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: Great interest in the phisics of relativistic nuclear collisions -

. Qin mainly motivated by hopes to obtain new states of nuclear matter in |
';nwhlch quarqs and gluons ‘are in the state of deconfinement Howewver, inel

B vestigations on nuclear matter properties in going from hadron matter to-

k?quarq—gluon plasma are no less important for modern ptheory as well.. In
’part1cu1ar, are the states of highly excited hadron matter realized un—;'

'kdervtransition in terms_of=thepobserved-values and (if we manage .to ob-: "

o s serve) how are these statés related to colour degrees of. freedom?

iébUsing the relativistic invariant method  of analysis of nucleus:

‘ i;} nucleus and hadron-nucleus reactibns over an energy interval of 44405"
iGeV we have observ d the existence of two~ types of nucleon clusters
‘fcharacterized by different values of temperature. type I with‘<T 7

. 60~ 70 MeV and type “ with <T27 = 120 130 MeV. It has also been shown _'k

“i that’ clusters of type I have universal properties depending on neither ;f

k'“‘xthe type of reaction’ in which they are produced nor collision energy

':4from 4 to 40 GeV/c. Such properties of nucleon clusters characterize
fgffundamental features of hadron matter, and the observation of nucleon

kr~c1usters can be associated with the existence of highly exoited nuclear

fmatter. : L:»"

Assuming that nucleon clusters ‘are - decay products ‘of some quasi—'

7:stationary states produced in’ relativistic nuclear collisions, the life~

T“’time of excited nuclear matter can be estimated

This paper presents the results of studying nucleon olusters as\ o

l~resonance states with the measurement of their widths and hence their'c

12/ %

‘lifetimes. Preminary results have published elsewere..

§ 2; EXPERIHEKT AND HETHOD OF ANALYSIS

'exposed to the beams of p,.d, He and C particles with P = 4 2 A GeV/c :
*jf,~at the Synchrophasotron at the Laboratory of- High Energies, JINR The

Q%bbtnbﬁﬂh’h‘% TICTUNYY
§ HRRURLE ,::rc:::;dafzauaﬁ
ﬁ*ngﬁiﬁiﬁf” HA

———

Experimental data are obtained using the 2m propane bubble chamber o :‘



methods of eiperiment and film information'analysis'are'described in

detail in papers /3 5/ The total statistics of interactions on propane ;

is given in Table I The separation criteria of Py d, He and C colllsl—i:

. ons with ca.rbon nuclei from the events on propane are described in paper/5/'

Ly

p}Table‘I_

STATISTICS OF EVENTS

" Type of interaction" ' Number of events .-

.
" (CqHg) | 11371'
"He(C3H8)for ‘,f‘g..prfdgg : S 9039;‘;“ ‘

C <°3ﬁé) i el : '14635 E

- The efficiency of separation of collisions with carbon was no lessfvsii

than 96%

pane chamber should be noted The chamber was located in the magnetic ;,y~

field, and so negative particles were identified by the curvature of

their‘tracks. The lower_limit of proton registration in the,chamber,

was P = 150 MeV/c. Protons'could be distringuished from _ﬂ*’mesons up‘k

to P = 900 Mdhbty path’ and ionization. Positive Singlecharged particlesf;f.i

with momentum more than th1s value were classifled as protons. The .
- maximum m1xture of £/+mesons ~among positive particles in p, d He and

kC collisions with carbon nuclei not exceed IZ%.k o

Proton clusters were separated by the Lorentz 1nvar1ant method in ‘tv'T

_4—velocity space.

- Main variables .are dimensionless relativist1c - invariant

"quantities/6p7/

Some peculiarities of secondary particle 1dentification in the pro— f

were V, and }are the centre of clusters A,

: groups of protons in the four—velooity space satisfied the condition b

= (f_‘ Pu) “'—[u-—w) ¢9)
L My - M -
Here P‘ and Pk are'four - momenta; mi and mk'the masses,of the

considered particles. -

To separate clusters in the events with proton multiplicity

>4, the quantity A2 was minimized/ / ’ .

Af’min[ (V - )ui(Vﬁ U ) @

. They. are unit

P

o
4—dimensiona1 vectors,
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are 4—velocities of secondary protons relative. to the centre of clus-

‘“ters oA andjS , respectively. Spectator (P1 b‘ 250 MeV/c) and strip—

ping (Plab:> 3,0 GeV/c and 6}1ab L4 ) protons were excluded from the"

©.analysis.

All possible permutations of n protons into two groups were con—

cidered in order to separate out “two clusters. . ‘
: Two clusters or one ‘cluster” and a positively charged particle were—'

assumed to be produced in the event if. thedistanoe between separated

- pyal @

If this condition: is fulfilled the event 1s treatad as: undivided.

~

» The fraction of undivided events is 32% in pC collisions and decreases.

‘up’ to 14% with increasing projectile mass in CC collisions.»

