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206Pb LEVEL STRUCTURE FROM 2 0 6Pb(n,n 'y) MEASUREMENTS 

J. K. Dickens 

ABSTRACT 

A study of gamma-ray data produced by neutron ine las t i c 
scat ter ing from a lead sample enriched in the isotope 206Pb 
has resulted in placements, or ten ta t ive placements, of 146 
gamma rays as t rans i t i ons among 112 known or postulated levels 
of the 2°6pb level s t ructure. 

I . INTRODUCTION 

In the course of a series of experiments1 to determine secondary 
gamma-ray production cross sections fo r sh ie ld ing analyses, measurements 
were obtained fo r a lead sample enriched in the isotope 2 0 6Pb. I n i t i a l l y 
i t was ant ic ipated that many of the observed gamma rays could be assigned 
as t rans i t ions among levels in 206Pb based upon previous experimental 
data. I t turns out that most of the presently known gamma-ray assign-
ments are from measurements of the decay of 2 0 6 B i , and these make up a 
somewhat select ive set o f t rans i t ions among 21 o f the 37 "known" leve ls 
having exc i ta t ion energies (Ev) < 3.6 MeV. For E > 3.6 MeV, the only 

X o 

reported gamma-ray t rans i t i ons are due e i ther to (Y»Y) measurements or 
from the 20ItHg(a,2nY) react ion3 populating the J* = 12+ level a t 4027-keV 
exc i ta t ion energy. For evaluation purposes i t i s important to determine 
t r a n s i t i o n energies and branching ra t ios ( i . e . , decay p robab i l i t i es ) 
especia l ly fo r levels produced by neutron exc i t a t i on . In t h i s repor t 
146 ganma rays (out of a to ta l of 318 gamma rays observed) have been 
placed or ten ta t i ve l y placed as t rans i t ions among 112 excited states in 
2 0 6Pb, including perhaps 50 newly located s ta tes. 

Some guidance f o r the present analysis was obtained from the 
nuclear shel l model. In th is model, 2°8Pb is an excel lent "core" nucleus, 
and the level s t ructure of 206Pb is simply described by the propert ies 
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of two "holes" in the neutron shel ls label led ( to indicate NLJ) as 

the 3p-|^» 2 f5/2> 3P3/2' 1 113/2 ' l h g / 2 ' a n d 2 f 7 / 2 o r b i t s -

One can deduce much of the expected level st ructure of 206Pb by 
simple shel l model considerations involv ing the 208Pb "core" and the 
observed level s t ructure of 207Pb. A synopsis o f these considerations 
is given in Figure 1 fo r E < 3.6 MeV. The (sparse) level structure A 
of 208Pb is given at the l e f t , and next to i t are the s ix states in 
207pb corresponding to one-hole (1-h) states in each of the six o rb i t a l s 
of i n te res t . The t h i r d column indicates the more complex level s t ructure 
to be expected in 206Pb estimated from the basic angular momentum 
couplings of two holes (2-h s ta tes) . For example, the (P-]/2^J=0 s t a ^ e 

[ s t r i c t l y the ( P i / 2
_ 1 ^ 2 s ta te ; t l l e superscr ipt w i l l be dispensed with in 

most of the remaining discussion, used only when needed fo r c l a r i f i c a t i o n . ] 
represents the ground-state of 206Pb. Next, at a re l a t i ve exc i ta t ion 
energy of ^570 keV (corresponding to the exc i ta t ion energy of the f i r s t 
excited state in 2 0 7Pb), there should be the degenerate pai r (^5/2 p l J = 2 
and ( fg /2 P l /2^J=3 c o n f i 9 u r , a t i o n s • Empir ica l ly , the f i r s t 2+ and 
3+ states i n 206Pb are not degenerate, and they have an average energy 
M . 2 MeV, i . e . , about 0.6 MeV greater than that expected from the most 
basic considerat ion. In f a c t , i t appears that the ground state of 206Pb 
is lower i n energy by about 0.6 MeV than expected.4 In Figure 1, there-
fo re , a l l o f the basic (2-h) conf igurat ions are shown increased by 0.6 
MeV. 

Extending th i s basic p ic ture involves coupling (2-h) configurat ions 
to the excited states of the core 208Pb. One might expect that the 
excited states of 208Pb could be described as par t i c le -ho le s ta tes , by 
ra is ing a neutron from one o f the s ix described neutron o rb i t s in to the 
2g 0 / 0 l eve l . The 5" and 4" states at Ev = 3198 and 3470 keV l i k e l y 5 

have the shel l model descr ip t ion ( g 9 / 2 P1/2 ) j=4 5* T h e 3 state a t 
E = 2614.5 keV is not so simply represented; i t is bet ter described 

X c 
as a co l l ec t i ve s ta te . 

The "basic coupling" schemes (column 3 of Fig. 1) involve combining 
the 208Pb excited states wi th a (2-h) conf igurat ion already discussed. 
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Fig. 1. Level structure information on the stable isotopes 
206.207.208P5 ancj t w o shell-model estimations o f the 2°6pb level 
s t ruc tu re . The center column suggests very simple coupling of 
s i ng le -pa r t i c l e (actual ly s ingle-hole) states. The r ight-most 
column presents resul ts of a more r e a l i s t i c ca lcu la t ion . 
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Empir ical ly the (2-h) states can be taken d i r e c t l y from the 205Pb 
(known) level s t ruc tu re , although presumably one could use calculated 
shell-model conf igurat ions. Coupling the 208Pb J* = 3" state with the 
206pb j * = 0

+ ground state gives an expected J* = 3" state i n 20GPb at 
Ex « 2615 keV. Empir ical ly the lowest- ly ing J77 = 3* state in 206P& is 
observed at 2648 keV. In Fig. 1, the "basic coupling" conf igurat ion is 
label led as (3 ' B 0 + ) J = 3 . I f the J* = 5 ' and 4" states in 208Pb at 
Ex = 3198 and 3470 keV were pure (gg /,2 p1 ) conf igurat ion and i f the 
Jn = 0+ ground state in 206Pb were pure (P-|/2_1)2» t h e n n 0 analogue to 
e i ther of these states would be observed among the excited states of 
206Pb. However, the J^ = 5" state a t Ev = 3279 in 206Pb is probably 

A 

the analogue to the J17 = 5" state at Ex = 3198 in 2 0 8Pb, simple evidence 
that there i s some conf igurat ion mixing in the wave functions describing 
these leve ls . At Ev ^2.6 + 0.8 = 3.4 MeV, the f i v e levels described by 

_ ^ A 

the ( 3 f l 2 ) conf igurat ions having J^ = 1" to 5" are expected. 

In th i s fashion one may estimate at least a lower l i m i t to the 
number of levels as a funct ion of exc i ta t ion energy in 206Pb. The resu l ts 
fo r E < 4.7 MeV are shown in Fig. 2 along with the number o f levels 

7 
determined from the most recent evaluations of experimental data. The 
agreement is good fo r E < 4 MeV, wi th evident divergence at the higher 

A 

exc i ta t ion energies. The present data provide evidence leading to 
d e f i n i t i o n o f addi t ional levels in 206Pb having E > 4 MeV; however, 

A 

there are not enough addi t ional new levels to reproduce the estimated 
density o f l eve ls . 

Returning to Fig. 1, the four th column shows the presently evaluated7 

experimental data. Correspondence wi th the "basic coupling" states in 
column 3 is ind icated. There have been several complete model ca l -
cu la t i ons 8 ' 9 of the 206Pb level s t ruc tu re ; that of McGrory and Kuo9 

is shown in the r ight-hand column of Fig. 1. Especial ly fo r E < 2.5 
A 

MeV the comparison between experiment and ca lcu la t ion is very good. 
Only f o r the 1+ and 3+ states predicted at Ey ^2.1 keV does there seem 
to be a problem. A ten ta t i ve l y 7 suggested state in 206Pb at 2391 
keV may be one o f these predicted states. For 3.6 > E > 2.5 MeV A 
i d e n t i f i c a t i o n o f some experimental states can be made from among 
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ORNL-DWG 8 1 - 1 7 9 5 9 

EXCITATION ENERGY (MeV) 

Fig. 2. Number o f 206Pb energy leve ls as a funct ion of e x c i t a t i o n 
energy. The experimental data are obtained from cur rent evaluat ions 
( r e f . 7 ) . The so l i d l i n e is an estimate o f leve ls expected from the 
"basic-coupl ing" con f igu ra t ions , and may be a lower- leve l estimate 
since only neutron conf igurat ions are included. 
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the predicted (2-h) shell-model states and the excited states of 208Pb 
coupled to (2-h) states. For E > 3.6 MeV the correspondence can be made 
for only a few of the predicted leve ls . 

I I . EXPERIMENTAL DATA 

Spectra were obtained of gamma rays produced by neutron ine las t i c 
scat ter ing from a 65-g sample of radiogenic lead. Measurements were 
made using two d i f f e ren t detect ion systems and neutron sources. The 
most complete spectrum was obtained from a nearly monoenergetic and 
pulsed 4.8-MeV neutron beam produced using the D(d,n)3He react ion. The 
resu l t ing gamma radiat ion was detected using a 48-cm3 Ge(Li) detector. 
The system has been described in a repor t1 on data obtained fo r a 208Pb 
sample. The spectrum obtained is given in deta i l in the appendix. 
Other s im i l a r spectra were obtained fo r En up to 8.0 MeV; however, as 
discussed la te r , these data did not provide as much addi t ional spectro-
scopic information as had been hoped fo r . 

