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Introduction 

lhe numerous ob s e r va t i o n s of the e m.is s l o.n o f high-energy ne u t r o n s 

and lighl charged particles in heavy-ion reactians renewed the iRt~rest 

of physicists in the study of the preequilibrium processes in reac

tions between complex nuclei /1/. The possibi1ity af the emission of 

high-energy (E~~ 10 MeV) gamma-rays at the fir5t staqes of the heavy
. f' " t . d . d' t l t /2 - L,/ TI10n USIon reac Ions was Iscusse In ,le recen papers . 1e 

'''cooling'' of the evaporation s p e c t r um of light p a rt i c l e s (alphas, 

proto~s, neutrons) gated by high-energy gamma-rays as compared with 

the il1clusive spectrum was reported both in the study of the 58 Ni + ] 6 0 

(76 MeV) reaction /2/ and in the study of the 159 Tb + ] 2C E100 MeV) 

reaction /3/. The enhancement of the In and 2A evaporation channels 

as compared lJIith the predictions based on lhe a t a t o t c a I theory lUasí í 

o b s e r ve d in t h e O7 Ru +6 5 Cu--.,..] 48 DY r e a c t' i o n /4/. 1 h e a u t h o r 5 o f t h e 

above-mentioned papers did not make any dofinile conclusions, but it 

is clear that the assumption of preoquilibrium emi5sion Df high-energy 

gamma-rays can explain the experimental dala. 

At the same time there have been observed by rnany authors /5-8/ 

broaã "shoulders" ("bumps") in lhe qamma-opoctra al energies E~~lO MeV 

i n h e 8 v y i o n r e 8 c t i o n s • Th e s e o h o u 1d o r o ure r o a ~3~H).C i 8 te d ma i rLI y IJI i t h

the d e c a y o f t h e giant dipole Ls o v e c t o r ru:;anance (COR) b u i Lt upan tho 

h i 9 h e X c i t a t i o n s t a t e o o f t h e c o mpau n d n u c ] e u o , Th e r e g i o t e r e d g a mm8'-

rays lJIere gatod by 8 oignal from big scintillator qamma detectoro 

placed near the target and triggered mainly by tho caoeades af 50ft 

([~~ 1 MeV) gamma-rays corresponding to the. last stages of the decay 

o f excited r e a c t i o n p.r o du c t's . Bu t it is c l e a r th a t t h e p r o du c t s of 

ueop inelastic co1lision5, IJIhich p1ay an important role in heavy-ion 

r e a c t l o n s /'J/ cannot b c d i s t i n rju i s h c d fr0/11 lho compound nuclei by 

t h i s "rj omm o n t a r t ' rne t h od . Lh e r e f o r e IJI-e q a l o d h i qh e n c r q y q amrna r a y sc c 

lJ y D u í q fi a I f r ()111 Lh c f i G S i a n f r a qrn e n t u de l o c l: o r i n o u r p r e ~ i a u s s tu d Y 

() r t h (' I 9 2 OS" f '7I\j, J f1 I f 8 + 2 2 Ne .an d 1 59 f I' ..4 OAr r e il c I i o n s / 1O/. Th e mas s e s 

of thc!li compound nucloi formed in t h o r o p o r Lo d fusion r e a e t i o n s 

diffored hy sevora] units only, but Lhe síJeclra af high-energy- ga1l11118

r a y s ob s c r ve d in t h e f us i o n f s s o n c hn n n e l \1101'0 vcry differenl. Thisc í í 

pntry channul effecl ~ay indicate lh~ preequilibri~m emission of high

e n o r q y rJamIl18-rnys. 

lhe p r e s en t p np e r i s d e v o t o d to a more l.h n r o u q h s t u d y of the role 

of the ma i n r e a c t i o n channels in t h o e mi s s i o n o f high-energy gamma
n a t 40 6f1 64. 

