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Fig. 1. Linear fits with Eq. (1) to the experimental midrapidity (pr) versus centrality for the identified particles in Au + Au colli-
sions at /sNN = 7.7 GeV (a), 11.5 GeV (b), 14.5 GeV (c), 19.6 GeV (d), 27 GeV (e), 39 GeV (f), 62.4 GeV (g), 130 GeV (h),
200 GeV (i), and in Pb + Pb collisions at /snn = 2.76 TeV (j), 5.02 TeV (k). The experimental data are taken from Refs. [7-11].
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Fig. 2. The collision energy /sy dependence of the fitting parameters from Eq. (1): (a) For the absolute values of slope |a1];

(b) for the intercepts b1 .
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Fig. 3. Power-law fits with Eq. (2) to the experimental midrapidity (pr) versus 2No/Npart for the identified particles in Au +
Au collisions at /sy = 14.5 GeV (a), 62.4 GeV (b), 130 GeV (c), 200 GeV (d), and in Pb + Pb collisions at /snn = 2.76 TeV
(e), 5.02 TeV (f). The experimental data are taken from Refs. [8-11, 56].
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Fig. 4. Collision energy ./snn dependence of the fitting parameters from Eq. (2): (a) For the coefficient asg ; (b) for the power ba .
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Fig. 5. Power-law fits with Eq. (3) to the experimental midrapidity (pr) versus

2 dNy
Nparl d77

for the identified particles in Au + Au

collisions at /snn = 7.7 GeV (a), 62.4 GeV (b), 200 GeV (c), and in Pb + Pb collisions at /sxy = 2.76 TeV  (d). The experi-

mental data are taken from Refs. [7-11, 56-59].
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Fig. 6. Collision energy ./snn dependence of the fitting parameters from Eq. (3): (a) For the coefficient ag ; (b) for the power b3 .
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Fig. 7. Power-law fits with Eq. (4) to the experimental midrapidity (pr) versus ﬁ dé\;ch for the identified particles in Au + Au
collisions at /snN = 14.5 GeV (a), 62.4 GeV (b), 130 GeV (c), 200 GeV (d), and in Pb + Pb collisions at /sny = 2.76 TeV (e),
5.02 TeV (f). The experimental data are taken from Refs. [8-11, 56-59)].
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Fig. 8. Collision energy ,/snn dependence of the fitting parameters from Eq. (4): (a) For the coefficient a4 ; (b) for the power by .
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£ A1 (1) ABELEFRF T (pr) TGO C RRNIESEAHRLT x? /NDF
Table Al. Fitting parameters of the (pr) versus centrality for the identified particles from Eq. (1) and the corresponding
x2/NDF .
Tl R 58, N R BTN HIE b /(GeV - 1) BR a1/(GeV - 1) x*/NDF
e 0.382 4 0.011 —7.01 x 107* £247 x 10~* 0.311/7
Au+Au, 7.7 GeV K- 0.545 £ 0.013 —1.59 x 1073 £ 2.72 x 10~ 0.337/7
p 0.794 £ 0.030 —4.05 x 1073 £ 6.07 x 10~ 0.211/7
T 0.388 £0.011 —5.39 x 1074 £2.50 x 10~4 0.397/7
Au+Au, 11.5 GeV K~ 0.566 £ 0.016 —1.46 x 1073 £3.47 x 104 0.531/7
P 0.815 £ 0.036 —3.87 x 1073 £ 7.24 x 10~ 0.097/7
e 0.397 £ 0.012 —6.19 x 107+ £2.69 x 10~* 0.238/7
AutAu, 14.5 GeV K- 0.572 £ 0.018 —1.44 x 1073 £ 3.79 x 10~ 0.323/7
p 0.827 £ 0.039 —3.37 x 1073 £ 8.04 x 10~4 0.122/7
1 0.398 £0.014 —5.08 x 1074 £3.12 x 10~4 0.195/7
Au+Au, 19.6 GeV K~ 0.578 4+ 0.020 —1.42 x 1073 +4.30 x 104 0.149/7
P 0.845 =+ 0.042 —3.55 x 1073 £ 8.64 x 10~ 0.066/7
e 0.410 4 0.014 —6.08 x 10~* £3.19 x 10~* 0.093/7
Au+Au, 27 GeV K- 0.588 £ 0.020 —1.24 x 1073 +4.48 x 10~ 0.179/7
p 0.857 4 0.043 —3.52 x 1073 £8.81 x 1074 0.134/7
T 0.417 £0.015 —5.84 x 10~* £ 3.25 x 10~4 0.151/7
Au+Au, 39 GeV K- 0.615 4 0.021 —1.22x 1073 +4.71 x 104 0.138/7
P 0.882 + 0.054 —3.46 x 1073 4+ 1.11 x 1073 0.091/7
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# AL (%) (1) AU ERR PR (pr) SREEPOE O RR MG SRR x2 /NDF
Table Al (continued). Fitting parameters of the (pr) versus centrality for the identified particles from Eq. (1) and the cor-
responding x2/NDF .

