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The mass operator of the scalar superpartner of the electron in constant crossed fields is
calculated. The probability for the process ¢ —e + A and the radiative shift of the mass of the
scalar are studied as functions of the parameter representing the spontaneous breaking of
supersymmetry and also as functions of a dynamic parameter which determines the effect of the
external field on the process under consideration. Incorporating the radiative corrections to the
mass of the scalar electrons in the Fayet-Iliopoulos model of supersymmetric QED does not result
in an equalization of the masses in the perturbation-theory approach.

INTRODUCTION

Thermal effects, a finite density, and the incorporation
of an external field can all lead to a breaking of supersym-
metry.'~> Since supersymmetry must be broken in realistic
models, it is interesting to analyze the possible features of
theories with a spontaneously broken supersymmetry in in-
tense external fields. In Refs. 4 and 5, for example, the effec-
tive Lagrangian of the Fayet-Iliopoulos model of supersym-
metric QED was calculated in the single-loop
approximation. That calculation was carried out for a con-
stant magnetic field. Kapustnikov* pointed out that incor-
porating quantum corrections to the Fayet-Iliopoulos mech-
anism in a constant magnetic field could result in a complete
restoration of supersymmetry. This conclusion was reached
in Ref. 4 on the basis that incorporating the vacuum quan-
tum corrections could cause the energy of the ground state to
vanish. As we know, in theories with a supersymmetry
which is spontaneously broken in the tree approximation
this energy is always positive. The question of equalizing the
masses of the superpartners of the model was not examined
in Ref. 4, however. Furthermore, although the energy of the
vacuum state is zero in supersymmetric gauge theories, this
circumstance does not by itself mean, to the best of our
knowledge, that the vanishing of the ground-state energy
due to radiative effects in external fields in theories with a
spontaneously broken supersymmetry will equalize the mass
spectrum of the particles of the model and restore supersym-
metry.

In the present paper we calculate the mass operator of
the scalar superpartner of the electron in the Fayet-Iliopou-
los model of supersymmetric QED in constant crossed fields
(Sec. 1). In Sec. 2 we examine how the probability for the
process ¢ —e + A and the radiative shift of the mass of the
scalar depend on the parameter representing the spontane-
ous breaking of supersymmetry and also on the dynamic
parameter which determines the effect of the external field
on the process under consideration. The cases in which the
mass of the scalar is larger than and smaller than the mass of
the electron are treated separately. It follows from the re-
sults that the masses of the scalars are not equalized by radia-
tive corrections in constant crossed fields in a perturbation-
theory approach.
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1.MASS OPERATOR OF THE SCALAR SUPERPARTNER OF
THE ELECTRON INCONSTANT CROSSED FIELDS

In the Fayet-Iliopoulos model, the Lagrangian of N = 1
supersymmetric QED which describes the interaction of a
vector superfield ¥ with two chiral superfields ® , is®
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£ = v ww lee +Ww léé
+ D 7efVD, Jogps + D_TegVD_|ggs

+m[D,D_oo + D, D_* [55] + 2V |gg55- (N

We consider the case m*> (1/2)gk (k is the parameter of
the spontaneous breaking of supersymmetry), in which the
model contains two complex scalar fields ¢, and ¢,, with
masses [m? + (1/2)gk]"? and [m? — (1/2)gk]"'?; one
massless vector field 4 > and a massless spinor field A, which
describes Majorana photinos and two Weyl spinors 4, and
¥ _ . The latter form one Dirac spinor ¢, which describes an
electron with a mass m and a charge ¢ = g/2. In the case
m?*> (1/2)gk, the supersymmetry is broken spontaneously,
and the gauge U(1) symmetry of Lagrangian (1) is pre-
served. Using (1), we can write the supersymmetric contri-
bution to the mass operator of the scalar electron in the com-
ponent fields as follows:

M(z,z")=ig* Sp R(L)S* (z,2") L(R)S™ (z,2"), (2)

where S (x, x') and SM(x, x') are the Green’s functions
of the electron and the photino, and the operators R(L) are
projection operators:

(f) =%(1i7’5)- 3

We have omitted from (2) the contribution of a diagram
which stems from the four-boson interaction in (1):

Z () =—"1.8* (@' p:)". (4)

This contribution is irrelevant to our calculation below of
the radiative shift of the energy of a scalar electron in an
external electromagnetic field.

When the other diagrams which arise, along with the
single-loop electrodynamic correlation to the mass of the
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scalar particle, are taken into account jointly, the quadratic
divergences cancel out completely in the supersymmetric
QED.

