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Abstract

We review recent electroproduction results from DESY above the resonance
region (W > 1.7 GeV) in the framework of a quark-parton model. p0 and g
production off protons has stronger nonperipheral contributions than ia
photoproduction. The p/w cross section ratios as well as the ratio of single
7~ and 7t production off deuterons approach the quark model values at

[t[ % 1 GeV2 and at values of the scaling variable w of 4 - 7. Inclusive
production of 77 mesons via Yy _p + 7X is suppressed in the fragmentation
region, whereas the production of 1 prong events of the type yyp > mhan0 ...
is much stronger than in photoproduction. Both observations are compatible
with a preferred production of leading positive mesons when the virtual
photon hits a valence quark inside the proton. New measurements of the
reactions Y,p + 7tn and Yvp > TrUp allow a separation of the longitudinal
cross sections. A further analysis shows that the transverse cross section
0, dominates over S in the same way as in photoproduction.
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1. INTRODUCTION

This report covers new results on electroproduction which were recently
obtained at DESY. In spite of the effort put on storage ring experiments,
there are still some healthy electroproduction experiments going. What
kind of physics can you expect in inelastic ep scattering at DESY energies?
Let us first have a look at the kinematic region of electroproduction*

(see fig. 1). The region is limited by photoproduction (Q2 = 0) on the one
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Fig. 1. The kinematical region (Q,2 = v plane) of inelastic ep scattering
hand and elastic ep scattering (W = proton mass mn) on the other hand.
What reaction mechanisms do we expect near these limits? We know from pre-
vious experiments that s - channel resonances can be excited at W < 2 GeV.
Also at small Q2 diffractive processes like quasielastic p and @ production
take place, which can be described by a vector dominance approach. In

general the interaction at small Q2 is thought to be hadronlike.

* The kinematic quantities used are -Q2 = "mass squared’ of the virtual

photon, which mediates the ep interaction, = energy of the virtual
photon in the lab. system, W = total energy of the 7. vp center of mass

system.



We further know that the total inelastic ep scattering cross section de-
velops an approximate scaling behaviour for Q2 > 1 GeV2 and W > 2 GeV.

The first observation of this behaviour gave a boost to quark parton models
for deep inelastic scattering. Usually deep inelastic effects are expected

2 mpV
P .
only for small values of the scaling variable w = ? i.e. © <4 and both

Q2 and »large. The dot dashed lines in fig. 1 indicate lines of constant

w., The shaded area in fig. 1 indicates the kinematic region accessible

to typical experiments at DESY. Part of the region has small w.

Hence we can explore a region, where on the one hand hadronlike processes
take place and where on the other hand the scaling behaviour is taking
over. The question is, if the early onset of scaling is accompanied by any

observable quark-parton effects.

In this talk I will not cover the resonance region below W = 1.7 GeV. I
want to focus on two questions:
- Do valence quarks effect the reaction dynamics?

We have indications that this might happen in our Q2 - W range at large

|{,| (for two-body reactions) and in the fragmentation region (for in-
clusive distributions).
- Do the reaction dynamics for single = production at small t and moderate

Q2 differ from photoproduction?

Table 1 gives a survey of the reactions which were recently measured at
DESY,

The streamer chamber data cover mainly vector meson production and inclu-
sive distributionsl_u at values of the polarisation parameter € = 0.85-0.95.
A small data sample was also taken at € = 0.35 - 0.5 5. There is high
quality data on single n:+ and n~ production off hydrogen and deuterium at
large 66’8. Two groups have measured single :\'+ production at € ~ 0.k,

7,9

which allows a separation of longitudinal and transverse contributions .



TABLE 1

Survey of recent electroproduction data from DESY above the
resonance region (W > 1.7 GeV)

