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Phenomenological Tsallis distribution: Proton-Proton and Heavy-lon Collisions

Proton-Proton Collisions Central Pb-Pb collisions at 2.76 TeV
v' Charged hadron yields: Exp.: ALICE, Phys. Rev. C 88 (2013) 044910
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J.Cleymans, G.l.Lykasov, A.S.P., A.S.Sorin, O.V.Teryaev,
D.Worku, Phys. Lett. B 723 (2013) 351

v' Identified hadrons:

The data of #z* at 2.76 TeV are not described by the
phenomenological Tsallis distributions at low pT momenta
v" Phenomenological Tsallis distribution:
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Generalized Statistical Mechanics

*  Fundamental statistical ensemble (x',...,Xx")
E=E(X,...,x"), x'=S,x*=N,x’=V, ..

dE = > u“dx",
k=1

oE
ut =—, u=T,u’=u Uu=-p, ...
Ox"
« Statistical ensemble (u',...,u™, x™" ..., x") A.S.P., in Recent Advances in Thermo and

Fluid Dynamics, ed. Mod Gorji-Bandpy,

. . InTech, Chapter 11, 2015, pp.303-331
v Legendre transform for the thermodynamic potential: nTech, Chapter 015, pp-303-33

Y =Y., um XM XN = E =) ukXE
k=1

v’ Statistical averages for the fluctuating quantities:

X=>px, x=S,x =N, x=V, ..., k=1...,m,
E = Z P, E. Si =—In P,  -Boltzmann-Gibbs entropy
i q-1
m Si :pi—l -Tsallis entropy
Y=>pY, Y =E-)ux 1-q
i k=1
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Generalized Statistical Mechanics: Probability Distribution of Microstates

v Principle of the maximum entropy from the second law of thermodynamics (constrained local
extrema of the thermodynamic potential in the method of Lagrange multipliers) :

O=Y-lp, ¢=) p-1=0 2%):0, Y=>p Ei—zm:ukxi"

v"  Probabilities of microstates and norm function:

B 1 Nk ut=T, 2=,u, 3=—p,
pi_F(—l(A—Ei+Zu X, D 1 2 3
k=2 X =S

u

Z5Xm+1xm+1'“5nnF[%(A—EﬁZUkX;‘nﬂ - A=AQY..u" XX
i . ©Ru k=2

v' Thermodynamic quantities are partial derivatives of thermodynamic potential :

m n
dY (ut,...,u™, x™, L x") == xfdu + ) ufdx’,
k=1 k=m+1
A.S.P,, in Recent Advances in Thermo and

k oY . k . Fluid Dynamics, ed. Mod Gorji-Bandpy,
X == auk o Z Pi%; (k o 1’ T m) InTech, Chapter 11, 2015, pp.303-331
|

oY OE, & ox/
uk:a?:_zpi 6?—2211167 (k:m+1,...,n)
i j=
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Tsallis Generalized Statistical Mechanics

Boltzmann-Gibbs Tsallis-1 Tsallis-2 Tsallis-3
Statistics Statistics Statistics Statistics
q=1 0<g<w 0<g<ow 0<g<m
—nd —_nd _nd
S = _Z p;Inp, S = —ZM S = —Zu S = —ZM P,-probability of
' — 1-q — 1-q — 1-q i-th microstate

of system

Zi:pi:]- Zpi:l
<A>:ZpiAi <A>:ZpiAi
i ? ! i

Expectation values of Tsallis-2 statistics are unnormalized

Standard expectation values Generalized expectation values

C. Tsallis, J. Stat. Phys. 52 (1988) 479
C. Tsallis, R.S. Mendes, A.R. Plastino, Physica A 261 (1998) 534
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Tsallis Generalized Statistical Mechanics: Isolated Systems

C. Tsallis, J. Stat. Phys. 52 (1988) 479
C. Tsallis, R.S. Mendes, A.R. Plastino,
Physica A 261 (1998) 534

v Variables of state: ( E, x¥*=N, x° =V)

1 2 3
v’ Fluctuating variables: (U =T, u"=u, U :_p)

A.S.P., Phys. Lett. A 350 (2006) 331

v' Second law of thermodynamics (constrained local extrema of thermodynamic potential):

d=S-ip, ¢=> p-1=0

9 _y

op;

Y =]

