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Characteristics of hard and soft interactions and distributions of cumulative protons
for Ai A: nucleus-nucleus collisions (p,d,He,C)(C,Ta) at (4.2,10)AGeV/c in rapidity
space are analyzed. The number of the n - mesons and protons with maximal
cumulative number Nn-"* do not depend on the atomic number A: of the projectile,
on the atomic number Ar of the target and on the incident energy, but depend only
on n<™*, Short range correlation SRC condition AY=/Y:-Y;/<2 are checked.
Uncertainty ratio in Y- space of rapidity AYAP>h between AY and AP is entered.
The adron’s interactions time and radius rin~(10"*) cm are estimated.
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In this regard, we have studied the dependence of the mean set of <n> - secondary particles on
the number of p - protons, n - neutrons and N - nucleons involved in the interaction. The number of
Rp-protons, Rn-neutrons and Na -nucleons (interacting - protons, neutrons and nucleons) is
determined in a model — collision within a model that interacts independently. The images Rp, Rn
and N4 are obtained with the assumption that the nucleons have a strictly defined radius [1]. The
number of protons involved in the interaction is thus determined

Ro=(ZiAZP+Z. AP A AP +A )2 (1)
Rn - The number of neutrons involved in the interaction is thus determined
Ry = (N:AZB+ NeAZB)/ (AiB+ AP (2)
Na - The total number of nucleons is so
Na =(AiAZP+ AAPP) /(AP + AdB)? (3)
Al is the mass number of the transmitting nucleus, At is the mass number of the target nucleus.
It is known that Heizenberg’s Uncertainty Ratio for momentum and coordinate is thus written
APAx>h. (4)

Uncertainty Ratio for energy and time is as follows:

AEAL>h. (5)
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From (2) it can be seen that the greater energy releases, the faster the proceeds, i. e. the value of
At is small. The larger the transmitted momentum from (1), the closer the colliding particles
move to each other. The time At of interaction determines the radius:

rin =At- ¢ , (6)
where c is the speed of light.

If transmitted energy is 4 GeV, then

h 1.05x (107" )erg -sec

At[sec] = o =0.16-10*sec=1.6-10"*sec. (7)
AE 4.1.6-10"erg
It follows that the radius of interaction is:
rin=At- ¢=1.6-10%-3-10'° cm=4.810" cm. (8)

We can write (1) the image in the same way

AYAP>h . 9)

AY is the distance between the particles in the space of rapidity. If the distance of rapidity space AY
is small, then the value of the transmitted momentum is large. If the value of AY is large, then the
value of AP is small and the particles momentum is large. According to this logic the cumulative
P™ | their surrouding protons P** momentum and <AY> must be sharply different from each
other. The experiment also proves this [2,3]. Experimental data indicate that the density of nuclear
matter in the central collisions of light nuclei (carbon-carbon 4.2AGeV / c) is close to the transition
to gg-quark-gluon plasma, i. e. in laboratory conditions we can obtain high-density nuclear matter.
Experimental data are obtained on the two metre propane bubble chamber PBC-500 in the
Laboratory of High Energy of the Joint Institute for Nuclear Research (Dubna). The chamber
was bombarded by beams of relativistic nuclei p, d, He, C in the momentum range
(2-10AGeV/c (Fig. (1-3)).

A Y Prm)>(CTa 4.2 AGe V/c)=(0.242+0.006);
A Y P=)>(CTa;4.2 AGeV /c)=(0.460+0.012);

<Pi(Pvm) 5(CTa)4.2AGeV/d)=(0.57820.015)GeV/c;
<Pi(P=)>(CTa)(4.2AGe V/c)=(1.098+0.012)GeV/c. (10)

A V(P> (pCia.2 AGe V/)=(0.082+0.033);
<AV(P=)>(pC:4.2AGeV/c)=(0.511+0.022);

<P(Pm)s(pC)(4.2AGe V/c)=(0.59120.031) Ge V/c;
<Pi(P=)>(pC)(4.2AGe V/c)=(1.283+0.048) Ge V. (11)

44



GESJ: Physics 2023 | No.1(28)

ISSN 1512-1461

Conclusion

To study of average kinematic characteristics of protons, deuttrons, helium’s and carbons
nucleus at carbons nucleus A:A.=(p,d,He,C)C generated as a result of collisions surprised us
[4-7]:

1. The short range correlation SRC condition AY=Yi-Yj|<2 strictly completed for
cumulative protons 2“m. The value of A4Yare in the range (0-1).

