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Motivation

< Whg magnetic fields are interesting forQCD

matter?



Motivation

© Signatures of QGP in Heavy—-ion collisions

(large T and low © )7

) ComPac‘c Stars: quark stars” neutron stars” or
hgbri& stars (large 11 (400 MeV) and low T)7

In this regimes L ARGE magnetic fields are

present!!!
H
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Motivation

* Strong magnetic fields may be Procluced

in non central heavg ion collisions: «

Fukushima, D. E. Kharzeev, and H. J. Warringa, Phgs. Rev. D 78, 074-0%% (2008).
D. E. Kharzeev and H. J. Warringa, Phgs. Rev. D 80, 0504028 (2009).D. E.
Kharzeev, Nucl. Phgs. A 830, 543¢c (2009).

Relativistic 10ons create

a strong magnetic field:
z

Reaction

heavy-ion collisions: lane
temporarily B < 1017 G

Skokov, Illarionov, Toneev,

Int. J. Mod. Phys. A 24, 5925 (2009)

X (defines ‘¥y)



Motivation

< Strong magnetic fields are also Present N

magneta 'S: C. Kouveliotou et al., Nature 39%, 235 (1998).

magnetars:

at surface B < 101° G
Duncan, Thompson, Astrophys.J. 392, L9 (1992)

larger in the interior,

B ~ 1018720G?
Lai, Shapiro, Astrophys.J. 383, 745 (1991)

E. J. Ferrer et al., PRC 82, 065802 (2010) 1;6-31?-(2186?)11& D. Lai, Rept. Prog. Phys. 69,

* and might have Plaged an imPortant role in the Physics of the

earlg universe. T. Vaschapati, Phys. Lett. B 265, 258 (1991).
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Motivation

* We ﬂCCGl to urderstand C]UBI"‘( COﬂ‘ﬁﬂCméﬂt ancl Cl"lil"al sgmm. ]:)reala’ng

* Moreover deconfinement and chiral sgmmetrg restoration at finite
temperature ancl/ or clensitg - (NEW PHASES)

*In hf:avg ion colliders: two beams of charged Particles N OPPosite

direction
* Ext. magnetic field: short-time, large magnitucle, QCD out of
equﬁbﬁum?

* o

< magnetic field as another axis of the QCD Phase cliagraml



Amplitucl

B

o

es of magnetic fields
| .:_;

earth - 0.6 Gauss

magnet - 100 Gauss

neutron stars (surgace of magnetars)

-10% . 10Y G =>eB"?2 "1 MeV

RHIC/LHC - B2 [ graphene

=0.1..05GeV. The

strongest magnetic ﬁelcl ever
achieved in the lab. (107 G)

earlg universe - eB*1/2 ~ 2GeV



Motivation

o The behavior of QCD under extreme

conditions: temperature, densitg, external

magnetic fields

« Problem: QCD s nonl:)erturbative in relavant

SCAaics

* | _attice: Signal Probleml!!
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To make progress

* We use Quantum Field Theorg (in medium)

< Tixperiments - most expensivel!l

o Effective models 9ust a few clegrees of

freedom)

o Lattice (imitations...)

1



| attice Results

At Vanishing bargon clensitg and magnetic field, lattice

QCD simulations Predict that there is a crossover

transition at a Pseuclo critical tem[:)erature TPC.

oY, Aoki, G. Endrodi, Z. Fodor, S. D. Katz, and K. K. Szabo,
Nature 443, 675 (2006).

*Y. Ao|<i, 7. Fodor, 5. D. Katz, and K. K. Szabo) Phgs. lett. B
643, 46 (2006).
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First Lattice Results

+ M. D’Elia, s. Mukhenjee) and F SamqliPPo, Phgs. Rev.D 82, 051501 R
(2010).

« M.D'Eliaand F Negro, Phgs. Rev. D 83, 114028 2011).

+ indications that chiral T, is Increasing as a function of B.

