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NpenpuHT Ep®U-1421Ci5-95

HCTOYHHUK UCNIYCKAHMSI OPAIMERTOB MPOMEXYTOYHHX MACC,
4SZfS!O, MPH B3AHMMOIERCTBHH 3JAEKTPOHOR € 3HEPI'MEH o
3 TeB C SAPAMM **74y
. E. Mapkapsu, T'.M. AmBassn, I'.B. BagaasH,

A.M. BeraapsH, I.I'. 3orpabsu

[lpeacTapagoTcss U aHaAANIUPYIOTCS SHepreTHUeckKue CreKTPk
PparMeHTOB NPOMEeXYTOUHLIX Macc, 452{5!0, KCTIYWEeHHEIX MOA . YIraamey
50, g0, 120°%e pearuvy e+t 1",fiu-ofr'hc, BEI3RAHHOM 3 J @KTPOHaMU ¢
SHepruen Bl‘éB. HoMepeHHS TNpPOBOAUANCE Ma BHYTDEHHSM nyJke
EpeBaHCXOro CHHXPOTPOHAZ € HCHOALIOBAHHEM METOAMKM  [TOJYTIPOBOA-
HHKOBEIX TeJecKonoe. [HanasoH USMepeHHEIX KHHeTHUECKMX OSHeprus
¢PArMEHTOR COCTABASIA ~ Z-7M3B/HYKAOH.

[poBeJeHHLIR KMHEMATHUECKUA AHAJAKHS OHEPreTUUeCKUX  CMeKTPOB”
W MX aHAAMH3 H2a OCHOBE MOAMPHUMPOBaHHEIX Maxceean-BoJbUMaHOBCKEX
pacrpeaefeHun, YUWTRBAOHX TENJAOBOM K HETelNIOBOR BKJA2Abl B
CHAEeXTPE!  GParMeHToR, yKaseEaeT Ha U3OTPONHOE HcnyckaHue
GParMeHTOR K3 HEXOTOPOrs ofuerc ropsyero ABHXYWErocst WCTOYHHKA,
KOTOPEIR CYMECTBEHHO MeHbDe, -~ 50-60 HYXI. MACC, $ADA  ~MUUSHU,
BeiZK MoJayueHs! CASAYOMME JHAUSHUS Al CKOPOCTH H  TeMrepaTyphl
HCTOUHMKA: fle = 0.0120.00¢, T~ EM3B. [loayueHHOe 3JHaueHKe  AJsl
napaMeTpa HaxloHa CnexTpoe, ~ !3MzB ("kaxymascs Temrepatypa'd,
coraacyercst ¢ npeicaeieHMeM O JAOMHHUPYOUEM HEeTeIUICBOM BKIaje B

2LICOKOgGHEepreTHHeCKe 4YaCTU CrIeKTPpoB.

EpeBaHCKull $HIKUECKKA MHCTATYT



Introducticon

Recent vears tt is observed an increasing interest Lo the
problem of inlermediate—mass fragment CIMF> production in col-
tisions of energetic bombarding particles with nuglei {t-231
This interest, in particutar, hos been stimulated by the works
{1-3, 7, 101, where some of the observed IMF production
characteristics, such, for example, as power-law dependence of
the fragment mass or charge veilds (o ~ Acz2>™T> and others are
related to possible creation in nuclear matier tinstabilities
ard critical phenomera at excitation ernergies in Gev region.
" Based on analysis of available and new obtained experimental
data (mainly from proton and heavy ton induced reactions),
novel conceptions and models for IMF production have been put
forwvard in these years. Among the advanced models, ore can, for
example, single out the liguid gas phase transttion modetl (3*9]
the cold nuclear breakup model {101, the ruclear lattice model
{112, variety of the statistical mnuliifragmentation models
{18-1231, and so on. Special attentionvhas aiso been 'paid te
determination source (or sources> of IMF emission. There are
both the works suggesting' on IMF emission from a fully
equittbrated remnant (3,25-271 aﬁd those —-on essential contfi—
bulion of non—equilidrium sources [14—1?]. In spite of many
works devoted to this problem there tis not, at present, clear
understanding of the processes, leqding to IMF formation and
emisstion. Thus, for elucidation of the above problem, addition-
al experimental and theoretical efforts shéuld be made, inclu-
ding study-of IMF production in reactions unduced by mner-
getic electrons and pholané, Uhtch s, - unfar¢¢‘ _ i
absent [18—22j In this work we presnni expertmen albdata and; =
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2. Exgerimental technigue

