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Abstract:

Hadron production by ep scattering in the kinematical region 0.3 < Q2’< 1.5 GeV2

and 1.3 < W < 2.8 GeV was studied with a streamer chamber at DESY. The

average multiplicity of charged hadrons, <n> , is consistent with a logarithmic
s dependence: <n> = (0.79 = C.11) + (0.93 £ C. 06) ln (u'-1) +

+ (1.04 * 0.C8) 1In Qz/mi = 0.8 + 1n s/ré. The multiplicity does not scale

with respect to w' or Wi Incluc1ve Ut productlon was analyzed 1n terms of
(X,RL) and (Fx,t) as a function of Q W and Cz,m In the central and the
target fragmentatlon reglon no 02 depepdence was found. The reductlon of the
T yield in the beam fragmentatlon reglon compared to photoproductlon oan be-

related to the smaller 0° cross sectlop 1n electroprodtctlon. The normallzed '

lnvarlant T Cross section, F(x), does not scale with respect to m 1n our ‘
klnematlcal range. In the non dlffractlve region, 2.5 < &' < 10, the slope of

the pi distribution decreases with’ 02 for fixed w'. In the diffractive region,

10 < w' < 15, the effect is sdlls TIn the beam fragmentatlon region a;longlmudlw
nal/transverse interference term was observed. ‘Tbe;O- dependence of‘o(mvp‘+ p»p)
for W > 2 GeV is essentlally determined by the p propagator :as suggested by VDMM
Tbe slope of do/dt, for 0° production at <C2>.= 0.4 GeV2 is smaller. than at Q

For W > 2.2 GeV the p polar ‘decay angularrdlstrlbutlon shows a nonzero longltu-
dinal part, rZﬁ 0.183 + 0.031, whlle the distribution of the angle ¥, sensitive

to linear photon polarlsatlon, 1mp11es domlnant productlon by transvérse photons.
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The s— channel helicity flip amplitudes are small compared to non flip ampli-
tudes. Assuming SCHC we find for po production R = cL/o T = 0.260 + 0.054 for
<W> = 2,45 and <Q2> = 0.5 GeVz. Interference between production by longitudinal

and transverse photons was found. Assuming SCHC and only natural parity exchange
the phase between the two amplitudes was found toc be coss = 0.61 * 0.15, A pro-
nounced w peak was seen in the reaction YyP > pn+v_n0. The Q2 and W dependence of

O(YVP > wp) was determined.

Introduction

In this paper we report on the gross features of electroproduced final states
such as the behaviour of rmultiplecities, the topclogical cross sections and the

. . - .
inclusive n momentum spectra, and on rho and omega preduction .

The data come from the LESY streamer chamber experiment designed to detect all
tharged hadrons produced in an ep collision. Details of the experiment and
first results have been given e‘léewhere.2 A 7.2 GeV electron bear is passed i
througk a 9 cm lﬁng.liquid hydrogen target located inside a Il m long‘streaﬁer
chamber situated in a 18 kG magnet. A scintillator-shower counter ﬁééoscope
detects the scéttered electron and triggefs the chamber. The analysis of ﬁhg
photographs is similér to the éﬁaluation of bubble chamber £ilm. Approximately

400 000.pictures have been taken corresponding to a total flux of”4-1012-e1ectrons.

The present results are obtained from an analysis of 15 600 measured events
corresponding to 25 Z of the totai nurber of available events., After the
appropriate cuts for pulsé heights, acceptance etc. were made, 6500 inelastic
events remained in the Qz,w region (W is the cms energy of the hadron system)
0.3 - 1.5 GeVz, 1.3 - 2.8 GeV. For the determination of cross sections,

multiplcities' and inclusive  spectra only 55.Z of these events were used.

