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Th e cn~q: y 1-:w: l s :tnJ the tl cc .1y sc h eme s <>f 
76

sc , 
78

se , 
80

se , 
82

se ~ nd 76
r. e h .lve been 

studied t hr0 ur.h tl.e o •Co~"-urcmt:-n ts o f (n,n'y) Jiff .,· rc·ntin l crr:s s ~t.·c ti on~ # \. arrnn .. l - rny exc i
t nt ion f unc ti onc; J, ;,v e: l>t·e n mcn .o:. ur c d bc t\..'Cc n 2.0- ,,nd 4. 1- MeV i nc ide nt neutro n cne q~y. and 
an1:u l ar di•trihuti o n h ave b<·c n ob5e rvc. d for Rll of th es e i so t ope s. 

( 76 , 78 , 80,82 76 • ) . 
Se, r.e ; (n,n y r e .:~ctl o n ; En• 2.0- 4.1 l-k V ; Ey ; '; ( Ey, O) l eve l schemes ) 

Introduction 

Bt.:s idc s tfl (' ."lpp li e J int c r~~ t in prnvidi •l f', neutro n 
d.; ta. the re Arc SC•\'· rR 1 r('a~ons f o .- n'c.1su ri n r, the J'Jillli"T1.1 

r ny rr'.J Juc tinn Cf<l.0.,3 S l ~ c tit.• n s fl l f ('\'en - A' Se and r.c iso 
t o ,Je S . At first. th ese j ~oLopC!i l; ;1vc ne tJtr o n n u;:.hc rs 
l,e tl.'<'e n t.2 .1nd ~fl. that is j us t Lel o w the c lo se d sh e ll 
~t N•50 . Th~ n, the sp~ctroscopy of the l o w lyinp, st,.tes 
in even - A i so t opt!S may give s cme infcr.;1a tion abo ut 
th e ir s t ruc r urt>s . Ser.ond ly, the l e v e l scheme s o f 76ee, 
76se , 78se ~n d, in pa rticuli a r, BOs e "nd 87se a re no t 
ve l! l: no•·n. The • •ne r~y l eve ls .1nd lhP. ir c.leca y sc he me s 
h•ve been inv~ ~t iRa ted b y cou l omb exc it ation ! an d mai n 
ly 1>)' means o f t!te ~ .J~r.<: y f rom As or flr f o r the Se 
i so tope s2- 5 an J fr om Ca f o r Ge i so t op~6. No .pr e vi ou s 
vork on th c• e i so t o pes us ing the (n,n'y) t e chniques 
see~• to have been reporte d yet. In t he presen t s t udy, 
a Jot of n ew i o f o rrr.a t ion has Le en ob t ain~ d from the 
~r.alysis of the e xcitation fu nc tion s of the g amma ray s 
f o ll owing th e i ne l as tic scattering of n e utrons betwee n 
2 .0 and 4.1 ~le V. ~-'e have CO\'l;>l ete d thes e r esu lts b y 
r;.e ns ur i:1g t he angu l a r distri butions of the rn ain gar.1ma 
r a ys at 3.0- He V incide n t n eutron ene r gy . Ho re complete 
leve l scheme s a re t hen propose d f o r the fi ve i sot.ope s. 
The'sc n1ea sur ements Su?p l e n,e nt t he ne utro n s c:. tt erl:1.g 
data obta ine d by dir~c t n~u tron d e t e ction r epo rt e d 
else whe re in this mee ti ng . In t h is paper ve pre se nt 
onl y our r esu lts for 76se and 82se . 

EXj>eri me ntal p r ocedure s and d ;; ta reduction 

The T(p, n)3He r eac tion wa s u 'e d to produce the 
neu.oon beam in t he 2.0- to 4.1- HcV enerRY r ange . The 
i nc id e nt prot on s were Ac ce l erated by t he t andem Van de 
Cra aff acc<? l err. t o r of the Ce ntre d'Etudes de Bruyeres-
l e-Chat. e l. The beam ,;as p u ls e d with a burst width of 
I ns e c and a r ep~ titi on rate of ? .5 HHz . The average 
current was 2uA. 

A 3 -cm l ong ga s t a rget with two entra nce nickel 
foi Js ( eac h, 4 .4 -n:g / cm2 thick) •·a s u sed. The de scrip
tion of this tri t i urn gas cell has b e en pr esented in du
t ai l in a pre vious repor t7. 

Each Sel en ium samp le was in a form o f me tallic 
powder with an is o t o pic enri ch me nt g r eater th " n 90% . 
TI1e containe r f o r each s amp le wa s a poly e thylene can of 
di runc te r 25 rron an d le neht 50 mrn . 

During a run, the s a"~ le was placed at o• wit h 
r espec t to the incicent pro ton beam and 6.65 em from 
th e cen t e r of tlte t ri tium ce ll. 

