use of this system facilitates the 

analysis of complicated gamma ray spectra because it has a 

teletype for data input and output, a large screen display 

il'lcorporated 'ili th a light pen and'~capab1J..e of continuous 

display even when data accumulation is in progress, and 

many soft wares for computer programming are available. The 

details of the system may be found elsewhere (Kuohela,1968). 
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Figure 2.8- Block Diagram of' ... the f'ast-slow 

coincidence unit~ The numbers in" 

the blocks·indicate ORTEC module 

numbers. 



FIGURE 2.8 
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CHAPTER III 
----,..-,..~~-~_ ... ,.. 

75 Gamma ray measurements on the decay of Br 
~-------~-----~-~~~~~~~~~~~~~~-~-~~~~-~-~-~-

J.1 History ------ ... --...... ,.. •. 
The 1.7 hour ha1f 1ife of Br75 was first 

reported by Woodward et al (Woodward et al, 1948). Lobkowicz 

et al (Lobkowicz et al,.1961) studied the (p,n) reaction on 

As 75 by investigating the characteristics of the g~a rays 

emitted by the ppoduct nucleus and. performing different 

coincidence experiments. Th,e gamma spectrum 'lITas recorded by 

a 5 cm. by 5 cm. NaI(T1) crystal. They observed gamma rays 

with energies 110, lJ5, 285, J85, 505, 615. 640 and 880 keV 

and a group of gamma rays between 420 and 440 keV. They did 

not investigate the origin of these gamma rays by measuring 

their half lives. Baskova et al (Baskova et al,1962) 

obtained Br75 by bombarding se74 enriched to 41% with 

deuterons. The grumna ray spectrum was investigated with a 

1uminiscent gamma spectrometer with a 100 channel analyzer. 

They claimed to observe two gamma r~ys; a strong one at 

285 keV and a weak one at 620 keV. They measured the half 

1ife of the 285 keV line to be 100 + 5 Mins. 

J.2 Source preparation 
---~-~---~-----~-~------75 Br was produced inthe McGill synchro-
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76 7' ,cyclotron via the Se (p,2n)Br reaction. The threshold 

for (p,2n) reaction on Se76 was calculated to be 14 MeV 

using the semi-empirical mass formula (Seeger,196l) while 

that for the (p,)n) reaction was calculated to be 24., 

MeV. The following criteria are to be satisfied in choosing 

a proper proton energy for bombardment: 

i) The ~~yshould be so chosen as to give a large enough 

cross-section for the desired reaction. 

ii) The energy must not be such that (p.)n) reactions are 

produced. 

The energy of the internaI beam is calibrated 

against the radius of the cyclotron and this calibration is 

accurate only to + 2 MeV. So the energy of bombardment was 

chosen to be 20 MeV. This would give mhigh yield for the 

(p,2n) reaction without producing any product via the 

(p,)n) reaction. 

other reactions which could contribute NDwanted 

activities are :-
76 76 

i) Se (p,n)Br reaction. The gamma rays subsequent to the 
76 

decay of Br are weIl known and they have an extremely 

long half life of 16.1 hour. These lines can be easily 

identified and separated from those of Br
7S 

by half life 

study. 
74 

ii) The (p,t) reaction produces Se and the (p,2p). 

reaction produces As 7'; both are stable isotopes and so 

emit no subsequent gamma rays. 
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'iii) 80th the (p,d) and the (p,pn) reactions produce Se7~ 

It has a ha1f 1ife of 120.4 days and is therefore no 

prob1em in this case. 

) 4 74 
iv) The (p,He ) and the (p,He ) reactions produce As and 

7) , 
As with ha1f lives 17.9 days and 80.) days respective1y 

and therefore grumna rays from them cou1d be identified. 

v) Impurities:- An enriched isotope of Se76 procured from 

the Oak Ridge National Laboratories was used for producing 

Br
75

. Isotopie ana1ysis done by the supplier gives the 

fo110wing 'breakdown:-

Se Amount % 

74 < 0.2 

76 86.1 + 8:± 
77 2.0 + 0.1 -77 
78 4.4 +' ,Q.1 

~ 

80 5.9 + 0.1 -
82 1.6 + "0 ~ J. , 

~ 

A spectrographie ana1ysis a1so performed by 

the supp1iersshowed that the source materia1 contained not 

more than 0.05% of any other e1ement as impurities. 50 the 

relevant activities under this category are:-

77 76 
a) Se (p,2n)Br reaction produces long 1ived gamma rays 

a11 of which are we11 known. 

b) Se
78

(p,2n)Br77 reaction is important. A1though the 
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, 
ground state has a half life of 57 hours it has a known 

isomerie state at 108 keV with a ha If life of 4.2 mins. 

This will be diseussed later on. 

e) se
80

(p,2n)Br79 produees a stable isotope and thus presents 

no problems. 

(p,n) reactions on these impurities produce isotopes aIl of 

which have been discussed above. 

Too identify the gamma rays from Se76(p,2n)Br7~ 

half life measurements were performed. The target was 

prepared in coarse powder form - the same form in which the 

isotope was obtained. For each target about 1 mg. of isotope 

iNas wrapped up in a small aluminium foil which in turn 

could be attached to the target holder for internaI 

bombardm·ent :l)n;the cyclotron. After bombardment, which lasted 

normally foreperiod of 20 secs. at an average proton beam 

current of 1 pA, the powder was transferred to another thin 

aluminium wrapping so that the high background activity due 

to the active aluminium was eliminated. The radioactive 

source inside the inactive aluminium( about 1 mil. thick) 

was then placed at a suitablB distance from the detector 

for ènunting. 

The set up for pure gamma ray spectrometry is 

shown in Fig. 3.1. The 25 c.c. Ge~Li) detector was connected 

to a Tennelec TC l35LFET pre-amplifier and then to a Te 200 

linear amplifier. The energy analog signaIs were fed into 

the Nuclear Data ADC and then recorded in the memory of the 
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Figure :3.1- Set up for gamma ray spectroscopy 

w:kthgthe 25 c.c. Ge(Li) detector 
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IPDP~8 computer which served as a 1024 or 2048 channel 

kicksorter. 

Initially the half life study was made with 

the 2 ŒD Ge(Li) detector connected to a Tennelec TO 130 FET 

pre-amplifier and then to the TC 200 linear amplifier. The 

output pulses were fed to a TMO model 4010 kicksorter - a 

400 channel pulse height analyzer. 

3.3 The ~amma rays 
-----~~---~~~---~~~ 

76 
At first the gamma rays from Br produced via 

76 76 76 
Se (p~n)Br reaction by bombarding Se at 12 MeV were 

studied in order to identify the gamma rays properly in the 

Br
75 • Br75 subsequent study of the decay of was then produced 

76 
by (p,2n) reaction on Se and gaŒna rays were examined with 

the 2 mm Ge(Li) detector. The spectrum is shown in Fig.3.2. 

The gamma rays observed have approximate energies 110, 142, 

285, 377, 430 and 511 keV. 

The half lives of the lines were plotted as 

shown in Figs. 3.3 and 3.4. AlI the lines except the one at 

110 keV showed a half life of 106 + 5 mins. The 110 keV' 

line exhibited two half lives, viz., the 106 + .. 5 mins. and ,.. 

a short 4.6 + 0.5 mins. To check the reason for this double 
~ 

half 1ife the 1024 channel analyzer was used with the 2 mm 

detector and a resolution of 2.5 keV FWHM for the 00
57

(122 
'. 

& 136 keV) lines was obtained. It was observed that the 

110 keV line split up into two lines ( see Fig. 3.5)- one 



'at 107 keV and the other at 111 keV. The 10wer energy 1ine 

has the shorter ha1f 1ife and hence cannot be identified 

as one coming from an isomeric state of Se75 as otherwise 

it wou1d have the ha1f 1ife of the long 1ived parent. 

76 
Since the target main1y con tains Se and at 

the chosen bombarding energy there is no known reaction 

which cou1d produce a gamma ray 1ine at 107 keV with the 

observed ha1f 1ife, the next question is cou1d this 1ine 

originate from an isomeric state in Br7'? It is possible 

that this isomeric state first gamma decays to the gi6findent 

s~atê of Br75 which then positron decays to the different 

'7' 
1eve1s of Se • Furthermore since 

77 
Br has an isomeric 

state at 108 keV with a ha1f 1ife of 4.2 mins. nuc1ear 

systematics indicate that Br75 which has two neutrons 1ess, 

cou1d a1so have~ though not neccessari1y, an isomeric state. 

This possibi1ity cannot be ru1ed out at present and a11 

that can be said now is that this state does not be10ng to 

75 
Se • Details concerning its identification will be given 

in Chapter VII. 

The new1y acquired 2' c.c. Ge(Li) detector was 

used next. The reso1ution obtained was 2.0 keV FWHM for 

c0
57 

(122 & 136 keV) 1ines and 2.9 keV FWHM for C0
60

(1.17 

& 1.33 MeV) 1ines. Again the gammaorays from Br
76 

by means 

of' the (p,n) reaction were studied f'irst and then the study 

of' Br75 was taken up. Gamma rays of energies 111.8, 1·40.9, 

286.5, 292.9, 377.3, 427.9, 431.6 and '11.1 keV were 

observed. The sp9ctrum is presented in Fig. 3.6. With the 



'improved detection efficiency and resolution the 2B5 and 

the 4Jo keV lines were identified as doublets as illustrated 

in Figs. J.7 & J.B.To measure the energies of the observed 

gamma rays accuratelYt energy calibrations were made by ra 

recording the gamma ray spectra of the six standard sources 

.0057 , 00 60 , Na22 , BalJJ , Mn54 and OslJ7 and finding a 

linear relationship between the energies of the photopeak 

and the corresponding channel numbers by the method of 

least-squares fit. This relation was then utilised to find 

out the energies corresponding to the phetgpeaks 0~SGhged 

different gamma rays observed. Using the efficiency 

calibration curves the relative intensities of these gamma 

rays have been determined and are shown in Table J.l. 

It will be noticed that aIl the observed 

gamma rays from Br75 are below the 511 keV line. A search 

for higher energy gamma rays was made using the 25 coCo 

Ge(Li) detector and aIl the gamma rays found were long 

lived and could be identified as coming from Br
76 

which 

was also produced via the (p,n) reaction although the 

cross~section is comparatively sma11. Both Lobkowicz et al 

(Lobkowicz et al,1961) and Baskova et al (Baskova et al, 

1962) reported of observing a gamma ray in the region of 

610 keV. A very careful search has been made for ~t but no 

1ine in that region was observed. The gamma ray observed by 

them could very weIl be coming from the impurities or 

other isotopes in their sources. 
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Figure 3.2- Gamma spectrum of Br75 measured 

with the 2 mm Gê'{Li) dét~ctor. 

AlI energies are in keV. 



