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Heavy lon Collision

Heavy-ion collision timescales and “epochs” @ RHIC
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Baryon number distribution

Normalized Number of Events
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Baryon number fluctuations
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Baryon number fluctuations
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Looking for ripples
First Step: QCD-assisted LEFT within fRG
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QCD-assisted LEFT

Benchmarked by linear scale-matching
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QCD-assisted LEFT

Finite density
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Freeze-out curves

200 | | | | | | |
La0 L TE 7 dneonicetal ] three freeze-out curves
i O freezeout: Andronic et al.
] freezeout: STAR Fit |
160 i%:g.ﬂ;..ﬁ_@ o freezeout: STAR Fit || 7
= 140 Fite 1. f t: And ic et al -
- ®os. . . freeze-out: Andronic et al. UpB ... =
é’ Di\\ o CF 1+ 0.288,/SNN ’
= 120 F ‘\\ i Andronic, Braun-Munzinger, Redlich,
100 160/tH ™ Nature 561 (2018) 7723, 321 Tég)
- ' i,l‘\ I T —
, o N "1+ exp (2.60 — In(,/5nN)/0.45)
i\\ ]
1304 \
60 [ | | | | \&_‘_
0) 300 400 500 o600 700 800
up [MeV] 2. freeze-out: STAR Fit I all data points
175 | | — T T 1 L Adamczyk et al. (STAR), PRC 96 (2017), 044904
170 F @ STAR | | _
@ ) o freezeout: Andronic et al.
- freezeout: STAR Fit |
165 | & freezeout: STAR Fit Il -
%‘ w -
> 160 [T T eI : . neglecting first two at low
ST S % 3. freeze-out: STAR Fit II g g Hp
o 155 | '“‘“~~+ - and the last one
150 | A - . .
+ L ™ % | ® freeze-out curve should not rise with y,
145 | RSN ® convexity of the freeze-out curve
140 | | | | | | T\j

0) 50 100 150 200 250 300 350 400
LB [MeV] Fu, Luo, Pawlowski, Rennecke, Wen, SY, PRD 104 (2021) ,094047



Freeze-out curves
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Baryon number fluctuations on Freeze-out curves
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Summary of our first step

1. We use a QCD-assisted LEFT to compute baryon number fluctuations.
2. Fluctuations have a non-monotonic energy dependence.

3. Non-monotonic behavior can arise with the sharper crossover.

Shortcoming

A. Reliable only in low-density areas

B. Only Grand Canonical Ensemble results



Looking for ripples

Second Step: Updated QCD-assisted LEFT
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Dynamica] hadronization
First Principle QCD flow equation:
Four-quark interaction
9,7 [ % @ @ (3) Yukawa coupllng

(gTq)7
10

—Ne T 77q>h — T?L?T A + Flow

LEFT flow equation:

1
| Exchange O k(2] = @ 3 @

| couplings

10t |

100 |

101 3

€ fRG-LEFT have been improved.
102 |

T AT CR—™ 3 Dynamics of first-principle fRG-QCD has been
k [MeV] encoded in the LEFT via the Yukawa coupling.
Fu, Pawlowski, Rennecke, PRD 101 (2020), 054032




Updated QCD-assisted LEFT

Yukawa coupling
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Updated QCD-assisted LEFT
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Fluctuations Phase diagram
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Different location of CEP
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Different location of CEP & freez-eout curves
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Fluctuations within GC
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From GCE to CE

 Subensemble acceptance method
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Different location of CEP & freez-eout curves
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Non-monotonic energy dependence
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Summary

* [wo steps toward quantitative calculation of baryon number fluctuations

 QCD-assisted LEFT
 Updated QCD-assisted LEFT

* |Included global charge conservation effect

* Subensemble acceptance method

Outlooks
Thank you
e The third step: Fluctuations from full QCD system very much "1

* |nclude non-equilibrium effect

* |ooking forward to more accurate freeze-out curve
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