r a y s In the 5f1+ Ar ([Ar=300 r"leV) nn d Zn+ Zn ([Zn=290 MeV) 

reaclions .. lhe r-oa c t i on p r o du c t s v c r-c i d o n t i Li c d by me a ns of a KX-ray 

Ofb~eiliiiemiWn Hacmyr I 
UQjILU: fifCC.3ellOUI1Ui 

6W5nJ.K"'1TEHJ 
•..-r.iQ.....,~ .•"..,. 
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detector. lhe yields of KX-rays, which correspond to a 'broad range of at the last ~tages of the evaporation
 
Z, were determined as a function of the energy of the gating gamma-ray
 N! caseade /5/. lhis region of the spectrum can
 
up to a garnma-ray energy E~ =20 MeV. ~e report the spectrum af gamma


'IO~ be roughly approximated by the function
 
rays in the range of E~ =(4~2o)MeV gated by KX-rays of evapo~ation
 

exp(-E~/leff)' Teff~ 1.1 MeV. Above this
 
residues. lhe anisotropy of gamma-ray emission was determined in a
 region the speetrum sig~ificantly devi atest6wide range of E~ for the nat Sn+4o Ar reaction. from the exponential falI and has the farm of 

a broad peak convoluted with an exponential.ly
JExperiment falling funetion. Newton et al./ 6/ observed'ii a similar speetrum in the ~eaction 124 5n+40 Ar lhe principal design of the experiment is 
Idr- .. 

by using the "gamma-start" method. lhe highdemonstrated in fig.l. lhe beam of heavy ions .. 
energy part af the spectrum had to eonsistfrom the U-30o cyclotron of the Laboratory of I 

ler' mBinly of transitions due to the statistical 

15 mg/cm 2 ~hickness, which were backed by a Ih 

Nuclear Reactions of JINR hit targ~ts of 

decay Df GDR's of the compound nucleus, as 
.. /5-8/metallic foil of 47 mg/cm 2 thickness. lhe beam 30 E,l1eV t he a u t h o r s o f pr e v 1 ou S pa pe r s ha d 

was stopped entirely in the target backing. assumed. We have gated gamma transitions byFig.2. Speet~um of
 
lhe KX-ray intrinsic Ge-detector was placed
 KX-rays whieh correspond to Z not toa far 

gamm~-rays gated by
 
behind the target and its efficiency was 5~
 from the Z af the compaund nucleus (see fig.3)registration of soft
 
for KX-ray energ~es lhe
 to determine the spectrum of gamma-rays due gamma-rays of
 
corresponding energy r e s o Lu t i on FWIIM wa s equal
 

EKX=(25-8o)keV. 
to the fusion channel of the reaction. lheE keV.Fig.l. Experimental KX=(25-400) resulting spectra of gamma transitionsto 600 eV. lhe high-energy gamma-ray detectorss e.t up, 

deteeted in BGO and NaI(ll) detectors are shown in fig.4. lhese spectraof a 0 75 x 25 mm BGO scintillator and ~f a 

differ singificantly at energy E~~lo MeV from the spectrurn of gamma 

the beam direction at distances of IDO mm and 200 mm from the target. 

o 150 x 100 mm NaI(ll) scintillator were placed perpendicularly to 

transitions gated by soft gamma-rays (fig.3). Because of the existence 

Discriminator leveIs were set such that only gamma-rays with E~~ 4 MeV of the pronouneed minirnum at Eà~ 16 MeV in these spectra, we have 

were accepted. lhe experimental setup was described in more detail divided the high-energy gamma transitions in to two groups. So there 

elSlilwhere /10/. ean be defined three regions in the gamma energy. lhe speetra of KX

lhe angular anisotropy of high-energy gamma-rays were deterrnined rays gated by gamma transitions of thede three regions are shown in 

in the following experimental setup. lwo high-energy gamma-ray BGU fig.3. lhe first region consists of usual statistieal transitions 

detectors were placed at angles of 90 and O degrees to the beam of E~~ 10 MeV (see above). lhe spectrum of KX-rays which were observed 

direction. lhe trigger gamma-ray detector of the 0 63 x 63 mm NaI(Tl) in coincidence with gamma transitions of the first region ~s dominated 

scintillator was placed perpendicularly both to the beam direction by KX-roys of compound-liko nuclei. lhere are KX-rays of both target

and to the plane deterrnined by the two BGo detectors at a distance of like and compound-like nuelei in the speetrum nf KX-rays gated by gamma 
, nat transitions of 10 MeV ~ [A~ 16 MeV (seeond region). lhis fact disagre