FIGURE 3.2 
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Figure J.J- Curve showing two half lives oC 

the 110 keV line. The halC lives 

are 106+ 5 min. and 4.6+ 0.5 min. 
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Figure 3.4- Half lifa curves o~ the 142, 285. 
1 

and the'377 keV lines. The half 

l;~e in each case is 106 + 5 min • .. 
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Figure 3.5- The 107 ~nd the 111 keV 1ines 

reso1ved fro~ one another. 
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Figure 3.6- Gamma spectrum of Br75 measured 

wi th the .25 c. c. Ge (Li) 1 de.tector. 

All energies are in keV •. 
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Figure 3.7- An expanded view of the doublet 

of lines at 286.5 and 292~9 keV. 
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Figure 3.8- An expanded view of the doublet 

of 1ines at 427.9 and 431.6 keV. 
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r:r:able 3.1 
-,..,..-,.. ........... ~ .... -

Gamma rays and their intensities 

Energies Relative Intensities 

in keV 

111.8 1.7 

140.9 4.7 

286.,5 80.0 

292.9 2.8 

377.3 3 .. 2 

427.9 3.8 

4)1.6 3.8 

Energies are measured accurate to ! 0.2.5 keV. 

3.4 Coincidence measurements 

After having found aIl the gamma rays emitted 

7.5 following the decy of Br • the next task is to establish 

the sequence in which they are emitted. To de this grunma-

gamma coincidence experiments were performed. The 25 O.c. 

detector was used as one of the radiation detec~ürs. The 

other counter was a 7.6 cm by 7.6 cm NaI(Tl) Harshaw 

integral line scintillation crystal. In spite of its poor 
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energy resolution, the NaI(Tl) detector was used because 

it has a much higher photopeak efficiency than that of 

Ge(~i) detectors. This is important for gamma-gamma 

coincidence experiments. The charge output from the Ge(Li) 
," 

detector is fed into a Tennelec TC l35L pre-amplifier and 

that from the photomultiplier in the NaI(Tl) counter is fed 

into a home made charge-sensitive pre-amplifier. The circuit 

details of this pre-amplifier are shown in Fig. 3.9. The 

operation of this circuit is as follows:-

Transistors QI andQ·Q
2 

form the input stage 

cascade amplifier and transistors Q3 and Q4 form a White 

emitter follower stage. The White emitter follower output 

is negative-feed-back through C to the input and positive

feed-back through Cl to the load of the cascade amplifier. 

The two stages form an operational amplifier. The positive 

feed-back is to increase the amplifier gain and the negative 

feed-back capacitance is for charge collection. The voltage 

pulse output of the operational amplifier is differentiated 
" 

by the 0.005 pf capacitance and the 10K resistor. Q5 is 

the emitter follower and Q6 andQQ7 form the complementary 

emitter follower as the output stage. The output pulse 

has a decay time of 50 ps. 

The pulses from the two detectorspre-amplifiers 

are then fed into the fast-slow coincidence system described 

in the previous chapter. The fast coincidence system was 

set to have a resolving time of 60 ns. 



4.5 

In'~ t,ia11y a11 the gamma rays measured by the 

Gé(Li) detector that are in coincidence with the .511 keV 

positron annihilation gamma ray inJthe NaI(T1) counter were 

observed. A11 the 1ines in the original spectrum appeared 

in this spectrum~ except the short 1ived 107 keV 1ine. which 

further supports the conclusion that it does not originate 

from Se7.5 un1ess it comes from'an isomeric state and in 

which case it shou1d have the ha1f 1ife of the long 1ived 

parent, Br7.5. This coincidence spectrum is very much 1ike 

the singles spectrum. Thore is, however. one noteworthy 

difference. In the singles spectrum, the two neighbouring 

1ines at 427.9 and 4'1.6 keV are rough1y of equa1 intensities 

whi1e in the coincidence spectrum, the lower energy 1ine is 

about three times more intense than the higher energy one. 

This seems to show that the main contribution to this 

second gamma ray comes from e1ectron capture (no .511 keV 

gamma ray emitted) rather th an from positron decay. The 

detai1s of this spectrum are shown in Figs. '.10, '.11 and 

'.12. 

Next the spectrum from the Ge(Li) detector 

was coincident gated with the strongest 1ine, viz. 286 • .5 

keV 1ine from the NaI(T1) counter. Since the NaI(T1) 

crystal cou1d not reso1ve the 286 • .5 and the 292.9 keV 

1ines, this means that the energy selection window in the 

single channel ana1yzer associated with the NaI(T1) 

detector was actua11y set on both 1ines. The 1ines observed 
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·in this spectrum are the 140.9, 286." 292.9, 377.3~ 431.6 

keV and of course the '11 keV line. The intensity of the 

286., keV line relative to the other lines was much smaller 

here than in the singles spectrum. The details of this 

spectrum are shown in Figs. 3.13 and 3.14. 

The spectrum coincident gated by the 140.9 keV 

line from the NaI(Tl) counter was also studied and the 

lines observed in this case were the 286.,. 431.6 and the 

'11 keV lines. The details are shown in Figs. ~.l, and 3.16. 

Finally the coincidence spectrum of the Ge(Li) 

detector with the 111.8 keV line from the N~'~(Tl) detector 

was observed. and the only line appearing in this spectrum 

is the '11 keV line. The relative intensities of the 

different lines in the different coincidence spectra are 

presented in Table 3.2. 

The information obtained in these coincidence 

measurements enab1.ed the construction of the most probable 

7' decay schema for Br • This will be presented, in a later 

chapter. 
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Table ).2 
"~I1111111"'''''''-''-''''''''1III! 

Relative intensities of ~amma rays in coincidence spectra 

Gamma Rays 
keV 

111.8 

140.9 

286.5 

292.9 

)77.) 

427.9 

4)1.6 

511.1 

140.9 
keV 

0.0 

0.0 

100.0 

0.0 

0.0 

0.0 

10.8 

118.5 

Re1ativ.· Intensities 
Gated with 

286.5 &: 292.9 
keV 

0.0 

)).5 

100.0 

12.5 

25.6 

0.0 

14,.1 

487.0 

511 
keV 

1.7 

).8 

100.0 

1.9 

6.1 

).) 

1.)5 

76.5 
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Figure 3.9- Circuit Diagram of charge~sensitive 

Pre-amplifier 



FIGURE 3.9 
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Figure:,:10- 25 c.c. G~(Li) spectrum in 
~ 

coincidence wit~ NaI(Tl) detector 

set on the 511 keV photopeak. AlI 

energies arè in keV. 



FIGURE 3,.10 
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'igure 3.11- An ~xpanded view of the doublet 

of lines at'286.S and 292.9 k~V 

in the speotrum in ooinoiden~e 

with the 511 keV 1ine. 
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Figure 3.12- An expanded view of the doublet 

of lines at 4?7. Q' ~nd 431.6 keV 

in the spect~lm in coincidence 

with the 511 keV 1ine. 
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Figure '.1'- 25 c n~ Ge(Li) ~pectr~m in 

coincid.ence wi th NaI (Tl) de-tector 

set on~he 286_.5 & 292.9 keV 

photopeak. AlI energiÂs are ;n 

keV. 
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-Figure 3.14- An expanded view of. the dotib1~t 

of 1ines at 286.5 and 292.9'keV 

in the speo,tr~ in coincidence 

with the same two 1ines. 
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Figure 3.15- 25 c.c. ~e(Li) spectrum in 

coil1~idence lfith NaI(Tl} det,ector 

set on the 140.9 keV photopeak. 

AlI energies are in ~eV. 
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,Figure 3.16- An'expanded view of the 286 • .5 

keV 1ine in t.he ~pectrum in 
," 

coincidence wi th the 140.,.9 keV 

ct 
. , 

1ine.Ther292s9 keV 1in~ is 

absent. ! 
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4.1 History - ... _--........... -.-

CHAPTER IV - .... -.. -.- ... _-----
75 

Beta rays from Br 
-----~-~----------~ 

The :first important work on the positro'n 

spectrum'-"'f Br75 'was done by Fultz and Pool (Fultz et al, 

J Q:,52). Br75 was produced by b6mbarding S-elenium metà!i 
74 -

enrfched in Se with 7.3 MeV protons. The positron spectrum 

was examined in a 1800 focusing magnetic speotrometer and 

was found to be quite complexe Fermi-Kurie,plot~ of the 
. • of . • _.. "'-

, . 
spectruw revealed that it actually consistad of four 'oeta} 

- . 

branches having end'Poi~t energies- 1.70 + 0.02 MeV t O. ~ MeV, 
- -

0.6 MeV and 0.3 MeV and with relative intensities 46%~_20%, 

15% and' 19% respectively. These implied lâg (ft) values of 

5.p~ 4.9. #.7 and 4.7 for the branches in that order. 

The other work on the positron spectr11in wa~ 

done by Baskova et al (Baskova et- al,i962). Théy produced 

Br 
75 

by bombarding S~ 74 enriche,ci. to 41% as already reported 

in Chapter III. The onsitron spectrum was studied by a thin 

lens magnetic beta spectrometer. From the resultant Fermi-

Kurie plot, they found three beta branches with endpnint 

energies 1720 ! 50, 1100 and 650 keV and relative intensities 

80%, 15% and 5% respectively. Comparing this "Ta7'ith the 

results of Fultz and Pool, it is seen 'that only one end-

point energy, viz. 1.72 MeV agree while the others are in' 
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'complete disagreement. Theyalso carried out some beta~ 

gamma coincidence Bxperiments with a'resolvlng time of 2S0' 

"s. and found that the 285 keV gamma ray was in coincidence 

with the 1720 keV beta ray. 

4.2 Target preparation ------------............. -... --_ ......... --.. 
For stu6ying the beta ra}rl~ from Br

75
• thin ~nd 

uniform sources had'to be prepRred.-Br75 was produced as 

76 . 
usual by bombarding Sel isotope. The targets were ptepared 

, 
exactly as was done for gamma speotrométry. The ,isotope' w~s 

wrappÀd up in an aluminium foil which was attached to the 

target holder. Af~er bombardment. the active substanc~ w~s 

tak~n. out of the ~W'rapping and disso.lved in Ihot, conoentrated 

nitric acid. The excess acid was then boiled away. lA counle 
" , . 

of drons of this solution'was then'd.eposited onl.an alum-lnium 
1 

backing about a qua,..ter of a mil. thick. The solvent in 
1 

the deposition was then evaporated.JDrying at elevated 

temn~ratures: in a heated oven quickens the process 

tremendously. but the deposition of the active "substance on 

the backing material is usually qui,te non~uniform. An" 

equa~ly fast but more efficient way is to place the source 

in an airtight chamber for vacuum evaporàtion. 1rhe process. 

of evaporation is extremely quiok ànd the deposition on the 
. . 1 

bac'ki "g ma,teri!'!l is also qui te uniforme The average time :f 

for drying was about 10 Mins. Alt.Arnately. the ~nriched 



58 

~sotope could have'been firRt deposited on the' backing 

materia1 and then bomba~ded. However this makes the backing 

material (aluminium) aiso highly radioaotive, and as a 
75 1 

result,the Dositron speotrum of Br superimposes on a 

very high background. 

