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The large hadronic production in high energy ete” collisions
observed both at Frascati(M and CEA(Z) has recently been confir-
med at SPEA '—SLAC(3), where the energies covered by the expe-
riments range continuously from V’s‘ = 2E = 3 GeV to 5 GeV; The
most salient features of these results can be summarized as follows:
(i) The total cross section for multihadron production is approxima-
tely flat in the incident energy and of the order of 2x 1032 cmz‘:

(ii) Depending on the momentum of the particle the single inclusive
distributions of the observed charged hadrons behave quite differenly,
More explicitly, at low momenta (q <1 GeV/c) the inclusive cross
section do/qdq behaves similarly to what is observed in purely ha-
dronic reactions, For high momenta on the other hand, or for x 0.5,
where x = 2q,/Vs, the quantity sdo/dx seems to be purely a func-
tion of x,

(iii) The total energy carried away by neutral particles is approxi-
mately equal to that of the charged ones?

If we accept that all the observed events come from the one
photon channel, the above features not only raise serious troubles
for various models, but also contrast with our theoretical aspecta-

tions based on what has been learnt from deep inelastic electron
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and neutrino scattering.; On the other hand, before changing drasti-
cally our ideas and think about new types of phenomena, we have to
be sure that these results cannot be understood in the light of our
present knowledge of electromagnetic processes,

In this connection we observe that a possible explanation of
the data, which is suggested by (ii), can come quite simply from the
occurence of two different mechanisms which only incidentally give
rise to a flat total cross section in this energy range; The first would
preserve Bjorken scaling, give ag& =Ro uil and be responsible for
the high energy tail of the single particle distributions; The second
one in addition would be mostly responsible for the production of
lower energy particles, with a purely hadronic behaviour; A possible
identification of this mechanism with yy processes is suggested by
(iii), in the sense that the unobserved final leptons would carry away
a fraction of the total energy at their disposal, behaving as undected
neutral particles, In order to take this possibility seriously one has
of course to estimate, with reasonable accuracy, the background from
vv interactions,

The importance of the two photon mechanism of hadron pro-
duction in colliding beam experiments has been emphasized by many
authors(4), As well known, inthe case where the leptons are not detected,

the production cross section is approximately given by :

4E?
a.2. 2, 1 ds _had S
L~ B — e e
(1) Gee—:>ee had (n) 1n (m)/ S vy (s) f(4F2 )
S o edmd
o)

with f(y) = -(2 +y)2 Iny -~ 2(1 -y)(3+y), where m, E are the mass
and energy of the colliding electrons and o zid(s) is the cross sec-
tion for production of hadrons by two real photons of total cTm?
energy squared s with threshold sg7

The total hadronic vy cross sections have been estimated by
(4)

many authors'® using the usual tools of hadronic physics, either by



3.

evaluating the detailed contributions of resonant states coupled to

two photons, or using an overall smooth contribution obtained using

Regge and duality ideas(s’ 6):,’ For example one can es’t:imate(4’ 5)
o ‘ |
(2) ohad(as) = ¢ + -::1_-. = 0,24 pb + 9—-,.%_.1 b GeV ,
Y ° s Vs

corresponding to Pomeron and normal Regge exchanges, Although
the total hadronic contribution at the highest energy achieved is
about 15 nbs, having used V—-s_; = 073 GeV in eq; (1), a reasonable
estimate of possible backgrounds can be of the order of 3-4 nbs,
with V_é-'o % 1 GeV and without any experimental cuts on energyand
angles;

On the other hand it has to be realized that these expectations,
based on the simple extrapolation of hadron physics to yy scattering,
could not give the whole answer; For example the presence of a
fixed pole in Compton scattering reflects itself in the imaginary part
of the amplitude for vy scattering, and this term has no counter part
in a pure hadron-like behaviour of o zid(s)(rz):

With these considerations in mind, we shall study in the follow
ing the contributions to yy —> hadrons coming from diagrams of the

type shown in Fig, 1, where an elementary pion can be exchanged

% hadrons Y hadrons
! ]
m ; m I
NN e e Y e P
¥ T v hadrons
FIG, 1

between the two photon lines, The hadrons can be produced either as
a decay of a resonance or by a non-resonating mechanism; In addition
to the reaction yy ~» 11+'1r’, which has been extensively studied(4) and

experimentally o'bserved(s), simple processes such as pm, Al_w-,j B,
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pp, W, etc., can in principle give a non-negligeable contribution
to the total cross section, particularly if the radiative decays of
these mesons into (wy) is strongly enough, as in the case of @ —>
o)
Let us first consider the process vy — n7p~; Define

(3) k% ¢B qvp‘s )

X
©%apys
as the vertex y-w-p, where (k, ¢) and (g, p) are the momenta and po-

larization of the photon and the p meson respectively, and the coupl-

ing constant g is such that the decay width of p — wy is given by

2 2.3
2 (mp - lJ' )
g L ®
96 Tm’
o

(4) P(p —> TY)