The other important data were obtained using a 90-cm3 Ge(Li) detector 
and a "white-source" of neutrons produced at the Oak Ridge Electron 
Linear Accelerator (ORELA). The experiment was set up at the 22-meter 
s ta t ion on f l i g h t path 8. This system is a modif icat ion of one previously 
described.1^ The major d i f ference is that more shie ld ing has been added 
surrounding the detector. Data wi th th is system were most useful fo r 
determining some neutron-energy thresholds of gamma-ray production, 
p a r t i c u l a r l y fo r gamma rays having large y ie lds . 

I I I . DATA REDUCTION 

The raw data in the 4.8-MeV neutron spectrum were analyzed to give 
the energy (E^) and y i e l d (1^) f o r each of ^260 peaks i d e n t i f i e d in the 
spectrum. These are l i s t e d in the f i r s t and las t columns of Table 1. 
Note tha t the y ie lds are r e l a t i ve to the y i e l d fo r the dominant 803-keV 
gamma ray. Much e f f o r t went in to t r y i ng to ascertain an absolute 
normalization so as to report the y i e l d data as absolute d i f f e r e n t i a l 
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Table 1. Gamma Ray Produced by 4.8-MeVa Neutron Interact ions 
wi th 206Pb 

E (ke\ l ) b ' a Assigned transit ion"2 In tens i ty 

(314) 17.0 ± 2.5 
317 1784-1467 17.0 + 2.5 
343.5 1684-1340 73.4 + 3.0 

(364) 2.0 ± 1.5 
398 2782-2384 33.8 ± 2 . 3 

434.9d 6.5 ± 1 . 6 
450 4 . 5 ± 1 . 7 
472 3.6 ± 1 . 6 
479.5e (2865-2384) 22.6 + 3.1 
497.1 3279-2782 20.9 ± 3.1 

(515.7) j(2200-1684)/ 16.0 ± 3.5 
(3776-3260H 

537.5 1341-803 ' 320 ± 4 
607.0 4.4 ± 2.0 
610.3 4 . 5 ± 2.0 
617.6 4.0 ± 2.5 

620.5 3403-2782 2.7 ± 1.3 
632.3" 3017-2384 17.7 ± 1.7 
637.1 5 . 9 ± 2.3 

657.2 1997-1340 66.5 ± 1.6 
663.7 1467-803 73.0 ± 1.7 
719.1 10.5 ± 0.9 
729.2 2.0 ± 0.8 
739.4 2939-2200 9.8 ± 1 . 3 

747.3. 5.8 ± 1.9 
755.0" 3.3 ± 1.9 
803.1 803-g.s. 1000 
814.1 1.2 ± 0.9 
840.9" 3225-2384 7.2 ± 2.3 

856 2197-1341 29.9 ± 1.8 
863 3.0 ± 1.5 
868 4.5 + 2.5 
881.0 1684-803 173.0 ± 2.5 

(894.7) 3279-2384 18.4 ± 2 . 5 

898 22.0 ± 2 .5 / 
920.7" 4.0 ± 1.0 
926.1 2.0 ± 1.5 
930.4 2.0 ± 1.5 
935.4 1.7 ± 1.2 
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Table 1. Continued 

E ( k e V ) ^ Assigned t r ans i t i on 0 In tens i ty 

957.5 (3606-2648) 6.3 ± 1 3 
962? 

(3606-2648) 
7.1 ± 1 4 

968.9 3.0 ± 1 3 
980.9 1784-803 52.3 ± 2 0 
995.1 (4116-3121) 2.1 ± 0 7 

1014^ 1.4 ± 0 7 
1018.6 3403-2384 2.7 ± 0 6 
1024.1 1.3 ± 0 9 
1031.0 3.8 ± 1 0 
1047.6 3244-2197 2.2 ± 1 1 

1075.9 (4005-2929) 3.8 ± 2 0 
1093.3 12.7 ± 2 1 
1098.3 2782-1684 23.3 ± 2 1 
1113.4 1.7 ± 0 5 
1124.4 1.8 ± 1 0 

1139.3 4.4 ± 2 1 
1142.4 2826-1684 5.6 ± 2 3 
1180.7 7.7 ± 1 2 
1193.8 1997-803 6.5 ± 1 5 
1235.0 2.4 ± 0 7 

1239.0^ (4459-3195) 2.4 ± 0 7 
1246.5 3244-1997 5.4 ± 0 8 
1268 5.1 ± 1 3 
1283 5.4 ± 1 3 
1291 3.2 ± 1 3 

1305 2.4 ± 1 8 
1325 4.9 ± 2 4 
1332.3 4.9 ± 2 4 
1344.8 2148-803 29.7 ± 2 1 
1361.4 7.4 ± 3 3 

1368.0^ 2.6 ± 1 2 
1385.5 6.0 ± 2 0 
1393.7, 2197-803 23.4 ± 1 5 
1432.6 2235-803 28.1 ± 1 5 
1452.3 5.2 ± 2 5 

1457 5.3 + 2 5 
1460^ 5.4 ± 3 0 
1466.7 1467-g.s. 21.3 ± 1 3 
1472.4 6.0 ± 3 0 

(1480)a 2.1 ± 1 2 
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Table 1. Continued 

E (ke\l) i>J° Assigned transition" Intensity 

1487f ?,2 ± 1 . 3 
1495* 2.3 + 1.0 
1520.0 (3944-2423) 2.7 + 1.0 
1525.5 2.4 + 1 ,0 
1532.7 1.3 ± 0.7 

1537.7 1.1 ± 0 . 7 
1546.4^ 1.4 + 0.6 
1560.3 3244-1684 12.0 ± 1.6 
1565.0 3563-1997 3.6 ± 1 . 2 
1575.9 3260-1684 7.7 ± 1.6 

1580.1 3.3 ± 1.6 
1585.1 7.8 ± 2.4 
1588.2 2929-1341 19.4 ± 2.3 
1595.3 5.8 + 2.3 
1620.0 2423-803 18.7 ± 1.9 

1648. 3.3 ± 0.9 
1653*7 . 2.6 ± 1.3 
1655.5J 2.6 ± 1.3 
1690^ 6.6 ± 1.2 
1700.1 3484-1784 15.4 ± 5.5 

1703.5. 1703-g.s. 46.2 ± 5.5 
1717.30 8.2 ± 2.4 
1718.73 3403-1684 8.3 ± 2.4 
1749^ 4.2 ± 1.0 
1757.0 2.1 ± 0.8 

1764.8 2.5 + 1.2 
1769.7 13.9 ± 1 .6 / 
1778.4 (3776-1997) 1.6 ± 0.8 
1782^ 1 . 3 + 0 . 8 
1784.7 1785-g.s. 2.7 ± 0.8 

1786.5 3.3 + 1.0 
1795.3 9.8 ± 1.7 
1800.9, 5.3 ± 1.7 
1821.ld (3606-1784) 9.8 ± 0.9 
1835.93 4.9 + 2.2 

1844.4 2648-803 58.1 ± 1.6 
1854.1 (4233-2384) 2.0 ± 1.5 
1861.5 4.1 ± 0.8 
1869.7. 2.7 ± 1.2 
1873.4<? 3.7 ± 1 . 4 
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Table 1. Continued — — — — — — —— , — _ _ _ — _ _ _ _ _ — — — 

b a 
E (keV) J Assigned t r a n s i t i o n 0 I n t e n s i t y 

1878 .7 
1 8 9 9 . 6 . 
1903.6^ 
1933 .1 
1 9 3 8 . 5 

3563-1684 
(3683-1784) 

3244-1341 

8 . 5 ± 1 . 0 
3 . 6 ± 1 . 4 
8 . 2 ± 1 . 4 
2 . 0 ± 1 . 3 
2 . 8 ± 1 . 3 

1955. 
1961.0«? 
1 9 7 1 . 3 ^ 
1981 
1 9 8 8 . ¥ 

2 . 9 ± 1 . 3 
2 . 9 ± 1 . 3 
7 . 6 ± 0 . 8 
0 . 8 ± 0 . 4 
0 . 8 ± 0 . 4 

1995 .8^ 
1995. 
2 0 0 2 . 5 
2008 .0 
2041 

(3780-1784) 

(4005-1998) 
(3744-1703) 

1 . 0 ± 0 . 9 
2 . 7 ± 1 . 3 
4 . 1 ± 1 . 0 
4 . 3 ± 1 .1 
3 . 0 ± 0 . 8 

2 0 4 9 . 5 
2055d 

2092. 
2 1 2 7 , 
2149^ 

3776-1684 

1 . 7 ± 0 . 6 
2 . 7 ± 0 . 7 

11 .1 ± 3 . 2 f 
2 . 0 ± 0 . 6 
1 .1 ± 0 . 5 

2 1 5 9 . 6 d ' J 
2165^ 
2 1 8 1 . 6 
2 1 8 5 . 7 ^ 
2 2 0 8 . 2 

2 . 9 ± 0 . 6 
1 . 3 ± 0 . 6 
3 . 6 ± 1 . 5 
3 . 6 ± 1 . 5 
1 . 8 ± 1 . 2 

2 2 1 9 . 4 
2235^ 
2256? 
2 2 6 8 . 7 
2300J 

(4469-2235) 
3 . 8 ± 1 . 0 
3 . 4 ± 1 . 4 
3 . 2 ± 1 . 0 
3 . 5 ± 2 . 0 
3 . 4 ± 1 . 4 

2305 
2314 
2 3 1 7 . 8 
232*7" 
2333.7 
2347^ 
2355 

(3989-1684) 
(3780-1467) 

3121-803 

5 . 1 ± 1 . 4 
5 . 0 ± 1 . 3 

10 .1 ± 1 . 3 
3 . 6 ± 1 . 4 
4 . 2 ± 1 . 4 
3 . 0 ± 1 . 5 
4 . 5 ± 1 . 5 
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E ( k e v ) ^ a 

Table 1. Continued 

Assigned t rans i t i on c 
I n tens i t y 

2370 
2380^ 
2385 
2390^ 
2394 

241 
2415. 
2424«7 
2433? 
2438«? 