4. ~ Pos,ttron' spectrum from Br75 

The posit-ron spectI,'um front' Br'75 wa:~\ studied \ 

by using the 5 mm Si(Li) detèotor (SIMTEC model K14). The 

source was plitcled inside the mini-ohcuqber (d~s;or:ibed in 

Chapter II) and 1 the cont.tn'uous beta "spe'otrum liTas reoorded 

in the :first 1024 channels of a '!MC 4096 kioksorter. Thel 

energy oalibration was donA by using the electro'n inte,rnal 

oonversion lines of Bi 20 7. A FORTRAN programi wa,s wri tt~ri, 
75 

to oaloulate/the Fermi functions (Siegbahn.1968) for Se 

(daughter nuoleus) and'slso tlie,o~dinates for the' 

oorresponding 'Fermi-Kurie pll'ts for allowed transitions. 

This pro gram could also\ perform approximate sepaT"ation' 

"'f the different positron oomponents in"the spectrum. \With 

the help of this program,' the positron spectrum was anaYyzed. 
75 

Br was produoed via the (p,2n) reàction on 
76 

Se • However a considerable amount of Br76 was aIs a . 
produced via the 

76 76 
(p,n) reaction 'on Se • Fortunatel~ Br 

has a relatively long half life and tl.?-,erefore its production 

would be wea~ in a. relatively short bombardment. Besides, 

.; 
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~. 76 
D'~ta' rays from Br have very. high '~~t energies! and 

can bé distingülshed as a general background. The mass 

differ~nce betwe~n the ground states'of Br7 , aqd Se~' 

calculated from the semi-empîricàl mass formulaI (Seefte~, 

1961 r is 3.02 MeV.' This implies "tha t the bêta r~:v>~' from the' 

decay of Br
7

' can have a maximum energy of 2.01 MeV and the 

betà rays with hi~her endpoint energies must neccessarily 
, 76 

come from B~ and other impurities. 

The F~rmj~Kurie pl~t of the beta spectrum 
. 76 

obtained from the bombardment of Se with'26 MeV protons 

is' shown in 'Fig'. 4..1~· The spectrUIil 'is not a simple one but 

is a supÀrposition of several'hranches of positroh~; The 
'} 

high energy portion (> 1.7 MeV) is presumab1v"nue to beta 

76 
rays from impurities; mainly Br decays. Br' extrapolating 

this"high energy component down to the lower energy regcion 

and subtrac:ting i t from the spectrum, the beta spectr~lm , 

from ar7S was obtatned. The different components were 

s~parated by using !=;tanoflrd techniques, and the" resultant 

Fermi-Kurie plots are also shown in Fig.4.1. The endpoint 

energies as determined from this dia~ram are 1.74, 1.'9, 

1.4" 1.34 and 1.1) MeV for the five branches. This energy 

determination is accurate to • 20 keV.J 

The lower energy region cou1d not be 

investigated, as the origin of the counts in this part of 

the spectrum is unknown. First, the thickness of the source 

a~ weIl as the backscattering of the detec.tor have 



60 

Figure 4 •• 1- Fermi-Kurie plot of the positron 

spectrum of Br7S . AlI energies 

are in 'MèV. In the or4inate~ N " 

represent~ the ntunber" of counts . ;-~ 

W the relativistic energy~ P the 

momentum and F the Fermi functi~n. 
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oonsiderable smeâ .... ing effeots an the beta partioles at 101f 

energy, and,as a-result the Fe~mi-Kurie plot ourves upwards 

in this region. The other and thë more serious one is thel 

Interference due to the gamma rays Compton·scattered in the 

'mm detector. Although the Si(Li) detector~ 'have negligible 

photoefficienoy, the Compton ef'ficieriéy is fairly high for 

101'[ energy gamma rays. ,Since there are two intense gamma 

rayQ at 286., and '11 keV from the source. a lot of counts 

from gamma rays were superimposed on the 'bêta spectrum~ 

4.4 B~ta-gamma coincidence stud~es . , , 
- ..... ~-....... ------.... ..,.--... ---.... - ... --...... ~ .. -.-- J 

In arder ta eliminate the high bac~ground beta 

activity from Br76 and other impurities. it was decided' ta 

~tudy the positron spectrum in coincidenoe witli,the 286., 
, , , .' 7' , ... ' 

keV gœDmA'ray which comes from the deoayof Br • The mi~i-

chamber was used for this experiment. The beta partic'les 1 

were measured by the' mm Si(Li) detector while the gamma 

detector used was a 7.6 cm by 7.6 cm NaI(Tl) 'Harshaw 

detector placed outsidé the thin brass window(l' mil~) of 
, , J 

the mini-chamber. The electronics·set up was identical 

i1fi th the fast-slow system described in Chapter II. The j 

resolvine- time in the fast coincirlence unit was 75 ns .\lThe 

positron spectrum recorded,by the Si(Li) detèctor'boirlcident 

gated'by the 286., keV line from theJNaI(Tl) oounter w~s 

studied. ' The Fermi-Kurie plot of the resultant spectrum is 
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l ' 

shown in Fig. 4.~. This ~pectrum also -has a high energy 

background a1though with a much reduced intensi,ty. Tliis -; S, 

because when t~e'energy selection window is set on the 

286.5 keV gamina ray, it is automatically set on a part of 

the- Compton tàil of the .511 keV annihila tio'n gamma ray 

wi th l'lhich ail positrons emi tted are in coincidence:.This 

results in a feedthrough of the high energybackgroü~d. The 

endpo"lrit energies of the different branëhes in th;i.s spectrum., 

are 1.73,1.59,. 1.45,. 1.33 and 1.14 MeV. These are identical 
" 

wi th the endpoint energies obtained in the, singl~s spectrum 

wi thin tl,e experimp nta1 accuracy. 



Figure l~. 2- Fermi-Kurie plo.t of the positron 

75 
spe~trum of Br in coincidence 

wi ~h,~·the 286 • .5. keVgg;!umtialraY. AI-I 

l 
anergies arA- in MeV. In the ordin~te, 

"'. . 

N represents the number of counts. 
/ 

W the relativistiQ energy. P th~_ 

momentum and F the Fermi function_ 
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CHAPTER V -........ ,.. ... ,...~ ...... ,.. .... 

Cofistruction of the decay scheme of Br75 

5.1 A summary of prev~ous works 

E1wyn et al (Elwyn et al.1958) app1ied a mi11i

microsecond time of f1ight technique to the study of (p,n) 

reactions on As 75 using 3 MeV protons. They observed five 

strong groups of neutrons with energies oorresponding to 

the excitation of five energy states in the residua1 

75 
nucleus. Se • They are the groumd state, 108 ~ 4 keV, 268 

.:!: 12 keV t 400 ,:!; 29 keV and 570 '.!-·20 keV states. E1wyn et al 

aiso pointed out that the 268 keV 1evel they observed 

probably correspondsdto the 286 keV 1eve1 found by Butler 

et al (Butler et a1,1957) whi1e studying the same reaction. 

From gamma ray measurements, ( described in 

Chapter III), Lobkowicz et al (Lobkowicz et a1,1961) 

suggested a decay scheme as shown in Fig. 5.1. The gamma 

and beta spectroscopie measurements of Baskova et al 

(Baskova et a1,1962) have 1ed them to suggest a decay 

scheme with 1eve1s at 285, 905 and 1355 keV. The detai1s 

of this scheme are a1so given in Fig. S.l. 

In the present work, seven gamma rays and five 

prominent branches of beta rays were observed. It is c1ear 

that neither of the two decay schemes suggested by the 

previous workers can quite accomodate the present resu1ts. 
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Figure 5.1-

A.- Decay scheme ~uggested by Lobkowicz et al 

B:- Decay scheme suggested by Baskova et al 

AIl energies are in keV. 1 
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75 In the remaining of' this chapter, a decay scheme f'or Br 

will be constructed utilising the inf'ormation obtained in 

the present experiments. 

5.2 Construction of the decay scheme 
-~-~~~~-~----~----~-~~~--~-~-------~-

Bef'ore discussing the possible decay scheme 

f'or Br75~ it is helpf'ul to summarize some of' the important 

results obtained f'rom measurements descr1bed in Chapters 

III and IV. The seven gamma rays identif'ied as coming f'rom 

the decay of' Br75 have energies 111.8, 140.9, 286.5, 292.9, 

J77.J, 427.9 and 4Jl.6 keV. They are aIl in coincidence with 

the 511 keV positron annihilation gamma raYe This imp11es 

that the observed gamma rays resulted f'rom the positron 

decay of Br
75 

and that none of them is f'rom an isomeric 

state in se75 with a lif'e time much longer than 60 ns., 

which is the r'esolving time of' the f'ast coincidence unit. 

The 111.8 keV line is in coincidence with the 511 keV 

annihilation gamma ray only and the 140.9 keV line is in 

coincidence with the 286.5 and the 4Jl.6 keV lines apart 

f'rom the 511 keV gamma raYe In the spectrum coincident 

gated simultaneously by the 286.5 and the 292.9 keV lines, 

there are f'ive gamma rays at 140.9. 286.5. 292.9, J77.J 

and,4Jl.6 keV. Furthermore, from the positron measurements 
75 

there are at least f'ive branches of' positron decay of' Br' 
75 

to states in Se • There may be other wea~ branches of' beta 



,decay not observed in the present work because of the 

background prob1em. Based on the semi-empirica1 mass 

formula given by Seeger (Seeger,1961) the separation between 

the ground state oC Br75 and the ground state oC Se75 is 

3.02 MeV. From this together with the energies oC the Cive 
75 

beta branches it is conc1uded that Br positron decays to 

at 1east Cive exoited states oC Se75 wuth excitation energ 

energies about 270, 400, 540. 640 and 850 keV. The aoouraoy 

oC these values depends on the aocuracy oC the semi-

empirica1 mass Corma1a and a1so oC the endpoint energy 

measurements which are accurate to ~020 keV. -
Consider the 111.8 keV 1ine Cirst. It is in 

coinoidence with the 511 keV 1ine on1y. Probab1y this is 

just the Cirst exoited state in Se75 • Sinoe the positron 

branoh to this state was not observed, this must be a weak 

branch. The assignment oC the 111 .8 keV 1ine to the deoay 

oC the Cirst exoited state to the ground state agrees with 

the observations oC E1wyn et al and Lobkowicz et al. 

The 286.5 and 431.6 keV 1ines were observed 

in the spectrum in coincidence with 140.9 keV gamma ray. 

This imp1ies that there are 1;.-:; three excited states oC Se75 

invo1ved which deoay down to the ground state through a 

cascading prooess ( The 431.6 keV 1ine is a1so in 

coincidence with the 286.5 keV 1ine). By comparing the 

intensities oC the three 1ines in the singles spectrum, it 

is seen that the 431.6 keV 1ine must be coming Crom the 
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.highest level and the 286.5 keV line must beme from the 

lowest level since the formar has the lowest and the latter 

has the highest intensity.This would mean that the three 

excited states are at 286.5, 427.5 and 859.0 keV. This 

result is further substantiated by the results of the 

positron endpoint energy measurements, from which it was 

deduced that there should levels at about 270, 400 and 850 

keV. The conclusion that there are two states at 286.5 and 

427.5 keV---is in agreement wi th the worltS of Elwyn et al 

and Lobkowicz et al. 

