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‘ How can electric field break confinement?

Strong electric field can make confined quarks separate?

anti-
quark quark
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Electric force Electric force

QED QCD QED



1.2 How can electric field break confinement?

Strong elemag fields appearing in QCD in reality
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Heavy ion collisions Neutron stars

[Kharzeev,McLerran,Warringa, 0711.0950]  e.g. [Merechetti, 1304.4825] for a review
[Voronyuk et.al 1103.4239]



‘ How can electric field break confinement?

Dielectric breakdown in material
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Numerically:
Decay probability in
1-d Mott insulator
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[Oka, Aoki, PRL 95 (2005) 137601]



‘ How can electric field break confinement?

Confining phase of 1-flavor Large N- QCD = Insulator

Electrically charged objects in QCD, confining phase :
« Charged mesons

--- not present in 1-flavor case

« Baryons

--- too heavy in the large N limit
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21 Non-linear elemag and strong coupling?

Schwinger effect in QED
= Quantum instability of constant electric field

¢ Spontaneous
‘ i pair-creation of
electron + positoron

e
-~ S, = 2nRm, — TR*cE
dSinst 7Tm2
=0 = Sins — .
dR T eE

- Creation probability, exponentially suppressed
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el
- Created pairs move apart (= currents), cancel E

Im L o exp|—Sust] = exp [—



9 Non-linear elemag and strong coupling?

Long history behind.

“Nonlinear elemag” (Euler-Heisenberg action)
1 1 [>d 1
L= §E2 “ &2 ) S—j [eES cot(eEs) — 1 + §<6E‘9>2]

[Heisenberg, Euler 19306]

= e?E? 1 nmTm?2
Im L = — <
> 1 Z 47T3 n2 [ el ]
From poles... .
[Schwmger 1951] n instantons

n -windings




2.3 Non-linear elemag and strong coupling?

At strong coupling? Expect :
Decay possible only with E stronger than confining force.

Analogy in QED = 1 spatial dimension, flux confinement

Massive Schwinger model (1+1 dim. QED)
[Coleman, Jackiw, Susskind 1975] [Coleman 1976]

E can make senseonlyat0<E<e
( E > e giving vacuum instability due to pair-creation)



Problem

1 How can electric field break confinement?
4 pages

2 Cause

Non-linear elemag and strong couplin
3 pages g g pling
Our solution
3 N=2 Super QCD
[/ pages

AdS/CFT + imaginary D-brane action

Schwinger effect, Rapid thermalization




‘ Holography and D-brane action

Euler-Heisenberg action = D7-brane in AdSxS>

R4
((2ma'm)? 4 1?)?

L= TD727T2R2/ dr Tg\/l — (27TOJ/E>2
0

Result 1. Critical E field P 2ra’'m?  \/2mm?
= confinement force <R
Result 2. “Automatic Schwinger”
N, m? m?
Im £ = —Ze*F~ (1 + 925/2 lo + hi her)
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Result 3. Temperature independence for m=0

Result 4. Rapid thermalization



‘ Holography and D-brane action

Euler-Heisenberg action = D7-brane in AdSxS>

R4
((2mra/m)? + r?)?

L= TD727T2R2/ dr 7“3\/1 — (27TOJ/E>2
0
Full nonlinear elemag is obtained, easy

Put D7 along 01234567
In AdS, solution = a flat D7

[Karch, Katz (02)]

D7

radial

glEeon The DBI action = effective action

AQS. XS5 Tmfdtd?’azdrng\/—det[P[g]ab—|—27ro/ ub)
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‘ Holography and D-brane action

Result 1. Critical E field = confinement force

The DBI action can be imaginary for large E

00 R4
L = Tp:2m* R? / dr r® \/ 1 — (2na/E)?
0

((2ma’m)? 4 1?)?

Positivity inside the sq root

/ & (2ra'm)? +1r° > 21’ ER?
| %2 Imaginary action
above critical electric field

2ra’m? \/_ 2mrm?

R

[Erdmenger, Meyer, Shock (07)]
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‘ Holography and D-brane action

Result 2. “Automatic Schwinger”

Massless quark case

Imaginary part of DBI
| - Ne
ImL = 327TE

Agrees with the Schwinger effect formula with m_=0

N,
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meO) 321
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3.5 Holography and D-brane action

Result 2. “Automatic Schwinger”
Masswe quark case

Imﬁ

Expand the imaginary part of DBI
g for large E

2 2

lo
VeE g\/XeE

| N,
| Im £ = —=¢€’F” (1 452

257

+ higher)

F
Agrees with the Schwinger effect, once replaced E., < m?

N, 4 m? m?
Im £ =SeFE? 1+ = '
SR ( T reE %k )

e?E? SN 1 m2m 2?2 & (—1)n1 m2m
(1 o = G 2 e [ = G5 D | )

n2 e 1673 n
n=1 n=1




36 Holography and D-brane action

Result 3. Temperature independence for m=0

Finite temperature (= Putting a black hole in AdS)

oo

4 4\ —1
L ="Tp2r*R? | dr r?’\/ 1— (27ro/E)2R— ( — T—H>

ré r4

d’]"H

Consistent with instantons

TH Re (Independent of temperature
<'@ if Matsubara period m%eE
Is small enough)
m =0 [ t

Im L does not depend on 7y
- temperature independence Fyy=F




Result 4. Time-dependence & ...

solved, thermalization.

E(t) = g(l + tanh(wt))

It relaxes and approaches =

the stationary current.

induced horizon
(zam, tam)
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Apparent horizon for the induced
metric on the D7-brane, formed
at a Planckian time.

Tth ~ AT (W) EE 12 1 [fm/C]
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