2. Average kinematic characteristics of cumulative protons <A Y{Z*7)> and <P, (P7*)> do not
depend on the A7and At (on the atomic number of projectile and the incident energy). It
can by said then the hypothesis of soft decoloration takes place.

3. The value <AY(P%)> and <AX(P)> in the range (0-2) and 98% meet SRC the
condition<A Y><2.

4 Average value of <AY> for protons P*° and P strongly dependent on the target mass —
(<A Y(P%)> Ta<<A Y(P*)>C).

5.  Uncertainty ratio in the rapidity space between AY and AP it can be written like this
AYAP>h , i. e. decreasing the value of AY lads to increasing the value of the transmitted
impuls 4P,

6.  The time and radius of interaction of the adron’s are estimated to be equal r»=~(10*) cm.
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Fig.. 1. dAY)=AAY). AY - distribution for ~ Fig.. 2. AIN/dAY)=f(AY). AY - distribution
cumulative protons /%7 - for surouding protons from hard
(10GeV/c)— Pum, processes Nev” - pC(10GeV/c)— P,

45



GESJ: Physics 2023 | No.1(28)

ISSN 1512-1461

0.14 F

ANFA(AY)

0.1
0.08 | Lip,

0.06 | iy

0.04 | Do

0.02 | g,
L -

Fig. 3. AN/dAAY)=AAY). AY - distribution
for protons Pfrom soft processes
NeS- pC( 10Ge V/C)—)F

REFERENCES

1. H. Steiner, (1977). Preprint LBL — 6756, Berkeley.

2. Abdurakhmanov P.Q., Angelov N. et.al. (1971) Raspredelenie po mnozestvennosti vtorrichnykh
chastits v /7P, ITn, ITC, vzaimodeistviiakh pri impulse P=40GeV/c. alma-ata-bocharest-cracow-
dubna-hanoi-serpukhov-sofia-tashkent-tbilisi-ulan-bator-warshawa collaboration. Phys. Lett.
39B, (4):571-579.

3. Agakishiev G.N. et. al. (1987) Analysis of Behavior of 7- Mesons and Protons Produced in
Nucleus-nucleus Interactions at 4.2 (GeV)/c Per Nucleon Depending on the Number of
Interacting Protons. Alma-Ata-Baku-Belgrade-Bucharest-Dubna-Kishinov-Moskow-Tashkent-
Tbhilisi-Ulan-Bator-Varna- Warshawa-Yerevan collaboration. A®. 45 1373.

4. Abesalashvili L.N. and Akhobadze L.T. (2007) Description of Multiparticle Production by
Gluon Dominance Model. e-Print: arXiv: 0711.4461 [hep-ph].

5. Abesalashvili L.N. and Akhobadze L.T. (2009) Description of Multiparticle Produc tion of
Charged particles by Gluon Dominance Model in Hadron-Hadron and Hadron-Nucleus
Collisions. Phys.Atom. Nucl. 72:97-104.

6. Abesalashvili Liana, Akhobadze Lali, Garsevanivili Vakhtang, Tevzadze Yuri. (2017).
Analisis of Characteristics of Protons Produced in Soft and Hard Processes in Nucleus-Nucleus
Collisions at Relativistic Energies. Bull. Georg. Nati. Acad. of Sci., 11 (1): 31-37.

7. Abesalashvili Liana, Akhobadze Lali. (2021) p - Protons and 7 - Mesons Produced in
(p.d,He,C)(CTa) Collisions at the (4.2,10) AGeV/c. Bull. Georg. Nati. Acad. of Sci., 15(1): 33-37.

Article received 2023-04-10

46