2460& 

2488 
2495^ 3 
2503^ 
2518d 

2539**3 

2565d 
2583d 

2605 

2619°' 
2627 

2632 
2641.4 
2650.4 

2660 
2664 
2672. 
26163 

26813 

2685*7 
2701 . 
2713^ 
27173 
2738 

2761 
2764.6 
2115 M 
2803«? 
2808J 

(4697-2313) 

(4657-2197) 

(4730-2235) 
(4187-1684) 

(4730-2148) 
(3944-1341) 

(4331-1703) 
(4410-1784) 

3454-803 

3484-803 

(4385-1684) 
3516-803 

(4420-1703) 

(4116-1341) 

3 0 + 1.2 
2 3 + 1.0 
1 4 + 0.9 
2 8 + 1.3 
2 6 + 1.3 

3 2 + 0.9 
3 2 ± 0.9 
1 4 + 0.6 
1 0 ± 0.5 
1 4 + 0.7 

3 1 + 1.5 
3 9 + 1.3 
1 0 ± 0.7 
2 9 ± 0.7 
3 4 ± 0.7 
3 6 ± 1.2 
3 7 ± 1.2 
3 7 + 1.3 
5 1 + 2.0 
2 1 + 1.3 

7 5 + 5.0 
1 9 + 1.4 

5 7 + 1.2 
7 5 + 2.0 

26 7 + 2.5 

2 7 + 1.2 
2 8 + 1.2 
2 9 + 1.5 
6 0 + 1.5 

13 4 ± 2.0 

4 0 + 2.0 
1 5 ± 1.0 
6 8 + 1.3 
4 5 + 1.5 
2 6 + 0.6 

1 6 + 0.9 
8 3 + 1.5 
6 1 + 1.4 
3 8 + 0.8 
1 9 + 0.8 
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Table 1. Continued 

Ey (keV)& J° Assigned t r a n s i t i o n 0 I n tens i t y 

2825^ 2.5 ± 1.4 
2834^ 5.0 ± 1.4 
2844^ 3.2 ± 1 . 5 
2860^ 0.8 ± 0.6 
2870" 1.4 ± 0.8 
2880 (3683-803) 1.6 ± 0.8 
2907 2.7 ± 0.9 
2930. 0.7 ± 0.4 
294V. (3744-803) 1.0 ± 0.4 
2944^ 1.8 ± 1.0 
2977 (3780-803) 0.6 ± 0.4 

2987 3.3 ± 0.6 
3009" 3.7 ± 0.6 
3064 1.3 ± 0.8 
3079 (4420-1341) 3.2 ± 0.6 

. (4782-1703) 
3114" 1.4 ± 1 . 0 " 

3141d (3944-803) 2.1 ± 0.5 
(4606-1467) 

3168 (3971-803) 2.9 ± 0.4 
3186 3989-803 3.0 ± 0.7 
3195. 3195-g.s. 6.9 ± 0.7 
3207*7 4010-803 3.3 ± 1.0 

3211^* 1.7 ± 1.0 
3232 4035-803 1.6 ± 0 . 8 
3242 4045-803 2.3 ± 1.1 
3252 0.9 ± 0.4 
3263 4066-803 2.2 ± 0.6 

3273. 4076-803 2.2 ± 0.6 
3299^. 2.9 ± 1.4 
3307* . (4648-1341) 3.0 ± 1.5 
3384 Je7 1.7 ± 0 . 7 
3419 1.7 ± 0.5 

3448J j f e 1.7 ± 0 . 8 
3497 1.4 ± 0.4 
3522 2.3 ± 0.5 
3544 (4347-803) 4.0 ± 0.5 
3578 3.4 ± 0.5 
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Table 1. Continued 

E (keV)b 'c 

Y Assigned t rans i t i on " Intensi ty 

35954 j 1.5 ± 0.6 
36 07"7 ! 4410-803 8.3 ± 1.5 
3624 / (4427-803) 3.9 ± 1.5 
3631 4434-803 2.2 ± 1.1 
3644 0.9 ± 0.5 

3656 4459-803 0.6 ± 0.3 
3709 4512-803 1.0 ± 0.5 
3722 4545-803 2.4 ± 0.4 
3744.3 3744-g.s. 6.3 ± 0.6 
3854" 4657-803 2.3 ± 0.4 

3872^ 4675-803 1.0 ± 0.2 
3894 4697-803 1.4 ± 0.3 
39274"? 4730-803 2.3 ± 0.8 
3953<? 4756-803 1.7 ± 0.5 
3963<7 3963-g.s. 0.7 ± 0.4 
397V 3971-g.s. 1.6 ± 0.5 

3992<? 4795-803 1.3 ± 0.9 
3997<? 3997-g.s. 1.3 ± 0.9 
4051 4051-g.s. 0.8 ± 0.4 
4116.7 4117-g.s. 8.6 ± 0.7 
4212 4212-g.s. 1.1 ± 0.3 

4330.7 4331-g.s. 2.9 ± 0.4 
4340 4340-g.s. 1.3 ± 0.5 
4420 4420-g.s. 0.8 ± 0.3 
4434 4434-g.s. 1.0 ± 0.5 
4469.2 4469-g.s. 1.3 ± 0.3 

4482.9 4483-g.s. 2.4 ± 0.5 
4606 4606-g.s. 0.8 ± 0.3 
4648 4648-g.s. 0.8 ± 0.4 
4717 4717-g.s. 0.4 ± 0.2 
4763 4763-g.s. 0.6 ± 0.3 
4782 4782-g.s. 0.6 ± 0.3 

Idea l l y , the incident neutron fluence from the d(d,3He)n 
system that was used would be a uniform d i s t r i bu t i on of 
neutrons having energies between 4.7 and 5.0 MeV. A l l non-
l inear ef fects (e .g . , mul t ip le scat ter ing, f i n i t e s ize, e tc . ) 
reduce the average neutron energy. However, there w i l l s t i l l 
be enough higher-energy neutrons to exci te levels in the 
sample up to 4.8 MeV. 
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&AEy = 0.6 + 3 X 10-l+ Ey f o r ent r ies given to one decimal place; 
AE « 1 . 3 + 5 x 10"4 E f o r other en t r i es . 

a Y Y 

Data given i n parentheses are not as cer ta in as data not in 
parentheses. 

^Peak in spectral data i s broad and may represent response o f 
more than one gamma ray ; the y i e l d given is fo r the t o t a l 
peak. 

ePeak may contain a con t r ibu t ion from the 7 L i (n ,n 'Y ) react ion. 
•Ovfter subtract ion of estimated 207Pb con t r ibu t ion . 
^Peak may contain a con t r ibu t ion from the 63Cu(n,n 'Y) react ion. 
/*Peak may contain a con t r ibu t ion from the 2 7 Al (n ,n 'Y ) react ion. 
^ e a k may contain a con t r ibu t ion from neutron in terac t ions 
wi th 56Fe. 

^Data estimated f o r y i e l d o f one gamma ray in a large or 
broad peak and is not the y i e l d f o r the t o t a l recorded 
response. 

kpeak could be due to background of undetermined o r i g i n . 
7 
Peak could be due at leas t pa r t l y to a con t r ibu t ion from 
207Pb(n,n 'Y)»which con t r ibu t ion is included in the reported 
y i e l d . 

mMsy be e n t i r e l y due to an escape response of a higher-energy 
gamma ray. 

cross sect ions. The major problem is the lack of knowledge of the 
isotop ic composition of the sample. "Radiogenic." lead is thought to 
have an approximate isotopic composition of 88% 2 0 6Pb, 9% 2 0 7Pb, and 
3% 208Pb ( c . f . r e f . 11); however, the present sample may be r i cher in 
207Pb by as much as a f ac to r o f two. A sample of normal Pb was studied 
using the ORELA system, and i f the iso top ic composition of the normal 
Pb sample is the "normal" composit ion, then the 207Pb content of the 
radiogenic sample i s ^18%. However, there are wide var ia t ions i n 
isotop ic composition o f various lead deposi ts. The uncer ta in t ies 
re la ted to the iso top ic concentrations provide the la rges t uncerta inty 
f o r absolute y i e l d data. As a consequence, absolute y ie lds were not 
determi ned. 
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Gamma-ray data fo r other E^ obtained at other En are given i n 
Table 2. Deduced t r ans i t i on assignments are given fo r 146 gamma rays 
in these tables. 

IV. GAMMA-RAY PLACEMENTS 

Deduced gamma-ray placements as t rans i t ions among excited states 
in 206Pb are presented in Figs. 3 to 5 and given in Table 1. In these 
f igures the exc i ta t ion energies and many assignments were obtained 
from the l i t e r a t u r e 7 augmented by the present data. The small numbers 
at the i n t e r s t i t i a l points of Figs. 3 and 4 represent branching ra t ios 
( in %) determined from the present data. 

A. Structure fo r E < 2.5 MeV 
A 

As may be observed in Fig. 1, there is a gap in the level s t ructure 
of 20&pb fo r E ^ 2.5 MeV, not only fo r the experimental data, but also 
fo r a l l model ca lcu la t ions. Most of the gamma-ray t rans i t ions shown in 
Fig. 3 were assigned on the basis of p r io r experimental knowledge 
ve r i f i ed by threshold measurements from the ORELA experimental system. 
The analysis up to th is gap in Ex appears d e f i n i t i v e and very nearly 
complete. 

1. E = 803.1, 1165.0, 1340.6, and 1466.6 keV 
/ \ ' ' 

No gamma ray of ^360 keV corresponding to the 1165-803 keV t r a n s i t i o n 
was observed. Hence, the 1165-keV level decays (almost) en t i r e l y by 
E0 pa i r production. The very strong 803- and 537-keV gamma-ray place-
ments are ve r i f i ed . 

