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The decays of Br75 and Br7 to Se and 5374

resnec*ively, The gamma spectra were studied with a é5 c.c.
Ge(Li) detector while the beta rays were measured with a 5
mm Si(Li) detector, In the posi*ron decay of Br7é, Fermi~
Kurie plots revealed five prominent beta branches with
endpoint energies 1,72, 1,59, 1,45, 1.34 and 1,13 MeV, Only
the branch with the endpoint energy 1.72 MeV has been
reported b?fore, Fodlowing the.decay of Br75, seven gamma
rays with shergies 111.8, 1%6,9,286.5, 292.9, 377.3, 427.9
and 431.6 keV were observed. Only the 286,5 keV line has
been reported previosly. Different gamma-gamma and gamma-
beta coincidence measurements have led té the construction
of the most probable decay scheme, For the coincidence
experiments, a fast-slow system was set up uging standard
ORTEC moAdules, It was observed that Br7upositron decays to
two excited states in Se7uwith relative branching ratios 3:1.
Two gamma rays at energiés 633.9 and 732.1 keV were observed,
The latter was observed for the first time., The results

were discussed in terms of recent nuclear mcdels for
anomalous coupling nuclei in this mass region. A 107 keV

isomeric transition was observed, Its origin was determined

and its multipolarity measured,
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CHAPTER I

Introductinn
It \has long been known that low-1lying anomaloué’
coupling states in medium odd mass nuclei cannot be expiained
by the simple nuclear shell model, Anomalous coupling occurs
in nuclei with Z or N = 43, 45 or 47, 0dd mass nuclei iﬁ:t
this region have their protons or neutrons filling the lngv_

shell and often exhibit low~lying states with spins and

parities of %4’, %+ and %_+ ." They can be-explained on the
. : 5 ‘
basis of the multi-particle configuration (1g%&)3”?.

(Gdl&ﬂaber et a1,1951)r This approach, however, encounters
serious difficulties in explaihing the orderiﬁg 6f theSé 
states., On the basis of this formalism, the staﬁe’wi§h the
spin'%f should lie lower in energy.than the oth;r two with
spins-%*andﬁ§+, and this is often contrary to the experimental
observations. Using the BCS theory which takes into account
the strong pairing effects of the nurleons, Kisslinger et

al (Kisslinger et al,1963) have performed calculations on'
these nuclei. The different states of the nueclei wqfe
treated as different modes of couplings between a vibrating
even-even core and a 1gthshe11 quasi-particle, The core was
éssumed to be in 0,1,2,3 etc. quadrupole nhonon states, This
model alsO¢§redicts the lowest positive parity state to be

a %;, corresponding to a single lgﬂhjquasi-particle



'c¢upled to the core in a 0 phonon state. The next group of
positive parity states shohld come about 500 keV higher with
spins _g_+\< JS,%*-, resulting from the coupling of the one 2+
phonon core to the 1g%&-quasi-pg;ticle. In their calculations
there is ne way in which the phonen multiplet levels can be
pulled below the %+ state,

Calculations by Ikegami and Sano (Ikegami et
al,1966) have improved upon Kisslinger and Sorenseq's“method
by taking into account all positive parity single qﬁasi;A
particle states.insteaq of the 1g%&—she11 on;yg\This bulled
the phonon multiplets closer to the %*’state."Tglmi fgnd
Kisslinger have shown that in the shell model the stéte witﬁ
@ spi’n.J=j-1 and seniority three of the -j_3 configurgtion is
narticulérly lowered by the residual ih@eréctions. Although
thie is an attractive suggestion for the expiaﬁation ~f the
low=lying %+states, this does not account for the 1oﬁ-lying

+ ) 4
2" states, Moreover, the energy of this (gq/)3

=+
2 ) 5 state

would still he toc high. Goswami et al (Goswami et al,1966)
have shown that this close occurence of quasi-particles anq
phonon levels can be explained by taking into account three
quasi~particle interactioﬁs in Kisslinger and Sorensen's
formalism,

Se75 is a typical nucleus in this region lying
in the beginning of the 1g%hshell. Its study ﬁﬁuld be of
great interest from both theoretical and experimental points

5+

- of view., The ground state spin has been measured to be.E

(Lindgreen,1964). The only other available information



‘about this nucleus is that it has a strong 285 keV gammé
transition. An attempt was made to determine the éositibns
of the excited states and the corresponding spins and
parities with the hope that thls added information wou;d
facilitate theoretical studies iﬁ this extremely interésting
region.

The excited levels of Se75 were populated.*'*
through the positron decay of the ground state of Br75. The
gammé rays emitted swbsq@qéﬂtto this pqsitrbn decay were
stydied Wité a 25 c.c, GekLi)’detector$ Gamma-gamma
coincidence experiments were performed using NaI(T1l) and
Ge(Li) detectors. The positron spectrum was studied with
Si(Li) detectors and Fermi~-Kurie plots were constructed{‘
Beta-gamma coincidence experiments were als<o carried out,
For beta specfrométry and beta~gamma coincidence measurements,
a special chamber for housing the Si(Li) detectors were
designed and constructed. This chamber, christened the
"Mini-chémber", wili:be described in Chapter II in g;eat
details.

Gamma ray intensity measurements yiélded the
gamma and beta branching ratios and the log (ft) values of
the beta transitions. These enabled the construction of the .

level scheme of Se75 and also the assignment of tentative

spins and parities to the different levels,
75

While studying the decay of Br'~, an isomeric

state of 107 keV with a half 1life of 4.6 + 0,5 mins, was



B ‘ebserved/ Thi; state was identified by means of threshold
and yield measurements to be first excited state of Br77,
which has already been reported. Internal conversion
coefficient measuréments were done- for fniniine and tﬁe
multipolarity of the electromagnetic #ransition was
identified.

The gamma‘péys from the decay of Br were
also studied. Two gamma rays of energies 633.9 and:732.1
keV were observed with a half 1life of 42 + 4 mins, The
first gamﬁa ray has been-observed previously, but the 732.1

keV line has not been reported before. The relative

intensities of the two gamma rays were also determined.
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2,1 The Ge(Li) Detectors and their efficiency
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In the past few years, great efforts have been

directed towards the development of semiconductor radiation
detectors (Goulding,1966; Mayer,1966), These detectors,
employing direct collection of ionization in the semiconductor
méterial, possess one striking fundamental advantage over
other radiation detectors such as scintillation counters, In
single crystal semiconductors 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 imn a semiconductor détector
is much smaller, hence, better energy resolution,

There are two types of semiconductor detectors
currently used in nuclear spectréscopic 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



' low energy (< 50 keV) gamma rays and charged particle
(electron and positron) detection. On the other hand, the

gaermanium 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 semiconducter 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 cross~:
sectional shape is trapezoidal with an area of 10,8 cmz.
The active area is 9.6 cm? and the length is 26 mm, The top
view of the detector is shown in Fig, 2.1 while the side
view is shown in 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



‘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 that low energy
gamma rays would have minimum attenuation 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,
which has a sizeable attenuation on 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 inserted between the detector
and the cap to prevent electrical breakdown.

The charges collected in the detector are fed
into a2 low=-noise charge sensitive pre-amplifier (Tennelec
model TC 135L). The entire detector assembly, including the
pre~amplifier, gives an energy resolution at full-width-half-
maximum (FWHM) of 2,9 keV on the 1,33 MeV 0060 gamma ray and

of 2.0 keV on the 122 keV 6057 gamma ray.

When a gamma. ray enters a detector, it 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 z well defined peak in the pulse

height spectrum,

Before the detector may be of great use in



gamma ray measurements, its photoelectric (or photopeak)
efficiency for gamma rays of different energies must be
known, The efficiency calibration of the 2 mm detector at
different geometries has already been done in this laboratory
(Less;rd,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 efficiencies 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 compsaring 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 the
Photopeak for the particglar gamma ray desired. The ratio of
these two quantities gives the photopeak efficiency of the

detector at that particular gamma ray energy and geometry,

The standard sources used are listed below in
Table 2.1, They were obtained from New England Nuclear

Corporation, Boston,

Table 2.1 _

- N S — - .

Standard Gamma Ray Sources

Tint SUR G Y SO TS 0 it M SR U Y G SR GEN G D Guy ) SN GED VIR SN S M G VT G

R G GEN g GES NI SEG GEN) S Gmy GNN St fiu) SN} GHN SN ASD NI G} ENG G (SN0 SUD eut M\ SOl jmt cut GOW Sum TREY SUS g Su Jund vt jund em GHNS GUS U MEN GEA) ) (50 mt SEN SN S SN NP fund GuY SN S S SV M

Sources Mode of decay Photopeak energies
1. 0057 Electron capture 1. 122 keV
2.136 keV
2, 0060 Electron decay 1. 1,17 MeV
2. 1,33 MeV
3. Mnsh Electron capture 1, 835 keV
L, Cs137 Electron decay 1. 662 keV
5. Na'?'2 Electron capture 1., 511 keV
& Positron decay 2, 1,27 MeV
6. Bal33 Electron capture 1. 53 keV
2, 81 keV

Dy omn G gy G ) S S ) e S BS GE GS SeE U () M G G () S SOV SR G ) Suin S WS S0 S - o o0 Y G SN A GE gy S un) G A WY TG R G G S D P



10

Table 2,1 (contd.)

A O NS PO S (N g MM S G U GRS et SV g e ot

O Rt NN G o) GNU GEY SN b G S SV G G VS GO S U SO BN E S I S D S GG SES U0 fuil CED SR ND G GmD SRN e GEN SNy GEY GEP J0 AU S N PUR R AN S5 NI GHU Y St GNN DD GmS SR

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

i U S OO G G T R I I WY SR GRS AN SN G G PN N3 SN RS SN G UEU MG S S Gu S D JEUY G S DY e S S G AR SR B A0 Dt ) M SN S R (NG G S e S S S o G

54

Both Mn and ¢s137 have one gamma ray each,
So for either of these two sources, all that is to be done
is to calculate the total number of disintegrations per
second at the time of the measurement and then compare it
with the area of the photopeak,

Na22 decays to Nezz by both positron decay and
electron capture, the former contributing to 90% of the
decay, The 511 keV line comes from the fact that every
positron when annihilated 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 line the calculations are

strightforward,
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60 have complicated decay

Both 005? and Co
schemes but all the branching ratios are well known (Lederer,
et al, 1967) and the contribution to each gamma ray can be

calculated.
133

Ba is one of the most useful standard sources
for efficiency calibration in the range 30-400 keV. (Gurfinkel
et al,1967). Ba133 nucleus decays via electron capture to
the excited states of 05133, The depopulation of the 05133
energy levels to the ground state via different cascades g
gives rise to nine different gamma rays. In‘addition to
these, there are two relatively intense Kay and Kpi X=-rays
emitted following the electron capture process. The relative
intensities as well as the number of photons per 100
disintegrations for each of the gamma rays 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 all eight gamma rays.
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Table 2,2%
Relative Strengths of Gamma Rays from a Ba133 source

*( Table taken from Gurfinkel et al,1967)

G e ST S G A SRR Gy GG RN G PRy G ) N D GNP MNR SED SGN GES GO0 S MR SN Sy Gul (UM G S SHIP GMO GLD SN VNN GND SUD Gy GHN G SuS GEF JED G GEN SAY GAN SED SAF SR fa ANR WD S e e

Intensity

Photon energy
Relative to Absolute 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 £ 2.4
53.4% + 0.25 3.7 £ 0,09 1.9 £ 0.22
81.1 + 0,26 64.7 + 4.2 33.5 % 4.3
160.5 + 0,27 1.2 + 0,05 0.62+ 0,074
223.2 + 0.45 0.8 + 0,042 0.41+ 0,051
276.5 +'0,32 11.6 + 0,17 6.0 + 0.67
303.0 + 0.63 29.7 % 0.29 15.3 + 0,17
356.3 + 0.48 100 51.7 * 5.7
384.1 + 0,42 4.1 + 0,26 7.3 + 0,82

D g SE W Y S W (Al G40 S (N GAR GuE mms SIS PU SUE GRS Gmy G ) U G G g Gum b Gumy G - G P S S D Gy S GuD G S G Su G S G GED a0 Gmm S SR RAF AE o

Errors could have been introduced by the

uncertainty in the reproducibility of the source-~detector

geometry, However the standard sources used are all

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 25 c.c. co=axial

Ge(Li) detector

N . '
Figure 2,2~ Side view of the 25 c¢.c.\co=~axial

Ge(Li) detector



FIGURE 2.1

FIGURE:X 2,2
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Figure 2,3~ Relative Photoefficiemncy of the

2 mm (SJGG-2-40) Ge(Li) detector
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Figure 2,4~ Absolute Photoefficiency of the
25 c.c. (L-247) Ge(Li) detector
Source placed wvertically above the
detector,
A.;ASource-Capsule distance = 1 cm.