2 
25 mm from the target. In these experiments the 5n target of 

os with the assumption that the main Douree of high-energy gamma-rays 

is the statistieal deeoy of GDR's of the eompound nucleus. lhe KX-rays 

Resu lt s 

180 mg/cm thickness was used. 

of compound-like nuclei dominate agoin in the speetrum of KX-rays' 

gated by gamma transitions of Eh~ 16 MeV '(third region). To sum~arize,
lhe spectrum of gamma transitions in t he: nat Sn+40 Ar reaction, wh chí 

the significant inerease in the yield af gamma transitions above the 
were detected in coineidence with a signal from the KX-ray detector 

I' expon~ntially falling tail was observed both in Lhe seeond and third 
corresponding to the b r o a d range' of e ne r q í e s E is "I

KX=(25-400)keV, region of [~. lhe fusion ehannel dominates in the third region of E~, 
demànstrated in fig.2. lhe low-energy part of the s pe c t r urn is compos

only. Tho r~aetion ehannels whieh lead to target-like produets play
ed mainly of statistical transitions which cool the compound nucleus 

an important role in the emission of gamma-rays Df the second region. 

2 3 

.... 



I, 

r,· 
i• 
l 
j' 

.,......--~ We have determined the ratio W~ = y~oo/Y~o of the yields of gamma 
tiY

I "

,l \ \ 

+,[tt +T 

r a 90 0 o DoN. transitions observed at angles of 90 (y~ ) and O (Y& ) to the beam 

11 direction and gated by the cascade of soft gamma-rays. lhe value of W
40Ar I JOOM~.VI.noISn 

6..--I"--n EI~ 16M.V 
-1 tIas to depend both on the multipolarity of gamma transitions and on 

the characteristics of their sou~ce. lhe isatopic emission cf gamma
,,'(lI)

Sn rays oF [~ =(4-8) MeV l11as observed in the 159 l b + 12 C reaction by the 

au t h o r s oF' papel' 111/. Th e r e f o r e l11e 'normalised the o bs e r ve d gamma 

spectra in the region aF E~ =(4-8) MeV. lhe resulting values oF W
1
 

I I are shol11n as functions of E~ in fig.4. lhB value oF W is significant

1.,'
 

-3r '\','1 x 

ly higher than unity in the second region of EX' lhere is no signiFi-H t+t\
5GO x 

1wr c a n t d e v i a t i o n o f WK i n t h e t h i r d r-e 9 i o n o f E~ 1F o n e t a ke s e x pe r i 

,,,tI/til mental 'errors into accout. lhese facts indicate again the diFFerent
 
Fig.3. S~ectra oF KX-rays,
 -5~- ...... ·,...!L1- H--f==-=r-- - --dIO°
 

character of qamma-ray emission in the second and the third region
 
111 h i c'h c o r r e s po ndto l r ue 

~
 o F Eõ '
 
coincidence (thick tine) anel/
 10 20 Ef·MeV
 

It \lias interesting to com:pare the gamma spectra rneasured in both
 
or to random coincidence (thin
 Fig.4. Spectra of gamma-rays investigated reactions leading to the compound (residual) nuclei Yb
 
line) l11ith diFFerent qamma
 registered by the NaI(ll) and Er. This comparison is shol11n in Fig.5. An increase in the yield
 
ranges For the reaction 

í
 ' . . t t ·"t 

110 fu!Chan.)9010 

Uur data sholU that in the hat Sn+40 Ar reaction, the main part of 

q arnrna transitions is connected lUith deep-inelastic collisions in the 

ranye E! =( 10-16) MeV. This concLusion is in contradiction l11ith the 

o n e ma d e in p r e v i o us p a pe r s /'5-8/. lhe y i e l d o f q a mm a c r a yn connected 

