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ABSTRACT

Under certain assumptions- it is' shown that in massless QED
the photon may reggeize. Our technique involves a comparison of the

infrared spectrum with that of the di-triple Regge expansion of inclu

sive processes,
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Many years ago, Gell-Mann et al, (1,2, 3)showed that in
spinor-massive neutral vector meson scattering the spinoi‘ parti-
cle reggeizes (i.e. even though it is introduced initially as an ele
mentary particle, it lies on a Regge trajectory when one considers
higher orders). Mandelstam(4) also considered the problem of Reg
geization of the vector particle and answered in the negative - at
least up to 3-particle unitarity terms. However, the problem of the
"true' (i.e. massless photon) QED has remained an open one. We
use an approach different from the above authors to show that in true

QED the photon may indeed reggeize.

Our basic idea is this: in QED any measurable reaction be
tween charged particles is necessarily an inclusive one because
of soft photon radiation. Thus, the question of Reggeization must
involve a consideration of inclusive amplitudes. Since the so called
"triple' and "di-triple' Regge limits of inclusive spectra are now
available(5’ 6) as well as the infrared corrected cross section in
the appropriated exponential formm), such a question can be ans-
wered as follows.

Let us consider the following inclusive reaction in QED

(1) e‘(pl) + e(p2)~—> e(pg) + e(p4) + X

where X stands for "anything'' (made up of the photons or pairs
produced by photons). Process (1), in the limit in which the unde-
tected X four-momentum is much smaller thah that of any of the de
tected ones, is really ee elastic scattering accompanied by the u-
sual soft photon emission. Hence, in the above limit the cross sec
tion for process (1) is given by ee elastic cross-section corrected
for the infrared radiation, Let us call such a cross-section do (QED).

On the other hand, at very large energies (and fixed momentum tran-



sfers) a 2-particle inclusive reaction enters into the so-called di-tri
ple Regge region(s) and the relative cross-section has a limit (the di-
-triple Regge limit) which is an explici! function of the Regge trajec-
tories exchanged. Call such a limiting cross-section do R®88€) Thys,
it is expected that a comparison between dg¢ (QED) (if it reggeizes)
and do (Regge) for process (1) will allow us to determine the photon
trajectory in QED. In order to do so, we first obtain an expression
for do ('QED). This expression in the high energy, fixed momentum
transfer limit explicitly shows ai'ﬁictorization into an energy depen-
dent part (which is raised to a power which is a function of the momen
tum transfer) times an energy independent function (dependent on the
momentum transfer). This is to be compared with the di-triple Regge
limit. _‘

The infrared problem has been widely studied but for our pur-
pose it is most convenient to refer to a work done by the author toge-
ther with E. Etim and B. Touschek( 17), where the infrared corrections
to all orders in e2 were determined by the use of the Bloch-Nordsieck

theorem. To wit, the cross section for the process(x)
e (p)) + e7(p,)—> e™(p;) + e7(p,)

can be written, in case of no momentum resolution, as
(2) SEENT () S

where N™! is a normalization factor which depends on Bv, AE the e-
nergy resolution, E the C.M. energy and t the momentum transfer.
Since both d & /dt as well as [; require some explanation, we shall
first analyze ABJ, leaving aside for the moment do /dt. F is an inva-

riant function of the electron momenta and is defined as

(x) - In ref. (7) the process examined in detail is ete"— ut #~ but the
extension to ee—r ee is straight forward.
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where n is such that nz

= 1-]ﬁ|2 =0, and €; =+ 1 for the creation or
distruction of a negative particle.
In the "quasi-elastic' approximation, i.e. py+pg-pg-py =0,
eq. (3) can be rewritten as
(4) §= 262 {- I, +1  +1 -2}
R 4 12 713 "14

where

1 dy

I..= 2(p.'p.)f
5 e ayti-n)[(; - py) -1 J4m

We notice here that the elastic approximation corresponds to a photon
momentum much smaller than that of any of the interacting electrons.

Defining

_ 2 _ 2 _ 2
s=(p, +p,)", t=(py -pg), u=(p; -p,)

we can take the high energy, fixed t limit of eq. (4). We get

mz 2
I » -2In>—; I, — -2In -—“—‘«‘
8 ~—» + m ' 0 — - 0 b
so that
112—114 e 0
large s
fixed t

and we can write



(5) F(s.t,u)

2 ol
B(t) = 2e [(2n1-2-t) % -»Z:I

large & 1
arg R 0 m -ty(l-y)

fixed t

The integral which appears in (5) is an analytic function of t with a cut

2

from t = 4 m® to co and is thus regular in s-channel physical region.