" Further, as in previous papers,: clusters produced in the target

'fragmentation region, i.e. the oarbon nucleus, have been studied because




positively charged particles are identified better in this region. The
separation of’ clusters by variables JCLC and.gc” c is discribed in de—-
. tail - in'.papers /I 8/. Under this condition (&) 548% of protons fall

within ‘the overlap region of two,clusters in 4-velocity :space... =~

Table 2 gives the number of separated_clustershwith;-(l7 = 246 in

P

rC, dC,‘HeC and CC collisions.: -. -
Table 2

Number of clusters with oroton multinlicity'

né =¥246 4n p,:d , He‘~and'CC’collisions

PSR
EN 1813 . '

f:hf jozof

5 54
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' 3. ANALISIS OP EFFECTIVE HASS SPECTRA OF NUCLEON CLUSTERS

/2/

It has been shown -that the largest contribution to the produc—

60*70 MeV. is made by . clusters with small
2 3 .-

Figures I and 2 show the effective mass. spectra of clusters with

tion of. clusters with T1

E proton mu1tip1icity f%p

‘a step of IO MeV and 25 MeV for this mu1tiplicity,.respectively ‘As

seen from the figures, maxima pointing to the possibility of productionJ

of nucleon resonance: states are observed for some values of masses.

Fig. I ' R " Fig. 2

To analyse the obtained spectra, the resolution function has been

- ‘defined over. different mass M el . intervals ‘This was realized as follows:,
“for each couple (or three) tracks of particles from the cluster two or

-three random numbers Kv distributed according to the normal law were

sinulated by the Monte Carlo- method These numbers were then multiplied

'by the vale of experimental errors in measuring particle momenta A P

Later on the cluster mass M cl was determined taking_into account new

’ s
particle momenta'Pi‘*ﬁKiAPi' B The(Mc-1 - Mcl)distribution:was‘obtained.‘

for diffrent Mcl intervals. -Such a procedure was repeated more than ‘once:

: Tfor each combination of particle ‘tracks in the cluster. The errors, in

,measuring the emission angles of particles in our experiment are negli-»

gibly smﬂlin comparison with the momentum ones, and so they were not

,.taken into account. . -

. 7 :
-.The obtained (4 —Mcl) distributions in different M cl intervals are

satisfactorily described by the Gaussian function. . ' : ) -

Dispersions E; of these distributions were derived by approxima— 5
tion with the Gaussian function. The 6 dependences on the clusters
mass. M el with’) = 2 and 3 are shown in figs 3 and h The errors in de— :

termining M ¢l 2re small and equal to 2 5* 4 MeV within the first two

mass Mcl intervals at the phase space boundary at :f)p'=:2’and 3.



A small error is‘due,to that all proton momenta in this region deter-
kmined bykpath with a precision of 2+3%. Further the value ofCrrises
linearly with increasing the cluster mass. At - /no = 2 the depen—.-

~dence can be” described by the function:

6‘(np =2) = - 0.245 + 0.I3L- M G
B R
6¢ Np =3) = - 0.366 + 0.I27-M, ; - ®
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The obtained dependences have been. used to. determine the masses and -

widths of presumable nucleon resonances.vFor th1s the experimental

'.dN/dM el spectra were approximated by. an analitical expression contai—ff}

bning the _sum of the B W functions corresponding to 3 resonance states;;"

i and a background term

S F(M)=L' of; B-W. (M) + 'P-Ph,(m);. )

=1

Herej " and

of the B W functions and the background “term. When ‘analysing the Ll

dspectra of cluster masses, we'have ‘to take . into’ account the distortion

of the B W. functions because of changing the experimental mass errors.

So the B W functions are given as follows

-are the coefficients defining the contributions':

¥
i
:
¥‘

iorthogonal polinomials of the fth degree

B W (M)=_” jB W‘[m)b‘(m) @CP[ ZGZ[m) ]‘/m .

npy
The e;(m) dependence 1is taken according to formulae (5)’and (6).

'vahe B.W. (m) functions are written as

Intergration in formulaﬂﬁuﬂ performed ‘over the whole mass interval

Mobserved in the experiment The intergral value of the B W

L

: 'functions smeared by the resolution function was/ normalized to unity.wr~

Two. variants have been considered as a background term.-

[IRIRE

I. Background term was, taken as a linear combination of Legendre

(Ph” ao p +q, 'D’ *ah P B o ?,

The coefficients an were der1ved approximating the dN/dM experi+'”

'mental spectra by function (IO)

2.. The effective mass distributions obtained in pC dC 4HeC and

12CC collisions simulated by the cascade model were regarded as back—

;ground ones /9 IO/ These distributions were obtained with the aid,of

Qythe algorithm used for the analysis of experimental data

) Simulated events of different types were summed up in the same pro—

portions as. in the experiment.

In both cases background and experimental distributions were pre—

n‘ﬁviously normalized to the same square. Then the value of the coeffici-

‘Afentijs was derived approximating by formula (8)

The results of approximation of the experimental spectra by thek

Vfunction (8) are . shown in: figs. 2 and: 3 by the solid lines. _The contri—‘kf

bution of background distribution is denoted by the dashed lines.~'



- Tables'3 and 4 give both the values of masses Mi’ widths fvi, and also

coefficientsideterming the contribution"of'background_distributions.

