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Abstract

The hydrodynamics-inspired thermal approach - Blast-Wave (BW) model - implemented with non-equilibrium Tsallis statistics has gained increasing interest (and application) in high-energy heavy-ion physics. The transverse-
momentum spectra at LHC, from both p+p and Pb+Pb collisions, are systematically studied within the Tsallis Blast-Wave model. Good agreement between the data and the fit is achieved over a broad kinetic range, upto 10
GeV/c for p + p collisions from 200 to 7000 GeV, and upto 5 GeV/c for Pb+Pb collisions at 2.76 TeV. The kinetic freeze-out temperature T, the average radial flow velocity (8) and the parameter g, which is a measure of the
degree of non-equilibrium of the system, are extracted from the fit. The evolution of these parameters with collision energy and centrality will be presented. A detailed fit to non-strange, single-strange and multi-strange
particle species separately will be also given. Together with the observations at lower energy, the physics implication of the particle production during the fireball evolution in heavy-ion collisions will be discussed.
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« Describes the p; spectra of various particle species in heavy-ion introduced by Constantino Tsallis in 1988. statistics, in the Blast-Wave model.
collisions with a compact set of parameters (T, . . :
p p (T,{B)) s 1-%,p!  go1 S l C. Tsallis, J. Stat. Phys. The single-particle spectrum can be written as:
dN R my cosh sinh _ qa= " _ —  9BG = _Z.pi np; i A f o
X j rdrmpK; ( L ,0) Iy (pT ,0) , p=tanh L) q-1 ' 52, 479 (1988) o ly=0 = A/erb eV¥%¥m,  cosh (ys) dy /R rdr /w [l TNl 1E31~] e do.
mrdmr  J, T T . _ 2mmdm,dy '™ . ’ R [ —n T
Non--additive: Nonextensive
- Limitations: strong assumption on local thermal equilibrium S,(A+B) =S, (A)+S,(B) + (1 — q)S,(A)S,(B) Er = mr cosh(ys) cosh(p) — prsinh(p) cos(¢)
Limited o Jo o 9 8 7 & 5 4 3 2 1 mp = \/p% I Zebo Tang et al., PRC79, 051901 (2009)
Imitea p, range rig gecrml .BG_TD ?Iu-aul 60—5'{] 5?-4*:: I4D-310 30:20 |2D_1E.' 1D—|5 5-0 Parameter q is a measure of the STAR. PRC71. 064 (2005) T +In+ . Au'+Au' 260 G'eV T
— Arbitrary choice of the &~ 02 | STAR White Paper N 1 nonextensivity in the system ' e T v e S yp = In (y/snn/mu) < 10% on
fit range S g1 | NPAT757,102(2005)  ¢(s8)" | E 107 VPP L ke i S 1ol
Q i U T : 7 =, K : - , N :
— Flow velocity on 0.2¢ O o1 |-oNeMmical freeze-out temperature™ i, 4| | Tsallis distribution: I R e S Simultaneously fit the &
in p + p collisions 2 o | N | - i rlq > e Exponential Fit 3 spectrum of 11 particle >
© exps | —— ) =1+ (1 —q)|—— 3 , Levy Fit species o 10
at 200 GeV S 012 p+p D 1 q T T Z8 %, ©
© o F 3 ®. E o of T
- Unable to describethe ~ § o1 F rKop) g myy q-1 mr g 2 _ g 10
. » — ) = —— 2 BW: Fails above 1 GeV/c &
evolution from p+p to S 008 | eeeeeeen Au+Au (1-0) N - equ( T ) exp( T ) N o0 L N, s % 1072 25 ‘ N
Eerlphe_ral a”|(|3_| central = oo | T AwAU@o) Levy funct |4 M —n f N g TBW: Describes upto 3 10} (a) 0-10% (b) 60-80% (<103
eavy-ion collisions , . , , , | evy function: + — 05 s e . Ll )
y Coov e et e o8 d ( nT) 0 05 1 15 32 25 s 35 4 | ©G€V/cin200 GeV Au+Au 0051152 2530051152 25 3
Collective velocity <+ > (c) '
p; (GeV/c) p_ (GeV/c)
Spectrain p+p from RHIC to L HC Spectrain Pb+Pb at LHC
q R L e RARAS LAsasaasd Laias sasas nassrs RO LU LU L L L [ UL UL [ LU (U U | 2 L ILRLILE I BLILILE ILRLIL ILRLEL ILRLEL ILBLLE ILALAL BLRLL = ,.---..105
) 3} o e/ - = 1
<) 1By —TBWmesons Ty =Py J&010°E  —TBW mesons Ty =Py, g[S 2.5 mesons/IBW(m) — baryons'TBW(p) - = Tt eE' E —e— non-strange
% —-TBW baryons Dn-%)tar Dﬁstm _; % IO:E | —-TBW baryons qp;ﬂaz — i ;2?131: :épilin:l.\ s Esmr ¢ ﬁs[ﬂr *E':_;lﬂr: ,EE__ 104 ;_ =T -E-E- D.B:— m Sing!e_strange
<) o q}npﬁenix *Agar 3 O EMW * Boya2 oL . s OP e @ Agpar * Sstar ] —~  E =D PN - —s+— multi-strange
:10- E * P phenix OK g : e A 'KuaS B #nphc”i“ﬂKS star - O B —E—ﬁ - D.E—. * m ' '
> - K. . -:fd[ 1= = 3 0 : B M . © 1035_ + L2 A - i *
"CJ[_l 0'35 ¥ Dphenix ¥ —gtar — —O[_ 1L AKS uas ] B phenix ] = = +K -I-q) %= B ¢ " e '
= Ky *Ew JECE N My 3| 14 . g F K 7 A -
210 ) 1900 & EE 1| "t : > 10°= 0o =0 g
& . sf S = E[_]O E Bf’l E B 7 - = O KS 0.2— * ;
2107 TE F +h; : i : = A -
Q. F 128107 B 12 i FIALTRC RS 10 5 l
210-65 EE E 1 - I,,' - = e T ..
