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The process of multiple Compton scattering, ey — e(N+v), is considered in
a strongly magnetized, charge-asymmetric, cold electron-positron plasma. The
special case of process — the Double Compton scattering is considered. The
amplitudes for both processes are derived in the general case, where electrons can
occupy arbitrary Landau levels. An expressions for the amplitude of the Double
Compton process in the magnetar case have been obtained. The double Compton
scattering under considered conditions is shown to be an efficient process for the
production of polarized photons.
PaccmoTpen  mporecc  MHOXKECTBEHHOTO — KOMIITOHOBCKOTO — PACCeTHUST

ey — e(N ) B CuIbHO 3aMArHUYEHHOM, 3apPA/10BO-ACUMMETPUIHOMN, XOJI0 HOT
3JIEKTPOH-TIO3UTPOHHOMN TIi1a3Me. PaccMoTpeH YacTHBIH cirydail mporecca — ABONHOE
KOMTTIOHOBCKOE paccedrue. Ilosiydennsl aMmmTyabl 060X TTPOIECCOB B 0OIIEM
cydae, KOIJIa JJIEKTPOHbl MOIYT 3aHUMATb IIPOM3BOJIbHBIN yposeHb Jlanjay.
[losmy<geno BeIpakeHme aMIINTYAL ABOMHOTO KOMITOHOBCKOTO IIPOIIECCA B CIydae
varaurapa. llokazano, uro aBoiinoe paccesinune KomiTona B paccMarpuBaeMbixX
é’;}HOBI/IHX sABjigeTcs 3M@PEKTUBHBIM MIPOIECCOM JIJIs TOJIYUEHUs MOJITPU30BaAHHBIX
OTOHOB.

PACS: 44.25.+f; 44.90.+¢

Introduction

The isolated neutron stars has attracted considerable scientific interest
since its discovery. They possess strong magnetic fields, i.e., fields whose
values are orders of magnitude greater than the critical value
B > B. = (m*c®)/(eh) ~ 4.41 - 10" G, with radio pulsars and magnetars
being of particular interest.

The estimates have shown that magnetar’s magnetic fields can reach val-
ues of B ~ 10 —10% G (see review [1]). The analysis of the emission spectra
has demonstrated the presence of the electron-positron plasma in their shells.

The problem of the radiation from such objects [2] remains one of the un-
resolved challenges in their study. Observations indicate that their radiation
spectra contain a greater number of soft gamma photons compared to the
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predictions of existing models [3]. One potential approach for addressing this
issue entails an investigation of the mechanisms governing the generation of
polarized photons in these objects. Previously, multiple photon re-emission
in the magnetospheres of such stars, photon splitting in magnetic fields and
plasma [4,5] were considered in the literature. Nevertheless, as the analysis
has revealed, these mechanisms are currently insufficient to fully describe the
observed spectra. In this work, the process of multiple Compton scattering in
a strong magnetic field, taking into account the plasma dispersion effects 6],
will be investigated. The Melrose-Parle technique for calculating multivertex
processes in magnetic fields, developed in [7], will be applied for calculations
in magnetic fields, which simplifies the calculations by reducing the number
of operations. Throughout the work, a similar approach will be applied to the
process of double Compton scattering in a strong magnetic field, that con-
sidered as one of the possible sources of soft photons in NS (neutron stars).
The Heaviside system of units will also be used: A = ¢ = kg, = 1. Here, h
— Planck constant, ¢ — speed of light, and kg, — Boltzmann constant, m —
electron mass, e > 0, e — elementary charge.

Amplitude of Multiple Compton process
Begin the analysis of the process ey — e(N+v), where N — number of the

final photons, by constructing S-matrix element of process.
The process is depicted by the following Feynman diagrams:

Y(q) v(q,) v(q,) v(q)

+ (photons permutations )

Fig. 1. The Feynman diagrams of ey — e(/Ny) process

In accordance with standard Feynman diagram techniques, the S-matrix el-
ement can be expressed as:

p,p’

S5 = (ie) Nt / A Z1..d" Zn 1T o (21) AL (20)Sp, (21, Z2) ALy (Z0)...x
Spn (Zn_1, ZN)Aq(ZNH)\I/Zp(ZNH) + (photon permutations) (1)

Where Z;, — 4-coordinate of k-th vortex, Spk(Zk, Zy—1) — propagator with
momenta pg, U7, —electron wave function with polarization state — s, Landau
level — ¢, momenta — p. A, — the photon field potential (for more detail



about notations see [8]), ¢ — photon momenta connected with vortex Zj.
Star denotes the complex conjugation.