Table 3
- The values of masses H ard widthslq of proton resonances

with multiplicity n

1| | M,, GeV | r‘i, GeV le/n L ni',cev |y, oev Lza/n '

Eankground is takan as
Ezzkgz:ugg 325:3552 RICIRRE "cluster” mass distribu—
polinomdals ()3 0 66) tions in events;sinula—

T 1.91940.003 | 0.023:0.012° '1“‘05' '1.920:0.002| 0.02240.0LT >1’.oi‘;'
2 ‘1.967:0.004  |0.0I0:0.015 | - - - 1.966:0.004| 0.010:0.014 :
3 | 2.0muo0.0n2 |o0.168:0.08% 2.009:0.007| 0.195+0.023
Table &4

The values of msses lh. and w1dths ri of proton
resonznoes with nultipliclty ’aQ—

o ; : . 2 - PR
1]11 GeVJIi,GeV ';, Lul GeV l!;,cev 2%
kgrcund . ' Background is taken as R
Elacle sum of }:g:ra‘xi: * Yeluster” mass distribu-
Jynomials (g= 0.46) ~ 1%« . tions in events simulated -
po )3 ' by the cascade model
( ﬁ =0.27) | .-
I | 2.gm0.0m 0.0710.020 |  0.9% |2.93340.007 | 0.091+0.018 |0.86 "
2 s oo‘m 005 | 0.016+0.015 '|3-00610.005 | 0.022+0.018
3 ] 31540009 | 0.2u840.085 | -  |3:12200.012 | 0.225:0.032

‘ folliwing mass regions were chosen. at n =2: M

As seen from the tables, in two ~ and three — proton clusters. the

"',first»twovstates with M1 and M2 are characterized‘by:widths'from a few

Mev to a’few tens MeV, i.e. they:are rather'narrow. The masses M, at. ﬂ

=2 concide within the experimental errors with the masses of narrow
dibaryon resonances observed in paper /II/ as well as in a number other.

works.,
1

The states with masses M3 are characterized by widths okaOOf2bQ'
MeV However, the mass resolution does not allow one to register reso-.
nance states with’ widths of tens MeV in the region of large M i.

That is why the observed states with masses . M3‘can3bevrea1y’the
superposition of such states, and this lead to.increasing: the measured~:
width13~ ‘ e ‘

We failed to find a resonance structure: in effective mass distribu-

‘tions of clusters with multiplicity n 24 using the available statisti-

“cal” data.

§ 4. ANGULAR DISTRIBUTIONS OF PROTONS PRODUCED
T n sty LF TROZONS PRODUCED

«

IN: RESONAHCE DECAY

The angular distributions of protons in’ the rest frame of - clusters"

k'produced in the mass region close to resonance values have been studted.

in: order to have a notion ‘about spin states of presumable resonances The

1~_ M * 12 MeV and
My, = My + 10 Mev; atn, = 3 My =M+ 50 MeV and M ) = M + 30 eV, '

‘ Figures 5 and 6;show the. .proton . Icosé} | distributions ;in the clu—: :

o ster rest- frame, were é; is the emission angle of protons relative to ,

o the momentum direction of the cluster in, the lab system.vSimilar distr1—<
‘butions are presented for comparison in the reglon of large kmasses were
_no resonance structures .are observed within the experimental errors. As -
‘seen from the figures, the angular distributions of protons in the clus~

~ter, rest frame differ from the isotropic ones except the .mass region o
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near”M{ = 2.935 GeV. This -shows. that presumable nucleon resonances could
have.a,spin different from zero. However, our statictics should be inf
» " creased significantly on order‘determine‘spin statesvoi nucleon'reso—

,nances”
< <—/

§ 5. CONCLUSIONS

The study of the nucleon cluster properties with T1 60*70‘MeV; :

‘ roduced in hadron—nucleus and nucleus nucleus collisions at' T = 4.2 A
GeV allows the following main’ conclusions ‘to be drawn.
1) Previously discovered universal properties of nucleon clusters,

ile. their independence of the type of reactionyandrproaectile’energy

indicate”that~the:process:ofknucleon cluster production’is closely rela—

tedbto‘the degree of excited nuclear matter in relativistic nuclear‘colf

lis1ons.;k

2 The analysis of the effective mass spectra of nucleon clusters

i with np = 2;3 allows one. to assume that they are a decay products of

10

\this analys1s.‘

e II. Troyan Yu: A. et al JINR PI 90 78 Dubna, 1990

nucleon:resonance states with widths from a. few MeV up to a few tens -

B . . ) : ENSCIN i RS
MeV which corresponds to the lifetime of: such states ﬂL;= é?r‘wIO 22sec.:

3 The angular distributlon character of protons in the cluster

rest frame relatlve to the direction of, cluster momentum in the lab

“ systen shows that presumable resonance states could have spins different'

from Zero..:

4

4 A sizeable increase of statistics is reguired for completion of -

In conclusion the authors are. grateful to N. Angelov, Yu A Troyan

,and V. N Pechenov for thens help in calculations and useful discussions.
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