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Schwinger process

Schwinger critical field

h m2c3
~ 2Mec? Eg ~ —

2e€s
c Y Mmec le|h

~ 10'° V/cm

Sauter 193], Euler and Heisenberg 1936, Schwinger 1951
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Schwinger process

Brezin, Itzykson, Phys. Rev. D 2, 1191 (1970)

2
Keldysh parameter ~ = huw [mec _ et H inverse normalized

Eo/Es el 1 vector potential
> 1 w ~ exp(—7E€s /&) tunneling regime
n<< 1 w ~ EF multiohoton regime
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Schwinger process

Schwinger, Phys. Rev. 82, 664 (1951)
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Threshold effects and effective mass

Kohlfurst, Gies, and Alkofer, Phys. Rev. Lett. 112, 050402 (2014)
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Threshold effects
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Theoretical formulation

Grib, Mostepanenko, and Frolov, Teor. Mat. Fiz. 13, 377 (1972)

d |ep (1) :( wp(t) (1)
—ifdp(t) —wp(t)

where wp(t) = \/[me(PL)Cz]Z + c?[p) — eA(t)]?

1 me(p )"32
me(pL)= E\/(meC)Z—FPi Qp(f)= —CES(IL)WJ(_I)
initial conditions: rllI_l‘l c(”(r) =1, t‘lit_n {,‘f}(t) =0

€ Expectation value of the number of pairs produced from vacuum into a given
eigenmode
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Pulsed electric field

#® The QED vacuum interacts with a linearly polarized electric field £(t) = (0,0, £(t))

“+00
where / dtE(t) =0

Hence, A(t) = (0,0, A(t))

lim A(t) = lim A(¢)

t——o0 t—-4o0

B No
E(t) = gocosh(b’t) sin(wt)

w = Nwp wo = 0.2 meuc?

w = 2m.c®* = Ny, = Qmecg/wo = 3.18

|e] A(2) /mec
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Momentum distributions of one-photon pair creation

0 f(pp,pL), L =0, wo = 0.27 Mec? x 107 i f(pp,pL), pL =0, wy = 0.2 MmeC?
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Momentum distributions across one-photon threshold
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Momentum distributions across one-photon threshold
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Marginal momentum distributions

Eo = 0.1&4
0.04 : : : : Transverse momentum distribution
e N=1 +DC'

0.03 ——N=2| 1 9
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Longitudinal momentum distribution
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Saturation

Total number of created pairs

400 +0o0
f= fd3pf(p”, pl)= 2;rrf dp ﬂ pidp1f(py. p1)
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Total number of pairs
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Behavior typical for the perturbative regime

for N > Ny, we have f = 3.5(£/Es)?
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Perturbative treatment

el el
2= Al (1) _ ( wp(t) znp@)) cp (1)
il dt |2 (1) —iQp(t) —wp(t)) |2 (1)
. ——
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e max |2, (1)| < min |, (1)
ieV(t) = wp(t)ci (¢) & <<[me(pL)i|2
(2) : (1) 2) 25 Me
ic, (1) = —iS2p(t)c, (1) — wp(t)c, (1)
Eo K Eg
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f(p) = Me(p1) > me

f dt Q,(t )E—Zi [l dt wp(t)
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(a) We have shown dramatic changes of the energy sharing between the
longitudinal and transverse motion of created particles. \What is essential in
this respect is how quickly the electric field changes in time.

(b) With increasing the frequency of the electric field above the one-photon
threshold, we observe the increasing effective mass of the electron and
saturation of the number of pairs being produced.

Such electric field can be generated in heavy ion collisions.

(c) We have presented that the perturbative scaling of the total number of
produced pairs with the electric-field strength can happen for arbitrary strong
electric field.
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