500

400 E========oo. . e RCSUH:S in
>'300 \ a greement
= I \ * , (" ,
— - - ¢B =0.0 \ +
= 200 o N with eHective

I -— eB=15m_ ' l
100 - | Moacis:
% 50 100 150 200 250 300 NJL,PNJL,QMM...
T[GeV]

M X T for SUQ2) NJL model with G

%



However:

* Théﬂ usc thé bare quark mMasscs USCC! COFFCSPOHC! to a PiOﬂ mass in

the range m, =200— 480 MeV, 1. e. avery heavg Pion.

* ThCSC FCSUltS have ]Z)CCI’] conﬁrmecl bﬂ

G. S. Bali, E Bruckmann, G. Endodi, Z. Fodor, 5.D. Katz, S. Krieg, A. Schafer, and K. K. Szabo, JHEP1202,
044 (2012).

G. S. Bali, E Bruckmann, G. Endrodi, Z. Fodor, S.D.Katz, and A. Schafer, Phgs. Rev. D 86, 071502 (2012).

* For light quark masses that corresponcﬂ to the Phgsical Pion mass
of m, =140 MeV, their simulations show a Tpc which is a clecreasing function
of the magnetic field B.

o The basic mechanism seems to be that the MC at T =0 turns
into IMC for T around Tc.
» The results suggest that the Tpc is a nontrivial function of the quark

massces.
14
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Recent Lattice Results X Effect. models

lattice (B, T) =

definitions:
A3, (B T)

me

T lottice cont. limit
- PNJL model

eB (GeV?)

Phys. Rev. D 86, 071502(R) (2012)

2u,d(B: T) o 2u,d(o: T)

(Z,+2%,) /2

0.5 I lottice xPT PNJL

- - B=0.3 GeV? : -
¢ -- B=0.2 GeV2 m -
P -~ B=0.1 GeV? 3 -
¢ - 11 B=0 "/h““ -
0~ S0

I 1 | 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 S0 100 150
T (MeV)

Riglﬂt Panel: CM and IMC
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Recent Lattice Results

J L

i I 7/ I 1 l 1 I 1 | I 1 1 I 1 I 1 I 1 1 l-
0.8 § B=1.0GCev2  —
i O B=0.7 GeV2 :
0.6 - @ B=0.4 GeV? N
2 N A B=0.2 GeV2 _
| . ¥ .
W: 0.4-_ § @ _-
- ?'; -
b B - _
0.2} P g B g z _
- 3 i 33 3 s B :
"I’,,ﬁ..l...I.§.§.I§..§'I.§.-
0 120 140 160 180
T (MeV)
Phys. Rev. D 86, 071502(R) (2012) CM(T=0) and | MC(H%"’T>
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SUQ) NJL model

The standard two flavor NJL model is defined bg

a fermionic Lagrangian densit9

Lo =9 (i@ —m) Y + G [(Yy)? — (Yy57Y)?]

In mean feld al:)Proximation (MFA):

M —m)* d*p
Frn 1G - 2”/ 2y M

i/



NJL at finite T, thand B

To stuclg the effect of B in the chiral transition at finite T

and W a dimensional reduction is induced:
Po — i(wu T /];ILL)
p* = p2+(2n+1-—s)|qs|B

s = 41

n=0,1,2...

/—I-oo d4p \ T’qf‘B i Z/—I—oo dpz
oo (2m)

v=—o0 n=0

FNJL _ (M;Gm) - FNIL .7:2;; + FNIL

18



NJL at finite T, 4 and B

d°p

27)3

(p2 4 M2)1/2

vacC

.FNJL — _2NCNf/ (

N.N (A ]
JT_'NJL: f{M4ln ( _I_GA) EAA[A2+€/2\]}

vac Q72

EA:\/A2+M2
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Numerical Implementation: difficulties

o T'=0 OK!
o T # 0 We need to numerically perform the sums over the
Landau levels, or find suitable approximations...

» Job becomes easier in the high magnetic field regime:
veB >T

e But this is not so in the low magnetic field regime, with
veB < T, and Q/T < 1 (requires to sum up to very large
Landau levels)

» Any numerical computation to become quickly expensively (
+ integrations involved no high T)

Here we discuss a more natural alternative for dealing with
the cases of low magnetic fields!!!