In the distributions shown below each event was weighted by the proper accep-
tance and by a factor taking into account radiative corrections. Events from
elastic ep scattering were removed by means of a coplanarity cut. For details

see Ref. 2. ' :
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1. Total Cross Sections . B I B R T

Py b b g
We determined the sum of the total transverse and longltudlnal cross. sectlons,

:mpared

Op * €dy (as defined by Hand ) for virtual photeon proton scatterlwg and:

our values to those of previous experiments. This serves as a cheék on. our dafﬁ

taking and analvsis procedure. Fig. ! shows goocd agreement between the differ-

: 4-6 o : S S
ent experiments. : \ i IR R I

2, Hadron Multiplicity and Topological Cross Sectioms': RTINS FE IR

We analvzed the charged hadron multiplcity <n>,

oo
<n> = e | - )i
(8] .
tot ‘ ‘

it o - i
& A

where o is the creoss section for producing n charged hadrons, as a fynction
n " e . ! " . . . . I N

of Qz, s and the scaling variables «' and Wy - ' L

s =W
w' = W2/Q2 1 o i N P
2 2 2
(W - m +Q7) +m _ ‘ . . R ST TR S
Wy = g 5 with mi = 1.43 GeV2 a'nd‘a2 = O.&Z'GeVz;;T ; o
. O + a Al o, P —

: ; [ O R A O : el
We considered both scaling variahles since thev behave qualltatlvely dlffepﬁqgi
in the small Q region. The variable Wy connects electroproduction W;th,_ph_o”tH
iy

production while m coes not. The use of Wy is suggested bv the g@ne:allzed .

s
|HH 'H"Wr PR

vector dorinance modele’9 Tn Table I we glve the rean values of Q "

for different kinematical regions we use below.

In Fig. 2a the mean charged multiplicity <m> is pletfédlfdf”fiﬁeéiw.asrg
function of Q together with photoprodnctxon data.{g At hlgher energ;es,th -
(W 2 1.8 GeV) the electroproductlcn values for Q . < Eu%eﬁ_ are. lower by'apprexz—
mately 10 7 than those for Q = 0. This behaviour becomes somewhat clearer when
we look at the Q2 dependence of the normalizedﬁuopoydgicwl eboSsiéectiuns,

o flo

o' Ctot’ shown in Fig. 3 (the curves are drawn to guide the eye): the decrease

UL L



epre

in <n> is caused by an increase in the production of reactions with one .:1.

charged hadron in the f1na1 state (one-prong events) and a drop in the 3~prong
2 2 i ‘\‘

cross section. Beyond Q ='Q. 6 Gev the'< variation is reversed: o | /

lprong .tot

dectbases while o SR 1ncreases The S5-prong rate does not show a-
3prong tot _ _ T

31gn1f1cant Q dependence.

A qualitative explanation for this behaviour may be found in two phenomena: with
increasing Q2 less p0 and w-mesons are being produced in YyP po(w)p 2 (see
below) causing a reduction of GB/Gtot' The l-prong cross section receives a large
contribution fromw longitudinal photons. This has been observed for singlengﬁqn
electroproductionl3 (va - n+n) and may be true alsc for cther cne-prong reac-

tions.

In Fiig. 2b <n> is shown for fixed Q2 as a function of s = W2 tegether with
. . . 2

data from SLAC.]0 In the kinematical region s < 20 GeV , Q2 < 1.5 GeV2 the

chafééd:ﬁnlkipliCifylfoflows‘a simple ln's law. Ve will return to this point

later.

b) <n> as a function of w' and g

In Fig. 4a,b: the charged wu1t3p11c1ty for flxed w' 1ntervals lS plotted as a

Ty W

function of Q and for fixed C° 1ntervals as 2 function of w ..hote that in the

lowest w' interval the central w' value changes somewhat. with Q (see also

Tdbie'’ I) Uye édmeldde” From Flg 4 ‘that the data 'are consistént w1th én>‘~1n'Q2"

LTI T R . .o . . y

for” w"tlxed AR

our dita didy Ba

,be compared With varlous theoretical predlctlohs which were made

. : ‘ ; IR I PRt CE

for the deep ineladtic 'Fegion:
. 14
<n> ~ constant + Iln w Drell-lLevy-Yan

alw')

<n> ~ 8 ChOU“Yang]5 | ’ ST R R

s> ~ 1o (wi=1) + 1n Q? ‘13':101'103-__1}]6

Our data ‘favor 'the” last model. o photoproductlon the average‘bharge multl—:'
it R ETIE ,

plidiy was Fotua do betldve Liké e g
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which 1n terms of electroproduction variables reads

e | B l . ' '
<n> = CO + Ls In iw_z___z.&_ (3)

m

mp = mass ot the proton
Using Eq(3) as a guide the following expression was fitted to our data:

@ =, +C In gw' -1+ In Qz/mﬁ N N )

