A method for extracting Kinetic freeze-out
temperature of interacting system

Hai-Ling Lao(3%38§¥), Hua-Rong Wei(TZ4%R)*, Fu-Hu Liu(XI{&E)
Institute of Theoretical Physics, Shanxi University, Taiyuan, Shanxi 030006
*School of Engineering, Lishui University, Lishui, Zhejiang 323000

This work was supported by the National Natural
Science Foundation of China under Grant No. 11575103,
the Funds of the Key Subjects (Physics) of Shanxi Province
and the National Base of Physics at Shanxi University.




Content

Research Background

......... TheoreucalMOdel.
Research Methods
Results
Conclusions




1 Research background

The process of
specific evolution

before collision after collision

Participant-Spectator
Model

Partonic Hydrodynamic

Initial state ctage  expansion

Mixed phase Hadronic phase




1 Research background

S

\D € The interacting system at the Kkinetic freeze-out (the last
stage of collisions) stays at a thermodynamic equilibrium state or

local equilibrium state, when the particle emission process is
Influenced not only by the thermal motion but also the flow effect.
€ By analyzing the transverse momentum spectra of final-state
particles, one can obtain the kinetic freeze-out temperature of
Interacting systems (emission sources) and the transverse flow

velocity of produced particles.
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2 Theoretical Model

2. Theoretical Model -multisource thermal model

21 The model assumes that many emission sources are
' formed in high energy collisions.

These sources are classified into a few groups

due to the existence of different interacting mechanisms in the collisions and
different event samples measured in experiments.

2.2

We assume that these sources in the same group stay
213 at a local equilibrium state.

They have the same excitation degree and temperature, and they can be
described by different distribution laws.
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2 4 Theemission process of all the sources In different
' groups result in the final-state distribution.

2 5 The final-state distribution can be described by a
' multi-component distribution law.

Different effective temperatures can be obtained by
26 using different distributions to describe the transverse
momentum spectra of final-state particles.
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Tsallis-standard transverse momentum distribution:

F.-H. Liu, Y.-Q. Gao, H.-R. Wei,

1 dN 5 [ Yma ]
(D)) = ——* = Cr.opr P2 + m f coshy Adv. High Energy Phys. 2014,
frs(Pr Ndp, TPy + g e 203873 (2014).
| —1
i l = g1
X {{1 - qT; JPr + mg cosh}?]m - S} dy.
T-8

Tsallis transverse momentum distribution: J. Cleymans, D. Worku,
Eur. Phys. J. A48, 160 (2012).

1 dN

fr(pr) =

'_'_'_"—"" Ymax
Ndp = Cropy \{pr + mg f coshy

= gy H. Zheng, L.-L. Zhu,
-] Adv. High Energy Phys.

gr — 1 > 2
X [l + I \/Pr + My COSh}‘] dy 2015, 180491 (2015).
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Standard transverse momentum distribution:

1 dN
fi(pr) = N@

3 [V
= Ciopr Py + Mg coshy|exp

< min

'p2 + mg coshy B
2 coshy
V T 7 ]+S d);.‘
z

Multi-component standard distribution:

1 dN !

Is(pr) = EJ = ; kif; (py)

The mean effective temperature:

{
i=1
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The multi-component Erlang distribution:

1 g . )
f’ ( : ) ox Ptij Particles generated from one emission
i \Ptij (_Pf > P (Pt , > source are assumed to obey an
Erlang L 4 exponential function of transverse
distribution momentum distribution D
Py PT N
. T
f:-' (PT) - ( - 1);{ > ; exXp [_{ >] All the sources in the j-th group
] \Ptij Ptij result in the folding of
exponential functions
J
l
the multi- e(pr) = k;fi(pr) ﬁTfhe contribution of all groups}
1 of sources

component 7
Erlang @
distribution !

The mean transverse
<'PT> — Z k::”m-j <ptij> momentum
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/The quantity extracted directly from the

temperature which includes thermal motion T=C k'_
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4 Results

(1) The Kinetic freeze-out temperature extracted by us is 0-20% in Pb-Pb
collisions at 2.76TeV for including 7% K*, P, d , and 3He .

(2)The particle’s mass effects of kinetic freeze-out temperature for d and 3*He are
obvious.