We now turn to the meaning of d & . Following the procedure of

ref. (7), we expand eq. (2) in powers of E (i.e. in powers of e2) to ob-

tain, in first approximation,

A0 vl Fn B
a - BIngg

46
dt

The lowest order radiative corrections obtained from perturbation theo-

ry can always be written in the form

do

where do ,/dt is the M¢ller cross-section. The term A, which may de
pend upon the energy and the momentum transfer but not on AE, re-
presents what inay be called the genuine (as opposed to the infrared) ra

diative corrections. It has been calculated by many authors(g’ 9)

. An
approximate definition of do /dt in terms of d O’O/dt of perturbation theory

is then

do
dt

do _
(6) % (1+4)

This equation tells us that do /dt in the large s, fixed t limit is only a
function of t, at least up to order- ea. In fact we can see from ref. (9)
for instance that both 4 as well as d ¢ ,/dt have no energy dependence
in such limit. From eq. (6) we then write
ddot- large s £(t)
fixed t




We leave to future investigations the correctness of the above limit at
all orders of perturbation theory, but we feel that at least up to order

e6 we can write

do _ AE B(t)
(7) dt 1argeé( =)

fixed t

£(t)
s

The cross section in (9) corresponds to an experiment in which
only the energy of the outgoing electrons is measured and the missing
energy has been integrated up to its maximum value AE. Notice that
eq. (9) is valid only if the undetected four momentum AP = (AE, A “15)
is much smaller than .any of the electron momenta so that at very high
energies this allows AE to be relatively large and still the process to
be almost elastic. If we then define the five independent invariants for

the inclusive process (1) as
o 2 ) 2 . 2 2
Sl = (p1+p2"‘p3) s Sz - (p1+pz_p4) ) 1:1 - (p2°p4) 3 tz (pl'p3) >

2 .2
M = (p1+p2-p3-p4)

we see that limit (7) corresponds to 1:12’ t? = t fixed, M}Z{ L 8, Sy and 8y,
In other words, eq. (17) is valid in a subset of the di-triple Regge re-
gion of process (1).

The di-triple Regge limit for process (1) is

t, t, fixed
4 25 2 (0)
d'o M)Z( large 1, 2%
M2 M2 / 2 2 ” E(Mx) x
at. at_d(~E )a(- %) /M. /M, and
172 's. s 2
1 2 s, /1\/[X large

(8)
s 2a1(t1) s. 2a.(t.)

2, 22
X ("'“2") (;\-/[-2—) § (tl’tz)
X



where we have assumed that the vacuum singularity is a simple pole and
o q(t) = ag(t) = @y (t) is the photon Regge trajectory.

If we further assume av(’O)’é— 1, eq. (8) becomes

2
d*o My 1)2“7“1)
M2 M2 T s w2 *
dt,dt d('f—}"(‘) d(—:—x—) x
1772 -s1 5,

(9) s 2a.,(t,)

2 Y2
x 1{;\—/{——2—) ? (tl_, t2).
x

Let us consider (9) in the particular region.where (7) is valid. We write

3 4
o
d = | dt. d(t. -t) d 7
) 2 9 9ty 2 2
My Mg My Mx
dtd(—=) d (=) dtdt, d(=)d (=)
1 2 1 2
so that
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Mz M2 M
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since in the di-triple Regge region Mi/s = Mi/ S| 8. As the r.h. side is

now only a function of t and 1\/[)2(/&5: one can write

2
2 M™ 1-2a., (1)
d o Y —
— > (=) F(t)
MX fel
dt d(—=)
s

We now integrate both sides up to the maximum value allowed for M)Z{/S
which is in fact (A E)2/S in case of no momentum resolution and given
the symmetry of the experiment. We obtain

4(1-a., (t)
(11) do > (AE) 4 F(t)

dt \[g




The similarity between eqgs. (11) and (7) strongly suggests therefore

that the photon reggeizes and its trajectory is given by

ay®=1--L0
i.e., by using (5),
.2 ! :
(12) a,(t) = 1- %[.(Zmz--t)/ 5 dy - 2J
\ m” -ty (1-y)

A consistency check of eq. (12) is of course that ay (0) = 1. This is ea-
sily seen by taking the t = 0 limit of g (t), or a simply considering that
att =0 B, which represents at very large energy the spectrum of
soft photons emitted, is zero since no such emission is possible att = 0
by the electron lines.

Of course, to obtain the result of eq. (12) we had to make cer-
tain assumptions which have not yet been verified, i.e. i) that the va-
cuum trajectory is a simple pole and ii) that a (0) = 1. However the
close similarity between the Q.E.D. cross-sgection (7) and the di-tri-
ple Regge limit (11) is so remarkable that we believe the result to be

more general than what may seem from on presentation.
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