From a fit to the data shown in Fig. 4 the following values for the parameters

were obtained:

C =079 £0.i1 , € =0.93 * 0.06

, C.=1.06 % 0.C8.
0 N E o

0

We see that the behaviour of the charged ru1t1p11c1tv can. be described by the
sirple expression Eq(2) to m1th1n 1C 7, and that for s fixed no strong Q de~

pendence i1s obhserved. Prellnlnarv data from a Cornell experlwent show a 31m11ar

1
trend at larger values of Qz. 7

Finally, in Fig. 5 we look at the Q2 pehaviour of the topological cross sections
for fixed u' intervals (w': 2.5.-6, 6 - 10, 1IC - 15), in all three intervals
/e shows the same 1ogqr1thr1c decrease with Q - wblle g la

g
lprong’ "tot 3prong’ tot .-
in the kinematical region s:udled does not exhibit a simple pattern.

¢)__<n> as_a function of v and g

B

In Fig. 6 we studied the charged multiplicity as a function of Q2 and the

scaling variable w . It is evident that the charged multiplicity does not,

W' L T
scale with iy (although vwz does scale with respect to Wy in this kinematical
region7). Qualitatively, <n> behaves like:. '

)

4 )
<n>» ~ const + const - for flxed:ww

L 2
<n> ~ const + comst * ln Wir for fixed ¢




3. Inclusive 7 production, YyP_> 7 X

The ™ momentum spectra were described in terms of the following two sets of

variables: (x, qf) and (Mx, t).

*/ *
X =
Py Prax
* . . -
Py < longitudinal momentur of =
» ‘ o _ in the hadron cms
D = maximum possible momentum of =
max
! E + p" '. = . .
Yiap = E—ln sy Where E,p“ are the % energy and longitudinal momentum
E = py
in the lab svstem
Py = Tm transverse momentur:
MX = effective mass of the system X recoiling against the m
t = square of thé four momentur transier between virtual photon and T .

target proton p and T :

Expressed in terms of the four momenta of Yy

2 -2 2
MX = (YV +p-T ), t= (yv - % ) .

- Depending on which picture is being tested one set of variables is favored over
the other: For example the Q2 dependence of the target and beam fragmentation
region and of the ceﬁtral'region‘is‘studied best with respect to x or y, while
for comparison with Regge models the variablés M, ard t appear to be better
suited. The 7 distributions were determined on the assumption that all negative
hadron tracks belong to negative pions. From the observed Kn_decays we can place

an upper limit of 8 % on the K contamination.

a)_r__production_as a_function of W and ¢~

The invariant normalized cross section, defined as

2 .
Pl max
: *
] 1 E do 2
Fo =g— 7 | 7T z% | )
tot Py 4%dP,
o . T
_ N _
E =% cms energy

is shown in Fig. 7 for different W intervals (1.5 - 1.8 GeV, 1.8 - 2.2 GeV
and 2.2 - 2.8 GeV) and for two different Q2 intervals (0.3 ~ 0.5 GeV2 and
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0.5 - 1.5 GeVz) For the hlghest ¥ bin also photoproductlon datal% are shown.
The conclusions .are 51mllar to those in our previous, publlcatlonz‘ Within the.
present statistical accuracy no significant differences between the QQ%>‘= 0.4
and 0.8 GeV2 spectra exist. Comparison with photoprodﬁntionwat <W> = 2,48 GeV
shows that in the ta;get>£ragmentation (x £ -0.3) and central region . .. - 1
(0.2 £ x ¢ 0.2) F(x) is the same for photo— and electroproduction. .In the
beam fragmentation (x 2z €i3) the m - yield drops by a‘éactqm)oﬁ 1.5 - 2.0 going-
from photo- to electroproduction, - " : el et

. T I S
Most of this effect is due to the reduction in the p contribution to Utdt )
. d

with increasing Q2 (see helow) as demonstratec by Fig. 7d where the po
contribution (vyP > 0%p) has been removeaffrdh:bdth’EHe'ﬁﬁ6t04 and éleétro—- '
production points. : :

Next we turn to the:Cz éepeﬁdeﬁcefSE‘the‘ﬁrévsvefse ﬁaréﬁtdr'dfsﬁffbutidnl'
Fig. 8 dlsplavs PL dlstrlbutlons for the' central and beam fragmentatlon ‘regions
for various Qz W intervals. f’so 1nq1cateo are 'the expoventlal slopes’ obtained"

from fits of the formh 'C exp(AEL) (see Tablé 1) . For flxed W, within the present