We carry out the calculation in (2) in the E, (x) repre-
sentation,’ in which the mass operator is written in the form

M(p,p')=ig* §dzdz’ o5t @M (5,2)0w (), (5)
and the Green’s function of the electron is

1 d'q /

E +m)E,(z"). (6)
@2n)* J g—mrl @ etmE)
The quantity @,(x)in (2), (5),and (6) is the wave function
of ascalar particle in the given constant crossed field, and the
matrix E, (x) is’

SO (z,z")=—

~

E, (z)=[ 1+ %4 ]exp(—iqz——in), @))]
where
[ ]
— PA(¢") ) A*(9") ’ (8)
n(p,9) oj.[g & anp ]dtp,

p is the 4-momentum of the scalar electron (p* = M ?), and
the Green’s function of the Majorana photino is

S* (z,2')=<0| TA(z)7 (') | 0

1 %
(2n)* j »*+i0

——exp[—ix(z—2z") ]d*x. (9)

Carrying out the calculation in the special frame of reference
with

n*=(1,0,0,1), o=nr=z—1,,

at= (07 —a, Oa 0)7 (10)

we find the following representation for the mass operator in

(5):

oo

M(p,p’ j.

dv[i .
+ 2
(t+1)’j gla*vit+mit— 21—

—~24(np)5 () | 6(p—p")

]}
(11)

Because of the difference between the signs of the charges of
the fields ¢, and @,, their masses go off in different direc-
tions with respect to the electron mass upon spontaneous
breaking of supersymmetry because of the Fayet-Iliopoulos
U(1)-D term. Consequently, we will renormalize (11), cal-
culate the radiative shift of the mass of the scalar, and calcu-
late the probability for the process ¢ —e + A in crossed fields
separately for each case (M, >m and M, <m).

xexp| ] 5o (1) =)+

2.RADIATIVE SHIFT OF THE MASS; PROBABILITY FOR THE
PROCESS ¢—»e+ A

Case in which the mass of the scalar particle is greater
than the electron mass. The mass operator in (11) is diag-
onal, and the amplitude for the elastic scattering of the scalar
M(p, a) on the mass shell (p> = M ?) is found from
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M(p, p')=(2n)*6(p—p") M (p, a).

According to the optical theorem, the imaginary part of the
amplitude for elastic scattering is related to the total proba-
bility for the process ¢ —e + 4 by

W=-2ImM(p,a).

(12)

(13)

Singling out the imaginary part of (11), which is finite and
which does not require regularization, and using (12) and
(13), we find the spectral distribution of the probability for
the process:

e (%) ow]
—_— -2 o’ , (14)
it 8mp. (t+1)’ A®:(y) - @
where
0.(n=J0wa, (15)
v
and the argument of the Airy functions is
t+1
() oea 2
In the Fayet-Iliopoulos model, the parameter
A=1—pu=1— m*/M? varies over the range
0<A<Y/, (17)

and the case A = 0 corresponds to a vanishing value of the
parameter £ (which represents the spontaneous breaking of
supersymmetry), if supersymmetry is not broken in the tree
approximation. The effect of the external field on this pro-
cess is determined by the known parameter

ga(np)
ME

x =33l Fap) )" = (18)
The argument of the Airy functions in (16) can take on both
positive and negative values; this situation is typical of pro-
cesses which also occur in the absence of the field.”

Using 0.5<u <1, we find from (14) the following
asymptotic expansions for the total probability for the pro-
cess for small and large values of the parameter y:

g’MfA‘[ 6—16A+6A* ]
+ |, x<
e s Kb rEh (19)
- eMz2 9
ot () e X1,

The first term of the expansion of the probability for the
process ¢ —e + A, which does not depend on y;, is the same in
the case y €1 as the result found in Ref. 8 for free decay. To
find the real part of the mass operator, which is finite and
which depends on the external field, we need to subtract
from the real part of the mass operator in (11) its value ina
zero field. As a result, the radiative shift of the mass of the
scalar particle due to the loops of supersymmetric particles
becomes

g M, dt

(t+1)’

X{—Zt (-"t_)’l T’+Avsdt[1‘(t)——t]} ,

where

AM;—TRG[M(PMI) M(P, 0)]

(20)
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Y‘(y)=°j de sin yt+-§—), 1)

and the integral is to be understood in the principal-value
sense. We find asymptotic expressions for (20) by a slightly
modified version of the procedure of Ref. 9. We go over from

the variable ¢ to the variable
v=1/(t+1), (22)

and we break up the range of integration into two parts, from
0 tox and from y to 1. In each part, the argument in (16) of
the function I'(p) is of fixed sign. We then use the integral
Mellin-Barnes representation for the digamma function:

