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INCLUSIVE SPECTRA OF PROTONS AND 1~ MESONS

EMITTED IN ‘HeC AND 12CC INTERACTIONS WITH TOTAL
DISINTEGRATION OF NUCLEI

M.K.Suleimanov'*, O.B.Abdinov', A.LAnoshin®, J.Bogdanowicz3, A.A.Kuznetsov

The invariant inclusive spectra of protons and ©~ mesons as a function of their kinetic

energies (T) in the laboratory system of coordinates for *HeC and ‘2CC interactions at a
momentum of 4.2 A GeV/c with a different number of protons (Q) are used. The spectra are

fitted by expressions of the form Z = a; exp (- b;,T) and the Q-dependences of the inverses
of slopes (T,. =1/ bi) are studied. It is found that these spectra have two components (a low-
energy component corresponds to T; and a high-energy component, to T,) and contain the
regime change points. For protons, the first component is mainly connected with evaporation
protons, and leading-stripping fragments have a great influence on T,. In the region of total
disintegration of nuclei, the leading-stripping effect is suppressed, and the values of T, for n~

mesons begin to increase with increasing Q.
The investigation has been performed at the Laboratory of High Energies, JINR.

HHK1103HBHBIE CTIEKTPBI MIPOTOHOB M 7T -ME30HOB, HCIyIIEHHBIX
8 ‘HeC- u 12CC-nsanM0ueﬁcmuxx ¢ NOJHBIM Pa3BajioM saep

M.K.Cyneitmanoe u op.

Mcnone3oBaHbl HBAPHAHTHbIE WHKIIO3MBHBIE CIIEKTPHl MPOTOHOB M K -ME30HOB KaK
YHKUMS MX KMHETHYeCKHX 3Hepruii T B nabopatopHoit cucTeMe koopamHar wis ‘HeC- u
12CC-Bmumoucﬁcmuﬁ npu uMnyiscax 4,2 A TaB/c ¢ pasHBIMH 3HaYeHHIMH MpOTOHOB — (0.
CnexTphl anmpoKCMMHUPOBATHCH BLIPAXKEHHAMH BUIA 2 = =a;exp (- 5T), n wsywamcsy
3aBUCHMOCTH 3HaueHU# oOpaTHbIx HakioHos T,=1/ b, or enmuun Q. TlonyueHo, ¥To 3TH
CNEKTPbI HMEIOT ABE KOMITOHEHTEI — HH3KOIHEPTHYHYIO KOMIIOHEHTY, COOTBETCTRYIOLIYIO T,u
BLICOKOIHEPIUHYIO KOMITOHEHTY, COOTBETCTBYIOLYI0 T,, M CONEPXAT TOYKH CMEHb PEXHMOB
ana *HeC-s3auMoneiicTamii NpH 3HaYeHHsx Q22 u 4, a 113 12CC-lmmmoneFlc1'lmﬁ npy 3Ha-

deHusx O 26 u 9. [lns mpoTOHOB NepBas KOMNOHEHTA B OCHOBHOM CB3aHa C HCMIapUTETBHBIMH
NPOTOHaMH, a Ha 3HaueHHd T, Gonbiuoe BIMAHHE OKa3bIBAIOT JIMAHDYIOLIHE-CTPHITNHHIOBbIE

iPhysics Institute, Azerbaijan Academy of Sciences, Baku, Azerbaijan Republic

“Nuclear Physics Institute, Moscow State University, Moscow, Russia

Soltan Institute for Nuclear Studies, Warsaw, Poland and Joint Institute for Nuclear Research, Dubna,Russia
*Now at the Laboratory of High Energies, JINR, 141980 Dubna, Russia, E-mail: mais@sunhe jinr.ru



42 Suleimanov M.K. et al. Inclusive Spectra of Protons and ® Mesons

¢parventsl. B ofnactv noAHOro pasBala sApa NPOMCXOMUT IIOAABICHHE JTHAUPYIOLIETo-
CTPHIMHHIOBOTO 3ththekTa, a 3HAYeHUA T; VI T -ME30HOB HAYHHAIOT PACTH C yBEAUICHHEM (.
Pabota BrimonHeHa B JlaGopatopu Beicokux aHepruit OWSH.