The 664- and 1467-keV gamma rays are observed having correct thres-
holds, and so the i r p r i o r placements i n the level s t ructure have been 
v e r i f i e d . 
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Table 2. Gamma Rays Observed0 Following Neutron 
Ine las t ic Scatter ing From 206Pb 

Ê  (keV) b j g Assignment 
Spectrum Observed i r f ' d 

5.4 5.9 6.4 #7 #6 Remarks 

184.0 

1416 
1614 
1686 
1714 
1927 
3106 
3285 

3484 
3538 
3686 

3712 

4004 

4111 

4163 
4286 
4356 

4473 

4576 
4599 

4612 
4631 
4799 

(2384-2200) 

(4914-803) 

(4966-803) 
5089-803 

5276-803 

5379-803 

(5415-803) 

5602-803 

X 
X 
X 
X 

X 
X 

X 
X 

(X) 

X 
X 
X 

X 
X 
X 

X 
X 

(X) (X) 

(X) 

X 
X 
X 

X 
X 

(X) 

(X) 

(X) 

(X) 
(X) 

En threshold i n -
d i s t i n c t 

In #6 as part of 
a broad peak 

In #7 and #6 as 
part of a broad 
group 
In #6 as part o f 
a broad group 

In #6 as part o f 
a broad group 
Transi t ion to 
803-keV level 
more l i k e l y than 
t r ans i t i on to 
1165-keV level 

Not in 5.4, not 
obvious in 5.9 
In 5.4 as part 
of a group 
p a r t i a l l y i n -
cluding an 
escape peak 

Not obvious in 
#7. May be an 
escape peak or 
a background 
cont r ibut ion. 

May include an 
escape peak 
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Table 1. Continued 

Spectrum Observed i n C j ^ 
E^ (keV) f c , c Assignment0 5.4 5.9 6.4 #7 #6 Remarks 

4824 X X May include an 
escape peak 

4848 4848-g.s. X X 
4938 5741-803 X (X) X 
4960 (X) X 
4972 (4972-g.s.) (X) X X (X) May well be both 

(5775-803) t rans i t ions 
4985 X X (X) Not obvious in 

#7; may be back-
ground con t r i -
bution 

5029 (5832-803) X (X) 
(5042) (5042-g.s.) X X 
5180 5180-g.s. X X 
5195 5195-g.s. (X) X X 

(5236) (5236-g.s.) X X Not apparent in 
#7 

5247 (5247-g.s.) X X (X) 
5282 (5281-g.s.) X X 

(5300) X 
5315 5315-g.s. X (X) X 

(5326) X 

5350 (5350-g.s.) X (X) 
5385 X 
5390 5390-g.s. X (X) X 

(5409) X (X) Widepeak in 6.4 
MeV spectrum 

5513 (5513-g.s.) X X 
5522 (5522-g.s.) X (X) 
5580 5580-g.s. X (X) Escape peak ob-

served in 5.9-
MeV spectrum 

5589 X 
5618 5618-g.s. X Escape peak may 

be in 5.9-MeV 
spectrum 

5840 5840-g.s. X 
5936 (5936-g.s.) X Escape peak may 

be in 5.9-MeV 
spectrum 
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Table 1. Continued 

Spectrum Observed inC j t^ 
E y (keV) fc '° Assignment0 5.4 5.9 6.4 #7 #6 Remarks 

5994 5994-g.s. X 
6197 6197-g.s. X 
6236 (6236-g.s.) X Could be due pos-

s ib ly to 56Fe 
(n,y) capture. 

6251 6251-g.s. X 
6260 6260-g.s. X 

Excludes the gamma rays given in Table 1. 
aE as given in Table 1, footnote b. 

n y 

Values in parentheses are less cer ta in . 
^Column headings are, respect ively, En - 5.4, En * 5.9, and En « 6.4 MeV 

Van de Graaff measurements, and #7 is 4.9 < En < 5.9, #6 is 5.9 < En < 
7.3 MeV bins for ORELA measurements. Ey(max) = 5.4, 5.4, 6.28, 5.63, 
and 5.63 MeV, respect ively; and EY(min) = 0.5, 0.4, 0.4, 0.1, and 0.1 
MeV, respect ively. "X" indicates gamma ray iden t i f ied in the spectrum 
designated by the column heading. 



ORNL-DWG 8 1 - 2 1 0 4 3 
w 

2 4 2 3 . 1 

2 3 8 4 . 3 

2 3 1 3 . 8 

22357 

2200.2 
2196.6 

2 1 4 7 . 8 

1 9 9 7 . 8 

1 7 8 4 . 0 

1 7 0 3 . 5 

1684.1 

1 4 6 6 . 6 -

1 3 4 0 . 6 -

1 1 6 5 . 0 -

8 0 3 . 1 -

0 . 0 -

<3-65-

<10 — >90-

•45—55-

-< 3-100-
I 

— 9 — 
I 

- 7 2 -
•91 

100— < 4-
I 

-35-
(tOO)-

100-

-(100)-

24 

-70 — 30-

25 — 75-
•100 

(EO)-
I 

-100-
i 

206 p b 

0^ 

7" 

0 

U3 

Fig. 3. 206Pb level s t ructure fo r Ex < 2.6 MeV deduced from the present experiment. Two new 
leve ls , a t Ex = 2196.6 and 2235.7 keV are indicated, and one previously (and ten ta t i ve ly ) suggested 
level at Ex = 2391 keV is not included. A l l of the excited states in t h i s energy region have most 
l i k e l y been located. 



ORNL-DWG 81-21042 
E, 

3562.7 -
3515.9-
3484.2 
3453.5 -
3402.8 -
3387.0-
3279.3-
3260J0-
3244.2 -
3225.5-

I 
-45-
-50-
-<67-

3 1 9 5 . 0 — > « 
3120.9 -
3016.8 -
2979.0 -
2939.6-
2928.8 -
2864.6-
2826.4 -
2782.3 -
26585 -
2647.8 -

-35-

->90-

-»65- -<35-

-50-
-<33-I 
- 6 0 -

-10-
-50-I -45-

-<55-

-100-

-<3—>85 

E > (FINAL) 0 0 

J'= 0+ 
4340.6 

-<10-

- > 6 0 -I —55— 

-<45-

<684.1 

-15 5-

1997.8 

-30-

- 2 0 -

-45-

-(SO)-taO)-

-<5—>85-

->75-

-HOOt-

-45-
-OOOJ-

803.1 2200.2 4466.6 4784.0 2496j6 2384.6 

-25-

-20-

-45-I -50-

J ' 

3 
5" 

-6T 

-4~ 
-6" 
(1+) 

- 3 + 

-5~ 
(81 

-6 " 
- 4 + 

- 7 
-4" 
-5" 

9" 
3" 

Fig. 4. 206Pb level s t ructure f o r 2.6 < E> 

206pb 

< 3.6 MeV. Most of the ant ic ipated levels fo r th i s 
energy region are indicated. The present gamma ray data are indicated; some previously observed gamma 
rays (see r e f . 12) were too weak to be unambiguously observed in the present experiment and are not 
included. 
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Fig. 5. 2°6pb leve l s t ruc ture f o r 3.6 < Ex < 4.8 MeV as determined 
from the present experimental data. Except f o r leve ls a t Ex = 3606, 
3776, 4005, 4238, 4347, and 4385 keV, the present data were u t i l i z e d 
to locate and del ineate the exh ib i ted l eve l s . For the s ix spec i f ied 
l e v e l s , the t r ans i t i ons shown represent l i k e l y (S) or very l i k e l y (P) 
assignments of gamma rays observed i n the present experiment consis tent 
w i th p r i o r in format ion about these l eve l s . 
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2. E = 1703.5 keV 
- x 

A strong 1703-keV garma ray i s observed f o r En < 2 MeV. A possible 
900-keV t r ans i t i on is masked by the strong 898-keV gamma ray from 
2 0 7Pb(n,n 'Y)• A measurement was made fo r a natural Pb sample fo r 
E r < 3 MeV. There was no evidence f o r a 900-keV cont r ibut ion >4% 
of the E^ = 1703 keV y i e l d . (There is evidence, however, fo r a 206Pb 
cont r ibu t ion i n the 898-keV gamma-ray y i e l d at En = 4.8 MeV.) 

3. E = 1784.0 keV 
"A 

The strong 981-keV gamma ray is observed f o r En < 2 MeV, and the 
weaker 1784- and 317-keV gamma rays are observed fo r En ' 2 . 5 MeV. The 
317-keV gamma ray is placed as the 1784-1467 keV t rans i t i on as shown in 
Fig. 3 because th i s is the only t r ans i t i on avai lable fo r En < 2.5 MeV 
having the correct energy. This t r a n s i t i o n , however, i s predicted to o be very weak by a complete shell-model ca lcu la t ion . 

4. E = 1997.8 keV 
A 

The strong 657-keV gamma ray is observed f o r En < 2.5 MeV; the 
1195-keV gamma-ray is weakly observed fo r Ep < 3.5 MeV. I t s placement 
as the 1998-803 keV t r a n s i t i o n is ten ta t i ve and due to t h i s t r a n s i t i o n 12 
designation i n 2 0 6Bi decay. The 314'keV gamma ray is not d e f i n i t e l y 
observed except probably a t En = 4.8 MeV, and i t s placement as the 
1998-1684 keV in 2 0 6Bi decay12 is not v e r i f i e d . 

5. E = 2147.8 keV 
A 

The strong 1345-keV gamma ray is observed f o r En < 2.5 MeV. A 
weak 2148-keV gamma ray i s observed f o r En = 4.8 MeV which may include 
the 2148-keV to ground s ta te t r ans i t i on . No other gamma rays having 
correct energies f o r other possible t rans i t i ons from th is level were 
observed. 