T (y) 14 Setioo »
(rly) -4 \ s T 0 +5)

o
9 —ctg s
r(s —|—T)(cos 2ns), (23)

sin ts

where y>0and — 1/3 < Res,. Each of the integrals which
arises diverges separately, because of the well-known behav-
ior of the function I, (x) (Ref. 7):

Y (z) |sso=ln . (24)

As in the dimensional-regularization procedure, we replace
y—pby (y —u)' T €in each of the integrals. After evaluat-
ing the integrals and taking the limit £ —» 0, we find the radia-
tive shift of the mass of the scalar. In the case y <z =1 — u,
in the logarithmic approximation, with In(zz/y) > 1, we find

&M,
AM, _Tx [Ciln +2021nE (25)

where the coefficients C, and C, can be expressed in terms of
hypergeometric functions of two arguments:'°

C’=Fi (3v _25 27 3; W, b)_3Fi (37 _31 2’ 3; [ b)
+3/L-I-IF£ (4s _27 37 4; K, b)v
2 2 B
Cz = —_Fi(ov _17 27 3; w, z)+—_Fl(0’ _17 214; w,z)
In 3 n
1
_'_Fi(ov—21373; waz)' (26)
Iu
In (26),
b=3u.—1’ w=”_1, z=3u—1 27
2 W 3n
In the other limiting case, y> 1, we find
M,
AM,= == X7 ()%, x>1. (28)

Case in which the mass of the scalar particle is smaller
than the electron mass. In the case M, < m, in contrast with
the case M, > m, discussed above, the process p—e + 4 is
forbidden in the free case, and the mass operator in (11) is
renormalized in the standard way:’

M(p, p’y a)=M(p, p', a)—M(p, p’, 0). (29)
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The probability for the process ¢ —e + A and the radiative
shift of the mass of a scalar electron are given (14) and (20),
where it is necessary to make the substitution M, — M, ev-
erywhere. In this case the parameter A can take on only
negative values or a value of zero:

1k o (30)

—o<A=— Ay = <
’ 2 mi—/,kg

The argument of the Airy-Hardy function

f(y)—zjdtexp{—z(yt+ )} =Y (y)+i0o(y) D

is nonnegative at arbitrary values of the spectral variable u.
The asymptotic expansion of the probability for the process
@—e + A with y €A u'’? is found by the method of steepest
descent. The leading term of this expansion is

gzMzonx 1 3’I:A°u'la 32
= — exp| — . ( )
8-3%po(u)*” (14+Ao/2p)? X

In the limit of large values of the parameter y, we have, as
expected [cf. (19)]
g'M,’
36p,

(33)

2
F(—g) B0* x> (1+A)",
In the case Agu'/* €y €1, we have <1 in the region of im-
portance in (14), and the first term of the expansion of the
probability for the process ¢ —e + A, which corresponds to
the case in which the supersymmetry is exact, is
g’ (34)

W= .
8po x

We can also write several asymptotic expansions for the
supersymmetric mass shift of a scalar electron in a constant
crossed field. In the limit y € A '/?, in which the argument
of the Airy-Hardy function is y> 1, the result can be ex-

pressed in terms of the hypergeometric function
,F (a, b, c; z):
zﬂl2
A= en (1A, )ZX[ZZ ‘(224 1+Ao)
s (aasg )]
18 1+A,° 33,5; "14+A, (33)

Inthe case y> (1 + A,)*? we find a result which is the same
as (28) aside from the replacement M, — M, . In the limit
¥ <1, the leading term of the expansion of the radiative shift
of the mass of a scalar, (20), which corresponds to the case
of unbroken supersymmetry, is

2 1”2

AM, = x[21n———+2C+ln2 5] (36)

where C is Euler’s constant. As was mentioned above, the
complete shift of the mass of a scalar also includes a contri-
bution from standard scalar electrodynamics:”!!

M [, 5+Tut2ur(y\*
AM=°i-—fdu—”——”—(i) f(2)
6n |

(ut1)® (37

For the real part of this contribution we have the following
asymptotic expansions:''
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oM 2[ 1 1 15]
In—+C+—In3—=|, x<1,
3w ML i U

2aM 2
20r(2) o
where a is the fine-structure constant.
It follows from (20) and (37) and from their asympto-
tic expressions that incorporating radiation effects in the
Fayet-Iliopoulos model of supersymmetric QED in a con-
stant external field does not equalize the masses of the sca-
lars in a perturbation-theory approach.
We wish to thank A. V. Borisov and I. V. Tyutin for a
discussion of these results.
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