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MAGNETIC FIELDS
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QCD phase diagram under strong magnetic field
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Magnetic catalysis at zero temperature

S P. Klevansky and R. H. Lemmer ('89); H. Suganuma and T. Tatsunu ("91);
V. P. Gusynin, V. A. Miransky and I. A. Shovkovy ('94, '95,'96,...)

= lﬁf}"“ﬂﬂ"lu -|—$ [(I‘EL‘UJE + {L‘a”ﬁw}l]

) Gm [ leB] <)
m = Gu[S(x,x)]~ ) L 2 +|eB|In S -+0(m’) J
N o[ 2
& P GleB|

nonzero mass for arbitrary small G



Magnetic catalysis at zero temperature

S P. Klevansky and R. H. Lemmer ('89); H. Suganuma and T. Tatsunu ("91);
V. P. Gusymin, V. A. Miransky and I. A. Shovkovy ('94,'95,'96....)

attractive channel: spin-0 flavor-diagonal states
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Magnetic catalysis at zero temperature

Bali et.al. arXiv:1206.4205 [hep-lat]
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Inverse Magnetic catalysis at nonzero temperature

Bali et.al. arXiv:1206.4205 [hep-lat]
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Surprise ! Puzzle!
Some important information Is missing in our
Understanding of chiral phase transition, which
IS enhanced by magnetic field!



How to understand Inverse Magnetic catalysis ?

1) I\/Iagnetic INNIbItION K. Fukushima, Y. Hidaka, PRL 110, 031601 (2013)

Contribution from neutral pions

2) Contribution from sea quarks
Bruckmann et.al. arXiv:1303.3972

3) Polyakov holomoly  \,wak et.al. arxiv:1304.6020

4) Chiral imbalance
. Jingyi Chao, Pengcheng Chu, MH,
Sphaleron transition  “prpgg2013), arxiv:1305.1100.

Instanton-anti-instanton pairing condensate
Lang Yu, Hao Liu, MH, arXiv:l404.6989



Theta vacuum, instanton and sphaleron:

QCD vacuum has non-trivial topological structure characterized by
an integer valued Chern-Simons number py__

Sphaleron
(thermal transition)

Instanton
(vacuum tunneling)
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Induce chiral imbalance:
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Chiral Magnetic Effect

Fukushima,Kharzeev,Warringa 2008

Red: momentum
Blue: spin
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Chiral chemical potential mu_5:

T_.0_.5 I /
psPyP Y N5 = 0% = dRtr — Ui

WR+ = £p3 — us,
Wr+ = FP3 + Hs.

R\ /R+ Destroys chiral condensate:
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FIG. 1: Spectrum of massless Dirac fermions with right- and
left-handed chirality in the presence of an chiral chemical po-
tential ps. The subscript = denotes the eigenvalue of the
spin in the z-direction. The chiral chemical potential induces
a nonzero density of right-handed particles and left-handed
anti-particles.
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Why chiral imbalance destroys chiral condensate?

ng=0=np—np+nr—n;g
nrp =MnNp,Np, =Ny,
ns =nr—nr >>0—=npg >>ng

(V) = (VR + YRYL)

Local chiral imbalance | < ng >=0

n5<0
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Local imbalance of chirality:

ng = ;:E + ”E‘STE (ns) = 0 but (ng) # 0

Time evolution for chiral quark density

S. Y. .Khlebnikov and M. E. Shaposhnikov, Nucl. Phys.
B 308, 885 (1988).

- .. aF G. D. Moore, C. -r. Hu and B. Muller, Phys. Rev. D 58,
_ — (4 Nf)E Sl 045001 (1998); G. D. Moore and M. Ta.sslef, JHEP 1102,
ot T Ons 105 (2011).
)
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Sphaleron diffusion rate from AdS/CFT
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Sphaleron diffusion rate at finite T: variation of topological
number per unit time and per unit volumn

Khlebnikov, Shaposhnikov 1988, Bodeker,1998, Son, Starinets 2002

[.. ~ T*

Lo ~ (97°1)°

[ ~ g*log(1/g*)T(g°T)"
Sphaleron transition rate under magnetic field:

Debye mass for longitudinal gluons Q(T + (’@)
[.. ~(T*+c?eBT?) eB > 17

_ [ 51T + e e®B?/T%)  for VeBELT:
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Chiral phase transition

Induced by chiral anomaly
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m Inverse magnetic catalysis at mu?
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Behavior at high B is fake
due to the cut-off !

Avancini,Menezes,et.al.
Phys.Rev. D85 (2012) 091901

= = T=0.05GeV
— T=0.04GeV

- o o o o o o o o e E A o o oE

| L 1 s | s 1 s | s | L 1
0.08 0.12 0.16 020 0.24 0.28 0.32
eB(GeV’)

Jingyi Chao, Pengcheng Chu,
Mei Huang, arXiv:1305.1100
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m CEP under strong magnetic field

200f
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Jingyi Chao, Pengcheng Chu,

Avancini,Menezes et.al. Mei Huang, arXiv:1305.1100

Phys.Rev. D85 (2012) 091901
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Chiral imbalance induced by instanton anti-
Instanton molecule pairing:

T. Schater, E. V. Shuryak and J. J. M. Verbaarschot,

Phys. Rev. D 51, 1267 (1995) [hep-ph/9406210].
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Mean-field approximation:

[ — _

1Gg 4G4y

o? i

_I_

+ ¥ (i, D" — o + ﬁ-E“fD"‘."EJ) P

o= —2Gg <L_L> [ts = —2G 4 <"l.5"‘:+*’0"‘}*’5"¢'1’>

() =

ra=Ga/Gg

2 2
5

1Gs 4G4

qr B > a’pﬁ
~N. Z 47 |Zﬁ / A(p) war(p)
—ON.T Z |QfB| Z&q / f‘fpﬁ (16)

f=u.,d -
><111(1 4+ e Pws ‘*) :

20



Spontaneous generation of CP-violation
above Tc even at zero magnetic field !

5 [GeV]

T [GeV]

(a) @ and s at eB = 0 for different values of r4.

Lang Yu, Hao Liu, MH, arXiv:1404.6969
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Magnetic field catalyzes local CP-violation!
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(b) o and jis at rq4 = —0.75 for different values of eB.

Lang Yu, Hao Liu, MH, arXiv:1404.6969
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Inverse magnetic catalysis
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FIG. 2. (Color online) T, as a function of eB for r4=0.-0.5,
-0.75, -0.85 and -1.0.

Lang Yu, Hao Liu, MH, arXiv:1404.6969



Conclusion

1, Inverse magnetic catalysis around Tc indicates that some important
information is missing in our understanding of chiral phase transition,
which is enhanced by magnetic field!

2, We suggest that the inverse magnetic catalysis can be naturally induced
by chiral imbalance, which is related to topological structure of QCD
vacuum, i.e. Sphaleron transitions or instanton-anti-instanton pairing
condensate.
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http://indico.ihep.ac.cn/conferenceDisplay.py?confld=4321

QCD vacuum and matter under strong magnetic field 1l
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Thanks for your attention!
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