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Препринт ЕрФИ-1431С13-95

ИСТОЧНИК ИСПУСКАНИЯ ФРАГМЕНТОВ ПРОМЕЖУТОЧНЫХ МАСС,

4<Z<W, ПРИ ВЗАИМОДЕЙСТВИИ ЭЛЕКТРОНОВ .С ЭНЕРГИЕЙ

3 ГэВ С ЯДРАМИ iS>7/4u

Г. Е. Маркарян, Г.М. Айвазян, Г. В. Бадалян,

Д. М. Бегларян, Г. Г. Эограбян

Представляются и анализируются энергетические спектры

фрагментов промежуточных масс, 4<Z<W, испущенных под .углами

50, 90, tSO в реакции е+ Ли-»/г+х, выэяанной электронами с

энергией ?ГэЗ. Измерения проводились на внутреннем пучке

Ереванского синхротрона с использованием методики полупровод-

никовых телескопов. Диапазон измеренных кинетических энергий

фрагментов составлял ~ £-7МэВ/нуклон.

Проведенный кинематический анализ энергетических спектров

и их анализ на основе модифицированных Максвелл-Больцмановских

распределений, учитывающих тепловой и нетелловой вклады' в

спектры фрагментов, указывает на изотропное испускание

фрагментов из некоторого общего горячего движущегося источника,

» _ который существенно меньше, ~ 50-60 нукл. масс, ядра -мишени.

Были получены следующие значения для скорости и температуры

источника: fie = 0.0i±0.001 , Г~ 5МэВ. Полученное значение для

параметра наклона спектров, ~ *.?Мэ8 С"кажущаяся температура"3,

согласуется с предсавлением о доминирующем нетепловом вкладе в

зысокоэнергетические части спектров.

Ереванский физический институт



Introduction

Recent years it is observed an increasing interest to the

problem of intermediate-mass fragment CIMFJ production in col-

lisions of energetic bombarding particles with nuclei [1-231

This interest, in particular, has been stimulated by the works

11-3, 1, 101, where some of the observed IMF production

characteristics, such, for example, as powei—law dependence of

the fragment mass or charge yeilds Co ~ ACZ2 } and others are

related to possible creation in nuclear matter instabilities

and critical phenomena at excitation energies in Cev region.

Based on analysis of available and new obtained experimental

data Cmainly from proton and heavy ion induced reactions?,

novel conceptions and models for IMF production have been put

forward in these years. Among the advanced, models, one can, for

example, single out the liquid gas phase transition model 13-^91

the cold nuclear breakup model [10], the nuclear lattice model

till, variety of the statistical mxiltifragmentation models

112-131, and so on. Special attention has also been paid to

determination source Cor sources} of IMF emission. There are

both the works suggesting' on IMF emission from a /ully

equilibrated remnant 13,25-271 and those -on essential contri-

bution of non-equilibrium sources [14-171. In spite of many

nx>rks devoted to this problem there is not, at present, clear

•understanding of the processes, leading to IMF formation and

emission. .Thus, for elucidation of the above problem, addition-

al experimental and theoretical efforts should be made, inclu-

ding' study of IMF production in reactions xcnduced toy j»n»r-
' •• " • - •/ v *

getic electrons and photons, uihich i s , unfortunately., aW0st
• '• '. ' ' • ; ' • • . • > • " • . • . • , , ' > • " ' • . : } • . ' ' " < < - : ' • ; , . ; • • & ! • . ' - - ^ . f . .

absent 118-221. In this work «©• ,pr«is*nt experiirnen'tal data *,<jfnd



their ar.alysis on IMF C4<Z.<10? emission, at angles of 60°,30°

snc lizC m «?•> .'!u-> /r-̂ - x reaction induced by 3 OeY electrons.

2. Expex i mental t echn i que

Ine r&csurements w&re performed on internal tear, of

y*ro\;cn synchrotron, \tsing expe-rim&nLai set-up "e-A" 1231, schs-

ffsat icci iy shoxinx m fig. 1. A thin C-- ijunO gold film , providing

ir&titiple electron beow. trover sals, xnas used as the target.