Ihe rscswements were performed on internal beam  of

Yerevon synchrotlron uzing exgerimental set—up "e-4” [23], sche-

raticalin shown in fig. 1. A thin (~ fumd gold film , prcvidiig

t20 from the targel  were destecsied (in solid

Terd by AE-E-V lelescopes, each consisting of

tLicon semiconductor detectors of thickness 20-50, 10Q0.

ﬁ
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spsctively. The telescaopes were located in the

vacswn chanbeor cf the sset-ug, al angles of 50°. 90° emd 120 1o
the direciicn of the electron dbeam. The measwred range of_. the
froguent Rinetic snergy was within ~ 2-7 HdeV/nuci. The accuracy
of the ensrgy determinaiion was ~ 5%, The fragments were iden-
tified by churgs wiih the resolulion of ~ 0%, mainly depfen-
dent o A delaztor ifdckness non-umiformety. Extraction, ac-
cumilatizon and prelinminary processing of the dala were per-
formad by means of electironie system opérating on—line with

I

mierocomputer Stecironalica 607 (241, Electrons - troversed

through theh rorget were monitored by means of Gauss-guantemetsr
cccanting crenstrahlung enitied from the targel. iThe accurcey

of the mealtoring was ~ 157,

2. General jfeaiures of the jfragmeni énergy speclra
After perjorming data handling ogerations and ccounting
ror needed corrections such, fer example, as  lhe fragment

ionlzallon losses In . the target, deteclior. efficiency, and

N



others, we have obtained the fragment energy spectra, used in
subseguent analysis., Fig.2 shows, for examgle, the fragment
energy spectra at 90°. As can be seen from the figure, the
spectra have Moxwell-Beltziwr~tlyoe form ~mibh expomaniially

decreasing tails; aosolute dijferencial crcss sectic

times less than corresponding ones cbiained on proisn baams. atl
bombarding energies clese teo curs (i4-15); ire mecst grobotle
fragment kinetic energy is shifled to hRigher energies with the
fragment chdrge. The typical dependence cof the jragmeni: soecira

on measured angle is shown, for B cnd N fregrents. in fig F.

As can be seen from the figwe, the frogmenl diffarential c:x
sections decrease with the deiection angle. (i stould te notled,

.

that low energy cut-of of the frogmeni eneigy specira, oo

. - ] - . s .
tained at 30 “and f& ts due tc beoth larger thicknesses of AL
detectors wuged at these angles and soms epporatus dislurbances

in these parts of the speclira.

4. Analysis and description of thes fragment energy specira
o’ Analyeis op the invariani differential cross sections.

For all of the measured fragments we have determined the
fragment invariant differential cross sections i& s%%i—— and
pleited tie correspeonding energy spectra. Typical dependence of
these spsctra on measured angles is shown in fig.4 for B and
O fragmenis, respectively. Such dependence suggesis a gossibi-
tity of the i1sctropic froagment emission from a common source
(systens, mouing with some ifranslote velocity with respect Lo
laboraiory syétem. Te check the vatidity of this concept for

the fragmenis emitied in the measured reactien and esiimate the

dz )
source velociily {fs), we have plotted the knoun 1——J5gg——-;

