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Cumulant Ratios

Net-proton cumulant ratios
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IART (A Relativistic Transport model for hadrons) I

Hadrons freeze out (at a global cut-oft time)
strong-decay all remaining resonances

-----------------------------------------------------------------------------

[ Extended AMPT model ensures the conservation of various conserved |
i charges (|nclud|ng electric charge baryon number and strangeness) for
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€ Functional Renormalization Group

180 : ! ‘the net-baryon number oo 1 — T —
160 . : distributions are I 102 /_\\ .
| /4 N\
140 1+ reconstructed fromthe .| / _
T S 11 cumulants of different | _ - 4 \
E 100 1222 4. or \ 1, orders by means of the |= \
| s .s 1! maximum entropy T \ ]
60 Ho DSE: Gao et al. & @ i / x1— 6531, STAR, GP \ |
40 ¥ freeseout Alba etal, o® | ,:' K1 =65.31, STAR, MEM \
&  freezeout: Andronic et al. i | fRG, GP \\ |
1] - Rl et oo e . / fRG, MEM ‘,\\
0 @ freezeout: Sagun et al. 1 | 10-8 A . . " " " i \
0 200 400 600 800 1000 0 10 20 30 40 50 60 70 80
N
Fu, Pawlowski, Renneck{ej)llil[?l\li/)[el})fl] (2020) 5, 054032 Huang, Chuang and Fu, Wei-jie, et a?. CPC 47 (2023) 10, 104106
________________________ \ /_________________________‘\
| FRG enables the study of equations : ' FRG with critical fluctuations |
,  of state at both high and low baryon ! ' mechanism without interactions :
. chemical potentials. K . between hadrons and decay processes |
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€ Results—— Fluctuations of Net-Proton

1.02f | lej(a)_
' s
oo ] O T ]
”fﬁﬁ% R <
oe8f Fkk 3 +
= lamgd 4 &
&6 0_96'*.. * ‘ * ]
.
0-94f & AMPT(p) ] i 1
0.92F B AMPT() C
09l ~* AMPT(NetP) + ]
]
0 Eir ﬂr -a'
#
—10}
) i
I~
-20 *
B/ AMPT(p)
= g5AmMPTE) +
0 100 200 300 400
<Npal1

So

&

1.05F

0.95

0.9

0.85F

08F

0.75}F

0.7k

30F

20F

10F

0

-10F

-20F

gian Chen, Guo-Llang Ma, ths.Rev.C 106 52022= 014907

Qian Chen F&&E(GXNU " AIFEASF)

____________________

' ﬂj(b)é 22 aer L jo]1 ,’> In the 0-5% and i
a4 on. % B “F AurAu 7.7Gev | ] |I _100 i
W@, 3, S b aep <2 O(Gewh | 5-10% centrallty=
o % 1sf lyl<05 11 bins, the AMPT !
' b kg #’ * i : results for ko?
> STARG) o .\ of net-proton are
2= STAR(P) ] : i
-+ STAR(NetP) 0.5 I il i nOtany ) !
b barrd 1 underestimates
® ol AMPT @] | STAR'sresults. !
AutAu 7.7GeV . :
S0f  04<p <2.0(GeVic) | | i
_wf <05 > The four-proton :
NS gf % “rm;‘;‘; - i ;"\ . correlation from
% S S | :
esTARG) o 5 AMPT Is V(_ary :
ASTAR() b | small, consistent :
0 100 200 300 400 0 100 200 300 400 I\\ Wlth Zero. ,ll
<Npaﬁ> <Npaﬁ> M s

Nov. 3, 2024 5



€ Results—— Incorporating FRG Into AMPT Model
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Sampling based on
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ART (A Relativistic Transport model for hadrons)

Qian Chen, Rui Wen, Shi Yin, Wei-jie Fu, Zi-Wei Lin, and Guo-Liang Ma. arXiv:2402.12823.
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€ Results—— Fluctuations of Net-Baryon
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' » The process of hadronic rescatterings exerts a Poissonization effect on
fluctuations.
. > The effect of hadronic rescatterings is more significant for critical fluctuations
than dynamical fluctuations.
"\ Qian Chen, Rui Wen, S Yin, Wei-ie Fu, Zi-Wei Lin,and Guo-Liang Ma. arXiv:2402:12628. .
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€ Results—— Fluctuations of Conserved Charges

® The AMPT results of cumulants, cumulant ratios, and correlation functions of proton
multiplicity distributions basically describe the trend in the experimental data.

® The AMPT results are consistent with the expectation from baryon number conservation.

® The incorporation of the FRG into the AMPT model reveals that the hadronic rescatterings
process affects different orders of net-baryon cumulant ratios.

€ Incorporation of critical fluctuation physics into AMPT : FRG. density fluctuations.

€ nuclear thickness effects, coalescence mechanisms, different collision systems, ...
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Back Up
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11) Non-monotonic
'energy dependence:
 hint of entering
-crltlcal region.

; '2) 3 GeV proton high
- | moments data:

. 1 Hadronic interaction
idominant!

.~ 13) Energy gap

' ' between 3 and 7.7

'GeV, important for
'Crltlcal Point search.




Back Up

» In the old version, onlyK™*and K™~ were introduced In hadron rescatterings as explicit
particles, but K°and K° were omitted.

ART _

K+ &K_ > K+ &K~ » K+ &K
— K* &K~ 50% K*&50% K™ 1,0 o 70

KY & KY * & Other hadrons — K" & K

> In the old version, some isospin-averaged cross sections were used, and the charge of
the final state particles is chosen randomly from all possible charges, independent of

the total charge of the initial state.
For example: D7 7" = p"+p" ¥
NI+t = pt+pT X
3)’fl'+‘|‘71'+ —=p TP x
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Expectation of baryon number conservation: """ -
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"> The strengths of the correlation functions «, and x5 in the AMPT model without”
the FRG sampling are smaller than those in the AMPT model with the FRG
sampling.

» The correlation functions x, from negative to positive, which would be more
consistent with the current experimental measurement.
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