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SPIN ASYMMETRIES IN PROCESSES OF ELECTRON-POSITRON PAIRS
PRODUCTION BY NEUTRINOS IN SUPERSTRONGLY MAGNETIZED STARS
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We have calculated the energy transferred by the neutrinos to the unit volume of the

superstrongly magnetized stellar medium per unit time at the expense of the processes v, > v,e e’

with allowance for the longitudinal and transverse polarizations of the spins of the produced
positrons and electrons. We have also determined the spin asymmetries arising in these processes
and shown the astrophysical applications of the obtained results for supernova explosions.
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Introduction

The processes of production of electron-
positron pairs by neutrinos are described by the
reactions

vV, >V, +e +e'. (1)

In the reaction (1) v, denotes the three
flavours of neutrinos: an electron neutrino v,, a
muon neutrino v, and a tauon neutrino v_. In

free case when an external field is absent, the
processes described by the reaction (1) are ex-
cluded by the 4-momentum conservation law.
However, when the external magnetic field is
present, the processes (1) occur. Superstrong
magnetic fields (B> B, = m’ /e =4.41x10"° G
where B is the magnitude of the magnetic field
induction vector and B, is the Schwinger value
of B ) essentially change the energy spectra
charged particles participating in the processes.
The superstrong magnetic fields are met in as-
trophysical objects (eg, in magnetars and other
neutron stars) and phenomena (eg, in supernova
explosions). The magnetic fields of the order
B ~10" G are met on the surfaces of neutron
stars [1]. The magnetic fields of the order
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B ~10" G exist in magnetars [2, 3]. The mag-

netic fields of the order B ~10" —10"7 G are

produced at the infall stage of the gravitational
collapse of a stellar core [4, 5]. The upper limit
of B for new-born neutron star is estimated as

B~10"G [6]. Tt is not excluded that the pri-

mordial magnetic field of the collapsing stellar
core could be essentially amplified at the ex-
pense of the huge compression of the stellar
matter of very high conductivity and it can be

higher than B ~10" G.

The processes v, »>v,ee’, v, >vee
proceeding only via the neutral currents and the
process v, > v,e e’ proceeding via both the

neutral and charged currents have been investi-
gated in [7-14]. The analysis of the above dis-
cussed works shows that the energy losses
which are characteristic for the processes (1)
have not been investigated yet in superstrong
stellar magnetic fields with allowance for the
transverse and longitudinal polarizations of the
spins of the produced electrons and positrons
and medium factors.

The purpose of this work is to calculate
the energy losses which are characteristic for
the processes (1) in an external constant and
uniform superstrong stellar magnetic field, to
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determine the spin asymmetries arising in these
processes and to show the astrophysical appli-
cations of the obtained results. Here we con-
sider both the cases of the longitudinal and
transverse polarizations of the spins of the elec-
trons and positrons produced at the expense of
the processes (1).

1. General formula for energy loss when
the spins of the produced electrons and posi-
trons are longitudinally polarized

The energy transferred by neutrinos to the
unit volume of the medium per unit time at the
expense of the electron-positron pairs produc-
tion is calculated on the following general for-
mula

L T (w-0")RS(0' + E+E' —w)x
dt

x(1 —fvr)(l—fe, Ji-7.)dp, do'a,  (2)
where G, is the Fermi constant of weak

interactions, R is the quantity derived from the
squared absolute value of the matrix element
that corresponds to the processes (1) in the low-
energetic approximation of the Weinberg-
Salam theory, @ 1is the incident neutrino
energy, @' is the scattered neutrino energy, £
is the positron energy, E' is the electron

energy, f ., f., f, are the Fermi-Dirac
distribution functions of the electrons, positrons
and scattered neutrinos, respectively. Here we
use the system of units where Z=c=k, =1
and the pseudo-Euclidean metric with the
signature (+———), where &, is the Boltzmann
constant. The parametre f included in the

formula (2) is the relativistic-invariant para-
metre and is determined as follows:

12
j , (3)

is the elementary charge, m, is

B e (1
=—=—|—|F, F"
regelale

e

where ¢, >0
the electron (positron) mass, F,, is the tensor

MORUZOLER —<«p»—

REPORTS

of an external electromagnetic field of a
magnetic type: F, F* >0 F“VﬁW:O

(F,, =(1/2)€ s F is the dual tensor).

