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A B STR A CT 

From the observa~bon of 6Bxc1 ted 7 Li and 7 Be fragmen ts a t backward angles (120 0 and 

I~OO) in the reaction Ne + Ni at 742 MeV, an emission temperatur e compatible wi t h that 

inferred from the slope of the parti cle e nergy spectra has been obtai ned . The use of a 

hi gh res' luti on Compton suppressed gamma-ray detector has played a c r uci al role . 
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In t.he las t few years the avai labi li ty of heavy-ion beams in the 20-100 MeV Inucleon 

energy range has allowed the obser vation of complex fragments (2:::3) emi tted by highly 

exci led compos i te systems . In fact the large angular momentum and/or temperature of such 

SYfitems make the 

observa tj on has 

cross sec ti on 

been consjdered 

of these 
(3- 6) 

as 

(1 , 2) 
deexcitation channels sizable 

mani festati on of the early stages 

Their 

of the 

deexc.i tatian of a fully equi librated system . This feature should be reflected in the 

state emissj ons of such fragments 
(7) 

Recently relative yield o f excited La ground 
(7.8) 

Morrissey et al . have deduced populaLiufl rati os f or Li and Be isotopes in strong 

tli sag reement wi Lh the above hypothesi s , from t he measurement of coi nci dences between the 

14 
camp lex fragmen ts and thei r deexci tati on gamma-rays in the reaction N + Ag at 35 

MeV/nuc leon . 

In the presen t work, j n order to accura tely study the populati on of exci ted complex 

fragments in Lhe reacUon 20Ne + 60Ni at 742 MeV,a high resolution gamma- ray detection 

system hQ s been employed. The experiment was performed at the SARA f adljty i n Grenoble. 

The complex .fragments were detected at 14 ° , 120° and 150° to the beam axis both in si ngl es 

<H id ill co inc idence with the gamma-rays em,it t ed at 90° with respect to the reaction plane. 

Two so li t! 5 La te telescopes consi 5 U ng 01' t hree si U can detector::; wi lh thi cknesses o:f 23 I-' • 

"") 11 ilnd !:Jmru and 13 1J , 53 1-' and 5mm lv-ere pos i tioned at 120 0 and 150° , respectjvely. A t h ird 

Lel(':";copC c o nsi s t.ine of two ::;jlicon det.eclors (48 p And 1000 \l ) followed by a 10cm thi ck 

N'.ll cr7~t<.ll wa s placed at 14° . A gamma-X Ge detector with an energy resolution of 1 . 9 keV 

a L 1. 33 MeV and 21% efficiency s urr'ounded by an asymmetrical NaI anti Compton sh j eld was 

U S f'd for the gamma-ray detection. The angular range cove red by t he gamma-ray detector was 

60 2 
I'}(J".!J'''. An i sotopically en ri c hed sel fsupportin g Ni target o f a thickness of 1mg/cm was 

?O + 
Ilorrlh;lr~deti wi Lh a Ne (9 ) beam whose average intensj ty was 30 e nA . The collected c harge 

was rrre<:lsured in a Faraday cup located 6m do wns tream from the target a nd s hielded with 

p<.If', rffinc .. .HIt! lead. Data were stored event by event on magnetic tape . From t he raw data 

particle energy spectra were obtained setting appropriate contours on two dimens i onal E-6E 

Id ::; Logl"utrl s . Conce;~ning the forward angle measuremenLs the resoluUon of the t.E detectors 

allowed ttll' sepeJT'ation o f the Lj and Be isotopes. After subtraction of random co,incidences 

the garnrnu-I" ay spectra gated by eac h particle were obtained . 

