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An investigation of the two previously reported 

122m 
gamma radiations (61 kev and 75 ~~v) of Sb (3.5 

min) revealed that the 75 kev transition has a K eon-

version coefficient in agreement with an E2 transition 

but a lifetime in agreement with an L3 transition. 

Delayed coincidences disclosed a 1.8 ~ec lifetime 

state following the 75 kev transition. This decays 

thro'-lgh the emission of a 61 kev gemma ray which e;rhJbita 

a K conversion in agreement with an El transition 

a.l though the lifetime is more like an L2. 'l'bese tran­

sitions are delayed by factors of~ 106 . 

mTRODUCTION 

MASTER 

The 3.5 min activity in Sb122 
was first observed 1n 1947 by 

1 
E. der Mateosian, M. Goldhaber, c. tfueh.lh&use and M. McKeown. 

2 
E. der Mateosie.n and M. Goldhaber reported a o.o68 Mev gamma ray associated 

3 
with this isomer and J,H. Kehn reported the existence of a two step trnn-

* Work performed under the auspices of the u.s. Atomic Energy Commission . 
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sition, giving 0.059 ~~v and 6.074 Mev as the energies of the tvo transitions. 
4 

This was confinned by J .M. LeBlanc, J .M. Cork and S .B. Burson, vho gave 

o.o6o7 Mev and 0.0753 Mev as their measured values. 

GAMMA P.AY STUDIES 

The gamma ray spectrum of Sb122m ( 3. 5 min) vas studied with e. 

scintillation spectrometer and is shown in Fig. 1. Sources were prepared 
5 121 by irradiating samples of Sb enriched in Sb in the Brookhaven reactor. 

A K x-ray peak (27 k.ev) and a peak composed of the partially resolved, 

unconverted 61 kev and 75 kev gamma J"8¥S are seen. A 58.8 kev gamma ray 

6om ' 
frora the decay of Co (10.47 min) which is also showri slightly displaced 

in position) vas used to construct the shape of the 61 kev peak so that 

the com:posi te pealt could be decomposed into its tvo components. From the 

areas under the two peaks the ratio of' the unconverted 61 kev gamma ray to 

the unconverted 75 kev gamma ray was determined and :found to be 2.9. The 

ratio of the K x-ray intensity relative to the sum of the intensities of 

the two unconverted gtllmua rays was a..l.so determined, 1. 37 ± 0 .1, after 

correcting for a.bsorpti.on and crystal efficiencies and multiplying by the 
6 

f~uorescent yield·. The ratio is taken to be equal to eK/(r
1 

+ r2 ) Where 

eK is the intensity of the K conversion electron, r1, r2 are the unconverted 

61 kev and 75 kev gamma ray ·inten~d ties. Tables 1 and 2 show calculated 

values for these ratios as a fUnction of the nature and multipolarity of 

the two transitions. 

A search vas made with an intense source. of Sb l:22m ( 3. 5 min) 

for the cross-over gamma ray (136 kev). Only a long-lived background of 

Compton rays due to higher energy gamma rays was seen in the 136 kev region. 
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In order to set a low upper limit on this transition, a 3014 mgs/cm2 

thick CU absorber was used, reducing the intensity of the mixed 61 kev-

75 kev peak Vi th vThich the 136 kev gamma ray, vas. to be compared. Readings 

~re repeated as a ~notion of time ~~d a 3.5 min component was sought for 

in the tvo energy regions that were compared. After subtracting the long 

lived components from the 136 kev region the residual counts were taken to 

be the upper limit to the cross over. Correcting for efficiencies of 

detection, absorption in Copper and the rele.ti ve amounts of 61 kev and 

75 kev gamma rays in the combined 61 kev~75 kev peak, the ratio of the 

unconverted 75 k.ev gauane. ray to the 136 kev gamma ray was found to be 

6o. This implies that if the cross over is an E3,. it is > 6 x 104 times 

slover than the Weisskopf estimate for a single particle transition. 

