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@ Idea of the method

@ The Schwinger effect — idea of Affleck et.al ‘82 calculation
@ Photon decay v — eTe™ in a weak magnetic field

e Sensitivity to Lorentz Invariance Violation P.S. 13

@ Neutrino v — WTe™ in external magnetic field. The regime of
exponential suppression

@ Particle production in de Sitter spacetime Guts ‘13
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]
An idea of “"Worldline instanton’’ method

@ Particle production in a certain external field ¢ezt
= ImF [ S Dxue’s[x#"f’m]}

S

@ Saddle point approximation. E.o.m.: 3= l
B ge
"

= 0 + periodical b.c.

° xff — closed trajectory. I' = ImF [Ae_s[“;ﬁl]}

@ Fluctuations near classical solution éz, = x,, — :L'Zl
Integral over dx,, — prefactor

@ 2nd variation of the acion §25[dx,,] have odd number of negative
modes — ¢ in the prefactor — particle production

Affleck, Alvarez, Manton, '82; Selivanov, Vooloshin '85; Dunne, Shubert '05,’06; Monin '05; Monin, Voloshin '10 etc..
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-
The Schwinger effect in WI formulation

Affleck, Alvarez, Manton, 1982

00) = 7 = [ Dy DDA SElE 9] = o
Ppp=1- {0]0)|* =1 — e 2ml ~ oTmT.

Z[A,) = /D¢*D¢e—fd4m(Du¢|2+m2|¢|2) _

= det (—Di + m2) =exp Trln (—Di + m2) .

o0 dT 2 2
Z[A,] = Zyexp {—/ — e Ty (TPh ] )
[ M] 0 T ( )

Operator (—D;}.) can be interpreted as QM Hamiltonian. Go to Lagrange formalism

*dl 2 1 = dr( S tiei, A,
Z[A,] = Zyexp [—/O T3¢ Om)IN pbcDmue 0 ( 1 )] .
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-
The Schwinger effect in WI formulation

Affleck, Alvarez, Manton, 1982

P, =~ /Dxu exp (—m1 /%dTii + iefAuda:M>

Saddle point equation:

mx,,

Solution — particle propagates on a circle:

= —eFy

cl __ m .
T = g (sin (277),0,0, cos (277))

2 2
_ (eB)" =l

(2m)?
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-
Photon decay in magnetic field

@ The Optical Theorem: T = 5L, (k)e, (k)ImII,, (k)

o Scalar electrons: £ = —1F,, F' 4 D,¢*Dig — m2¢* ¢
© ju = —ie(¢*Du¢ — ¢Dyg"),

o I (k) = [ d'ye™ (ju(y/2)ju(-y/2)) -

° (ju(y/2)ju(—y/2)) = z[i;“] iaAf(y/2) iéA,,(s—y/2)Z[Alt] )

P Z[AM] _ fD¢*D¢e_fd4:v(‘Dy,¢‘|2+m2|¢|2) = det (_Di + m2) —
exp Trin (—Di + m2)

° % — insertion § dr,(7)d(z(T) — y) to the path integral.

Gnto i) [y [ Da fan fdnbun)i) <

X (S(.’E(Tl) — y/2)§(m(7_2) + y/2) e—sz—fol dT<Z—§L~+iei“AH> .
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Photon decay in magnetic field

oo dT 1 . . —SmlepiTy,T2]
ImII,, (k) oc Im e Dz, dri dro @, (T1)%y (72)0 (x(T1) + 2(T2)) € s
0o T° N Jpub.c. K

-2
where Sp, [z, 71, 2] = m*T + fol dr (Z—; +ieAud, | —iky (xu(m) — zu(72)) . is the

action of a charged particle in 4d space + 1d time with p.b.c.

Integrals over z,, T, (67 = 71 — 72) at saddle point.

Saddle point equations:

@ zy: i—ozwtsffr —§(r —
P (6 ( 1) ( 2))
— —ieFji; = —iwdi2 (6 (T —711) — 6 (7 — T2)) -
2T
1 »2
@ T m2_ 0 E

aT2

@ 57: kyau(AT) =0
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Photon decay in magnet

ic field

The solution of saddle point equations — 2 arcs of hyperbolas:

1
0<T< =
2

1

cl

g =wl(T7——),

0 ( 4)
1

l .

IS = —iAsh (n (T*1)>,
1

zgl =—A [cl] (7] (‘r — Z)) —ch

1
—-<T<1:
2

zil =0,

n

4

3
zgl = —wT (‘r — 7> zil =0,
3
cl
x5 = 1Ash T — = s
)
. 3 n
cl
zg = A|ch 7](7‘—*))—ch7:|
3 [ ( 4 4
— w —
Here A = ZeHch% n=2TeH
4am
T =
weH

Petr Satunin (INR, Moscow)

Ashr;/;ll\

I

AiTo

\

L3

—A(chn/4-1

Szl =

Worldline instantons

8m
3we

i —
— —

3

H

N/
— Ashr /4

14 (chn/4 — 1)

\
;
/
/

—S[ze]

>1, INxe

06.06.2014, Suzdal

8 /18



-
Photon decay in magnetic field. Prefactor.

o I' oc ImII,,.