Kinematic Range

el
Collaboration | Chemmel |W [GeV] Q" [oev?) c 141 [cev} | per
DESY-Glasgow=-| 7. P PP 1
Hamburg 7P 0P 1.7 - 2.8 0.3 - L.k 0.85 -~ 0.%5 [& 2 2
(Streamer 7 P —att 1,3
Chember ) 7vp-m’x 2,2 -2,8| 0.3 - 1.k 0.8k (~1<x<1) | &
-3 0-2 0.4 (-1x<1) | 5
<> 1,3-2.8] 0.3 - 1.k 0.8 - 0.98 - L
topol.
cross
sections | 3 _ 3,5 0-1 0.35 - 0.5 - 5
DESY (Group 7P ' 2,19 0.06 - 1.35 0.76 - 0.86 tmin'l’o 6
F22)-Univ, 2.19 0.7 0.33 0.05-0.24 | 7
Hamburg 7,00 TP 2,19 | 0.7, 1.35 0.85 t 1.0 |8
DESY (Group | 7, an | 2,08 -22 0.2-0.5 [ 0.35 -0.45/0.02 - 0.4 9
¥32 ) -Wuppertal
pachen-DESY- | 7, P>xP | 1.8 - 2,5 0.1 - 0.6 0.5 0.05-0.7 |10
Wuppertal > = 15°
L e e ] - — T =
72 % | 1.8 - 3.5 0.35 - 0.8 Y(0.k<x<1) |10
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Finally an Aachen-Wuppertal-DESY collaeboration has measured Jto production
o

1
both via 7 P> xp &nd 7P -7 X °,

The total amount of data is too large to be covered in this report. In
view of the above questions I want to concentrate on the following topics:
— Sumary of peripheral p © and o production (sec. 2).

— Nonperipheral p° and o production _gsec. 3).

o (y, 1 p)
— Quark-Parton effects in R =

(sec. 4).
+

’ c(yvp s n)
— Q dependence of nonperipheral production (sec. 5).

— Suppression of x production in the fragmentation region (sec.6).
— How is the total cross section built up from individval channels? (sec.?).
— Separation of longitudinal and transverse contributions to

7,2 2 and 7P ©°p (sec.8).

2, Summary of peripheral pand w production

The streamer chamber experiment has yielded a clear picture of pand ®
production via 7vp - pp Or 7, vp 0P in our Q2 -W range. These are the main

observations 1,2 :

1) The pand w production cross section has a strong peripheral component

with exponential slopes similar to those measured in photoproduction.

2) The W dependence of the peripheral cross section is well compatible with
a diffractive process for p production and a mixture of one-pion-exchange

(OPE) and diffractive contributions for w production.

3) Other properties of p production (like dominance of natural parity ex-
change and s-channel helicity conserva.tion) are similar to those found in

photoproduction.

4) The cross section drops fast between Q2 = 0 and Q2 = 0.3 GeV2 in agree-
ment with a vector dominance model calculation. (See fig. 2, which shows

the reaction cross section normalized to the total cross section.)
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Fig. 2 Reaction cross sections normalized to

. . 2
ep cross section as a function of Q .

and VDM curve are from refs. 1 and 2.

In summary, peripheral pand w electroproduction

2
(in our @ -~ W range) by the same mechanisms as

the total inelastic
The full points

can be well understood

in photoproduction.

The observed Q2 dependence is governed by the ppropaga.tor. In contrast

the nonperipheral production shows a much weaker Q2 dependence,

3. Nonperipheral p and w production

To look for nonperipheral contributions we plot in fig., 3 the differential

cross sections da/d_Q in the hadronic center of mass system above threshold

(1.7<W<2.0 GeV).

We observe the following main features:

l) The distributions have the above mentioned peripheral peaks near

cos 6 om = 1 both in electroproduction (full points) and photoproduction

(open points),
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Fig, 3 Differential cross sections in the hadronic center
of mass system for 7pap pand 7p—)a:p a.t<Q >
= 0.75 GeV2 from refs. 1 and 2, which also contain

references of the photoproduction points.

2) pand w electroproduction develops a nearly isotropic production angular

distribution for cos ecm <0.5.

3). The ratio of p to w production becomes close to 1 in the backward hemi-

sphere both in electroproduction and photoproduction.

4), In the backward hemisphere there is little drop of the cross sections

2 2
between Q@ = 0 and Q > = 0.75 C-eV2

In summary, we find strong nonperipheral contributions of comparable size
in p and w electroproduction near threshold which have a weak Q,2 dependence.
These can be caused by the formation of J = % or J = %s-channel reso-

1
nances or by some presently unknown processes.