20 cm,

B.~- Source-Capsiile distance



FTGURE 2.4
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Figure 2-%? Absolute Phqtoefficiency of the
25 c.c. (L-247) ée(Li) detector:
Source facing the curved surface
of the detector at a distance of:
11 cm.hfrom the axis ,( This is
the geometry used in the internal

conversion coefficient measurement)



FIGURE 2.5
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‘Ge(Li)‘detector and the standard sources were always placed

at a marked fixed position, Ih any event it is believed that
the error introduced in this way is much less than that by
the inherrent uncertainty (w 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.

2.2 The SliLil_gggggtors and_the _ "Mini-chamber"

--———-—--— - T=F 11 S oy e Gy SOV G it G S

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 K1%) was used. It can stop
beta particles of energies upto 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(Li) detectors have usually negligible photopeak and
moderate Compton scattering efficincies for gamma rays, the
photoefficiency increases with the increase of the volume
of the detector, 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 electrons produced
bbyyintérnal conversion in nuclear electromagnetic transitions
are of low energies, the 5 mm detector is not suitable for

their measurements, particularly if the source emits low
energy gamma rays, For this reason, a 1 mm Si(Li) detector
(SIMTEC model K11) was used for internal conversion electron
measurements,

For the best performance, the detector should
be operated in vacuum and cooled to liquid nitrogen
temperature,, exactly like Ge(Li) detectors which are used
for gamma ray detection. However gamma ray detectors are
encapsulated in small evacuated casings while at the same
time being cooled with the help of a highly conducting metal,
the so called "cold finger", ranning deep inside a liquid
nitrogen tank, The gamma rays are placed outside the capsule
which is usually made of thin aluminium, This is possible
only because the gamma rays suffer negligible attenuation
while passing through the thin aluminium window. However
charged particles have far less penetrating power than gamma
rays and hence very thin aluminium windows would attenuate
the charged particles considerably, especially if the energy
is low. For this reason, the charged particle source as well
as the detector have to be kept inside the same vacuum
chamber with no windows between them, while at the same time
maintaining the detector at liquid nitrogen temperature

throughout the experiment, It is with this purpose that the
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'"MIni-ehamber" was designed and constructed. Provisions were
élso made for utilising this chamber for beta~gamma
coincidence experiments and internal conversion coefficient
measurements,

Figs. 2,6 and 2.7 show ithe horizontal and the
vertical cr&ss-sections of the mini=-chamber respectively,
The mini=~chamber essentially consists of two portions~ the
source compartment (1) and the detector éompartment (2)
which are connected through a vacuum gate (3). The source
compartment is made of a brass tube of 12 cm, 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 em. and a depth of 5.5 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
intd this opening such that the detector anmd the socurce are
just separated by a thin brass window, The other side of t
the source compartment, as already described, is attached
to the detector compartment through a vacuum gate, The soﬁrce
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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‘any light from getting inside the chamber as the Si(Li)
detector is sensitive to light. For this purpose, an

aluminium cap is provided to cover the plexiglass viewing
window, The entire chamber is evacuated through the pumping
section (i0).

The detector compartment essentially consists
of three concentric cylinders. The innermost cylinder (c)
~1s made of stainless steel, and has a length of 17,5 cm, and
a diameter of 5 cm, It serves as ™2 liquid nitrogen 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 (Zé & 7b). The inner
wall of cylinder B is also silver platéd for better heat
insulation., The two cylinders B and 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
is connected to the detector chamber by l1lifting the vacuum

gate, The whole chamber is then evacuated with the help of
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ya mechanical pump, The ultimate preséure obtained is less
than 10p, Liquid nitrogen is then poured into the tank
(cylinder C), The silver plated surface of the two inner
cylinders and the vacuum in the space beiween them provide
an effective thermal insulation to the liquid nitrogen tank,
There is a leverage mechanism by which the detector assembly
can be pulled away from or pushed in towards the source as
may be required, During an experiment, high geometrical
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 is withdrawn and the gate is
closed, Air is then allowed to enter the source compartment
and the old source replaced byaa new one, Since the vacuum
gate is closed, the detector is maintained in vacuum, After
insertion of the new source, the source compartment is
pumped down agaiﬁ. 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 is an
adjustable ring stopper (9) installed at the end of the
outer cylinder A, This ring stopper determines the distance
through which the detector assembly may be pushed towardé
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 horizontally at present,

This chamber is not only useful for beta ray

measurements, it can also be used for conversion coefficient
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'measurements and beta~gamma coincidence experiments. The
thin brass window of the source compartment has negligible
attenuation to gamma rays so that a gamma detector can be
placed right outside this window,

In view of the 25 c.c. Ge(Li) detector we now
have, the mini-chamber must be modified for use in a
vertical configuration. In this position, the source would
face the full active surface of the Gérmanium 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 is possible with the
present arrangement resulting in a great improvement of
experimental geometry. This would enable more accurate
measurements of internal conversion coefficients,

The main modification is to extend the aperture
of the cup so that the Ge(Li) ‘detector 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) fer 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

P o b g v gt s gy B bud (O D Gme g St Sy v

The electronics used in this work is mainly a
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Figure 2,6~ Horizontal Cross-section of the
Mini-chamber. (For explanation of

symbols, see description).




FIGURE 2.6
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Figure 2,7~ Vertical Cross-section of the
Mihi-chambér; (For explanation of

symbols, see descripotion).
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lgeneral 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 Corpérations. 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
the microsecond (1 ps.=10—6 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, These amplifiers shape
the input signals 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 zerc base.line, These outputs
are then fed 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 signals coming from

the detectors having different time charectiristics may be
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vput in coincidence. The unipolar outputs from the linear

amplifiers are fed to the two single channel analyzers
respectively., This enables 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 analysls system used here
consists of an analog-digital converter (ADC, Nuclear Data
Corporation, model ND-161F) interfaced with an on-~line
computer PDP-8, The system operates like a 1096 channel
pulse heightanalyzer, It has a pulsé height resolution of
less than 0,1%, The use cof this system facilitates the
analysis of complicated gamma ray spectra because it has a
teletype for data input and output, a large screen display
incorporated with a light pen and:.capabile of continuous
display even when data accumulation 1is in progress, and
many soft wares for computer programming are available, The

details of the system may be found elsewhere (Kuchela,1968),

e PR
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Figure 2,8~ Block Diagram of‘ the fast-slow
coincidence unit. The numbers in-

the blocks -indicate ORTEC module

numbers.



FIGURE 2.8
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CHAPTER III

O T o oy S

75

Gamma ray measurements on the decay of Br
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3.1 History

O S S R Sy R S S S S S A

The 1,7 hour half life 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
As75 by investigating the characteristics of the gamma rays
emitted by the pproduct nucleus and performing different
coincidence experiments, The gamma spectrum was recorded by
a 5 cm, by 5 cm, NaI(Tl) crystal., They observed gamma rays
with energies 110, 135, 285, 385, 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 Se7b enriched to 41% with
deuterons, The gamma ray spectrum was investigated with a
luminiscent gamma spectrometer with a 100 channel analyzer,
.They claimed to observe two gamma raysj; a strong one at
285 keV and a weak one at 620 keV, They measured the half

1life of the 285 keV line to be 100 + 5 mins,

3.2 Source preparation

S ARG AN SAE PED Gt S S SR SR AP S S R ) B G R U S NS
"

Br75 was produced inthe McGill synchro-



29

,cyclotron via the Se76(p,2n)Br75 reaction, The threshold
for (p,ZA) reaction on Se76 was calculated to be 14 MeV
using the semi~empirical mass formula (Seeger,1961) while
that for the (p,3n) reaction was calculated to be 24,5

MeV, The following criteria are to be satisfied in choosing
a proper proton energy for bombardment:

i) The eexgy should be so chosen as to give a large enough
cross~section for the desired reaction, |

ii) The energy must not be such that (p,3n) reactions are
produced,

The energy of the internal 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 pruoducing any ﬁroduct via the
(ps3n) reaction.

Other reactions which could contribute unwa&hsed
activities are :=-

i) Se76(p,n)Br76 reaction, The gamma rays subsequent to the
decay of Br7 are well known and they have an extremely
long half 1life of 16.1 hour, These lines can be easily
identified and separated from those of Br75 by half 1life
study.

ii) The (p,t) reaction produces Se7u and the (p,2p).
reaction produces As75; both are stable isotopes and so

emit no subsequent gamma rays.
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'iii) Both the (p,d) and the (p,pn) reactions produce Se??

It has a half life of 120.,4 days and is therefore no

problem in this case,

: 3 b . 7

iv) The (p,He” ) and the (p,He ) reactions produce As and
3 ,

As7 with half lives 17.9 days and 80.3 days respectively

and therefore gamma rays from them could be identified.

76

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

the Oak Ridge National Laboratories was used for producing
Br75. Isotopic analysis done by the supplier gives the

following breakdowni=

Se Amount %

74 <o.2

76 86.1 + 8.%

77 2.0 + 0,1

77 -

78 L.y +0,1

80 5.9 + 0.1

82 1.6 70,1

A spectrographic analysis also performed by
the suppliersshowed that the source material contained not
more than 0,05% of any other element as impurities, So the
relevant activities under this category are:-

a) 5977(p,2n)Br76 reaction produces long lived gamma rays

all of which are well known.

8
b) Se7 (p,2n)Br77 reaction is important. Although the
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'ground state has a half life of 57 hours it has a known
isomeric state at 108 keV with a half life of 4,2 mins,

This will be discussed later on.

c) Seso(p,zn)Br79 produces a stable isotope and thus presents
no problems,

(py,n) reactions oh these impurities produce isotopes all of
which have been discussed above,

Too identify the gamma rays from Se76(p;2n)Br7f
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
was wrapped up in a small aluminium foil which in turn
could be attached to the target holder for internal
bombardmasnt fmthe cyclotron, After bombardment, which lasted
normally for speriod of 20 secs, at an average proton beam
current of 1 nA, 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 suitable distance from the detectori
for c¢ounting.