- The most important contribution to the cross section is given by

~ g%x p3 (m?-1)% —1
dcos@ 8 32 o (t - p‘2)2

sinz' 0 +(8 - w+@),

where 9 is the production angle in the ¥y center of mass frame, p
the final momentum and t = Hz- Ews (1 - B cos 0), By neglecting all

t dependence in the numerator of (5) we get :

2 ¢ _ - 2
m \ 1+ 24n° T
. ~ 22 p _pJ 1, b " (gsmy)
(6) O oty = ‘ 5 N -2 —
7Y p m &1; S B'rr | B*n' p

This cross section can be simply generalized to estimate the more

+ - .
general process vy ~ m + S, where Sl is a hadronic system of

[Ty

‘mass \lsl :

do__  _+q- S , 1+8 '
(1) —Yy=mwSigo2¢ 1 1 g )1 g, E_J_U (s.)
dSl S2 2s w j yw ->S1 1

v ﬂ'n' 1"'3.“



We can therefore estimate either the production of final sta
tes like wR, where R is a resonance like Ay, A,, ..., by evaluating
through simple p dominance their radiative decay widths, or, more
generally, put in eq, (7) an expression for the total pion-photon cross
section, Using asymptotically the quark model relation ¢ (yw) &

o %«o’ (yN) and by factorization of Regge residues one can estimate:

(8) 6 (s)=a+t—> ¥ 65ub+

yw Vs

35 pb GeV;
Vs
Inserting eq; (8) into (7) one obtains, approximately:

= d1apw+iB GeV}{lnz-—-—-l} 1072,

O 0y, A =

where -]5“ is an average energy of the outgoing pion,
Similarly we consider the process yy —» w®, Using the same

definitions of eqs, (3) and (4) we get

, 2
YY> 0w g
(10) do . ( __ma) (m -t) 41 (t> u) + int, terms,
dt 2 2
s* (b ~t)
where t.= m2 - -S~1[1 - B, cosB), u-= m2 —{(1+ p cos 9) and the inter
‘ ' o 2 w ? w 2

ference terms add positively to the cross section, The minimum value
of t is given by t_ . = - mz(l— Bm)/(1+ﬂw)., From (10), one gets
at threshold

P 2
oyy»wm(sm Am? 3'rr

(11) w) 32 4 B

This rising cross section is not reliable at high energies, where a

form factor in the w@my coupling is supposed to operate and damp the

cross section, In this hypothesis, for s > 4maz), one would get from (10)
. 2
g‘J 8
, VY>> 0 0 T oomy,2 My 1w 1 (m ay)|? mw 2
(12) o ()2 5 () 2,2 8 2[ m, (<
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where we have neglected the contribution arising from interference
terms, At intermediate energies the order of magnitude 'of the cross
section is still given by eq, (12), Because we are interested only in
the rough estimate of this kind of effects, we generalize eq.(12) to

the process vy — Rl + Rz as follows :

1 “8I‘(EL1~+ 'n-'y)(2J1+1):I ['8 1‘(R2.;»W)(2Jz+15‘|

(13) . (mlmz)z
s
We can therefore estimate ¢ , . =20 5 o= 3x 1020 , 0 ™
p pp 0 pPw

~ 1071 % o’ OA-{AI v 10-1 % e’ GA;A; = 0.5x 10"10'wm, having
used P(Al, 9 > wy) = ez/f,o2 I“(Al, g —> ™).

More generally one could in principle use eq. (8) at both y-m-
hadrons vertices to estimate the total hadronic production via pion
exchange. This procedure would give total vy cross sections rising
with s and therefore indicate that the hypothesis of single pion ex-
change cannot be pushed too far, On the other hand this could also
indicate that the extrapolation of eq, (2) to moderate energies cannot
be completely reliable,

By substituting eq. (9) into (1) and using \/'E'O = 0;6 GeV one
gets a cross section for ee - eé + hadrons of about 2 nb s and 1 nb
for the constant and the 1/\,"‘°s~ terms respectively, at E = 2,5 GeV,
These contributions are a factor of two smaller at E = 1,5 GeV,
Similarly, from egs, (12) and (13), one gets about 2,5 nbs and 1, 5nbs
at E=2,5and E = 1,5 respectively. These estimates are of the
same order of those deduced from eq,(2). ,

Recalling that at E = 1,5 GeV and 2,5 GeV the cross section
. for ee ~» pp is 9.7 hbs and 3, 5 nbs respectively, it follows that it

is not unconceivable, in the light of our present knowledge of the
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couplet yy amplitude, to have-a pure one-photon scaling cross sec

tion o%ggc = Rap.ﬁ, with R of the order of 2-3, also at the highest
[
energies,
Note added in proof, - When this work was completed the author was

informed by Prof, S,D, Drell that a possible vy background in

SPEAR has been experimentally estimated to be less than 20 %,
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