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Deep Inelastic Electroproduction of Hadrond on a Photon
Target

We discuss the inelastic scattering €€ ~ €€ 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) colliding beam experiments at high energies
was stressed by several authors 1,2,6 ( Fig.1l).

The two-phonon mechanism means the fcllowing

1
e_+e,-—v'e+'g‘+e.+-g'-9e_+e+ p3 , )
where T’ denotes virtual photons with space-like
four-momentum and J( i3 a neutral C-even state of hadrons

( coge Jt"‘l,i"ﬁ, K*®" , etc). In connection with this
mechanism we can study the annihllation of two real photons
into hadrons P+ T—‘) .

Since there 1s 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 ‘5+€"7€ex
using collidingelectron-electron beams. Brodsky et al. 2
however have noticed, that the reaction (1) may be
feasible at higher values of q’-| (9"*) too if we sum up
all the possible final states of hadrons. This would
mean, on the other hand, that the reaotion (1) inthe deep
inelastic region, where one of the final state electrons
is detected at large anéles, may be observed, supplying
us with experimental data on the deep inelastic electro-

production of hadrons on photons target.
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2. The reaction under investigation
e+T — e+ X (2)

represents the t-channel process for the annihilation
vt — Z’r]( studied by us in a previous paper 3, These
two processes together give a complete oharacterization
for the absorptive part of the forward photon-virtual-
photon scattering.

In lowest order in electromagnetism, the reactlon (€))
can be represented by two types of Feynman'!s diagrams
( see Figure 2). This classification comes naturally
from the C-parity conservation: the two types of diagrams'
cannot interfere.

Mhe diagrams of the first type involve C-0dd hadron
states. The corresponding differential cross sectlon 1s
given in the o.m. system as

do- L &
dE,dSL- TS e E>(E-E,

2 _ 20
=3 za+(e E, W'y

- 15, (aE-E, YawE § Oy (€€ Hedrons) 5
where

RJ"J.
G;t (e $lodrons ) = Cl"f’).? f(c\ +2v) .

At higher enerszies, the quantity q!rZQ for the process
(1) becomes independent of the energy of the final electron
(g = he (E-E.D ) so that the principle of auto-

modelity > can be applied and gives the simple asymaptotlc

expression
4
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So measuring only the electron scattered into large angle,
the background contributions of the diagrams(Fig.2a)can be
evaluated.

In the followlng we restrict our consideratlons to
the contributions of the second-type diagram, Here we

have a fourth-rank tensor
frw-\)ur = X ('lﬂ)l'g(’{"'"(:’pa) Q,um(“\") R‘vu- (no),
N

where

R = Jd SV LT (Fa (03] Vo)

and the cross section is given by it @s follows

\ L’“C"g,u @v<)®  de, o

) e . -_
™ g " @k,

nd AG”
here L and a denote the density matrices of the
lepton pair and the photon respectively. Current conservation,
P,T and Lorentz—invariance imply that the tensor va-' P
can be decomposed into four structure functions.

A convenient decompositlion 1s proposed in the paper 3



g'\q-‘)‘ = ?L(q’iv) C&'Ai Ca|)‘q— + fs(‘{zﬁ) QF" g re +

+ §°3(q1,‘0) ( Q.A) Cénir + q';u— Csnn!) * (4)
¥ Oy (q‘, ) (CA'}Q C;va- - g.,"- Céuvl ),
where
_ and,
g’r Ll a* ) Q= QpQy

k3

' . 4+ 4-9>
C‘xr‘ —3M‘+ a4’ ) . _ _q_ )
‘ Q/A = %A %QIQ/’“

\
s h q»ﬂq
Gam=8m ¥ 9 ) -
If we want to determine all the structure functlons
?‘-(q‘p)) we nust design experiments with polarized eleotroﬁ

beam and photon target. The corresponding cross sectlon

in the c.m. system is given as

40 . o£3 | .o
de,d L. 16E° n'2 S?‘ $a
2 0 . |
+ _1_55-‘:2——2_- ( L\ EE"S.“‘L .t (- §3)§}) e
(E-'E,_‘o‘_z)
E-E, S
- 21 E, Sg §=. Pu l} ,

where the helicity of the incoming electron 1s equal to -1
and 3., }v

denotes the Stokes parameters of the density
matrix of the photon, Further specifications can be given.

similarly to that we have done for the orossed reaction 3
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3. In colliding beam experiments where the photon
target consists of the equlvalent photon spectrum of the
electron beam all the particles which are involved are
unpolarized.