A search for high energy gamme rays or beta rays from the 3. 5 

min ievel was unsuccessful, an upper limit of o.5i being established. On 

the grounds that the 3.5 min lifetime might be associated with a third 

transition preceding the '75 kev transition, a search vas made for soft 

gemma rays and electrons • No nev gamma rays and no electrons greater than 

15 kev other than those associated 'tdth the 75 kev and 61 kev transitions 

w-ere observed. Triple coincidences between K and L x-ra.ye and gamma rays 

were performed 'td th negative reaul ts. These results seem to rule out the 

possibility of a transition greater than 15 kev preceding the 75 kev tran-

sition. 

COINCIDENCE STUDIES 

Coincidence measurements were made with a conventional,coin-

cidence circuit of the fast-slav type having a resolving time of 0.24 ~sec. 

- 117m ( 4 ) ~10 ) Prompt e -Y coincidences in Sn 1 d (•1/ 2 = - 3 x 10 sec were 
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used a.s a control to test the circuit. 'When e--7 coL."lcidencea were 

observed in Sb122m (3.5 min) a reduced efficiency (•0.1 x efficiency for 

prompt coincidences) was obtained. An oscilloscope triggered with 

electrons and displaying gamma. r&lfB of Sb122m ( 3. 5 min) shoved delayed 

coincidences with a lifetime of a few microseconds. Dealyed coincidences 

vere counted as e. :function of delay time and the curve in Fig. 2 was 

observed.. The 2.6 !J.Gec lifetime in Tml7l is shown for comparison. Sbl22m 

shows a lifetfme of 1.8 t 0.2 ~sec. The .curve in Fig. 2 was obtained 

by delaying the 75 kev gamma 'f'8¥, indicating that the 75 kev. transition 

precedes the 61 kev transition. 

aamma-gamma de~d coincidences (75 kev 7-~ del~ed 0.4 ~sec) 

were perfonned with a channel i~ the triggering input eet first on the 75 

kev gemma ray and then the 61 kev gamma ray. Figures 3 a.Tld 4 were obtained 

in this way. In Fig. 3 K x-rays and the unconverted 61 kev gamma ray are 

seen in delayed coincidence with the 75 kev gamma ray triggering. Chance 

coincidence corrections were made both by following the single counts in 

each channel and computing the chances and also by delaying the 61 kev 

gamma ray instead of the 75 kev gamma r&¥ and counting cc:>incidences for e. 

length. of time equivalent to the above rune. After making the proper 

co~ctious for chances, K x-ray fluorescence yield and·&bsorption, the 

ratio of the area under the K x-re.y peak relative to the ares. under the 

61 kev peak vas taken. This ratio is precisely 'lc' the K conversion 

coefficient for the 61 kev gamma raY. The value obtained for this coeffi­

cient is 0.88 ± 0.10. Similarly, from Fig. 4, the K conversion coefficient 

for the 75 kev gamma ~s was obtained a'ld its value is 3.1 ± 0.5. These 

measured conversion coefficients are compared in Table 3 with ca.lcul.a.ted 
7 

values taken from M.E. Rose. 



NEUTRON ACTIVATION CROSS-SECTIONS 

The thermal neutron activation cross-section of the Sb122m 

121 3. 5 min isomer vas measured by irradiating a sample of enriched Sb 

in the thermal column of the Brookhaven reactor and comparing the 3.5 min 

activity With the 2 .8d ground state activity. The erose-section of the 

2.8d activity was checked ~st a gold sample and a cross-section of 

6 barns was obtained, essentially in agreement with the Seren, Friedlander 
8 

and Turkel 11 terature value of 6.8 b&-¥XlS. The thermal neutron activation 

. . 122m . 
cross-section o£ the Sb 3.5 min isomer vas calculated to be 0.057 ± 0.010 

barns on the assumption that the 75 kev r ray is an F.2 transi tio·n a.l'ld the 
9 

61 kev, an E1 (see below). The isomeric ratio, (*105), is 1n agreement 

with the isomeric ratio· rule. 