The set up for pure gamma ray spectrometry is
shown in Fig. 3.1. The 25 c.c. GegLi) detector was connected
to a Tennelec TC 135LFET pre-amplifier and then to a T€ 200
linear amplifier, The energy analog signals 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

withgthe 25 c.c. Ge(Li) detector




FIGURE. 3.1
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. + PDP=8 computer which served as a 1024 or 2048 channel
kicksorter,
Initially the half life study was made with
the 2 mm Ge(Li) detector connected to a Tennelec TC 130 FET
pre~amplifier and then to the TC 200 linear amplifier, Ihe
output pulses were fed to a TMC model 401C kicksorter =~ a

400 channel pulse height analyzer,

3.3 The Gamma rays

P A S S R S SO S NS SRR SRR RGP R S g A Sy

At first the gamma rays from Br7 produced via
Se76(p,n)Br?6 reaction by bombarding Se?6 at 12 MeV were
studied in order to identify the gamma rays properly in the

‘E’ subsequent study of the decay of Br75. Br75 was then produced
by (p,2n) reaction on Se76 and gamma rays were examined with
the 2 mm Ge(Li) detector., The spectrum is shown in Eig.B.z.
The gamma rays observed have approximate energies llb, 1k2,
285, 377, 430 and 511 keV,

The half lives of the lines were plotted as
shown in Figs, 3.3 and 3.4, All the lines except the one at
110 keV showed a half 1ife of 106 + 5 mins, The 110 keV:
line exhibited two half lives, viz., the 106 :_5 mins., and
a éhort k.6 + 0.5 mins, To check the reason for.this double
half 1life the 1024 channel analyzer was used with the 2 mm
detector and a resolution of 2.5 keV FWHM fér the 0057(122

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

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



34

- ‘at 107 keV and the other at 111 keV, The lower energy line

has the shorter half life and hence cannot be identified

75

as one coming from an isomeric state of Se as otherwise

it would have the half life of the long lived parent.
Since the target mainly contains Se7 and at

the chosen bombardinglenergy there is no known reaction

which could produce a gamma ray line at 107 keV with the

observed half life, the next question is could this line

originate from an isomeric state in Br75? It is possible
that this isomeric state first gamma decays to the giﬂﬁndent
Stata of Br75 which then positron decays to the different
levels of'Se’s. Furthermore since Br77 has an isomeric

e ‘ state at 108 keV with a half life of 4.2 mins. nuclear

75 which h&as two neutrons less,

systematics indicate that Br
could also have, though not neccessarily, an isomeric state,
This possibility cannot be ruled out at present and all
that can be said now is that this state does not belong to
Se75. Details concerning its identification will be given
in Chapter VII,

The newly acquired 25 c.c. Ge{(Li) deteptor was
used next, The resolution obtained was 2,0 keV FWHM for
0057 (122 & 136 keV) lines and 2,9 keV FWHM for 0060(1.17
& 1,33 MeV) lines., Again the gamma rays from Br?6 by means
of the (p,n) reaction were studied first and then the study
of Br75 was taken up, Gamma rays of energies 111,8, 140.9,

%% - 286.5, 292.9, 377.3, 427.9, 431.6 and 511.1 keV were

observed, The spectrum is presented in Fig. 3.6. With the
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‘improved detection efficiency and resolution the 285 and

the 430 keV 1iﬁes were identified as doublets as illustrated
in Figs, 3.7 & 3.8.To measure the energies of the observed
gamma rays accurately, energy calibrations were made by re
recording the gamma ray spectra of the six standard sources
.0057, 0060, Nazz, Ba133, Mn5u and 05137 and finding a
linear relationship between the energies of the photopeak
and the corresponding channel numbers by the method of
1eést-squares fit, This relation was then utilised to find
out the energies corresponding to the phetgpeaks oPBséheed
different gamma rays observed. Using the efficiency
calibration curves the relative intensities of these gamma
rays have been determined and are shown in Table 3.1.

It will be noticed that all the observed
gamma rays from Br75 are below the 511 keV line, A search
for higher energy gamma rays was made using the 25 c,c,
Ge(Li) detector and all the gamma rays found were long
lived and could be identified as coming from Br76 which
was also produced via the (p,n) reaction although the
cross~-section is comparatively small, Both Lobkowicz et al
(Lobkowicz et al,1961) and Béskova et al (Baskova et al,
1962) reported of observing a gamma ray in the region of
610 kxeV. A very careful search has been made for 4t but no
line in that region was observed, The gamma ray observed by

them could very well be coming from the impurities or

other isotopes in their sources,
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75

Figure 3.2- Gamma spectrum of Br measured
with the 2 mm Ge{Li) détector.

All energies are in keV,

o
451,



FIGURE 3.2
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Figure 3,3= Curve showing two half lives of

the 110 keV line, The half lives

are 106+ 5 min, and 4,6+ 0.5 min,
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Figure 3.4~ Half life curves of the 142, 285,
. : )
and the 377 keV lines. The half

life in each case is 106 + 5 min,

)
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Figure 3.5= The 107 ~nd the 111 keV lines

resolved from~ one another,




FIGURE 3.5
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Figure 3.6~ Gamma spectrum of Br'~ measured
with the 25 c.c, Ge(Li)' detector.

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 expandéd view of the doublet

of lines at 427.9 and 431,6 keV,



FIGURE 3.8
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: ‘ Table 3.1

O g P g St g g s o

Gamma rays and their intensities

FRCh GO PR JREY PR MY SN S Sy N0 (N S S ) SR PG SN SEY Jump L\ SN M S SR G SN SEN M SUR Aun A SON D S YR

SR RO SR VN (PR N SO0 S S NN, RN g et ST AN Y S AN UM A S S M DN PR SN AN} VIR NI D (N P SOV P NN A RN N SN R S SR P

Energiles Relative Intensities
in keV %
111.8 1.7
1%0.9 4.7
286.5 80.0
292.9 2.8
377.3 3.2
@ k27.9 3.8
L31.6 3.8

T R g e ) S (A R Ay U S VOR G u G () S PO (e g U SR S SR R AMD NN S SN SN S S S AR SV JEN (R g S gy P R ) S

Energies are measured accurate to + 0,25 keV,

3.4 Coincidence measurements

-—-—l—’-i————u--q—-————,——-—————q-——

After having found all the gamma rays emitted
following the decy of Br75, the next task is to establish
the sequence in which they are emitted. To de this gamma-
gamma coincidence experiments were performed. The 25 €.c.
detector was used as one of the radiation detectors, 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(pi) detectors., This is important for gamma-gamma
coincidence experiments, The charge output from the Ge(Li)
detector is fed into a Tennelec TC 135L 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 Ql andQ.Q2 form the input stage

cascade amplifier and transistors Q_ and Qh form a White

3
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 cascede 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‘iOK 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 nus,

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.
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. Initially all the gamma rays measured by the
Gq(Li) detector that are in coincidence with the 511 keV
poéitron annihilation gamma ray in,the NaI(T1) countef were
observed, All the lines in the original spectrum appeared
in this spectrum, except the short lived 107 keV line, which
further supports the conclusion that it does not originate
from Se’/? unless it comes from an isomeric state and in
which case it should have the half 1life of the long lived
parent, Br75.'This coincidence spectrum is very much like
the singles spectrum, There is, however, one noteworthy
difference. In the singles spectrum, the two neighbouring
lines at 427.,9 and 431.6 keV are roughly of equal intensities
while in the coincidence spectrum, the lower energy line 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 electron capture (no 511 keV
gamma ray emitted) rather than from positron decay. The
details of this spectrum are shown in Figs, 3.10, 3,11 and
3.12,

Next the spectrum from the Ge(Li) detector

was cpincidént gafed with the strongest line, viz., 286.5
keV line from the NaI(Tl) counter, Since'the NaI(T1)
crystal could not resolve the 286.5 and the 292.9 keV
lines, this means that the energy selection window in the
single channel analyzer associated with the NaI(T1)

detector was actually set on both lines. The lines observed
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vin this spectrum are the 140.9, 286.5, 292.9, 377.3, 431.6

keV and of course the 511 keV line, The intensity of the

286.5 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 3.1k,

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 286,5, 431.6 and the
511 keV lines, The details are shown in Figs. 3.15 and 3.16,

Finally the coincidence spectrum of the Ge(Li)
detector with the 111,8 keV line from the NﬁI(Tl) detector
was observed, and the only line appearing in.this spectrum
is the 511 keV line, The relative intensities of the
different lines in the different coincidence spectra are
presented in Tablg 3.2,

The information obtained in these coincidence
measurements enabled the construction of the most probable

5 N
decay scheme for Br7 . This will be presented in a later

chapter,
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Table 3.2

St oy s o G A S g g e g
Relative intensities of Gamma rays in coincidence spectra
RN gt g G U Gl PRV, G S (A G U SRR e (SN SR UL JUS D SR U S G BN SEEp A N G Y JON) PO RN M Sy U M i R GA S M g e D g SO S PR puR B SRR UN SR g e

[ g N PR G G (NS PG (Y PR SR RNy UNR PR GO UUY JUISEM (NN AR (SO S SES M FENR N SO GuN) AN SR U SENY S G (A pON) JE PO SHED RN SEN SNy RN GER NN SURE (WP AR SR SEEP SR SR SENY AR MY M gt S

Gamma Rays Relative Intensities
keV Gatgd with

1%0.9 286.5 & 292.9 511
keV keV keV

111.8 0.0 0.0 1.7
140.9 0.0 33.5 3.8
286.5 100,0 100.0 100.,0
292.9 0.0 12.5 1.9
377.3 0.0 25,6 6.1
k27.9 0.0 0.0 3.3
431.6 10.8 14,1 1.35
511.1 118.5 487.0 76.5

T G P (S SR BN S U S ER (N SO TN GG e GG GE G S R S (Y G Y SN ) A Y U U NG S GER G PR G SAR SN SRR SR GSED U UU GEO A} MR EN SN SN SR Gumy S S ST GRS Sy gy oy
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Figure 3.9= Circuit Diagram of charge=sensitive

Pre~amplifier




FIGURE 3.9
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Figure: 3.10- 25 c.c. Ge(Li) spectrum in
colncidence with NaI(Tl) detector

set on the 511 keV photopeak. Al1l

energies are in kevV,




FIGURE 3.10
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Figure 3.11- An expanded view of the doublet
of lines at 286.5 and 292.9 k~V
in the spectrum in coincidence

with the 511 keV line.
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Figure 3.12=~ An expanded view of the doublet
of lines at 427.9 and 431.6 keV
in the spectrmm in coincidence

with the 511 keV line.
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Figure 3.13-”2.5 c . éje(Li) ‘spectrum in
coincidence with NaI{Tl) detector
set on +he 286.5 & 292.9 keV
photopeak. All energiés are in

keV,
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Figure 3.14- An expanded view of the doublet
of lines at 286.5 and 292.9 keV
in the spectrum in coincidence

with the same two lines.
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Figure 3,15~ 25 c.c. Ge(Li) spectrum in
coincidence with NaI(TI) detector
set on the 140,9 keV photopesak.

