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e~ e’ Production by a Nambu String

E. B. Manoukian"
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We analytically calculate the probability of e”e™ production with a given relative
energy from a closed string arising from the Nambu action as a solution of a
circularly oscillating string as, perhaps, the simplest generalization of the classic
pointlike particle. A numerical analysis of the result is also given.

We analytically calculate the probability (per unit period) of e e”
production with a given relative energy from a closed string arising from
the Nambu action (Goddard et al., 1973; Kibble and Turok, 1982; Albrecht
and Turok, 1989; Sakellariadou, 1990). A numerical analysis of the result
is also given. The solution considered is that of a circularly oscillating closed
string as, perhaps, the simplest generalization of the classic pointlike particle
(Schwinger, 1973; Berestetski ef al, 1982; Dittrich, 1978; Pardy, 1983). The
trajectory of the string is described by a vector function R(o, t), where o
parametrizes the string. The equation of motion of the closed string is taken
to be (Kibbie and Turok, 1982; Albrecht and Turok, 1989; Sakellariadou,
1990; Manoukian, 1991):

R—-R"=0 (1)
with constraints
. ., 2 27
R-R'=0, R°+R~“=1, Rlo+—,t])=R(a,t) (2)
Wy

where w, is some constant, and R=0R/dt and R’ =0R/d0. The general
solution to (1) is

R(o, t) = A(e—1)+B(o+1)] (3)
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where A and B satisfy, in particular, the normalization condition A”? =B =
1. For the system (1)-(2), we consider a solution of the form (Manoukian,
1991; Sakellariadou, 1990)

1
R(o, t) =— (cos wy0, sin wyo, 0) sin wyt (4)
Wo

describing a radially oscillating circular string, and for the electromagnetic
current

2'rr/m0 .
J=§ﬂj do R&*(r—R(a, 1)) (5)
T Jo
0 ew, 211'/010 5
J ='2— do 8°(r—R(o, t)) (6)
™ Jo

with e representing the total charge of the string. The explicit integrals in
(5), (6) give (hi=c=1)

8(r—|sin wot|/ wy)

J(r, z, t) =2 (cos 6, sin 6, 0)
2

X 8(z) cos(w,t) sgn(sin weyt) (7

i 6(r_lsin wotl/(l)o) 5
2

Jx, z, 1) = (2) (8)

in cylindrical coordinates, where r now lies in the plane of the string. Using
the periodicity of J* in time, we may write

S d’p [~ dg

J* : ,t = —thOtJ J‘ ot

(mzn=2 ¢ @m? ) 2w
x e'P" ¢ B*(p, N) 9)

The properties of the inverse Fourier transform in (9) have been studied
in detail in Manoukian (1991) and its expression is readily worked out to be

0 — o( 1 N/2 _JYLT) 2 (L) .
B°(p, N)=e(-1) cos( 5 In2 2o (10)

N
B(p, N) T_\__E;_’Q (-1DN2N cos(-f)

x (cos ¢, sin ¢, 0)J %2 (ZL;) (11)

where p=p(cos ¢,sin ¢), and J,(x) is the Bessel function of order n.
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The probability of e"e” production is given by (Schwinger, 1973;
Berestetski, et al,, 1982; Dittrich, 1978, Pardy, 1983; Manoukian, 1986)

dk
p= J((?. ))4-7“(1()* Im D, (k)J,(k) (12)
where k*=—M?, a =e*/4w, and
I(M?
Im D(k)=a (1\4 )
4 2\ 1/2
=3;‘4 (1+2A'/I"2)<1—A';2) . M?=4m®  (13)

for the lowest order contribution to the imaginary part of the photon
propagator. Using the Fourier transform in (9), we obtain for the probability,
per unit period (/w,) of time, of e e” production with relative energy
k°= Nuw, the expression

d’k am’ 0
pN—ZﬂaJ(z T2k M2 I(M?)8(k°—woN)
X B*(p, N)*B,(p, N) (14)

k° = (k*+ M?)'2, Upon writing |p| = |k| sin ® and carrying out the |k| integra-
tion in (14), we obtain from (10) and (11)

N dM?
pN:azj ) M2 I(Mz)
am
XJ’ d®w0Nzcos O+ M?sin’ 0
0 (Nwi—M?*»"*sin®

2 2 Ag1/2 4
) ()

20)0

where the N are even positive integers such that N =2m/w,. Expression
(15) is our main result. For wy > 0, py = 0, as expected, which would formally
correspond to a point particle moving uniformly. Expression (15) is evalu-
ated numerically for a string oscillating with angular frequency w,=2m. In
this case

[T () (2)
Pn= 3 1 X 2x b

XJ‘ﬂdG Nzcosz®+xsin2®( ((Nz—-x)l/zsin(@»4
o (N?-=x)"?5in® N7z 2
2ma’

3

1073 F(N) (16)
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Fig. 1

N=2,4,...,where F(N) is plotted in Figure 1. The treatment of recoil
problems of the string is beyond the scope of this paper. This approach
should also provide a way of studying interacting strings via the exchange
of virtual pointlike particles. These problems will be attempted elsewhere.
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