Thus far theroo are no ambigui ties. In the 

spectrum jointly gated by the 286.5 and 292.9 keV lines, in 

addition to the gamma rays at 140.9 and 431.6 keV, three m 

more lines at 286.5, 292.9 and 377.3 keV appear. The 431.6 

keV line is also inlcoincidence with the 140.9 keV line 

while the 292.9 keV line is not in coincidence with the 

140.9 keV line. This shows that the 431.6 keV'iin~ 1s really 

in coincidence with the 286.5 keV line and not with the 

292.9 keV line. There could be three major ways of arranging 

the other three gamma rays. 

First. it is assumed that there are two 286.5 

keV lines in coincidence with each other as weIl as two 

292.9 keV lines in coincidence with each other, and the 

377.3 keV line is in coincidence with the 292.9 ke~l~~e(s). 

The different positions in which the 377.3 keV transition 

could be placed are shown in Figs. 5.2A, 5.2B, 5.20 and 
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5.2D.Since the '77.' keV 1ine ls more intense than the 

292.9 keV 1ine in the singles spectrum1 the scheme shown in 

Fig. 5.2A is the on1y acceptable one. 

A1tarnata1y, the '77.' keV 1ine can~&'0~oÀsi~ered 

to be in coincidence with the 286.5 keV line$s), 1eaving the 

other aspects of the decay scheme unchanged. Again the 377.' 

keV transition could be p1aced in any of the three possible 

places as shown in Figs. 5.3A, 5.'B and 5.30. However the 

decay scheme shown in Fig. 5.30 is unacceptab1e because in 

the spectrum coincident gated simu1taneous1y by the 286.5 

and the 292.9 keV 1ines the yield of the 286.5 keV line is 

much greater than that of the '77.3 keV 1ine, whi1e this 

decay schemedemands that the yie1d of the '77.3 keV 1ine 

should be at least as much as that of the 286.5 keV line. 

So on1y the decay schemes shown in Figs. 5.3A and 5.3B are 

the acceptable ones. 

The remaining alternatives are shown in Figs. 

5.4A, 5.4B and 5.40. In Fig. 5.4A, the 292.9 and the '77.' 

keV 1ines are both above the 286.5 keV 1ine. There 1s no 

286.5 keV 1ine in coincidence with itse1f. 50 the 1eve1s 

are situated at 111.8, 286.5, 427.5, 579.4, 66,.8 and 859.0 

keV. There cou1d be one objection to this scheme. According 

ta this scheme, one shou1d expect equa1 intensities of the 

286.5 and the 292.9 keV 1ines in the spectrum coincident 

gated with these two 1ines together. In rea1ity however, 

the 286.5 keV 1ine is much more intense than the 292.9 
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,keV 1ine. However this apparent discrepancy can be exp1ained 

in the fo110wing way, When the energy selection window of 

the single channel ana1yzer is set on the 286.5 and the 29 

292.9 keV lines, the window is a1so set on that part of the 

Compton tai1 of the 511 keV 1ine with which a11 other gamma 

rays are in coincidence, As a resu1t there would be a 

feedthrough of al1 the gamma rays proportiona1 their yie1ds 

in the spectrum in coincidence wmth the 511 keV gamma ray. 

This yield is v~ry high for the 286.5 keV 1ine and the 

feedthrough in this case ls actually greater than the true 

coincidence yield. For the other lines the feedthroughs are 

not that important as the yields are comparatively smaller. 

We shall estimate this feedthrough later in our intensity 

measurements (Appendix). 

In Fig. 5.4B. the 292.9 keV 1ine is on top of 

the J77.J keV line, so that there is no level at 579 keV 

but an additional one at 956.7 keV. In Fig. 5.4c~ the scheme 

shown is essential1y the same as in Fig. 5.4B except that 

there are two 286.5 keV levels in coincidence with each 

other giving rise to a 1evel at 57JkeV. 

Now the correct decay scheme has to be sorted 

out from the six possibilities, shown in Figs. 5. 2A, 5.JA, 

5.JB, 5.4A, 5.4B and 5.4c. 

In order to reso1ve ~hese uncertainties, a 4rr 

Ge(Li) detector to study the g~a rays from Br75 was used. 

A 4rr detctor by definition is a detector which encloses 
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Ithe radioactive source in al1 directions. This increases 

the efficiency of the detector considerab1y. But the main 

advantage of su ch a detector lies in the fol10wing. Consider 

a gamma ray source which emits two gamma rays that are in 

coinQidence wmth each other. In an ordinary detector only 

one of them will be detected most of the time. However in 

a 4rr detector. the two gamma rays wou1d enter the detector 

simu1taneously, no matter in which directions they are 

emitted, and as a resu1t, the detector would have a large 

probabili ty of giving an output pU~!~4\ila]j;~t1tb.esnmo6f 

the two gamma rays. 50, with this detector one can actua11y 

observe the leve1s of the nucleus under investigation. Of 

course, a lot of single gamma rays are still 'seen J
• 

The detector used was a RCA Victor 41Tdetector 

(development mode1) whichivwas used together wi th a Tenne1ec 

TC 1)0 pre~amplifier. The reso1ution obtained was 4.) keV 

for C0 57 (122 & 1)6 keV) 1ines and 5.6 keV for c0
60 

(1.17) 

and 1.))2 MeV) lines. Gamma ray peaks at roughly 111, 141~ 

286. )78, 427. 511, 576, 664 and 859 keV were observed. ~ 

comparing this spectrum with the singles spectrum obtained 

with the 25 c.c. Ge(Li) detector. we concluded that the 

sum energy peaks were at 427, 576, 664 and 859 keV. 

Now if the decay scheme shown in Fig. 5.2A is 

correct, a sum peak at 670 keV shou1d be observed. However 

in the sum spectrum a strong line at 664 keV rather than 

any 1ine at 670 keV is 'seen'. Hence this scheme is rejected. 
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The scheme in Fig. 5.3A can be rejected 

because a 1eve1 was observed at 576 keV and not at 586 keV 

as predicted by this scheme. However, it may be argued that 

the 586 keV'lJne was not seen because the 292.9 keV 1ine 

is extremely weak. But it seems highly un1ike1y that there 

wou1d be two 286.5 and 292.9 keV transitions in the sarne 

nucleus. 

Let us consider the scheme shown in Fig. 5.3B. 

A strong line at 664 keV - the difference between the 950 

and the 286 keV 1eve1s is observed. This maans that the 

286.5 keV transition between the 1evels at 573 and 286.5 

keV should be quite strong, so that a reasonably strong 

sum peak at 57" keV shou1d be observed. However the peak 

seen at about 578 keV is very weak and this is incompatible 

with our conclusions based on this decay scheme. Furthermore, 

no sum peak at 586 keV was observed. 

The scheme shown in Fig.5.4B can be rejected 

at once as it envisages no sum peaks around 575 keV and 

there is a definite1y a sum peak at 576 keV. 

There is very 1itt1e to choose between the 

sch~mes shown in Figs. 5.4A and 5.4c. In the sum spectrum 

there is a weak 1ine at 576 keV. Scheme 5.4A predicts a 1ine 

at 579 keV whi1e scheme 5.4c predicts a sum peak at 573 

keV. So definite conclusions cannot be drawn as the 1ine 

observed at 576 keV is close enough be either of the 

expected 1ines at 579 keV as in 5.4A or the 573 keV 1ine 



o. 

73 

,as in 5.40. Both these decay schemes are in agreement with 

the results of the positron measurements. from which it 

75 
was concluded that Br populates at least five levels in 

75 
Se at energies about 270, 400, 570, 640 and 850 keV. 

From the intensity measurements carried out 

on the different gamma-gamma coincidence spectra, the 

positron branching ratios to the different levels in Se
75 

can be calculated. When the detailed intensity calculations 

were carried out, some discrepancies such as negative 

bran ching rat.ios were obtained in the scheme 5.40, while 

no such discrepancies were obtained in the scheme 5.4A. 

Therefore the scheme shown in Fig, 5.4A is accepted as the 

correct one. The results of the detailed bran ching ratio 

calculations are shown in Table 5.1 and the details of the 

method employed for such a calculation is given in the 

Appendix. 

Branching ratio calculations showed thatm90% 

of the total decay is by positron emission while electron 

capture accounts for the rest, The electron capture decays 

to the individual levels were also calculated and compared 

with the maximum theoretical values (Wapstra et al, 1959). 

Having already determined the endpoint energies of the 

positron branches, the half life and now the branching 

ratios, the log (ft) values for the individual decay 

branohes were computed (Verrall,1966). The results are shown 

in Table 5.1. The final decay scheme is shown in Fig. 5.5. 
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Table .5.1 ---_ ......... _--

Branching ratios and log (ft) values 
-------~--------~~~------~~--~-~--~~~-

~----~--~~~----------~------------~~----~--------------~--
Energy 

levels 
in Se7.5 

% of 

positron 
deçay 

Electron capture 
Positron decay 

% 

Th~hl?et~ tlog (f t~.o 

value 

keV. ... .. .... . i':. 

~------"~-----~."-~~--~~~~-~~--~---~-~-------~-~~~---~--

0 0.0 

111.8 1.6 20 1.51.5 7.0 

286 • .5 84~2 0 20 .5.~ 

427 • .5 .5.4 20 2.5 6.2 

.579.4 1.8 42 40 6.4 

663.8 .5.7 .5 47 5.8 

8.59.0 1.3 280 120 6.2 
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Figure $.2- Possible decay scheme. All energies· 

are in keV •. 



-

963.1 

859.1 

670.2 

573.0 

427.5 
377.3 

286.5 

111.8 

o 

,li 

... lI 
,:, 

" ,~ 

"" " , :" 

SE75 

A 

963.1 

859.1 

585. 

573. 

B .... 

427.5 

292. 
286.5 

111.8 

o 

1 

1 

.~ . 

.... 

" 

. 
, .... , ... , ... ~ 

SE75 

B 

'e. .. 

963.1 

859.1 

670.2 

573.0 

427.5 

292. 

.?8~,5 

~ 

111.8 

o 

·5.2 

-

. I ... ~ 

.... L 

" 

..... , ,!,or ,[, .... 1 

SE75 

C 

859.1 

670.2 
585._ 3 
573.Ô 

421.5 

292 
286.5 

9 

111.8 

o 

..... iI' 

ft 

.... .... ~ 

, ,,·1 ," .... , ... 

. SE75 

D 



Figur p 5.3- Possible decay schemes. 

AlI energies are in keV. 
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,8 
Figure 5.4~ Possible decay schemes. 'All energies . , 

are in keV. 
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Figure 5.5- Accepted decay scheme of Br\5 with 

branching rati,os and log (ft) values. 

A11 energies are in keV • 
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CHAPTER VI .-_ ... _-- .. _---_ .. 