Fro.er^iS7\ts e-nalt-ia. from the target were detected Cir\ solid

o.njriftg of --olO ' sr> by Ml-K-V telescopes, each consistir^? of

three sLticor. semiconductor detectors of thickness 2O-'5O, 100O.

and 1000 ^zi, :r.-sf*sclively. The telescopes were located in the

vacvjm cr.c&J5sr of the s*?l~up, at angles of oO . 90 and 120" to

the direczicri of the electron beam.. The m&asured range of_ ifc&

i: f.g'.:er> t kinetic energy was within ~ 2—7 HeV/nucl. The accuracy

of t?\e energy determination v>as -- 5%. The fragments were iden-

tified, by chctr.zs with th& resolution of — 10%, mainly depen-

dent, /y. A*.' det&-tor thickness non~'jnifonit.<.ty. Extraction, ac-

tic!'. w.d preliminary processing of the data were per-

by rosary of electronic system operating on-line with

ornptiter- "EL&c ironica 60" 1241. Electrons ti-o.versed

irxo-^gh t/;e ?.a.rv?si were monitored by means of Gauss-qiianton>ei-?T

accE-.oi.rv.fr- 6res\s'.rah(.iiv»g &.nC{-:ed from the target. i'he accuracy

of i^e n&ciitoring was ~ 2 5%.

3. General features of the fragment energy spectra

After pel forming data handling operation and acounting

fcr needed corrections such, for example, as the fragment

ivnisaiion losses in. the target, detection efficiency, and



others, we have obtained the fragment energy spectra, used in

subsequent analysis. Fig. 2 shows, for example, the fragment

energy spectra at 90 . As can be seen from, the figure, the

spectra have Maxiuell-Boitsruan-type- form vi '.h exponentially

decreasing tails; absolute- differencial cross tectic;\r. •** 10

times less than corresponding ones obianied on proici beams, at

bombarding energies close to ours L2 4-1SJ; ir* mcst probate It?

fragment kinetic energy is shifted to higher energies with the

fragment charge. The typical dependence of the fragment spectra

on measured angle is shown, for B cr*d H fragnents. in fig. '-'.

As can be seen from, the figxa-e, the fragment aiffevential cross

sections decrease with the detection angle. Jl should be noted,

that loxn energy cut-off of the fragment erteigy spectra, ob-

tained at 50 'and icO ", is due to both laz-%#r thicknesses- of Af.'

detectors used at these angles and scw.~> cppc-.Tatus disturbances

in these parts of the specii-a.

4.Analysis and description of the fragment energy spectra

a> Analysis ot the invariant differential cross sections.

For all of the measured fragments we have determined the

fragment invariant differential cross sections — ,^— and

plotted the corresponding energy spectra. Typical dependence of

these spactra on measured angles is shovm in fig.4 for B and

0 fragments, respectively. Such dependence suggests a possibi-

lity of the isctiopic fragment ervission from, a common source

CsysteaO, moving viih some translate velocity with respect to

laboratory system. To check the validity of this concept for

the fragments emitted in the measured reaction and estimate the

source velocity Cfls}, we have plotted the tenoiim — Aza
— .-

VjJ> diagrams for longi tudinal ansi ti»caw»werse fragment



velocity components, at several values of constant invariant

cross sections. Fig. 5 shows, for example, these diagrams for B

and 0 fragments, at 3 valves of constant invariant cross

sections, denoted on the figure by numbers 1.2.3. As can be seen

from the figures, the dots with equal numbers lie on

semi-circles drawn from the same center, shifted along Hi axis

on some value fts= 0.01. Similar pictures have been observed for

all measured fragments and, moreover, the value for ps 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

isotropic emission of the measured fragments from a common

moving source.

6-> "Angle joined" fit of exponentally decreasing parts

C"tails"> of the fragment energy spectra.

