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Deep Inelastic Electroproduction of Hadrond on a Photon 
Target 

We discuss the inelastic scattering ee -+ ee N hadrons, on 
the condition that one of the final state electrons is detected at 
large angles. A simple estimate shows that this process may make 
possible the observation of the deep inelastic electroproduction of 
hadrons on photon target. 
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1. In the last year the importance of the two-photon 

mechanism of hadron production in electron-positron 

(electron) collid:l.ng beam experiments at high energies 

was stressed by several authors 1 ' 2' 6 ( Fig.l). 

The two-phonon mechanism means the following 

where rt'- denotes virtual photons with space-like 

four-momentum and Jl is a neutral c-even state of hadrons 

( e.g. Jt0

1\, x~r.; Kt-C .J etc~. In connection with this 

mechanism we can study the annilulation of two real photons 

into hadrons T + 'f--> lt · 
Since there is a rapid falloff in the amplitude 

of the process (1) with increasing the mass of the 

virtual photon, we might think at first, that it is 

hopeless to obtain information for the process "!~-?e.e~ 
using collidingdectron-electron beams. Brodsky et al. 2 

however have noticei, that the reaction (1) may be 

feasible at higher values of q'1
1 

(t(') too if we sum up 

all the possible final states of hadrons. This would 

mean, on the other hand, that the reaction (1) inthe deep 

inelastic region, where one of the final state electrons 

is detected at large angles, may be observed, supplying 

us with experimental data on the deep inelastic ele~tro­

production of hadrons on photons target. 

J 

(1) 



2. The reaction under investigation 

represents the t-channel process for the annihilation 

e~ .. e-->ttl studied by us in a previous paper J • These 

two processes together give a complete characterization 

for the absorptive part of the forward photon-virtual­

photon scattering. 

In lowest order in electromagnetism, the reaction (2) 

can be represented by two types of Feynman1 s diagrams 

( see Figure 2). This classification comes naturally 

(2) 

frotn the C-parity conservation: the two types of diagrams t 

cannot interfere. 

'rhe diagrams of the first type involve C-odd hadron 

states. The corresponding differential cross section is 

given in the c.m. system ~s 

to-- rJ... i= 
- :. - '~- -'&. S E 1 + (e- ~ t.cs)~.£ l-
ei~ 4.!L ~E.li. E ~(E-Ez...CA)~~) l 

- .Z.~ (~E-~)~~\\"~ ~ Oiot (e•e--?H..dt'OV.!.), 

where 

At higher energies, the quantity q~-t-2-.> for the proces:..; 

(1) becomes independent of the energy of the final elect~on 

( (\1t1.-l : l.ti:: (E-E._) ) so that the principle of auto-

"' modelity ~ can be applied and gives the s~ple asymptotic 

expression 
4 



So measuring only the electron scattered into large angle, 

the background contributions of the diagr~s(Fig.2a)can be 

evaluated. 

In the following we restrict our considerations to 

the contrl butions of the second-type diagram. Here VIe 

have a fourth-rank tensor 

where 

~ L, ('lrr)" 8( q -~ ~ .. ) 'R.p..,. ( tJ, o) R·'~~ ( w~ t>), 
t-1 

and the cross section is given by it Q.s follows 

""" here L 

1 ~t~r (_J{&N }~ 
4l. ~ .f JWV•'" '1. ~t 

and 
cr 

denote the density matrices of the 

(J) 

lepton pair and the photon respectively. Current conservation, 

l',T and Lorentz-invariance imply that the tensor ,P.-vj )>.6"" 

can be decomposed into four structure functions. 
J A convenient decomposition is proposed in the paper 
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s>"'..Ji~ • ft(~~v)S,...~ ~'.,..,. + s>Lc~~-~) Q,. ... S >r + 

+ ~'!.<'\'l 1··n ( ~~> ~~s- + ~~or~·-~.,.) + 

+ ~" c<t", -l) ( s ·)A.>- s~.,. - ~ ~.,. ea'·-~). ) , 
where 

If we want to determine al1 the structure functions 

(4) 

'f• (q~~) we must design experiments with polarized e1eotron 

beam and photon target. The corresponding cross section 

in the c.m. system is given as 

J ~(j!\o > ,{l I 
=---{c+tO+ 

dE.z.'\..Sl.-a. 16E 1 j~\'\~ft l ,)t a 

... Q fZ 
+ lEE,. 00 ;: ( ~ t.E2. S.(Y\ .. a. f2. + 

lE-E,.ro"!) 

(5) 

~- Et. .s\-"t ~ \.. 
l. ~ S.t.a't .S"a.. f~ J ) 

where the helicity of the incoming eleot~on is equal to -1 

and 1,, }""' denotes the Stokes parameters of the density 

matriX of the photon. Further specifications can be gtven 

s1m1lar1y to that we have done for the crossed reaction 3 
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J. In colliding beam experiments where the photon 

target consists of the equivalent photon spectrum of the 

electron beam all the particles which are involved are 

unpolarized. 

Averaging over initial photon spin we obtain the 

usual second-rank tensor 

w(-r> ( ' \) )' , y ) ql. 
t- l- ct ,... - 'i" ~)I ,q .. -.f q, ":;) 

I:JJ~"'r'(q7,v) '=. ft(q_\v) +-f~Cq~..;) 

wtrct7~~) ~ ~ .. f.U{,,-~)- .r.3rq~1) 

and the cross section can be written as follows 

+ 
~) 

For the estimation of the structure function \}J~· we 

have to look for some models, ~S in the previous 

work J we give an estimate using vector mesoQ dominance, 

automodelity and the ~arton model. 

