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Pr=myu; pP1=miu]

|+ 11—1+...

Pr=muy;

(NP, + N,P, - p,)? = (Nm, +N;m, + M)?

N,and N, are the part of the transferred
four-momenta of nucleons participating in nuclei | and II.

M is the mass of the particle providing conservation
of quantum numbers.

For antinuclei and K" mesons M = m,, for nuclear fragments M= -m,.
For K* mesons M=m, — m,. For the particles produced without
accompanying antiparticles (it mesons) M=0.
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A.M. Baldin, A.A. Baldin.Phys. Particles and Nuclei,
29(3), 1998, 232

|+ 11—1 + ...

[1= min%\/(ulNl + UyNy)?

u, and u, are four velocities of the
nuclei | and Il.



A.M. Baldin, A.l. Malakhov. Relativistic Multiparticle Processes
in the Central Rapidity Region at Asimptotically High Energies.
JINR Rapid Communications, 1 [87]-98 (1998) 5-12.

An analytical solution has been obtained
for the similarity parameter in the central
rapidity region (y =0):

T Rapidity of
Simi arlt\iParameter interacting nuclei

M= N-ChY

Part of the transferred
four-momentum

(The Baldin-Malakhov equation)




'Y. | y +.Y
A y=0 A

In the mid-rapidity region (y=0, y is the rapidity of particle 1)
the analytical form for Il was found:

M= N-ChY
In this case N, and N, are equal to each other: N,= N, = N.

N=[1+(1+D, /DP?)"2]],

where
® = 2my(m,,ch¥Y +M)/sh?Y,

m,, = (m?,+p?)"2,
Y — rapidity of interacting nuclei.



E-(d3o/dp3) = (1/77) d3c /(dm,2dy)=
= [@4(Y:Py) + @g(Y;P1)(1- O 4l9(S/S4)*)]-a(S/S0)"

0,4 — Ccross-section of hadron production N

by the exchange of n-pomerons. -
g — constant (~20 mbarn), S, ~ 1 GeV?, (

A = [a,(0)-1] ~ 0,08

G.l.Lykasov proposed to use Y o

functions depending on the 4
similarity parameter 1 as
functions ¢(y,p,) :

G. Lykasov — ¢ = ¢([1)



Ratio of antiparticle to particle yields

Description of the spectra of
secondary particles depending on P in
a wide range of energies

{
{
M=N 'ChY {Energy dependence of the slope
{
{

parameter on energy

The ratio of the strange kaon yield
to the pionyield

Description of the particle yield
depending on their rapidity



Ratio of antiparticle to particle yields



For nuclei and nuclear : n= ™oy - M chY
1
fragments M = -m, m, M, |sh?Y
For anti-nuclei and anti- M= | 2Tchy + T chy
2
nuclear fragments M = m, Mo M, |sh*Y

a(Np @ (Nm) -
'[mn'cl 'A[ ' AII : exp(— %')'dmﬂ
5 2

antinuclei

Ratio ( _
nuclei

] =

8

GiMNIy @(Nmn)

m11'C1'A| : A” : exp(-%)*dmﬁ



In case of symmetric nuclei (A= A, = A) the above relation
takes the following form:

: m chY
antibaryon 4my 1 -Gl s
baryon

Ratio (

If A=A, A, =B, then

_ antibaryon 2my 1 2 mi echY
Ratio = = (A - B)3mo 2y .exp | — S e :
baryon Comg sh?Y
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A.l. Malakhov and A.A. Zaitsev. Journal of Experimental and
Theoretical Physics, 2022, Vol. 135, No. 2, pp. 209-214.
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Description of the spectra of secondary
particles depending on P. in a wide
range of energies
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Using relativistic invariant variables s, p, and ch(Y) = Vs/2m,
dependence we have obtained the following form for I1:

M

[ — { mi

2mod /S0

J[Q— 2,.
} Ll 01

my,

0=1-4dmy/s, m? =p? +m; f
Baldin-Malakhov-Lykasov equation
At large Vs >>1 GeV:

Mt

2mo(1 — 4m3/s)

<

414

M2 — m3?

