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EOS IN STRONG MAGNETIC FIELDS
AND NON-ZERO BARYON DENSITY

Equilibrium description of strong interacting matter
p,e,o,...=f(T,u,eB, ...)

thermodynamic obs. control parameters

EARLY UNIVERSE MAGNETARS HEAVY ION-COLLISION

Energy, evolution — Friedmann eq. m(r) of NS relations — TOV eq. QOGP — Hadronization — Freeze-out

Cosmological Magnetic Field: a fossil of density
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EOS IN STRONG MAGNETIC FIELDS

AND NON-ZERO BARYON DENSITY

% Interest in rich QCD phase structure at
finite 7 and non-zero u!

% Pressure Taylor expanded as fluctuations of
conserved charges € € {B,Q, S},

1
P(T,eB,fi) =L = —— InZ (T, eB, V, i)
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RECENT LATTICE WORKS:

CONSERVED CHARGES IN MAGNETIC FIELDS

Ding, L1, Shi & Wang, Eur. Phys.J.A 57 (2021) 6, 202
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https://arxiv.org/abs/2406.19780

2+1)-FLAVOR QCD LATTICE
INGREDIENTS

 HISQ & tree-level improved Symanzik gauge

action
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o lLattice: N./N.=4and N, =8, 12 — cont. est.
(one additional N = 16)

o Physical pion mass: mP" / m,,, =27,
M_=~ 135 MeV

TALK BY JIN-B1ao

PHYSICAL REVIEW LETTERS 132, 201903 (2024)

» Non-zero p and T: Taylor expansion, around 7,
T =1145 - 166) MeV

Baryon Electric Charge Correlation as a Magnetometer of QCD

H.-T. Ding®, J.-B. Gu®,” A. Kumar®, S.-T. Li®, and J.-H. Liu
Key Laboratory of Quark and Lepton Physics (MOE) and Institute of Particle Physics,
Central China Normal University, Wuhan 430079, China

T — R

* Magnetic field: B =V xXA:no sign-problem!
B, : Landau gauge. Stokes theorem 1mplies

quantization: Elia et al., Phys. Rev. D. 82 (2010) 051501
eB = 62N, a™*N;*

Fixed U(1) factor to links. PBC : constrains flux: THERMODYNAMICS
N, =[1 —32]

eB = [M? — 45M?) ~ [0.02 — 0.8) GeV*



THERMODYNAMICS:

OBSERVABLES OF INTEREST (T, eB, ji)
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INITIAL NUCLEI CONDITIONS

Strangeness neutrality : n° = 0 Isospin symmetry :

fys = sl €B: B) o fug = gy + gl + OGig) + ..

Dok—1> S2k—1 ps/pg = 51 + Sgﬂlzg + O(pug) + ...

(e —avar) = ave ) (225 + qur)

S, =
S. QS B S 1
Qﬂfzs —)(8 ZlQl ) — ’”()(nQ)(zS —)(1B18)(1Q1 ) V%)

q_
: ()(2

HotQCD, Phys. Rev. Lett. 109 (2012) 192302
P, = f(2. 41, 5)
* [H = Liike > 41551 Fukushima & Hidaka, Phys. Rev. Lett. 117, 102301

1/2 Isospin symmetry,
IMQ =0ateB=0

0.4 Pb-Pb HIC ~

Isospin asymmetry
l-----------

().0 Electric charge

neutral, np = 0
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Ho/Hg IN PRESENCE OF eB
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Ho/Hg IN PRESENCE OF eB
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Ho/Hg IN PRESENCE OF eB
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Ho/Hg IN PRESENCE OF eB
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Ho/pg IN THE PRESENCE OF eB
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Ho/pg IN THE PRESENCE OF eB
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Ho/pg IN THE PRESENCE OF eB
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s/ pg IN PRESENCE OF eB
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MAGNETIC EOS: PRESSURE s |l s 1.1 gos. @
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MAGNETIC EOS: PRESSURE

Ap = p(T, eB, pg) — P(T, eB.0) = ¥ Py (T, eB) fik
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MAGNETIC EOS: PRESSURE

Ap = p(T, eB, ug) — p(T,eB,0) = Y Py (T, eB) i3k
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MAGNETIC EOS: BARYON DENSITY

o0
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MAGNETIC EOS: BARYON DENSITY TO PRESSURE

2mPy, =N _ +1 ) (2j—1) g, N3

% Deviation from unity, reflects
1sospin symmetry breaking by
rq, tfactor
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MAGNETIC EOS: PRESSURE VS [
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MAGNETIC EOS: ENERGY AND ENTROPY DENSITY

Aé = &(T,up) — &(T0) = ) ex(TeB) ff & Aé= ) oy(T.eB) i
k=1 k=1
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TAKE HOME MESSAGE

* Explored (2 + 1)-f QCD magnetic EoS at non-zero density, upto leading order, from
first principle lattice calculation using laylor expansion

* HRG breaks down 1n strong eB regime. For smaller eB, good agreement with QM-HRG

subject to lower T

% Dafferent growth rates ot bulk observables with eB. Crossing in T, and mild peak shift of
P, towards low T as eB grows; T, lowering
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NEXT-TO-LEADING ORDER

QM-HRG (solid) eB= [ 0.00 0.20 0.60
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* Ongoing work: insights on next-to-leading  9:1°0 A R
order contributions. n® dominant to Ap e _
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(factor ~ 2), but interestingly as eB grows i I\TIB Ny
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CONTINUUM ESTIMATES VS EXTRAPOLATIONS
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TRANSITION LINE AND CHIRAL SUSCEPTIBILITY
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