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Figure 1: Spatial distributions B (left) and E (right) fields for an impact
parameter b = 10 fm. & Deng and Huang 2012.
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Figure 1: Spatial distributions B (left) and E (right) fields for an impact
parameter b = 10 fm. & Deng and Huang 2012.

Caveats:
+ highly non-homogeneous background.
+ E leads to sign problem.

* No Minkoswki time evolution in lattice
QCD.
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How DOES B LOOK LIKE IN HIC?

Figure 1: Spatial distributions B (left) and E (right) fields for an impact
parameter b = 10 fm. & Deng and Huang 2012.

Caveats:
+ (highly non-homogeneous background.
« E/\B&ds/ to Bigh foroblém/

» NO Nirikaswki tiidé eubiition i 1aitice
QCD.
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Figure 1: Spatial distributions B (left) and E (right) fields for an impact
parameter b = 10 fm. & Deng and Huang 2012.

Caveats:
- ‘highly non-homogeneous background. 2 changes  Te:
) could the system be
» ENGads 19 sigh protoléi/ in different phases
o NO MIKGSWki/ tive eibiitidn it NAtice at different z?
QG
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det[IP(A) 4+ m|e—°s using Monte Carlo steps.
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LATTICE C IN A NUTSHELL

1 . i 1
(0)=< / DYDYDA Qe S¥w:Al E / DAdet[IP(A) +m] Oe= 5l

e quarks ¥(z) £ € R — (n) neZ
e gluons A, —s U, = 94T ¢ SU(3)
e (anti-)periodic BC

1. Generate samples {0y, O,, ..., Ox} with a probability
det[IP(A) 4+ m|e—“s using Monte Carlo steps.
2. Calculate averages (0 ) = (1/N) XN | 0,

e magnetic field B — u, = e'*4« € U(1) (BACKGROUND!)
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Flux quantization in a box
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* Ny =2+ 1 improved staggered fermions with physical masses;
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* Ny =2+ 1 improved staggered fermions with physical masses;
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continuum limit (lattice spacing — 0, V' = const.);
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* Ny =2+ 1 improved staggered fermions with physical masses;

. Lattices: 162 x 6 243 x8 283 x 10 363 x 12 —
continuum limit (lattice spacing — 0, V' = const.);

» Magnetic field
B 37TNb

= 52 eB = T\
COSh<$——Lx/2> L,etanh <—m>
€ 2¢

strength 0 GeV < VeB < 1.2 GeV — magnetars, HIC and early
universe.

e~ 0.6 fm
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THE SIMULATION SET UP

* Ny =2+ 1 improved staggered fermions with physical masses;

« Lattices: 16> x 6 243 x8 283 x10 363>x12 —
continuum limit (lattice spacing — 0, V' = const.);

» Magnetic field

B Y
= 52 eB = 3”—1’L €~ 0.6 fm
cosh(‘rw) L e tanh <$>
€ ) 26
strength 0 GeV < veB < 1.2 GeV — magnetars, HIC and early

universe.

» Temperature — 68 MeV < T < 300 MeV (crossover at 7, ~ 155
MeV).
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THE SIMULATION SET UP

* Ny =2+ 1 improved staggered fermions with physical masses;

« Lattices: 16> x 6 243 x8 283 x10 363>x12 —
continuum limit (lattice spacing — 0, V' = const.);

» Magnetic field

B Y
= 52 eB = 3”—1’L €~ 0.6 fm
cosh(‘rw) L e tanh (gE)
€ ) 26
strength 0 GeV < veB < 1.2 GeV — magnetars, HIC and early

universe.

» Temperature — 68 MeV < T < 300 MeV (crossover at 7, ~ 155
MeV).

+ Quantities: Y(@)rp Pl@)rs  Jd@)7B.
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Enchancement of the condensate: magnetic catalysis.
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Figure 4: Lattice electric currents for RHIC-like (veB = 0.1 GeV) and
LHC-like (vVeB = 0.5 GeV) magnetic fields, respectively.
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Great agreement other predictions ¢ Bali, Endrédi, and Piemonte 2020
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THE CHIRAL SEPARATION EFFECT (CSE)
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What about CME? Work in progress! 15
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€diq!
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