Ariw

: 2 ..
errors, the slope A is found teo be ‘the 'sdre’ for xQ 52 ¢.4'and 0.8 GeV® in

both x regions. However, when the nadron cms energy V¥ decreases from 2.45 to
. . . - -2 .
1.65 GeV, in the centrel region A increases from j81f 9..GeV z_to;élé.ﬁgvl .U

Most probably this is a phase space effect! at low energies the ¥ value is too
small to allow larger value§ of Rif ST R I
‘ ' o v T e TN (RN S S T
For completeness, we give in Fig. 9 the rapidity diétributions for different,
: - ST A - ! RN T e

2 .
G reglons, .
: oy v o : . Lo ' HE R B S

b) ™ production _as_a_ function of,mfiggé;gf.’

In order to test for scaling the m spectré"ﬁeie’aﬁélﬁzé&’élao'aé‘é finction

of w' and‘Q . The data were .grouped into three w 1ntervals. w = 2,5 - 6 (nqn

diffractive reg;on), w' =6 - ]O(transztlon reglon from the non d1tfr9ct1ye'1
T . el A i

to the diffractive region) and u3 = 10 - 15 (dlffractlve reglon) For the L

AR PR N Tt N

‘following dlscu5810n it is useful to keep in mlnd that for flxed w' the hadron

cms energy (W) increases with Q (see e.g. Table I).

Fig. 10 shows the invariant normalized cross section F(x) for different w' and
2 .. . . , . .

G~ bins. F(x) is found to grow with Q2 in the central region, i.e. F(x) does

not scale in the Q2 region under study. The hump in F(x) near x = 0.7, most

] . +4 ’ - ++
noticeably for € < w' < 10, is due to 4  production (va T A ).
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A dramatic change with Q2 is seen in the Ri distributions for the central
region (Fig. 11): they become broader with increasing Q2. The exponential

slope A for w' < 10 changes by roughly a factor of two from A ~ 15 Ge‘\"—2 to
A=z=7-8 Ge\"_2 between <Q2> ~ 0.5 and ] GeV<, Table III contains the forward
cross sections and slopes obtained by exponential fits. Since the forward cross
sections stays constant we conclude that for w' fixed with increasing Qz addi-
tional ﬂf's with larger Qf values are being produced which caugse the observed
widening of the pi_distribution. Most likely this drastic variation has to be
attributed to phase space, since for fixed w', the hadron cms energy W increases
with Qz.

In the so called cCiffractive region (IC < ' < 15) the change in slopé is By
small (Fig. 11). ‘

. 16,18 '
In certain parton models ’ the average transverse momentum of forward

rroduced particles at fixed «' is predicted to 1ncreaoe Proportlonally w1th
the longitudinal c¢ms momentum. Fig. 12 shkows <p; > ard <pll> (x > G, no limit
in py) as.a function of Q2 for different w' intervsls: <py> is indeed rising

. 2 .. . .
with Q like the average longitudinal momentum.

) T production as a function of ¥, and_t ' : }
Tt '--______'"""_____—_“-"'_—__ _______ \

N !
! .
i

In Fig. 13 we present the missing mass spectrum rec0111ng agalnst the T . The
do }

normalized cross section —— has been plotted for flxed W Q (Fig. 13)

tot d‘:

and fi;:édjwi,Q2 (Fig. 14) intervals. It is remarkable that for fixeéd W the
mass spectrum does not change with Q2 except for a possible 10 - 20 % decrease
with increasing Q2 near the high mass end. For a given w' interval the mass
spectrum is displaced towards higher masses when Qg"increaseé,'whidﬁhisia re-

flection of the increasing cms ehergy.