Boltzmann-Gibbs Statistics

Tsallis-1 Statistics

Tsallis-2 Statistics

q=1 O0<g<o 0<g<w
v’ Thermodynami | pi — Py P — Py
ermodynamic Y =G = — ) ) Y=S=— I i Y=S=— i i
potential: Z PN B ,Z 1-q ,Z 1-q
1-q 1-q
S =Inw s W -1 s=W -1
1 1-q 1-q
v" Probability p=— 1 1
distribution: W P =— P, =—
W W
v’ Statistical W = Z5EiaE5NivN5Vi’V W = Z5EiaE5NivN5Vi’V W= Z5Ei,E5Ni,N5Vi,V
weight: i i i
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Tsallis Generalized Statistical Mechanics: Closed Systems

v Variables of state: 1_ 2 _ 3 _ C. Tsallis, J. Stat. Phys. 52 (1988) 479
(U =T, x*=N, x _V) C. Tsallis, R.S. Mendes, A.R. Plastino,
¢ Puaingaribies (<=5, w' = o' =-p) Jream s
v' Second law of thermodynamics (constrained local extrema of thermodynamic potential):
oD
®=F-4p, ¢=) p-1=0, —=0 [Y=F=E-TS]
i op,
Boltzmann-Gibbs Statistics Tsallis-1 Statistics Tsallis-2 Statistics
q=1 0<g<ow 0<qg<
v Thermodynamic E_T _ [m _ -I—E} E_T 1- p. E E_T 1 E
potential: Z,: P P T Z T Z,: T
1 1
v Probability p, = iexp(_ij p = |:1_|_ q-1A-FE j|q1 p, = £|:1_ (1-q) 5:|1q
distribution: Z T q T Z T
1 1
v" Norm function: Z :ZeXp(_%j 1;2{14_ q—lA;Ei }M . :Z[l_(l_q)%}lq
i i q i

1

v' Expectation <A>:%ZAeXp(__j ZA{ 1ATE } A>=%ZA1[1—(1—Q)%}M

values: i

Expectation values of Tsallis-2 statistics are unnormalized
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Tsallis Generalized Statistical Mechanics: Open Systems

Variables of state:

Fluctuating variables:

(u=T, ¥=p xX=V)
(x'=s, =N, uv®=-p)

A.S.P., Eur. Phys. J. A51 (2015) 108;

Eur. Phys. J. A53 (2017) 53

Second law of thermodynamics (constrained local extrema of thermodynamic potential):

values:

oD
P=Q-1p, ¢=) p-1=0, —=0
i op,
Boltzmann-Gibbs Statistics Tsallis-1 Statistics
q=1 0<g<w
E—/JN} pit E.—luN.
Thermodynamic Q=T AInp +——=+ Q=T !
potential: Z P |: Pt T Z |: T
1
Probability p, = lexp E' _IUNi p =|1+ q_l A- Ei +:UNi ot
distribution: ' Z T ' q T
Norm function: Z = Zexp( AN, j 1:2{1+q;1A_E1|_+’UNi
Expectation < > = Z piAﬁ <A> = Z P; A1

[Y =Q=E-TS-uN]

Expectation values of Tsallis-2 statistics are unnormalized

A.S. Parvan
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Ultrarelativistic Transverse Momentum Distribution: Tsallis-2 Statistics

Ultrarelativistic Maxwell-Boltzmann Ideal Gas in the Grand Canonical Ensemble (m =0, > 1)

v' Mean occupation numbers:

q
Zn (6 — 1) |F0 N
PP No N e — (N +1) Jra
(M) === 30y, = | 1-(1— ) 2 15 o m1e(g-nEe AN +1)
2= T T 0! T 79 & NI T
po
v" Norm function: A.S.P., Eur. Phys. J. A53 (2017) 53
_ 1
Znﬁa (gr) —p) [ No ~N 1 s
Z = L 1) => Y a,(0) [1+ (Lq)ﬂ}”
= — . ’
o I ! T “~ NI T
po L i
where
—1 3(N
I q -1 + 5 N ( + 77) gVT3 * Expectation values of Tsallis-2 statistics
a, (&)= , D =" are unnormalized
( _1)3(N+77)1—~ 1 n T « N, is a cut-off parameter
g q-1 S « Termswith N > N, in Tsallis-2 statistics

increase and became divergent for g>1
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Ultrarelativistic Transverse Momentum Distribution: Tsallis-2 Statistics (continuation)

v Ultrarelativistic transverse momentum distribution: A.S.P., Eur. Phys. J. A 53 (2017) 53

