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Essence

@ Broadly defined as an enhancement of dynamical symmetry
breaking by an external magnetic field.
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Essence

@ Broadly defined as an enhancement of dynamical symmetry
breaking by an external magnetic field.

@ Lowest Landau level. Dimensional reduction D — D — 2 of the
dynamics of fermion pairing.

@ Intuitively: opposite charges and opposite spins — same magnetic
moments — the pair is stabilized.
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Magnetic catalysis in the NJL model

@ Consider the NJL model [Miranski et al. hep-ph/9412257]:
L =V(iv"D, — mo)¥ + £ [(WW)2 + (VinsW)?],

D, = 0, + iBx26,1 and mg is the bare mass.
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Magnetic catalysis in the NJL model

@ Consider the NJL model [Miranski et al. hep-ph/9412257]:
L =V(iv"D, — mo)¥ + £ [(WW)2 + (VinsW)?],

D, = 0, + iBx26,1 and mg is the bare mass.

@ This model possesses an U(1). x U(1)g chiral symmetry. A
non-zero condensate (VW) would break it down to U(1)y.

@ To zeroth order in G:

(B9) = —ulS(x 0] =~ 0 [tk ] %o o)
1/A2
=~ [+ eBlog () - miios (4) + 0 (23]

@ Note that to zeroth order in G (VW) — 0as my — 0
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Magnetic catalysis in the NJL model

@ Gap equation at weak coupling:
m = Gu[S(x, x)] ,
where m is the dynamically generated mass.
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~ G| eB
mNG(27r)2 [/\ + eBlog <m2>]

@ The nontrivial (and nonperturbative) solution is:
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Magnetic catalysis in the NJL model

@ Gap equation at weak coupling:
m = Gu[S(x, x)] ,

where m is the dynamically generated mass.
@ To leading order in G < 1 the gap equation reads:

~ G| eB
mNG(27r)2 [/\ + eBlog <m2>]

@ The nontrivial (and nonperturbative) solution is:

mz—e—Bex A—z ex —4—7T2 forany G < 1
= ®PleB) P\ GeB y

@ At B = 0 the gap equation should be re-derived:

<™ [h2_ p210g ™
mNG(2W)2[A mlogmz]

nontrivial solutions only for G > A?/(27)2.
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AdS/CFT correspondence

Type IIB String Theory on

Ne D3 VD N agh VA Soh v~ i Vs
AdS5><S5

| |

N =4 SU(N.) SUSY YM
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AdS/CFT correspondence

Type IIB String Theory on

Ne D3 VD N agh VA Soh v~ i Vs
AdS5><S5

| |

N =4 SU(N.) SUSY YM

°
@ Gubser-Klebanov-Polyakov-Witten formula:

<ef ddX¢0(X)<O(X)>>CFT = Zstring[d)O(X)]
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Adding flavours

Generalizing the correspondence

Nc D3

Nf D7

D7 |- |- |-|-]-]-1-]-
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Adding flavours

Generalizing the correspondence

Nc D3

Nf D7

D3 -1 -1-T-1-1T-1-71-
D7 |- |- [-[-|-[-[--

@ Adding N massive A/ = 2 Hypermultiplets:

mq /d29 QQ —SYM with mg=m/2rd/
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Flavours on S°

@ We consider D7—-brane probes on global AdSs x S°, describing
flavoured N =2 SYM on a S°.
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@ The metric of global AdSs x S° can be written as:

2 2\ 2 2\ 2 2
> U R 5 5 R >, R 2, 242
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where u > R/2 and the metric has a conformal R® part.
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Flavours on S°

@ We consider D7—-brane probes on global AdSs x S°, describing
flavoured N =2 SYM on a S°.

@ The metric of global AdSs x S° can be written as:
2 2\ 2 2\ 2 2
2 U R 2., ,2 R 2 R 2 | 12402
ds® = — = (1 +4uz> dr2+u (1 - 4u2> I+ 5 (du +u dQs) .
where u > R/2 and the metric has a conformal R® part.
@ S°is parametrize as:
dQ2 = db? + cos 62 d23 + sin 62 d¢?

@ We introduce probe D7-brane extended along the AdSs directions
and €3 with the ansatz 6§ = 6(u), ¢ = const.

@ The symmetry generated by a% corresponds to a global U(1)4
symmetry. The corresponding Goldstone boson is analogue of 7'.

Filev, Ihl () Magnetic Catalysis in Compact Spaces IQF 2013 8/18



@ Solving numerically the EOM derived from the DBI action we
obtain:
using
1,2/’6//’
10-—————””””"—~#———-i::j
0.8
0.6

0.4-
0.2

u cosy

0.0 0.5 1.0 15 2.0
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@ Solving numerically the EOM derived from the DBI action we
obtain:
using
1,2/—/////’
1D~————*””’ﬂ—‘—’~————-i::j
0.8
0.6

0.4-
0.2

u cosy

0.0 0.5 1.0 15 2.0

@ Blue curves correspond to “Minkowski" embeddings and Red
curves correspond to “ball" embeddings. The black dashed line
corresponds to the critical embedding.
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Static test charges (A. 0'Bannon et. al.

Consider a pair of quark and anti-quark. The flux tube connecting the
quarks is described by an open string probing the geometry.

Ball Minkowski
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Static test charges (A. 0'Bannon et. al.

Consider a pair of quark and anti-quark. The flux tube connecting the
quarks is described by an open string probing the geometry.

