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ABSTRACT

The possible impact of the 2y process e+e- -+ e+e- + hadrons

is evaluated as a source of background for the study of the one

photon annihilation process. Two regions of hadron system

invariant mass are considered--the resonance region with low

invariant mass, and the "diffractive" region above 2 GeV hadron

invariant mass. In spite of the fact that the 2y cross-section

rises with the energy of the initial e+e- system, it seems clear

that measurements of the total energy of the final hadron system

will allow the clean separation of the 2y events from the single

photon annihilation reaction.
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contribution of the Two Photon Annillilation Process

in the Measurement of 0total (e+e- ~ hadron~) at PEP.

It has been pOinted out by Brodsky et ale (1) and others(2)

that the two photon annihilation mechanism becomes increasingly

more important at high energies in the hadron production from

e+e- collisions with a cross section ° « n 4 (lnE)3 where E is

the beam energy. It is comparable to the total one photon

hadroniccross section of 20 nb at SPEAR II energies and is ex-

pected to rise to approximately 40 nb at the maximum PEP

energy. (3)

since the two photon annihilation hadronic cross section

is strongly dependent upon the energy of the hadrons due to the

. + -energy dependence of the equivalent photon flux 1n the e e

collision, it is natural to examine the contribution of the

two photon annihilation process as a function of the energy

of the hadron system. We follow the treatment of Gatto and

preparata(4) and consider two regions of the hadron energies,

or equivalently the two photon c.m. energy JS: (1) resonance

region with Js < 2 GeV, and (2) diffractive region with

JS > 2 GeV. The total contribution is then

a (+- +- )=total e e ~ e e hadrons ares + O"diff-

1. Resonance contributions to the total cross section.

In the equivalent-photon approximation the electron beam is

a source of photons distributed according to
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N(W) = ~ In(q\~ }W [1 + (1 - ~/J
me )

h 2 4 2 . adwere q = E, E = 1nC1 ent electron energy, me = electron

mass, w = photon energy. The cross section for a state X of

squared mass s is

where daYY4X(s) = the unpolarized cross section from unpolarized

colliding photons of energies WI and w2 • Thus

2

::x ~ dCTyy-+X(S) [~ In(::2)] ~S f(:2)
where fey) = -(2+y)2 lny - 2(1-y) (3+y)

For s < s (so = 4 GeV2), we have
0 2 s

( + - + - [~ In ::2 ] f ds
a YY (s)f(S2)a e e .... e e X) =res 4s

5 th
q

where aYY(s) is the to.tal YY cross section at s with Sth

its hadronic threshold. Gatto and Preparata obtained, using the

Cabbibo-Radicati sum rules and predominance, the expression for

total resonance contribution

+ - + -a (e e .... e e hadrons)res

2
2

2 2
~ 1. 2(a.l~) TT Cl 4TT

IT 2
2

2--2
me mp Yp

where s is constrained to lie in Sth ~ S < s .o Upper and lower

limits to cr are obtained by taking s at its extremes. Theseres

are shown in Figs. I and 2. The resonance contribution to total
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hadronic cross section is confined to lie within the shaded area

in these figures e Although the magnitude of this can be as large

as 20 nb , it is not expected to cause any confusion to the measure-

ment of the total hadronic cross section due to one photon pro-

cess. Since the total energy of the final hadrons is lower

than J; = 2 GeV, a measurement of the hadron energy or momentum

can be used to single out this contribution completely without

any ambiguity.

2. Diffractive contribution to the total cross section.

The cross-section in the diffractive region, s > Sth' is

ayy
ds
s

s
cr I( th)

yy --qL
37 5

- y) (- + -I)
8 8

1 a. 2 2
= 2~1n--Slz)

me
+ X2

) + (1

a
pp

given by 2 q2

0diff(e+e-... e+e- hadrons) = [~ln~2 ] ~ J
e Sth

~ 0.25 x 10-30 cm2 •where cryy ~

Therefore,
(Jdiff(e+e- ... e+e- hadrons)

where 2
I(y) = (lny) + lny· (3 + 2y

The contributions with 5 th = (4Inrr)2 and Sth = 4Ge~ are

shown in Figse 1 and 2. (1)(4) If one requires that the measured

energy of the final states hadrons exceeds half of the total

e+e- energy in the collision, one expects the two photon

annihilation contribution to be that of the curve with

1 2
5 th = (2e2E) • This amounts to about 1% of the total cross-

section if it stays constant at 20 nb at the PEP energies.

The dependence on the energy of the final hadrons can be seen
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by comparing with the curve with Sth = (~. 2E)2 which is about

an order of magnitude smaller in contribution.

Therefore it is clear that if one can measure the energy of

the final hadrons and further require it to exceed half the

total e+e- energy, one can keep the two photon annihilation

cross section into hadrons to less than one percent provided

the total cross section stays constant at 20 nbarn.
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