\IIith the Fusion channel is dominant in lhe gamma energy range E~ = 

=( 16-22) MeV. lhe increase aF the gamma-ray yield emitted perpendicul

arly to the beam direction in the range E« =(10-16) MeU and the nearly 

í u o t o p i c a nqu l a r d í s t r í b.u t í o n oF garnma-rays in t h e range E6=(l8-22)MeV 
has been observou in lhe nat Sn+40 Ar reaction, too. 

\4e h a v e observed that the c e n t r o í d o f the p a r t o f the t-spectrum 

exccedinq the exponentially Falling tail lUas shiFted to smaller values 

oF garnna-energy in tho 68 Zn+64 Zn reaction, IUhere the m~sses oF projec

tile nnd tarqct nuclei are almost equal. The yield oF this part of 

qammn-rays incl'ensed significantly, as comparou to the nat Sn+40 Ar 

Conclusion ----- 

F 68 Z 64 Zo q a rnrn a c r a y a for .E o 10 MeV in q o i n q o the r e a c i o n n+ n IUI h 

a r a t i o A1/A2~ 1 has been o b s e r ve d , l h í s result is in agreement w í t h 

the conclusions of a previous paper 110/ 

The spe~tra of KX-rays For the reaction 68 Zn+64 Zn measured in 
"d" f E" F th t i n a t ; 40 ACOInCI ence I11lth the same ranges o ~ as or e raac Ion ~n+ r 

Gr~ s hovn in Fig.6. For the q a mm a energy r a n qe 10 r·1eV~ E~~16 MeV as 

111 e I 1 as for E~~ 16 MeV KX-rays are connected lUith the Z of the 

residual nucleus close to the Z of the compound nuclei. 

" 
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Fiq.~. lhe same as the Fig.3, 

For the reaction G8Zn + 64 Zn• 

detector (top) and BGo detector 

(middle) in coincidence l11ith 

KX-rays oF compound-li~e nuclei. 

The measured ratios oF the 

yields of gamma-rays emitted 

perpendicularly and along the 

beam direction W5 are demon~trat

ed in the bottom part oF the 

figure. 

20 E"MeV 10o 

Fig.5. Spectra oF gamma-rays 

registered by the 8G.o detector 

in coincidence l11ith KX-rays 

of compound-like nuclei For 

the ~reactions nat Sn+40 Ar 

(300 MeV) and 68 Zn + 64 Zn 

(290 i"leV). 

nat Sn + 40 Ar. 
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r e ac t on . Final1y, gamma-rays lIIith E~~ 10 MeV ur e r e mainly due to theí 

fusion channel in the 68Zn~64Zn reaction. 

Out data indica te that the mechanism of emission of high-energy 

gammn-rays (E~ ~ 10 MeV) is probably mbre complex than it lIIas assumed I;
in	 prevfous papers /5-8/. lhe gamma-ray emission may be due to the 

~~ ~transfer af nucleons betllleen the tlllO interacting nuclei (a change 

i~ the'shape of the dinuclear system). 

Although the data have been obtained in experiments with thick 

targets and the sums of the masses of projectile and target nuclei 

differ slightly betllleen the tlllO studied reactions, the observed 

differences in the data can be due to the values of mass-asymmetry 

in lhe entrance channel of the studied reactions. It should be noted 

that the dependence of the yield of high-energy gamma-rays on the 

projectile energy, and on the mass of the compound nucleus with 
A,,-;150-2oo i q lIIeak /10/. • 