Let us look if the observed phenomene persist at higher energies. Fig. 4

shows the differential cross sections dcr/dt for p (open triangles) and o

production (full points). The average value of the scaling variable is w~
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T for the electroproduction data. Again the nonperipheral cross sections
2
(for Itl > 0.5 GeV ) are within errors of comparable size.
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Fig. 4 Differential cross sections do/dt for reactions
7P —)Pop (open triangles) and 7,P - ap (full
points) from refs. 1 and 2. The shaded area
indicates the photoproduction cross section

for yp - ep, as quoted in ref. 2.
The last observation can be understood in the framework of a simple quark
model., Let us assume that nonperipheral p and w production is initiated by
a virtual photon coupling to a valence quark of the proton. Since both
P and w have the same quark content one would then expect equal amounts of
p and w production.

o (7n-n"p)
4, Quark-Parton effects in R =

—_—
o (7vp—> % n)
There is another example where we can look for quark parton effects., Con-

sieer the reactions 7vn-—> rr—p and 7Vp—> zr+n. According to Nachtmann 11 one



would expect that photon-walence quark interactions dominate for a) w <5

and b) transverse photons only. The latter condition is realized at high

|tl , since longitudinal photons contribute mostly at low |t| via OPE (com-
pare fig. 14) and play little role at high lt 3 Fig. 5 shows the relevant

quark diagrams.

YN —=Tp Yyp—T'n

Fig. 5 Quark graphs for 7 n - 7 p and 7P - %

1
The amplitude for ' production is proportional to the charge -E of the

d quark, from which the = ~ is formed, whereas the =x + production ampli=-

tude is proportional to the charge of the u quark _gp . Hence we expect

a ratio of the production cross sections of R = 1];- .~ Fig. 6 shows the ratio
- +

of single ® to ® production off deuterons8 » which apart from small deu-

terium effects is equal to the above ratio R. The data have values of

6.7 (Q2 = 0.7 GeV2) and w = 4 (Q,2 =1.35 GeVe), respectively. Near

w

t 0 where the production mechanism is dominated by OPE the ratio is close
to 1 ( as in photoproduction (shaded area)), whereas for ‘tl > 0.5 Gev®

1
the ratio R approaches the value fexpected from the quark model.

Hence the data on the p/w and the n_/n'+ ratio are consistent with valence

2 2
quark effects at kinematic values Itl =1 GeV, Q%% 1 qev® and w=4-T.

Let us now ask for the Q dependence of nonperipheral processes.

5. Q2 dependence of nonperipheral production

In this section we consider three two-body reactions: 7VP--, wp, 7vp S AH

+
and 7VP - natlarge t . The full points in fig. 4 give the differential -
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cross sections for o production at emergies 2.0 < W < 2,8 GeV. The shaded
area indicates the photoproduction differential cross section for 9p -
wp, At small It I the photoproduction cross sections exceed the w elec-
troproduction data, which have an average < Q2> = 0.84 GeVg. In contrast,
the photoproduction and electroproduction cross sections are of the same

2 2
magnitude for It ' > 0.5 GeV , i.e. they show no significant Q dependence.
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Fig. 6 The ratio R of single ' production to single n+ production
cross sections off deuterium at Q2 = 0.7 (w=6.7) and Q2

=1.35 GeV2 (w = 4). The figure was taken from ref. 8.

The same observation is made in fig. 7., where full points are from elec-
troproduction of rr-A++ and open points are from photoproduction. Finally
fig. 8 shows the double differential cross section 2 = dza /dt d¢ for the
reaction 7VP -7 * n at W= 2,19 GeV* and four different Q2 values. The
shaded area indicates the corresponding photoproduction cross sections.

Iet us discuss the data at Q2 = 0.7 GeVz.

* See next page for footnote
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Fig. 7 The differential cross Fig. 8 Differential cross section
section do/dt for for yp»mnat¥W=2.19
-+
7,2 > 8™ from res, GeV from ref. 6. The cross
3 (A1 points). The open sections have been averaged
points (photoproduction) over the indicated ¢ range.

are from ref, 12,

At small |t| the electroproduction cross section exceeds the photoproduction

data, due to strong longitudinal contributions, which die out fast with in-

creasing |t1 . For |t|>0.7 GeV2 the electroproduction cross sections ap-

proach again the photoproduction values., Similar trends are observed at
ey

Q2 values of 0.28 and 1.35 GeV2.