1. Introduction

In this paper we discuss the experimental results of studying the invariant inclusive
spectra f=(E/o)d 30 / dp3 of protons and ® mesons as a function of their kinetic energies
in the laboratory system of coordinates. The spectra f(T) were obtained for “HeC and
12CC interactions at a momentum of 4.2 A GeV/c with a different number of protons (Q)
emitted from the nucleus.

It is known that (see, for example, [1]) the spectra f(T) are exponential in form with
a good accuracy. Therefore, we fitted these spectra by an expression of the form

n
Yy a,exp (- b1 (D
i=1
(here a; and b, are the fitting parameters, the quantity n is determined from the condition of

the best fitting: the errors in determining a; and b, and the values of x2 per degree of
freedom are minimum) and studied the dependence of T,= l/bi on variable Q.

The use of T, as a primary variable is connected with that this quantity can be
presented as a sum of energies corresponding to the system «temperature» (Ty) and the

energy due to the system motion itself. One can expect that the motion energy will tend to
zero in the region of large Q. Therefore, the values of T, will become close to T, when

passing to the processes of the disintegration of nuclei in the region of large Q.

2. Experimental Details

In this paper the experimental data were obtained by exposing the 2 m propane bubble
chamber of LHE JINR to the beams of light relativistic nuclei at the Dubna
Synchrophasotron at a momentum of 4.2 A GeV/c. The chamber was placed in a magnetic

field of 1.5 T. The statistics are 4852 *HeC and 7327 'CC interactions (for methodical
details see [2]). We had the 4m geometry for measurement and detected practically all
secondary particles. However, it should be noted that protons in our experiment are
identified by ionization and their range over a momentum interval of 0.15—0.50 GeV/c.
The range of protons with momenta p < 0.15 GeV/c is smaller than 2 mm, and most of them
are not seen in a photo. For all positive particles with momenta higher than 0.5 GeV/c, we
introduced the weight that determined the probability for the particle to be a proton or a
m meson. The characteristics of the ©* meson were used to determine the weights. The

smallest momentum for the detection of mesons was 0.07 GeV/c. The contamination by
electrons and negative strange particles did not exceed 5% and 1%, respectively.
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In this paper, the variable Q is used to determine the number of protons. We defined
Q for each event as

Q = N+ - Nn_ > (2)
where N, is the number of positive particles and N_- is the number of ®~ mesons (we
assumed N +=N_-). It should be noted that the experimental losses of particles and the

errors in identifying secondary particles and fragments affect the accuracy of determining
the values of Q. A bad accuracy in determining Q can result in the appearance of «false»

Q" and extension of the regions of regime changes. For this reason, we cannot determine
precisely the number of regime change regions and the values of QF corresponding to
them. To decrease the influence of this factor, we consider not the groups of events with
definite values of Q but the groups of events with Q larger than a certain value, i.e., the
integral spectrum. Under such an assumption, the influence of accidents of all kinds
decreases. Therefore, the experimental material was divided into groups of events with the
following values of Q:
221;2;3;4;5,6;7
for *HeC interactions and
021;2;3;4;5,6;7,8,9;10; 11

for 12CC interactions, and the spectra of f(T) were obtained for each group of events.

3. Main Results

The spectra of f(T) for 12cC with 0 21;3;6; 9 are shown in Figs. 1(a,b) (solid lines
demonstrate the results of the best fitting). One can see that these spectra have an expo-
nential form. The spectra obtained at
other values of Q and the spectra for

2
4HeC in teractions have a similar form. Table. The values of %° per degree of freedom