PHYSICAL REVIEW D 84, 085525 (2011) D. C. Duarte,R. L. S. Farias, and R. O. Ramos

20



Euler-Maclaurin formula

=
oy

p—
[

/ f@)do+ 5 [f(a) + ] b)]+Z oy 00 - 1 @)

Bon+1({Z}) ,2ne1
T / (2,,'{“) () de

b; are the Bernoulli numbers, defined by the generating function

x =, z"
A N
exp(z) — 1 T;) " nl

B, (x) are the Bernoulli polynomials, with generating function

zexp(zx) _ i B, (:z:)£

exp(z) — 1




Reliability of the use of the EM formula

LY — Z / e d_z In 1 _ e E(z,Q,T,B,k)]

where

02 eB
73 (2k+1)ﬁ

E(z,Q,T,B,k) = \/z2 |

LX Z 100 d2 1
o 2m E(2,Q, T B, k) eE(zQT.Bk) _



eB/T?

0.001

0.01

01

10

100

order

W N = O B WN= O 6 WN=O &G WN=O0&WN=0&WN=-O

EM approx.
-688.7717
—689.0258
—-689.0271
-689.0270
-689.0271
—68.6567
- 68.8954
—68.8990
—68.8988
—68.8990
-6.6735
—6.8706
-6.8797
-6.8791
-6.8796
—0.5400
~0.6497
—0.6652
-0.6637
—0.6651
-0.0159
-0.0328
-0.0407
-0.0383
—-0.0413
—6.8468 X 10°°
-36528 x10°°
~8.3692 X 1073
-1.1413x 1073
-38726 X 10°¢

LY
Landau sum

—68.8989

-6.8793

—0.6642

-0.0393

~59413x 10°°

error (%)

0.04
.00 X 104
.00 X 10°*
.00 x 104
.00 x 104

0.35
5.10x10°?
.00 X 104
1.00 X 10°#
1.00 X 10°*

299

0.13
580 x10°?
290x10?
440x10°?

18.70

2.18

0.15

0.07

0.14

59.54

16.54

356

2.55

5.09

88.48

3852

40.87

80.80

551.81

EM approx.
S08.2575
515.7328
517.0372
516.7096
517.2016
477384
49,8997
50.3031
50.2007
50.3549

39418
4.4852
4.6037
45725
46199
0.2195
03128
03416
0.3329
0.3465
0.0034
0.0081
00112
0.0095
0.0124
5.9362 % 1077
34235 x 10°°
8.3706 X 10°®
3.6803 x 10°°
5.6924 X 10°°

LX

Landau Sum

516.8633

50.2488

4.5873

0.3371

0.0103

5.6626 X 10°°

error (%)

1.67
0.22
0.03
0.03
0.07
5.00
0.70
0.11
0.10
021
14.07
222
0.36
0.30
0.70
34.89
721
1.34
1.25
2.79
66.99
21.36
8.74
1.77
20.39
89.52
39.54
47.82
35.00
905.27




NJL at finite T, 14 and B

By v(B) = \/p? + 2Klqs| B + M?

where M is the efHective self consistent c]uark mass

2 | 2 212 |
A NeNeMG [ M2 (A 4 VAT )
2 2 M?
d
N. MG 1
0 laslB {InlL ()] — 5 nf2m) + 2y — 5 (207~ Dlnay) |
f=u

d o0
N.MG > dp, 1 1
oz 2 2 okls|B /_OO E, 4(B) {G[Ep,k(B)+u]/T 1 BB AT ] }

24



Quark Condensate

_ N.M M2 (A+ VAT )
_ — A A2 M2 - —1
(Wrty) 02 { VA2 + 5 M M?
N.M 1 1
B |qf\B{ In[['(z¢)] — 5 In(27) + o — 5 (22 — 1) In(zy)