Fig. 15 shoWs a2 Chew-Low plot ot the four momentum transfer t versus missing
mass Mi Due to the phase space ‘linitations the minimum value 6f |t| increases

drastlcally w1th larger values 6f Mﬁ 'Fig. 16 shows the prOJectlons 'onfo the
t axis for certain L intervals. e




d) ¢ dependence of m__production : SR : il a

In the present experiment both, transverse and‘lohgiﬁudinal photons can contti-

- ! . ta e v | e, AL

bute tc hadron productioh; the ratio of the longitudinal to transverseé phioton '

. . P : '2'\ T Lo R R T Co L ,"'i‘-i'::‘

flux is € = 0.9 averaged over the ( ,W region accepted. Production by trans=

verse photons can lead to an anisotropic distribution of the m production |

plane relative to thé electrén scattering plane. If & is defined to bé the'' "'

(e x e")+(y, x 7) A

angle between the two planes, cost = — , the ¢ distribution
e x el lvy x 7

has the general form

W(g) =1 + Cp £c082¢ + v2e(e+l) C; cos? . (6)

[}
LR

Longitudinal photons contribute to the constant term, transverse photons to the

constant term and to CP’ and CI arises fror longitudinal/transverse interference.

In Fig. 17 we look 2t the distribution of the angle ¢ versus x for all T from

1.8 < W < 2.8 GeV and 0.3 ~ Q‘Z < 1.5 CeVz. While the target fragmentation and

central regions show a roughly constant & distribution, the 7m  for x > 0.4

are emitted more frecuently under ¢ > 90°. Figs. 18a,b show ¢ ve W for ' 4
the central and the bear fragmentation region. Above W= 1.8 CeV the ¢ distril
bution appears to be independent of W. For 0.3 < x < 0.7 a preference for'd !
values close to 180° is seen. Fig. 19 shows W(%) for the central region in’

two regions of 02. ' ‘ I
In Fig. 20a W(%) is given for the beam fragmentation, region together with aj ., -

fit of Eq(6) to the data. The fit yielded ‘ e

Cp = 0.40 £ 0.09

CI -0.23 £ 0.05

ot S k eyl
establishing the presence cflanii@terfereﬁhe'béfwéen3pr0duction’by7Iohéﬂtﬁﬂﬁﬁhl
and transverse photons. We ihvestigated to what'éxtent the observed ¢ anisdtropy
has its origin in p° bfdduétfbn’(va‘bfbpij‘whidﬁihas beern found' td eﬁit*tﬁh”“”
decay pions preferentially in the électrén'écéitering'planel(ﬁ =1 0%, 180%)y and
which shows longitudinal/transverse i;nterferent:e2 (ske below). Figi'ZOBf%Héﬁé"
the m distribution without p0 events, and for po events alone. We conclude

. . . o
that the observed ¢ anisotropy is not contributed by p events alone.
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Craigie, Kramer and'Kﬁrnerlg, on the basis of a Regge pole model, have argued
that close to x = |, T production by longitudinal photons should be dominant.
On the other hand, in the central region where most of the cross section is
found, transverse photons must dominate since for the total cross section

0p << Oge Our data support this picture in the sense that in betweén the
central region and x = 1 we find both transverse and longitudinal contributions

to be present.

4. Rho production

We analyzed oo reson production via
)
YyP T 0P (7)

in the final state

ep ~ epw+w_. (8)
The analysis procedure has been described in Ref. 2. In the kinematical
region: 1.3 < W < 2,8 GeV, 0.3 < Q2 < 1.5 GeV2 2100 events were obtained which
fitted reaction (8} and for which the track ionisation observed agreed with
that predicted by the fit. In order to check the fit procedure and to determine
the corrections for radiative effects for measuring errors and for multiple
scattering of the outgoing particles for reaction (7), events were generated
with the program STYX20 which simulates our setup. The correction factor which
previously has been estimated2 to be 16 * 5 Z turned out to be 16, 15 and 5 Z
for the W intervals 1.7 - 2, 2.0 - 2.2 and 2.2 - 2.8 GeV, respectively.

a) Mass Distributions

+ + -
In Figs. 21 and 22 the mass spectra of the pr , p7 and 7 ™ systems are

+
{the g%thqgsh.“,,%ﬁann‘ﬂE;Geﬂ)hstrqng IJ,;and @ “productlon is, observed At

R 71 RN RS

energies, above, W, = & GeY, the, rho CO“t@fb“thn QPmlanﬁﬁ While, A Fodggtlon‘nj

F2RLY i iae Bl

e +
becomesfkqss"mmponmantw A1 cuft, an,ﬁorward propuced (m ,Jhpa;i”,\ duces qhe

£y 3]

AR Ky 1o : P,

background undexneath the ho to, asmall-level ((see shaded h}%vogxam&z, ude Aol
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o . C . : .
ceucks atmovs T owd Bedodivinen gon si ygostosios o bovvesdo it el