Therefore, all the spectra were fitted by 1) *HeC 2¢c
expression (1). _ _

It turned out that n=2 in all the u P L P
considered cases (the values of xz per ! 117 2.64 0.61 229
degree of freedom are given in the Tab- 2 0.60 245 0.56 218
le), i.e., these spectra have two compo- 3 1.33 2.10 0.64 1.94
nents: a low-energy component corres- 4 0.90 2.33 0.64 1.70
ponding to T, and a high-energy compo- 5 0.73 201 0.73 1.44
nent corresponding to T,. This result is 6 0.47 0.93 0.58 1.22
a well-known experimental fact (see, for 7 0.81 1.02 0.54 0.92
example, [1] and references therein) 3 _ _ 0.55 1.72
interpreted as an indication of the 9 . _ 0.39 1.35
presence of two sources (or mecha-
nisms) of emission of the observed 1o - - 0.61 1.65
particles. 11 — — 0.56 1.54
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Fig.1. T-dependence of invariant

inclusive spectra for © mesons
(a) and protons (b) emitted in

12CC interactions. Solid lines are
the fitting results. The data are
given for events with Q=1
Q23 (the corresponding values
of f(T) are divided by 100),
Q26 (the corresponding values
of f(T) are divided by 10000),
Q29 (the corresponding values
of f(T) are divided by 1000000)
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The Q-dependence of T, is shown in Figs.2(a,b) and 3(a,b). It is seen that for protons:

— The values of T, (Fig.2a) reach 30 MeV at a maximum and decrease weakly with
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growing projectile mass. This
result agrees with the conclusion
[1] that a low-energy part of the
proton spectrum is mainly due to
evaporation protons. The
decrease of T| with growing Q is

due to increasing energy losses
for secondary interactions;
— The values of T2 (Fig.2b)

increase sharply with growing
projectile mass.
The regime change points

(or region) are observed at

0=>24 and 6 for *HeC interac-
Fig.2. Q-dependence of T, (a) and
T, (b) for protons emitted in ‘HeC

(*) and 2cc (o) interactions
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Fig.3. Q-dependence of T; (a) and

(@] ** T (b)

T, (b) for ® mesons emitted in 015 b T, :
‘HeC () and 2cc (o) interactions i 0.34 +

el i

013 .:_ 0.32 :— Tz
tions and Q=8 for °CC. This .. | ® o o
result is in good agreement with 30’2 - 3 SN %#
the conclusions of [3], where }_:: -+ ¢°
similar regime change points = °"' [ ¢ A °+
were found from the analysis of . +# : +
the probability of the Q 1o [ ¢ ¢
distributions of events and the b e, 026 |-
dependences of the mean charac- o + '
teristics of events on Q. In oos | o 024 L
Refs.3, the values of Q r B
corresponding to the regime 0.07 -l R 022' o 1
change points were regarded as 25 5 75 10 25 5 75 10

«critical» ones (Q") and used to Q=2
select events with total

disintegration of nuclei Q>Q".

Note that the values of T, for protons are almost independent of Q in the region Q > Q" and
they decrease sharply in the region Q> Q*. We think that this is connected with the
admixture of leading-stripping fragments among the considered protons. In the region of

large Q, the leading-stripping effect is suppressed. Against the background of this effect, it
is difficult to get information on the internal energy (and thus on T,y of nuclear matter since

the difference between the values of T, and leading-stripping particle energy is very large.
From the data in Fig.3(a,b), it is seen that:

— The spectra of secondary m~ mesons are also well fitted by the expression
n
2 a;exp (—b,T) with n=2 (i.e., there are two sources (mechanisms) of =~ mesons
i=1

emission) and contain regime change points for “HeC interactions at Q22 and 4 (Fig.3b)

and for 12CC at Q26 and 9 (see Fig.3a).
— At the beginning of these spectra, the values of T, decrease with increasing Q to

* . . . . * . .
@ and reach a minimum; then, as Q increases in the Q2 Q region, T‘ stops decreasing for

*HeC interactions and increases sharply for 2ce s interesting to note that T and T,
depend on Q in a similar way.
So, we have obtained that the character of Q-dependence of T,. for ©~ mesons and

protons (T,) in *HeC and 'CC collisions changes transitting to the region of total
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disintegration of nuclei — the region with Q> Q". In this region, the values of T, for

protons decrease and the values of T, for n” mesons increase with increasing Q. One of the

possible reasons of the latter can be the appearance of high «temperature» states of nuclear
matter in the processes with total disintegration of nuclei.
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