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Problem	
How can electric field break confinement?	

Cause	

Non-linear elemag and strong coupling	

Our solution	
N=2 superQCD 

Gauge/Gravity duality	

Schwinger effect, Rapid thermalization	
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Strong electric field can make confined quarks separate? 	

       How can electric field break confinement?	1	
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[Heisenberg, Euler 1936]	

[Schwinger 1951]	
From poles… 

Perturbation: “Nonlinear elemag”	

pair-creation of electron positron 

Non-linear elemag and strong coupling?	2	

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

Ex. 1+1 dim. QED 
   [Coleman, Jackiw, Susskind 1975] 
   [Coleman 1976]	



Euler-Heisenberg action = D7-brane in AdS5×S5 
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Result 1. Critical E field	
    = confinement force 

Result 2. “Automatic Schwinger”	

       Holography and D-brane action	3-1	

Result 3. Rapid thermalization	
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Positivity inside the sq root	

Im	 Re	
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Imaginary action  
       above critical electric field	

[Erdmenger, Meyer, Shock (07)]	
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Full nonlinear elemag is obtained, easy 
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Result 1. Critical E field  = confinement force  



Agrees with the Schwinger effect, identified as 	
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Result 2. “Automatic Schwinger”	
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Expand the imaginary part of DBI 
for large E 
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Let us compare it with Schwinger.

First, ours. Large E expansion. Ex-
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Figure 5: The imaginary part of the

lagrangian of our massive supersymmetric

QCD, given by (4.9).
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On the other hand, Schwinger is ....
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Note: e is not charge but natural constant! At the nontrivial sub-leading order, using

Ecr $ m

2
e

(4.15)

can make them coincide!
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In addition to the fermionic electron, the latter is the one for scalar QED (a complex

charged scalar field, with electromagnetism). To compare these with ours, we take a

massless limit m = 0, and use formulas
P1

n=1 n

�2 = ⇡

2
/6,

P1
n=1(�1)n�1

n

�2 = ⇡

2
/12.

Furthermore, since we are working in the N = 2 supersymmetric QCD, the charged

matter fields consist of an N = 2 hypermultiplet (a single Dirac fermion and two

complex scalars). It turns out that the total Schwinger e↵ect is

N
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The factor N

c

is from the number of hypermultiplets (as they are in the fundamental

representation of SU(N
c

) color symmetry). This Schwinger’s e↵ect (3.12) agrees

with our imaginary part (3.9).

This agreement is somewhat unexpected: In our N = 2 supersymmetric QCD

we are working at a strong coupling limit where the e↵ective action should include

information of all the summation of the gluon-exchange diagrams, while in the cal-

culation of the Schwinger e↵ect of QED (and the scalar QED), there is no gluon. In

addition, we have no supersymmetry once we turned on the electric field, so, BPS

properties which may often protect observables from perturbative corrections are not

expected. In the next section, we generalize our calculation to the massive case, and

will see further agreement.

We have one more comment on our result (3.9), the independence from the tem-

perature. Although we are working with arbitrary temperature, the result (3.9) does

not depend on the temperature. It is natural from the Schwinger’s viewpoint, as

follows. First, the instanton action of the electron in the background electric field

is made by a circular worldline of the electron in Euclideanized spacetime whose

radius is m/E, and the e↵ect of the temperature appear in the periodicity in the Eu-

clideanized time direction. So if 2⇡/T > m/E, the temperature should give no e↵ect
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Result 3. Time-dependence 
   solved, thermalization.	
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It relaxes and approaches  
the stationary current.	

Thermalization?	
Apparent horizon for the induced 
metric on the D7-brane, formed  
at a Planckian time.	



Euler-Heisenberg action = D7-brane in AdS5×S5 
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Result 3. Rapid thermalization	
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Problem	
How can electric field break confinement?	

Cause	

Non-linear elemag and strong coupling	

Our solution	
N=2 superQCD 

Gauge/Gravity duality	

Schwinger effect, Rapid thermalization	
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