Spins " Pari:ties and Theoretica1 Discussions 
- ..... --___ .. IfIIt .... _ .. .., ... ____ ......... _~ ____ ... _ ... _~·-__ ... _ ... - .. ___ 1!II' 

75 6.1 Spins and Pari~ies of the 1eve1s of Se 
--~--~---~-_ .. --~._~---~----~~------------~~ 

The spin (J) and parity (TI) of the excited 

1eve1s of Se75 'are aIl unknown. The ground state spin and 

parity have been measure~ previously using microwave , 

" §. +' 
techniques .. (Lindgreentl~64) and have been founrl to be ~ o' 

The spin and parity of the parent state, viz. the ground 

state of Br
75 

'are also unknown. However aIl other odd mass 

3-
Bromiine isoi:'npAS have groundstat~, spin and parity "!: . 

Bas'ed on this nuc1ear systa ..... ·atic i t is assumed that the 

75 3-
spin and pari ty' of Br groun~ state (g. s.) are ~ . , 

From the hranchin~ ratio calculatio~~ (ChapteBr 
;'" 

V) it was found that 84% of the Br
7S 

(g.s.) decay goes to 

the 286.5 keV state of Se75 .• -The log (ft) value of this 

transition is 5.1 which shollTS that-the transition is of 

allowed tYPA. Sinc e the .parent s tate has JTr = i. -, the 286.5 
. ,- 3-

keV level can have J Tf of any of the ,three -values 2: ' 2: an~ 
5-
~ • The lifetimA of the 286.5 keV 1ev,e1 was {measured in 

this' laboratory by Muszynski (Muszynski,1968) with a beta 

gamma delayed coincidence system. ,The ha1f, 1ife of this 

level was found to be 1.23 + 0.15 ns. 1bis represepts a -
hindrance factor of rough1y 10-5 as compared to single 
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1 

narticle estima tes for an electric, dipo,le (El) transi tiol1. 

This is typical of El transit~ons in this m~5S region ( 

perdrisat.1968). This shows that the J~ of the 286.5 keV 
, 3- S-

level has to be ei ther"]:' or 2:' The fac t th::.'t this level 
,. 75 

exhÂusted ',84% of the posi tron decay ··streli1gt~ of Br 

ir'ldicates tha t. some kind of similari ty 'of' nuclear structure 

exists between the, t'wo, levels involved' on the' transitibn. 

The level at 427.5 keV gamma decavs to the 

ground state through tw'-' bra.nches. There is a dirAct 

transition tothe ground state which accounts for 46% of 

the decay while the res; cR.scade to the ground'state t~rough 

the intermediate state at 286.5 keV. The log(ft) 'values for 

the posit'ron det:ay to this level is 6.2 which ShOl'lS that t 

thi~ transition is also allowed. 50 the J7r of this level 

If the J Tf of this ,level 
,- 3- 5-

l,as to be one of - , - and n . 
~.2. ~ . ,-

1S T' then the transition to the ground sta te ·:would be a 

prenorninantly M2 or E3, while the transition to the 286.'5r 

keV levpl would be either Ml or E2. As such the direct 

transition to the ground state would·not be able to c6mpete 

with the cascade transition through the 286.5 keV· level. 

5ince we observed roughly equal strengths for'tne two' 
, ,-

gamma decay ,branches, the 'uossibilïty of J 7T of T for \-this 

level can be ruled out. This leaves two possible JIT for 
, 3- 5-

keV level, viz _ ei ther - or _ • 
2. :L 

the 427.5 
;; 

ThA lo~dft) value for the transitioh t.o the 
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1 

579.5 keV level is 6.4, which indicates that this is also 

an allowed tran~ition. So the possible Jn for thi~ level 

t - 3- 5-
arel"..:again T ' 'T and ~ . This level decays oniy to thé 

286.5 keV level ane thence to -the ground state. Similar 

argument applies to thA -q63.8 keV state who~epositFon 

branch deeay log (ft) is 5.8. The 859 keV '-c;ta te :which decays 

to the 427.5 keV leve1 ~-nd has a posi trorl branch decay log 

,- 3-
(ft) of 6.2 also has a po ssible J TI" ass:i.gilment of - t 

2.. 2.. s
and ~ • 

/ 

There are four possible combinations of spins 

,3- 3-
for the 286.5 and the 42!.5 keV levels. These are' (;r t ~ ); 

3- 5- 5- 3- .5- 5-
( T '..2.. ) J (2:" t 2: ) and' ( 2:" ' -r ) for the two _ levels in 

that o~der respectively. ~n a~l the-four cases, -the 427.5 

keV leyel would dEJcay to the ground sta te 1 by El and to the" 

286 ~.s keV sta te by Ml transitions. _Simle ,El transi tionc: -

are usually hindered by several orders of magni tudè~ -the El 

and Ml transitions from the 427.5 keV state could have 

roughly equal intensit~es as ohserved. 

The_663.8 keV level can have either- of the 
5- 1-

threÀ spi.ns '2" .~ and""î. This level 

286~5keV level. If its spin is either 

decays oniy -to the 
5- 3- _ 
1') or - • this 
~ 2.-

state should decay to bot~ the 286.5 and the 427.5, keV 

levels, irrespective of which one of the possible spin: 

combinations these latter two levels have. If the 663.8 
_. 1-

keV level is considered to hav.e a spin of 2. t then 

transitions to both the'286.5 and- the 427.5 keV le~'ls: 
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'should be observed if the spins-of these twn ~tates are 

3-3- 5 - 0- 5 - 5-
either (2' '"2) or (2:"'2) or (~'"'"2.) respeotive1y. On 

::,- 5-
the' 0 ther hand., if these twp levels have spins ('2 '"2 ) 

respeotive1y, then 'the transition to the 286~S keV level 

shpuld be a Ml and enérgetioally favourÂd whi1e that to thé 

427.S keV level would only be an E2. The"M1 'transj,tion ' 

would be exp~oted to dominate in this oase ~nd' the 66).8 
, 

keV level s~ould deoay direotly to the 1286., keV level. So 
, , 

the MoSt prob~ble spins for the levAl~ at 286.S, '427.S\and 
3- 5 - 1-

66),.8 keV are 2:" t 2:" and 2: respectively. 

The log (ft) for the beta deoay to the'lll.8 

keV'level is 7.0 whioh means that it oould be either an 

al10wed or a first forb;'dden 'transition as thé~e\are 

freq~ent ooourenoes for ,large log (ft) values for'allowed 

trans~tions in this mass region.Sinoe the logt(ft) value 

is too low for the beta transition to bA ,a first forbidden 

unique one, the possible JïT values for this 1evel are 
,+,3+ 5+ 
-- ,'-- and -- for a forbidden transition. On 'the other 2. 2. 2-

ha'nd with so Many allowed 'deoay ohanne1s ,available t it 

seems highly un1ikely that 1.6% of the. transition should . .'", . 

go through a forbidden deoay. If indeed this i,~ a, fo~bidden 
5+ + . . 

transi tion, then î' and ~ are ,the po ssible spins for this 
5+ 

level because !L is the 10west positive parity state that 

oan ooour in this region and this 

the 111.8 keV level oan only have 

is the ground sta~~. So 
7+ 

a J 1T of - t in whi~h 
2.. 

oase the beta transitionis first forbidden unique~ "Then J 



,the log (ft) value should be between 8 and 9 rather than 

7 Moreover in aIl other odd mass neighbouring Selenium 

nuclei t the second positive parity state is usually 

situated at lea~t t MeV ab~~e the first positiv~,parity 
7+ 

state. A JIT = 2 being situated only 111.8 keV above the 
5+ 

ground state' ("2 ) seems extremely unlike,ly. 

'!here' are quite a f'ew'allowed transit4 0ns with 

log (f't) 'Values of"7"or' higner in this mass region. '!hese 

are n~rmallv'associél:ted. with some kind of' selection rule 

violation in certain nuclear models. If' this is the caSet 

then the 111.8 keV level would have a JïT:s ~-t ~- or ~ 

Fûrthermore t f'rom"the level schème systematics of' the odd 
. . . . 

. ' , 77 79 81 
mass Selenl.l1m isotopes (Se : Se t Se etc.') t there is 

1 - " . , , 1 

always a"]: state al,ternating with the lowest anomâlous 

coupiing,state (tliA lowest positive -oari'ty state) a,s the'" 

ground state and separated by about 100 keV. It is highly 
. . , 75 

probable.that the f'irst excited state at 111.8 keV in Se 

is a J7T oz ~-state with the 

ground state. However the 

5+ 
a~omalous "coupling state ras 

assignment' of' a J Ti = ~ - ~o the 

111.8 keV level would etve rise to other pro,blemls. Its 

decay to the ground s ta te wou1.d then be thrt\"ll'gh an M2 

the. 

transition, which in the single particle·estimate t 'has a 

half' lif'e of' the order of' 1 ps in this 'mass region f'or this 

energy. As the resolving time of' the coincidence unit used 

was 60' ns'. this gamma ray should not be. observed in 

coincidencè with the 511 keV annih'ilation gamma ray. }:Agaip 
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Figure 6.1- SuggestedSpins and Parities of 

differen:b, '1.evels of' Se 7 S. AIl ". 

energies ~re i~ k~V. 
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lif this J.evel·ooes not have J7T =i f then there should be 
r-

a 2: level in this l"egicin which wou'" d defini tËÙy be 

7.5 
populated in the positron decay of Br grdund state •. It 

l - . 2" state \does not decay to the 1 could be argued that this 
5+ 

ground state (1f ) by M2. but beta decays directly to a 

ne~ative parity state in As 7 .5 a~ in the Icase of the 
,- 73 . 

corresponding T level in Se • However i t is d~:fficul t to 

uriderstand ho~ the beta decay can compete wit~. the M2 

transition to the ground state of Se7 .5. sinc-=- 'the single. 

particle estimate ,for the half life of the M2 transition 

is of the ordÂr of 1 ps . .' If' this level is asigned a J1T =' 

a- 5-T or ~ • then ther,e sho'Îli.d be at least somé ~igherJ levelA . 

decaying through this level to' the ground state. But'':'o 

other gamma rays were'f'q~nd to bé in ooi"cidence with the 

1 
111.8 keV line. 50 the position of the![ state.and ~ts 

relation to the 111.8 keV level remain puzzling. 

6.2 Theoretical discussions 
--~--~--------------~-~~--~ 

, 7.5 
The shell model description ~f 'Se is 

complicated. Aco.ording to ~~plest m~ni'festatiàmof thiJ,:' 

7.5 
mOdel, the last odd neutron in Se should be in thd/lgq.-

+ . r. 
subshell and so the ground state spin should be ~ • This 

. 2.. 

however is not the case with the 'ground state l,spin being 

~+ This can be explained if tt i5 assumed that Se~.5 
has a pro ton configuration (2P.3/,2.)2. (lf5/2.) 

4 
(lgnd; a nri tnon 

463 
configuration (2Po/~) (lf6h) (lg~~ with the'three 
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,neutrons ·in the 19q 
2: 

+ 
subshell coupling to a spin ~ with 

seniority 3. The ~- level at 286~5 keV can be considered as 
2-

having a neu tron conf igura tion (2p 3h) 3 (If 5/.2) ~ 

the i - exei ted level a t 427.5 keV could have a 

4 
( IgCV2.) 

