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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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(i) The BGBW model results in the pr

distribution to be E. Schnedermann, J. Sollfrank,
R and U. Heinz, Phys. Rev. C 48,
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self-similar flow profile N\
NA(r) = Bg(r/R)™  the flow velocity on the surface
of the thermal source
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(i) The TBW model results in the pr
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(ii1) The Alternative method based on Boltzmann statistics
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(iv) The Alternative method based on Tsallis statistics

T — T{} + amo H.-L. Lao, H.-R. Wei, F.-H. Liu,
and R. A. Lacey, Eur. Phys. J. A
— 52, 203 (2016).
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For the spectra in a wide Pr range, we have to
consider the contribution of hard scattering process

The contribution of hard process is
parameterized to an inverse power-law

— Tt
) G. Arnison et al. (UA1 Collaboration),

. PT
fu(pr) = Apr (1 T Phys. Lett. B 118, 167 (1982).

Po

We can use a superposition of both contributions
of soft and hard processes

folpr) = kfs(pr) + (1 — k) fu(pr)



3 Results

(a). d-Au s =200 GaV )] d-Au s =200 GaV

w_ 10"F 0-20%, [n|<0.35  0-20%, [y<0.5 = 10" 0-20%, (n/<0.35  0-20%. [y<0.5
5"3 E ot (1 =) S -:-.:l L o {1 =) oom (1 =)
Z 107 K (107 wp (107 = 10°f mR T s B 107
2] *p (10%%) 2 - * B (107 x)
e 10t 2 107 F
?—; —:?- o
L R— =1, ©
S0 =z 10k
= =] B
— -8 BGBW — -8
= 10° = 10° f —— BeBw
E 4 ————'ErBIvL: E}L -—-- TBW
o F .- Baltzmann — <o - Boltzmann
:‘le! ————— Tsallis :1D1cr _____ Tsallis

The symbols

£ are taken from
iy &0 12 P 2 literature, the
10° e d-Au +5,,=200 GeV/ 10’ ) d-Au V=200 GeV curves are our

w
60-88%, n<0.35 40-100%, [y<0.5

T 60-88%, [n<0.35 40-100%, [y<0.5 " 3 .-
(5] + — Y (=] 1 r -
S ex (1 o0 2 107y ex (i ox (1 fitting results
@ WK (100 =) = p (107« @ F mE {10 =) P {107 =)
< 107 * P (107%) S 107k * B (107 )
p— B — ke
a r o r
£ 107} £ 07}
g S ot
5 k < 107k
T gk ——soew 2 L gof —— soBw T
S 107F ----TBW E 107 ---- TEW pe
= oo Boltzmann = F oo Belzmann fFa T
‘_,10.11 r ————— Tsallis - 10" E o Tsallis 1
E 1 1 1 1 1 1 1
CrT - N
Eel gy = 2
Sy 2 ‘¥~~+v-s+ i |
o 2 0 2 12

G
p. (Ge\ic)




3 Results

G Ty ] {a) p-p 5=200 GeV . o-p 1E=200 GaV
Q : 05<y<0  y<0.5 © 05<y<0  |yi<0.5
= [ Ot {1 x) = L ] o (1x)
T o o b
o B OK {107 0 B oK [0
- 3 * wp (107 -

g i i

- r &

z 0 E

= r =

I:F :r h““"t-_\__ I:F

= E ' o =

gty - o T -

g 107 ----Tew \}‘*:ﬁf-:"‘nm_ i

ﬂ - P Baoltzmann . ﬂ"" e

=10 - Tsallis m‘-‘-—":_l.'-.., =407 -

HGHH T-H-H Bﬂlfln' T_I:I.IIJ . I
_‘_LI‘_ 2 | = O -3 B K E 2t
E 1 " - P E X
) 1 E..H--l' " i) 1 |
O ;@Ww y o

8 10 12 14
p; (GeVic)

The symbols are taken from literature, the curves are our fitting results



3 Results

%~ 10] (a) p-Pb 0-5%, 5, =5.02 TeV, -0.5<y=0 " 10 p-Phb B0-100%, V5, =5.02 TeV, -0.5<y<0
A L] 1 & 4 1=
= 't-l T | s.:j! S . .-+ { ]
@ o lm.ur_{mﬂxj 510 mKK (107
e *p+B (107%) = o° *peB (1073
a 10 a
g . £ 00
.«? L L‘""ﬂ-‘.‘ = 107 ‘-_""‘--Q__‘
J=iE T i BGEW e, =] -I_.__._‘___.H "“‘---n.__!__
o -- - TBW ] S10°F O Taw e i S
&0 Boltzmann . i g e Y —— "'"-r..._____‘___q_i
= L [ S LR Tsallis B
o S -
= o [
] '1 [+ ".--:}
] J [
o2 4 6 8 10 12 14 16 18 20 o 2 4 6 8 ‘1D 12 14 16 18 20
p, (GeVic) p, (GeVic)

p-p s=2.76 TeW, yi<05 Low p,, [n<0.8 High p,
®n+n (1)

mEE (107 )
*peE (1075

S
2
The symbols are taken g
from literature, the curves =

are our fitting results S S e
0°F . rew e R S—
10" [T Jotemann *‘"‘1—..___“_
gl T or i #
5 W&wmﬁ*ﬁ ﬁ*‘ .
0 2 4 6 10 12 18 20

pT (GeVic)