N __V ZTd p.e. (N ), &,=p;coshy for m=0
dp, dy (2”)3 2. PPrép (Mo /s P T

v’ Exact Solution: (m =0, 9> 1)
2 N o~ L A SN L3N
d°N gV 1 & o q-1 p; coshy — (N +1) |1-d
- ~pZcoshy 1+(q-1)
dp,dy  (27) 28BN gy T
qg-1
v Zeroth term approximation ( N0 = O) * The ultrarelativistic transverse momentum
distribution of Tsallis-2 statistics in the zeroth
) ) q term approximation (N, =0) exactly coincides
d°N  gVp;coshy 1+(q-1) P coshy — u |t-a with the phenomenological Tsallis distribution
dp dy N (27[)2 q T introduced in [J. Cleymans, D. Worku, Eur. Phys. J. A 48
T L )
(2012) 160] and largely used in high-enrgy physics .
/ . . . . . :
Phenomenological Tsallis distribution ]: * Thus the well-known phenomenological Tsallis

q distribution corresponds to the Tsallis
d°N  gVpicoshy p, coshy — u |i-a unnormalized (Tsallis-2) statistics for which the
dp dy - (271_)2 1+ (q _1) T statistical averages are badly normalized.

:
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Ultrarelativistic Transverse Momentum Distribution: Tsallis-1 Statistics

Ultrarelativistic Maxwell-Boltzmann Ideal Gas in the Grand Canonical Ensemble (m =0, g< 1)
v" Mean occupation numbers:
1
A= (e, —p) o
q_ DZO- 50‘(8ﬁ /Ll) Ny a}N q 1A g +l[,l(N +1) _1 3N
(M) =D Ny, = > —h,(0)| 1+
{nse} H nDO' : T N=0 N! q T

v" Norm function:

A=> n. (& g-1
q-1 %‘ oo o, M
{npg}Hnﬁa! q T N=0 N!
po u _
where
( q j3(N+7]) 1 *
p— F(——é 3(N +77)]
1 - VT?
h (é) q q , ) = g 5
__é‘ﬁ a
)
A.S. Parvan

A.S.P., Eur. Phys. J. A53 (2017) 53;

Eur. Phys. J. A 52 (2016) 355

Expectation values of Tsallis-1 statistics
are well normalized

N, is a cut-off parameter

Terms with N > N increase and
became divergent for g<1
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Ultrarelativistic Transverse Momentum Distribution: Tsallis-1 Statistics (continuation)

A.S.P., Eur. Phys. J. A53 (2017) 53;

v Ultrarelativistic transverse momentum distribution (Exact Solution): Eur. Phys. J. A 52 (2016) 355

(m=0, q<1)

———3N

r
s 1

dp,dy (27)

1

1, 9-1A—p coshy+u(N +1)T—1+3N
q T

v Zeroth term approximation ( N0

d°N  gVp;coshy|, q-1p;coshy—pu

qg—1/q
v" Phenomenological Tsallis distribution:

d*N  gVpicoshy coshy — u

P+@—DPT

A.S. Parvan

The ultrarelativistic transverse momentum
distribution of the Tsallis-1 statistics in the zeroth
term approximation (N0 = O)exactly recovers the
ultrarelativistic transverse momentum distribution
of the Tsallis-2 statistics in the zeroth term
approximation under the transformation

(q—>1/q)

Thus the ultrarelativistic phenomenological Tsallis
distribution is obtained from the zeroth term
approximation of the Tsallis-1 statistics by
transformation (q —>1/q)
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The cut-off parameter of the Tsallis-2 statistics: Ultrarelativistic case

A.S.P., Eur. Phys. J. Web Conf. 138 (2017) 03008

v" Model A (from the minimum): min(In (N)) Iy,
10—1 3 . . .
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— o i Ny
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. N0 ® ModelB 6 105k 1 Z:Z ¢(N)’
% g o} N=0
= o} & 1w : oV N
Z 3 _ T
o 10| : dp(N)=—e
a5k 1 10°F N !
1 10—10
0 1 2 3 4 5 ) 7 0 1 2 3 4 5 ) 7
N pr (GeV)