For additional verification of applicability of the above

concept for the fragment emission in the measured reaction and

determination of the source velocity, it has been proposed and

performed join fit of the exponentially decreasing parts

C"tails"J of each fragment energy spectra Cat angles of 50° 90°

t£Oe3 with equation Cll

dfidE * T'

E 1

cohere N- common C50, 90, 120°} normalization constant,

E- fragment kinetic energy in laboratory system

C O

JF. cos 8 -fragment kinetic ener-
2 V 2

gy in source rest frame,

translate source velocity in laboratory system,



Mt -fragment rruxss number Cmass r . a i e r of the n-jost intensively

prc-euc ing isotope of each elevient [3, 261.),

SCt'O, 90, t20'3-fragment emission angle in Laboratory system,

T' - convaon CbO" ,90 ,120'} slope parcur-js-ter of the f^a<mer>J

. speciia in source frcurne, where index 1 is used to denote

"tails" of the spec ira, and prirne C? - no account ing for

source recoil isee also: O d}?.

The values for (1 and T' obtained from this "angle joined" fit

of each measured fragment, are presented in T^fcie 1-

Table I

The values for ft and T' obtained from the "angle joined"

fit of exponentially decreasing parts of the fragment spectra.

Fragments

Be

B

C

H

0

F

Ne

0.0105 ± 0,0008

0.0102 t 0.0006

0. 0099 ± 0. 0006

0. 01 ± 0. 0009

0.014 + 0.0012

0. 01 ± 0. 0016

0.0092 ± 0.0037

T
l

10.

10.

9. 4

9.6

8.5

7.4

7 . 5

CHeV)

5 ± 0.53

1 ±0.37

± 0 . 5

±0.9

± 1.5

±1.6

±3.7

X'/n

0. 63/10

3. 6/17

2. 7/IS

2.9/12

0.16/9

1. 1/7

0.2/4

n- number of experimental points used in the fit.

As can be seen from fable 1, it is observed:

- Rather good fit of the joined C50°, 90°, 120°} exponentially

decreaing parts' of each fragment spectra, by eq.Cl).

-Constancy of source velocity value, fts=0. 01, obtained from

this fit of each measured fragment spectra.

Thus, the results of this' fit are also consistent Cat

least, for the fragment kinetic energies above the "Coulomb

peak'O with the isotropic emission of the measured fragments



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

source velocity C/Js=O. 013, we have transformed the laboratory

energy spectra of each fragment, measured at 50°,90°, 120°, into

the source rest frame. Examples e>f such transformation, for Be,

B, N, 0 fragments are shown in figs. 6-7. As ion be lesn from,

the figures, the fragment energy spectra in ih.e source rest

/ram© nearly coincide with each other, uhai additionally

illustrates the isotropic fragment emission from, a common

moving source in the measured reaction,

cS> Analysis of the fragment spectra slope parameter CT'J.

The values for the fragment spectra slope parameter,

obtained from, the described, "angle joined " fit, are also

presented in Tabte 1. As can be seen from. Table I, it is obser-

ved some decrease of this parameter with the fragment charge

number. In. the earlier xoork 125] on IMF production C3<z <14J in

P + Xe -*fr + X and P+Kr-> fr + X reactions, unduced by high

energy,pro tons, it was observed a linear decrease of the

fragment spectrum, slope parameter CT'J> with the fragment mass

number for fragments heavier than carbon Cfig. 83 which was

interpreted there as the emission of these fragments through' a

mechanism of quasi-two-body disintegration of a remnant, having

some quantity T Capparent temperature^, related to the slope

parameter T by

r = T<I--4- J,
A
R

where A -fragment mass number,

A -remnant mass number.
R.

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



approximately, the save C~ !4-15MeVS> for two measured reactions,

and values for, A - doss to <T~ 20 nv.cl.Bon mass less} the

tar got-nucleus mass number. Emission of the lighter measured

fragments (3 <Z <7), however, could not be interpreted there in

such a manner.

In. fig. 8 we have also plotted the relationship bet-ueen T

Csee Table ID and A , obtained from the "angle joined" fit of

our energy spectra. Mass number of the most intensively produc-

ing isotope of each element 13,261 was vssd for A . As can be

seer*, from the figure, the nearly linear decrease of the slope

parameter T' with i'i fragment mass number A is also observed

for our data and, moreover, including the lighter measured

fragments <4<Z{<73. Based on the approach suggested in 1251 we

have assumed that this decrease of T' is due to two-body kine-

matics and approximated it with equation similar to C23

i ± • As
C3}

where As -. source mass number,

T - appparent temperature.

