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Why the study of QCD in strong
magnetic fields

Understanding confinement and chiral symmetry
oreaking

Heavy ion collisions: topological excitations may
ead to P and CP odd effects (CME)

D+A(ySR)




Quantitative determination of the

phase diagram, 1

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

Very first model calculation of the phase diagram in magnetic field, treating self-consistently
.) dynamical chiral symmetry breaking

.) confinement

Model lagrangian density for two massless flavors:

Chiral chemical potential

L=t (D" + ps7"77) b | e renperr
+G(09)° + (Pin°0)|

Chiral invariant Nambu-Jona Lasinio 4-quark interaction
(Nambu and Jona Lasinio, Phys.Rev.122:345-358,1961. )



Quantitative determination of the

phase diagram, 2

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

Very first model calculation of the phase diagram in magnetic field, treating self-consistently
.) dynamical chiral symmetry breaking

.) confinement

Model lagrangian density for two massless flavors:

Chiral chemical potential

[,‘, _ 1; (?:’}/HD“ 25)) ,$ — (mimics instanton/sphaleron

induced chirality)
+G | (09)° + (Pin°0)|

Chiral invariant Nambu-Jona Lasinio 4-quark interaction
(Nambu and Jona Lasinio, Phys.Rev.122:345-358,1961. )




Quantitative determination of the

phase diagram, 2

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

Very first model calculation of the phase diagram in magnetic field, treating self-consistently
.) dynamical chiral symmetry breaking

.) confinement

Model lagrangian density for two massless flavors:

Chiral chemical potential

L=t (D" + ps7"7°) b | e reeneserr
HG | (09)° + (Pin°0)|

Chiral invariant Nambu-Jona Lasinio 4-quark interaction
(Nambu and Jona Lasinio, Phys.Rev.122:345-358,1961. )

Responsible for spontaneous
@ chiral symmetry breaking

in the vacuum




Quantitative determination of the

phase diagram, 3

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

One loop thermodynamic potential:
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Quantitative determination of the

phase diagram, 4

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)
K. Fukushima, Phys.Lett.B591:277-284,2004

One loop thermodynamic potential:
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W. Weise et al, Phys.Rev.D75:034007,2007
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N. Meisinger and M. C. Ogilvie, Phys. Lett. B379, 163 (1996)
K. Fukushima, Phys. Lett. Bg91, 277 (2004)

C. Ratti, M. A. Thaler and W. Weise, Phys.\ Rev.\ D 73, 014019 (2006).
M. Ruggieri et al., Phys.\ Rev.\ D77, 054023 (2008).

M. Ruggieri et al., Phys.\ Rev.\ D78, 034034 (2008).

Y. Sakai et al., Phys.\ Rev.\ D77, 051901 (2008).

K. Kashiwa et al., Phys.\ Rev.\ D80, 117901 (2009).

K. Kashiwa et al., Phys.\ Lett.\ B662, 26 (2008).

S. K. Ghosh et al., Phys.\ Rev.\ D77, 094024 (2008).

K. Redlich et al., Phys.\ Rev.\ D75, 074013 (2007).

E. Megias et al., Phys.\ Rev.\ D74, 114014 (2006).




Quantitative determination of the

phase diagram, 5.0

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)
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Quantitative determination of the

phase diagram, 5.1

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)
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Chiral Condensate
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Corresponds to an increasing
constituent quark mass:

M, ~ 347 MeV = M, ~ 476 MeV




Magnetic catalysis, some reference




Quantitative determination of the

phase diagram, 5.1.1

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)
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Quantitative determination of the

phase diagram, 5.2

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)
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Quantitative determination of the

phase diagram, 5.3

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

Effect of chiral chemical potential

Polyakov loop
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Quantitative determination of the

phase diagram, 7

M. Ruggieri and R. Gatto, in preparation

We improve the previous results using a more realistic model for in-medium interactions:
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Kashiwa et al., Phys.Lett.B662:26-32,2008



8-quark interactions: some
reference




Quantitative determination of the

phase diagram, 8.1
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Quantitative determination of the
phase diagram, 8.2
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ElD{P

Indicator of deconfinement
crossover

160 180 200 220 240| C. Gattringer et al.,

T (MeV) Phys.Rev.D77:094007,2008




Computed phase diagram from

Polyakov loop

0.8

09"

M. Ruggieri and R. Gatto, in preparation
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Computed phase diagram from X1
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P-NJL and P-OM models
comparison

E. Fraga et al, arXiv:1004.2712

With vacuum corrections
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Quantitative results from Lattice
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M. d’Elia et al, arXiv:1005.5365
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Conclusions, perspectives for the
future

= P-NJL model:powerful tool to investigate on

the interplay between deconfinement and
chiral restoration

= Dressed Polyakov loop opens interesting
scenario
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Appendix

Some backup slide




Quantitative determination of the

phase diagram, 1

Determination of the QCD vacuum is a hard task

ﬂ Discretize (euclidean)

space-time, and compute

QCD partition function via
Montecarlo generation of
gluon configurations

Lattice QCD

Lattice QCD is expensive, both in time and in CPU resources.

However:

Therefore, if we wish to speculate about QCD vacuum and its response to anything:

=2 Approximate the SDEs of QCD
s Al Use different models




Qualitative picture of the phase

diagram

Fraga et al, arXiv:1004.2712
Agasian and Fedorov, Phys.Lett.B663:445-449,2008.

Expected phase diagram Picture mainly based on:
.) guark-meson models

Restored chiral symmetry,

_ deconfinement .) ChPT in magnetic fields

s ) .) phenomenological models of hadrons
'E Ch 131 E“T”‘“ﬂ Broken chiral

2 [ Deconp coconfinement

£ "hmng

2

Broken chiral symmetry,
confinement

Magnetic field, eB
E. Fraga et al., arXiv:1004.2712



Quantitative determination of the

phase diagram, 4.1

W. Weise et al, Phys.Rev.D75:034007,2007
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Quantitative determination of the

phase diagram, 5

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

Parameter set:

A = 620 MeV . GA? =29

Fixed to reproduce some vacuum observables:

a )
£l * . 'I"
I

Output (NJL sector):

7. ~ 190 Mevl at B=0



Quantitative determination of the

phase diagram, 3

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

One Ioop thermodynamic potential:

0s.—1 for k=0, ¢gB <0,

ds.41 for k=0, ¢gB >0,
sy =
1 for k+#0.

\_---—’

Landau levels degeneracy




Quantitative determination of the

phase diagram, 3

M. Ruggieri et al, arXiv:1003.0047 (in press on Phys. Rev. D)

One loop thermodynamic potential: Tr I—Og
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