A.S. Parvan 13



The cut-off parameter of the Tsallis-1 statistics : Ultrarelativistic case

A.S.P., Eur. Phys. J. Web Conf. 138 (2017) 03008

v" Model A (from the minimum): min(In g(N)) |-y,
10" . . e
0 102 e Tsallis-1 statistics:
T=90 MeV, R=1 fm, g=1/q, (q=1.05) -
~ 10° F —— Tsallls-1 (Model A) 1 Ng
o ———— AR AN SRR ] YNy =1
g o ModelA 2 10} ] N=0
= %{’_ 10° | 1 3N
= o} !94 107 f q 1
Z ol ol r]=-3N
ool ] o \(1-¢ 1-q

T T T A T T T S R #(N) N! r(1]

N Py (GeV) 1-q
. . . 2 1
v" Model B (from the inflection point): o"Ing(N)l  _, L G-1A+aN N
2 x| 1+
oN N=N, q T
. 107 g )
T=90 MeV, R=1 fm, q=1/q, (q,~1.05) 10% 1
\ — Tsalls- ~ F o Teall aclorzed . -
5L N N Boltzmann-Gibbs > 10'4;' ~~~~~ Bolizmann-Gibbs -| ® BOIthann‘GlbbS StatIStICS:
5 0 ® Model B [+ E E
O 10tk ]
g PO N
: g o > g(N) =1
— -10f 7 =
5 107y 1 N=0
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Model B of Tsallis-1 statistics and phenomenological Tsallis distribution:

Ultrarelativistic case

. . . . A.S.P., Eur. Phys. J. A 52 (2016) 355
Charged pions in pp collisions: Y (2016)

3 mi ! p_.,l NABISHINE L § o ppauce 3 * Transverse momentum
3 o2 = 3 I<0.5 g distributions of charged
S 1) - g ' E pions produced in pp
© E ] collisions at SPS, RHIC and
R B o TE wwoeTey E LHC energies
_ e ] F o ex 09Tev ]
102 : x2 102 OFE TTev ?
Eo o Tsee N - —Tsalisfi 2 1 » Theyields were integrated
10% 0z o4 os T os 1 iz '1.‘4;'((‘31;%) oS T T T s T e ;;é(cli;V) in the experimental rapidity
T ! interval Y, <Y<Yy,
% :Z P PHEND _ ;: | PP ALICE (=276 TeV — * The solid curves are the fits
E - E of the experimental data to
g F E N% SE Y E the ultrarelativistic (m=0)
B s 1 g : transverse momentum
E ex e L= 1E acd E distributions of
L e <5 3 107 — Tsalls f = 1.) Tsallis-1 statistics
g —Tamen o IEET o . S E 2.) Tsallis-2 statistics
0 05 ! 19 2 ey 107 1 "5 (Gev) 3.) Phenomenological Tsallis
' distribution
IEI)/(AE)Gel?Sn;TI:I]tEaIEl[:)’?éa74 (2014) 2794; PHENIX, PRC 83 (2011) 064903 * The curves are the same for
ALICE, EPJC 71 (2011) 1655: ALICE, EPIC 75 (2015) 226: all statistics but only the
ALICE, PLB 736 (2014) 196 parameters are different.
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Temperature for Model B of Tsallis-1 statistics and phenomenological Tsallis

distribution: Ultrarelativistic case

Charged pions in pp collisions: A.S.P., Eur. Phys. J. A 52 (2016) 355
; 140 B T T T I TTTTI T T T I TTTT T T T ' TTTT | T T ' TTTT ]
m - —
< 120 PP —
— - i
100 (]1543 -
- (1IJ + * ]
80 _— %% + ¥ *
60 @ ™ NAB1/SHINE i
_  m 7 PHENIX N
40— 4 m PHENIX —
v w" ALICE Bl
20— = m ALICE ]
4+ m+m ALICE ]
U_ B | | | I 1111 | | | | 1 1111 | | | | I T | | | | I T | |_
1 10 102 10° 104
Vs (GeV)

v Solid points are the results of the fit by Model B of Tsallis statistics
v' Open symbols are the results of the fit by the phenomenological Tsallis distribution
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Radius for Model B of Tsallis-1 statistics and phenomenological Tsallis distribution:

Ultrarelativistic case

Charged pions in collisions:
gedp pp A.S.P., Eur. Phys. J. A 52 (2016) 355

? T T T T1TTT T T T TTT T IIIIIII| T T TTTT

R (fm)