The values for apparent temperature, T ,and a source mass num-

berf As, obtained from such approximation, are shown in Table 2.

Table 2

The values for "T " and "As" obtained from approximation with

eq.C32.

Fitted fragments

Be

Be

B -

B -

- Ne

- F

No

F

T (
l

12.

12.

12.

12.

'MevS

7 + 1.

8 + 1.

8 ± i.

9 ± I..

2

3

6

7

As

52

52

51

51

± 17

± 17

±19

±20

X
0.

0.

0.

0.

/n

36/7

35/6

35/6

35/5

n -number of the fitted fragments.

As can be seen from the Table 2, the obtained value f»r T'"



(13MeV} is close to the ones, obtained from, proton induced

reactions i14-15, 25-27], but the value for "As" - essentially

less than the target-nucleus mass number C~ 2002.

d} Description of the fragment energy spectra obtained at 90

The fragment energy spectra measured at 90 Cfig 2} in some

extent, include low-energy part, of kinetic energies (before

"Coulomb peak"} and as can be $een from, the fig. 2 have Maxwell-

Boltzmann-type form,, typical fpr IMF energy spectra from, pro-

ton-nucleus and nucleus-nucleus induced reactions. For approxi-

mation of these spectra at 90 , we have followed to the concept

131 of thermal and nontherntal contributions to IMF energy

spectra and have used the expression C4J, basically similar to

the one proposed in the cited ix>rk 131

* .

= W ( ] i\iyZCE*-KB-e?i/*exp[-[c/Z, +CE*-KB-e>/Tz

•where N - normalization constant,

zZCZt-Zfl
B = ——= • ~- - nominal Coulomb . barrier,

A ,Z ,A ,Z - mass member and charge of target-nucleus

and fragment respectively,

•K - nominal barrier fraction,

r = 1. 44 fermi,
° Ae

v = ; factor accounting for source recoil.
As ~A

As - source mass number,

T - slope parameter (apparent temperature},

T - temperature of fragment emitting system (source},

e - fragment energy variable related to Fermi motion of

nucleons in nuclear system..



The expression C47> is a convolution of two Maxwell-Boltz-

mann-type distributions, one of those with parameter T , at-

tributed to "tails" of the energy spectra, accounts for

nonthermal contribution, while the other one - heating of the

fragment emitting system Csource} to temperature T . The choice

of such.approximation is also supported by the obtained high

value for T C~ l3MeV2, close to those C~ 12-15MeVl for IMF

spectra.from, proton induced reactions 114-15, 25-271. As it was

noted in. a number of works 13-5, 25], it is problematic to

consider such high value as a nuclear temperature, and in some

works , 1-3-5,28] this . parameter is related to mean square

momentum of nucleons in cold nuclear system, what is also

consistent with the observed nearly independence of this

parameter- on bombarding energy and target used in IMF

production reactions 13, 8, 251.

Below, we briefly describe the fit of the fragment energy

spectra at 90 , by using eq. C42. At first, we have performed

individual fits of each fragment spectra to obtain calves for

normalization constant,H, and nominal Coulomb barrier fraction,

K. These fits were performed at v=l, and fixed values for the

fragment spectra slope parameter, T', and the source velocity,

fie Csee Table IJ.The values for K obtained from these fits have

turned out to be nearly independent on fragment charge and

equal to 0,5 close to those for IMF from, pro ton-induced

reactions 126-271.Then, at fixed valves of, N,and, K, Cobtained

jrom the individual fits}, fie, and T Csee Table 2}, we have

using eq.C4J, eirrculLan&ous fit of all measured

fragment energy spectra and determined the values for mass

number,As, and temperature, T of the fragment emitting source.



The results obtained from, this simultaneous fits are presented

in Table 3.