All energies are in ¥eV,
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Figure 3.16- An’ expanded view of the 286.5
keV line in the -=pec%l:1’~um_:l:1
coiﬁoidence with the 140,9 keV

0 line. Ther292s9 keV line is

absent.
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CHAPTER IV

ST g, S SEp. MNGEY SV Sy R Y BN SR

Beta rays from Br

4.1 History

o 5 2y G S sy S @7 0. 0t e

The first important work on the positron
spectrﬁﬁinf Br75'ﬁas done by Fultz and Pool (Fultz et al;i
1652). Br75 was produced by boﬁbarding Seleh;um metéf
enriched in Seyn with 7.3 MeV protons. The posiﬁron spectrum
was examined in a 180° focusing magnetig spéﬁtrometef‘and
was found to be quite complex. Fermi-Kgrig/plqts of the
spectrum revealed that itAactually'gonsistnd of fouf'tha/
branches having endpbint energies 1,70 + 0,02 MeV, 0.8 MeV,
0.6 MeV and 0.3 MeV and with relative intensities hsga,‘;‘zo%,
15% and‘19% respectively, These implied.lag (£t) falﬁés of
5.6, 4,9, 4.7 and 4.7 for the branches in that ofdef.

The other work on the positron spectrum was
done by Baskova et al (Baskova et al,1962), Theéy produced
Br75 by bombarding 5974 enriched to 4¥1% as already reported
in Chapter III. The bnsitron spectrum was studied by a tﬁin
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 with the
results of Fultz and Pool, it 1s seen 'that only one end-

point energy, viz. 1.72 MeV agree while the others are in’
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‘complete disagreement, Théf-also carried out some beta~

gammé coincidence axperiments with a'resolfing time of 250°
ns, and found that the 285 keV gamma ray was in coincidence

with the 1720 keV beta ray.

4,2 Target preparation

'

For studying the beta rays from Br75, thin and
75 ‘

unifdfm‘sources had "'tc be prepared.-Br was produced as
usual by bombarding Se?6 isotope; The targets were prepared
exaétly as was done for gamma spectrométry.‘The-isotopé'wés

wrapped up in an aiuminium_foil which was attached to_the

target holder., After bémbardment,,the activg substancé was

taken out of the wrapping and dissolved in‘h6t~concentrated

nitric acid, The excess acid was then boiled away.!A counle

of droﬁé of this solution was theh'deposited on'an aluminium
backing about a qua¥ter>of a mil, thick. The solveﬁt in

the deposition was then evaporated./Drying at elevated
temparatures. in a heated oven quickens thenﬁrhcess
tremendously, but the deposition of the active éubstahce on
the backing materilal is usuélly quite non~uniform, An
equally fast but more efficient way is to blace the source
in an airtight chamber for vacuu; evaporation. The procéss.
of evaporation is extremely cquick and the deposition on the
backing material is also quite uniform, The average time fv

for‘drying was about 10 mins, Altarnately, the enriched
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isotope could have been first depbsited on the backing
material and then bombarded. However this makes the backing
material (aluminium) also highly radioactife, arid as a

result.the'ndsitron spectrum of Br superimposes on a

very high background,

4

4,3 Positron spectrum from Br75

The positron spectrum from'Br75 wag studied‘
by using the 5 mm Si(Li) deteéctor (SIMTEC model K14), Thé -
source was éléééd inside the mini~-chamber (ééscribed in
Chapter II) and the continuoud beta spectrum was recorded
in the first 1024 channels of a TMC 4096 kicksérter, The!

‘i’ , energy calibration was doné By using the eléctfon intérﬁal
convefsion 1ines of Bi?97_, A FORTRAN program was written
to calculate, the Fermi funetions (Siegbahn,1968) forlSe7
(daughter nucleus) and}also the. ordinates for tﬁe‘ |
corresponding Fermi~Kurie plrts for allowed transitions,
This proéram could also perform approxiﬁéte sepav;tiqhd
~f the different positron components in the spectrum, ‘With

v

the help of this program,>the pos{troﬁ.spectrum was analyzed,

75 : ,
Br was produced via the (p,2n) reaction on
76 . | TR
Se , However a considerable amount of Br76 was also
produced via the (p,n) reaction on Se , Fortunately Br

has a relatively long half life and tﬁerefofe its production

would be weak in a felatively short bombardment. Besides,
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L 76 L .
beta rays from Br  have very. high emippirit energies:and
can be distinguished as a general background, The mass
' 75 75

differgnce between the ground states of Br ~ and Se,

calculated from the semi-empificél mass fofﬁula’(Seééer,
1961} is 3.02 MeV. This implies that the béta ravs from the
decay of Br75 can have a maximum energy of Z;Oi MeV and the
beta rays with higher endpoint enérgies must neccessarily

76

come from Br'  and other_impurit4és.

The Fermi-Kurie pl?t of the béia.sfedtrum_
obtained from the bombardment of Se76 with 20 MeV Pfoténs‘
is shown in Fig, 4.1, The spectrum‘gs not a simple qné but
is a supérPOSitiqn of several hranches of posityohhi The
high energy porfion (> 1.7 MeV) is présﬁmablk‘due to beta
rays from impurities, mainly Br76 decays, By"éxtrapplatink’
this 'high energy component down td the lower energ§ régdon
and subtracting it from the spectrum, the beta spectrhm
from Br75 was obtained. The different componehts were
separated by using“étandard techniques, and the resultant
Fermi-Kurie plots are also shown in Fig.4.1, The endpoint
energies as determined from this diaeram are 1.7k, 1.59,“
1.45, 1.34% and 1.13 MeV for the five branches. This energy
determination is accurate to & 20 keV,~/

The lower energy region could not be
investigated, as the origin of the counts in this part of

the spectrum is unknown, First, the thickness of the scurce

as well as the backscattering of the detector have
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Figure 4,1~ Fermi~Kurie plot of the positron
spectrum of Bf75. All energies
are in MeéV, In the ordinate, N
represenfé th? number of counts
W the relativistic energy, P the

momentum and F the Fermi functipn.
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conSi&eréble smea~ing effects on the beta particles at low

energy, and-as a result fﬁe Fermi-Kurie plot curves upﬁards
in this region. The other and thé more serious one is the:
interference due to the gamma rays Cpmpton-scatﬁered in the
5 mm detector, Although the Si(Li) detectors have negligible
photoefficiency, the Compton efficienc¢y is fairly high for'
iow.energy gamma rays.,Siﬁcé there are twb'intenSe gamma
ray< at 286.5 and 511 keV from the source, a lot of cognts

from gamma rays were superimposed cn the beta spegtrum;

4.4 Beta~gamma coincidence studies

- [ .
TS St G I S YD S SHD A Yt S T S W S D w0y Y S GO AP (SRS SRS UG S S O SV )

In order to eliminate thg high“bac#ground beta
@ ‘ activity from Br76 and other impurities, it was decidedi to
study the positron speétfum in coincidence with.the 286.5
keV gamma ray which comes from the dééay'of Br75. The miﬁi-
chamber was used for this experiment. The beta parti&leé‘
were measured by the 5 mm Si(Li) detector while the gamma
detector used was a 7.6 cm by 7.6 cm NaI(TI)’Harshaw_
detector placed outside the thin brass window(1l5 mil,) of
the mini«chaﬁber. The electronics:set up was iden#icél
with the fast-slow system described in Chapter II. Thgj
resolving time in the fast coincidence unit was 75 ns.,'The
positron spectrum recorded.by the Si(Li) detéctor toincident
gated by the 286,5 keV line from the NaI(Tl) counter was

studied. The Fermi=Kurie plot of the resultant speetrum is
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.lshoﬁn in Fig., 4,2, This.épectrum also has a high energy
background although with é much reduced intensity, This is.
because when the ‘energy selection window is set on the
286,5 keV gamma ray, it is automatically set on a part of
the Compton-tail of the 511 keV annihilation gamma ray
with which all positrons emitted are in coihcidenbe?»Tbis
results in a feedthrough of the high energyAﬂackgroﬁ:d. Thé
endpoint energies of the different branches in this spectrum
are 1,73, 1.59, 1.45, 1.33 and 1.14 MeV. These are identical

with the endpoint energies obtained in the.singles spectruﬁ

within the expéfim;ntal-accuracy.
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Figure 4.2-.Ferm;-Kurie plot of the positron
speétrum of Br75 in coincidence
ﬁ_ith«-the 286.5 keVggémﬁiéiizay. All
bﬁergies ara’ in MeV. In the ordinate,
N‘feprésents the?number of counts,

W the relativistic energy, P th~.

momentum and F the Fermi functioh,
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CHAPTER V

T gmy S U gy G g SO S S

Cofistruction of the decay scheme of Br75

G e gune S G A A U IR U S SR g A M M N PRI RN G I P AN S RO (A RO S (N MDY PR g (R ek St S S gy f

5.1 A summary of previous works

M g S Guts jnmt 4O june S fumg G PAE) ) [ SY R RS JRD G gy SR (N NN G MRS PR ENp NN U S JNY DY p

Elwyn et al (Elwyn et al,1958) applied a milli-
microsecond time of flight technique to the study of (p,n)
reactions on As75 using 3 MeV protons. They observed five
strong groups of neutrons with energies corresponding to
the excitation of five energy states in the residual
nucleus, Se75. They are the ground state,»108 + b xev, 268
* 12 keV, 400 + 28 keV and 570 4. 20 keV states, Elwyn et al
also pointed out that the 268 kév.level they observed
probably correspondsdto the 286 keV level found by Butler
et al (Butler et al,1957) while studying the same reaction.

From gamma ray measurements, ( described in
Chapter III), Lobkowicz et al (Lobkowicz et al,1961)
suggested a decay scheme as shown in Fig., 5.1, The gamma
and beta spectroscopic measurements of Baskova et al
{Baskova et al,1962) have led them to suggest a decay
scheme with levels at 285, 905 and 1355 keV, The details
of this scheme are also given in Fig. 5.1,

In the present work, seven gamma rays and five
prominent branches of beta rays were observed, It is clear
that neither of the two decay schemes suggested by the

previous workers can quite accomodate the present results,
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Flgure 5,1~
A.~ Decay scheme suggested by Lobkowicz et al

B.~ Decay scheme suggested by Baskova et al

AlT energies are in keV,
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‘Ih-the remaining of this chapter, a decay scheme for Br75

will be constructed utilising the information obtained in

the present experiments,

5.2 Construction of the decay scheme

g PR iy P ) MR U AN AU G GEN UL PEN A I fum S PR N MR Sy M SN SNk NS SR NNE ASER G AUNk NN ) g S P Sum

Before discussing the possible decay scheme
for Br75, it is helpful to summarize some of the important
results obtained from measurements described in Chapters
IIT and IV, The seven gamma rays identified as coming from
the decay of Br75 have energies 111.8, 140.9, 286,5, 292.9,
377.3, 427.9 and 431,6 keV. They are all in coincidence with
the 511 keV positron annihilation gamma ray. This implies
that the observed gamma rays resulted from the positron
decay of Br75 and that none of them is from an isomeric
state in Se75 with a life time much longer than 60 ns.,
which is the resolving time of fhe fast 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 431,6 keV lines apart
from the 511 keV gamma ray. In the spectrum coincident
gated simultaneously by the 286,5 and the 292,9 keV lines,
there are five gamma rays at 140,9, 286.5, 292.9, 377.3
and. 431,6 keV, Furthermore, from the positron measurements
there are at least five branches of positron decay of Br

75

to states in Se ., There may be other weak branches of beta



decay not observed in the present work because of the
background problem, Based on the Semi-empirical mass

formula given by Seeger (Seeger,1961) the separation between
the ground state of Br75 and the ground state of Se75 is
3.02 MeV, From this together with the energies of the five
beta branches it is concluded that Br75 positron decays to
at least five excited states of Se75 wuth excitation energ
energies about 270, 400, 540, 640 and 850 keV, The accuracy
of these values depends on the accuracy of the semi-
empirical mass formala and also of the endpoint energy
measurements which are accurate to 2020 keV,