Let us consider the case of production of
the electrons on the ground Landau level
(n=0) and the positrons on the first Landau
level (n=1) provided that the spins of the
electrons and positrons are longitudinally po-
larized. Let us also assume that the incident
neutrinos move in perpendicular direction
(3=m/2) with respect to the z -axis that is
oriented along the magnetic field and the scat-
tered neutrinos move in the direction opposite
to the magnetic field (9'=7x). It should be
noted that within these geometrical conditions
the occurance of the processes (1) does not
contradict to the conservation laws of energy
and z -component of momentum. In this case
provided that £>>7 >>m,,u, and o' u, >>T,

we obtain the following formula for energy
loss, 1. e. for the energy transferred by the
neutrinos to the unit volume of the medium per
unit time at the expense of the processes

v, >vee:
dE _2Gi m}
== f“jco o-0)g (1+o¢ Y1 -v¢ )+

[gL+gR+2ngR5+( gR)Gékl+U§

—2fg2(1+0¢)+ g, 88 e de' . (4)

where & is the positron spin quantum number

that determines the projection of the spin onto
the generalized momentum: when the positron
spin is oriented along the momentum vector
direction, £ = +1 and when the positron spin is

oriented opposite to the momentum vector
direction, &é=-1 ; g, =05+sin’9, and
g, =sin’0, =023 for the process v v ¢ e and

,=-05+sin’0, and g, =sin’0, for the

processes v, »>Vv,e e and v, >vee, 0,

is the Weinberg angle, £ = \/m: +2m’ f+ o'
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S=m,/E, c=1-6",
u=pz/w/E2 —m’ =a)'/w/2m:f+a)'2 ,

y=+1-0", x=(a)/\/§me)2f*1.

In the considered geometry for momenta
of the incident and scattered neutrinos, i.e.
when 9=7/2 and 9 =7 , we have the
following formulae for calculation of the
scattered neutrino energy @' and the positron
energy E, respectively:

,_o(o=2m,)-2mf
a) =
2(a)—me)

: S

o(w—2m, )+ 2(f +1)m’

b= 2(a)—me)

(6)

When B>>B,, ie. f>>1, we have

E>>m, . In this case if we assume

2m’f >> o', we obtain § =0, c=1,v=0,
y =1 and the following formula for the energy

transferred by the neutrinos to the unit volume
of the medium per unit time at the expense of

the processes v, > v,e e":

2 3
920 2 (0200, )7

<eilWx-1f+0)+gi-0)fe. @

where

ol = ®)

2. General formula for energy loss when
the spins of the produced electrons and posi-
trons are transversely polarized

And now let us consider the case of
production of the electrons on the ground
Landau level (n' =0) and the positrons on the
first Landau level ( n=1) provided that the
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spins of the electrons and positrons are
transversely polarized. We consider the same
geometry for momenta of the incident and

scattered neutrinos, i.e. $=7/2 and ' =7x. In
this case provided that £ >>T, >>m,,u, and
o', 1, >>T, we obtain the following formula

for the energy transferred by the neutrinos to
the unit volume of the medium per unit time at

the expense of the processes v, > v,e e :

2 3 VY2
dE _ \/EGF %f2/3jw!(w_w!>{gL(l_£j \/;_

E_ 47° E

N2 N2 T) 2
{gl(n%) +gké(l—%) H e“do's (9)

where & is the positron spin quantum number
that determines the projection of the spin onto

the magnetic field induction vector B : when
the positron spin is oriented along the magnetic
field direction, £ =+1 and when the positron

spin is oriented opposite to the magnetic field
direction, & =—1. For astrophysical applica-

tions let us consider the supernova explosions.
Let us assume that o =75Mer and B =10" B,
that are characteristic for supernova explosions.
In this case we obtain ' =233MeV
E=7216MeV and (0'/E)<<1 When
(a)'/E) <<1, we obtain the following expres-

sion for the energy transferred by the neutrinos
to the unit volume of the medium per unit time:

2 3
4 _ V201 2 (200, )