(2P3A)4 

and 

4- 1-
(lgc:y.2.-) configura tion for neutrons .. A ~ ex~i ted level can 

be considered as eith~r a ,(2P3A)2- (l:f1S/2.)6 ( 2P1h) ~lg'V,1.)4 
4- 4 4' , 75 

or a (2P.3A) ( If EY2. ) ( 2PI/2. ) ( 19 ql,) conf ig'l\ra tion • The Br 

ground state can be considered as a proton configuration of 

(2P~2.)O 
(l'f5k) 6 

4 ~ 
(lfo/~) and a neutron configuration of (2p~~) 

4 a-
(lg(V~) • The .positron transition to the T leve~ 

could 'occur by converting a pro.f::on in ;he (2P 3/2.)','shel1l,to 
1 

a neutron in the ;same she1~. in which case this would be a. 
75 

Fermi transition. Alternately the Sr ground state could 
1 

be co.nsidered as having a pC!1D:flignra tion of (2P3/~).t, (lfE;'2. )a;!Z.r 

for the protons and a configliration of (2P3/,.)4 (lfs;,J4 (lgei/4.)4 
5- . 

for the neutrons. The positron decay to the '"2" level' in 
75 " 

Se takes plac~ when a proton in the (lf~~) shell becomes 

a neutron in the same shell. The ~eak beta branch to this 

level can'be explained om the basis of a small admixture 

of this particular configuration in the ground state wave J 

7S " 
function of Br • A detailed description on the basis of s 

shell model is known to be inadequa te for (11Jc1ei in this ! 

region. 
7S , 

A better description of Se could 'be given 

in terms of couplings between the,col1Active modes of 

motion and the single particle levels. The 'even-pven 
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.. f1uclei .,in this medium mass region exhibi t typical vibrational 

75 
~pectra. Different states in Se can be con~id~red:as 

difterent modes of coupling between the 

74 
and the eveN~even core Se • The ground 

extra-coré neu~ron 
+ 

state (~ ) can be, ,: 2. ~ 

considered as one of the states resultin~ '~rom the"noupling 

+ 
bet:ween a 2 

3- J 

The 2.. and 

" . 

p~onon"sta~e ~f the core with a 19v~~n~u~r~n. 

5-
the 2.. states coulr1 be gen'erated-by CO~pli~g 

a. 2 + phonon sta te ta a 2P1 neu"'..;ron while the i - sta te coi:l~ 
"2 

be viewed as 'a resul t of coupring a 0 phonon core wi tli- a 
. , 

2p.!. neutron '\, A couP' ing between 'a 0 pho~on corA an~ a 2~3/!L 

~~~tro~ :;.,rou 1 d also generate ifme -i-state. JOalculati'ons with 

this model wou 1 d involve the sol~'tio~ of' the {Schrodi~ger 

equation with P" Hamiltonian wh~ch inc~udes/~h~ single 

particle, the pairingand the quadrdpole t,::lrms using the 

BOS theory and the Random Phase Approximation. This requires 

lengthy' J1umericà.l comp1,1ta tions. Calcula tions along this-

line have" beel1 performo!'id, recently by Goswami et al- (Gbswamt 
99 101- 109 

et al,'968) on Tc , Rb and Ag • Their results are 

rathAr encouraging. 
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CHAPTER VII -_ .. _---... _---_ ... 

The "107" kaV gamma ray 

7.1 Introduotion 
----~-----~---~-~-

In Chapter III we noted that while stu~~ng 

the gamma.rays subseque~t to the deoay of Br7' we observed 

a gamma ray of 107 k~V with a ha1f 1ife of 4.6 .:t"0.' inins. 

This 1ine oannot be asoribed to the deoay of 

an isomerio state of Se?' as it fai1s to show the ha1f 1ife 

(106 min.) of the parent state .. The other possible 

assignment for this, 1ine is to .~ttribute i t to ~n isome~tii/-;\" 
75 r . 

sta:pe in the parent nuo1eus i tse1f viz. Br.. • This 

assignm~nt seems a11 i?he more justifi,ed if we exam~ne a11 
77 - , 

other neighbouring odd mass Bromine isotopes,. Br has an· 
• J ~ 

isomerio st~te a:t 108 keV wi th. a ha1'! 1ife of 4.2 mins. 

has a 1eve1 at 210 keV with a ha1f 1ife of 4.8 seo.land 

79 
Br 

81 
Br 

has a 1eve~ at 570 keV (a1though this is the seoond exoited 

state) with a ha1f 1ife of 37 ps. 

However there is a probabi1ity that the 107 

. 77 75 
keV 1ine aotua11y ar1ses from Br and not from Br • The 

76 78 
target used has 86.1% Se and 4.4% of·Se • The (p,2n) 

78 ' ,-, -, ._: .. , ~ '. ,. 
reaotiol1 on Se ";~~id--p;;d~~e Br77 . This isomario state 

deoays to the ground state, as a1ready ment1.oned above, with 

a knowu ha1f 1ife of 4.2 min. and an energy of 108 keV 
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1 

which are within the m~asured values of the present work. 

77 
Also Br ground \state has a half life of 57 hours so that 

we would not observe the gamma rays emitted subsequent to 
77 

its decay to Se . However from the first glance at the 

intensi tJ" of tha 0 bserved 107 keV line t i t did no t seem \. 

that aIl the \c·ontributions was from Br77 because the target 

78 
contained only 4.4%-Se contamination. In onder to identify 

i ts origin properly we undertook the follo,wing studies. 

7.2 Study of production thr~shold and yie~d 

----~----------------------------------------.' . , 

We perforIll:ed a threshold a,nd yield smudy \of 

this 107 keV line to see exactly which (Ptxn) reaction , 
76. 

produced it .. We prepared an enriched Se target by 

dissolving, it in hot concentrated n~tric acid and then 

boiled away the excess acid. A couple of drops of\this 
. 1 ~ 

solution was then depo,si ted on an adÜJDin::l.um backil~g about 

a quarter of a mil. thick. The solution was then left to 

dry in a dessicator at room temperature. This slow drying 

process ensured that the solute was deposited more or less 

uniformly on the backing material. 

Once the target was readYt we bombarded it 

with protons at different energies and calculàted the yield 

of the 107 keV line. The same'. target was used in each 

bombardment using the same beam current viz. 1 pA of protons 

and the bombardment lasted for the same, interval of" time 
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. (20 seconds). Counting start~dd exact1y 5 mins. after the 

end of ea.ch bombardment and 1asted t'or 10 mins. in each 

case. The position of the source wi th respect to the Ge'(Li) 

detector was kept identica1 t'or each counting. After each 

counting ot' the yie1d, the source was a110wed to die down 

over a peroid of 4 ha1f lives of the long 1ived Br75 ground 

state before the next bombardment was done to make sure 

that there was no significant activity 1eft for the next 

bombardment. 

Al'!' these precautions made sure that whi1e 

calcu1ating the relative yie1ds, we wuold not have to make 

corrections for varying amount of source materia1, beam 

strength and geometry. The yie1ds were calculated and have 

been plotted against the energy of bombardment in Fig. 7.1. 

The yield curve shows that no activity is produced at 12 

MeV. In this context we should remember that the thresholds 

for (p,2n) reactions on se76 and Se78 are respectively 13.7 

and 14.5 MeV as ca1culated t'rom the empirical mass Tables 

(Seeger,196l). The maximum (p,n) cross-section shou1d come 

at about Il and 13 M~V for these two nuclei in that order. 

The 107 keV line is first noticed at 15 MeV, and the 

highest yield is obtained at 21.5 MeV. The thresholds for 

76 78 
(p,3n) reactions on Se and Se are respectively at 25 

and 23 MeV. As the peak cross-section for a (Ptxn) reaction 

occurs just before the threshold of (p,(x+l)n) reaction we 

can positively say that the 107 keV line is being produced 
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Figure 7.1- Relative Yield of. the 107 keV 1irie 

against Energy o~ bombardment. 
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'by the (p,2n) reaction. 

7.3 Study of (p,2n) reaction on natural Selenium 
-~---~~~~-----~.~-~~~-----~~~--~~--~~~~~~~------~-

We also studied the yield of the 107 keV line 

produced by the (p,2n) reaction on natural Selenium. We 

list below the compositions of both natural Selenium and t 

the enriched isotope target we have been using. 

Composition of Selenium 
~~~-~~-~--------~--~---~--

Mass No •. Enriched N~·tural 
" 

-~ ........ _---- -_ ... -.............. _,.. ... 
-------~-

74 < 0.2% 0.87% 

76 86.1% 9.02% 

77 2.0% 7.55% 

78 4.4% 23.52% 

80 5.9% 49.82% 

82 1.6% 9.19% 

Let us assume for the moment that the 107 keV 

76 78 ~ 1ine is produced from both Se and Sa • Let \Jj07 and \.J 107 
76 78 

be the yields of the 107 keV gamma ray from unit quantities 

76 78 
of Se and Se respective1y. Since the 286.5 keV line is 

from Se
76 

let \J2.Q5.sbe the yie1d of the 286 • .5 
'7ë" 76 

produced from unit quantity of Se • We 

pnâ9.uced only 

keV gamma ray 

bombarded both the natura1 and enriched Selenium at 20 MeV 
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.with 1 )lA of protol1 beam for 20 sec. and the yields o-r the 

107 and 286,5 keV lines were recorded in both cases for 10 

min. starting exactly 5 min. after the bombardment ended. 

We should note that the ~'s defined above are not directly 

proportional to the production cross~sections as they also 

include the life time -ractors of the two lines involved, We 

then have 

i) Enriched Selenium yields 

Yield of the 286.5 keV line = ~~~~5 X 86'1. _--------(1) 

keV line = CJï07 X 86'1. -+ Cfi07 X 4.4 
76 7S 

Yie1d of the 107 ----- (~) 

ii) Natural Selenium yields 

---~-~~---~~~--~-----~-~--~--

= K X \J';.SG.s X Cl '01-
76 

______ -- t~) 

Yield of the 286.5 keV line 

Yield of' the 107 keV 1ine 
K x. [cr.: X q·02- + crl07 )( 2.3.5~] -- (4) 

= ~ 7s 
76 

Although we have made the proton ourrent. the 

bombarding and the recording times the same, we still have 

to consider the unequal source strengths resulting from 

the unequal amount of material used to prepare the two 

targets, The constant "K" represents this factor, 

From eqns, (1) and (J) we obtained the value 

of K and then from eqns. (2) and (4) we solved for Cfïo7 and 

(J~, We found that the quan"tity <Jï07 ~O and in eqn, 
75 76 

X 4-4 contribute 98% of the to tal yield from the enriohed 

76 
(2) Cfi07 

78 
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,target. Hence we conolude that the 107 keV level is 

actually the first excited state of Br77 and not a hitherto 

unreported state in Br75 as we initially süspected. 

