Fourier coefficients of net-baryon
density and chiral criticality

Kenji Morita (U.Wroclaw / Riken)

Collaborators: Gabor Almasi, Bengt Friman, Pok Man Lo,
Krzysztof Redlich

Refs: arXiv: 1805.04441, in preparation




Contents

1. Introduction: Imaginary ug
2. Singularities in Complex ug

3. Founier coefficients
1. Asymptotic form
2. Model studies: POM model
3. Locating singularities
4. Fluctuations of net-baryon number

4. Summary

June 5,2018 KKenji Morita, NFQCD2018@YITP,Kyoto



QCD Phase Diagram from Imaginary ug
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Fourier expansion at Imaginary u

» Partition function — Canonical approach

o . « Thermodynamics from Z(T,V,N)
Z(T, V, 9) = Z Z; (T, V, N)e’Ne « Probability distribution P(N)

N —fluctuation of N: large | N| sensitive
=—00

to critical property of the system
(KM et al., EPIC'14,PRC'13,PLB"15)

> Pressure (or density) — Cluster expansion

op/T* v, . N,
Im(?(,uB/T) = ; by sin(k8) ® e kz::l by sinh(ku/T)
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Related Works

> Lattice QCD
« fitImy(0) (Bornyakov+ 1712.02830)
- up to b, at physical point (Vovchenko+, Budapest-Wuppertal data, 1708.02852)

> Effect of deconfinement (Kashiwa and Ohnishi, 1712.06220)
+ Longtailin b,

» Cluster Expansion Model (Vovchenko+, 1711.01261)
* Ansatz motivated by repulsive interaction

2 k
bCEM _ [bl (T) ] bgB [ b§B b2 (T) ] bSB
- BSB | bo(T) | 01(T) 5B | 7*

* b,and b, from lattice QCD - consistent b; and b,

exponential damping

 Prediction of higher order cumulants
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This work : effect of criticality in b, ?
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Density: PQM model (MF)
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Singularities in complex p
» Landau Theory » Schematic picture
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Asymptotic b,: Regular part

)

Regular part (massive Fermi gas)
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Asymptotic b,: 1st order PT (T>T )
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Asymptotic b,: Crossover

Crossover: Branch points at ;= £0 Liu /T

2

Steepest descent method for large k: Choose
integration contour to satisfy R-L lemma
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Location of branch point from b,
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Physical and Heavy m_
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Net-baryon fluctuations from b,

Observable consequence of characteristic b,
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Net-baryon fluctuations from b,

Observable consequence of characteristic b,
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Summary and Outlook

» Fourier coefficients provide interesting insights into phase
structure and critical property

» Complex singularities dictate large order behavior
* One may be able to locate the singularity from b,

e~kue/T  sin(kf, — an/2)
L2—a k2« (_]_)k_l_l (_1)k—|-1
e Fre/T gin (K6, — am/2) f1+1/o k
k2—a

Chiral limit

A’n|eB:7T

Nonzero m_
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Summary and Outlook

> Related to criticality in net-baryon fluctuations
* Negative y, from complex singularity

To apply to Lattice QCD...
» Effect of Lee-Yang zeros in finite size systems

» How large k1is practically possible?
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POM model: setup
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Temperature dependence
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