* Here ¢ is the angle between the electron scattering plane and the 1r+
production plane, spanned by the momentum vectors of the yv and zr+.
The cross sections were averaged over the indicated ¢ regions. Averag-
ing over the full ¢ range would yield slightly higher cross sections,
since the cross section is minimal for ¢ = OO, 1800, 360° and maximal
for ¢ = 90°, 270° °.
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In conclusion, we have found that the reactions 7P P, 7P o “a

+

and 7P * n show little Q2 dependence at ltl 2 0.7 GeV2. Note that the
average ® of the electroproduction data is of the order of 4 - 7. A weak
Q2 dependence of the cross section is reminiscent of a pointlike interac-
tion in the framework of a quark-parton model, though. certainly other ex-

planations of the observed phenomena can be found.

6. Suppression of m ~ production in the fragmentation region

We next turn to the x~ inclusive distributions from the streamer chamber
experiment. We ask if quark-parton effects can be observed in the frag-
mentation region. If the n~ in the fragmentation region are produced by
a 7 hitting a valence guark one would expect a suppression of ' produc=-

relative to ®  production,
tion‘ags soon as this mechanism turms on¥*, We plot the inclusive distribu-

tions as a function of the variable x = p I /p" , and where Dy is the

- *
n longitudinal momentum in the hadronic center of mass system and Py max

is its maximal value. The lefthand side of fig, 9 shows the structure
2

1 T Ex d 2

o ar 2 dp_l_ (1)

tot o Db* max ax d.pl

function F(x) =

for energies 2.2 <W < 2,8 GeV. Full points are for 0.3 < Qe < 0.5 GeV2
and open points for 0.5 < Q,2 < 1.h4 Gevz. The curve indicates the corre-

) * %
sponding distribution for photoproduction 13 . In the target fragmen-
tation region (x < 0) the data develop no significant Q2 dependence betwe-

en @@ = 0 and @° = 1 Gev?,

* The suppression is due to the small charge of the d quark, which is

necessary to form a = -, by the same argument as discussed in sec. 4.

*% The peak in the photoproduction distribution near x = 0.9 is due to

the reaction yp —» x -AH.
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Fig. 9 The structure function F (x) for 7vp -5 X from ref. 4. The
righthand part has all events fitting reaction 7vp - -n:+ % p with

M‘ﬂ’ W <1 GeV removed. The curve is an interpolation through
the corresponding photoproduction data of ref. 13 at W = 2.45 GeV.
which indicates that the target fragmentation is approximately independent
of the projectile mass. In contrast we observe a sharp drop of F (x) in
the beam fragmentation region (x20.3) between Q,2 =0 and <Q2> = 0.4 gev?

A similar drop has not been observed in inclusive =xn + production lh.

We might ask if the drop is caused by the fast disappearence of diffractive
p production when moving from Q2 =0 to <Q2> = 0.4 GeV2 (compare fig. 2).
In order to check this question we have plotted in the right hand part of
fig. 9 F(x) with all Do events removed from the data both in photo- and
electroproduction. The discrepancy between photo- and electroproduction
is reduced by a factor 1.5, but does not disappear completely. Other
known diffractive processes (like yp -» ap or diffractive yp —)pOX) are too
weak to come up for the remaining difference. Hence the suppression of '
production in the fragmentation region is consistent with being partially
due to quark-parton effects. It is surprising that such effects show up

at small Q,2 immediately after the photen "becomes" virtual.
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7. How is il 1 inelasti lon buil . individual
channels?

Bver since the surprisingly weak Q,2 dependence of the total inelastic cross
section was found, experimenters have tried to find out which channels are
responsible for this behaviour. The streamer chamber experiment can shed

a bit more light on the guestion. We first look at the topological cross
sections 9, for the production of n charged hadrons normalized to the total
inelastic cross section. Fig. 10 shows Gn/otot as a function of Q2 for
2,2 <W<2.,8 GeV. As already observed in previous experiments 15, 16;.