Ball Minkowski

@ For Minkowski embeddings the string snaps corresponding to
Gribov confinement

@ The screening length Ls o< 1/mg. Ball embeddings correspond to
Ls > wR3 and the string never snaps.
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AdS/CFT Dictionary

@ The asymptotic separation m = uILm usinf(u) is associated with
o0
the bare quark mass mg = m/2ra/.
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AdS/CFT Dictionary

@ The asymptotic separation m = uILm usinf(u) is associated with
the bare quark mass mg = m/2ra/.
@ The AdS/CFT dictionary relates the asymptotics of §(u) to (WW):
m
3|n9——+——z—log u+.

(W) < —2¢; + mlog(m/R) = —2¢
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AdS/CFT Dictionary

@ The asymptotic separation m = uILm usinf(u) is associated with
the bare quark mass mg = m/2ra/.
@ The AdS/CFT dictionary relates the asymptotics of §(u) to (WW):
m

sing= "4 &
u o W’ 2uw?

logu+...,
(W) < —2¢; + mlog(m/R) = —2¢
@ We introduce the dimensionless quantities:
Mg Rs

m=m/R = and ¢=c/R®

V2 VA
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@ By studying all classical embeddings of the D7-branes we can
obtain the condensate as a function of the bare mass.
-t

15 2.0
—0.05/

—-0.10¢

-0.15¢
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@ By studying all classical embeddings of the D7-branes we can
obtain the condensate as a function of the bare mass.
-t

15 2.0
—0.05/

—-0.10¢

-0.15¢

a2

@ One can show that 4z diverges at the critical embedding (state).
This corresponds to third order confinement/deconfinement phase
transition triggered by the Casimir energy.
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Introducing magnetic field

In order to introduce magnetic field we consider a pure gauge B-field,
along two of the directions of S°.
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Introducing magnetic field

In order to introduce magnetic field we consider a pure gauge B-field,
along two of the directions of S°.

@ Writing the metric on S3 in local tetrads:
2_ 2 > 2
dds = 1) + €z) + g -
@ Tetrads are take to be:

eq)=Rdby, eg =Rsindidp, eg = R cosbdyy.
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Introducing magnetic field

In order to introduce magnetic field we consider a pure gauge B-field,
along two of the directions of S°.

@ Writing the metric on S3 in local tetrads:
A9 = €fs) + ez + €3 -
@ Tetrads are take to be:
9(1) = Rdb; , 6(2) = R sin 6, d¢1 R 9(3) = R cos 6, d'Lﬂ1 .
@ A natural choice for the B-field is:

B = He(1)/\e(2) .
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Introducing magnetic field

In order to introduce magnetic field we consider a pure gauge B-field,
along two of the directions of S°.

@ Writing the metric on S3 in local tetrads:
A9 = €fs) + ez + €3 -
@ Tetrads are take to be:
eqy=Rdoy, egpy=Rsindidor, eg)= R costdyy.
@ A natural choice for the B-field is:
B=Heuy ey -

@ The DBI lagrangian is modified to:

L 391R4 41R24H2R4129’2
o UCcos® O3 T u T2 + + u2t5(u)
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° F9r H > H, Only the confined phase is stable. At my = 0,
(VW) £ 0 and a global U(1)4 symmetry is spontaneously broken.
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For H > H, Only the confined phase is stable. At m; = 0,
(W) =£ 0 and a global U(1), symmetry is spontaneously broken.
For H < H, . There is a first order phase transition. At m; = 0 the
theory is in a deconfined phase.
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Phase diagram

@ This can be summarized in a simple phase diagram:

H
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Phase diagram

@ This can be summarized in a simple phase diagram:

H
4

L

3

confined

2

1

dissociated
° m
0.2 0.4 0.6 0.8 1.0 12

@ A curve of first order phase transition ending on a point of third
order phase transition (at H = 0).
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Meson Spectrum-Fluctuations along ¢

By studying the spectrum of semiclassical fluctuations of the probe
branes we can extract the meson spectrum of the theory.

sign(a?]|a|
10—L
g
6 —
o~
o
2 ] Mo H
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Meson Spectrum-Fluctuations along ¢

By studying the spectrum of semiclassical fluctuations of the probe
branes we can extract the meson spectrum of the theory.

signf@?]|@|
1OL
S

o

@ For H — 0, the spectrum is discrete and equidistant.
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Meson Spectrum-Fluctuations along ¢

By studying the spectrum of semiclassical fluctuations of the probe
branes we can extract the meson spectrum of the theory.

signf@?]|@|
10L
S

o

@ For H — 0, the spectrum is discrete and equidistant.
@ At H = H,» > H. the spectrum becomes tachyonic and a scalar
is condensing. No vector-meson condensation (one flavor QCD).
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Meson Spectrum-Fluctuations along ¢

1 2 3 7™ 001 0.02 0.03 0.04 005 ™

The plot of the lowest lying meson state for small bare mass exhibits
the GMOR behaviour characteristic of a Goldstone boson. This
corresponds to the broken U(1)4 symmetry and is an analog of the
meson.
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@ We introduced magnetic field to flavoured N = 2 SYM on S8.
@ Casimir energy competes with magnetic catalysis.

@ The phase diagram has a first order confinement / deconfinement
phase transition ending on a third order one (at H = 0).

@ The meson spectrum features GMOR relation.

@ Outlook

e Going beyond the quenched approximation.
e Studying defect field theories in the same context.
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