NCM g~ > dpz 1 1
T ;;)%‘QHB/_OO Ep r(B) {e[Ep,k<B>+ul/T 1 elEer BT 1 1

\

/

\

/

Where:  Ep,1(B) = \/Z?E + 2k|q¢| B + M; qu| = 2€/3,|qa| = €/3

zy = M7 /(2|qr|B)
ap = 2 — 0ok

We use Gaussian natural units » 1GeV? = 1.44 x 10*° @

25



Magnetic Catalgsis ~-NJL T=0

K. G. Klimenko, Theor. Math. Phgs. 89, 1161-1168 (1992)

V. P Gusynin, V. A. Mirans

420

400

340

320

300"

0 5 10 15 20
B[mz*/e]

The phenomenological values of quantities such as the

pion mass m,, the pion decay constant f., and the quark

condensate (1s1¢) are used to fix G, A, and m. Here,

we choose the set A = 650 MeV and G = 5.022 GeV 2

with m = 5.5 MeV in order to reproduce f, = 93 MeV,

m, = 140 MeV, and (¢ 1p;)1/3 = —250MeV in the vac-

uum.

26

kg, [ A Shovkovg, PLD 349, 477-48% (1995)
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NJL results at finite T and B

< GaP equation My =my —2G Z@f’wﬁ
f

+ where (1) UISRE the quark condensate of flavor f

these evaluations have been consiclerecl

500 (L S A A
, at more sophisticatecl levels:
400 f
5 * Polyakov Loop (PNJL, EPNJL)
>300 5 |
s » Chiral PT (Andresen)
<= 200"
= ? * inclucing strangeness

100 -

. beyonci MFA (FRG) (Fukushima)

0 50 100 150 200 250 1300 " clesplte those refinements in model

calculations, no qualitative changes

in TPC X B.

27



E:xceptions?

]) Bag mocJel Calculation (FlrSt OrClCr PT) ~ E.5.Fraga and L. F. Palhares, Phgs. Rev. D

86, 016008 (2012)

Z) POIHEB‘(OV CXtCﬂClCCl QMM ~ AU Mizher, M. N. Chernodub, and E. S. Fraga, Phgs. Rev. D 82, 105016 (2010).

5) Large Nc Calculation ~ E.5.Fraga, J. Noronha, and L. F Pa”wares, Phgs. Rev. D

87, 14014 (201%).

o Al Preclict a decreasing T with B

o Inland2itis Probably related to their treatment of vacuum

fluctuations and related renormalization issues. ..

28



Exceptions’:’

K. Fukushima and . Hidaka, Phgs. Rev. Lett. 110,031601
(201%) - Magnetic Inhibition

= Bruckmann) G. Endrodiand T. G. Kovacs, JHEP 1304, 112 (2013) -~ IMC
IS the result of the back-reaction of the gluons due to the coupling of
the magnetic field to the sea quarks.

T. Kojo and N. Su, Phgs. L ett. B 720,192 (201%)

~ consider an effective interaction with infrared enhancement and

ultraviolet suPPression.

29
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3e caretul with the aPProximatiOHs!

The chiral l:)]’wase transition and the role of vacuum fluctuations
Jens O. Andersen, Rashid Khan, Lars T Kg”ingstacl (Norwegian U. Sci. Tech.).
Feb 2011. 12 pp. e-Print: arXiv:1102.2779 [hep-lsh]

e.g., QM model, chiral symmetry breaking takes Place in the meson sector, and as a

consequence, the vacuum contribution to the free energy from the fermions is sometimes

omitted.

In the NJL model, on the other hancl, this term is responsible for the chiral symmetry
breaking and so it cannot be neglectecl.

When making such simpliﬁca’cions, however, itis important to know exactlg what one is

cliscarcling, in order not to “throw the babg out with the bath water”

V. Skokov, B. Friman, E. Nakano, K. Rec”icl'x, and B.-J. Schacncer, P]’ngs. Rev. D 82 (2010), 034029

It was recentlg shown that neglecting the fermion vacuum contribution to the QM free energy

changes the order of the Phase transition!