23 

6. E„ = 2196.6 and 2235.7 keV; New Levels —x— 
These two levels are postulated to be the J17 = i + and 3+ levels 

missing from the "basic-coupl ing" (P 3 / 2
 f5/2^ conf igurat ion shown in 

Fig. 1. The 856-, 1393-, and 1432-keV gamma rays are d e f i n i t e l y observed 
fo r En < 2.5 MeV. (The 856-keV peak observed is probably a doublet . ) 
A weak 2235-keV gamma ray is observed fo r En = 4.8 MeV which could include 
the 2235-keV to ground state t r ans i t i on . On the basis of correct assign-

7T + ment of the 856-keV gamma ray as the 2197-1341 keV t r a n s i t i o n , a J of 3 
is favored fo r the 2197-keV l e v e l , leaving a j " = 1+ assignment fo r the 

+ 
2235-keV leve l . The 3 assignment to the 2197-keV level is strengthened 
by the placement of a 1048-keV t rans i t i on between E - 3244 keV, = 4" 

A 
and the 2197-keV l eve l . The existence o f these two levels i s supported 

13 by the neutron spectra obtained and reported by Cranberg et a l . 
Shown i n Fig. 1 is a level a t E = 2391 keV proposed from the 

12 
analysis of 2 0 6Bi decay. The proposed 1588-keV gamma ray assigned as 
the 2391-802 keV t r ans i t i on is not observed for < 2.5 MeV, but appears 
to have a threshol ! En ^3 MeV. There is no other d i r e c t evidence f o r 
a level a t E = 2391 keV, and with the locat ion of a l l members of the 
^ 3 / 2 ^5/2^ 9 u a r t e t a n d 0 , t l i e r nearby "basic-coupl ing" conf igurat ions, 
the existence of th i s level i s in doubt and i t i s not included i n 
Fig. 3. 

7• Ev = 2200.2 and 2384.3 keV 
A " 

The J* = 7" level at Ex = 2200 keV decays to the 1684-keV level 
emi t t ing a 516-keV gamma ray. This level has a 125-ys l i f e t i m e , however, 
and i t is not l i k e l y tha t the 516-keV gamma ray observed for En = 4.8 
MeV is due solely to th is t r ans i t i on since the e lect ron ic system was 
set to observe "prompt" information w i th in a few microseconds a f t e r 
neutron scat ter ing. 

The J^ = 6" level at E = 2384 keV decays to the 2200-keV level by 
A 

emission of a 184-keV gamma ray. This gamma ray i s possibly evident fo r 
En > 3.5 MeV. This is a s i tua t ion where the apparent En threshold 
predicts level placement poor ly. The 6" state is not expected to be 
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strongly excited d i r e c t l y by neutron scat ter ing. Rather the creat ion 
of the state in th is experiment is due pr imar i l y to decay from higher-
ly ing lower-spin excited states. 

8. E = 2313.8 and 2423.1 keV 
A 1 1 1 1 i l l 

TT + The J = 0 state at E = 2314 keV is not expected to be strongly A 
populated e i ther by d i rec t neutron exc i ta t ion or by decay from higher-
l y ing excited states. A weak 610-keV gamma ray is observed fo r En = 4.8 
MeV which may include the 2314-1703 t rans i t i on Shown in Fig. 3. This 
t rans i t i on is the most l i k e l y one, since i t involves a preferred change 
of "basic-coupling" conf igurat ion from (p 3 / 2 P3/2) t 0 (P3/2 ^1/2^' ** 
is also the most l i k e l y one predicted by a more detai led shell-model o 
ca lcu la t ion . No other gamma rays are observed that could be t rans i t ions 
from th is level unless the weak 848-keV gamma ray in the raw data 
ascribed to background from 5GFe(n,n'y) includes the 2314-1467 t rans i t i on 
in 206Pb. 

A 1620-keV gamma ray observed fo r En < 2.9 MeV is assigned as decay 
from the 2424-keV leve l . A very weak 2424-keV gamma ray is observed 
fo r E = 4.8 MeV. I t could be the E = 2423-keV level to ground-state 

I I A 

t r a n s i t i o n . Other gamma rays observed at En = 4.8 MeV which could cor-
respond to t rans i t ions from th i s level have E^ = 637, 719, and 957 keV. 
The one closest i n energy is the 719-keV gamma ray and i t s probable 
branching ra t i o is shown in Fig. 3. 

9. Summary fo r E^ < 2.5 MeV 

A very nearly complete p ic ture of the t rans i t ions among the 16 
lowest energy levels in 206Pb has been deduced and is shown in Fig. 3. 
The uncerta int ies correspond to possible t rans i t ions from the decay of 
the Ex = 1998-, 2148-, 2235-, and 2423-keV leve ls . 

B. Structure for 2.6 MeV < Ex < 3.6 MeV 

There are 21 excited states in 206Pb in th is in terva l of exc i ta t ion 
which have been previously observed;7 11 of these have been studied in 
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3000. 
the beta decay of 2 0 6 B i . Transi t ions corresponding to gamma-ray decay 
of 19 of these levels were observed, or probably observed, but not a l l 

12 of the known gamma-ray t r ans i t i ons were detected. 

1. Ex = 2647.8 keV 

This leve l i s known to be a c o l l e c t i v e s ta te 6 and is indicated i n 
the "basic coupl ing" column of Fig. 1 as the 208Pb 3" s ta te coupled wi th 

-1 7 
the ( P ^ ) s ta te . A very strong 1844.5-keV gamma-ray is observed wi th 
the cor rec t threshold. Previous exper iments^ suggest a second t r a n s i t i o n 
o f 964 keV from decay of t h i s s ta te . A gamma ray o f ^964 keV was observed; 
however, there is a known background l i n e due to 63Cu(n,n 'Y) a t about t h i s 
exc i t a t i on energy which may be con t r i bu t i ng to the observed peak. In 
add i t i on , a peak f o r E^ -^964 keV is observed a t Eq less than threshold f o r 
e x c i t i n g the 2648-keV l eve l . The experimental system described i n r e f . 1 
was designed to reduce background due to (n .n ' v ) reac t ions , and so some 
por t ion of the observed data f o r E^ = 964 keV is due to the t r a n s i t i o n i n 
quest ion. The values ind icated fo r the branching r a t i o s i n Fig. 4 ( i . e . , 
>85% f o r the 1844-keV t r a n s i t i o n ) r e f l e c t the fac ts presented above and 
the lack of a more d e f i n i t i v e quan t i f i ca t i on f o r the 964-keV gamma ray . 
The possible ground-state t r a n s i t i o n gamma ray was searched f o r , and 
none was observed tha t had a y i e l d >4% of the y i e l d o f the 1844 keV 
gamma ray. 

2. E = 2658.5, 2782.3, 2826.4, 2864.6, 2939.6, and 2979 keV 
A 
The J11 of the f i r s t f i v e o f these states are known. The wave 

funct ions are probably dominated by the ( i 3 / 2 ^5/2^J1T=4" to 9" c o r v ^ 9 " u ra t ions . Gamma-ray decay o f 4 of these states (2782, 2826, 2865, and 
12 

2940 keV) has been observed in the 2 0 6 Bi decay. The present data were 
studied to obtain informat ion on the production o f these gamma rays i n 
the present experiment. Gamma rays having the la rges t y i e l ds in the 
2 0 6 Bi decay were observed; most of the gamma rays weakly observed in the 
2 0 6 Bi decay were not seen i n the present data. For the decay o f the 
J71 = 9" E = 2659 keV s ta te , i d e n t i f i e d in the 20t+Hg(a,2ny) r e a c t i o n , 3 

X .(l , 
a weak gamma ray o f ^449 keV was observed in the E = 4 . 8 MeV spectrum. 
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As th i s gamma ray corresponds to the only reasonable decay t r ans i t i on of 
th is s ta te , i t is possible tha t the given placement is correct despite 
the f ac t that the 9" state w i l l be only very weakly d i r e c t l y excited by 
the (n ,n ' ) react ion. The two t rans i t ions shown for the 2782-keV state 
correspond to gamma rays exh ib i t i ng correct En thresholds. The 398-keV 
gamma ray i s probably a doublet at En = 4.8 MeV. The given branching 
ra t ios were deduced from lower energy (En) data and do not include 
t rans i t ions unobserved in t h i s experiment. For E = 2826 keV, only one 

A 

weak gamma ray was d e f i n i t e l y observed. Estimates were made of the y ie lds 
of other possible (or previously reported) gamma rays, resu l t ing in the 
lower l i m i t fo r the branching r a t i o given in Fig. 4. The 20GBi decay 

12 
experiments report a gamma-ray t r ans i t i on of 435 keV to a postulated 
level at 2391 keV, which level probably does not ex i s t . For E = 2865 

A 

keV, J1* = 7" the only gamma ray observed in th is experiment which corre-
1 2 ir - -

sponds to the previously reported 479 keV J = 7 to 6 t r ans i t i on is 
probably due to e i ther the 3260-2782 keV t rans i t i on or to the 7Li(n,n '-Y) 
react ion, or both. Upper l i m i t s f o r y ie lds of the other two gamma rays 
at E = 1181 and 664 keV were estimated from the data to ar r ive a t the y lower l i m i t of the branching r a t i o given in Fig. 4. This branching ra t i o 1 p 
is somewhat larger than deduced from 2 0 6Bi decay data. No gamma-ray 
t rans i t ions were observed which could be de f i n i t e l y assigned as decay 
of the 2979-keV l eve l . This level has been observed very weakly only 
in the 2 0 8 Pb(p , t ) reac t ion . 1 4 The evidence, such as i t i s , suggests that 
th is level could be the missing 8" of the "basic coupling" ( i^3 /2 ^5/2^ 
sextup le t , and so th is suggested J71 i s indicated in Fig. 4. 