7.4 Conversion Electrons from the 107 keV level 

The 107 kaV level has a compara.tively long 

half life' for an isomeric state of this energy. So this 

transition should hava a high eleotron internaI conversion 

ratio. Accordingly we undertook a st~dy of the internaI 

conversion coefficient to determine the multipo1arity of 

the transition. 

The sources for studying the electrons were 

prepared in an identical Mannar as that for the study of 

the yield curve. For eleotron study the sources have to be 

specia1ly uniform and thin, a requirement not vital for 

gamma ray study. The backing materia1 (aluminium) :was of 

1 mil.thickness whish cornes to 6611mg/cm2 • The thickness 

of the depos'i ted Selenium was about 200 )lg/ cm2 • The average 

loss of energy by an electron of 100 keV in 200 pg/cm
2 

of Séil:aiuiwn:!. lis les 5 than 2 keV. 

For measuring the oonversion ooefficient, the 

mini-chamber was used. The beta detector was the 1 mm 

Si(Li) detector. This detector has a very 10w gamma efficiency 

and hence was ideal for the study of low energy electrons. 

The source was p1aced in the mini-chamber facing the 
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,alectron deteotor. A vacuum better than 10 }l was always 

maintained inside the chamber. The gamma detector used was 

the 25 c.c. co-axial Ge(Li) detector placed outside the 

thin (15 mil.) brass window of the mini-chamber. The 

electron and the gamma spectra were recorded for the same 

time on two successive 1024 channel-groups of a 4096 channel 

TMC kicksorter. Thus any correction for timing was eliminated. 

The relative efficiencies of the gamma and the beta 

detectors were determined by measuring the conversion 

. . 207 
coefficient of the 570 keV'line Bi which is weIl known. 

We assumed that the efficiency of the charged particle 

detector remained fairly constant within the energy range. 

The efficiency of the gamma detector in this particular 

geometry was measured with standard sources and has been 

shown in Fig. 2.5. 
c(K . 

'.l'J;1e ratio - ,the K-shell internaI 
0( L+tvH-Nt-.. ' 

conversion coefficient to ~e L+M+N+ ••• internaI conversion 

coefficient was measured thrice. The absolute K, L+M+N+ ••• , 

and total internaI conversion coefficients, 0:1<.. 'o{t.+M+.! and 

d~ , respectively, were measured twice. The results 

are presented in Table 7.1. 



Table 7.1 
......... - ...... - ... ,.. ... -

InternaI Conversion Coefficients (Experimental) 

-~~ ... -~-----~~-----~-------------- ... -------~---------,..~-,.. ... --
Measurement No. O(L-UH •• C<'tot 

O(K 

0( 
.I...+M+ •• ---- ... _-------------~-~---~-~----~--~----------~--- ... -----~-

1 

2 5.45 1.5.5 7.00 

5.49 1.50 6.99 3.64 

The ·~heoretical values (Sliv e; al,1968) for 

the different internaI conversion coefficients are shown in 

Table 7.2 below. 

Table 7.2 ----_ ... _--... -

InternaI Conversion Coefficients (Theoretical) 

Transition O\L+M+ •• o(-tot .. 

7.03 X 10-2 -3 -2 
El 7.60 X 10 7.79 >< 10 9.25 

-1 -2 -1 
E2 6.97X 10 9.90 x 10 7.96 x 10 7.50 

E3 5.65 1.55 7.20 3.64 
2 1 2 1 

E4 4.44x 10 2.46 X 10 4.69'><.10 1.80 X10 
2 

E5 3.39X 10 
-~-------------~-------------~-----~-------------~--------

(contd.) . 
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Table 7.2 (èontd.) 

~--~----~------------------------~-----------------------. 
Transition ex L.+M+ •• 0( -tett. * 

O(L+M+ ... 

-~---~~~~-~~~--~~--------~---------------------~-----~----
-2 -2 -1 

Ml 9.56 X. 10 1.10)(. 10 1.07 X 10 8.70 
-1 . -1 

M2 9.48X 10 1.36x 10 1.08 6.92 

M~ 8.6.5 1.72 1.04x 10 
1 

.5.0.5 

M4 7.74x 10 
1 1 

9. 02X 101 1.28x 10 6.05 
2 

M5 7 .10X 10 

From these values we see that the measured 

internaI conversion coefficients are very close to those 

of a pure E3 transition. The ratio ~K has previousl~ been 
I.+M+ .. 

reported by Thulin (Thulin.19.5.5) to be equal to 3.60. Our 

results confirm that measurement and a1so verifies the 

conclusion that the transition is a pure E3 one. The ground 

state spin being ~ the isomeric state must have a spin of 

'1+ 
~ If we examine the other odd mass Bromine isotopes, we 

find that aIl the isomeric states observed therein have 

spins ;+ and decay by pure E3 transition to the ground 

astates aIl of which have spins 2 • 
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Figure 7.2- Internat Conversion E1,Actron spectrum 

of the 107 keV gamma ray recorded with 

1 mm Si(Li) detector. 
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CHAPTER VIII _ ..... --..... .-...-~ .. ".;-. .. 

~.l Introduction 
-~--~~-~--w-~-~---

In Chapter VI. a formalism which attempts to 

7' explain the level scheme of Se in terms of oouplingsof 

an extra core neutron with the phonon states o~ the even

even core Se
74• was discussed. Thus a knowledge of the lèvel 

scheme of Se
74 

wou Id facilitate detailed calculations of 

th t t f Se7' based thi f li It ith e s rue, ure 0 on s orma sm. i" was w 

this view that a search for gamma rays following the positron 
, 74 

decay,of Br was undertaken. 

8.2 History of previous works 

--~---~--~------------~--------
Tem~~r et al (Temmer et al,19,6) studied the 

74 
gamma ray transi,tions in Se by means of Coulomb excitations 

with alpha particles of energies up to 7 MeV. The gamma rays 

were detected by' a , cm by 4 cm NaI(TI) detector. They 

observed only one gamma ray at 634 keV and this the y 

iden~'ified as coming from the dec~ of the first 2~ state. 

Observations on other neighbouring nuclei showed that aIl 

even-even nuclei il"l thi:c:: mass region exhibi t typical 

vibrational spectra. 

While stur'lying the transmutations of Copper 
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by Nitrogen'and Oxygen ions, ,Beydon et al (Beydon et al t 

" 

19.57) observed a gamma ray of energy 640 + 10 keV with a -, 74. 
halt' life of 42 + 4 mins. from Bb .. Butement et al ( 

, ' 

Butem~nt et al,1960) found a gamma ray of 63.5 keV with a h 
, 74 

half life of 26 min. following the positron decay of Br • 

Eichler et al (Eichlèr At al.1962) observed the 63.5 keV e~ 

gamma ray following 

examining the gamma 

the electron decay 
74 

rays from Ga and 

74 
of· As while 

74 
As fQr constructing 

the decay scheme of 
74 

Ge . However the life time of the 63.5 

keV transition was not,studied. Gangrskii et al (Gan~r'f;~ii 
74 ' ,'! 

et al. 1962) Coulomb excited"the Se nucleus with 8 • .5 MeV 

alpha particles and found a level at, 1373 ! 20 keV~ They, 

concluded that this is the second 2+ state or Se74 • 

74 8.3 Gamma rays from the decay of Br 
-----------~--~~-~--------~~-~~----~- ..... 

Br74 76 
was produ~ed via.(p,3n) reaction on Se . 

A target enriched in Se76was bombarded in the McGi~l synchro~ 
c~clotron with 1 pA of proton nurrent for 20 seconds. lhe. 

threshold for (p,3n) reaction, on Se76 is 25 MeV and that for 

(p.4n) reaction is 36 MeV. Since the m~ximum (ft3n) 'cross

section is Qbtained at about 1 MeV above the thresholn for 

(p~4n) cross-section, the bombardment was done at 38 MeV. 

The g~mm~ rays were studied with the 25 c.c. 

co-axial Ge(Li) detec~or. The resolution obtained was 2.2 
.57 60 

keV FWHM for Co (122 & 136 keV) lines and 3.0 keV for Co 



101 

1 (1.17 & 1.33 MeVJ lines. While producing Br 74 via the 

76 75 
(pt3n) reaction, Br and Br were also produned via the 

(p,n) and (p,2n) reactions res:pectively. However aIl the 

gamma rays' from Br76 and Br75 as weIl as their half lives 

are weIl known and they could be easily: separatedfr~m thO,s9 

of Br74 • Half lives of gamma rays upto 4 MeV,were traced 

while searching for gamma rays following the positron deoay 

74 
of Br . 

! 
Two gamma rays with energies633.9 +-1 keV and -

732.1 .:t .r1.._~~V were observed. The half life was found tç he 
.. , •• v 

42 + 4 mins. The hRlf life curves are shown ma Fig.8.1. The -
intensity of the 633.9 keV line was found to be 4.2, times 

that of the 732.1 keV line. This latter gamma ray has not 

been reported before. 
;, 

As other even-even 5e1·enium isotopes have vib 

vibratiol1a1 
, . ' '74'" 

energy spectra, it is expected that 5e wou~d 

also di~play vibrationa1 spectrum. 50 the grol1nd sta,te of 

5e74 wou1d be a 0+ state and the fir.t excited state at 

633.9 keV wou1 d be a À s;:- '2 one;"'phonon statEt havi~g a spin 
+ ., 

of 2 • The next group of excited states, are expected to 

arise from the counlings of two À = 2 phonons and this 
~ 

multiplet shou1d con~ist of three levels,wit:n. spins 0 
+' , 2 

+ 

and 4+. This second 2+ state has been observed at 1373 + 20 

keV by Gangrskii et al. Th:is state shOllld l;1.ave a str~ng 

+ 
electromagnetic transit~on to the first 2 state and give 

rise to an approximatelv 738 keV transitiori, and this 
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l ' 

probably corre$ponds to the 732.1 keV'line observed in the 
. + + 

pre~ent work. The O. and 4 states, the other two members 

of the X = 2 phonon triplet, are expec ted· to '1 ie qui te 

+ .' , 
close to the second 2 excited state. This prerimëtion seèms 

. . 
justif.ied if we examine the neighbouring even-even nuc1ei. 

76 
In Se, , the three states lie within 250 keV of each otl).er. 

In Se78 , th~se three states lie within 200 keV of one 

another. Since no other gamma rays be10w 2 MeV havè been f 

+ found, except the two listed above, it seems that the 0 

. 4+ and states in the multiplet are'~ot popu1ated in the 
. ,. 74 . 

pO,si tron decay from the ground sta te .of Br . The spin of 
. 74 . 

the ground state of Br is not known, buta11 oth~r even 
. + ' 

mass Bromine isotopes have ground state spins of' 1 t ~e . .. -

assume that the spin of Br74 ground state is 1+. As su~h 
. 74 

on1y the positron transitions to the ground state of Se 

'4' "(0+) and the two 2+ statAs are allowed, whi1e the transition 

+' 
to the 4 state is a second forbidden one. The transition 

+ 
to the second 0 state is an· al10wed one. ,However the 

transition to the ground state i5 much more .favoured 
76 + . 