the data show a remarkable independence of Q2. However, there is a marked
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Fig, 10 Topological cross sections for 7vp — n charged particles nor-

malized to the total inelastic ep cross section from ref. 4.
transition when moving from photoproduction (open points) to electropro-
duction (full points). The fraction of 3 prong events is reduced, whereas
the fraction of 1 prong events sharply increases and the fraction of 5
prong events stays approximately constant. The reduction of 63/01;0 tcan be
partially (but not fully) explained by the dying out of diffractive pand

o production .
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We might ask if the increase of 1 prongs is caused bycontributions from
longitudinal photons in reactions like 7vp - n:+n or 7vp - n:op. In order
to study this question we plot in fig. 11 the missing mass squared MME

of the neutral system produced in oné prong events. Clear peaks are ob-
served at MM? = Mi o and IVIM2 = M2n corresponding to the reactions 7Vp - ztop
and 7VP - rr+n. However, the vast majority of the events occurs at higher

values of MNF , which implies the production of additional neutral particles.
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Fig. 11 Missing mass squared distri- Fig. 12 Channel cross sections norma-
butions for 1 prong events lized to the total cross sec-
from ref. L. tion. The cross section for

+ -
7,P o bt is from ref. 1.
The cross sections for
+
7vp - nn ana 7Vp - p'n:0 were
estimated from the data pre-

sented in figs. 8 and 16.
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We have estimated the cross sections for 7vp - :top and 7vp - n+n from our
date and the data presented in sec. 8. The result is indicated in fig. 12,
where we again show fractional cross sections vs. Q,g. Clearly the above
two-body final states cannot explain the strong increase in the 1 prong
cross section, It is caused by 1 prong events with two or more neutral

particles.

If the increase would be mainly due to nonresonant events of the type
7vp - pnono we would expect a similar increase in the fraction of nonreso-
nant events 7. P - p«+n-, which are also indicated in fig. 12. This is not
observed. We conclude that most 1likely events of the type 7. vp - :t+mt°. ..
are responsible for the increased 1 prong fraction. This observation
does fit in the quark-parton model which favours the production of positive

charged mesons like n'+ or p+ in the fragmentation region.

When such mesons are produced the remaining energy is-in our W range -
frequently not large enough to create additional n+n- pairs. We expect
that at higher W the excess of 1 prong events slowly will disappear whereas

other channels with leading positive mesons like 7vp - n+1t+1t-n take over.

While our observation fits in the quark-parton model it is again surprising
that the excess of 1 prongs is "turned on" already at very small values of

Q=.

8. Separation of longitudinal and transverse contributions

to 7vp — :r+n and 7 p —» nop

We now turn to a different subject, namely single = production at small
Q2 and t and ask, whether the interaction shows similarities ta photopro-
duction.

Single = electroproduction offers the possibility to disentangle the con-
tributions of different spin states of the virtual photon as one can see

from the differential cross section formula



d2cr(7vP —»aN) dg

dg do
U L P T
at dg =gt € gt € cos 20 i+ v 2eledd) cosd

do

o @)

There are four contributions to the cross section:

5U=% (c" +U_,_) from transverse unpolarized photons (as in unpolarized
photoproduction); cr“ and ULa.re the cross sections cor-
responding a polarization of the photon electric vector
parallel and perpendicular to the reaction plane, respec-
tively.

o'L from longitudinal photons.

Op =-;_‘— (0" - SI. ) from the interference of the twc transversely polarized
photon components.

91 from the interference of amplitudes due to transverse and
longitudinal photons

€ is the polarization parameter*, The azimutal angle ¢ was

defined in sec. 5 (footnote).
The measurement of the ¢ dependence of the cross section allows the separa-

tion of (UU + ech),cp and 9 Measurements at fixed Q2 , Wand t but at

I

different e separateoc. fromo,.

i)

A DESY-University Hamburg group 6,7 has performed such measurements at

W = 2.19 GeV and Q2 = 0.7 GeV2 for 7vp - :1+n. Fig. 13 shows the separated

contributions do: do. do do.
U e L _ 2 g —L
at dt ’ 4t at *°

The contribution of oy t€og dominates at small t, showing a drastic t

dependence. Fig. 14 (top) shows the separated cross sections o, (open dia-

monds) and CIU (full circles). The data demonstrate clearly that it is the

* e=[1+2 tan2%(l*L22§]_lwith 6 = electron scattering angle in the lab.
system. The transverseQ part of the virtual photon is polarized to de-
gree €, with the polarization vector in the electron scattering plane.
The longitudinal polarization component has a total intensity € times

the total intensity in the transverse components.
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longitudinal cross section, which causes the sharp drop ¢f the overall
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Fig. 13 Differential cross sections dau/dt + € dal/dt, dap/d.t and
daI/dt for reaction 7,2 - 1r+n at W = 2,19 GeV and <e> = 0.85
(from ref. 6).

cross section with increasing ft' . This behaviour can be fitted by a
generalized Born term model of Gutbrod and Kramer 17 (curves in fig. 14),
in which = exchange contributions dominate the longitudinal cross section.

