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QCD in external fields

Critical temperature of QCD in magnetic field Effecfgoofﬁe[ds on chiral symmetry breaking
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Focus

Critical temperature of QCD in magnetic field Effecfgoofﬁe[ds on chiral symmetry breaking
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Effects of external electric E and magnetic B fields on the QCD chiral phase transition:
*Simultaneous E and B, E||B, interesting for chiral density n. dynamical production

Use of an effective model rather than full QCD.



NJL model in external fields

We consider quark matter in the background of parallel electric (E) and magnetic (B) fields:

E B L = (iD—mo) Y + G [{3_3)2 + {e__‘é’j..E.Tr_')z]



NJL model in external fields
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Important for:
") Dynamical production of chiral density
.) Model for a QCD sphaleron
.) Condensed matter experiments
.) Simplified model of Glasma




NJL model in external fields

We consider quark matter in the background of parallel electric (E) and magnetic (B) fields:

E B L = (ilD— mg)

Responsible of spontaneous chiral symmetry breaking
and of
Interaction with collective modes



NJL model in external fields

We consider quark matter in the background of parallel electric (E) and magnetic (B) fields:

Responsible of spontaneous chiral symmetry breaking
and of
Interaction with collective modes

Kinetic term
and
Interaction with external fields via QED covariant derivative



NJL model in external fields

We consider quark matter in the background of parallel electric (E) and magnetic (B) fields:

E B L =) (iD—mo) Y + G [{3_3)2 + {e_‘é’j..g,Tr_')z]

Mean field thermodynamic potential at finite temperature:
M, = mo—2G(1))
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M, — 1 |
; — My =TrS (o, ') =0

~1rlog B(iD— My)

Q=

.;E-""
qr¢ 1

5 —MZsq.
— € q F("‘) o m —|.A|) ('lff(_'Bb'
5] = . E
‘ tanh(greBs) tan(greEs)

h""T::*NTJ"’ /:x: ﬁ(,—ﬂf?s

+ﬂ[q —LWQ 1/.12 .‘-1'2

See also:
Cao and Huang (2015), Klevansky (1989), Schwinger (1951)



M.R. and Peng (2016)
M.R., Lu and Peng (in preparation)

Chiral density equilibration

ns = NRr —NL

ABJanomaly E || B
[Adler (1969), Bell and Jackiw (1969), Warringa (2012)]
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Expected effect of usonT,

Chiral chemical potential increases the critical temperature of chiral restoration.
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Self-consistent computation of 4, is necessary to give a firm conclusion about the net
effect of the fields on chiral symmetry restoration.

Problem of chiral condensate in a medium made of a chiral imbalanced background, rather
than a more common baryon density background.



M.R., Chernodub and Peng (2016)

Relaxation time of chiral density
ns =nNRr — NJ,
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M.R., Chernodub and Peng (2016)

Relaxation time of chiral density

NJL model
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M.R., Chernodub and Peng (2016)

Relaxation time of chiral density
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In the chiral crossover region:

[T ~ (0.1 + 2 fm/cﬂ




RESULTS




Inverse catalysis, T=0

M.R. and Peng (2016)
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M.R. and Peng (2016)

The suggested phase diagram
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M.R. and Peng (2016)

Chiral density at phase transition
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Conclusions

Electric field acts as an inhibitor of chiral symmetry
breaking.

E||B inhibites chiral symmetry and leads to a
lowering of T_.

Chiral density is produced dynamically by E||B and
equilibrates within few fm/c.

Chiral density n., dynamically produced, does not
change drastically the phase diagram. ®

Thanks for your attention.
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NJL model in external fields

We consider quark matter in the background of parallel electric (E) and magnetic (B) fields

E B = 1 3[9— mo) v+ G [{e_e)z + (e__‘éf..5Tz_‘)2]
Mean field thermodynamic potential at finite temperature

M, = mo—2G(1))
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q e v Trlog B(: D — My)
M, computed by solving the gap equation:
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oee also: Vacuum instability (Schwinger effect)

Cao and Huang (2015), Klevansky (1989), Schwinger (1951)



M.R. and Peng (2016)

Inverse catalysis at finite T
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M.R., Chernodub and Peng (in preparation)

Phase diagram with IMC

Ferreiraetal. (2014) | Inverse magnetic catalysis (IMC) in the NJL model:
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Schwinger effect and n,




M.R., Chernodub and Peng (in preparation)

Relaxation time of chiral density

Thermal mass adapted from Plumari et al. (2011)
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M.R., Chernodub and Peng (in preparation)

Relaxation time of chiral density

Thermal mass adapted from Plumari et al. (2011)
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Increase of relaxation time due to increase of quark mass which leads to a partial lowering
of the available phase space for collisions.

In the chiral crossover region 0.
taking into account also o