50


http://inspirehep.net/author/profile/Andersen%2C%20Jens%20O.?recid=889515&ln=pt
http://inspirehep.net/author/profile/Khan%2C%20Rashid?recid=889515&ln=pt
http://inspirehep.net/author/profile/Kyllingstad%2C%20Lars%20T.?recid=889515&ln=pt
http://inspirehep.net/search?cc=Institutions&p=institution:%22Norwegian%20U.%20Sci.%20Tech.%22&ln=pt
http://arxiv.org/abs/arXiv:1102.2779

T T ' T T T T 300 v T I T . T T 7
=l Chiral Eransition . 1 mm (Chiral transition
200 Deconfinement transition — Deconfinement transition
i == Expected magnetic field generated in the LHC
175 - LHC Chiral
> fi . .o
ield transition
< 250} / -
150 - o P 7
”~
-
125 - -
— — ‘
1 1 . 1 . 1 7 . 1 1 . I I
100O 10 20 30 40 20OO 10 20 S 30 40
2 Z
eB(m ) eB(m_)

no vacuum corrections

Be careful with the approximations!

with vacuum corrections

Phase Diagram of Strong Interactions in an External Magnetic Field

Ana Julia Mizher (Rio de Janeiro, CRPF), Eduardo S. Fraga (Rio de Janeiro
Federal U.), M.N. Chernodub (Tours U., CNRS & Gent (J.). Mar 2011.
Published in PoS FACESQCD (2010) 020

bl
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http://inspirehep.net/search?cc=Institutions&p=institution:%22Rio%20de%20Janeiro%2C%20CBPF%22&ln=pt
http://inspirehep.net/search?cc=Institutions&p=institution:%22Rio%20de%20Janeiro%20Federal%20U.%22&ln=pt
http://inspirehep.net/author/profile/Chernodub%2C%20M.N.?recid=891481&ln=pt
http://inspirehep.net/search?cc=Institutions&p=institution:%22Tours%20U.%2C%20CNRS%22&ln=pt
http://inspirehep.net/search?cc=Institutions&p=institution:%22Gent%20U.%22&ln=pt

Recent! Yy...

Deconfinement and chiral restoration within the SU 3) Polgakovaambu—-—-Jona—-
| asinio and entanglecl Polga|<ov~~Nambu~~Jona~Lasinio models in an external
magnetic field

Marcio Ferreira, Pedro Costa (Coimbra (), Débora P Menezes (Santa Catarina
(.), Constanca Providéncia (Coimbra U.), Norberto Scoccola (Favaloro U. &
CNEA, Buenos Aires). May 21, 2013. 6 Pp-

Published in Phgs.ReV. D89 (2014) 016002

DOI: 10.110%/PhysRevD.89.016002

IMC with critical teml:)erature for the deconfinement Phase

transition in pure gauge To = Tg (B)
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http://inspirehep.net/author/profile/Ferreira%2C%20M%C3%A1rcio?recid=1234421&ln=pt
http://inspirehep.net/author/profile/Costa%2C%20Pedro?recid=1234421&ln=pt
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http://inspirehep.net/search?cc=Institutions&p=institution:%22Coimbra%20U.%22&ln=pt
http://inspirehep.net/author/profile/Scoccola%2C%20Norberto?recid=1234421&ln=pt
http://inspirehep.net/search?cc=Institutions&p=institution:%22Favaloro%20U.%22&ln=pt
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http://dx.doi.org/10.1103/PhysRevD.89.016002
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Recentl Y...

A search for inverse magnetic catalgsis in thermal quark~meson models

E. 5. Fraga, B. W. Mintz, J. Schaffner-Bielich

(Submitted on 15 Nov 2013)

We explore the Parameter space of the two-flavor thermal quark—-meson model and its
Polgakov |oop~e><tendecl version under the influence of a constant external magnetic
field B. we investigate the behavior of the Pseuclo critical temperature for chiral
symmetry breaking taking into account the |i|<e|9 depenclence of two parameters on the
magnetic field: the Yukawa quark~meson coupling and the Parameter TO of the Polgakov
looP Potential. Under the constraints that magnetic catalgsis is realized at zero
temperature and the chiral transition at B=0 is a crossover, we find that the quar‘c-
meson model leads to thermal magnetic catalysis for the whole allowed Parameter

space, in contrast to the present Picture stemming from lattice QCD.