3. E = 2928.8 and 3120.9 keV 
A 

These two pos i t ive par i t y levels are l i k e l y re lated to the "basic-
coupling" ( f 7 / 2

 p3/2^ c o n f i 9 u r a t ' ' o n ' T h e 1588-keV gamma ray has the 
correct threshold fo r the 2929-1341 keV t r a n s i t i o n , and i t is a com-
parat ive ly strong t r a n s i t i o n . The somewhat weaker 2318-keV gamma ray 
has the correct threshold fo r the 3121-803 keV t r ans i t i on . A possible 
1781-keV t r ans i t i on (3121-1340) was masked by the stronger 1784-keV 
ganma ray. The lower l i m i t of the branching r a t i o given in Fig. 4 
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indicates the best quan t i t a t i ve estimate of the possible y ie lds of other 
unobserved gamma rays, espec ia l ly the amount o f 1781-keV t r a n s i t i o n i n 
the data fo r the 1784-keV gamma ray. 

4. E„ = 3016.8 keV 
A 

This level could be the J71 = 5" level o f the "basic coupling" 1 o 
^ 1 3 / 1 p3/2^ conf igura t ion . The previously reported 632-keV gamma 
ray is observed w i th the cor rect threshold i n the present experiment. 
Previously reported gamma rays having E^ = 234 and 1332 keV were not 
observed i n the present experiment wi th s u f f i c i e n t y i e l d fo r pos i t i ve 
i d e n t i f i c a t i o n . 

5. E = 3195.0 keV 

This level is observed^ i n (p,d) and ( p , t ) pickup react ions but not 
i n s t r i p p i n g , (Y>Y ') or ( p , p ' ) measurements. A weak, but d e f i n i t e , 
gamma-ray peak is observed in the data wi th the cor rec t threshold to 
represent the ground-state t r a n s i t i o n . A carefu l search f o r gamma rays 

TT + 

corresponding to t rans i t i ons to J = 2 level was made. No gamma ray 
having E^ % 2392 keV could be d e f i n i t e l y i d e n t i f i e d . A gamma ray having 
E^ ^ 1728 keV was observed; however, t h i s gamma ray could also be due 
a t least pa r t l y to 2 0 7Pb(n,n 'Y)» and the l i m i t s to the branching ra t i os 
given i n Fig. 4 r e f l e c t the unknown con t r ibu t ion from the 207Pb isotope. 
The spin of t h i s s ta te is l i k e l y to be J = 1. This s tate could be the , 
J77 = 1 + s ta te of the ( f 7 / 2

 b a s i c coupl ing or else the J77 = 1~ s ta te 
of the (3" 0 2 ) coupl ing. Based upon the lack of observation i n ( p , p ' ) 
and s t r i pp i ng react ions, the J77 = 1 is favored. 

6. E = 3225.5 and 3387.0 keV "A 1 

These states could be the J77 = 6" and 7" states o f the "basic 
coupl ing" (1-13/2 p3/2^ conf igura t ion . T h e E

x
 = 3225.5 keV s ta te i s 

reported i n 2 0 6 Bi beta d e c a y . ^ Two weak gamma rays were observed i n 
the present experiment corresponding to previously reported t r a n s i t i o n s . 
The very weak 1025-keV gamma ray has the cor rec t threshold; however, 
background from the strong 72Ge(n,n 'Y) gamma ray at about t h i s E^ 
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hampered e f f o r t s to determine the threshold of the 841-keV gamma ray. The 
branching ra t ios given in Fig. 4 assume the correct placement of t h i s gamma 
ray as the 322G-2335 keV t r a n s i t i o n . No gamma rays were observeJ which 
could be d e f i n i t e l y placed as t rans i t ions from the 3387-keV l eve l , con-
s is ten t wi th the high-spin assignment of th i s s ta te . 

7. E = 3244.2 keV 
A 

IT - 1 7 This 0 = 4 state has been observed i n 2 0 6Bi decay; i t may be the 
4 state o f the (3 8 2 ) basic coupling. A l l o f the gamma-ray placements 
given i n Fig. 4 appear to have correct thresholds, although the threshold 
fo r the weak 1047-keV gamma ray is p a r t i a l l y masked by the 70Ge(n,n'-y) 
background peak at E = 1040 keV. The same four gamma rays are observed 

12 ^ in 2 0 6Bi decay with the 1904-, 1560-, and 1247-keV gamma rays assigned 
as shown in Fig. 4. The other gamma ray, E = 1048 keV, is observed in 

•jo Y 2 0 6Bi decay and was determined to have El m u l t i p o l a r i t y , but was not 
placed in the level s t ruc ture . The present placement i s consistent wi th 
the determination of a (new) level at E = 2197 keV and having J11 = 3+ . 

A 

The branching ra t ios given in Fig. 4 are averages of those deduced from 
the present y ie lds and those deduced from the 2 0 6Bi decay y ie lds . 

8. E = 3260.0 keV 
A 

This is the J* = 6+ level observed strongly in 2(>8Pb(p,t) 206Pb 
14 

react ion. In the present experiment a gamma ray having energy E^ = 1576 
keV is observed wi th the correct threshold f o r the 3260-1684 keV t r ans i t i on . 
The 478-keV gamma ray mentioned above in the discussion fo r E = 2865 keV A 
has an apparent threshold equivalent to the 3260-2782 keV t rans i t i on wi th 
a y i e l d about the same as fo r E^ = 1576 keV. No other gamma rays were 
observed having E^ > 300 keV and y ie lds large enough f o r pos i t ive iden-
t i f i c a t i o n to correspond to another t r ans i t i on from th i s energy l eve l . IT + 

These assigned gamma rays are in agreement wi th J = 6 , and i f t h i s i s 
the correct J * , t h i s level may be assigned to the "basic coupling" 
( f f . . ) conf igurat ion as suggested i n Fig. 1. 
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9. E = 3279.3 keV 
""A 

1000. Gamma rays corresponding to the two previously reported strongest 
t rans i t i ons from th i s level were d e f i n i t e l y observed in the present 
experiment. The threshold f o r E^ = 497 i s co r rec t ; the y i e l d f o r E^ = 
895 keV was separated from tha t f o r the much stronger 898-keV gamma ray 
due to 2 0 7Pb(n,n 'Y) i n the En = 4.8 MeV spectrum; a threshold f o r t h i s 
gamma ray could not be determined. A gamma ray having E^ = 1595 was 
observed having the cor rec t threshold f o r the 3279-1684 keV t r a n s i t i o n ; 
however, no gamma ray having E^ ^ 262 keV, corresponding to the previously 
reported 3279-3017 keV t r a n s i t i o n , was observed. The upper l i m i t f o r 
the branching r a t i o f o r t h i s t r a n s i t i o n would be <5% i f the y ie lds of the 
three placed gamma rays are co r rec t . This level i s s t rongly populated 

1 o 
i n 2 0 6 Bi decay (42% of the t o t a l beta decay) and st rongly populated in 
(n ,n 'Y) . This evidence supports assigning the "basic coupling" (5~ B 0+ ) 
conf igurat ion to t h i s s ta te . 

10. E.. = 3402.8 and 3562.7 keV —x 
The E = 3403 keV is the other st rongly populated J77 = 5" level i n 

A 
2 0 6 Bi decay and the 3563-keV level i s the highest energy level populated 

1 9 
i n 2 0 6 Bi decay and has J77 = 5" a lso. Gamma rays were observed i n the 
present experiment corresponding to the stronger previously reported 

12 
t r ans i t i ons but the y ie lds of these gamma rays were much less than those 
f o r the J* = 5" , E = 3279 keV. Of the 5 gamma rays observed i n the 

A 

present experiment assigned as t rans i t i ons from these two l eve l s , only 
the rather weak E^ = 1565 keV, corresponding to the 3563-1998 keV t r a n s i -
t i o n , has a poorly defined threshold. Based p r imar i l y on the 2 0 6 Bi decay 
s t rength , the E = 3403 keV level may be re la ted to one member of the - + "basic coupl ing" (3 8 2 ) con f igura t ion . 

11. E = 3453.5, 3484.2, and 3515.9 keV 
A 

These levels have been observed in ( p , p ' ) , ( p , d ) , and ( p , t ) react ions. 
Three gamma rays having E^ = 2650, 2681, and 2713 keV are observed i n the 
present data having about the same threshold, and they are assigned as 
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t rans i t ions from these excited states to the J17 = 2+ 803-keV f i r s t - e x c i t e d 
state i n 206Pb. Based upon the more accurate exc i ta t ion energies provided 
by these three assignments, the present data were care fu l l y studied f o r 
other gamma rays having correct energies and thresholds. Three other 
gamma rays were found sa t i s f y ing these c r i t e r i a , and the resu l t ing 
branching ra t ios are shown in Fig. 4 fo r these three leve ls . On the basis 
o f the accuracy of these assignments and the expectation tha t Ml t rans i t ions 
should be favored over E2 or higher mu l t i po la r i t y t r ans i t i ons , the 3453-
and 3516-keV states should have 0 = 3 . One of these, perhaps the 3516-keV 

IT + 
s ta te , may correspond to the J = 3 state of the "basic coupling" 
( f , , « f c /o ) conf igurat ion. Probably the 3453-keV state has negative 
p a r i t y 1 5 and may correspond to the J = 3 state of the "basic coupling" 
(3" 0 2 ) 

conf igurat ion. I f so, one would expect to observe a t r ans i t i on 
to the J71 = 3" Ex = 2648 keV s ta te . The calculated gamma-ray energy for 
th is t r ans i t i on is 805.7 keV, unfortunately nearly degenerate wi th the 
dominant 803-keV gamma ray. Hence the branching ra t ios shown in Fig. 5 
are upper l i m i t s . The spin of the 3484-keV state is most l i k e l y J = 1, 2, 
or 3 , w i th J = 2 s l i g h t l y favored on the basis that J = 1 might well have 
a ground-state t r ans i t i on (not observed in the present, or any other , 
experiment) and J = 3 would mean observation of three very c lose- ly ing 
states having the same spin. 
12. Summary f o r 2.6 < E„ < 3.6 MeV 