We would like to express our sincere thanks to Academicain 

G.N.Flerov and Prof. Yu.ls.oganessian for their interest in this 

work and for helpful discussions. 
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KaMaH~H B.B. ~ AP. E]-86-457 
CpasHeH~e s~xOAOB s~coKo3HepreT~4eCK~x raMMa-KBaHTOB 
c Ey ~ 10 H38, ~3MepeHH~X 8 peaK4~fiX ecrsn + 40 Ar ~ 68 zn +64zn 

B peaK4~11x ecr Sn + 40 Ar ~ 68 zn +64 zn np~ 3Hepr~~ ~oHos aproHa 300 H3B 
~ 4~HKa 290 M3B ~3MepRn~cb cneKTp~ KX-KBaHTos a cosnaAeH~~ c raMMa-KsaHTaM~ 
lEy~ 10 M38/ npoAYKTos peaK4~~. B cneKTpax KX-KsaHTOB o6HaPY*~n~cb ABe xa
paKTepH~e rpynn~. nepBafl COOTSeTCTSyeT npOAYKTaM ~cnap~TeflbHOro KaHana peaK 
4~~ ~ sTopaR - npoAYKTaM, 6n~3K~M no Macce K RAPY M~weH~. B o6o~x peaK4~11x 
~3MepRn~Cb cneKTP~ raMMa-KsaHTos a cosnaAeH~~ c KX~KsaHTaM~ ~cnap~TenbH~x 
npOAYKTos. OTHOC~TenbH~H s~XOA ~ nono*eH~e w~poKoro n~Ka, Ha6n~AaeMoro np~ 
3Hepr~~ Ey~ 10 M3B c~nbHO oTn~4aeTCfl Aflll c~MMeTp~4HOH ~ ac~MMeTp~4HOH c~cTe 

~. D~flO onpeAeneHO OTHOWeH~e Me*AY S~XOAaM~ raMMa-KBaHTOS nOA yrnaM~ 0° ~ 

90° 8 peaK4~~ ecTSn + 40 Ar. Hal:iAeHO, 4TO OHO OTfl~4aeTCfl OT eA~H~4~ TOflbKO 
a o6nacT~ Ey = /10-14/ M3B. AHan~3 3Kcnep~MeHTanbH~x AaHH~x noKa3~saeT, 

4TO B03MO*H~M ~cT04H~KOM s~coK03HepreT~4eCK~x raMMa-KsaHTOB RBnReTcfl ABOI:i
HaR RAepHafl cHcTeMa, ~cnycKa~afl ~x AO o6pa3osaH~fl cocTa~Horo RApa. 

Pa6oTa s~nonHeHa a fla6opaTop~H RAepH~x peaK4HH OH~H. 

llpenpHHT 06!.e)UIIIeHHOrO IDICTHyYTa liJleplll>lX HCCneJlOBaHHH • .[zy611a 1986 

Kamanin V.V. et al. E]-86-457 
Comparison of thr Yields of High-Energy Gamma-Rays 
.with Ey~ 10 MeV Measured in the Reactions nat Sn +40Ar and 66Zn+6 4zn 

The spectra of KX-rays of reaction products were measured in coinciden
ce with high-energy gamma,.rays (Ey~ 10 MeV) in the nat Sn + 40Ar (E = 300 MeV) 
and 68 Zn + 4Zn (E = 290 MeV) reactions. Two groups of KX-rays can be clearly 
identified in the spectra. The first one corresponds to the evaporation re
sidue of the compound nucleus and the second one to the target-like products 
of the reaction. The spectra of gamma-transitions gated by the KY-rays of 
the evaporation residues were measured in both reactions. The relative 
yields and the positions of the broad shoulders observed at Ey~ 10 MeV ener
gy in these spectra differ drastically in the asymmetric and symmetric sys
tems. The ratio between the yields of gamma-rays emitted at 0° and 90° ang
les to the beam direction was determined in the nat Sn + 40Ar reaction. It 
has been found to be greater than unity only at Ey = (10-14) MeV. This expe
rimental evidence may indicate the emission of high-energy gamma-rays from 
the dinuclear system prior to the formation of the compound nucleus. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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