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ABSTRACT

In the deep inelastic region of electroproduction coincidence measurements
. +

for the reactions e + p > e + p + Mx and e + p > et 7T +My have been made.

Preliminary results for the production cross sections by virtual photons

d%o/dadp and d%0/dndM are given.
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Inelastic electron proton scattering has been investigated very extensivly at
different laboratories by measuring the total cross section for the absorption
of virtual photons on protons as a function of the four momentum transfer q

to the final hadronic system and of its mass W. In the deep inelastic region,
which is the region of W above the main nucleon resonances (W > 2 GeV) and

of q2 above | (GeV/c)z, two main results were found: 1) the cross section is
large compared with that for elastic scattering or for the production of .
the first nucleon resonance, 2) the structure functions WI and W2 depend only
on a combination of the two variables q2 and W and not on both independently.

In order to understand these results it is necessary to decompose the total

cross section in special reactions.

We have measured the following classes of reactions

e +p+ e+ p + anything with missing mass M

and
+ , . . .
e +p+e+ 7+ anything with missing mass My

by detecting electron and proton respectively pion in coincidence. Momenta

and angles of the detected particles were measured so that the four momentum
vector of the virtual photon and of the undetected system was known,

The hadron was detected in the direction of the virtual photen, The momentum

of the proton or of the pion was varied across a large range to vary the missing
mass for the rest system. W and q2 were chosen such that the conditions for

deep inelastic region, as indicated by the total cross section, are fullfilled.

The apparatus, which was used for this experiment, is shown in Fig. 1. The
external electron beam hits a 9 cm liquid hydrogen target, passes a secondary
emigsion monitor and a beam position monitor and is stopped in a Farady ~
cup, The scattered electrons are measured in a double focussing spectrometer,
which was already used in a previous experiment.l)Electrons are identified

by a Cerenkov and a shower counter. The protons.and pions are detected in a
spectrometer, which consists of three half quardrupoles with the same polarity.
The particles are focused in the vertical plane. Two hodoscopes with a space
resolution of 3 mm for each, measure the vertical angle and the momentum, The
horizontal angle is measured by one of the trigger counters, which devide the
small horizontal acceptance into three parts. A gas threshold Cerenkov counter
separates pions from heavier particles (mainly protons) for momenta larger than

900 MeV/C.




The shower counter discriminates against positrons and is used for protons

with low momentum as a range counter. In both trigger counters and in the
Cerenkov counter the time of flight of the hadrons is measured with respect

to that of the electron. This information is used to subtract random coinci-
dences between the two arms and to separate pions from protons below

900 MeV/c. The lowest proton momentum, which can be detected, is approximately
400 MeV/c. At the entrance of the first quadrupele of the hadron spectrometer

60 cm of lead are put in the horizontal plane to prevent direct sight between
the hodoscopes and the target. Since we did not want to exclude the very forward
direction with respect to the virtual photon, the spectrometer is tilted towards

the horizontal plane by about 30 mrad.

The acceptance of the electron arm is 0.95 msr and 10 Z in momentum. The
hadron arm has a very large momentum acceptance. Far outside of the central
value however the resolution is no longer sufficient and the solid angle
acceptance is small. The range, which was actually used, goes from ~347

to +52 Z. Here the solid angle varies from 0.4 msr to 1.l msr at the central
momentum and to 0.5 msr at the +52 % limit. The resolution in momentum is

approximately 2% FWHM in this range. The angular resolution is about 0.1° FWHM for

both directions.

The main kinematical parameters, at which the measurements were made, are
listed in Table 1. The values are averaged according to the acceptance of the

electron spectrometer,

dAG

For the calculation of cross sections of the form EETaﬁgapdﬁ

the acceptances AQ'AP of the two spectrometers have been determiped by

Monte Carlo methods. The counting rates have been corrected for random
coincidences. The correction goes from zero at the high momenta to at most

50 % at the lowest momenta, Radiative corrections have not been applied so far.
We believe however that the distributions will not be changed significantly

by the corrections. The elastic radiative tail cannot contribute to the

proton spectrum above 400 MeV/c,

In Fig. 2 the cross section for the production of protons with momentum p by

virtual photons in the forward direction
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is shown as a function of the laboratory momentum of the proton. Ft is
defined in the usual way to separate out the electron kinematics.2) Also

shown is the scale of the averaged momentum of the proton in the center of mass
system of all outgoing hadrons. The cross section increases with decreasing
momentum and shows a broad maximum at a laboratory momentum of about 1.5 GeV/c.
Below this range the cross section decreases with decreasing momentum. At the
maximum the center of mass momentum is around zero. In principle it is caused

by large values of AQCM/AQ in this range.

At large momenta the cross section is very small, This is in contradiction to
expectations from the fieldtheoretical parton model of Drell, Levy and Yan, 3)
In this model spin 1/2 hadrons in the direction of the virtual photon, with a
momentum of the order of the three momentum of the virtual photon, which is in
our case 4 GeV/c, are expected to contribute to a large extent to the total
pPhotoabsorbtion cross section. The measured total spectrum contains approxi-
mately 0.1% of the total cross section, which has been measured at the same
time with the electron arm alone. In the spirit of Drell et al., we assumed
that for 507 of the total cross section a proton is emitted with a longitudinal
momentum larger tham 2 GeV and a transverse momentum normally distributed around
zero with an expectation value /ZEF;_—'= 0.35 GeV. 1In this case the proton
spectrum above 2 GeV should contaiﬁ_more than 0.47%Z of the total cross section.