New gamma-ray t rans i t ions have been determined f o r f i v e levels in 
th i s E energy span, and two previously t rans i t ions assigned as ten ta t i ve 7 

A 

have been v e r i f i e d . I den t i f i ca t i on of f i v e of the s ix "basic coupling" 
^13 /2 ^5/2^ s t a t e s ' i a s b e e n supported, as has a candidate fo r the s ix th 
s tate o f t h i s conf igurat ion. Both of the "basic coupling" p l / 2 ^ 
states have been i d e n t i f i e d . I den t i f i ca t i on of three of the four "basic 
coupling" 0- |3 /2 p3/2^ ^ a s '3 e e n suggested; the J77 = 8" state o f 
th is conf igurat ion has not yet been observed; th i s state would have been 
only very weakly excited by ( n , n ' ) . I t is l i k e l y to l i e close to E = 3.2 
MeV. I d e n t i f i c a t i o n of the "basic coupling" (5" B 0 ) state seems 
reasonably pos i t i ve . I den t i f i ca t i on of 2 or 3 of the s ix "basic coupling" 
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^ 7 / 2 f5/2^ s t a t e s h a s b e e n suggested. Only fo r Ex = 3484 is i t not yet 
reasonable to ten ta t i ve ly assign a unique spin. I t i s l i k e l y that 
several more excited states having exc i ta t ion energies E between 3.3 
and 3.6 MeV w i l l be located corresponding to the res t of the ( f^^g 
and (3" 8 2+) conf igurat ions. So the picture of the t rans i t ions from 
these 21 energy levels in 206Pb as shown in Fig. 4 is not as complete as 
shown in Fig. 3 fo r the lower- ly ing leve ls , but i t is more complete than 
in present evaluat ions.7 

C. Structure fo r 3.6 < E < 4.8 MeV 
J\ 

In t h i s sect ion, the placements o f gamma rays determined from the 
En = 4.8 MeV measurement w i l l be discussed. The current evaluations7 

give ^40 excited states fo r th i s region of exc i ta t ion energy i n 206Pb. 
The estimated number of level should be >100 from the simple estimation 
given in Fig. 2, bearing i n mind that the estimation exhibi ted in th is 
f igure is a lower l i m i t since i t was made from "basic coupling" conf ig-
urations of neutron shell-model o rb i t s only. One may also expect states l fi 
based upon conf igurat ions of proton shell-model o rb i t s as well as states 
described by co l lec t i ve exc i ta t ion conf igura t ions . 1 7 

Unfortunately, f o r t h i s region of exc i ta t ion , the correspondence 
of levels seen in d i f f e r e n t reactions i s very uncertain. Only levels at 
E * 3770 (Ju = 5 " ) , 4115 (J* = probably 4 + ) , 4325 (J11 = 1 + ) , and possibly 
4390 (J = 6 ) 

keV are apparently i d e n t i f i e d in more than one experiment 
at close to the same exc i ta t ion energy. There have been reported a l l t o ld 
a s u f f i c i e n t number of levels wi th large enough uncerta int ies in exc i ta t ion 
energy to blanket the region o f exc i ta t ion Ex > 3950 keV. Only f o r a few 
of these levels can a de f i n i t e J71 assignment be made based upon experi-
mental evidence. 

I t must be evident then that wi th so many observed gamma rays 
(Table 1) , one could f i nd t rans i t i ons among the elements o f j u s t about 
any set of proposed leve ls . Unfortunately, f o r most of the unassigned 
gamma rays, the incident neutron-energy threshold i s not as wel l defined 
as fo r the already assigned gamma rays, par t l y due to the small gamma-ray 
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y ie lds and pa r t l y due to the increased incident neutron-energybin widths 
required to compensate fo r the rapid decrease in incident-neutron in tens i t y 
wi th increased energyJ 0 In add i t ion , many of the levels observed in 
(special ized) t ransfer reactions w i l l not be appreciably excited by neutron 
ine las t i c scat ter ing. Consequently, detai led comparisons of the energies 
of possible t rans i t ions wi th observed gamma-ray energies w i l l y i e l d very 
l i t t l e new d e f i n i t i v e information. In f a c t , only fo r the few levels 
mentioned a few sentences back was i t reasonable to make such detai led 
comparisons wi th some confidence. 

The gamma-ray data, however, do y i e l d d e f i n i t i v e information about 
the 206Pb level s t ructure. A l l gamma rays having E > 4.0 MeV observed 
in the En = 4.8 MeV spectrum must correspond to ground-state t rans i t ions 
and so define the exc i ta t ion energies of 14 levels having Ex between 4.0 
and 4.8 MeV. There are 17 reported gamma rays having E^ between 3.6 and 
4.0 MeV, and these must be e i ther ground-state t rans i t ions or t rans i t ions 
to the E = 803-keV f i r s t - e x c i t e d s tate. Threshold measurements are suf -A 
f i c i e n t to i d e n t i f y one type from the other f o r 16 of these gamma rays, 
resu l t ing in assigning exc i ta t ion energies to 11 more levels having 
E > 4.4 MeV. In addi t ion, data taken using the ORELA system provide X 

unambiguous thresholds f o r s ix more gamma rays, E^ = 3186, 3207, 3232, 
3242, 3263, and 3273 keV. These gamma rays are assigned as t rans i t ions to 
the Ex = 803-keV f i r s t - e x c i t e d states. Thus, assignments of gamma-ray 
t rans i t ions have been made for 36 levels in 206Pb having 4.8 > E > 3.7 

A 
MeV based so le ly upon the present data. These assignments corroborate 

2 previously observed gamma-ray t rans i t ions fo r E = 3744, 4117, 4331, A 
and 4606 keV, and the agreements in gamma-ray energies fo r these four 
t rans i t ions i s exce l lent . Correspondence of any levels reported in p r i o r 

2 12-19 
measurements ' w i th the other 31 newly postulated levels was 
attempted but without any success. Most l i k e l y , more than ha l f o f these 
are new leve ls . 

These resu l ts are shown graphical ly in Fig. 5. In th is f i gu re , the 
" d e f i n i t e " labels ("D") indicate gamma-ray placements d ic ta ted by threshold 
considerations as discussed above. The symbols "P" and "S" stand fo r 
gamma-ray placements that cannot be r igorously defended, but which can be 
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assigned based on reasons of energy agreement between the gamma ray and 
the assigned t r a n s i t i o n and a consistent En threshold and the l i ke l i hood 
of the existence of the proposed t r a n s i t i o n . The degree of confidence 
of these placements i s such that i t i s expected tha t 75% or more of those 
designated "P" have been co r rec t l y assigned, and tha t 50% or more of 
those designated "S" have been co r rec t l y assigned. J77 assignments given 
in Fig. 5 in parentheses are those consistent w i th correct assignments o f 
observed gamma rays as t rans i t i ons and the assumption that these t r a n s i t i o n s 
have only E l , Ml, and E2 m u l t i p o l a r i t i e s . 

As mentioned above, there are a few exci ted states fo r which gamma-ray 
t rans i t i ons can be r e l i a b l y assigned on the basis o f near equa l i t y i n 
energy and cons is tent , i f not d e f i n i t e , En threshold determinations. These 
are discussed now. 

1. E = 3606 keV, J = 2* -x 
This s tate i s observed i n the 2 0 8 Pb(p , t ) react ion and J77 = 2+ assigned 

on the basis o f agreement in t r i t o n angular d i s t r i b u t i o n wi th a DWBA 
calculated angular d i s t r i b u t i o n . 1 4 The "basic coupl ing" conf igura t ion f o r 

p 
t h i s state could be ( f 7 / 2

 o r P e r h a P s Gamma r a y s corres-
ponding to the 3606-1784 and 3606-2648 keV t r ans i t i ons ( i . e . , E^ = 1822 
and 958 keV) are observed wi th consistent En thresholds. Three other 
gamma rays , having E^ = 3607, 2803, and 1457 keV, which could correspond 
to addi t ional t rans i t i ons from decay o f the 3606-keV l e v e l , have En 

thresholds > 4 MeV. 

2. E = 3744.3 keV, J77 = T 
A 

This s ta te has been observed i n (Y,Y ' ) r e a c t i o n s 2 , 2 0 from which the 
20 spin and pa r i t y were deduced. I t i s also probably seen in 2 0 7Pb(p,d) 

1A 
measurements. The present data include a gamma ray having E^ = 2942 
keV w i th a Veshold consistent wi th the 3744-803 keV t r a n s i t i o n . Two 
other garni... rays having E^ = 1595 and 1961 keV i n agreement w i th possible 
t r a n s i t i o n energies 3744-2140 and 3744-1784 keV have apparent Ep th res-
holds > 4 MeV. 
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3. E = 3776 keV, J77 = 5" 

This st rongly excited state is probably the analogue to the J77 = 5" , 
Eu = 3710 keV state in 208Pb. I t is reported in (p ,p ' ) measurements15 '19 

17 
and in 2 0 4 Pb( t ,p ) measurements. Two gamma rays, having E^ = 2092 and 
1778 keV, are observed having En thresholds consistent wi th 3776-1684 
and 3776-1998 keV t r ans i t i ons , both to J17 = 4+ states. Another possible 
t r ans i t i on is the 3776-3260-keV t r a n s i t i o n . The gamma ray in question, 
having E^ = 516 keV, does not have a d e f i n i t e threshold, and part o f the 
y ie ld fo r t h i s gamma is l i k e l y observed in the 2200-1685 keV t rans i t i on as 
shown in Fig. 4. However, the y i e l d of t h i s gamma ray observed in the 
En = 4.8 MeV spectrum is (comparatively) large and i t i s possible that a 
port ion of the y i e l d corresponds to the 3776-3260 keV t r a n s i t i o n . The 
gamma ray having E^ = 1576 keV corresponding to a possible 3776-2200 keV 
t rans i t i on has a lower En threshold and has been assigned to the 3260-1684 
keV t r a n s i t i o n . The gamma ray having E^ = 497 keV corresponding to a 
possible 3776-3279 keV t rans i t i on also has a lower En threshold and has 
been assigned to the 3279-2782 keV t r ans i t i on . A possible 3776-2929 keV 
t r a n s i t i o n i s masked by the known 56Fe background 847-keV gamma ray. 
There are no other gamma rays having energies E^ close to other possible 
t r ans i t i on energies fo r decay of t h i s l eve l . 