Table 3

The values for. As and T obtained from, simultaneous fit

of the fragment energy spectra at 90

. Fragments fitted
simultaneously

B» - No

Bo - f

B - No

• B - F

A

4.

4.

4.

5

O

8

9

8

+

ieV

+

+

+

0.

0.

0.

0.

3

2

3

3

A
s

60

56

6O

56

Crtucleon mass?

£ 4.5

£; 4\

± 5.2

i 5

f/n

71/64

64/57,

55/54

48/47

n-nvmber of the fitted points.

As can be seen from, the Table 3, the obtained valves, for

As, are in agreement with those obtained from, the fit of the

slope parameters, T' Csee Table 22 and the valve- for the source

temperature, T , is"5MeV.

ConeIvding remarks

The results obtained from performed analysis, apparently,

evidence that in the measured e + 4u -» fr + x reaction, in-

duced by 36eV electrons; the fragments C4<Z<10J are isotropi-

caUy emitted from, some hot CT ~ 5HeV> source, moving relative

to the laboratory system with the velocity (is = 0.01 and having

the size C~50-60 nucl.massJ essentially less than target-nucle-

xis one C~£0O}. Consistency of the obtained values for the size,

velocity and temperature of the source can be seen from the

following estimations:

1. Using the obtained values for the size and velocity of the

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

10



1, e ^15-20% of the incident electron momentum. CPe=3 GeV/c}.

Having in view, that considerable part of t'ne incident momentum

is taken away by scattered electron in this inclusive reaction,

such estimation for the average momentum, acquired by the

source, seems quite reasonable. If the measured fragments were

emitted from, a remnant having mass number close to target

nucleus one, as is apparently the case for proton-induced IMF

production reactions 13, 25-271, then its .momentum., at the

determined velocity Cfte =0.012, would amount to ~ 70% of the

incident electron momentum, what seemed not probable.

2. The obtained, value for the source temperature is ~ 5Ha¥.

Using the thermodynamical relationship between excitation,

energy U and temperature T,

V* = oAT Z, CS>

where a- level dencity parameter C 1/103,

A- mass number of nuclear system,

one can estimate, that at the obtained values for the mass

number C~ 50-60 nucl.mass) and temperature C~ 5MeV> of the

source, its excitation energy is ~ 125-150MeV, which is in

agreement with the one C~ 130MeV5 resulting from, our cascade

calculations of the reaction, by using the program presented

in 1291. It should be also noted, that at present we complete

analysis of our data obtained in the study of the same reaction

induced by 2 and 4,5 GeV electrons. The results of this

analysis, which will be published, also support the ones
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Figure captions

Fig. 1. Schematic view of the experirr&ntal set-up "e-A",

Fig.£.Laboratory Energy spectra for Li throxigh Hg fragments
o iff?

emitted at angle of 90 in #+ Au-*fr*x reaction induced

by 3Ge¥ electrons. Cross sections have been miltiplied by

factors indicated on figure. 2n this and subsequent fi-

•gisrss only statistical errors of the differential cross

sections are given. The dashed curves represent the

described fits Csee 4d> 2 ©/ the specixa iy modi-fi&i-

Haxwell-B&ltzmamt. distribution accounting for thermal

and nonthermal contribution to the fragment energy

spectra.

Fig. 3. Laboratory energy.spectra for B and N fragments at angl«s

50°, 9tf,ana 120°.

F. g. 4.Spectra of the invariant differential cross sections for

B and 0 fragments at- angles of 50°, 90° and 120° in labo-

ratory system.

Fig. 5. Plot of the invariant cross-sections for B and 0 frag-

ments in the CVa V. J> plane. Three values of the cross

sections dif -faring from each other by a factor of 2 are

preserited. Center of senticircles passing through the do is

w^th, equal numbers is shifted along V^ axis on the scrie

value fte=O. 01.

12



Fig.6. Energy spectra for B and N fragments at angles of 50°,

90 , and 120 Cin laboratory system} transformed to the

source rest frame by vsing determined valve of the source

velocity (is=0.Oi.