We can go one step further and isolate U_L and a“ by resolving ay and aP .

Fig. 15 shows?L a.ndq“ at Q2 =0.7 GeV2 as a function of t. The curves
indicate the corresponding cross sections in photoproduction, divided by
an arbitrary factor 3 to compensate the Q2 dependence. G

1
proximately the same properties as in photoproduction¥. ?L dominates and

and a"have ap-

has a similar t dependence as at Q2 = 0. The observation of a forward peek

in ql is precluded by the large value of tmin at Q2 = 0.7 GeVZ.

(.71. andg are at high W characterized by a unique naturality of the

t-channel exchange: natural parity exchange (JP =o" , 17...) only

fori and unnatural parity exchange (JP =0" B l+ ees) for o" 18.
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Fig. 1W°Separated differential cross Fig, 15 Differential cross sections
sections dci/dt, doU/dt dcl/dt and d o /dt for
+
ch/dt end dop/dt for 7P >« n (from ref. T). The
7P - ' (from ref. T). curves indicate the corre-
The curves are fits using sponding photoproduction
a Born term model of Gut- cross sections 19 taken at

17
brod end Kremer™, E‘= 3.4 GeV and scaled down

by (s€)° to W = 2.19 GeV.

In addition the photoproduc-
tion cross sections were di-
vided by a factor 3.
We finally consider single 7° production 7Vp - xop. Here a small 9y, is
expected for the following reasons:
1) Pion exchange is forbidden by C conservation

2) The dominant exchange expected is the w, a natural parity exchange

which does not contribute to Or, 8t high W,
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Fig. lo shows the recently measured differential cross sections at an
average ¢ of 15o (full pointslo) together with the 1975 data taken at an
average ¢ of 900. The cross sections at ¢-90° are larger by a factor two
than the 150 cross sections, The observed strong ¢ dependence reqQuires

0. to be large apd negitive (see eq. (2), i.e. 9 >>q

B
P |
Yy p—=n°P
<‘\IN> =248 GeV
® Q2:0-045GeVZ, €205 <®> 1S (preliminary)
O 0% 102 Gev? , €1 0.57,<$>:90°
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10 1 1 1 1 i il 1 1 1 1 1 L 1 1 1
0 02 04 06 08
Iti (GeV?)

Fig., 16 Double differential cross sectione for reaction 7. P —ntop. Full
o
points are from ref. 10 (<¢> = 15 ). Open points are from table
b of ref. 20 (<¢> = 90°) scaled down from W = 2.56 GeV to W =
2.48 Gev,
By assuming oy, andoI to vanish one can extract ¢_, and furtheron extract
dg® do
. B i
(1 and c” fromcU and Ip* The cross sections rika and L3

GeV2 are shown in fig. 17. The corresponding cross sections from photo-

at Q2 = 0.22

production are shown in fig. 18. In both cases g dominates over o, .



DESY

YvPp— Wp oEsy
<W>=248GeV, <@?>=0.22GeV?
26069 preliminary
05
1000~ i i 1
i | ] e}
'e -
i ] %
°
] S
100} = S5 oo0s |
L, 4
T o'00050 02 04 06 08 10 12
I a doj i 4 06 08 10 1
a -t (Gevic)?
1 1 1 1 1 L i L

(1]

Fg., 17 Separated differential cross Mg, 18 Separated differential

sections do-L/dt and dq/dt cross sections doj /dt and
for reaction y p - 7°p- do-“ /dt for photoproduc-

using the data of ref. 10 tion yp - :rrop (from ref.

and ref. 20. 21).

In summary, the transverse contributions to single n:+ and n° electropro-
duction are dominated by the cross section due to natural parity exchange

This is qualitatively the same behaviour as in photoproduction.
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