4. E = 4115.6 keV, J77 = 4+ and 4116.5 keV, J77 = 2+ 

A 

These two levels are degenerate to w i th in the resolving power of 
the present detect ion system. A strong ground-state t r ans i t i on is 
observed i den t i f y i ng the J77 = 2+ as the analogue of the strong J77 = 2+ 

E = 4084 keV level in 208Pb. The other 2°8Pb excited state is observed X .j. 1 n in the 2 0 8 Pb(p , t ) react ion with a J = 4 assignment, and in the 1 o 
2 0 7Pb(p,d) react ion wi th angular momentum t ransfer JL = 5,so that th i s 
state l i k e l y corresponds to the "basic coupling" (hg/2 P i /2^J=4 c o n ~ 
f i gu ra t i on . Two other gamma rays, having E^ = 2775 and 995 keV, have 
thresholds consistent wi th 4116-1341 and 4116-3121 keV t rans i t i ons . For 
a l l other l i k e l y t r ans i t i ons , gamma rays having energies s u f f i c i e n t l y 
close to postulated t r a n s i t i o n energies have inconsistent En thresholds. 
I t is not possible to be cer ta in o f t r ans i t i on assignments, other than 
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f o r the 4116.5-0.0 t r a n s i t i o n . The only two probable assignments are 
suggested as both corresponding to decay of the J71 = 4+ level f o r two 
reasons: (a) The 208Pb analogue of the j " = 2+ level (at E = 4084 keV i x 
i n 208Pb) decays only by a ground-state t r a n s i t i o n , and there are no 
obvious reasons fo r enhancements of e i ther the 4116-1341 or 4116-3121 
keV t rans i t ions wi th respect to other plausible t r ans i t i ons ; (b) the 
decay of the J* = 4+ "basic-coupl ing" (hg^2 p ^ 2 ) conf igurat ion might be 
expected to p re fe ren t i a l l y populate states corresponding to "basicf-
coupling" (f5/ /r2

 p i /2^0=3 a n d ^ f 7/2 P1/2^J=3 4 s i n c e t h e s e involve pnly 
one neutron-hole o rb i t a l change. Therefore, both gamma rays are assigned 
as t rans i t ions from the = 4+ level of th i s doublet wi th the caveat 
tha t such assignments have invoked shell-model considerations and so 
should not be la te r construed as v e r i f i c a t i o n of more accurate she l l -
model predic t ions. 

5. E„ = 4005 keV, J71 = 5+ 
- x — 

A state i s reported in the 207Pb(p,d). react ion at Ex = 4008 keV 
having angular momentum t rans fe r 1 8 I = 5 which may be the J* = 5+ s tate 
of the "basic-coupl ing" (hg^2 conf igurat ion. A study o f the'present 
data supports an excited state of t h i s descr ip t ion. A gamma ray having 
energy E^ = 1076 keV is observed having a threshold consistent with 
assignment as the 4005-2929 keV t r a n s i t i o n . Another gamma ray having 
energy E^ = 2008 keV is observed in the En = 4.8 MeV spectrum, b u t ! i t 
i s not pos i t i ve ly i den t i f i ed in any of the spectra obtained using Ihe 
0RELA. I t could be the 4005-1998 keV t r ans i t i on . The possible 40(1)5-2384 
keV t r ans i t i on is nearly degenerate wi th the 2423-803 keV t r a n s i t i o n . 
Other l i k e l y t rans i t ions cannot be matched with observed gamma r a y i . The 
resu l t i ng p ic ture is consistent wi th the shell-model in te rp re ta t io r j f o r a 
J n = 5+ level of the (hg^2 P-|/2) conf igurat ion, but the caveat expressed 
i n the l a s t paragraph is repeated. 

6. E = 4238 keV, J77 = 5" ; 4347 keV, J* = 4 + ; and 4385 keV, J77 = 6* —x— 
The Jw = 5" and 6+ levels are i den t i f i ed i n 201*Pb(t,p) measurements17 

ir + + and the J = 4 and 6 levels are observed with large y ie lds in i ne las t i c 
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3000. 
proton scat ter ing measurements. Gamma rays having energies and thres-
holds consistent with p lausib le t rans i t ions are indicated in Fig. 5. 

D. Structure fo r Ex > 4.8 MeV 

As mentioned in the f i r s t part of the experiir ntal sect ion, data 
were obtained fo r Ep > 5 MeV, and gamma rays which were i den t i f i ed with 
reasonable cer ta in ty are given in Table 2. In th i s highly excited 
region, the level density has increased subs tan t ia l l y , so much so that 
the level spacing is smaller than the resolving power of the experimental 
system. About 50 levels have been "adopted" having E up to 8226 keV.7 

A 
As fo r the leve l -s t ruc tu re discussion i n subsection C, correspondence 
among any of the d i f f e r e n t experiments is an uncertain business. The 
best comparisons are probably fo r energies of ground-state t rans i t ions 
from the present experiment (given in Table 2) and those for reported 
( Y J Y ' ) measurements which are indicated in Fig. 6. Possible cor re la t ion 
o f exc i ta t ion energies ( to w i th in 5 keV) are indicated along the r ight-hand 
edge of Fig. 6. In th i s f igure the symbols "D", "P", and "S" have the 
same meaning as in Fig. 5. 

V. SUMMARY 

Neutron ine las t i c scat ter ing from the 206Pb nucleus has provided 
much new information about the level s t ructure of 206Pb, in par t i cu la r 
locat ing fo r the f i r s t time many leve ls , and providing fo r the f i r s t 
time information on t rans i t ions among previously reported leve ls . Over 
ha l f of the observed gamma rays could not be and were not i den t i f i ed 
with pa r t i cu la r t rans i t ions among 206Pb leve ls ; there is a richness in 
de ta i l await ing fu r ther study. The knowledge of the 206Pb level s t ructure 
is more complete, however, and may prove a severe tes t f o r addi t ional more-
sophist icated shell-model ca lcu la t ions. 
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Fig. 6. 206Pb leve ls f o r Ex > 4.8 MeV deduced from the present data. 
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APPENDIX: SPECTRUM OF GAMMA RAYS OBTAINED FOR En = 4.8 MeV 

Data were obtained using a PDP-7 computer and stored in two manners. 
The Analog-to-Dig i ta l Converter was set a t 4096 channels, and data were 
stored i n an event-by-event mode on a magnetic tape in a two-dimensional 
mode; i . e . , gaimia-ray pulse height plus information on the time o f the 
event ( i n the detector) fo l lowing the beam burst . Data were also saved 
in a 2048-channel to ta l pulse-height array in the computer. The reel 
of magnetic tape was f i l l e d a f t e r ^106 events had been processed. The 
run was continued, however, to acquire addi t ional data in the 2048-
channel spectrum. The data on the magnetic tape were processed o f f - l i n e 
in a manner to reduce background contr ibut ions by requi r ing speci f ied 
time l i m i t s with respect to the incident beam to specify a "va l id " event. 
These time constraints were not included in the 2048-channel data stored 
in computer memory; however, the l a t t e r were obtained fo r about four 
times the neutron fluence used f o r the 4096-channel spectrum, and show 
much bet ter the high-energy gamma-ray data. 

The spectral data shown in the fo l lowing f igures are a mix of portions 
of the 4096-channel spectrum having a dispersion of ^1.25 keV/channel and 
a smaller background con t r ibu t ion , and portions of the 2048-channel 
spectrum having a dispersion of ^2.5 keV/channel and more d e f i n i t i v e 
high-energy data. 
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assumed due to two equa l -y ie ld photons, one having Ey = 317.4 keV arid 
the other having Ey <314 keV. The peak at 442 keV appears to bev 

p r imar i l y background from an undetermined source. 



42 

10 

UJ z z cr x u N 
to 

ZJ o (_J 

103 

+ 

\ 
+ + 

1 

+ 

Xw/ \ 

v 1 V * 

\ 

1 * M v V 

400. 450. 500. 550. 

GRMMA-RAY ENERGY ( K E V ) 

600. 

Fig. A-2. Dispersion is 1.25 keV/channel. The unresolved con t r i -
bution on the high-energy edge of the EY = 511 keV peak i s assumed due 
to a gamma ray having = 516.2 keV corresponding to the correct energy 
fo r the 2200.2 to 1784.0 keV t r a n s i t i o n . Peak s t r ipp ing resul ts i n the 
y i e l d given in Table 1 fo r a gamma ray of th is energy. Peaks a t 
E = 567 and 583 keV are, respect ive ly , due to neutron i ne las t i c 
scat ter ing from 207Pb and 208Pb. 
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Fig. A-8. Dispersion i s 1.25 keV/channel. Peaks near EY = 1725 
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Fig. A-13. Dispersion i s 2.5 keV/channel. Peaks corresponding a t 
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