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Schwinger mechanism

Sauter 1931, Euler-Heisenberg 1936
Schwinger 1951
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QCDIZHIFBSchwingerf s

Batalin, Matinyan, Savvidi 1977
Gyulassy, lwazaki 1985
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Hadronization via Schwinger mechanism
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Homogeneous (color) magnetic field is unstable due to non-minimal
coupling in non-Abelian gauge theory

ex) Color SU(2) pure Yang-Mills A ? (a=1,2,3)
Background field B?*; #0
Constant magnetic field in 3™ color direction and in z direction.
Fluctuations
Other color components of the gauge field: charged matter field
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Non-minimal magnetic coupling
—>induces mixing of ¢ = mass term for ¢~ with a wrong sign
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Linearized with respect to fluctuations
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Free motion in z direction Landau levels (2N + 1)

- Lowest Landau level (N = 0) of ¢~ is unstable for small p,
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Il N-O instability is realized if homogeneity " p,
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Schwinger enhanced by Nielsen-Olesen
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Abelian and Non-Abelian instabilities
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QCD In strong B ozaki2014

YMIZEEMIB O A TFEET HEZDEuUler-Heisenberg actionH 3T E AT BE

© — Q 4 MWQWW Quark loopMD & 5 % 511l

| | 517 —E =35 (Abelianized)
+ ) 4+ \ + b EEBWIGENES D
The Euler-Heisenberg Lagrangian for QCD+QED
_|_
L Nr oo ds
1 v j—-r'-m-gis V(b -e)ec P q
Eq = 32 ;;/ﬂ SB—EE ((q,i5)(bg,is)cot(aq ;5)coth(by ;5)
where

a; — b2 = [(qw.)*(H? — E?) + (eQ,,)*(B* — E?) + 2qw,eQ,,(H.- B— E. - E)]

anf

aibai = —[(gwa)?E. - H. 4 (eQ,.)°E - B + gw,eQ, (E.- B+ E - H,)]



Beyond naive Schwinger mechanism
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vacuum pair production Heisenberg/Exles, 1956
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[on Signal [counts/(shot torr)]
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Solid lines: “ADK model”
based on tunneling picture,

Ammosov, Delone, Krainov
Sov.Phys.JETP 64 (1986) 1191
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X —
En' : 3ER*
(Landau-Lifshitz QM sec77)
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Phys. Rev. A 58 (1998) R4271
G. Gibson et al, 1998
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Dynamically assisted Schwinger mechanism

gLy, poKYEEIET HE—RIC
55K B<ZELTHE—FEMAT-15
[2E [+ B R F 3T & R

2 S FIRYL ESchwingerbétE HY
RIFFICEEC B,

> FRILINYT BNBERIIELLZY
R FMESchwingertétg | EE R TR KA
BRKAEFZHFD

> =HE$h%time profilelX{alHr ?

BAAVEETERTEHISTXT?

ObE—L UMW AT—IFZIT/INIHIESE

D, FfRMGIELZTLHYBD,
> ZMN3IEBBALE = TMDquark-antiquark
HHEBERONE,

Schutzhold, Gies, Dunne, 2008

&




Schwingert& B ZH T 55 R%N

 Weak-coupling, strong field

LO result
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2-loop Euler-Heisenberg

e Lebedev-Ritus 1984 weak-field expansion = eE/m?<<1
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e Affleck-Manton NPB 194 (1982) 38
“Monopole pair production in a magnetic field”

_(9B)° am? g’ 4
r - . g=—
M (27[) p{ 0B + A g . >>1

- suggests “strong-coupling results”

(e E) am?  e? Schwinger LO result[Z
_|_
 eE

I'= (27[) A e? /AP IO > =D H

This is indeed the case as shown in AAM using

“worldline instanton approach”(for scalar case)
Affleck, Alvarez, and Manton, NPB197 (1982) 509



All loop result for weak-coupling?

e Ritus (6 = cE/m")
422
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(27) eE 4

Strong coupling result



Beyond LO Schwinger

 Weak-coupling, weak-field limit

one loop two loop all loop
(€E)° exp —ﬂmz (€E)’ = (L+ar)exp| - m’ (¢ E) m’ +e2
(2rx)° eE || (27)° eE || (2« ) eE 4

e Strong-coupling, weak-field limit

(eE)? exp| — m? . e’
(27)° eE 4

 Weak-coupling, strong-field limit
Schwinger’s formula for all n

e Strong-coupling, strong-field limit
unknown < QCD!?
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