This should be compared with about 0.04%, which is the measured part of the

total cross section with momenta above 2 GeV,

Comparison with the corresponding, but preliminary spectrum from photoproduction“)
for an energy EY = 2.8 GeV shows however, that in the electroproduction case
with q? = 1.15 GeV? one has in relation to the total cross sections about Ewo

times more protons in the forward direction than in photoproduction,

The corresponding missing mass spectrum for the detected protons is shown in Fig.3.
Here only the protons, which are in the forward direction in the CM-system, are
used. The steep increase at the very high missing mass values is due to the
increase of dP/de. The cross section in the region of backward produced

single ﬂo, n and p , not shown in Fig.3, is very small (the spectrum was
measured to highest possible momentum of 4.3 GeV, corresponding to M_ = mﬂ).

X
Between Mx = 1.0 and 1.1 GeV we see an excess of the cross section. Since we




have not separated K-mesons from protons, it is possible that we see here
electroproduction of A or I, The missing mass calculated for having detected

K-mesons instead of protons is in agreement with both reactions.

The results for the pions are shown in Figs.4 and 5, where dzc/dePTT and
d20/dqdM.  are plotted against momentum and missing mass. The momentum spectrum

is rather flat. Here the amount of pions which are produced in the forward

n

direction is at q2 P15 (GeV/c)2 about the same as at q2 = 0, again
taking into account the different total cross sections.") The missing mass
spectrum shows the single pion production in forward direction and perhaps also
A°-production. The cross section is slowly increasing across the range of the
higher resonances and reaches quite high values at the end of the possible

missing mass range, where the detected pions are almost at rest in the CM—-system.

We want to emphasize that all data are preliminary, since radiative corrections

are not yet applied.
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Figure

Captions:

The experimental apparatus
dzc
The photoproduction cross section = n™
for protons in the direction of the virtual and real
photon as a function of the momentum of the proten.

2
. d o .
The cross section dﬂde for the proton spectrum of Fig.2

produced by virtual photons with PgM > 0 only.

2
The photoproduction cross sectlon —z= 5~
for positive pions in the direction of the virtual and real
photon as a function of the momentum of the pion.
dzo
The cross section'aﬁgﬁ— for the pion

spectrum of Fig, & produced by virtual photonms.



Table I: Kinematical values of measurement

Energy of primary electron E = 6,5 GeV
Energy of secondary electron E'= 2,64 GeV + 5 %
Scattering angle of electron 6 = 15.0°

Angle of virtual photon v = 10°

Momentum transfer to hadronic system q2= 1.15 (GeV)2
Mass of the hadronie system W= 2,63 GeV

Three momentum of the virtual photon |E]= 4,0 GeV
Equivalent photonenergy K= 3.2 GeV
Scaling variable 2M(E—E')/q2 = w=6

Polarization of virtual photon e = 0.7




AL o oA A IAN

[ g

o M v N

[ ]

24 S ' R

o7
) ACUHN I ATENAN
IR EOELE0 NEY.

TEAIS VISR LS OIS ARSI T

H1 Hodoscope for vert angle
HZ = » horiz »
H3 »  » momentum

H&HS - angle ahd momentum

' SCH Showercounter

e - FL Time of flght counter

C Cerenkovcounter TR Triggercounter

JL V7 15teel kx4 Concrete




(a5 5F)
501 \d@ dP Proton,© = 0°
[_}m_] q2 =115 (GeV/c)?

Lok GeV sr W=26 GeV

| )
301 :

I 1

: Fig.2
20+ T
T ’ *
1 - L |
101 . l } {
0 1 } 1 | | ! L J E I I
0 1 2 3 4 PPLab

-Q7 -03 -01 O1 03

05 07 09 11 PM

[GeV/c]



(d2d ) ® (P}xz
14,0+ \ dQ2dMx/Proton © =0°

120 -*-[Gg\?sr]

100+
Fig3 \

80+ S

60+ - T ®

L0+ e TT | ¢+

20+ ".{ % }E { }¢_~~—- L1

IEER. % ~Missing Mass My [GeV]
10 12 14 16

| T T

35 30 25 20 16
| Pp [GeV/c]



d’g )
150\dQ dP /it @ = 0°
[Eb ] q2 =115 (GeV/c)?2
GeV sr W=26 GeV
100+
Fig.4
.
50+ { [ } {
{ {1 I
1 { { { : { I I
1 1 1 ] I I
%% 1 3 5 L pLe
00 025 050 075 100 120 P&M [GeV/c]



160-

140 - ¢

120+ T - T+ 4

100- L I

80+

i - 1 —
40-

{ { Missing Mass My [GeV]
a5 10 15 20 25

I | | I |

25 20 15 10 05 Py [GeV/il

£
o
W
(&)
W
gt