PN 1F LU O IR L U R L O REVE R T T TR L TR L LR o el



-.-11_

b) Cross_Sections ‘ : S HIT ey

. . ++ 0 o . ‘ Co, O BT
The cross sections for A ,A” and p production were determlned2] by a max1mumr

likelihood fit to the Dalitz plot density dN(M§ﬂ+, M§+ﬁ_):

22 ) |
dN (MPTI'+’MTT+TT_) = [aA++ ffl_\++ (}IPTF+) + aAO on (}T‘PTF_) +
+a £ M ) W(cos® ) + e f dMZ sz ‘ (9
p p wteT H ps ps| pmT o mtnT

The a's are fit parameters and measure the size of the individual contribu-

: UK
tions; fA**’ on and f represent the corresponding Brelt—ngner terms, the
p-Breit-Wigner was multlpllec by a factor (Mp/Nn+n‘) . The polar decay angulari

digtribution, W(cos@ ), for o° events in the helicity syster was 1ncluded in

the fit since R(cosO ) is strongly atfected by contrlbutlons from A ﬁé]ﬁo o
production. The expression for W(cosO ) in terms of the o uenSLty matrlx e
element ro: (see Ref. 22) is: o :
. — _ _ ok ob _ 2, o SRSV TR
h(cosGH) 3/4 11 o * (31‘90 1)‘cos CH} o .,‘(Fo?.

In order to determine r 2 for a given W interval all events Beéﬁéén"
N.3 < Q < 1.5 CeV2 were used' Then the eﬁents iﬁ the three 02 {ﬁtettgis' o T
0.3 - 0.5 GeV2 0.5 - 0.8 GeV and 0.8 - 1.5 GeV were fitted separately w1th
rzg fixed to the value obtalned in the previous fit. The results ate glven ih
Table IV and shown by the curves in Flgs, 21, 22 and 25 (see below) The AN

fitted curves describe the mass distributions well.

i

Fig. 23 displays the 0° cross section for different W intervals as a function:
of Q2. Ahrens et al. 23 have measured the sum of the po and w cressmsections,

In order to deduce from these data the p° crcss sections we used"aﬁf”&ata“snﬁjj*
w productlon (see below) and subtracted the w contrlbutlon. The resultlng p
cross sections agree Wlth ours (see Flg 23). The p cross section is seen to
decrease rapidly with Q , €., at W = 2, 5 GeV by a factor of ten between Q2 O

: Tt " %

and 1 GeV2 This sharp drop reflects 1tse1f also 1n the Q dependence of the
! NEL

ratio of the p° cross sectlon to the total cross sectlon (see Table V). For
<W> = 2.45 GeV and Q between © and I GeV2 the p _fractlon changes froﬁ ’

16.0 £ 0.8 2 to 1.9 % 1.1 Z,
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The VDM prediction for the Q dependence of o is shown by the curves in;Fig,23,

They were calculated from the following expression” :

2 P, (¢ ='0) mi VT 2 Q
GYP+COP (Q’w).=*-,2-; 2 l L+ee” =5 ¢x
v p:_(Q%) + %/ \ |
. D [
yp»-o p(Q = 0,W) eXp(Atmin) (11

where . 1s the photon monentum in tle hadron cms, P:n (0" = O)/pin (QZJ =

5 2
(W2 +um%b/€(w? - mi - Q%) +‘4W2Q2} 1/2'

i

The ratlo of p .enters Eq(]l) because of the difference in photon flux for
dlfferent Q at a given value of W. The parameter 52 measures the relative

size of elastlc lopgltudlnal and transverse vectormeson nucleon scatterlng

We put g R /<Q > = R where E 1is the ratio of the o production cross
sections for longltudlnal and transverse photons; R was taken from the analysis
of the decay angular distribotion assuming s-channel helicity‘conservation
(SCHC) in po production (see. below) The factor exp(At min ) corrects for the
[tf cutoff The VDM expre551on Fq(l11), in essence the p propagator, is seen
to account rather well for the large reduction in p production w;th 1ncrea51ng‘
Q (see Flg 23). On the other hand, our data are also cowpatlble w1th the

2
follow1ng functlonal form proposed by preparata 6:

do 5] ZA(x it
TP > o) = 53 F(X ) e
Q" +m))
P
. Q2\.|. ms‘: . 2 '2 2 . s . : .
with X oy o= (W - mp.+ Q )/2m_ , and F(x ), A(x ) being unknown

functlons.