™ [= qa -4 — 1— | B e
C107F 17 - £ [ ] 1L M; 0-10% 10-20% 20-40%  40-60%  60-80%
s . 107 e T 0.5 ] = B
10 ﬁ_ ' £ iy [ ] F 0.3 %
10 10 p+p 540 GeV : [ p#p200GeV 10 S ¢ ¢ ¢
0 I 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 910 002040608 1T 12141618 2 NE 392:— { t
mT (GeV/CZ) mT (GeV/CZ) N Wm‘l_rtil-j]gﬂzzrqzjl [TT T[T T T [TT 1] 10- f_ : L |
SR R R L LR RS LAl AR RARES SARA Enas naais DO SRRl R R AR LaRLs AaRs Al Ranns nannsr BN 1'4:.7'[; oA K P * =T . = — - ] . 4 : | ® . ]
‘q;\ * hgms ¢ Mims K::rms = Pems 3 ‘G; =i * h;l‘-ms ¢ Mims 4 K::rms *Pems § u On%mh v Kfmh Dﬁum *;U],l u 103 — D.‘l__' X ‘o
; 13 }_ +h§tlas OTC;:ms M K;:mS nl_jcms _? ; l_ +h;.1_'-tlas on;:ms v K;ms nﬁcms 13:_ o o e * ;?‘11‘33 _: % E °\° ,\Qo\o (190\0 beO\ D‘QO\Q ?DQO\O QO\O /\QO\ QDQO\O O.)QO\O
8 10-1,§_ | +hglice IﬂlTcglicc AK(S]; cms | alice § 8 1E L +h;1_'-]ice #nglicc AKg cms A(K)cm' | 2:— ( )CHH e —: -4__ D_.Q. — %, . .\Q.,. . Q — (b —— D‘Q . GJQ . .Q).Q — /\Q, . %Q —r—
E10'2E ¢ TC;“CC K;rlice “Fo; : EIO 3 * alice *Efms F n 10 = 1.14 | | | | | | | | |
>107F - - o N N %) o= C N = -
o ; © Tr’alice Kalicc A(A)Lm‘; o -2_ VKa]ice 1‘r‘:‘alicc 11_— N -5 B 1.12—
ng-l()%%_ Kg a]ice‘AaliCe -? ..gl—lo EE *q)alicc *=+ E ﬁ%; ‘: . 10 g_ 11; i 2 :
- i * Valice ’Ka ice ] [_10-3';_ alic I ) T LR 1 : - n -IUB:_
510°F e 1T o B i a7 10°E S g
<107k 1 S0k 0% | | / es f
Z. Z E = ‘ E 7 - J/Iy (2.5<y<4) N 1.04F ; +
o 1076 = B 0.8 _ 10 = =
10 “E : = ~J/y (ly|<0.8) 1.02E
107 10_6; 0.73_ _f 10-8_||||||||||||||||||||||||||| =R LT A T
3 = C p+p 7 TeV . 0 1 2 3 4 5 0 1 2 3 4 5 6 7 8 9 10
10 : b b b b b e b b Centrality
L b 107 b 0 02040608 1 12141618 2 p. (GeV/c)
012345 678910 0 1 2 m- (GeV/c) T
m.. (GeV/c m.. (GeV/c ! | ifi i i i _ _

- | T ( ) | . T ( ) | | - |dentified pgrtlcle P spectra in Pb+Pb coII|S|o_ns at Extracted parameters, mean radial flow velocity,
Identified particle m- spectra in p+p collisions at 200, 540, 900 and 7000 | m+ s_,callng test of the |dent_|f|_ed 2.76 TeV. Pions, Kaons, protons and As are fit freezeout temperature and g, as a function of
GeV. The symbols depict experimental measurements from STAR, particle spectra in p+p collisions. simultaneously upto 3 GeV/c. Multi-strange mesons centrality in Pb+Pb collisions at 2.76 TeV, for three
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& 4% | * TBW describes identified particle spectra in p+p and Pb+Pb at LHC. * Significant radial flow found in p+p collisions at LHC energy.
£ ]:7: -:::M/ %‘% §_, » Parameters of radial flow, temperature and g are extracted. * Results in Pb+Pb at LHC follows the trend from SPS to RHIC.
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