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Introduction

Extreme conditions:

Reaction

@ high T plane\
(¥r)
° up #0

@ large eB.

There is success in study of EoS

@ at finite density X (defines ¥;)

D. Bollweg et al., Nucl. Phys. A 1005, 121835 (2021) eB ~ 0.1 GeV?

[arXiv:2002.01837 [hep-lat]]; others
@ at nonzero magnetic field ¢

M.D'Elia et al., Phys. Rev. D98, no.5, 054509 (2018) Strongly influences QCD properties,
[arXiv:1808.07008 [hep-lat]]; others in particular, phase diagram

There are much less investigations at both g # 0 and eB # 0

H.T.Ding et al., Eur.Phys.J.A57,n0.6, 202 (2021)
[arXiv:2104.06843 [hep-lat]]

We want to obtain EoS from 2+1 LQCD accounting for both up # 0 and eB # 0
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Thermodynamics on the lattice

Q T S
p= v =y InZ <— cannot be measured directly /* z= /D[U]D[wﬂl}]e S.9,0) */
Derivatives of p can be measured! UWB = fu + 2ug ng = (ny +ng + ns)/3
N 5 HQ = Bu — Hd nQ = (2nu —ng —ns)/3
ng=— = P — quark number density HS = Hd = Hs s = s
V. Opgq

J. N. Giinther et al., Nucl. Phys. A 967, 720 (2017) [arXiv:1607.02493 [hep-lat]]
P _ “B\2 BB \4 B\ 6 s
25 = o) +ea() (F2) +ea(m) (5F) +eo(D) (B5F) + 0uy)

T dp/T* 2 4
n 5 =" M = 2co + 4cy (#B) + 6¢g (M—B) < coefficients can be found from fit
uBT pe  dpp/T) T T

(#tw, pd, ps are such that (ng) =0, (ng) = 0.4(np))

. Our choice of chemical potentials:
Calculation of ¢g:

Hu = pd = pig;  Hs =0
S.Borsanyi et al., Phys. Lett. B 730, 99 (2014) [arXiv:1309.5258 [hep-lat]]. “ ! °

G. S. Bali et al., JHEP 08, 177 (2014) [arXiv:1406.0269 [hep-lat]]. v
wB =3pg; pQ =05 pns = pq
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Lattice setup

@ Tree level improved Symanzik gauge action.
@ Staggered 2 + 1 fermionic action.
@ Stout smearing improvement.
@ Imaginary chemical potential: pg = ipuy.
@ External magnetic field:
B = Bé.; B = const Apt=Bz/2, AF*=-By/2, A'=0, p=zt
@ Splitting of the rooted determinant:

Z= / DU e~ 56 [det D(B, mu, qu)] T [det D(B,mg, qa)) T [det D(B, ms, qs)] 1

1 Qap * —iap 5
D) = o 37 [ (B ) 50 Uy )8 — (B, ) 50 U (1) ] + by
©w

ugc(B,q,’rzgc,ny,nz,,—bt):e*ia%B"y/?7 ng # Ny—1, uy(B,q,nx,ny,nz,m):eiaqunm/z, ny # Ny—1,
ug(B,q, No — 1, n’y’nZ’nt) = e—iaqu(NﬂH—l)ny/Q’ uy(B, q,na, Ny — 1,nz,nt) = eiaqu(Ny+1)nm/2 .
- . 67k
Periodic boundary conditions = eB= ——, keZ
Nz Ny a?

Simulation parameters:

Lattice 6 x 243 8 x 323 10 x 403

eB, Gev? | 0.0, 0.5, 0.6, 0.8, 1.0, 1.5 0.6 0.6

T, MeV 123 - 206 126 — 198 | 126 — 198

physical quark masses.
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Results: densities at 6 x 243 lattice
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Results: expansion coefficient c; at 6 x 243 lattice
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Results: expansion coefficients at 6 x 243 lattice
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Results: pressure

(P-po)T*

T =130 MeV

AIT?

(o-po)T*

T =168 MeV

(P-po)T*

T =145 MeV

2IT?

(P-po)T*

T =206 MeV

2,72
1T
15 a

eB = 0.0 GeV?
eB = 0.5 GeV?
eB = 1.0 GeV?

eB = 1.5 GeV?
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Results: comparison of coefficients for different lattices

eB = 0.6 GeV?
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Conclusions

@ Simulations at non-zero chemical potential and with external magnetic field have been carried
out on 3 lattices.

@ First results on expansion coefficients ¢y, ¢4, cg in external magnetic field have been obtained.

@ Strong dependence of the EoS on magnetic field.
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