HENPIC 08/22/2019 A IM'

Light nuclel production as a
probe of QCD phase diagram

Phys. Lett. B774, 103 (2017)
Phys. Lett. B781, 499 (2018)

Phxs. Lett. B792, 132 ‘2019‘
Kai-Jia Sun (3b# 4¢)
kjsun@tamu.edu

Cyclotron Institute and Department of Physics and Astronomy Texas A&M University



Where is the critical point in QCD phase diagram?
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M.A. Stephanov et al, Int.J.Mod.Phys. A20 (2005) 4387-4392.
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A. Bzdak et al, arXiv:1906. 00936(2019).
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What are the observables?

Non-monotonic behavior ’)
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Enhanced fluctuations during phase transitions
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Enhanced fluctuations as a signal of phase transitions

Classical ideal gas: ((0Q:)?) ~V
Cross over: ((6Q:)*) ~V

Second-order phase transition:  {((5Q;)*) ~ V3

First-order phase transition: ((6Q;)) ~ V?

V. Koch, arXiv:0810.2520 (2008)




What are the observables?
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Non-monotonic behaviors
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wWhy light nuclel ?

A simple idea: S‘;;

Light nuclei are formed in a restricted volume (dx ~ 2
fm, dp ~ 0.1 GeV) In phase-space.

They can probe local nucleon density fluctuations.
Specifically, density fluctuations can affect the
multiplicities of light nuclel

Coalescence formation: Takes the internal structure
INnto consideration

Source: T,V, N1, Ns...

Cluster: m;, si; i, Moms (W)
Wigner function:

PV (T, P) = o [ < @ +ylple —y > e TPy



Light nuclei production in collisions of small systems
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What are the observables?

3 9 3/2 _ <(6n)?>
Coalescence Model: Ny = )N, An = =25
21/2 \ moT
n(r)) = —/d'rn )
33/2 ( or \° )
Nem = — (moT> Np(n)=(1 + An), ((6n(7))?) /dr 5n (7))’
NeyN,
Op-at = —3i3 = g(1 + An) g = 4/9 x (3/4)32 ~ 0.29
d

Kai-Jia Sun et al., Phys. Lett. B774, 103 (2017)
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Experimental Results at RHIC
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Experimental Results
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Possible Double-Peak Structure?
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Work Iin Progress

Microscopic Calculations

Yield ratio from AMPT and URQMD
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Summary
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Particle coalescence production

Deuteron: Ny = gd/d x1/d3k1/d3x2/d Ko (%1, k1)
Jp(xa, ko) Wa(x1 — %2, (k1 — ka)/2),
- ' 2
fxk) = (e € x = MR x
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Without density fluctuation

Coalescence model:
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K. J. Sun and L. W. Chen, Che Ming Ko, and Zhangbu Xu, Phys. Lett. B774, 103 (2017).




In vicinity of density fluctuation

Density fluctuation over space: n(7) = % f (AT + 6n(F) = (n) + on(7)
When: N, 7£ 0
Neutron: n(f) = (n)+on(7),
Proton: ny(r) = (np) + dny(r),

Approximately: N 232 ( Tjﬂ_T)S/Q /dmmnpm
B 2?/2 (msz)f”/z / dr’ ((n) + on(7))({np) + dn,(F)) Cross terms vanish
- 2?/2 (W?WT)M/CW((”)(%) + 0n(r)on, (1))
N 2?/2 (»n?ﬁT)S/z (Np{n) +/d7"5n(7*)5np(’f’)).




Density correlation and fluctuation

3 o \*?
Ng = 5172 (m T ) Np(n)(l—l—aAn),

3 3
Nogy = 3/2( 2n ) N, (n)2(1 + (1 + 20)An)

4 m T
Chp = (0ndny)/((n)(ny)) = aln An; — ((6n — 5np)2
An = ((6n)2)/(n)? ((n) + (np))?
1
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Can ~ gp-anprhOp-d — ]—: V/
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9p-d = 353 ~ 0.0019, gp-a-¢ = 9/4 X (4/3)3/2 ~ 3.5, _Rnp - Np/N = (npn)/(n)

[ Opq = N&/Ng Op,d,t = NpN3H/N3 Ryp = (7r+/7r_)1/2. ]

Can be well determined from experiments

Von = (2emT)3/2v ?




Von = (2emT)3/2V

Relating kinetic and chemical FO
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An = {(dn)%)/(n)?
Cup = (3nny) /((n) (n)) = adin

Results
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Driven by the same underlined
physics, namely, enhancement of
correlation length in the
second-order phase transition

T. Anticic et al. (NA49 Collaboration),
Phys. Rev. C 94, 044906 (2016).
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