Averaging over initial photon spin we obtalin the

usual second-rank tensor

(¥)

) ¥ 1
W F8ave % WG, +W(qe ﬂ_‘q“)(q'-‘{—’qv)%
(6)
W) = EUg) +6:(@)

WG 4Te @ — P )

and the oross section can be written as follows

C(qsz; qk q;EI
L3 ) 2
b2l (g) Sow @]

Pt [_ q Wf"’(ftﬂo) + n

fv)
For the estimation of the struoture function vdu we
have to look for some models, AS 1n the previous

work 3

we give an estimate using vector mesop domlnance,
automodelity and the parton model,
In the automodel limit, where
L
1 . _ 9% _ ¢ (8)
=, Voo , w=35° 4i£ed
the VMD can be used only £for the real photon. Applying
the VMD, only the j? meson contributions are taken into

account,



The cross section for the prooess 2N e+ R

1s determined by the tensor

(» »)
Wt = rm, 2 00" 8l-47P) £§ 130 13l g

. | | (e} ’
= W{pm\i) CafN v TVI—;:— <QI‘— g;ql‘)(ql" -%l’q‘) W" (Q}'). (%

Comparing the relations (6) and (9), and using the field-

~current identity

™ ()
5,Jx)=- 5?’, Vi (0

We can find the followlng relations between the correspond-

ding structure functions

(¢)
WGy = Sae Wo @)

s (10)

Wyany o 3 VL Sy
Wl (q|9) = ZTK‘ . mr 2w 2 (‘il )

From the automodelity it follows that as - = o Vo4
..q'l.
we 5 fixed

& ~ Ip) el o =_F(f) ]
% W@ =R, e W, Q1) = F,¥t0)

» Assuming that the proton consists mainly of spin 1/2
constituents, we obtain the Callan-Gross relation

Folw) = g5 Rlw),

2w 2



Finally we arrive at the following formula

dzo_(n R 3¢ —‘—-F () [-4 + Zh"q". b;g:'J
* - Q1)

dq';dE;: q:. 'qolEa. Z}?- w v

In order to estimate whether this process is feasible in a
real experiment, we have to conneot this cross section with
the observed cross section of the process (1), For this
purpose we apply the equivaient photon method in its
simplest ( and roughest) version where the correlation

between the (‘/ and q,' region 1s neglected:
!

™ qmax 2
dGe | dqe n(ge d Cex

)y —%

*dE.

dq"dEz. §omar, dq d&,
a ( ] E (12)

' oL | E+(E4)*p E

h(qo) = F i’ e &\' e
The conmection of q: with &> -is given as ,
2E HE(E-E) (3)
Q= wp > Where  pe-4 b — o

In the following we shall assume that at the values of
which corresponds to the interval Qo &€ (q.'...-l q.'muut )

the asymptotic structure function F,(w) 1is approximately
constant, Since the factor (!%lﬁ—” is independent of

(1', too, we obtain for the oross section of the prooess (1)
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Cli(rc._ Wi E (fn £ o 35) .(_’lol’:
dgdE. = o b P ™0 dq*el &,
d'

As to the calculation of dq:‘ we notice, that performing
the integral over E,;  the factor of ¥ (w) can be
decomposed 1into three terms
(ca+ 2(k.q') (23_4_'))= -p- 3er 328t (14)
p = > qp
and the main contributions some from the last one,
So we can write

doee | wit’y & (g & o+s)(em“52) = @2
dq* ~— 4" L5

gE?
Taking into account that the factor . 1s a smooth

function of qL

in the interval (q*] & ( Qs HE?)
the following expression is obtalned for the total cross

section:

E
o E E _03s5)(mdE: )= . (16
~|q*m.\@“me("’“me )G )

ee

From this formula we can see that the cross sectlon increases
with the energy. Recently Csonka and Rees 2 have proposed

an experimental device by use of which wé can produce
colliding beams with 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 luminosity however is

small ( 2 x 10722 cu=2 sec_l) + Therefore keeping in mind

10



the real possibilitiesla relevant estimation should have
been done with energy E 2~ 3 GeV and luminosity [ =
L = 1073 on~2 sec™ , Then using Iq;“h\ = 1 Gev'we obtain
Gz 21074 on? |

After completing this work we have received a preprint
by SeJ.Brodsky, T.Kinoshita and H.Terazawa ( CLNS—153, 1971)
and we have learned that they and T.F.Walsh ( DESY 71/15,1971)

1uvest1gatpd the same subject as ‘OUrSe.

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

encouragement and for helpful discussions,

Figel, Diagram, exhibiting the two photon meohanism for

the process @ + ¢ —> e + e + Hadrons

11
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Fig.?2. Electroproduction of (&) neutral C = - state and (b)

neutral C = + state of hadrons on photon target.
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