Fig. 7. Energy spectra for Be and 0 fragments at angles 50°, 90°

and ISO Cin laboratory systenO transformed to the source

rest frame by using determined value of the source velo-

city fte = O.Ot.

Fig. 8. The dependence of the fragment spectra slope parameter T'

on fragment mass nvinber A obtained from, the catalysis of

oiur data with dashed line representing the fit of T by

eq. J' = %C1- AF/AB3. For comparison, similar dependences

obtained in the <x>rk 15} are also shown Cdashed lines

are drawn to guide the



References

[11 J.E.Finn, S.Agarwal, A.Bujak, et al. , Phys. Rev. Lett.

49C19821.

121 A. I.Warwick, H.H.Wieman, H.H.Guibrod, et.al, Phys. Rev.

C27C198311083

131 A.S.Hirsch, A.Bujah, J.E.Finn, et.al, Phys, Rev. €29

d9841508

141 J.Hufner, Phys. Rep. 125C19851129

151 W.G. Lynch, Ann. Rev. Nxicl. Part. Sci. ,37C 19871493

[61 L.'P.Csernai, J.l.Kapusta, Phys.Rep. 131C19861Z23

111 A.D..Panagiotou, M.V.Cvrtin, D.K.Scott, Phys. Rev. C36

<1985153

(81 H.T.Porile.A.T.Bujak, D.D.Carmony, et.al, Hv.cl.Phys. A

471C19871149

191 H.E. Fisher, Physics CN. Y. 13, Z^C19671

llQl J. Aichelin and J.Hxtfner, Phys. Lett. B 136C1984115

Clil W. Bauer, O.Post, D. R.Dean and U. Mosli, Nucl.Phys.A

452C19861699

1121 D.M.E Cross and H.fiassmann, Nucl.Phys. A471C19871339

J131 H.W.Barz, J.P.BondorJ and H.Schxtlz, Hucl. Phys. A462

,.,C 19871742

gt*! V.V.Avdeichikov, A.I.Bogdanov, V. A. Bvdilov, et.al,

JIHRPl- 872 D4648C19871
ifi§%y..V^Avdeichihov, Akl. Bogdanov, V. A.Bxidilov, e t . a l , Yad

Fiz..48C198811736 CSov.J, Nucl.Phys. 48,1043C198811

£ h : H.Kcurwwski, et.al, Phys.Lett.

B20B



lt«} S.Liberia, F.Meddi, C. Romano, et.al, Nvcl.Phys. A298C1978}

519

C193G. H. Aivazian, V.N. Arutxcnian, H.V. Badalian, et.al, pr&print

EFI-857C8J-86.1986, preprint EFI 859C10?-86,t986CYerevarO

CF01 E. A. Akhvercticm., G.M. Aivazian., V. N. Arutvnicm., et.aL., Abst-*

ract Book llrPAMC 87,Kyoto, April,1987

IZtl G. H. Aivazian, V. H. Arutxtnian, H.V.Badaiian, et.al.,Sov.J.

VANT, ZCZ1>1984

1223 R. A. Astabatian, N. A. Dernechina, R.L. Kaaalbv, e t . 'd l . ,Sov.-7.

VAHT 5C23J1991

123] V.N. Aruixm-icm, H.V. Baiialicai, D. M. Beglarian et. at. ,"lzves-'

tia",serie "Fizika" 1 4,K3,1979Cjorumal of Armenian Academi

of sciences!

C241 H.G.Zohrabian, Preprint EFI-1295C8t^-99,i990CYerevcaO

£25? F. A. Gaidos, L.J.Cut.oy, A. S. Hirsch, et. al. ,Phys. Rey. Lett.