In the automodel limit, where 

-f:J(e.c\ 

the VMD can be used only for the real photon. Applying 

the VMD, only ~the 3 
account. 

meson contributions are taken into 

1 

(6) 

(7) 

(8) 



The cross section for the process 

is determined by the tensor 

Comparing the relations (6) and (g), and using the field­

-current identity 

'ht 1. (t I 
.::c. (y.) :: - _r V (Y-) 
diA 2'fr lA 

We can find the following relations between the correspond­

ding structure functions 

y __!_ 
"'r 2.w 

(10) 

From the automodelity it follows that as ~'l..,- oU ,~->.,...,. 
--i('a. 

w s -r.; fixed 

Assuming that the proton consists mainly of spin 1/2 

constituent~, we obtain the Callan-Gross relation 

F .. (w) = ~ f~(\.U). 
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Finally we arrive at the following formula 

J,l,l (r I 
1!. _Lf. (~»)[-~ + 2.~· a.I(,J 
lf(r"" w J. v.... • (11) 

In order to estimate whether this process is feasible in a 

real experiment, we have to connect this cross section with 

the observed cross section of the process (1). For this 

purpose we apply the equivalent photon method in its 

simplest ( and roughest) version where the correlation 

between the \- and c;,' region is neglected: 

h.tq:) = 

The conmction 

q~ = ll.. Wf-> 

cl.. 
Jr 

of 

I 
'£~ 

1 d~~ h('{,~) 
't~" 

E._.., (e-q;)~ ~: 
q.' E~ e. 

I q. with w ·:ts given as 

> wkeY'e... ~=-d. + 
li E(E-E..) . 

q_1-

In the following we shall assume that at· the values of ~ 

which corresponds to the interval (\0 € (q~-·1 'l•''ti&-&AL) 

(12) 

(lJ) 

the asymptotic structure function FL(w) is approximately 

constant. Since the factor (''1.') (~~'f'J is independent of 
"11 

~~ too, we obta:l.n for the cross seot:ton of the process (1) 
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As to the calculation of clq~ we notice, that performing 

the integral over El- the factor of fi (w) can be 

decomposed into three terms 

~(-At- 2.(12.-tq'J"~{~.q,'J )=- -~ _ a~~1. +q3;;" (14) 

and the main contributions some from the last one. 

So we ca.n write 

(15) 

Taking into account that the factor 

function of 1l- in the interval 

the foll~1ing expression is obtained for the total cross 

section: 

~rl.'t E ( o. E ) (o._.!! ~2. ) F.z. . ) Cf: ~ _ ~ _ _ VV\ -~ -01 1-S '\K\ \q"~ \ -r. 1- (16 
ee 1 q•...._._ \ l'ne e IIU:"' of 

From this formula we can see that the cross section increases 

with the energy. Recently Csonka and Rees 5 have proposed 

an experimental device by use of which we can produce 

colliding beams vrith very high energy. E.g. directing 

the 20 GeV's electron beam from SLAC to a storage ring of 

2 GeV we can produce colliding beams with energy 12.6 GeV 

in the c.m. system; the expected lumino.sity however is 

small (. 2 x lo-29 cm-2 sec-1 ) • Therefore keeping in mind 

10 
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the real possibilities, a relevant· estimation should have 

been done With energy E::::, 3 GeV and luminosity L':::.. 

L = 10
33 

cm-
2 

sec-1 • Then using lq~l = 1 Gev1 we obtain 

6: -;ot l0-34 cm2 
ee.. 

After completing this work we have received a preprint 

by S.J.Brodsky, T.Kinoshita and H.Terazawa ( CLNS-153, 1971) 

and we have learned that they and T.F.Walsh ( DESY 71/15,1971) 

imestigat,ed the same subject as ours. 

We would like to thank R.M.Muradyan for his 

encouragement and for helpful discussions. 
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} Hadi"'On& 

It' 1 

Fig.l. Diagram, exhibiting the two photon mechanism for 

the process e + e ~ e + e + Hadrons 
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Hodt"ons 
~t lC=-11 
•___) I 

Fig.2. Electroproduction of (a) neutral C = - state and (b) 

neutral C = + state of hadrons on photon target. 

12 

J 

t 



1! 
I 

RetereaoeJ 

1. N.A:rteago-Romero, A.Jaooa:r1n1, P.Keasler, College de 

France preprint (April, 1970). 

2. S.J.Brodak7, T.K1Doah1ta, H.Terasawa, Ph7a.ReTeLett., 

~' 972 (1970); prepriDt CLRs-1,2, April, 1971. 

). z.Kuaszt, R.M.Mmra47&a, V.M.Ter-AntODT&At 

Pnpr1Dt JIIR,B2 .. ,J471 Dubna (1970). 

~. V.A.MatTeeT, R.M.Mu:rad,an, A.K.TaTkkelidze, 

PrepriDt JIIR1B2-4)68, Dabna (1970). 

5. P.L.Caoaka, J.R.Reea, SLAC-PUB-8,6 (1971). 

6. B.EoEanaKHH 1 B.M.EyAHe~ H ~.~.rHHa6ypr 1 llHCDMa EBT~, 

II, 559 (!970). -
Received by Publishing Department 

on September 14, 1971. 

lJ 