The method employed will necessitate the use of a propagator with elec-
trons located on a mass surface, therefore the propagator should be expressed
in a more convenient form:

exp[—i(q(X — X))H +2qy /
7~ M7 — Relg) Szi:l Ui (€ U7 (6(X,))

Here, U;(£(X.)) represents fermionic bispinors associated with the elec-
tron wave function, which can be found in [8], and the bar signifies Dirac
conjugation. The amplitude of the process at an arbitrary Landau level can
be deduced from the S-matrix, and it is:

[e’) ; . ny—~
o’ _ exp [~ 5 {a:(on +0)y}] | ay —ide s
M = < Tn N(CLPNJ?)X
R Z ' —o VAM My (m+ Mo)(m + M) | /a] Zfi "
N Sk 1,8k . Nkg—1—Ngk
H nk 1, nk qkapk 1apk) (Qk)y + Z(Qk)z exp I:QeB {(qk) (Pk 1 +pk) H (3)
it [(Pr) H Mv%k] (Qk)i 2My, (m + My,)

Where ¢, = (w;, k;) — 4-momenta of photon, py = p/, ng = ', sg = ¢,
ny — Landau level of electron from N-th propagator, M, = vm? + 2eB/{ —
effective electron mass in the magnetic field. The four-vectors with indices
1 and || belong to the Euclidean {1, 2}-subspace and the Minkowski {0, 3}-
subspace correspondingly in the frame were the magnetic field is directed
along third axis; (ab), = (aAb) = a1by + ashy, (ab)) = (aAb) = aghy — azbs
and A,z = diag {0,1,1,0} , Aop = diag {1,0,0, —1}.

T s/ s (q,p,p') is an invariant expression connected with each vortexes, it’s
has a complex form and could found in 8]

Amplitude of Double Compton process

The amplitude of the process ey — ey at an arbitrary Landau level can
be got from (3) by choosing N = 2:

s,s’ - 1 !
Mee = Z [(p1)} = MZ ][(p2)} — M) \/AM, My (m + My)(m + My) ’

ni,n2=0

exp [5o5 { @121}, + (P1)y) + (@2)a((P1)y + (P2)y) = @ ((P2)y +1y) }] y
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In the conditional of magnetar the electrons has to occupy the ground Landau
level. The amplitude in the zero approximation will be described by the case
when all electrons are at the ground level, and it could be expressed in the
form

0 ()1 + (22)3 + (43)
673 ~ exp {— L 4eBl L2 x

(K1 (¢, p1)eq) (K1 (p1, p2)eg,) (K1 (pa, p)e,y)
[(p1)} + ml[(p2)} +m]

+ (photon permutations)  (5)

Where

A 2 /
Kia(p, p') = \/ oAp) AL {Mn(Ap Jo + Mm(Ap)a} (6)

Photon production efficiency

To analyze the efficiency of the process, ey — eyy under consideration
and to compare it with other competitive reactions we calculate the photon
absorption rates which can be defined according [9]

eB Y
Wersery = W/ | MEG 1P ZyZgy Zgy (1 — fir) X

dp, &qrdPqs

Fe(Ut ) (L fu)0(w + B —wn = wy = B) =2

(7)
fg = [eF=m/T _1]7! - equilibrium electron distribution function,
fo = [e¥/T —1]7' — equilibrium photon distribution function.

(2 .. . .
771 =1-222@ _ yonormalization coefficient of the wave function of photon.

q Ow?
It is considered facts: ég)(q) — é((f)(q) \/Z, and fact that the eigenvalue of the
polarization operator 5 (see [6]) becomes large near the electron-positron
pair production threshold.
The analysis provides an estimate of the number of mode 2 photons pro-
duced in the process ey — ey in the magnetosphere of strongly magnetized
neutron star:

dN 1 n T \°
— ~1.6-10"7 =
avdt 6-10 (cm3s> (3 : 1013cm—3> (5Ke\/> (8)

Conclusion



In work the multiple Compton process, ey — e(/N+), in the presence of a
strongly magnetized, charge asymmetric, cold plasma is considered.

As an application of the obtained results the double compton process is
got. The amplitudes of the processes ey — e(N~y), ey — ey are obtained.
The amplitude of Double Compton process is obtained both in general form
and special cease that impotent in magnetars. The number of mode 2 photons
production in the process is estimated. It’s shown that the magnetic field
suppress the efficiency of photon production in the double Compton process,
it’s shown that process can be an effective source of polarized photons in NS
conditions.
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