AR R4, B RE R Bl b1 /(GeV - 1) #H a1 /(GeV - 1) x*/NDF
T 0.409 4 0.007 —5.46 x 1074 £ 2.11 x 10~4 0.755/7
Au+Au, 62.4 GeV K~ 0.663 +0.016 —1.80 x 1073 +£3.20 x 104 0.712/7
p 0.984 4+ 0.025 —3.87 x 1073 +5.46 x 104 0.501/7
T 0.400 4 0.009 —6.57 x 1074 £3.24 x 104 0.384/6
Au+Au, 130 GeV K~ 0.666 =+ 0.020 —1.54 x 1073 +4.19 x 10~4 0.478/6
p 1.01 £ 0.042 —3.77 x 1073 £8.05 x 104 0.275/6
- 0.427 4 0.012 —7.75 x 1074 £2.73 x 10~* 0.234/7
AutAu, 200 GeV K~ 0.720 + 0.033 —2.18 x 1073 £ 6.49 x 1074 0.145/7
P 1.10 £ 0.050 —4.58 x 1073 £9.55 x 10~* 0.222/7
n 0.532 4 0.010 —9.28 x 1074 £2.34 x 104 1.099/7
Pb+Pb, 2.76 TeV K~ 0.886 4 0.017 —1.95 x 1073 +3.80 x 104 0.960/7
p 1.40 + 0.020 —5.26 x 1073 £4.58 x 1074 3.124/7
n 0.586 & 0.012 —1.16 x 1073 £ 2.88 x 10~* 0.707/7
Pb+Pb, 5.02 TeV K~ 0.943 + 0.008 —1.84 x 1073 4+1.93 x 104 6.723/7
p 1.50 £ 0.013 —5.97 x 1073 £ 2.91 x 10~ 12.752/7

£ A2 (2) ARG K FR T T S5 (pr) 58X 09 - 35 86 13 B 2N on/ Npar & 5 19 B 6 S B0 AH
Y x2 /NDF

Table A2.  Fitting parameters of the (pr) versus 2Ngon/Npart for the identified particles from Eq. (2) and the correspond-
ing x2/NDF.

R 255, Rt it BTR% M az/(GeV - c1) 198 by X /NDF
n 0.330 £ 0.019 0.118 4+ 0.049 0.180/7

Au+Au, 14.5 GeV K~ 0.418 + 0.025 0.198 4+ 0.052 0.235/7
P 0.482 4+ 0.045 0.343 4+ 0.082 0.110/7

n 0.344 +0.019 0.104 4+ 0.040 0.519/7

Au+Au, 62.4 GeV K- 0.462 + 0.021 0.214 4+ 0.038 0.413/7
P 0.566 + 0.034 0.330 4+ 0.047 0.352/7

n 0.318 +0.032 0.132 4+ 0.066 0.375/6

Au+Au, 130 GeV K- 0.481 + 0.033 0.186 4+ 0.051 0.448/6
P 0.583 + 0.049 0.318 & 0.067 0.215/6