49C198Z>1321

C261 A.M.Poshaz&r, G.W.. Butler and E.K.Hyde, Phys. Rev. C3Ci 971D

882

C271 G.D^Westfall, R.'S.Sextro, A. ft. Poskamer, et. al. ,Phys. Rev. C
17C1978J1368

1281 A.S.Goldhaber, Phys.Rev.Cl7,2243C1978D

1291 SCHanssgen auv& J.Raaift CPC, 39C1986237

.15



Semiconductor
4E,£,A) telescopes

I I

Gucmtameter I

L I

Detecting chambers

Vacuum vatve

|i Synchrotropl
| magnet

NS«6 /

eeectron
Seam >

I
I

i 1
Muttipoiitlon nuc-

lear target

0 tO tD 30
1 i •>—• i c m



10

•j

CD

ID

1

10"'

s
. 2

5

2

5

s
2

10"S

s
2

5
2

ID'7
s
z

icr8

5

S

%

5
2

J

Z
»'B

s
2

5
Z

_

*

_

—• ; r 1 1 1

v

i . i . i

—> ! • 7 ' 1 ' ! ' 1 • 1

6 + Bu -*• f r + x
Ee = 3GeV
e = 90°

•

^ B e M C T '
^ ~̂  ^

I » J I

1 t MoxfO .

- . i • • ' • • • '

20 30 ^0 50 60 70 ' 80 90 100
£,Mev

?ig.2



>

Itr
8
6

10
ui 2

10f4
20 28

to

Q)

u) 10 .—

30 38

4 A i
4

36 so 68 76

E,MeV

T8 86

84

6

4

8
6

2

—

I

1

1 | T

I {
1 *

4

• i i

*

f '

4

•
§

J
i

{

1

1
*

>

\

Ee =
o =
• =
& =

$

,1

- N

1 *f X

3GeV
50°
90°
120

L
J

0

• :
•

Jig. 3.



A* i

l

tu
-tf

36

68 76
E,MeY

»"
8
S

4

2

Kf7

eE
4

2

: — n 1 1 1 »-

1

i

I , I ,

— i —

}

— r ^ ^

g

}
A
T

—I r-

{

Ee
o
•

1
1 '
T

•

—i r , , —

— 0+x
= 3GeV
= 50"
= 90° •
* 120°

' I

_i

<

•

1 U 1 _

44 52 60 76

Fig. 4-

32
E.MeV

too



= 50,90. !2C°
= 0,010 ±0,001

-0.12 -0.T0 -0,08 -5.06 -0.04 -0,02 0 0.02 0M 0.06 0,08 0.10 0.12 0 *

s
af2-.

fiu ~- 01 x
E e = 3Gev
0 = 50,30,K0°

= 0.010*0,001

-O.f2 -0.10 -0.08 -J.06 -0.04 -0.« 0 0.02 0.0* 0.06 0.08 0.1 O.f2 O.I4

V, , ,c

?ig.5



18

16

14

12

10

8

6

4

2
01

*

197
• Present exp. e+ /jur-fr+x, £e = 3GeV
6p+ l3Ixe —fr+x { Ep =20 -400 Gev
Ap + 8 4 K r - / r t x f Phys.Rev. Lett,

AS, 85,1973

, 1 , 1 , 1 , 1 , 1 , i i
2 4 6 8 10 12 Ik 16 f8 20 22 24

rig.



>•

k

to I"
•«re

2

xr
5

2

if3

5

2

> i • i

i

-

• . i

1 1—i—i—

a

Utn

* * A

"T" 1 " 1" T"' ~"l

Source rest
e

* !

A

• l i t .

1 r-

frame,
*mflu -

Ee =
o =

• =
& =

i T

i t

1 1

• 8+x
3GeV
50°
90°
120°

•
t

20 28 36

C <n-tto*

I *
U)

2h

52 €0 68 76

E*,

• 1

i

• , , 1

{

i

i > i

!

i

., >

\ '

S

#j

Source

k

1 1 1

rest frome

Ee
0
•
A

4,

• i

- N+x
= 3Gev
= 50°
= 90°
= 120°

•

i.

f

' 3 8 5^+ GZ 10

Fig. 7

78 86 94

E*, Mev



I - 2

*
-rt 5

Source rest frame, ps=O.O1
e+OT/lo - B e +x

Ee = 3Gev
o = 50"
• = 90°

* I
120°

rf*-

5-

10

18 26 42 SO 58 66

I
r

1

g
T

1 $

I
1

• \ •

Source rest frome,
6 + ̂ flu -

Ee =
o =
• -
A =

i

• 1 t

*. o+x
3Gev
50°
90°
120°

)
I \

£

42 50 58 66 74 82 90 38

E*, MeV

Fie 8.