Consider the 111,8 keV line first, It is in
coincidence with the 511 keV line only. Probably this is
just the first ezcited state in Se75. Since the positron
branch to this state was not observed, this must be a weak
branch, The assignment of the 111 ,8 keV line to the decay
of the first excited state to the ground state agrees with
the observations of Elwyn et al and Lobkowicz et al,

The 286.5 and 431,6 keV lines were observed
in the spectrum in coincidence with 140.9 keV gamma ray.
This implies that there are =z three excited states of Se75
involved which decay down to the ground state through a
cascading process ( The 431.6 keV line is also in
coincidence with the 286,5 keV line), By comparing the

intensities of the three lines in the singles spectrum, it

is seen that the 431,6 keV line must be coming from the
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thighest level and the 286.5 keV line must teme from the

lcwest level since the former has the lowest and the latter
has the highest intensity.This would mean that the three
excited séates 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 with the works of Elwyn et al
and Lobkowicz et al, |
Thus far there:zare no ambiguities, 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
moré lines at 286,5, 292.9 and 377.3 keV appear. The 431.6
keV line is also in,coincidence with the 140,9 keV 1line
while the 292.9 keV line is not in coincidence with the
140,9 keV line, This shows that the 431,6 keV:liine is 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 well as two
292,9 keV lines in coincidence with each other, and the
377.3 keV line is in coincidence with the 292.9 keV. line(s),
The different positions in which the 377.3 keV transition

could be placed are shown in Figs., 5.2A, 5.2B, 5.2C and
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‘5.2D.'Since the 377.3 keV line is more intense than the
292.9 keV line in the singles spectrum, the scheme shown in
Fig. 5.2A is the only acceptable one,

Alternately, the 377.3 keV line cancbécgsfisidered
be in coincidence with the 286,5 keV linefs), leaving the
other aspects of the decay scheme unchanged. Again the 377.3
keV transition could be placed in any of the three possible
pPlaces as shown in Figs, 5.3A, 5.3B and 5.3C. However the
decay scheme shown in Fig., 5.3C is unacceptable because in
the spectrum coincident gated simultaneously by the 286.5
and the 292.,9 keV lines the yield of the 286,5 keV line is
much greater than that of the 377.3 keV line, while this
decay scheme demands that the yield of the 377.3 keV line
should be at least as much as that of the 286.5 keV line,
So only 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 5.4C, In Fig. 5.4A, the 292,9 and the 377.3
keV lines are both above the 286.5 keV line, There is no
286.5 keV line in coincidence with itself, So the levels
are situated atv111.8, 286.5, 427.5, 579.4%, 663.8 and 859.0
keV, There could be one objection to this scheme. According
ta this scheme, one should expect equal intensities of the
286.5 and the 292.,9 keV lines in the spectrum coincident
gated with these two lines together, In reality however,

the 286.5 keV line is much more intense than the 292,9
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keV line, However this apparent discrepancy can be explained
in the following way. When the energy selection window of
the single channel analyzer is set on the 286,5 and the 29

292.9 koV lines, the window is also set on that part of the
Compton tail of the 511 keV line with which all other gamma
rays are in coincidence, As a result there would be a
feedthrough of all the gamma rays proportional their yields
in the spectrum in coincidence with the 511 keV gamma ray,
This yield is very high for the 286.,5 keV line and the
feedthrough in this case is actually greater than the true
coincidence yield, For the other lines the feedthroughs are
not that important as the ylelds are comparatively smaller,
We shall estimate this feedthrough later in our intensity
measurements (Appendix),

In Fig, 5.4B, the 292,9 keV line is on top of
the 377.3 keV line, so that there is no level at 579 keV
but an additional one at 956.7 keV, In Fig. 5.4C, the schqme
shown is essentially 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 level at 573 keV.

Now the correct decay scheme has to be sorted
out from the six possibilities, shown in Figs. 5.2A, 5.3A,

5.3B, 5.4A, 5.4B and 5.4C,

In order to resolve chese uncertainties, a 47

Ge(Li) detector to study the gamma rays from Br75 was used,

A 4T detctor by definition is a detector which encloses
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ithe radioactive source in all directions. This increases

the efficiency of the detector considerably, But the main
advantage of such a detector lies in the following, Consider
a gamma ray source which emits two gamma rays that are in
coinclidence wiith each other. In an ordinary detector only
one of them will be detected most of the time., However in
a 4 detector, the two gamma rays would enter the detector
simulténeously, no matter in which directions they are
emitted, and as a result, the detector would have a large
probability of giving an output pulsssserpialito thRhesyams6f
the two gamma rays., So, with this detector one can actually
observe the levels of thé nucleus under investigation, Of
course, a lot of single gamma rays are still 'seen’,

The detector used was a RCA Victor 41 detector
(development model) whichwwas used together with a Tennelec
TC 130 pre~amplifier, The resolution obtained was 4,3 keV
for 0057 (122 & 136 keV) lines and 5.6 keV for Co60 (1.173
and 1,332 MeV) lines, Gamma ray peaks at roughly 111, 141,
286, 378, 427, 511, 576, 664 and 859 keV were observed. By
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 should be observed, However
in the sum spectrum a strong line at 664 keV rather than

any line at 670 keV is 'seen'. Hence this scheme is rejected,



72

The scheme in Fig., 5.3A can be rejected
because a level was observed at 576 keV and not at 586 keV
as predicted by this scheme, However, it may be argued that
the 586 keV*iine was not seen because the 292,9 keV line
is extremely ﬁeak. But it seems highly unlikely that there
would be two 286,5 and 292,9 keV transitions in the same
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 levels is observed, This means that the
286.5 keV transition between the levels at 573 and 286.5
keV should be quite strong, so that a reasonably strong
sum peak at 573 keV should 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 definitely a sum peak at 576 keV,

There is very little to choose between the
schemes shown in Figs. 5.4A and 5.4C, In the sum spectrum
there is a weak line at 576 keV. Scheme 5.4A predicts a 1line
at 579 keV while scheme 5,4C predicts a sum peak at 573
keV, So definite conclusions cannot be drawn as the line
observed at 576 keV is close enough be either of the

expected lines at 579 keV as in 5,4A or the 573 keV line
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.as in 5,4C, Both these decay schemes are in agreement with
the results of the positron measurements, from which it
was concluded that Br75 populates at least five levels in
Se75 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 Se75
can be calculated. When the detailed intensity calculations
were carried out, some discrepancies such as negative
branching ratios were obtained in the scheme 5,4C, while
no such discrepancies were obtained in the scheme 5,%A.
Therefore the scheme shown in Fig, 5.4A is accepted as the
correct one, The results of the detailed branching ratio
qﬁb 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

branches 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

—— - wp hns Gl . —

Branching ratios and log(ft) values
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Energy % of Electron capture Theheebetlog(ft)o
levels positron Positron decay value
in Se’?5 decay % %
keV S ,
0 0.0
111.8 1.6 20 1515 7.0
286.5 84,2 0 20 5.1
k27,5 5.4 20 25 6.2
579.4 1.8 42 4o 6.4
663.8 5.7 5 L7 5,8
859.0 1.3 280 120 6.2
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Figure 5.2~ Possible decay scheme, All energies

are in keV,
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Figure 5,.3-= Possible decay schemes,

All energlies are in keV,



- 2865

G

859l

663.8

585.8

5730 |

42757

2929

4275

" 2865

MB—

N

IVQ‘

9503

. 9503

8591

.585.8
TN

© 859

5730

. 585.8

- 292.9

2,

. 4275—

|   .,,|||..8;‘_ 

HIL8

663.8—

2929 |

2865




G
B
23

e

77

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 ratios and log (ft) values,

All energies are in keV,’
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CHAPTER VI

R D SAN PER W B D B gus A WS SR WS

Spins, Parities and Theoretical Discussions

€.1 Spins and Pari+ies of the levels of Se75
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The spin (J) and parity (TT) of the excited

levels of Se75'are all unknown. The ground state spin and

parity have been measured preiiously using microwave .
' , 7 5+
techniques. (Lindgreen,1964) and have been found to be-% .

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

\
state of Bf75'are also unknown. However all other odd mass

—

Bfomﬁne isotopes have ground state spin and parity %E .

Based on this nuclear systématic it 1s assumed that the

3
spin and parity of Br75 ground state (g.s.) are - .-

From the branching ratio calculations (Chgptenr
V) it was found that 84% of the Br75 (g.s.) decay goes to
the 286.5 keV state of Se75,-The log (ft) value of this

transition is 5.1 which shows that the transition is of

allowed type, Since the .parent state has.ﬂT==%;, tpe 286.5:

keV level can have JTrof any of the three'values-%-,%% andj

é; . The lifetime of the 286.5 keV level was measured in

this laboratory by Muszynski (Muszynski,1968) with a beta
gamme. delayed coincidence system. The half life of this

level was found to be 1.23 + 0.15 ns. This represepts a
T =5

hindrance factor of roughly 10”7 as compared to single
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I : . .
rarticle estimates for an electric dipele (El) transition,
This is typical of E1 transitions in this mass region (

Perdrisat,1968). This shows that the J7 of the 286.5 keV

level has to be either %: or-%:. The fact thﬁt this level

exhausted 84% of the positron decay strength of Br75

indicates that some kind of similaritj'of“nuclear structure
exists between the . two levels involved on the transition.
The level at 427.5 keV gamma decavs to the

ground state through twn branches, There is a diréct
transition to the ground state which acoounts for k6% sf
the decay while the rest cascade to the ground state throﬁgh
the intermediate state at 286.5 keV. The log(ft) values for
the positron deway to this level is 6.2 which shows that t

thi= transition is also allowed. So the J" of this level

has to be one of %f—, é; and é; . If the JTT of this level

is—é:, then the transition to thé ground state.would be a

predominantly M2 or E3,_while the transition to thé 286.5/
keV 1evé1 would be either M1l or E2, As such the direct
transition to the ground staté would not be able to cbmpete
with the cascade transitio; through the 286.5 keV level,
Since we observed roushly equal strengths for 'the two
gamma decay branches, the‘ndssibility of 377 of %i-for this
level can be ruled out, This leaves two possible'Jn-for

the 427.5 keV 1éve1, viz. either é%for %;T

The log(ft) value for the transition to the
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1
579.5 keV level is 6.4, which indicates that this is also

an allowed transition. So the possible J" for thi< level
areizagain %% ,-%E and %; . This level decays only to the
286.5 keV level ane thence to the ground state. Similar

—

argument applies to the 663,.8 keV state whohé-positron
branch decay log (ft) is 5,8. The 859 kev”qtateiwhich decays

to the 427.5 keV level and has a positron branch decay log

(ft) of 6.2 also has a possible J7 assighment of ..li . %
and — . ,

2
There are four possible combinations of spins

—-— —

for the 286.5 and the 427.5 keV levels. These are‘(%% ' > ){
(-—2——, ES-_); ( —2-.: %-) and.* (%-, -':,3:_--) for the two. levels in
thaﬁ o;der resbectivelyi In all the. four éases;'the k27,5
keV lerel would decay to the ground state by El and to the'!
286.5 keV state by ML transitions.,Siﬁce‘El trédSitioﬁé

are usually hindered by several orders of magnitudé;'the El

and M1 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= - = .
three spins 5 %: andnzz. This level decays only -to the
— 3—.‘

5 .
2865 keV level, If its spin is either 5 OT & » this

state should decay to both the 286,5 and the 427.5 keV

levels, irrespective of which one of the possible spiq

combinations these latter two levels have, If the 663.8

Lo i .
keV level is considered to have a spin o£-§:, then

transitions to both the 286.5 and the 427.5 keV levels’
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'should be observed if the spins:of these tw~ states are

. 3~ 37 57 3 . 5
either (55 , 5 ) or (5 , %2 ) or (5

,%% ) respectively, On

the other hand, if these two levels have spins (é% ,é; )

respectively, then the tfansition to the 286.5 keV level
should be a M1 and eﬁergetically favouréd while that to the
427.5 keV level would only be an EZ2, Thenml‘transition"
would be expected to dominate in this case and' the 663,8
keV level should decay directly to the\286.5 keV 1ev§1; So

the most probable spins for the levels at 286.5, ‘427.5\and

37 5~ { -
663.8 keV are 5 4, & and - respectively.

