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quarksgluons photons

small effect…



<

quarksgluons photons

large effect !



earth                     ~ 0.01 eV2

magnetar ~ 10 MeV2

heavy ion collision  ~ 0.1 GeV2

strong magnetic fields:

strong electric fields:

thunder cloud        ~ 1 eV2

heavy ion collision  ~ 0.1 GeV2

(fluctuation)



Formulation



not dynamical

Lattice QCD + external electromagnetism



NOTE : Forget electrons.



Euclidean QCD + external electromagnetic field



Euclidean QCD + external electromagnetic field

no problem sign problem



Monte Carlo simulation

Monte Carlo weight



Monte Carlo simulation

“sign problem”if Monte Carlo weight ≧ 0,

Monte Carlo weight

e.g.,





Wick rotation

real electric field

sign problem



Wick rotation

real electric field

imaginary electric field

sign problem

no sign problem
but analytic continuation



Lattice QCD + magnetic field

Lattice QCD + strong electric field

Lattice QCD + imaginary electric field

Lattice QCD + weak (quenched) electric field
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physical electric charge

sign problem



“isospin” electric charge

NO sign problem

physical electric charge

sign problem

cf.) isospin chemical potential

NO sign problem



Lattice QCD + isospin electric field

≧ 0



Result 1

deconfinement



electric force
- +



electric force > confining force  → deconfinement

- +
confining force

electric force



Wilson loop

heavy-quark potential



“charged” Wilson loop

“charged” heavy-quark potential



“charged” heavy-quark potential in full QCD



Result 2

charge distribution



electric force
QCD vacuum



electric force
- +

Schwinger mechanism



electric force

Schwinger mechanism

electric current
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electric force

Schwinger mechanism

electric current charge distribution
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vector potential

electric field

(nearly) constant electric field in a periodic box

voltage difference



vector potential

electric field

(nearly) constant electric field in a periodic box

voltage difference
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charge density distribution (deconfinement phase)



voltage dependence
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deconfinement
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meson condensation
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voltage dependence

deconfinement

meson condensation



 I studied lattice QCD with a strong electric field.

 I studied deconfinement by electric force.

 I studied charged particle generation.

Summary



お ま け

T. Hayata, Y. Hidaka, AY, arXiv:1309.0012



(1+3)-dim. QCD with a strong external magnetic field

lowest Landau level approximation

(1+1)-dim. QCD

chiral (magnetic) spiral

chemical potential

Basar, Dunne, Kharzeev (2010)



(1+3)-dim. QCD with a strong external magnetic field

lowest Landau level approximation

(1+1)-dim. QCD

chiral (magnetic) spiral

chemical potential
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Basar, Dunne, Kharzeev (2010)

figure by Bringoltz (2009)



(1+3)-dim. QCD with a strong external magnetic field

lowest Landau level approximation

(1+1)-dim. QCD

temporal chiral spiral

external electric field + QED backreaction



time



time



figure by Kojo et al (2010)

energy

momentum

temporal chiral spiral

spatial chiral spiral (~ Fulde-Ferrell-Larkin-Ovchinnikov)



temporal chiral spiral

- 1+1 dimensions (= LLL approximation)

- 1+3 dimensions (= beyond LLL)

solvable, non-dissipative

dissipative?



お わ り


