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To the Problem of Compton Rotation of Photons in a
Strong Magnetic Field: Limit of Total Spin Polarization of
Electrons
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A formula is obtained for Compton rotation angle of the plane of linear polarization of
photons per unit path in electron gas with high degree of spin polarization of electrons in

quantizing magnetic field.
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1. Introduction

The effect of Compton rotation of the plane
of polarization of X- and gamma-photons in the
absence of a magnetic field was predicted by V.G.
Baryshevsky and V.L. Luboshitz in 1965 and
experimentally tested on iron at early 1970s; the
degree of electron spin polarization did not exceed
8% [1]. At the presence of a strong magnetic field
(at a neutron star surface) the spin polarization is
almost total, electron wave functions are changed.
That is why we need to recalculate the difference
of Compton scattering forward amplitudes for
right and left circular polarizations of a photon.
The method applied here was developed in [2].

Let us consider a constant homogeneous
magnetic field with a strength B directed along
z axis. Let us choose the following gauge of the
vector potential:

Ag=A,=A,=0,A, = Bu. (1)

At elastic forward scattering, the 4-
momentum of initial and final photon (moving
at angle 6 to z axis) with a wave vector k and
frequency w do not change:

ck, =0,

cky = wsin6,

cko = w,

(2)

ck, = wcos¥.
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A photon with linear polarization is a
superposition of 2 circularly polarized photons
with opposite helicities. The 4-vector of right
(+) or left (=) circular photon polarization is
(transposing is denoted by T'):

(3)

The 4-momentum of a virtual electron in R-
process (g) and S-process (f) is

\/§€(Ti) = [0 Fi cosf —sin@].

—eoihw,c)\zi = pyc £+ hwsin 0,
pocE+ hwcosf, AT =g A\ = f.

+
cAp

+
cA3

(4)

If e is the electric charge, m,p,,p. are
electron’s mass and momentum along ¥, z axes,
respectively, then one can write out the electron
wave functions using the bispinors wu, and
Hermitian functions H,, n > 0:

Vo (z) = iApV2eBchuy,
2
x

Up(x) = 5

V2
g0 = /m2ct + p2c?,

Ayt = \/20?150(50 + mc?)V Bech,

ug: [O —me? —eg 0 pzc].

exp( VHp(z),

Dirac matrices v (k = 0, 1, 2, 3) are written
in standard presentation. Electron propagator



To the Problem of Compton Rotation of Photons in a Strong Magnetic Field ... 421

contains structures of the following type — (g n-th Landau level, T, is the level width):

is the energy of virtual electron on intermediate

J

| Be he?
Gp(\,z) = CT;E nz;) Eyva E%/\ — ODn(A% Y(A) = v0Ao — v3A3 + mc
Dpn(A) = Un(21)Up(22)Y (A)B1 + (1 = Son) Un—1(21)Un—1(22)Y (A) B2
(1= 80)it| P 0, (@)U an)aBs — Unla)Una (2)B1m)
iy,

201 = 1+1iv971,282 = 1 — i9271, Epy = \/m204 + 2nehBc + )\§C2 -

2. Calculation of the rotation angle

If k; = 0 then the matrix element of the process is [2]:

—ia(2mh)tee el e?
O = nev o ¢3 k — p’ — Bk’ 5 -
Wsgw O Pk =P = A, =g
+00 00 (5)
Xuv = / /d$1d902\1/0(§1)(%GB(97P)%+7uGB(f7 m7)Po(&2),

) _ |eB cp
]r(p) = ch ($r+ eB)’

& = jr(py)a Pr = jT‘(gQ)aTIT‘ = jr(fQ)» r=1,2. (6)

Here V' is the normalization volume for the
photon, Sy is the normalization area for the
electron in (zy) plane. d-function includes y-, z-
and t-components. The formula for the Compton
rotation angle of the plane of linear polarization
of hard X-photon per unit path (n. is the electron
density) is [1]:

dp  mnec

d - w

Here Fy are Compton forward scattering
amplitudes for right (+) and left (-) circular
photon polarizations. The relationship between

F in (7) and Q in (5), according to [1| and [3]
(making a substitution for the z-component of ¢-
function through V', Sy), is:

Q:(so—i—ﬁw)

i(2wh)*cF (8)

§3(F+ hk — o) — hE).
VSoeghe O P+ k=P )

Subject to the expressions (5), (6), and (8)
we obtain for Eq. (7) the following formula (up is
the Bohr magneton):
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dl hw(eg + hw)
fiw? sin? 0 29 9
¢_W7 An(A) = c"Aj — &,

=3, 0) =

d he)?ne 0
dp _ (mhe)*neacos exp (_(;5)

chogo — m2ct) cos 0 — p.c(chs cos O £ /2nhwsin® 0)) A, ()

For example, if n, ~ 102 em™3, hw ~ 0.1
MeV, B ~ 103 Gs, then dy/dl ~ 10? — 103
rad/cm at the resonance on n-th Landau level of
virtual electron.

3. Summary

The difference of the Compton forward
scattering amplitudes in quantizing magnetic field
is calculated for an electron in the ground state
and circularly polarized X-photons moving at an
arbitrary angle to magnetic field strength lines

. 9
M)+ 2, ©)

(

with opposite helicities. A corresponding formula
is obtained for calculation of the Compton
rotation angle of the plane of linear polarization
of photons per unit path in electron gas at the
limit of total spin polarization of electrons.
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