SPIN DEPENDENT ADDITION TO THE MASS OF RELATIVISTIC
ELECTRON IN
QED WITH EXTERNAL ELECTRIC FIELD

S L Lebedev
Surgut State University

|.  Preamble
II. Experimental background
llI.  Method (in brief)

V. Conclusions



Invariants:
(eF’u]/)Q 2 (GF/M/GFMV)
— = G
d 4m4 b 4m4
C JeFup)?  peeF-3 < (p-¢F -5)
- m3 T om3 T 2m3
H 1) p_ F
mag _ VL el _ == ="
X e iy VL0 < X —
m2 m2C3
Fe. = =




amy

Amg = ——[fo( )+rFLO)+r°Fo )+, r =7

Universality (Nikishov and Ritus, 1964):

Suggested criterion:
Under this conditions
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One should expect that correspondences between probabilities of the
external field processes good seen “at the level of Fg(x) " would not
be so good “at the level of  F1(x), Fo(x)...



Experimental background Source:

V.A. Bordovitsyn et al., Y®H, 165 (1995);
S.R. Mane et al., Rep. Prog. Phys. 68 (2005)
J. Esberg, U.l. Uggerhgij, J. Phys: Conf. Ser.
198 (2009)

Macroscopic spin effects:

- Radiative polarization

- spin light

Beamstrahlung: energy of incident electron — few GeV; 1 < y<10

Channeling: crystalline electric fields; E~ few 10 V/cm; y ~ 10° - 10%; 1 < y<4

General arguments: the existence of scale parameter of common meaning

Radiation processes in Beamstrahlung and Channelling have a good ‘conceptual
frame’ due to QED of strong fields (Esberg & Uggerhgj)
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Abstract:

A new expression is found for the spin-dependent contri-
bution Ams to the self-energy of electron moving with
a transverse momentum p; in an electric field. The
structure of the asymptotic expansion of Ams(r,x) as
a function of two dynamical invariants r = 712 and
X = YLIE|/E (W2 = 14 p?/m3c?, E = m?c3/|e|R) is clar-
ified with the aid of this expression. Ams(r,x) can be
represented as a Taylor series w.r.t. r,

[Fol) +rF100) +r°Fa(x) +--],

Ams = _w
T
where coefficients Fo(x), Fi1(x), etc., come up as the
Mellin—type integrals and the dynamical invariant v =
ﬁeF§/2m3 is expressed through conserved components
of momentum and spin. The major coefficient Fo(x)
is universal and, in the case of corresponding interpre-
tation of x, describes well-known spin-dependent ad-
ditions to the mass in three different cases of a con-
stant external field (the limit r — O supposing). The
asymptotic properties of Fi(x) are studied in detail.
The orders of magnitude for F2(x), Fs(x) are also ob-
tained. The comparison between those contributions
have shown that in the quasiclassical region xy < 1 the
parameter of the above mentioned expansion is really r,
whereas at xy > 1 the true parameter is rx? = 52. In
particular, the anomalous magnetic moment acquires,
thanks to Fi, a contribution logarithmically growing at
x > 1. This does not violate the hierarchy of the terms
of Taylor series being considered, provided that § re-

mains smaller than unity.