1 %t

(1 — 4m3/s)

G.l. Lykasov, A.l. Malakhov. Self-consistent analysis of
hadron production in pp and AA collisions at mid-rapidity.
Eur.Phys. J. A54, 187 (2018).
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For m-mesons at p,2 >> m,:

Tfllt

1] =
mo(1 —4m3/s)
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E-(d3o/dp3) = (1/77) d3c /(dm,2dy)=
= [@4(Y:Py) + @g(Y;P1)(1- O 4l9(S/S4)*)]-a(S/S0)"

0,4 — cross-section of hadron production by the exchange of n-

pomerons.
g — constant (~20 mbarn), S, ~ 1 GeV?,

A = [a,(0)-1] ~ 0,08

G.l.Lykasov proposed to use

functions depending on the
similarity parameter 1 as

functions ¢(y,p,) :

G. Lykasov — ¢ = ¢([1)



The first part of inclusive spectrum (Soft QCD (quarks)) is
related to the function ¢,(y=0, 1), which is fitted by the
following form [*]:

ﬂl}q[:y T U: H) e ‘4{151?;](_]‘_'[/(0{1} 3

where A, = 3.68 (GeV/c)™2,C, = 0.147

The function ¢,(y=0, ) related to the second part (Soft
QCD (gluons)) of the spectrum is fitted in the following form

[*]:
¢g(y =0,1I) = Agy/muexp(—II/Cy) ,
where A, = 1.7249 (GeV/c)™2,C, = 0.289

[*] V. A. Bednyakoy, A. A. Grinyuk, G. |. Lykasov, M. Pogosyan.
Int.J.Mod.Phys., A27 (2012) 1250042.
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DESCRIPTION OF p, SPECTRA OF PIONS AND KAONS IN BeBe COLLISIONS

Be+Be — n+X

8 o R m
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G. I. Lykasov, A. I. Malakhov, A. A. Zaitsev. Ratio of kaon-to-
pion production cross-sections in BeBe collisions as a
function of \s. Eur. Phys. J. A (2022) 58:112

19



Energy dependence of the slope
parameter on energy



E(d*c/dp?®) ~ exp (-m, /T), T=Const

E(d30/dp3) ~ exp(- IVC,) = exp( m,/[C,my(1-4m?*/s)]

0.25

Our calculatlon for;:EJP >R X =
es, p-p —x—

Hades, Ar Kcl by

Hades, p-Nb +——¢—

0.2 NAG1, p-p ——

~]/ / | T=C,my(1-4m?*/s)

A. A. Abgrall et al. Eur.Phys.)., C74 (2014)
2794 (NAG61).

0.15

0.1 F

Inverse slope T, [GeV]

\

G. Agakishiev et al. arXiv:1512.07070v1 [nucI-exj
22 Dec 2015 (HADES).

0.05

s'2, (GeV]
G.I. Lykasov, A.l. Malakhov. Self-consistent analysis of
hadron production in pp and AA collisions at mid-rapidity.
Eur.Phys.J.A 54 (2018) 11, 187. 21



The ratio of the strange kaon yield to
the pion yield



K/t (y=0)
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Ratios of kaons to pions in pp collisions as functions of \/s
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sections of kaons to pions produced in pp collisions as a

function of \'s. Eur.Phys.J.A 57 (2021) 3, 91.



Ratios of kaons to pions as functions of \/s
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Lykasov, G.I., Malakhov, A.l. and Zaitsev, A.A. Ratio of kaon-to-
pion production cross-sections in BeBe collisions as a
function of \'s. Eur. Phys. J. A 58, 112 (2022).



Ar+Sc = K*+X
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G.l. Lykasov, A.l. Malakhov and A.A. Zaitsev. Production of
charged kaons in ArSc collisions. http://arxiv.org/abs/2402.03260
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Description of the particle yield
depending on their rapidity



A.l. Malakhov, G.I. Lykasov. Mid-rapidity dependence of hadron

production in p-p and A-A collisions. Eur. Phys J.A56 (2020) 4,

114. 350 _
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Conclusion

Inclusive spectra of the pions and kaons produced in pp, BeBe
and kaons in ArSc collisions as functions of their transverse
momentum p; , have been calculated within the approach based
on the assumption of the similarity of inclusive spectra of the
hadrons produced in nucleus-nucleus collisions in the mid-rapidity
region taking into account the quark-gluon dynamics in nucleon-
nucleon interactions.

" depending on p; of secondary particles
As a result, we spectra in awide range of energies;
have obtained ) * energy dependence of the inverse slope
a good description: parameter;
* ratio of the strange kaon yield to the
~ pionyield.

This approach has also [+ particle yield depending on their rapidity;
allowed us to describe: \ - ratio of antiparticle to particle yields.



Thank you for the
attention!