(3)We have observed an evidence of mass-dependent differential kinetic freeze-
out scenario or multiple kinetic freeze-out scenario.
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This can provide a set of alternative methods
to extract the kinetic freeze-out temperature,
transverse flow velocity, and flow velocity.
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The slope in (p,)—m (or (p)-m )
relation is regarded as the mean
transverse flow velocity(u,) (or
mean flow velocity (u) ). gpﬁoand (p),
denote the mean transverse
momentum and mean momentum
of massless particle.
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4 Results

The slopes have the dimension of <pT>:CCI)+<uT>m
velocity and are considered to be

related to mean transverse flow <p>:C' +<u>ﬁ
velocity and mean flow velocity. P

= 7 7
2 — < / 2 — ’ 2 —
2 pp 2 [~ CuCu, 0.2TeV p 2 [~ Au-Au. 0.2TeV / 25~ pp &N 25~ cucu 02Tev  // 25 - AuAu, 0.2 TeV
24 ; -e--02Tev e A --®-0-10% ¥/ --8-0-5% 4
-—®--02TeV p - --010% e --e--05% W *,
—e—09Tev - —e—20-30% 4 —e—1020% 7 T A Y Y S SONe: S/ =o 100
ceeie-e- 2768 TV 7 ol —eeeee 80-60% /'// e —e- 20-40°% /7 R S LG TNk 2 [—-®---40-60% %’ 2 —;j‘)‘o"
IS5 —-B--7Tev S L5 +/ 1.5 | --8--4060% / RTEIA wrk 4 g 0“_:“ ’
¢,‘ b —a—60-80%] / - e y B i
= /. T 4 © 2 2 15 P 2 15
= A s = ’ = £
3 P/ 3 8 g / g
% A= % 1= { A A= 5 5 / 5
¢ i -2 2 = ¢
P & F o
4 ¥ ,
05 o7 05— £ 05—
s 7
A ' 4
;2 A )
7“7 (a) £ (®) ©) @
]
] | 1 ] ] | 1 ] 1 | ] 1 05 : l 3' _: J p-
0 1 2 3 4 0 1 2 3 4 0 1 2 3 a m (GeVIc)
M (GeViY) m (GeV/cY) M (Ge Vi) 2
S 25~ Pb-Pb, 276 TeV//
2~ Pb-Pb,2.76 TeV 2~ pPb,5.02TeV N
L -9--0-5%
--®--05% --®--05% o—soere P
—&— 50-80% ’ /. —S— 40-80% ('/." 2= 8090‘6*
-------- 80-90% eetlbeee- 80-100%6 7/ -
15— + L5 } &
- . Ve s 3 %
o + D) #’ : S 15 * o XSil=
3 ¥ 3 # S 4; L) o
% = + TR ¢ L/ & L 4
& ! ¢ ¢ £ /
A
£ ,.(+ ; f
os— & 05— 05—/ 05 —/
F
(d) © / (d) 7 (e)
e
5 & [ I 2 [T R
| | | | | | | | o 1 3 a ) 1 5 3 4

0 1 2 3 4 0 1 2 3 4

2
- 2 E m (GeV/c)
M (GeVL™) ™ (GeV/icY)




1 = o pp02,09,2767TeV
O Cu-Cu 0.2 TeV
O Au-Au 0.2 TeV 05 — 012 —
O Pb-Pb2.76TeV
O pPb5.02T
0.8 [— — fitted line 04 01
S 3 S
303 b 2008 [~
s | S a = i
@ o oLl i [ {u; ) — (0.339—0.522c)
os b s i (u) — (0.532—0.820c)
/ :
. ‘ oo L/ (k; ) — (0.382 —0.944c)
| 1 | 8 | | | o | |
0.2 0.4 0.6 0 0.1 0.2 03 02 04 0.6
C, (GeVic) C,' (GeVic) C, (GeVic) <kp> — (0.546-1.424c)
© PP 02.09,276 7 Tovl,""{ 05
1.2 [ O CuCu02TeV / 12—

O AvAu02TeV
O Po-Pb 276 TeV

Cp — (ﬂ/Z)CO Cp — (7Z-/2)C0 L O pPus@Te | / o | ; "
= < 03 | ++ —% 08 |
the assumption of isotropic & i”«t» :

emission in the source rest I ¥

7 (b)jg— i ’ ©
fl‘ame a7 4 I I I g L= 1% a u /£ I I |
0.4 0.6 0.8 0.25 05 075 1 125 0.3 0.4 05 06
kr (9 kr (©) <u;>{c)
1 = 7 03 7
08 | 02 -
s < %Jr
2 | L
<u>=(z/2)<u, > ¢ w01
0.6 — o1 ;
%o
s e L jﬁ%
® =
!

/ D 57 /
— e I l I l ’ B l
0.3 0.4 0s 06 0.2 0.4 0.6
<u;> (<) <u; > ()




5 Conclusions

1. We used the Tsallis-standard, Tsallis, multi-component
standard and multi-component Erlang distributions
to describe the transverse momentum spectra of final-

'Q state particles and extracted the effective temperature

_ . )
2~ We obtained the kinetic freeze-out temperature from
“ the intercept by plotting the effective temperature
versus the particle’s rest mass.

J

slope by plotting the mean transverse momentum
versus the mean moving mass.

\.L?h We obtained the transverse flow velocity from the
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