<|g, (Vx—1)-guc e

3. Spin asymmetries
The presense of the terms proportional to
¢ in the expressions (7) and (10) indicates that

(10)

energy losses in the processes v, > v,e e’ are
sensitive to the polarizations of the spins of the
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produced positrons. In case of longitudinal po-
larization the dependence of energy loss on the
polarizations of the spins of the produced po-
sitrons indicates that energy loss is not sym-
metric (or equal) when the spins of the posi-
trons are oriented along their momenta and
opposite to their momenta. In case of transverse
polarization the dependence of energy losses on
the polarizations of the spins of the produced
positrons indicates that energy loss is not sym-
metric (or equal) when the spins of the posi-
trons are oriented along the magnetic field
direction and opposite to the magnetic field
direction. In both cases the spin asymmetries
arise in energy losses. In case of the longi-
tudinal polarization of the spins of the positrons
we determine the spin asymmetry according to
the following formula:

La) @),

A= (11)
%), %)
+
de ), \dt),
where
dE) _dE . _
[Ejf dt(é 1), (12)
dE) _dE . _
(Ej{ (& =+1). (13)

If we take the expression (7) into account
in the expressions (11)-(13), we obtain the fol-
lowing formula for the spin asymmetry

g1 '
gi+aiVx-1)

Let us perform the numerical estimations.
If we take w=75MeV and B=10"B,, we
x=1.08. In this

A=96.8% for the process v, »>v,e e and

(14)

have case we obtain

A4=99.6% for the processes v, -V, e e and

v. > v_ e e . The numerical estimations show

MORUZOLER —<«p»—

REPORTS

that the processes v, — v,e e” with production

of the positrons having the spins oriented oppo-
site to the momentum vector contribute to the
cooling process of supernovae much more than
the processes v, >v,e e’ with production of
the positrons having the spins oriented along
the momentum vector.

In case of the transverse polarization of
the spins of the positrons we determine the spin
asymmetry according to the following formula:

(i) ).

A= (15)
%) (%)
+
de ) \dt),
where
dE) _dE . _ _
[Ej‘ dt(é 1), (16)
dE\ _dE . _
[El = (¢ =+1). (17)

If we take the expression (10) into ac-
count in the expressions (15)-(17), we obtain
the following formula for the spin asymmetry

2ngR(\/;_1) '
gi+glVx-1f

A=

(18)

When @w=75MeV and B=10"B,, we

obtain 4 =25% for the process v, >v.e e
and 4=-949 for the processes v,>vee
v, >v.e e . The asymmetry 4=25% indi-
cates that the process v, > v, e e’ with produc-

tion of the positrons having the spins oriented
opposite to the magnetic field direction con-
tributes to the cooling process of supernovae
more than the processes v, - v e e" with pro-
duction of the positrons having the spins ori-
ented along the magnetic field direction. The
asymmetry A4=-9.4% indicates that the pro-
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N L
cesses v, »>Vv,e e , v, —>v.ee with produc-
tion of the positrons having the spins oriented

along the magnetic field direction contribute to
the cooling process of supernovae more than the
processes v, »>v,e e , v, >v.ee with pro-
duction of the positrons having the spins oriented
opposite to the magnetic field direction.

The formula (14), (18) and the performed
numerical estimations show that in both longi-
tudinal and transverse polarization cases the
spin asymmetries are sensitive to the neutrino
flavour.

Conclusions

We have calculated the energy transferred
by the neutrinos to the unit volume of the
medium per unit time at the expense of the

processes v, > v.e e in cases of the longi-

tudinal and transverse polarizations of the spins
of the produced positrons and electrons. We
have determined that the energy losses happen
asymmetrically depending on the polarization
of the spins of the produced positrons. It means
that the cooling of the supernovae happens
asymmetrically depending on the polarization
of the spins of the produced positrons. We have
performed the numerical estimations for the
spin asymmetries for the neutrinos with energy
w=75Mev in supernova condition ( B=10*B, ).
In case of the longitudinal polarization of the
spins of the produced positrons we obtain