Fig . 1 s hows parL of t.he spectra in coinci dence wj th Li and Be i ons detected at 

0=14° wi th veloci Lies v/c>1B . 5% . It can be seen t hat the gamma-ray lines spanning over the 

energy "'anges 

bockgrounrl i n 

4GO-480 keV and 410-430 keV are cleary 

the spectra in coincidence with 7Lj and 

standing out. of the underlying 

7 
Be ions. respecti ve ly . On the 

contrary , no 1 j nes are present in these energy ranges in t he spectra in coi ncidence wi th 

6 . 9. 
Ll and Be lOllS. The observed gamma-raj5 ori gi nate by the deexci tati on of the only bound 



- 3 -

'u la' 'Be Ie' 
72 - 48 

36 -

f~~~~ 
24 

'" '" .... .... z z OJ 
OJ 'u a 'Be a lb. (d ' u u 72 48 -

36 -

o 132 264 396 

E,( keV) 

24 -

528 o 132 264 

E,(keVJ 

396 

Fj g . 1 - Gamma-ray spec tra in coi n c i dence wi tg camp ] ef fragm~n ts wi t~ veloel ties 

vic> l8 . 5% detected at O~14": (a) Lj (b) Li (c) Be (d) Be. 

528 

levels of 7Li a nd 7J3e ly,ing at energ ies of 1177.6 keV and 429,2 keV, respectively and both 

bei.ng s pin ]/2-, 

7 
In Fig. 2 the dependence of the gamma-ray Doppler shift on the coincident Li ion 

veloc i ty is vi suaU zed. In parti eular. the background subtracted gamma-ray Ii nes hapes 

gated by 7Li ions detected at 14" with velocities v/c>9.5% (fullUne) and in the velocity 

range of 9.5 - 18.5% (dashed line) are shown as a funcl.ion of energy displacement. In the 

urper side of Fig. 2 a n i on velocity BeHle corresponding to the energy shift scale , 

calcula ted by means of the rela ti vi s ti c Dopp te r formula at 90 °. is also reported. 

In Fj g. 3 we present part of the gnmma-ray spec trum in coi nci dence wi th Li i ons 

detected at 120° and 1 50 0 Bummed over the two angl es . It can be c l ear ly seen the gamma-ray 

at 477.6 keV suped mposed to a low background . The e nergy spec trum of Li j ons detected at 

150 0 (full line) is pr'esented in Fig. 1.1. Due to the relatively low velocities of 7U ions 

at backward angles the Doppler effect on the gamma-ray lineshape of Fig. 3 appears as a 

smal l cen troi d displacemen t wi th respec t to the 0177.6 keV energy , toward lower energi es. 

From the area of gamma-ray peaks in the coincidence run, integrated c harge, target 

thi ckness, absolu te erfi ciency of Ge de tecto r' (measured wi th cali bra ted sources) and soli d 

angles of parti cle de tec tors I the popu La ti on cross sec ti ons of the exci ted states have 

been deduced. An isotropic angular distribution for these gamma transi tions results from 
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'1 I;' i 1' . . ? - I lrw lq~ rf> llr lll ~;I ill 1 1':)(' !.r· d p."H llIn ;l - r:1.Y r; p ('~ Lrul!l i t1 coinc i dptl-:c wj t il Li ions at 

f) - 111" n ~~ " ["lI n (",\.ion nf Pl1r r'p'y [)o pr1f'1' sh i ft . See text for more del.ails. 

I.IIP 1/? s pill o r U lP (' Ill; LL ilig I f'vP l.s . Fr'orn Lh e si ngl es part i c l e. spec tra t.he tota l 
'1 ., 

Iw o c1uc L iol1 r; 1'm~f~ ;.peL i o l1 ;' ft?w Li <I u d fo r' n" were dete r mi ned. As far as the backward 

'1 6 ;-Ing l e!': [1 , '(, (,()llc('nH~rl. I IH" LotPlI prodllct..ion CI'OSl') !':('ct ion s were extracted using the Li/ Li 

'1 " 
rall d He/ 1\(> r·rd. ios (UC'i]f:;lwrd "I 111" . 1n Irtblp I tile t'psulting differenUal cross SPCt.iOIlS 

'1 '1 
[ 01' lnt.'l l <ln d f'xril .('d ::;\nl("!~ pr 'oduC'L i rlll nf Li find Be are g i ven . The values for' backward 

flllglp f.; hn vp !lot bp('11 cor"rr(' \. rd for l lr C' rllll11brr' o f 1!1 rdel.ec t ed particles hav jng energy below 

Lhe expc l 'jrnf' lI Lrr l Liweshold. 