Published in Phys.Lett. B731 2014) 154-158

>


http://arxiv.org/find/hep-ph/1/au:+Fraga_E/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Mintz_B/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Schaffner_Bielich_J/0/1/0/all/0/1
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140

I ! |

eB=0

- eB= sz:
vem = €eB=10m_
=

-—

R

—

“If one takes the usual parameter ﬁxing inthe vacuum, g(O) =37, there is no continuous

function g(B) that could lead to inverse magnetic catalgsis in the OM model at finite

1" order
transition |
| 1 1 1
2.4 2.8 3.6 4
Yukawa Coupling g

120

in this paper...

eB=0

eB = sz
4

eB = 10m,

eB = 15m,
T, = (17328) MeV

1 1 | ) | 1 | 1 | ) | 1
90 120 150 180 210 240
T, [MeV]

270

temperature and zero quark chemical Potential, unless the chiral transition is of first order”



Qur Purpose

% The Nobel Prize in Physics 2004

2 David ). Gross, H. David Politzer, Frank Wilczek E‘F‘FCC'UIVC Clua r‘( tlﬂleories as th@ NJ L
Share this: FIEEE 1+ D . . . model can be motivated 139 ->QCD
The Nobel Prize in Physics

2004

integrating out gluonic clegrees of

?reeclom .

Altlﬁoug]ﬁ some features of
confinement can be enforced bg

means 01C extencling the moclel

with the Polgakov loop. ..
David ). Gross H. David Politzer Frank Wilczek
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

the rurming with energy scales of the

The Nobel Prize in Physics 2004 was awarded jointly to David ). Gross,
H. David Politzer and Frank Wilczek "for the discovery of asymptotic

freedom in the theory of the strong interaction”. C‘F‘FCCtiVC COUPhng) as C.g. ClUC to

asgmptotic freedom, is lost.

we have examined the effect of introducinga running. COUDhﬂz (G
— I | —

motivated bg asgmptotic freedom.

%6



Qur PurPose

| et us recall the imPortant result bg l\/\iranskg and Shovkovg

( *For eB =>> A2QC'D>

V. A. Miransky and I. A. ShOVkOVﬂ, Phys. Rev. D 66, 045006 (2002)

The |eacling order rurming of the QCD Coupling constant Os Is

gi\/en bg
i ~ b In SB with b = (IINc — 2N1C>/1Z1r
P AQCD

we propose for the NUL coupling atT =0,

As ] = [GAQ] the interpolatinglcormula

G(B) = G

L+ aln (148 552 )
QCD

57



Qur Purpose

G
G(B) = —
L aln (145 552 )

with Gy = 5.022 GeV-2, which is the value of the coupling at B=0.

aand B are fixed to obtain a reasonable clescription

of the lattice average (X4 + 24) for T=0
2

At high temperatures, &s also runs as the inverse of

% (Foon)
11
Aocp

58




Qur Purpose

However, the values of T used in the lattice simulations
T <Agcp
are not high enough tojusthcy the use of such a running for G.

Moreover, the exact clcpenclence of the coupling with

B AND T is not known Presentlg.

G(B) ~ Gy (1 — ozﬁeB/AéCD)

We use the T depenclence for G similar used in

V. ]_‘Semarcl, U.~G. Meissner, and I. Zahed, Phys. Rev. D %6, 819 (1987).

B T
U By =aB) (148 Y
Ansatz: A for reasonable lattice

QCD AQCD

(Xu +2a) at high T.
59 9



Numerical Results - quark (u) condensate
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Numerical Results - Thermal Mass
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Numerical Results - condensate average
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D.Katz,S.Krieg)anclA.SchaFer,Phgs.Re\/.Dc%, 071502(R) (2012).
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Numerical Results - condensate ditference
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Pseudocritical temperature Tpc X B

we consider the phusical point with nonzero m
P1Y P

at high temperatures -> crossover
g P

chiral sgmmetrg 1S Partia”g restored.