DISCUSSION 

Experimentally determined values for the K-conversion coefficients 

of the 75 kev and 61 kev ga"lm'la rays, the ratio of the unconverted 61 kev 

and 75 kev gamma re.ys and the ratio of the K x-ray peak to the unconverted 

gamma rays vere compared in Tables 1-3 vi th theoretical. values and all 

I . 

conversion data are in agreement with an E2 assignment to the 75 kev gamma 

ray and El to the 61 kev. These assignments, hovever, require that the 

transition from the second excited state (3.5 mdn) be about 108 times 

retarded, and that from the :first excited state (1.8 JASec) be about 106 

times retarded over the_ Weisakopf estimates. The 3. 5 min lifetime is in 
10 

agreement with a spin c~ of 3 and the 1.8 ~sec lifetime is in agree-

ment with a spin change o:f 2. In Fig. 5 constructed singles spectra for 

va.riou.s assumptions f'or the mul tipolEU>i tieo of the tranai tions are compared 

v.l. th a typical experimentally detern1ined singles spectrum. The large K 
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x-~ intensity required by the E3-E2 assignment for the multipolarities 
11 

of the 75 kev aod 61 kev gmmna rays makes this assignment most unlikely. 

122 . . 
The deo&¥ scheme of Sb is shown in Fig. 6 The ground state 

12 
spin has ~n measured, the rest of the spins and parities have been 

assigned tentatively on the ·basis of the multipol.ar1t1ea vbich agree with 

the com-eraion data. 

All of the spins assigned to the levels in Sb122 are allowable 

spins on the basis of the shell model. Since the spins of the stable 

. 121 123 5 7 
EU1timony :~.sotopes, Sb and Sb have been measured and are 2 &nd 2 , 

one may assume that the od4 proton has lo~0 lying 4.5/ 2 and &r /2 states. 

In the Sn isotopes both experimental. <leta and theoretical calculations 
' 

suggest low lying s112, d312, d
5
/2.' S., / 2 and h11/ 2 levels f'or the odd 

neutron. These nucleon configurations lll8¥ combine. in various vays to 

give the measured ground state spin and the spins assigned to the excited 

level. Since the ground state ( 2-) has negs.ti ve parity 1 t must involve 

an ~l/2. state. A proton in a S.., /2 state and a· neutron in an hu/2. 
{ ~ / 2 ' h11/2) could give the ground state. ~e first excited a tate ( 3+) 

may be obtained 1f the neutron were in an s
1

/ 2 state, the proton again 

in the S., / 2 state ( flrr 12, s1/ 2) • The second el«!i ted level ( 5+) may be a 

( ~ /';.' d3/ 2) or e. ( d5/ 2 , d 5/ 2) configuration. The last assignment might 

explain the del~ E2 transition since two nucleons would be involved in 

the transition. The folloving El transition by the single particle model 

would involve e. neutron transition from an s1 / 2 state to an h.u/2 state 

vhich should highly forbid the El transition. 

The authors ltish to than.}{ G.T. Emery, Y.R. Kane and M. Schmorak 

for stimulating discussions and Dr. M. Goldhaber for continued interest and 

encouragement: 
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FIGURE CAPT!Ol'J'S 

. 122m ( ) Spectrum of g8l.llma rf:WS observed in the decay of Sb 3. 5 min 

vith·a scintillation spectrometer. The detector was a l x 1 inch 

Nal(Tl) crystal. Two :partially resolved unconverted gamma rays 

of 61 kev and 75 kev energies are seen as well as the K x-ray 

of Sb. The 58.8 kev gamma ray of Co6om (10.47 min) was also 

run and is shown slightly displaced in energy so that it coincides 

vi th ·the 61 kev peak. The shape o:f this gamma r&y peak was used to 

resolve the 61 kev and 75 kev ~ ~s. (Neg. No. 8-lo8-61) 

Delayed coincidences in Sb122m ( 3. 5 min) as a function fof time. 