The app arat us and the experimH ntal technique s 
h a ve b e en di s cusse d in d e tail in pre vious r e ports8,9, 
and will be desc ribe d o~ ly briefly here. 

Photo n s f o ll owinH the ine l as tic sca tte ring of 
neu t ro ns by the s an;> l e we re de t .,cted by an an ti - c or.;p ton 
spec trome ter comrose d of a c entra l Ce (L i ) de t ecto r and 
a I\ a 1 (Tl) annulus . A pulsed bea:o t i roe-o f - fl igh t de 
t ec ti on ooce was u se d t o e li mina te backgrou nd cause d by 

_promp t neutro~s striking the detec t o r. In the present 
vork a 100-cw - ga '""'a r a y detec tor •·as use d in the gam
ma ray spec t romete r instead of the 30- cm3 and 67 - cm3 

+Prese r· t address: lln ive rsity of K<:nt u c ky, Lex i neton , Ky . 

d e te c t o rs us e d pr.,v i o usly. Th e fli~;ht ;>a th h e t ve<- n the 
s;, mp le and the Gc {I.i) detect o rs ,.;,, 1.2 m. Th e ti m~ re
solution o f th e r:e(I:i) de t ec t o r wa s 6 n<c c f o r r, on.ma
rRys energies gre ater than 200 kcV. Tltc ab solute value 
o f the R;,r. .. ":"'A- r a y pro duct i o n r ross St!Cti r·n s h as lH..'!: n 
g i ve n by r e f c n·nce to th e 1!~6 .8 -keV ga:;,., a - ray pr<> duc 
tion cros s H •: tion of 56re , l·cpo rt. e d l; y Di ckr n s e t a J_IO 
The overal l un c~ rt ain ti e s o f the m~ a s ur e d cross se c
tions va r y b~l'-'een 10 to 25 7. . 

R••ults a n d discussion 

lJ c u tro n - i nduce d g.alT'!Tia - rrty proJuc li on mcas urc mt.·nts 

we re undc rt :tJ,..e n f o r II enerr,ics in tl 1e rAn ge fr om 2.0 
to 4,1 ~le V at 55", in s t e ps o f 0.2 :·le V, the o ve r .1 ll 
ene r r.Y s pr e;s d. Th P5 C steps "''<· rt! s r. .. :ll I nour;h to r e mo ve 
amb i gu iti e s in the assirmen t o f en~r;: i,-,s to the l ~ve ls 
found in t his \.,'o rk . No o t her m'!asu r er-.en ts s eem to ha ve 
b ee n repo rt ~ d yet . As a n Ex amp l e , t he exc it a tion fu nc
tions for bot h 82se and 76s e ~n d th e ded u ce d l eve l 
scheme s propo se d for thos e i sotopes a r e give n r e• pec ti
ve ly in t a~!e s I an d II and fi gu r e s I a nd 2. De t a il e d 
discus s i o ns of ne w assi gue nts are bey o nd the sco pe of 
this p ~ pe r, but new resu lts o f t h is s tudy !ta ve bee n 
emp h Ez;se d by a n a sterisk ( • ) ( figures I a n d 2). 

The l eve l s c hemes p r o;>o se d f v r eac h isotope are 
a laq;e extension of those dL·duce J fr om the S de c ay of 
As or Brand of Ca. The analy s is of the propose d l eve l 
scherne s sho~.Js tha t mo re leve l s arc cxci t e d in the 76se 
78se 11nd BOse t ha n in the ll2se . Th is is prov e d b y coro
parinr. tbe r,amma - ray pro ducti on cross sections for the 
first l e vel at 4,1 -: te V incident -n£:utro n enerr,y : the 
value s f o r 76se , 78sc and BOs e nre quite th e sMne : 
about 13 5 mb / s r at ~5" ; vher eas f o r ~2se the value 1s 
1!0 mL / s r at 55". 

Angular distril>utions o f the ma in r,arr:ma r~>)'S 

ue re obtaine d f o r ea c h isotope for a n e utron ene r gy of 
3.0 :·te V. 

All of the se me asured cro•s sec ti on s are be ing 
c ompare d to pr ed icti ons of the Ha use r - Feshba ch f orrr.a 
lism with width fluct uat i o n correcti o ns i nc luded . Sew 
r es ults of this s tudy will be g ive n in s u!se quen t pa
pers. 
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Table II 

Differential cross section oeasured at SS deg for the main gaor.ma transitions from the 76se (n,n•~) rc~ction. 
(Energies are given in keV) • 
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Figure I. Proposed level scheme of 82se. The levels noted with an asterisk have least one cl:aractcristic 

determined fro1n these measurements .. 
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Figure 2. Propo,ecl level scherroe of 76se. The levels noted with iln astrrisk have at \e.,st one characteristic 

determined from these measurements. 