fcp&t1- 1431C1J-95

tLfc*iSPflLL&Pf> 1£>7Ai TOanhiiVbPb <.tS

lihpqmjtngiluid ii ->4tnmienlm6 hit

hmpnig^mir e+ ^u-»/r+x nhmiighoipnir 50, 90, 120

aiW}jniIibhpp uimq rapimtjtlm& lipgrabqjnq qniliqilmJmil 4<Z <1

5>praqiltlnnlibpp tiibpqbmpq mqtljmplibpp:

Quiipniiflibpn qmaimp^bi bli tpliralijinlj npi^pnuipnlip libpphii

i{pm" oquiaiqnpdtiinq' qpomhaiiinpiipjmjpli qbtnbquioplibphg

inb[bnqnqlibpp iftpnqii: a>pmqifb1iui1ibph junptlmd qpiibinhq tlibpqpmtibpp

uippmjpQ qmqilmil t ~ 2-7m^/tonqin1i: tiihpqbinhq mqbqinplibpp

qpiibilmuihqnilpnti ilbp^mdnippiilii!, hlijqhn limb tnpi mqbqinptibpp

ilbpim&nippitliii (Jraqu^bi-PnigifTnlijuili &lnn^n|uilin& pui2|uminibpp hpiltnli

i[pra, npnlip hutjijp fa.li umlmni gbp^tn^li b nj ghpiluijjili Iibpqpnunibpp

^pmqifblnnbbpp tnqbquipiibpmil, gmgmqpniil bli ^pmqtffclnntibpp {lqmnpnq

nip&nqnnfi! pb^-np cin^liaiiniiii, mrap 2mP<hlml miipjntplig, npu traqhu

qmpp tr ~50-60 Imilflnbrajjib qmbqt{ni&, ppprajurajpli ifpgniqpg: Oqpjni-

pp mpmqnipjmii b gfcptlunnnp&nlip hmifrap ranrag^hj bb hbmbjm[ ilh&nt-

pjmlibhpp1 /? =0,01 to. OOl, T ~5U1^: Onjbquiplibpp pbpmpjuib qrapra-

tfbinpp mnmgi[nid mpdbpji, ~ 13\JXi[ C"pi[mgnn gbpiframnpiJuiU-^,

I; aqbqmpiibph mnanjh[ tbbpqbinpq Uanmiif qbpmlQhn

iqiinnqbpmgifaili hbui:

plnnnpuiniin
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SOURCE OF INTERMEDIATE-MASS FRAGMENT EMISSION, 4< Zf <10,

IN THE INTERACTIONS OF 3GeV ELECTRONS WITH i07Au NUCLEI

0. E. Markaryan, 0. M. Aivazyan, H. V. Badalyan,

D.M. Beglaryan, H.G.Zohrabyan

The energy spectra of intermediate -mass fragments, 4< Z
o 107

< 10, emitted, at angles of 50, 90, 120 in the e + Au *fr+ x

reaction induced by 3Ge/ electrons are presented and analyzed.

The measurements were carried out on internal ..beam, of Yerevan

synchrotron by using semiconductor telescope technique. The

range of the measered fragment kinetic energies was within ~ 2-

-7 MeV/nucleori. The performed kinematical analysis of the frag-

ment energy spectra and their analysis based on modified Max-

well-Boltzrnann distributions accounting for thermal and nonthe-

rmal contributions to the spectra suggest on. isotropic emission

of the fragments from a commonn hot moving source which is

essentially less, ~ 50-60 nucleon mass, than the target-nucleus

used. The values for the velocity and temperature of the source

obtained from the analysis are: (is = 0.01 ±0.001, T.~ 5MeV. The

obtained value for the fragment spectra slope parameter Cappar-

ent temperatures) ~- 13MeV is consistent with dominanting nonthe-

rmal contribution to the high energy parts of the spectra.

Yerevan Physics Institute
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