The log (£t) for the beta decay to the 111.8
keV'level is 7.0 which means that it could be either an
allowed or a first fbrbfdden'transition as there are
fredqent occurences for large log (ft) values for ‘allowed
transitions in this mass.region.,Since the log\(ft) value
is too low for the beta transition to bé.a;first'forﬁidAen

unique one, the possible JTT values for this level are-
TR N 5t . ‘
5 and-zj for a forbidden transition. On ‘the other
hand with so many allowed decay channels available, it
seems highly unlikely that 1.6% of the.transition should

go through a forbidden decay. If indeed this is a‘fo;biddeh

5+ + . : '
transition, then-af and %: are -the possible spins for this
N .

5 N
level because X is the lowest positive parity state that

can occur in this region and this is the ground state. So
7 A
the 111.8 keV level can only have a J1Tof-§T, in whicrh

case the beta transition is first forbidden unique;'Then'
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the log (ft) value should be between 8 and 9 rather than
7 ~Moreover in all other odd mass neighbouring Selenium
nuclei, the Secpnd positive parity state is usually“
situated at least &+ MeV above the first positive parity
state, A Jn-zé;+being situated only 111.8 keV above the
ground state‘(%;+) seems extfemely_gnlikely.

There are quite a few allowed trahsitfoﬁs with
log (ft) values of'?"or'higﬁér in this mass regilon. These
are nermallv associated with some kind of selection rule
violation in certain nuclear models, If this is the cése?

3" 5~

then the 111.8 keV level would have a JI =—§_— s 5 or 2 .

Farthermore, from the level scheme systematics of the odd

mass Selenimm isotopes (Se77; Se7?, Se81 etc;); there is

always a-é;-state alternating with the lowest anomalous
coupling state (the lowest positive wparity state).as the
ground state and separated by about.loo keV. It is highly
probablekthat the first excited state at 111.,8 keViin Sé
is a Jﬂ.zéggtate with the anomalous coupling state%}fas the -
ground state, However the assignment of a JTT=-%—§0 the
111.8 keV level would =ive rise to other problems. Its
decay to the ground state would then be thr~ugh an M2
transition, which in the single particle -estimate, has a
half 1life of the order of 1 us in this mass region for thisw
energy. As the resolving time of the coincidence unif used

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

coincidence with the 511 keV annibhilatioh gamma ray. |Again
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Figure 6.1—_Sﬁggesﬁgd45pihs and Parities of

different levels of Se75. All

energies »re in keV,
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- 'if this level-does not have Jﬂ-=-% s then there should be
a %f-level in this regian which wou'd definitely be

. 75 L
populated in the positron decay of Br grdéund state..It”

i ) '
could be argued that this > state \does not decay to the'
+ .
ground state (-g—) by M2, but beta decays directly to a

negative parity state in As75 as in the icase of the

! 73 ‘
corresponding-zr level in Se . However it is difficulﬁ to

uriderstand how the beta decay can compete with the M2
transition to the ground state of Se75, sincé the single.
particle estimate for the half 1life of the M2 transition

is of the order of 1 ps.,6 If this level is asigned a J7 =
3- - . . ' -
= or.g s+ then there shonid be at least somé higher levels

decaying through this level to the ground state, But ‘no

Q other gamma rays were fqund to be in coinhcidence with the

‘ {
111.8 keV line., So the position of the % state and its

relation to the 111.8 keV level remain puzzling.

6.2 Theoretical discussions

(D D VR EMD G G S SR AUR S G0 Y GE G GES SIS GED SEN eumy S S gm0 AN Pup ARG AR RN VS SR

The shell model descriptioﬁ nf’Se75 is o

complicated. According to thesdmplest manifestatiom ‘of this

75
model, the last odd neutron in Se should be in thg;lgqu
+ 2-
subshell and so the ground state spin should bg %; . This

however is not the case with the ground state Ispin being

+ 75

5 .
- . This can be explained if %% is assumed that Se#

2 4 et
has a proton configuration (ZP@h) (lfaQ) (lgndja ne thon

é%? - configuration (ZP%_)4 (lfs/i)6 (lgcv,)_)3 with the ‘three
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: +
meutrons -in the 1gq subshell coupling to a spin % with
z

seniority 3., The .:32"

having a neutron configuration (Zp%-)3 (Lfg&)6 (1gq&

level at 286.5 keV can be considered as
)4 and

5 . - .
the 5 excited level at 427.5 keV could have a (2p§&)4 (lfg&)s

(lg%Q)4 configuration for neutrons. A é: excited level can

-

2, ‘-
be considered as either aA(2p§ﬁ) (lﬁﬁa)é (ZPVh) (1g3&)4

)4 75

or a (2p%@)4 (lf%.)4 (ZPy@) (1gq& configﬁration. The Br

ground state can be considered as a proton configuration of
(Zp%&)3 (11‘%_)4 and a neutron configuration of (ZPQh)Q
(ITQ&)G (1gq/2.)4 . The .positron transitign to the %rulgve1
could-occﬁr by con#erting‘a p;otdn in the (ZP%&)f$h911_to
a neutron in the same shell in which case this wouid_be a.
Fermi ?rahsition. Alternately the Br75 ground state cduld
be considered as having a ponfiguration of (ZPS&)4 (ifg@i%u
for the protons and a configiration of (2p%&)4’(1fq@)4 (lg'q‘f,g_)4
for the neutrons., The positron decay to fhe:%?-lével‘in
Se75 takes placq when a proton in the (1fgy) shell becomes
a neutron in the same shell. The weak beta branch to this
level can be explained om the basis of a small.admixturé'
of this particular configuration in the ground state wave '
function of Br75. A detailed description on the basis of s
shell model is known to be inadequate for mmclei in this '
reglon,

A better description of Se75 could ‘be given

in terms of couplings between the,collective modes of

motion and the single particle levels, The ‘even-éven
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.puclei in this mediﬁm mass region'éihibit typical.vibfétional'

. . . % 75 e .
$pectra, Different states in Se can be considered as

different modes of coupling between the extra-core rieultron
' +

: L
and the evem~even core'Se7 . The ground state (%;‘) can be.
considered as one of the states resultins from the'épupling
+ ‘ - L o
between a 2 phonon state ‘\of the core with a lgaiﬁnguwron.

The %% and’ the -%: states could be generated by coﬁplipg

o+ . ' 4
a. 2 phonon state to a 2p; neutron while the i state conld
2 c

be viewed as a result of coupling a 0 phonon.cqréﬂwiéﬂfg
gp% neutron, A coubiing between ‘a 0 phoqqn core and Q.ZPQL
neutron wouTd also generate &he j%jstate.fCalculéf‘@ﬁ;:With
this model would involve the solution qf-the‘Schrqdinéer
equation with 2 Hamiltonian wh;ch_iﬁé;udegxﬁhq'séngle‘um

@ : particle, the paflring'- and the quadrlipdle fﬂzrms using thg '
BCS theory and the Random Phase Approximation, This requires
lengthy'numericgl compu#ations. Calculations alopg thif;_
line have been performad recently by Goswami et al‘(dbswémt_v
et a1,1968f.on Tc99, Rblol.and Aglog. Their results are

rather encoufaging.
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! CHAPTER VII

The "107" keoV gamma ray

D S G G T A5 S R by SArOES D Gng buu g VD g S g Ty ) SRO Sl N R SR
N .

7.1 Introduction
In Chapter III we noted that while studying
75

the gamma rays subsequent to the decay of Br we observed

a gamma ray of 107 keV with a half 1life of 4.6 i“0.5 mins,

This line cannot be ascribed to’the decay of
an lsomeric state of Se75 as it fails to show thq half life
(106 min.) of the parent state.'The other poésiblelt

assignment for this line is to attribute it to én isomep&é%Q

T
state in the parent nucleus itself viz, Br75. This

assignment seems all the more justified if we exammﬁe all

other neighbouring odd mass Bromine isotopes. Br77 has an-

. 79
isomeric state at 108 keV with a half 1life of 4,2 mins, Br

81
has a level at 210 keV with a half life of 4,8 sec,, and Br

has a level at 570 keV (although this is the second excited

state) with a half life of 37 jis.

However there is a probability that the 107

keV line actually arises from Br77 and not from Br75. The

78

76
target used has 86.1% Se and 4.4% of Se' , The (p,2n)

. ——— B N

7 ° g
reaction on Se would produce Br77. This isomeric state
decays to the ground state, as alreédy mentioned above, with

a known half life of 4.2 min. and an energy of 108 keV
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‘which are within the measured values of the present work.
AAlso Br77 ground\state has a half 1life of 57 hours so that
we would not observe the gamma rays emitted subsequent to
its decay to Se77. However from the first glance at the
intensity of tﬁe observed 107 keV line, it did not seeﬁ\A
that all the contributions was froﬁ Br77 because thé target
contained only h.h%~Se78 contamination. In order to identify

its origin properly we undertook the following studies.

7.2 Study of production threshold and yield

We performed a threshold and yield study \of
this 107 keV line to see exactly which (p,xn) reaction
produced it.. We prepared an enriched Se76'target by
dissolving.it in hot concentrated nitric acid and then
boiled away the excess acid. A couple of drops of :this
solution was then deposited on an iiﬁminium backing 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 deppsited ﬁorg or less
uniformly on the backing material,.