111 tnhlf' Lil(" r":-t l .io r or t.he exci Leod s tnLe cross sectioll to the total cross section 

j", <tlso Rivf' lI . Thi", f v:-tlu(' is PI mE'nsnrf' of lhe fracti o n of 

cxe i t(' d sLerLe if one l1eglC'cLs Lhe feeding [ r'om parUcle decay 

t.he nuc lei 

(6-8) 
. In 

emi ttf'd i II the 

t h is simplified 

pi c Lu n' tir e 1 ca ll be re LA Lcd Lo Lhe temper8 ture T of Lhe equ i Ii br"a L~d sys tern assumprl 1,0 be 

r E'spollsi b le l or Ll 1e em i 58 i on 0 f the comp l ex fragmen t through the formulas 
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Fig . ..., - L.ithium spec trum 1n coinci dence 

wi th gamrr.as (detee ted at 90" ) 
measured at 150 0

• The dashed 
Fi g . 3 - Gamma-ray ti pec trum in c urve represents the resul ts of 

a best fi t to the experimenLal coincidence with lithium ions 

detected at 120 0 and 150°, data obtai ned using a 
summed over the two ang l es . Maxwell-Bo t tzmann rune ti on 

coupled Lo a 1/51n a angutal~ 

distribution in the source 

re feren ce frame. 

r R/IRd) 

R [ 12j ,1)/12j ,]) I •• pl-OE/T) 
u 1 

where ju and jt al~e Lhe s pins of the upper and l ower levels, respectively and tJ. E thE> 

7 7 
Table 1 - Total and exci ted s LaLe cross sections for Li an De ions 

Fragment Ido/dO) 
la) 

0 
tot 

Ido/dO) 
Ib) ric) 

e. 
Imb/Br) Imb/s r) 

7 
Li 120°,150" O.111+0.01 0 .1 2 +0.03 0 . 29+0 . 07 

14' 285,50 119+3 0.17+0.03 

7 
Be 120°+150° 0 . 75 .. 0.015 0.038+0.015 0.51.+0. 22 

l~' 1?7+-211 37+2.5 0.29+0.06 

a) Total cro~s section. 

b) Exciled state cross seclion. 

c) f i fi de fined as the [rAe tion of exci Led s late cross sec tion to the 
total cross secLion. 
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e nergy l evel spacing. 

The observation of comp lex particle s at backward angles is generally considered as 

a n evidence of the emission from an equi librated system. As a matter of fact the f 

fractions measured at 120 0 + 150 0 (Table 1) correspond to emission temperatures of the 

order of few MeV. In particular, for 7Li ions an emission temperature of 2 .4 + MeV is 
- 1.6 

obtained . whereas for 7 Be ions a lower limi t of 2 . 1 MeV can be deduced from the one 

s tandard deviation interval for f. As far as the forward angles are concerned no 

temperature has been deduced since the f values may be affected by the contribution of a 

quasi-projectile component in the particle spectra . 

I n conc l usion , in the present investigation, wi th the use of a very high resolution 

gamma-ray detection system we have been able to measure complex fragment population 

ratios. The extracted emission temperatures are not incompatible with the value of about 7 

MeV deduced from t he s l ope of the, l aboratory energy spectrum of lithium ions (Fig. 4). 

With the aim of estimating the particle-decay feeding of final states and simultaneously 

predicting the re l ative yield of different complex fragments, a more realistic 

description, based on Hauser-Feshbach calculations, is in progress . 

The authors woul d like to thank R. OAyras (CEN Sac lay) f or fruitful discussions. The 

support from the SARA staff of t he ISN (Grenoble) is greatfully acknowledged . 
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