A4=96.8% for the process v, >v,e e’ and
A4=99.6% for the processes v, - v, e e” and

v. »v_ee . It means that in case of the longi-

tudinal polarization the processes v, >v,e e’
with production of the positrons having the
spins oriented opposite to the momentum vec-
tor contribute to the cooling process of super-
novae much more than the processes
v, > v,e e with production of the positrons
having the spins oriented along the momentum
vector. In case of the transverse polarization of
the spins of the produced positrons we obtain

A=25% for the process v, »>v,e e and
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A=-9.4% for the processes v, -V, e e and
v, >v.e e . It indicates that in case of the

transverse polarization the process v, > v, e e’

with production of the positrons having the
spins oriented opposite to the magnetic field
direction contributes to the cooling process of

supernova more than the process v, >v.e e’

with production of the positrons having the
spins oriented along the magnetic field direc-
tion. In case of the transverse polarization the
processes v, »>v,ee, v, »>v.e e with produc-
tion of the positrons having the spins oriented
along the magnetic field direction contribute to
the cooling process of supernova more than the
with
production of the positrons having the spins
oriented opposite to the magnetic field direc-
tion. We have also shown that the spin asym-
metries arising in the energy losses occurring at

rocesses v, »>v.ee , V. >vee
u u T T

the expense of the processes v, >v.e e are
sensitive to the neutrino flavour.
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IFRATGUCLU MAQNITLOSMIS ULDUZLARDA NEYTRINOLAR TOROFINDON ELEKTRON-
POZITRON CUTLORININ YARANMASI PROSESLORINDO SPIN ASIMMETRIYALARI

R.E.Qasimova, V.A.Hiiseynov, B.T.Haciyeva

Biz, pozitronlarm vo elektronlarm spinlarinin uzununa va enina polyarlagmalar1 nozere alinmagla v, — v iefeJr

proseslori hesabia neytrinolar torafindon ifratgiiclii maqgnitlogmis ulduz miihitinin vahid hacmins vahid zamanda 6tii-
rilon enerjini hesablamisiq. Biz, ham do bu proseslords ortaya ¢ixan spin asimmetriyalarmi miioyyon etmisik va
almmus naticalorin ifratyenilorin partlayisina astrofiziki totbiqlorini gostormisik.

Agar sozlar: neytrino, elektron-pozitron ciitlori, uzununa polyarlagsma, enina polyarlagsma, ifratyenilor, ifrat-
giiclii maqnit sahalari, asas Landau saviyyasi, birinci Landau saviyyasi

CIIMHOBBIE ACUMMETPHMH B ITPOLECCAX OBPA30BAHUS DJIEKTPOH-ITIO3UTPOHHBIX ITAP
HENTPUHO B CBEPXCHJIbHO 3AMATHUYEHHBIX 3BE3JIAX

P.2.I'acbimoBa, B.A.I'yceiinoB, b.T.I'ax:xxueBa

MEI BBIYHCIIHIIN OHEPIro, nNepeaaBacMyro CoO CTOPOHBI HCfITpHHO B GIII/IHI/I‘IHBII\/'I o0BeM CBCPXCUJIBHO 3aMarHu-

o v - _+ v v
YUCHHOM 3BC3JHOU CPC/Ibl B CAMHUILY BPEMCHHU 3a CUCT IPOLCCCOB Vi - Vie € C Y4C€TOM IIPOJAOJIBHOM U IOIICPEYHOU

nonﬂpmaunﬁ CIIMHOB NO3UTPOHOB M 3JICKTPOHOB. Mgl Taxke OIpCACINIIN CIIMHOBBIC aCUMMCTPHH, BO3HUKAIOIIUC B
OTHUX MPOLECCAX U IMOKA3aJIU MPUIIOKCHUS ITOJTYUCHHBIX PE3YJIbTATOB IJISI B3PbIBOB CBEPXHOBLIX.

Knrouesvle cnosa: nelimpuno, 31eKmpoH-nO3UMpOHHbIe NApbl, NPOOOIbHAS NOAAPUIAYUS, NONEPEYHAs NOIAPU-
3ayusi, CBEPXHOBbIE, CEEPXCUNbHBIE MASHUMHbLE NOJIS, OCHOBHOU Ypo6eHsb Jlanday, nepevlil yposens Jlanoay
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