HR 2000 cable was used to effect the delays. Each foot of cable 

is equivalent ot 0.11 ~sec. Er171 {7 .8 h) was run a.s a. control 
I 

shml/'ing the 2. 6 f.lSec state which exists in •.rri 7l. (Neg. No. 8•111-61) 

Spectrum of gemma rays coinciding with the 75 kev gamma ray of 

so122m (3.5 min) in delayed coincidence. A o.4 ~sec delay 'W'S.B used 

in the tr:i.ggerin.g channel, which was set on the 75 kev gamma ray :peak. 

Chance coincidences vere determined both by countin.e singles aud 

calcu.l.ating the chance coincidences and by ma.ldng a similar run w:t th 

the 61 kev gamma ray delayed instead of the 75 kev. (Neg. No. 8-110-61) . 

Spectrum of gamma rays coinciding vith the 61 kev gamma ray of 

Sbl22m (3.5 min). The triggering channel we.s set on the 61 kev peak 

of Sb122m and the display channel was delayed 0.4 J.lSec. Chance 

colncidences vere both calculated from the singles counts and 

deterndne4 e~r:fmentally by repeating 'the run Vi th the delay in 

the 61 }:ev channel. (Neg. No. 8-107-61) . 
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RIGURE CAPr!ONS { cont 'd) 

Decay scheme of Sbl22m (3.5 min). (r~eg. No. 8-1o6-61) 

122m 
Comparison of singles spectrum or Sb (3.5 min) vith con-

structed curves based on various assumptions of multipolarity for 

the tvo gamma ray tre.nsi tiona involved. The best :fit ( E2-El) for 

the 75 kev and 61 kev gemma rays is ~n agreement With conversion 

data. (Neg. No. 8-109-61). 
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TABLE I 

Ratio of unconverted 61 kev gamma ray to unconverted 75 kev 

gamma re.y for various assumptions of mu1 tipolari ty 

6 ~ev 

El 

~ 

E3 

E4 

l\ 
r~ 

M3 

M4 

o.81 

3·0 

39·1 

733 

1.34 

10.4 

1o6.6 

130.4 

0.14 

0.52 

6.8 

128 

0.23 

1.83 

18.6 

228 

o.41 o.o36 

1.51 0.13 

19·7 1.7 

370 j2.5 

o.67 o.o6 

5.3 o.46 

53.8 4.7 

66o 57.8 



TABLE II ---
Ratio of K x-ray relative to total unconverted gamma ~s 

(75 kev and 61 kev) for various ~sumptiona of multipolarity 

6~ev 
75kev Ej_ E2 Hl 

El 0.46 0.92 o.85 l.4o 

E2 l.l4. 3.48 2.33 5.88 

E3 1.0 6.4 2.8 25 

I\ 0.85 1.9 1.52 2.77 

~ 1.75 B.o 3~92 ~ 1.87 

M3 1.66 lo.48 4.1 44.5 

I} 
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'l'ADLE III 

K conversion coefficients of the 61 kev and 75 kev gamma rays 

122m of Sb (3.5 min) for various assumptions of multipolarity 

Energy of 
gsmma ray 

Nature of 
T1'8llsi tion 

E1 

E2 

E3 

E4 

JU 

M2 

M3 

M4 

,61 kev 

Cal.cul.ated Experimental 
Value Value 

o.62 o.88 ± o.1o 

5.00 

30.00 

2.10 

30. 

270. 

75 kev 

Calculated Experimental 
Value Value 

o.344 3.1 ± 0.5 

2.69 

16.4 

96.7 

1.15 

13.6 

ll3. 

862. 