. energetically. In Se only the 2 state in the two nhono.n 

multiplet is popu1at~d by positron decay'~rom the grou~d, , 

state of Br
76

. Less than 0.4% of the decay t'rom Br78 .ground 

78 
state go to the two phonon multiplet in Se • n'le transition 

+ 
if any, from the second 2 state to the ground state would 

be retarded. A search was made for this gamma raYt .. ~~~,,~~, .. 

was not observed. The absence of' this c:r;-oss-over trans:iti'On 
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rendered further support to the collective vibrational 

model description of this nucleus. 

Ii seems that it is difficult to PQPulate too 
.. '.' 74 74 

many excitéd levels ~f Se by positron dec~y of Br • 

74 -
Neg:atro~ decay from As gr;ound state ('spin 2 ) has only 

showed the 6)4 keV transi:tion. A m~re sui'b,able m~thod would 

74 
be to. exci te the leveles' of Se . wi th direct reao.tions\,and 

then study the subsequent gamma,rays. Thé spins and parities 

can be determined by analysing the corresponct.ing angular 

distributions and pQrforming coupled channel DWBA'calculàtions. 
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Fig~re 8.1- Hal~ 1i~e curves of the 633.9,and 

the 732.1 kAV 1ines. The ha1f 1ife 

in each case is 42.+ ~ min. 
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CHAPTER IX 
------... ------

Summary 
, -- ...... - .. _-

A25 c.p. Ge(Li) detector was acquired fo~ 

gwnma spec~roscopy measurements. \Its absolute photop~a~ 

efficiencies for gamma rays of different energies with 

va~ious soutce-detector geometr~es\were detar~ined utili~ing 

standard gamma ray sources of known strengths. The best 
. . \. 

resolutions obtained with this detector were 2.Q keV FWHM' 

57 60 
for Co (122 & 136 keV) lines and 2.9 keV FWHM for Co . . 

(1.17 &'1.33 Me"\{) -lines. For gamma"';gamma coincidence . .. . . 

measurements a fast-slow coinc.idence "ystem was set up wi th 

standard ORTEC modules. The resolving time of the system 

could be varied from 10 ns to 110 ns. 

For cha~ged particle (~ositrons and electnons) 

measurements, Si(Li) detectors were used. To hou~e the 

detector for beta spectroscopic measurements, a speci~l 

chamber called the "Mini-chamber"was design\ed and constructed. 

This chamber enabled the Si(Li) detector and t~e beta ray 

source to be kept in the same vacuum chambe~ with.out. any. 

int~rvening window while maintaining the detector a~.liquid 

nitrogen temperature. Provisions were also made so that a 
\ 

gamma ray detector coul.d be placed outside a thin window of 

the mini-chamber for beta g~a coincidence experiments arid 

interna,l conversion measurements. 
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" Gamma rays subsequent to the positron decay of 

Br
75 

were studie4. Seven gamma raXs of energies 111.8, l40.9~ 
286.5. )77.,), 427.9 and 4)1.6 keV were observad. The hal.;f 

75 -
life of the ground state of Br was measured to be 106 ± .5 

mins. Different gamma-gamma coincidence experiments were 

perf'ormed usin~ a 7.6 cm by 7.,6 cm NaI(Tl) s,?intillation 

counter together w;i th the 2.5 c. c. Ge (Li) . detec tor., 

The positron spe9trum from the decay~f Br75 

ground state was recorded with a .5 mm Si(Li) detector and 

the endpoint en.rgies of the different branches were 

det,ermined wi th the help of a Computer program wlidlcltlhdid the 
" 

Ferm~-Kurie plots. The p~sitron spectrum in coincidence 

wi th the 286 .. ? keV gamma ray was also recorded and the 

corresponding Fermi-Kurie plot was ccnstructed.: 

The sum,spectrum of the gamma rays from Br
75 

was also studied with a RCA 4rr Ge(Li) detector. In~ens~tr 

measurements on the singles and the dif€(e:neri* coincidence 

spectra were performed and the results were utilised to 

construct the most probable decay scheme for Br7 .5 and to 

determine the beta branching ratios. The en~point energi~s 

of the different positron branches, toge~her wi~h the 

branching ratios and the half life of the decay, the log 

(ft) values for the po si tron decays were determined. Th,e 

possible spins and parities assigned to t~e different levels 

of 5e75 are sho~ in details in Fig. 6.1. 

Different theoretical descriptions of even-
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, 
odd nuc1ei in thi~ mass re~io~ we~e considered. The 1atest 

formalism in terms of the coupling of a single particle tQ 

+ 
a 2 phonO.n even~even core was discussed. Th~ qualitative 

agreements an(.i disagreements of the experiment~+ observat~ons 

with the predictions of this formalism were also touched 

upon. 

While stud~ing the gamma,rays from Br75, an 

isomeric transition ,of 107 keV with a half life of 4. (5 .'·0.5 

Mins. wase observed.Tfiis level was identified as the first 
.' • .1 

77 . 
exci ted state in Br '. The intE\rnal conversion. çoefl,ficient 

for this transition was measured using a 1 mm Si(Li) 

de~ector and the 25 C.~. Ge(Li) detec~or. A previous\ 

measurement was confiFmed and \supplemen~ed and the multi-

polari ty of the transition was uniquely determined as ,E:3<. \ 

Gamma r~ys following thepo,si tron decay \ot: 

Br74 to the levels of Se74 were also studied. Two gamma ra~s 
wi'th energies 633.9 and 732.1 keV were observee\, wi th~a half 

li1.'e of 42 ! 4 Mins. Only the 633.9 keV line has been 

reported previously. These lines cqrrespond to the ,levels 

+ + 
at 633.9 keV (2 ) and 1366 keV·(2 ). ~elative positron 

decay branching ratios. were determined. 
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APPENDIX 
-..., ....... _----... -

An outlinè oC the method usep Cor calculating 

branching ',ratios Crom the intensi ty measurements on the 

sin~ies and the difCerenD coincidence spactra Cor the dec~y 

scheme of" Br75 (Fig. 5.5) is presented. 

Let n l and E, be proportional to the strengths 

oC the posi tron âBd~;.~lectron capture decays 1 respectively to 

the '859.1 keV level in se75 • ( Sèe Fig.) Al.). 'Also le't (n~t E2,.); 

(n~pEa);'(n4.'E4)r(n5t65);(n6,E6) and (n7 ,b7 ) denôte the same 

quantities Cn';' the levels at 663.8, 579.4, 427.5; 286-.5, 

111.8 and 0 keV respecti vely. Let 0( be the C~actibn oC the 

4271.5 keV level dec~ving directly to the grourid state. 

The yïelds'oC the diCCerent gamma rays in the 

diCCerent spectra are shown below.' The rèl~vant steps for 

bran~hing ratio calculatibns are a1so indicated. 

A.' Spectrum in coincidence with thè"511 keV gamma ray 

---~-~~~-~-~----~--~--------------~-------------~---~~-~ 

Ga.mma ray 
keV 

1- 111.8 

2 140.9 

3 286.5 

4 292.~ 

5 377.3 

Yie1d 

n 6 
(1- 0( ) (n

1 
+n

4
) 

(1-0( ) (ni +n4 ) +n2 +n
3

+n
5 

n
3 

n
2 
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Gamma ray Yie1d 
keV 

6· 427.5 

7 431.6 nI 

8 511 The counters were"placed at 

right angles. So a lot of 511 

were e1iminated. The feedthrough 

is due to imperfect geometry. 

From the intensities of the different gamma 
" .. 

rays in this spectrum, nl~ n
2

, n
3 

and n6 can" be1comnùted 

directly. The quantity 0( can ;be determined f'rom A2 and A6;.' 

Once ~ is detérmined n4 and n
5 

can also be computed. 

B."'Spectrum in coincidence with the ' 286 • .5 keV gamma ray' 
--~-~---------~---------------------~--~---~------------

When' the energy selection window in the, NaI(Tl) 

count,r is set jointly on the 286.5 and 292~ keV line~t it 

is automatica11y set on the"Compton tai1 of the 511 keV 
" 

gamma,ray, which is in coincidence with'a11 the other gariuna 

rays .• As a resul t a feedthrough of the dif'f'erent g"anima 

rays wou1d be obtained and th1s feèdthrough for each gamma 

ray would be proportiona1 to its yie1d when the energy 

::;election window was set on the 511 keV g'amma"ray. ,Let ~ 

denote the area of the Compton tail inc1uded in the window 

and ~ denote the'area of the photopeak of' the 511 keV 

gamma ray.~Let Y~ll denote the yield of the gamma ray at 
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X keV when the window i5 set 'on the .511 keV photopeak: 

Then the feedthrough in this case for a gamma 

ray of energy·xkeV wouid be 

~ x 
y Y.511 

Whi1e computing. the yie1ds of the·d.ifferent 

gamma. rays, ,.1 t shou1d be remembered th.at a different, soui-c·e 

was used and so a source strength factor k
1 

shou1d a1so be 

considered. According to this decay scheme, the yie1ds are:~' 

1 

4 

6 

7 

8 

c. 
286 . .5 

Y.511 and 

Gamma ray 
keV .. 

111.8 

140.9 

286.5 

292.9 

377.3 

427 . .5 

431.6 

,511 

~ 
From B3 and 84, k1 Y 

Yie1d 

o 

o 

can be·ca1cu1ated as 
292.9 

Y.511 
~ 

are a1ready known. Then from B8, k1 and~ 
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Ican be separa te1y ca1c1.11a ted. Once thes,e two quanti ties are 

known. El , €2,. t E..3 and E,4 oan b~ easi1y obtained from the 
, ' 

other equations. 

O. Singles spectrum 

--~-~--~~-------~----

Agà;n a source str'ength factor k has to be 
2 

considered. The yie1ds are:-

1 

2 

4 

5 

6-

7 

8 

Gamma ra.y Yield 
keV 

111.e 

140.9 

286.5 

292/9 

377.3 ' 
1 

427.5 

431~6 

511 

k 2 (n6+€'6) 

k 2 [ (1- 0( ) (n1 + 6 1 +n~~ 6.4 D ' 
k 2 [ (1- O() (ni + €l +riü, + E4 ) 

+ (n
2

+ E2+n" + E3+n +' 65 )1 
3 5, J 

k
2 

(n
3 

+ E::a ) 

,k
2 

(n
2

+ €2.,) 

k 2 0( (nI + €I +n
4 

+ E..4 ) 

2k (n1 +n' +n~+n4+n~+n6+n ) 
2 2; J, J '7 

From each pf the eqns. 02,04, C5, 06 and l 07 k 
2 

can be det,ermined. These values can be checked for 

consistency. Then n
7

, E5 and E~can be determined fromcqri[3. 
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eqns. Cl, C3 and C8·respect~ve1y. 
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Figure A.1- Ca1cu1ation of Branching ratios from 

inteneity measurements. AlI energies 

are in keV:' 



'n'lE. 

fi .<.0 

859.1 
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r<) 
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~. 
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fi 

579.4 
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(j) 

0 
'\T 
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0 
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