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Introduction

ey — ev (V. Skobelev 2000, D. Rumyantsev and M.
Chistyakov 2008, A. Borisov et al 2012)
Where? The outer crust of magnetar, B ~ 10* — 10%® G.,
B> Be, Be = m?/e ~ 4.41 x 10%3 G,
T ~108—10°K, T < m, pg = 10%g/cm>, pe < p < 103p¢

N. Mikheev, D. Rumyantsev, M. Chistyakov 2014 - photon
dispersion properties were taken into account in non-resonant case.

Boundary between inner and outer crust of magnetar
p 2 po = 10%g/cm’
Higher Landau levels of virtual electron are excited.
Resonance on virtual electron becomes possible.
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Introduction

Feynman diagrams for the process ve — evp.

q q
q q ¢ q

p+q p—q

Some notations
pH (p'*) are the momenta of initial (final) electrons,

g" and g'* are the momenta of initial photon and neutrino pair,
(ab), = axbx + ayby, (ab); = agbo — a;b,, (apb) = a, b — axb,.
Pap = Fap/B and Gog = 2e0p,w 0 are the dimensionless field
tensor and dual field tensor correspondingly.
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Neutrino emissivity

A general expression for the neutrino emissivity (the loss of energy
from a unit volume per unit time due to the neutrino escape) can
be defined as follows:

1 |Sif|?
Q= = /Hdr,-f,- Hdrf(l + ;) qb =

where dI'; (dl'f) are the number of states of initial (final) particles;
fi (ff) are the corresponding distribution functions, the sign + (—)
corresponds to final bosons (fermions); g is the neutrino pair
energy; V is the plasma volume, 7 is the interaction time, S is the
S-matrix element.
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Neutrino emissivity

When calculating S-matrix element we will consider the case of
relatively low momentum transfers |q'?| << m?,. Under this
condition, the electroweak interaction can be considered in the local
limit by using the effective Lagrangian

Gr - o
L = 7’; [W’ya(C\/ T CA’}’5)‘U] Ja + e(\U’}/a\U)Aa,

where Cy = +1/2 4 2sin? 0y, Ca = £1/2, jo = 77(1 4+ v5)v —is
the neutrino current.

+ - Vey
—" -y, and v;
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Resonance in the process ye — evv

o 3
g QPR (P-p'—a) .,
T 2q0V2q5V2E, L, L2E L, L, T

s, s’ - polarization state of initial and final electrons
s - polarization state of virtual electron

MES, o~ /dXdY ) _
ey—evv ZZ 1 1P”2—I\/I,%+iI§ (P)+

n=0 s
Po=(p+ q)a, a=0,2,3.
7$'(P) = —1Pors’, (Jukovskiy, 1994)
Ff,” - full width of the change of the electron state.
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Resonance in the process ye — evv

We can present " in the following way (Weldon, 1983).

I—;” _ I—gabs) s’ + I—gcr)s ~ I-(cr)s {1 4+ e(En”—,tL)/T]

en—epy

Total width of electron creation in state n,s”

2

cr)s” Q
Z; E”/2qo 2m)e (90) 5, fe(Ee)

X (277)35(3) (P—p") Me,y—e, ‘2
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Resonance in the process ye — evv

In the case of narrow resonance peak:

1 L 2m
(P2 — m2 — 2eBn)2 + (5Pols")? ~ Pol'y)'

(5(P“2 — m?2 — 2eBn)

1
2E!

§(P? — m? — 2eBn) = —0(Py — E)),

where E/ = \/pl2 + m2 — 2eBn.
The amplitude squared, averaged over polarizations of initial
photon, is factorized

o0

‘Mveﬂevﬁﬁ = s’ 5(P||2_mg_263”) ‘Mem—»enF (Me,—e,vi ’.

D. Rumyantsev, A. Kuznetsov and D. Shlenev Neutrino photoproduction ...



Resonance in the process ye — evv

The neutrino emissivity due to the process ye; — epv can be
written as

co n—1

Q",egﬁewyﬁ — § § Qe,,ﬂewyﬁa

n=1¢'=0

where Qe,—.e, v is the neutrino emissivity due to the process
en — €.

1 d2p// d2p/
en—ey v — fe E)’ 1_fe Eg
Q n 72 LX / (27T)2 2En,/ ( n ) (27T)2 2EZ/ [ ( 4 )]

o d3py d*p2
(2m)32¢1 (27)3 265

— neutrino emissivity due to the process e, — epvi
(D. G. Yakovlev et al. Phys. Rep. 2001).

a0 (2m)* 63(p" — p' — q) | Mey—evil
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Conclusion

@ We have considered the neutrino photoproduction on an
electron, ey — evw, in dense magnetized medium in resonant
case.

@ It has been shown that in the case of resonance on the virtual
electron, the neutrino emissivity due to the process
~veg — o can be expressed in terms of the neutrino
emissivity due to the process e, — eyuvi.
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Thank youl!ll
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Appendix: electron wavefunctions in external magnetic field

Vs, ,(Y) and WS ,(X) — eigenfunctions of covariant operator [,
Pl p,¢
(Sokolov, Ternov 1974).

flz = me2, — i'7075[2 X I3]Z
where P = —iV + efA, ¥ = 10757, A* = (0,0, xB,0).
Pz VS (X)) = s MpWs, (X)), s==1

B e 1(ErXo—py X2—pzX3) UZ(&)
 BEM(E + My)(Me + my)L, L,
V = LelyLs,

Eg:wa—Fpg, M4:\/m,2(+256, ﬁ:eB

pt(X)
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