n 0.338 + 0.020 0.128 4+ 0.045 0.149/7

Au+Au, 200 GeV K~ 0.482 + 0.038 0.221 4+ 0.065 0.184/7
P 0.617 + 0.050 0.322 4+ 0.066 0.304/7

n 0.430 £+ 0.017 0.096 4+ 0.024 0.623/7

Pb+Pb, 2.76 TeV K~ 0.674 + 0.027 0.124 4+ 0.024 0.527/7
P 0.848 + 0.029 0.227 4+ 0.020 1.731/7

n 0.460 £+ 0.020 0.105 4+ 0.026 0.405/7

Pb+Pb, 5.02 TeV K~ 0.741 +0.014 0.105 + 0.011 3.765/7
p 0.889 + 0.017 0.230 + 0.011 7.564/7

181201-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 18 (2024) 181201
# A3 (3) NG HERIRL TR (pr) BERHZ X347 A2 ROl kL1 22 SERO0T P i o 152 ﬁ% MG S5
SAHNE Y %2 /NDF
Table A3.  Fitting parameters of the (pr) versus Ni[ d(]i\:;h for the identified particles from Eq. (3) and the correspond-
ing x2/NDF. .
REH RS, AL R HTA% FM as/(GeV - ¢ 1) HEH by X /NDF
n 0.366 + 0.007 0.220 + 0.142 0.263/5
Au+Au, 7.7 GeV K- 0.509 £ 0.008 0.418 £0.117 0.551/5
p 0.700 £ 0.019 0.828 £ 0.200 0.548/5
n 0.366 £+ 0.016 0.195 £ 0.170 0.063/5
Au+Au, 14.5 GeV K~ 0.494 £ 0.022 0.361 +0.174 0.237/5
p 0.631 £ 0.044 0.689 + 0.269 0.235/5
T 0.351 £ 0.047 0.232 + 0.299 0.105/5
Au+Au, 19.6 GeV K- 0.427 £ 0.057 0.590 £ 0.304 0.462/5
p 0.473 £ 0.093 1.15 + 0.465 0.621/5
- 0.346 £ 0.045 0.261 £ 0.254 0.081/5
Au+Au, 27 GeV K- 0.460 £ 0.060 0.378 + 0.254 0.123/5
p 0.489 £ 0.094 0.893 £ 0.371 0.245/5
T 0.333 £ 0.070 0.290 + 0.309 0.083/5
Au+Au, 39 GeV K- 0.428 £ 0.090 0.472 +0.315 0.146/5
p 0.405 £ 0.153 1.02 + 0.546 0.142/5
- 0.317 £ 0.038 0.260 £ 0.136 0.331/6
Au+Au, 624 GeV K~ 0.357 £ 0.036 0.644 + 0.127 0.662/6
p 0.379 £ 0.050 0.997 £ 0.158 0.507/6
T 0.290 £ 0.042 0.257 + 0.127 0.356/6
Au+Au, 130 GeV K- 0.410 £ 0.045 0.388 £ 0.105 0.452/6
p 0.440 £ 0.062 0.674 + 0.142 0.481/6
- 0.266 £ 0.056 0.344 £0.171 0.278/6
Au+Au, 200 GeV K- 0.286 + 0.087 0.683 + 0.247 0.190/6
p 0.291 + 0.089 0.989 + 0.259 0.383/6
T 0.325 £ 0.036 0.230 + 0.058 0.862/7
Pb+Pb, 2.76 TeV K- 0.471 £ 0.052 0.295 £ 0.058 1.182/7
p 0.442 £ 0.041 0.538 £0.048 3.699/7
- 0.305 £ 0.045 0.282 £ 0.071 0.924/7
Pb+Pb, 5.02 TeV K~ 0.502 £ 0.030 0.272 + 0.029 8.162/7
p 0.373 £ 0.023 0.602 + 0.030 20.985/7
AL (4) SURLA SRR P B (o) BEARAREICP A R T S TRIRDUE I o ML A S
LAHRIHY x? /NDF
Table A4. Fitting parameters of the (pr) versus Ni dfi\:;h for the identified particles from Eq. (4) and the correspond-
ing x2/NDF. !
Tl R, Bl e LR S F¥ as/(GeV - e 1) BHL ba x?/NDF
- 0.326 £ 0.044 —0.156 + 0.128 0.001/5
Au+Au, 14.5 GeV K- 0.400 £ 0.056 —0.290 + 0.137 0.026/5
p 0.425 + 0.094 —0.547 £ 0.211 0.052/5
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F A4 (8)