IIII|III||I||I|||I|||I|||II|I|IIII
+

0 | IIIIII| IIIIIII| | IIIIIII| IIIIIII|
10 102 10

—

v Solid points are the results of the fit by Model B of Tsallis statistics
v' Open symbols are the results of the fit by the phenomenological Tsallis distribution
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Entropic parameter for Model B of Tsallis-1 statistics and phenomenological Tsallis

distribution: Ultrarelativistic case

Charged pions in pp collisions: A.S.P., Eur. Phys. J. A 52 (2016) 355

0.98

0.96 op
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=5

v Solid points are the results of the fit by Model B of Tsallis statistics
v' Open symbols are the results of the fit by the phenomenological Tsallis distribution
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Transverse Momentum Distribution: Tsallis-1 Statistics (Massive Particles)

v" Transverse momentum distribution (exact results):

A.S.P., T. Bhattacharyya, arXiv:1903.06118 [nucl-th]

2 © o 9 4 9 1A (- 'O V)"
dN__ sz p.m; coshy> = [toe [ | T} ( ,'B f](_ﬂ ) dt for g<1
dedy (27) i i a g/ (mr coshy—) +n
! 1-g
d°N__ gV F[ q J i S (8% ()
g 1- e T TP
= m, cosh —t : dt for q>1,

dedy (2 )2 Pr yz ¢( ) eﬂ(mr coshy—u) +7 q

where gp =m, cosh y, m = /p_l_ + m n=1 (Fermi-Dirac)

v" Norm function A:

(Bose-Einstein)
(Maxwell-Boltzmann)

n=-1
n=0

o1 RS Q. (B)) dt=1 f 1

nZ_:S 'F[ : ]_([t e (-89 (B)) dt=1 for q<
nir| =
1-q

ot) et oy
fdt(-t) e - T TH(-BQ,(8))

i o =1 for q>1,
n=0 . C
where 1 1
-B'Q =Zln[1+ne‘ﬂ'(5"_”)}’7, p'= t(q—Tq) p?+m?,
pP,o

A.S. Parvan
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http://arxiv.org/abs/arXiv:1903.06118

Maxwell-Boltzmann Transverse Momentum Distribution: Tsallis-1 Statistics

WESHELAEED)

v' Transverse momentum distribution (exact results): A.S.P., T. Bhattacharyya, arXiv:1903.06118 [nucl-th]

q

2 0 n 0 I 1+q—1A—mrcoshy+/1(n+1) _ n
IN_ gV2 mercoshyZa) = jtl‘q e{ ‘ ! }(KZ(MD dt for g<1
dp;dy (27) = n!r(lJo qT

1-q

2 © (_.\N . 9y, 971 A-my coshy+u(n) B n
N gV2 p; M, cosh YZ( @) r| 4| qS(_t)l_q e { q T } K, td—g)m dt for q >
dp,dy (27) = n! q-1)2x qT

|

2 2
where g =m coshy, m; =./p;+m

v Zeroth term approximation (n = 0) :

1 Phenomenological Tsallis distribution
d 2 N \V 1— cosh vV — gq-1| corresponds to the transverse
= 9 5 P M, cosh y 1+ a4 M y—H momentum distribution in the zeroth
de dy (27) q T term approximation of the Tsallis-1
statistics under the transformation
1/
q—1/q 4=
v" Phenomenological Tsallis distribution:
AN gV hy— s
COS — 1-q
- = Prm; cosh y{1+(q—1)mT y ﬂ}
dp,dy  (27) T
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Transverse Momentum Distribution: Tsallis-2 Statistics (Massive Particles)

v" Transverse momentum distribution (exact results):

A.S.P., T. Bhattacharyya, arXiv:1903.06118 [nucl-th]

n

o 1 . IQ '
d?N v : p.m. cosh yz 1 J‘tq-le—t (,B c;(_,B )) it for gq>1
dedy (2 ) — nlqu" i ] eﬂ(mTCOS y-u) _|_77
! q-1
p[ij
dZN . g q I q_];1 L (_ﬁ,QG (ﬂ’))n
dp.dy  (27)° p; M, cosh ynZ; 17 27Z<_f>(—t) e o7 oy +77dt for g<1,
where g =m cosh'y, m. = /pTz +m? =1
n=-1

v" Norm function Z:

n=0

-BQs (B') = Z In [1+ne—ﬁ'(sp—u) ]% CB= :

(G Y =

A.S. Parvan

(Fermi-Dirac)
(Bose-Einstein)
(Maxwell-Boltzmann)
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Maxwell-Boltzmann Transverse Momentum Distribution: Tsallis-2 Statistics