One can oni9 establish a !:)seuciocriticai temperature Tpc

we use the |ocation OF the Peaks ior the vacuum normalizeci quark

condensates, where the thermal susceptibilities are:

XT = —mﬁa—“ where o — (Yuu) (B, T) + (Yavpa)(B,T)

oT <&u¢u>(37 O) T <77;d¢d>(Bv O)
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Numerical Results - normalized thermal susceptibilitg

30" .
- ——  eB=10GeV"*
50 T eB =08 GeV?
T — eB = 0.6 GeV ?
- = eB=04GeV*
20F — eB=02GeV? -
— I — BBZO.O
~15F
0
05" '
00— —

60 80 100 120 140 160 180 200

T [MeV]
45



Ty.[MeV]

Numerical Results - T X B

PC
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Right Panel: G. S. Bali, E Bruckmann,G.Endrodi,
Z. Fodor, 5. D. Katz, S. Krieg, A. Schafer

and K. K. Szabo, JHEP 1202, 044 (2012)
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Possible Questions:

* Similar etfect in QMM?7 in progress...

o If we increase the magnetic field

400 | i
V I MCat T=0
% 300
=" IMC at high T
ﬁ: 200 | 2
- == eB = 2.0 GeV
? : — EB:].7G2V§
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St
100 ep = 1. e
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Recent! Y...

Magnetic Inverse catalgsis in the (Z+l)~1qavor Nambu-~Jona-
|asinio and Polga|<ov~~Nambu~~Jona~Lasinio models

M. Ferreira, P. Costa, O. Lourenco, T. l:reclerico,

C. Providéncia. APr 22, 2014. 8 Pp.

e-Print: arXiv:1404.5577 [hCP"PH | PDF
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http://inspirehep.net/record/1291560
http://inspirehep.net/author/profile/Ferreira%2C%20M.?recid=1291560&ln=pt
http://inspirehep.net/author/profile/Costa%2C%20P.?recid=1291560&ln=pt
http://inspirehep.net/author/profile/Louren%C3%A7o%2C%20O.?recid=1291560&ln=pt
http://inspirehep.net/author/profile/Frederico%2C%20T.?recid=1291560&ln=pt
http://arxiv.org/abs/arXiv:1404.5577
http://arxiv.org/pdf/1404.5577.pdf

SU®) PNJL+G(DB) (ﬁttecﬂ with the lattice)
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Final Remarks

« QOuram-~> unclerstancling cliscrepancies

between efHective model Pred ictions and

recent lattice results . The behavior of Tpc as

a function of B

« we have examined the efHect of introclucing a
running couplingG motivated l:)ﬂ asyml:)totic

Freeclom .
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Final Remarks

o Our assumPtion of the decrease of G with B
and T -> mimicking asgml:)totic freedom in
QCD

« This rePresents a concrete realization of the
back reaction O]C the sea quarks ancl Conﬁrms
its Potential importance on explaining the IMC

as stressed in the recent literature.
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Final Remarks

* Butthe running of G With T is crucial to
obtain results with IMC (lattice results!)
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Perspecti\/es

Asgml:)totic freedom in QMM (in progress
collaboration with G.Krein and M.B. Pinto )

B effects on BEC BCS crossover in progress

(in progress - collaboration with R.O.Ramos)

B effects on the Lange\/in Dgnamics

SDE+T+DB 777
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This talk was based in:

The mportance of Asgmptotic Freedom for the
Pseudocritical Temperature In Magnetizecl
Quark Matter

R.L.S. Fanas, K.P. Gomes, G.l. Krein, M.B.
Pinto. APr 15, 2014. 5 Pp-

e~Print: arXiv:14-04.%9%] [hep-Ph]
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http://inspirehep.net/author/profile/Gomes%2C%20K.P.?recid=1290540&ln=pt
http://inspirehep.net/author/profile/Krein%2C%20G.I.?recid=1290540&ln=pt
http://inspirehep.net/author/profile/Pinto%2C%20M.B.?recid=1290540&ln=pt
http://arxiv.org/abs/arXiv:1404.3931

Thank you for your attention!
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