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Motivations

Particle Physics : Shift swsmetry of WV

Phenomenology: Helical B == Baryogenesis & Magnetogenesis

Formal interest : Strong E == Schwinger effect
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Schwinger effect
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Julian Schwinger(1918%1994)
A Sufficiently strong (30 & ) electric field causes a of charged
parti clrms-pertdridabvs pra in QED.
A Not yet detected. It may be observed by EBI or X-FEL etc.., &Y. Punne Eur Phys. J. Dos, 327-340

A. Ringwald, Phys. Lett. B510, 107-116

A In the early universe, however, It may have played an
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Interactions

Kinetic energy Schwinger effect
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The % 0 system well studied

mmp O production at inf. end is dominant

However, [ is not yet included!
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Back-reaction

[Garretson+(1992), Field&Carroll (2000), Anber&Sorbo (2006) L f"7
Adshead+ ( 2016) , ~ ]\*fm';’
k:i
—|B(k)|?
| B(k)
—N= 00
\ A . .-
WA —_—N = =20
7 -1 0
105 AR
) ;A,i,.
(A il
10*} \ ﬁ A
W\ " P
VAR ey
'!ﬁ.!«% e
10+ '7-'::__.:‘..‘?“’ \'l
\l/ \
0.1 05 1 5 10 k/m

[Lattice simulation by Cuissa & Figueroa (2018)]
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mmp O production at inf. end is dominant 10%)
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However, [ is not yet included!
[Lattice simulation by Cuissa & Figueroa (2018)]
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Non-linear & non -perturbative Dynamics

mp O(Qh (Q: different k -modes are coupled

mm) System is close to neither free mode nor thermal equilibrium

. [See also Domcke, Ema, Mukaida (2019); :
We need a new approach to solve it Gorbar, Schmitz, Sobol, Vilchinskii (2021)]
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Axionic inflaton U(1) gauge field
coupl ed!t

Assumption : the inflaton rolls at a constant velocity Kk C| %SZO
The EoM for the gauge field mode function s given by

[T Q| k %]' (tHh m

Either mode is amplified by the tachyonic instability .

In the slow -roll phase, an analytic solution is available.

f, k — OF&esin wmp —0Q T®d [y ¢ 'QOQf



Review no-charged- partlcle case
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1. Due to the exp amplification, very strong EMFs are produced, Ol ol 08
2. The typical EM length scaleis O & , 7O
3. The typical EM time scaleis 0 & pfO )
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EM field orlentatlon
(without T ) ;

Since the parity is fully violated,
EM field s take an anti -parallel configuration.

Evolution of [t | for 0.5 e -folds

[1. Due to the exp amplification, very strong EMFs are produced, O| 0| "Og

2. The typical EM length scaleis 0 & , 10O
3. The typical EM time scaleis 0 & pfO

4. E and B are anti-parallel, [t :
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4 properties In the no charged patrticle case

o Strong EMFs are produced: O% 1 O

9 The EM length scale O é ,70O
9 The EM time scaleis t & pXO

o EMFs are anti -parallel: [t |
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fl. =C B W% -"00—%® QO

Axionic inflaton U(1) gauge field Charged fermion
Assumption : the inflaton rolls at a constant velocity K

The EoMs for the gauge field and fermion are coupled and non-linear
~ U . -~ 3
¥ (5u+ngA )+ aH}f U) T
2 2, . 26 u_ oo
OTA,'—OJ-A,' 6‘,]]0]1‘1] a e], Jm=yytw
We cannot exactly solve them... Then, we introduce two prescriptions

o | nt egr at i:nReduceuhte copled EoMs into a single non -linear eq.

9 Mean -field approx : linear eq. for perturbation and consistency eq.
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[Domcke&Mukaida (2018)]
Remember the properties of the produced EMFs

Qo1 0 O é6.70@Q t+ épro

Typical momentum of the Schwinger produced fermion IS e é Vm I

Thus, a hierarchy of scales exists

For fermions, EMFs look static and homogeneous, fh” e (JL) € €8I O

Schwinger current induced by static, homogeneous & anti -parallel EMFs is known:

NB; this current satisfies the chiral anomaly equation. Assumption: t he fermion s ,nths sL |@ j’ﬁ/eg
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We need not ! U but U itself.

Assumption : the physical EMFs are static, ‘O © & hfor 6m O

3
e"BE; nB
0, (a’e];) = * coth (—] |:>
272 E
Since 6 & 'O , this expression may not be very accurate. This assumption
But on average, E and B amplitudes should be constant, 4 may lead to O(1) Error?
because the energy injection from the insflaton is constant, , ¢ &8 o

We obtain a single non -linear EoM for Al!

2¢
afA,- —0314,' + ?6‘,']'101'/\1 = 612(3]1'
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How to solve a full non -linear equation??

2 e’ BE;
03Ai—5§Ai+7§€ijlajAz = a’eJ; eJi = l

B
- 6mladH )

coth (—
E

We introduce mean -field approx . and split EMFs into a mean and a perturbation

The Schwinger current is accordingly decomposed. 1t | PPAQGH | p