Onée the target was ready, we bombarded it
with protons at different energies and calculated the yield
of the 107 keV line, The same target was used in each
bombardment using the same beam currentAviz. 1 nA of protons

and the bombardment lasted for the same interval of., time
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. (20 seconds). Counting staptddrd exactly 5 mins. after the
end of each bombardment and lasted for 10 mins, in each
case, The position of the source with respect to the Gq(Li)
detector was kept identical for each counting., After each
counting of the yield, the source was allowed to die down
over a peroid of 4 half lives of the long lived Br75 ground
state before the next bombardment was done to make sure
that there was no significant activity left for the next
bombardment,

Aii'these precautions made sure that while
calculating the relative yields, we wuold not have to make
corrections for varying amount of source material, beam
strength and geometry. The yields 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 threshoids
for (p,2n) reactions on Se76-and Se78 are respectively 13.7
and 14,5 MeV as calculated from the empirical mass Tables
(Seeger,1951), The maximum (p,n) cross-section should come
at about 11 and 13 MeV 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
(py3n) reactions on Se76 and Se78 are respectively at 25
and 23 MeV, As the peak cross-section for a (p,xn) reaction
occurs Jjust before the threshold of (p,(x+1)n) reaction we

can positively say that the 107 keV line is being produced
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Figure 7.1~ ReZzative Yield of the 107 keV line

against Energy of bombardment,
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‘by the (p,2n) reaction,

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

I R R G PER G (M A0 S SRR ARG SR MG R G AU NN MR R SR W G PUR Sl P UA U R AN SR gy RS M S Sy N AR GEN AN PN SuD SN g SRR S SR

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

P} W SR FED W GED SEE U (D AN b ARE ERP SN N NN SR SN D gue FER M St D A g

Mass No, . | Enriched Néfural
74 <0.2% 0.87%
76 86.1% 9.02%
77 2.0% 7.55%
78 b4% 23.52%
80 ‘5.9% u9;82%
82 1,6% 9,19%

Let us assume for the moment that the 107 keV
line is produced from both Se76 and Se78. Let “%%iand cﬁgg
be the yields of the 107 keV gamma ray frbm unit quantities
of Se76 and Se78 respectively, Since the 286,5 keV line is
praduced only from Se76 let Qégébe the yield of the 286.5
keV gamma ray produced from u;§: quantity of Se ., We

bombarded both the natural and enriched Selenium at 20 MeV
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»with 1 pA of proton beam for 20 sec, and the yields of 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 T's defined above are not directly
proportional to the productibn cross=sections as they also
include the life time factors of the two lines involved., We

then have

i) Enriched Selenium yields

PR N RS R M R S S S VD SR U U S e S S SO (o Pt s S fa e e

. I
Yield of the 286.5 keV line = ye., X 80671 - Q
76
' ) XbG b - (2)
Yield of the 107 keV line = Uiy X864 + Ty X 44
76 78
ii) Natural Selenium yields
"D o em e m =)
Yield of the 286.5 keV line = K X Upges X X0 -
76
o
. T X 235 ] - (4
Yield of the 107 keV line = KX [ Uiy X9 0z + = (#)
76

Although we have made the proton current, 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 (3) we obtained the value

of K and then from egns. (2) and (4) we solved for U5, and

76
(‘707. We found that the quantity G.LQZ wp and in eqn, (2) G-I_O_Z
7a 76 8

X 4.4 contribute 98% of the total yield from the enriched
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,target, Hence we conclude that the 107 keV level is

77

actually the first excited state of Br and not a hitherto

unreported state in Br75 as we initially snhaspected.

7.4 Conversion Electrons from the 107 keV level

The 107 keV level has a comparatively long
half life for an isomeric state of this energy. So this
transition should have a high electron internal cenversion
ratio., Accordingly we undertook a study of the internal
conversion coefficient to determine the multipolarity of
the transition,

The sources for studying the electrons were

@ prepared in an identical manner as that for the study of
the yield curve, For electron study the sources have to be
specially uniform and thin, a reguirement not vital for
gamma ray study. The backing material (aluminium) .was of
1 mil, thickness whiech comes to 6611mg/cm2. The thickness
of ths deposited Selenium was about 200 pg/cmz. The average
loss of energy by an electron of 100 keV in 200 ng/cm2
of Séipatumiis less than 2 keV,

For measuring the conversion coefficient, the
ﬁini-chamber was used, The beta detector was the 1 mm
Si(Li) detector. This detector has a very low gamma efficiency
and hence was ideal for the study of low energy electrons.

@@ The source was placed in the mini-chamber facing the
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.electron detector. A vacuum better than 10 p 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 40956 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
coefficient of the 570 keV’;ine Bizo? which is well 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.

s 4 A
The ratio -—— , the K=shell internal

; © ALaMaNg, '
conversion coefficient to ithe L+M+N+... internal conversion
coefficient was measured thrice, The absolute K, L+M+N+...,
and total internal conversion coefficients, qK ,0&*M+, and

Cxti , respectively, were measured twice. The results

are presented in Table 7.1,
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Table 7.1

S it e e g e S gt W S

Iriternal Conversion Coefficients (Experimental)

D en P S R S VS P S P S G R S g R S SRR PR (o U (e S SR A Gy S VD SRR (I O SRR D S oA S g ST SO TRNR S S S SO N Y A

Measurement No. > o FITVIR O(tdt el I
Rttt

1 32,3978
2 5.45 1.55 7.00 3.52
3 5.49 1.50 5.99 3.64

AR . g U D gt (Y PR S VO S G SR Gt SR (U R S SO Sy R SR MR A PR S S S S N S Al SO S S PO g S AN Sy R SR g Y AR SRS SN (O SRS A G g Gy P S

The theoretical values (Sliv et al,1968) for
the different internal conversion coefficients are shown in

Table 7.2 below.

Table 7.2

S fu S S S g

Internal Conversion Coefficients (Theoretical)

R U A R peng Sy S SRR PR SRR N g i PR SR g MNP SN S N S NG M G PR SO S St G SR A VI SRR G gue GR b P U S U A P A

A
Ay s Mt..

o g g S o o S PO SO U R O oy P SR OO, Py S DU PR AR Y N S Sy S N S S S M SO oy R G A S D S SR S S S R S

2 3
1

Transition O<K 0(L+M+.. Aot .

- - -2
El 7.03Xx10 7.60 X10 7.79 X 10 9.25

- - -1
E2 6.97% 10 9.90X10™2  7.96% 10 ”.50

E3 5.65 1.55 7.20 3.64

2 1 2 1
E4 L. 4k x10 2,46x 10 4,69 %10 1.80 X10

2
E5 3.39%X 10

P S S pua S ik S e N S G D Sa o P (R e S S N G S G SRR Sy S VS U R G P MU Sy Y S e SV U Sug SO S e SN S G U (R S S W M SR A S

(contd.):
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‘Table 7.2 (contd.)

D SN G U TR T G G PR S N G U S SN, P SN i S G S

S G VR g S g e g Rt A PO SN RN N SN G S SR AR G D SN SN N G GUR A GHN SN JEEE MR I S ) A D D Gy S AN D SIS SO S SAR SEN G A M i SN AN AN S S S

(o
Transition A g O(L_,.M_,,'_ o('to‘t. & -
L+Mtes
-2 -2 -1
M1 9.56% 10 1,10X10 1,07 X10 8.70
_1' -
M2 9.48X 10 1.36x 10"  1.08 6.92
M3 8.65 1.72 1.04% 1o1 5.05
1
M4 7.7%x 10 1.,28x% 101 9,02% 101 6.05
2
M5 7.10x 10

S P S G S gt S S, (g S G S RS N BUN) JENY SRG AN SENR S JUSE RN S U SN SN AN RSP SN uq SN SN AN SN NN SN SR SUN AND SN Y SN M) ou SN D pE SN SN RS S| GO gRGY SUS BN SR g

From these values we see that the measured
internal conversion coefficients are very close to those
of a pure E3 transition. The ratio £E§§+has previously been
reported by Thulin (Thulin,1955) to be éﬁual to 3.60, Our
results confirm that measurement and also verifies the
conclusion that the transition is a pure E3 one. The ground
state spin being %; the isomeric state must have a spin of
%ﬁ-. If we examine the other odd mass Bromine isotopes, we
find that all the isomeric states observed therein have

+
spins-g' and decay by pure E3 transition to the ground

states all of which have spins %-.
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Figure 7.2~ Internal Conversion Electron spectrum
of the 107 keV gamma ray recorded with °

1 mm Si(Li) detector.
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CHAPTER VIII

T Tt S AW Pt S Jp .

74

Gamma rays from Br .
Wy S A St g 0 (el St e P syl AU ARG SHY BN Jum BRS B S

8.1 Introduction

S T A 2 ouf Sl S Y. ek G, M SN S W S Gy Gy W

In Chapter VI, a formalism ﬁhich‘attempts to
explain the level scheme of Se75 in terms of couplingsof
an extra core neutron with the phonon states of the eienf
even core Se7h, was discussed. Thus a knowledge of the 1éve1
scheme of Se7u would facilitate detailed calculations of
the structure of Se75 based on this formalism. It was with
this view that a search for gamma rays following the pbsitfon

: L
decay of Br7 was undertaken,

8.2 History of previous works

Temm~r et al (Temmer et al,1956) studie& the
gamma ray transiﬁibns in Se?u by means of Coulomb excitations
with alpha particles of energies up to 7 MeV. The gamma rays
were detected by a 5 cm by 4 cm NaI(Tl) detector, They
observed only one gamma ray at 634 keV and this they
identified as coming from the decay of the first 2T state.
Observations on other neighbouring nuclgi showed that all
even-even nuclei ir this mass region exhibit typical

vibrational spectra.

While studying the transmutations of Copper
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by Nitrogen and Oxygen ions, Beydon et al (Beydon et al ,
1957) observed a gamma ray of energy 640 + 10 keV with a
half life of 42 + 4 mins. from Bb7u:.Butement et al (
Butement et al,1960) found a gamma ray of 635 keV with a h
half 1life of 26 min, following the positron decay of Br74,
Eichler et al (Eichler ot a1,1962) observed the 635 keV g
74 |

gamma ray following the electron'decay of As whilg
exémining the gamma rays from Ga7u and As7 for constructing
the decay scheme of Ge7u. However the life time of the 635
keV transition was not;studied. Gangrskii et al (Gangfkkii
et al, 1962)>Coulomb excited the Se7u nucleﬁs with‘8}5 Mév
alpha particles and found a level at 1373 + 20 keV, Tﬁey_

. + ,
concluded that this is the second 2 state of Se7h,

, _ L
8.3 Gamma rays from the decay of Br7
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it | 76

Br was produced via .(p,3n) reaction on Se ,
A target enriched in Se76was bombarded in the McGill synchro-
cxclotron with 1 uA of proton current for 20 seconds. The
thresholq for (p,3n) reactionxon'Se76 is 25 MeV and that for
(p.¥n) reaction is 36 MeV., Since the maximum (P,Bn)'cross-
section is obtained at about 1 MeV above the thresholﬁ fqr
(p,4n) cross-section, the bombardment was done at 38 MeV,

The gamma rays were studied with the 2§ c.c.

co-axial Ge(Li) detector. The resolution obtained was 2,2

60
keV FWHM for Co57 (122 & 136 keV) lines and 3.0 keV for Co
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'(1.17 & 1.33 MeV) lines. While producing Br7u via the
) : 76 75 _

(p,}n) reaction, Br and Br were also produced via the
(p.n) and (p,2n) reactions respectively. However all the
gamma rays from Br?6 and Br75 as well as their half lives
are well known and they could be easilj separated {rom thd#e
of Br7u. Half lives of gamma rays,ﬁptq 4 MeV .were traced
while searchiﬁg for gamma rays following the positron decay

of Br7h.