»

f ¥y Vi) diagrame for-Longitudinal anel &panpuefse fragment



velocity components, at several values of constant invariant
cross sections. Fig. 5 shows, for example, these diagrams for B
and O fragments, at 3 wvalues of constant invariant cross
sections, denoted on the figure by numbers f.2.3.A4s can be seen
from the figures, the dots with egual numbers lte .on
semi-circles drawn from the same center, shifted along W axis
on some value (Is= 0.0f. Similar pictures have been observed for
all measured fragments and, moreover, the wvalue for [ has
turned out to be the same and equal to 0.01. Thus, the results
of performed analysis are in agreement with the concept of
isoiroptc emission of Ehe measured fragmenls from o common
moving source.

b "Angle joined” fil of exponentdlly decreasing parts

C?tatls™ of the fragment energy spectra.

.For addi tional verification of applicability of the above
concept for the fragment emission in the measured recction and
determination of lhe source welocily, il has been proposed and
performed join fit of the exponentially decreasing parls
("tatls”> of each fragment energy spectra (at angles of 50? o0?
1£0°> with eguation (1>

3o E 172 £
—-—m—N(—;) exp C——T—, 2, (&P

1
where N- common C50; Qo, 120°) normaiization constant,
E~ fragment Rinetic energy in laboratory system

2 2
“ 3 Mg
p= E+ > -2\/E

&y tn source rest frame,

cos 6 -fragrnent Rinetic ener-—

7 - transtiate source velocity in laboralory system,



The vatues fer Bsand ?; cbtatned jfrom this “angle joitned” fit
of each measured fragment, are presented in Jable !.
Table 1
The values for ﬁ; and T; obtained from the "angle joined”

fit of exponentially decreasing parts of the fragment specira.

F{agments 3= T; CMelV' > xz/n
Be 0.0105 = 0,0008 10.2 £ 0.53 0.63710
B 0.0102 + 0.0005 10.1 £ 0.37 3.6/17
C 0.0088 = 0.0006 9.4 * 0.5 2. 7/15
N 0.0¢{ = 0.0009 9.6 £ 0.9 2.gs12
0 0.014 * D.0012 85 1.6 0.16/9
F 0.01 = 0.00{6 7.4 % t.5 1.177
Ne 0.0082 * 0.003? 7.5 £ 3.7 0.2/4

n- number of experimental poinis used in the fit.
As can be seen from Thble 1, 1t ts observed:

~ Rathér geed fit of the joined (50°, 90

(o]

, 120 exponen;ially
decreaing parts of each frogment spectra,"Qy eq. C{D.
~ Constancy of source wvelocity value, (3=0.0{, obtained from
this fit of each measwred fragment sgpectira.
Thus, the resulls of this' fit are calso consistent C(at
least, for the frogment kinelic energies above the “Coulomb

Loeak™>  with the isolropic emission of the measured fragments



from a commer. moving source. Using the obtained value for the

source veleocity (fis=0.012, we have trancsformed the laboratory
Ly . s

energy speclra of each fragment, measured i 50°,60°,120°, 1tnto

the source rest frame. Examples bf such transformation, for Be,

()3

‘B, N, O fragments are shown in figs. 6-7. As zan bz sen  from
the figures, the fragmen! energy spectra 1in the source rest
frame nearly coincide vwith -each other, vwhat cdditionally
tilustrates the isotropic fragment enission jfrom o common

moving scurce tn the measured reaction.

¢) Analysis of the fragmenl spectra slope parameter (T;).
The values for the fragment spectre “slope parameter,
obtained from the described Tangle jeinad » fit, are alse
presented in Tbbleil‘ As can be seen from Table I, it is obser-—
ved some decrease cof this poramelter with the fragment charge
nﬂmber. In the earlier work (251 on IMF production CBSZISZ4) in
P + Xe +fr + X and P¥Xr+ fr + X reactions, unduced by high
energy, protone, it was cbecerved a linear decréase of the
fragment spectrum stope parameter (T'> with the frogment mass
number for fragments heavier than carbon (fig.8> which was -
interpreted there as the emission of these fraogments thrgugh‘ a
mechanism of guasi-two-body desintegration of a remnant, having
some guantitly T'Cappcrent temperature>, related to the slope
parametler T by
Af
T o= ITI—-jr- 2, : e
R
where Af ~-fragment mass numnber,
AR —remnant mass number.