3 Results

056 PHENIX S5TAR STAR 056 F PHENIX STAR STAR
d-t, 200 GeV d-Auw, 200 GeV pp, 200 GaV d-Au, 200 GeV d-Au, 200 GeV p-p, 200 Ge¥
| 0-20% B0-88% 0-20% 40-100% [ 0-20% BO-28% 0-20% 40-100%
0481 [ i v *  positive 0A4A8L ® ] A v * positive
O | 1 negative o u] 7 ¥ negative
[ ALICE ALICE [ ALICE ALICE
040 | p-Pb, 502 TeV p-p, 276 TeV 0.40 | p-Pb, 5.02 TeV p-p, 276 TeV
0-5% &0-100% ) 0-5% 80-100%
; o [ 2 # posiive+n 5‘ ] > #  posilive+negative
& 0.32 Fo32}
~ -
0.24 0.24
0.16 0.16
0.08} , {?:I . ! . ! . ! . ! , 0.08f . I:tli} . ! . ] . ! . ] .
0.0 0.2 04 06 08 10 12 00 02 04 06 08 1.0 1.2
m, (GeVic) m, (GeVic)
H.-L. Lao, F.-H. Liu, B.-C. Li, M.-Y. Duan,
T =Th 4+ amg

arXiv:1708.07749 [nucl-th] (2017).



3 Results

| PHEMIX STAR STAR | FHEMIX STAR STAR
d-Au, 200 GeV  d-du, 200 GeV p-p, 200 Gel d-Au, 200 GeV' d-Ag, 200 GeV pep, 200 GV
1.5 [ 0-20% 60-88%  0-20% 40-100% 1.5 [ 0-20% 60-88%  0-20% 40-100%
L] [ ] & v &  posilive . ] 'Y L *  positive
Fo u] o negative Foo u] i negative
ALICE ALICE ALICE ALICE
_ V2 pp s02Tev pp 276 TeV V2 b 502 Tev pop, 2.76 Tev —
£ [08% 80-100% £ | 05% 80-100% pT = bl —|— ﬁT T
3-; - > # posiive+negative % ] [ # posilve+nagalye
© 09 Q091
'ﬁ'l— II‘Ll—
7 7
06 0.6
0.3 0.3
H.-L. Lao, F.-H. Liu,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
0.0 0.5 1.0 15 2.0 25 0.0 05 1.0 15 2.0 25 B.-C. LI, M.-Y. Duan,
m (Gevic’) T (Govic') arXiv:1708.07749
| FHEHNIX STAR STAR |  FHEMIX STAR STAR
d-fu, 200 GeV  d-fu, 200 GeV  p-p, 200 GeV d-fu, 200 GeV dedw, 200 GeV pep, 200 GeV -
2.5 0-20% 60-88% 0-20% 40-100% 2.5 [ 0-20% 60-88% 0-20% 40-100% [nUCI th] (2017)
- ] ' v *  positive L] u F v *  positive
o [m] v % negative o [m] . w  negative
2p| ALIGE ALICE 20l ALICE ALICE
. p-Po, 502 TeV p-p, 2.76 TeV —_ p-Pb, 502 TeV p-p, 276 TeV
2 | 0-5% BO-100% 2 | 0-5% B80-100%
= - [ 3 # positive+nagative - E ] [ 3 # positive+nagative
[ ]
015 am 15}
3 Y (p) = by + m
W v
1.0 1.0
0.5 0.5

0.0 0.5 1.0 15 2.0 25 0.0 0.5 1.0 1.5 2.0 25
m (GeVic’) m (GeVic’)




3 Results

d=fi FHEM X d-fu STAR pep STAR p-Pb ALICE p-p ALICE
0.20 | pesilive negative positive negative pasitive negalve 020k positivernagative positivernagative
' ] o & & W < BGBW ! ] * BGEW
[ | O B 2] TBW [ | TEW
'Y Fa + ) ¥ w7 Bollzmann - A ¥  Baoltzmann
4 . + [ 2 [= Teallis | B Tsallis
06+ DB
= —— S
o I a 1
= =
~ lh-l—f =
0,12+ 012 -
; §E L

0.08; = 0.08

1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100

T, Central > Peripheral
LHC > RHIC
PP issimilar to Peripheral collisions



3 Results

d-Au PHENIX  d-Au STAR p-p STAR p-Pb ALICE p-p ALICE
06 | positive negalive positive negative positive negalive 06 positivetnegative positivetnegative
’ ® @] & & * i BGBW ' ® * BGBW
] O H | TBW [ | TBW
A Fa S i v w7 Boltzmann A v Bolizmann
4 4 o] e = Tsallis o4 B Tsallis
05+ 05+ 3
S i S
04L —F — @5. * 04|
— T
ﬁ
03+ 03+
(a) (b)
1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 1 L
0 20 40 60 80 100 0 20 40 60 80 100
C (%) C (%)

[ Peripheral
RHIC

Central

p

LHC

show a slightly increase
or nearly invariant

PP issimilar to Peripheral collisions



4 Conclusions

Thep; spectraof 7~ , K%, P and E produced in pp and d-Au
1 collisions at the RHIC, as well as pp and p-Pb collisions at the
LHC, have been analyzed by four methods.

2 The four methods present similar results, and in some cases
these results are in agreement with each other within errors.

T, in central d-Au and p-Pb collisions is relatively larger than
that in peripheral d-Au and p-Pb collisions, and g. in central

3 d-Au and p-Pb collisions is slightly larger than or equal to
that in peripheral d-Au and p-Pb collisions.



Central d-Au and p-Pb collisions are similar to central Au-Au
4 and Pb-Pb collisions, and peripheral d-Au and p-Pb collisions
are similar to peripheral Au-Au and Pb-Pb collisions.

Comparing with central nucleus-nucleus collisions, pp collisi-
5 ons are closer to peripheral nucleus-nucleus collisions due to
similar numbers of participant nucleons.

In central collisions, the excitation degree at the Kinetic freeze-
out is mainly determined by the maximum nucleus and

6 collision energy, but not the numbers of participant nucleons
and binary collisions.
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