U S AR X2 /NDF

(4) AV M RE T KRS bk (pr) Bl A UCCRIE F88 - 3477 A B0 RORE 7 25 T 5008 DR I % T

1 dNg,
Ncoll d77

Table A4 (continued). Fitting parameters of the (pr) versus ﬁ% for the identified particles from Eq. (4) and the
corresponding x2/NDF .
BRI 55, ARG B HTR M ag/(GeV - o) S by X? /NDF
T 0.357 £ 0.021 —0.185 £ 0.098 0.411/6
Au+Au, 62.4 GeV K- 0.484 + 0.021 —0.424 + 0.086 1.108/6
p 0.606 £ 0.036 —0.674 £ 0.109 1.402/6
T 0.331 £ 0.026 —0.391 £ 0.190 0.347/6
Au+Au, 130 GeV K~ 0.519 £ 0.025 —0.503 £ 0.137 0.720/6
p 0.665 £ 0.038 —0.850 £ 0.181 0.384/6
T 0.381 £ 0.013 —0.251 £ 0.124 0.053/6
Au+Au, 200 GeV K- 0.589 £ 0.023 —0.430 £ 0.170 0.420/6
p 0.826 £ 0.033 —0.627 £ 0.174 0.704/6
T 0.526 £ 0.009 —0.171 + 0.042 0.511/7
Pb+Pb, 2.76 TeV K~ 0.874 +0.015 —0.221 £ 0.043 0.353/7
p 1.36 +0.018 —0.402 + 0.036 1.187/7
- 0.587 £ 0.013 —0.167 £ 0.041 0.204/7
Pb+Pb, 5.02 TeV K- 0.946 £ 0.008 —0.169 £+ 0.018 1.997/7
p 1.52 +0.014 —0.369 £ 0.018 2.886/7
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Abstract

The average transverse momentum (pr) of final particles is an important observable in high-energy heavy-
ion collision experiments. It reflects the properties of soft hadrons and thermonuclear matter, and it can also be
used to deduce the information about the evolution of collision systems. By using the phenomenological linear
and power-law functions, we study the dependence of the average transverse momentum (pr) at midrapidity in
Au 4+ Au and Pb + Pb collisions from the STAR, PHENIX and ALICE Collaborations on four normalized
physical quantities, i.e. the collision centrality, the average number of binary collisions per participant pair

2Nco . e . . . . . 2 dNC

Tﬂﬁ“ , the average pseudorapidity density of charged particles per participant pair Now dnh and the average
1 dN:

pseudorapidity density of charged particles per binary collision Non d17h . The results show that the average

transverse momentum (pr) of identified particles exhibits a good linear relationship with collision centrality,

and it follows a nice power-law relationship with the average number of binary collisions per participant pair

2Neolt .. . . .. . 2 dNa
N the average pseudorapidity density of charged particles per participant pair —— ——
part

chh
Neonn d"]
parameters in the proposed phenomenological functions for the average transverse momentum (pr) with

, and the average

pseudorapidity density of charged particles per binary collision . It is also found that the fitting

collision centrality and the average number of binary collisions per participant pair follow a power-law function
with collision energy, which endows the phenomenological approach with predictive ability. Therefore, the
collision centrality and the average number of binary collisions per participant pair are good physical quantities
for studying the average transverse momentum of identified particles in high-energy heavy-ion collisions. The
results in this study can be used to predict the average transverse momentum of identified particles at other
collision energy of which the experimental data are not available so far. The mass ordering of the average
transverse momentum of identified particles, i.e. =, K~ and p, is also discussed and explained by the particle
production time related to energy conservation, at a given collision centrality and energy.

Keywords: heavy-ion collisions, average transverse momentum, identified particle, midrapidity
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