The values for, T, obtained there had turned out to be,



approximaiely, the sume (~ 14-16MeV) jor twe meosured reactions,
and voalues feor, Au— ciose to (~ &0 nucleon nrass less) the
targol-nucleus mass number, Emission of ithe Llighter measured
fragnents (2 52r<7), however, could noi! be inierpreted there in
such o manner.
in . fig. 8 we have also plotied the retationship between T;
(see Table 12 and Af, obtained‘from the "angle jeined” fit of
our energy spectrc. Mass number of the most intenstively produc-
ing’isotope of each element (3,261 was used for A}. As  can be
seen from the figure, the nearly linear decrease of the slope
paraméterlT; with the fragment mass number Af is also ocbserved
for our data and, moreover, including the lighteér measured
fragments C452f<7). Based on the approach suggested in (251 we
have assumed that this decrease of T; ic due to two~body Ring-
matics and approximated it with equation similar to 2
Af -

T1 = T1(1~—_A—a—) .

where As - source mass number,

3

T; -~ appparent temperature,
The values for apparent temperature, Ti,and a source mass num-
beq.ds,obtained from such approximation, are shown in Table 2.

Table 2

.The values for ”Ti” and "As” obtained from dpproximation with
eg. (3.

Fitted fragments ~T1CMbV5 -As ) x?/n

Be - No 127 £ t.2 | B2 + 17 0.36/7
Be - F 2.8+ 1.3 | 52+ 17 0.35/6
B - Ne 12.8+ 1.6 | 51 +19 0.35/6
B-F 12.9 + 1.7 | Bt *20 0. 36/5

n —number of the fitted fragments.
As can be seen from the Table 2, the obiained value for'I:'



(13MeV> is close to the ones, obtained from proton induced
reactions (14-15, 256-271, but the value for “As” - essentially
less than the target-nucleus mass number (~ 200D.
d> Description of the fragment energy spectra obtained at o0°
The fragment energy spectra measured at Qoa(fig 2 tn some
extent, itnclude low-energy part{ of kinetic energies (before
"Coulomb peak”) and as can be geen from the fig.2 have Maxwell-
Boltzmann—type form, typical Lbr IMF energy spectra from‘ pro-
ton—nucleus and nucleus-nucleus induced reactions. Fbr‘approxi-
mnation of these spectra at_90°g we have followed to the concept
{31 of thermal and nonthermal conirtbutions to IMF energy
spectra and have.used the expression (42, basically similar to
the one proposed in the citéd worﬁ {31

) E* . ‘ 4
__c_lz._é;)\a' EXVZf 0 o » 1,2 - »
AdRAE ( E" j[ £ TCE -KB-£> ex‘p{-[ &L X E -KB-e>/Ty )6d:,

where N - normalization constant,
& 2% %>

- v . - nominal Coulomd . barrier, -
‘;fA:/ +ca-43" 73

B =

At’ZL'Af’Zr - mass number and charge of target-nucleus
and fragment respectively,

- KX - nominal barrier fraction,

T, 1.44 fermi,

v = j;ﬁéﬁ__"— factor accounting for source recoil,

As - source mass number,

7T - slope parameter (apparent lemperatured,
- temperature of fragment emitting system (source),
£ - frogment energy variable related to Fermi motion of

nucleons in nuclear system.