(Massive Particles)

v' Transverse momentum distribution (exact results): A.S.P., T. Bhattacharyya, arXiv:1903.06118 [nucl-th]
2 0 n © i_n —1-(- )mrcoshy—y(n+1) _ n
L szPTmTCOShwa_ : [t e[ e Kz(—t(q ij dt for q>1
dp,dy (27) = n!ze r( q ]0 T
qg-1

2 w (__\N - i—n _ _(_)mrcoshy—y(n+1) _ n
IN OV mcosnyy C2 Lp| L] Ly o (o=t Kz(—t(q Dm) dt for gq<1
dpdy  (27) o nt Z% \1-q)27 ¢ T

2 2
where g =m coshy, m; =./p;+m

v Zeroth term approximation (n = 0) :

) q * Phenomenological Tsallis distribution
d°N gV m. cosh y—u 1q is equivalent to the transverse
— T
do-d - 2 2 PrM; cosh y 1+ (q _1) momentum distribution in the zeroth
pray ( 72') T term approximation of the Tsallis

unnormalized (Tsallis-2) statistics.

* Zeroth term approximation of the

v" Phenomenological Tsallis distribution: _ v
Tsallis-1 statistics corresponds to
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Maxwell-Boltzmann Transverse Momentum Distribution: Model A of Tsallis-1

Statistics (Massive Particles

100

0.1

(GeV1)

dprdy

&N

10—10 L

10-13

100

0.1

(GeV~1)

&N
dprdy

10-10 -

10-13 -

10-*

107t

\
.
\
*
\
.
\
*
\
*
\
.
Y
*
\
1 1% 1
2 3 4

10—4 L

1077

pr(GeV)

dprdy

100

0.1

10-4 |

107

10—]0 L

10-13 t

100

0.1

10—4 L

10—]0 -

10—]3 -

99

pr(GeV)

FIG. 2. (Color online) The spectra of the Maxwell-Boltzmann massive particles in the Tsallis-1 statistics at mid-rapidity
(y = 0) for different values of the entropic parameter g. Temperature T = 82 MeV, chemical potential g = 0, radius R = 4
fm and mass m = 139.57 MeV (pion mass). The solid, doted and dot-dashed lines correspond to the exact Tsallis-1 statistics,

zeroth-term approximation and the Boltzmann-Gibbs statistics (g = 1), respectively.
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Maxwell-Boltzmann Transverse Momentum Distribution: Model A of Tsallis-2
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FIG. 3. (Color online) The spectra of the Maxwell-Boltzmann massive particles in the Tsallis-2 statistics at mid-rapidity

(y = 0) for different values of the entropic parameter g. Temperature T = 82 MeV, chemical potential p = 0, radius R = 4

fm and mass m = 139.57 MeV (pion mass). The solid, dotted and dot-dashed lines correspond to the exact Tsallis-2 statisties, 24
zeroth-term approximation and the Boltzmann-Gibbs statistics (g = 1), respectively.
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Conclusions

1.

We have obtained that the Tsallis statistics (Tsallis-1 statistics at g<1 and Tsallis-2 statistics at
g>1) is divergent.

It is convergent only in the case of g=1 which corresponds to the standard Boltzmann-Gibbs
statistics.

However, we have found that a few terms in a series expansion of quantities in the Tsallis
statisticsat d#1 are convergent and they describe very well the experimental data on the
transverse momentum distributions (TMD) of hadrons in the pp collisions at high energies
(the standard Boltzmann-Gibbs statistics fails to describe these experimental data).

The analytical exact expressions for the TMD (ultrarelativistic and massive) of the Tsallis-1 and
Tsallis-2 statistics were obtained.

We have demonstrated that the phenomenological Tsallis distribution is equivalent to the
TMD of the Tsallis unnormalized (Tsallis-2) statistics in the zeroth term approximation (the
statistical averages of the Tsallis-2 statistics are not consistent with norm equation of
probabilities).

We have demonstrated that the phenomenological Tsallis distribution recovers the TMD of
the Tsallis-1 statistics in the zeroth term approximation under the transformation of the
parameter g to 1/g.

We have found that the TMD of the Model B of the Tsallis statistics (the cut-off from the
inflection point) differs from the phenomenological Tsallis distribution only at low energies of
NICA and NA61/SHINE.

We have shown that the TMD of the Model A of the Tsallis statistics (the cut-off from the
minimum point) differs essentially from the phenomenological Tsallis distribution.
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Thank you for your attention!