Two gamma rays with energies 633 9 + 1 keV and
732.1 + .1.kaV'were observed., The half life was found to be
L2 + 4 mins. The half life curves are shown in 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 gam:ﬁa ray ﬁas not
been reported before,

As other even-even Selenium isotopés.have.v;b
vibratio;al energy spectra, it is expécted that Se7u wduld
also display vibrationai spectrum, So the gronnd state of
Se7u would be a 0+ state and the first excited state at
633.9 keV would be a )\ ¥ 2 one=-phonon state havihg a spin
of 2+. The next group of excited states are expected to
arise from the couplings of two A = 2 phonons and thisﬂ
multiplet should consist of three levels .with spins Q+; 2+

and h+. This second 2" state has.been observed at 1373 + 20
keV by Gangrskii et al. This state shonld have a-stféng

-+
electromagnetic transition to the first 2 state and give

@g@ rise to an approximatelv 738 keV transition, and this
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‘Probabiy corresponds to the 732.1 keV'line observed in the
present work, The 0" ana 4" states, the other two members
of the A = 2 phonon triplet, are expected to Tie quite
close to the second 2% excited stafé. This preﬁié?iqn“§9§@s
justified if we examine the neighbouring evén-even'nﬁqlei.i
In Se?G, the three states lie within 250 keV of each other.
In Se78, these three states lie within 200 keV of one
another, Since né other gamma rays beiow 2 MeV hé#e begg £
found, eicept the two listed above, it seems that the 0+:
and"ll'+ states in the multiplet are \not pobulated in the

: . 74 ‘
positron decay from the ground state of Br , The spin of

. n
the ground state of Br7

is not known, but all other even
. + .
@ mass Bromine isotopes have ground state spins of 1, we
assume that the spin of Br7u ground state is 1%, as such

only the positron transitions tc the ground state of Se‘

03

=.'(0"') and the two 2+ states are alldwed, while the transition
to the 4+)state is a second forbidden one, The transition

to the second 0+ state is an allowed one, \However the
transition to the ground state is much more favoured A
energetically. In Se76 only the 2% 'state in the two nhondn
multiplet is populated by positron decay from the ground

76 .
state of Br , Less than 0.4% of the decay from“Br,?8

- ground
. 78
state go to the two phonon multiplet in Se ., The transition
: + : )
if any, from the second 2 state to the ground state would

be retarded. A search was made for this gamma ray,nhgf“ifﬁu

e%% - was not observed. The absence of this cross-over transition
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rendered further support to the collective vibrational
model description of this nucleus.,
It seems that it is difficult to populate toa

L
(s by positron decay of Br7_,‘

hany excited 1e;éls of Se
Negatrén decay from As7u gqoupd state (spin 27) has‘gnly:
showed the 634 keV transition, A more suiﬁpble‘method would
be to.excite the leveles of Se7gjwith direct reaqtionsl@nd
then study the subsequent gamma rays. Tﬁe spins and parities

can be determined by analysing the correspond;ng,angular

distributions and performing coupled channel DWBA“-calculdtions.,



@

L

104

Figvre 8,1- Half life curves of the 633.9,and
the 732.1 kaV lines. The half life

in each case is 42 .+ 4 min.
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CHAPTER IX

Summary

N
S D o St s o ep ey

A 25 c,.c. Ge(Li) detector was acquired for

gamma spectroscopy measurements. \Its absolute phqtquak
efficiencies for gamma rays of different energies witﬁ o
various source-detector geometries were detarmineq utilising
standard.gamma ray sources of known strengths, Tﬁe best
resolutions obtained with this detector were Z.Q keV FWHM"
for 0057 (122 & 136 keV) lines and 2.9 keV FWHM f‘or.Cos0
(1.17 &°1.33 MeY) -lines. For gaﬁmaﬁgamma coincidence
measurements a fast-slow coincidence”fysteﬁ‘was set up with
standard ORTEC modules, The resolving time of the systeﬁ
could be varied from 10 né to 110 ns,

For charged particle (positrons and electﬁons)
measurements, Si(Li) detectors were used. To ﬁouse_the
detector for befa spectroscopic measurements, a special
chamber called the '"Mini-chamber" was designed and constructed,
This chamber enabled the Si(Li) detector and the beta‘rgy
source to be kept in the same vacuum chamber witﬁput.anX..
intervening window wﬁile maintaining the detector at;liqgid
nitrogen temperature. Provisions were also made so”that_a.
gamma ray detector could be placed outside a thin window of

the mini-chamber for beta gamma coincidence experiments and

internal conversion measurements.
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Gamma rays subsequent to the positron decay of
Br75 were studied, Seven gamma rays of energies 111,8, 1#0.9;
286.5, 377.3, 427.9 and 431.6 keV were observed. The half
life of the ground state of Br75was measured to Ee 106 + 5
mins, Different gamma-gamma coincidence experiments were
performed using a 7.6 cm by 7.6 cm NaI(T1) seintillation
counter together with the 25 c.c. Ge(Li) detector.

The positron spectrum from the decay of Br75
ground state was recorded with a 5 mm Si(Li) detectqr anq
the endpoint energies of the different branches were
detgrmined with the ﬁelp of a Computer program ﬁﬁmchhd{d the
Fermi~-Kurie plots, The positron spectruﬁ in coincidenqe
with tﬁe 286h§ keV gamma ray was also recorded‘and the
cofresponding Fermi-Kurie plot was ccnstructed,.

The sum spectrum of tﬁe gamma rays from Br
was also studied ﬁith a RCA 4T Ge(Li) detector. Intensity

measurements on the singles and the difdfemwentt coincidence

spectra were performed and the results were utilised to

75

construct the most probable decay scheme for Br and to

determine the beta branching ratios. The endpoint energies
of the different positron branches, together wiph the.
branching ratios and the half 1life of tﬁe decay, the log
(ft) values for the positron decays were determined, The
possible spins and parities assigned to the different levels

of Se75 are shown'in details in Fig. 6.1,

Different theoretical descriptions of even-
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'odd nuclei in this mass region were considered. Iﬁe latest
formalism in terms of the coupling of a single particle to
a 2+ Phonon even=even core was discussed, The qualitative
agreements ang disagreements of the expgfimentgl obsefvéfions
with the predictions of this formalism were also touched
upoﬁ. >
While studying the gamma \rays froﬁ Br75, én
isomeric transition of 107 keV with a half 1;fe of 4.6 ;’0,5
mins. wase observed.This level was identified as the first
excited state in Br7z; Tﬁe internal conversioﬂ_qoeﬂficient
for this transition was measured using all mﬁ Si(Li)
detector and the 25 c¢.c, Ge(Li) detector, A previgus}A_
measurement was confirmea and supplemented and the mqlti%
polarity of the transition was uniquely determined as:Eﬁ;\
Gamma rays followlng the,positrqn decay .of
Br7u to the levels of Se7u were also studied. Two gdmma fays
with energies 633.9 and 732.1 keV were observed withaa half
1ife of 42 + 4 mins, Only the 633.9 keV line has been
reported previously. These lines correspond to the levels
at 633.9 keV (2+) and 1366 keV~(2+). Relative positron

decay branching ratios were determined.
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APPENDIX

S Sy B¢ TR Pt fah e Gy Sy py S

An outline of the method used for calculating
branchingi;étios from the inténsity measurements on the
sinzles and the different coincidence spectra for the decay
scheme oP'Br75 (Fig. 5.5) isvpresehted.

Let ng and €, be proportional to the strengths
of the positron dmd:iglectron capture decays,respectively to
the ‘859.1 keV level in Se’',( See Fig. A1), /Also let (né;éz_);
(n3,€3)5(n4.é%)f(n5,E%)S(n63€6) and (n7’6;) denéte the same
quantities for the levels ét 663.8, 579.4, 427.5, 286,35,
111,8 and 0 keV respectively., Let X be the fraction of the
L27,5 keV level decaving directly to the ground state,

The yields of the different gamma rays in the
different spectra are shown below, The rélgvantvsteps for

branching ratio calculations are also indicated,

A. Spectrum in coincidence with the 511 keV gamma ray

90 PR DD S s fru G S S SO Sy gy G S SUU PP D S SN NS WD ST A0 GND TV NS Dt S Sg M N WD G S G T S S € um G G SED St G Nt SR SEN Sy G A Gu SV ¢ GRD |

Gamna ray a Yield
keV
1 111.8 ng
2 140.9 (1-)(ny+n, )
3 286.5 (1-0<)(nifnu) +n2+n3+n5
b 292.9 - ng
5 377.3 nz
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Gamma ray Yield
keV
6 ;
k27.5 & (n, +n) )
7 431.6 n,
8 511" The counters were placed at

right angles, So a lot of 511
were eliminated. The feedthrough
is due to imperfect geometry.
From the intensities of the different gamma
n, and ng can be icomputed

2' 3

rays in this Spectrum, ny, n
directly. The quantity & can be determined from A2 and A6,

Once & is detérmined ny, and ng can also be computed.

B, Spectrum in coincidence with the:'286.5 keV gamma ray’

N g WO ) S AP SRS S S TED (g SN DN SR Y S S S UL Sy BN G SN Mg SV NS GRG SED S P UU LY DEG JUD GHN GUD SEY U SEY SAn Sav SN UEN GNS SNC M S NS Sy

When %he energy selection window in the. NaI(T1)
counter is set jointly on the 286,5 and 292f9_keV lineh, it

is automafically set on the Compton tail of the 511 keV -
gamma;fay, which is in coincidence with all the other gamma
rays.., As a result a feedthrough of the different ganmma
rays would be obtained and this feedthrough for each gamma
ray would be proportional to its yield when the energy
selection window was set on the 511 keV gamma“fay.‘Let ﬁ
denote the area of the Compton tail included in the window
and Y denote the‘area of the photopeak of the 511 keV

X

gamma ray,.Let Y511 denote the yield of the gamma ray at
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'x keV when the window is set:on the 511 keV pho topeak.’
Then the feedthrough in this case for a gamma
ray of energy x keV would be

i

Y511

While computing the yields of thé'differenti
gamma rays, it should be remembered that a different. source
was used and so a source strength factor k. should also be

considered. Accoi‘ding'to this decay scheme, the ylelds are:="

4

Gamma ray Yield
keV -
1 111.8 : 0
@ 2 140.9 [ (1= & ) (ny+ € +nu+ 64)-1-,53 ;’Ig
B 2865
3 286.5 k., [ (n_+ € )+ T Y511 ]
- : B .292.9
. : 77.3
5 377.3 K, {(n2+62)+ - Yzll
6 427.5 0
. 431.6
7 ¥31.6 ey [ - nyee)s 4 £ v |
) . L o511
8 511 k1 [ (1- X )(n1+nul+n2+2n3+n5+ Y Y511
C. From B3 and Bk, k1 5 can be calculated as
286.5 292,9

Y and Y

,\55& 511 511 are already known, Then from B8, kl andT
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can be separately calculated., Once these two quantities are
known, & , €, , €3 and €, can be easily obtained from the

other equations.,

C. Singles spectrum

T U S D S B S Y e S S S GV SN SR Y S S G W S

Again a source stréngth factor k2 has to be

considered, The yields arei=

Gamma ray Yield
keV
1 | 111.8 k, (ng+€g)
2 40,9 kz[(l-O()(nl-f- €, +ng;§- 649'
() 3 286.5 ko[ (1= &) (n + € 4+ €4)

+(n2+ ez-m;- €3+n5+‘ 6.5)] _

4 2'92',.'9 kz(n3+ €5 )

5 377.3 . .l.cz(n2+ €,)

6 k27,5 kzo((n1+é‘+nh+ €,)

7 431.6 ky(n,+ €, )

8 511 2k2(n1+néTn3fnu+n5+n6Tn7)

From each ~f the egqns. €2,Ck, C5, C6 and ‘'C7 k2

can be determined. These values can be checked for

consistency., Then n7, €5 and éécan be determined fromcane .
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eqns. Cl, C3 and C8 respectively.
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Figﬁre A.l-~ Calculation of Branching ratios from

intenecity measurements. All enerzies

o are in kera
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