[s9]



The expression (40 is a ;onvolution of two Maxwell-Boltiz-
nann—~type distributions, one of those wilh paramgter 7:, at-
tributed " to “tails” of the energy spectra, accounts for
nonthermal contridution, while the other one - heating of the
fragment emitting system (sourcel to temperature Tz' The choice
of such opproximation is also supported by the obtaiped high
value for T1 C~ 13MeV), close to those (~ (2-15MeV) for IMF
spectra from proton induced reactions [14-15, 26-27]. As it was
noted in a number of works {3-5, 251, {t 1is problematic to
consider‘such high value as a‘nuclear temperatﬁre, and in some
works_;ﬁ3-5,281 this . parareter s related to mean sguare
momentum of nucleons in cold nuclear system, Qhat 1s also
consisient wilh the observed nearly independence of this
parametler on bombarding energy and target used in IMF
production reactions {3, 8, 2517.

Below, we driefly descride the fit of the fragment energy
specira at ¢0°, by using eq. (42. At first, we have performed
individual fits of each fragment spectra to obtain values for
normalization constant,N, and nominal Coulomb barrier fraction,
K., These fits were performed at v=f, and fixed values for the
fragment spectra slope parameter,‘Il, and the source vweloclity,
f3s (see Table 10.The values for K obtaitned from these fits have
turned out to be nearly independent on fragment charge and
equal to 0,5 close to those for IMF from proton-induced
reactions [26-271.Then, at fixed values of, N,arnd, K, Cob}aiﬁed
from the individual fits2, fls, and T1 (see Table 27, we have
$‘¢ﬁgrntd using €q.(47, simulianeous fil of atl measwred
fragnent energy spectra and determtned the values for mass

number,As, and temperature, Tz of the fragmenl emitting source.



The resuits obtained from this simultaneous fits are presented
in Table 3.

Table 3

The values for, As and Tz obiained from simullaneous fit
of the fragment energy spectra at 90°

.. Fragments fitted Tz(HeV) A Crucleon mass) xz/n
simul taneously s

Ba - Ne 4.8

0.2 60 £ 4.5 71,64

Be ~ F 4.9 0.3 56 * 4 64/57
B - Ne 4.8 +0.32 60 + 5.2 B5/54

. B-F 1503 56 t 5 48/47

n-number of the fitted points. ‘

As can be seen from the Yable 3, the obtained values for
Ae, are in agreement with those obtained from the fit of the
'slope paramelers, T; (see Table 22 and the value for the source
temperature, Tz’ is~5SMe¥.

Concluding remarks

The results obtained from performed-analysis, apparently,
evidence theat in the measured e + “wAu + fr + x reection, in-
duced by 3GeV electrons, the fragments (452;10) ere iscolropi-—
cally emitted from some hot (.Tz ~ BMeV) source, moving relative
to the loboratory system with the velocity fis = 0.0! and hoving
the size C~5U-5d nucl. mass) essentially less than target-nucle—
us one C’~2003~ Consistency of the obtained values for the size,
velocity and temperature of the source can be seen from the
following estimations:
i, Using the obtained values for the size and velocity of the

source, one can estimate its momentum to be of ~ 500-600 MeV/c



i, e ~15-20% of the incident electron momentum (Pe=3 GeV/c).
Having in view, that considerable part of tie itncident momentum
is taken away by scattered electron in this inclusive fe&ction,
. such estimation for the average momentum, acguired by the
source, seems quite reasonable, If the measured fragments were
enttled from a remnant having mnass 'number close io target
nuclegs one, as is apparently the case for proton—induced IMF
production reactions (3, 25-271, then tls  nmomentum, at the
determined velecity (fis =0.01), would amount to ~ 70% of the
tncident eleciron momentum, wvhalt seemed not probable.
2. The obtained value for lhe source temperature is ~ 5SHe¥.
Using the thermodynamical relationship between excitation
énergy U* and temperature T, »
U = aar ?