. . . _ cl
o Integrate fluctuations over classical trajectory oz, = x, — zj, etc.

o Single negative mode: dz,* o .

3
_ 8m”
o I'x aem%e—s[mcz} = aem%e weH

@ Coincides with Klepikov '54
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-
Photon decay in magnetic field

Advantages
o Clear geometrical interpretation
@ Simplicity of the calculations

@ Simple generalization to exotic models

Disadvantages

@ Only the case of exponential suppression

@ A bit more complicated calculations for fermions
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-
Photon decay in magnetic field

Sensitivity to Lorentz Invariance violation
P.S., arXiv:1301.5707 [hep-th], PhysRevD.87.105015

QED with Lorentz Invariance Violation

1 v . 1
= G (7" Dy~ )~ P 4 ey’ Ditp + 25 Dy DDy + oy Fig

3
va:—%k—i—(%—g)%

r 8m? (1 w-wLV)?’/?

X exp |— —
R 2m?

o Large negative wry — strong suppression of the process

@ Positive wyy — Vacuum photon decay Rubtsov, P.S., Sibiryakov, 12

@ We can constrain LIV from possible detection of photons in cosmic
rays (energies approx. 102YeV)
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R —
“Neutrino’* decay v — W e

Decay of a massless particle to two with different masses

Toy model with scalar particles

¢ —scalar electron, x — scalar W, & — scalar neutrino

* * * * 1 . *
L= Dy¢" Dug —m2¢" ¢ + DuX" Dux — miyX X + 5 (0u€)” +ig€x" ¢ + h.c.

(6 000 = (2| gz ) = [ e kPR,

[ e o

Ty ;2 Ty
A mudr—l—m‘?yTz—i—/ %‘dT—ie Apt,dr.
0 0

T
Sz, =miT —|—/ x: dr —ie
0 0
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Neutrino decay v — W Te~
Two particles with differet masses — two arcs with different curvatures
]

1 \
af =iApsh <4el (7’ - Z)) , N
L 1
z3 = Ap |ch (46, T*Z — chfy | .

ALDCQ

! )
1 &
T >
3 | /
R 1 T
xy = —Ag|(T——-), ' {
0 0( 4) v
To 1Apsh (462 (T - 7)> s ‘l, ’.”
T3 AR [ch (492 (7— — 7)) — ch92]
4 )
sh26, 02 m?2 0; = TieH, Ag= — . 172
— - -, eH 61+ 02
sh2(01 4 02) (01 +62)2 w2
R S AL:LA%JR:_LA%,
sh2(01 +02) (01 +02)2  w? efl sh(01 +62) el sh(01 +62)
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R —
Neutrino decay v — W Te~

sh?0, 02 _m?
sh2(61 + 63) (61 +62)2 w2’ ALJ:Q
sh291 -~ 9% m%v
sh2(01 +02) (01 +602)%  w? V3m,
I eH
We work in the limit 6, < 6; < 1. IS
I
V3 m? m i \ oy
b = - 0, =V3— 1R &
2 Mmew w 'funzil :"hnz ’
LU oy
JweH! PweH
VBmem, v/
I'xe weH . “‘ ’;‘
i
Limits of applicability: i \/_i;_;a
-
° \/gm,emev > 1

weH
0w M
e Coincides with

only subcritical magnetic field
Borisov et.al. ‘85 Erdas, Lissia '03

H < Her
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R —
Neutrino decay v — W Te~

Another limit 62 < 1, 61 > 1:

Ai:ﬁg
2 2
mw mw 2
6, = 5 , 0o = 20,2 ms;
Witte w 1~2weH
1774 ; ‘\‘\
__"w i S,
T e dwZed . |
inci i i T3
coincides with : 5 —
Mikheev, Kuznetsov, Serghienko '12 H 5
} o 2weH
Limits of applicability: 7,
1 ms
4 -
_Mmw_ 2weH
° 4w2eH >>1

2
m
°w<<m7VFV

Figure: Electron trajectory —
@ H> H,.,

lightcone

Prefactor does not coincide due to g has a mass dimension. Vector neutrino + scalars — dimensionless g — OK
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R —
Pair production in de Sitter spacetime

Sergey Guts, arXiv:1312.2429 [hep-ph]
Euclidean de Sitter ~ sphere

ds? = dX3,, - ZdXQ ds® = —dX2, | — ZdX2 B
Xia ZX2 = X§+1+ZX2 g i=1d
Scalar field in dS
Ipua = Im [ e ™7 / Dx(7)exp [ / dTM/] )
0 4T
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R —
Pair production in de Sitter spacetime

Sergey Guts, arXiv:1312.2429 [hep-ph]
2D de Sitter spacetime

Classical solution
p=2nT, 0 =7/2
""Equatorial instanton’

Negative mode — translations at the meridianal direction
4mV
wr

e—27rr~m"‘

FEucl =

Some open questions...
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Thank you for your attention!
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