Fl

€3]
where a— level dencity parameter ¢ 17100,

A- mass number of nuclear system,
one can estimaté, that at the obtained wvalues for the mass
number (~ 50-60 nucl.mass) and .temperature (~ SMeV > of the
source, its excitation énergy is ~ 126-150MeV, which te in
agreement with the one (~ I30MeV> resulting from our cascade
calculations of the reactton, by using the program presented
in {291, It should be also noled, that at present- we complete
analysts of our data obtained in the siudy of the same reaction
induced by 2 and 4,5 GeV electrons. The resulis of this
‘analystis, which will be published, also support the ones
_described. here. '
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Figure captions

Fig.1.Schematic view of the experimgnial sei-up "e-A".

Fig. 2. Laboratory energy spectira for.Lt through Mg frogments
eniited at angle of 90° in a+'™ Aurfr+x reaction induced
by 3GeV electrons. (ross sections have been mnliiplied by
Factors indicaied on figure. In Lhis and subsegusnt fi-
grres only statistical errcrs of the differenticl cross
secticne are given. The doghed curves represent the
described fits (see 4d> 2 of the specira by medified
Maxwel l~Bellzmenn disiribulien accounting for Lthermal
and nonthermal contridulien to the fragment engrgy
specira.

Fig. 3. Laboratory energy specira for B and N fragments at arigles

o

50°, 90°,and 120°,

71 g. 4.5pectra of the invariant differential cross secilons for
B and 0 jragments at-chgles of 50°, 90° and 120° in labo-
ratery systiem.

F2g. 5 Flot of the invariént cross-seciions for B and 0O jrag—
menis in the (Vg V, J plans. Three values of the cross
seciions differing from each other by a factor of 2 are
sresented. Cenler of semicircles passing through the dois
with egqual numbers s shiftéd along Vy axis on the some

value ffe=0.0f.



Fig.6.

Fig.7.

Fig. 8.

Erergy spectira for B and N fragments at angles of 56°,
80°, and 120° Cin laboratory system> transformed to the
source rest frame by using determined value of the source
veloctity f3s=0.01.

Energy spectra for Be and O fragments ot angles s0°, go0°
and 120° Cin lakoratory system) transformed to the source
rest frame by using determined uvalue of the source velo-
city ffe = 0.01.

The dependence of the fraogment spectra slope parameter T,
on fragment mass number AI obtained from the znaliysis of
our dqta with dashed line representing the fit of 1‘; by
eg. ‘T; = J(1- Ar/4s>. For comparison, sinilar dependences

‘obtained in the work {8} are also ghown (dashed lines

are drawn to guide the @yes).
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SOURCE OF INTERMEDI ATE-MASS FRAGMENT EMISSION, 4% Zf <10,
IN THE INTERACTIONS OF 3GeV ELECTRONS WITH 740 NUCLEI

.

G.E. Markaryan, G.M. Aivazyan, H.V.Badalyan,
D. M. Beglaryar.,, M.G.Zohrabyan

The energy spectra of intermedicale - .mass fragments,'45f2
< 10, emitted at angles of 50, 80, 120°in the e + 7 4u +fr+ x
reaction induced by 3GeV electrens are presented and analyzed.
The measurements were carried out on internal beam of Yerevan
synchrotron by using semiconductor telescope technigue. The
range of the mecsered fragment Rinetic energies was within ~ 2-
-7 MeV/nucleon. The performed kinematical aralysis of the frag-
ment energy spectra and their analysis based on modifired Max-—
well-Boltzmann distributions accoynting for thermal and nonthe-
rmal contributions to the speclra suggest on isotropic emission
of the fragments from a commonn hol moving source which is
essentially less, ~ B0-60 nucleon mass, ihaﬁ the target-nucleus
used. The values for the velocitly and lemperature of the source
obtained from the analysis are: f3s = 0.01 *0.00f, T.~ 5MeV. The
obtained value for the fragment speclira slope parameter Cappar-
ent temperalure’ ~ (3MeV s consistenl with dominanting nonthe-

rmal contridution to the high energy parts cf the spectra.

Yerevan Physics Institute
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