Fl

1

D1fferent1a1 cross sectlons, do/dt, for p product1on were determlned by repeatlng
the f1ts descrlbed above (Eq(g)) ~ for each t 1nterva1 separately. The results
are presented in Flg 24 together with data from the Cornell experlment23 cor-
rected as before. For compar1son also the photoproductlon data of the SBT
collaboratlonzz are shown. At small momentum transfer, |t[ < 0.4 GeVZ, the slope
A of the t distribution is smaller than at Q2 = 0, Forward cross sections and

slope values obtained from exponential fits to do/dt are listed in Table V.
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The po decay was analyzed in the s—channel helicity system with the po cms

direction of flight taken as the gquantization axis; 04 and @H are defined

as the polar and azimuthal angles of the decay ﬂ+_in the‘po rest frame, The
angle between the production plane for YyP ™ pop”and the electron scattering
plane (= plane of polarization of the transverse photons) is measured by 2.

In Fig. 25 we show the distribution of eos%, and of the polarization angle

H
= ¢ - ¢ for events in the eo region (0.60 < M N < 0.85 GeV). The curves

'for h(cosO } show the results of the maximum likelihood fits (Eq( 9)). At

+
lower ¥ erergies the reflectlon of b productlon is clearly seen as an,

P i

accumulatlon of events near cosG = -1. Thls effect is well accounted for iy

by the flt The cosCH dlstrlbutlon shows that for W < 2 GeV more longltudlnal

po mesons are produced (h(cosG ) o~ c052= ) while for W > 2 CGeV transverse p
mMeSOnSs (W(cosO ) - sinzo ) domlnate. The ¥ d1str1but10n is essentially constant
for W < 2 GeV but exhlblts a strong cosz? component at W > 2 GeV like im 879 ¥
photoproductlon the decay plons are emitted preferentially in the plane of

photon polarization.

‘Since an anisotrepic ¥ dlstrlbutlon can only arise from productlon by trans-—
verse photons we see that the p ‘mesons above W = 2 CeV are produced pre-

dominantly by transverse photons.

We analyzed the 0° decay angular dlstrlbutlon V(cosO ¢ ,9) in terms of the
po density matrlx in the he11C1ty svstem using the formallsm of Ref. 22. The

den51ty matrlx, in general can be decowposed into seven lndependent

pik!
’ L vl it
matrlces p k’ o =G, ees 6 where the matrlces for @ =0 -3 and 4 descrlbe

po producflon by transverse ‘and 10ng1tud1na1 photons, respectlvely, ‘the matklces

E.!.l 1EC

for'a = 5 - 6 measure transverse/longztudlnal '{hterference terms. When,:és in

T
this experlment ‘the ratio of the 1ong1tud1na1 to transverse photon 'flux as

P I T P

measured by e is not varled ‘the contrlbutlons ‘from p 'and p  cannot be
i NI IR

separated and W(cos,¢ @) measures certaln comblnatlons of the p.k'
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o 4
ok Pix * ER Pyp
T, =
ik
1 + gR
pa
o ' ik.
L, < a = 1-3
I + &R
T o
1k
= @ —— a = 5-6 ‘ (12)
1 + ER . :

- . , . . . -0 .
where R CfL/cr.I 1s the ratio of the cross sections for p " production by lon-

o

gitudinal and transverse photons. The decay distribution in terms of the Tk
i

reads (Ref.22):

3 1 ob, 1 ob 2 o4 . oh . 2
W(cose,¢,®)=2? |5{1—r00)+§(3r00—1)cos 8-v2 Re r1051n29cos¢~r1_151n 8cos2¢

-c cosZ@{r:]sin29+réocosze-f§_Re riosin2€cos¢—r:_isin29c052¢}

- sin28{v2 Im r?osin2esinb+1m r?_lsinzesin2¢}

+V2€(1+€+6)' cos@{r?lsin28+riocosze-¥§ Re r?osiﬁzecos¢~f?_]sin26c052¢}

Yy
+/2e (1+e+8) sin¢{v2 Im r?ﬁsinZGsin¢+ Im r?_]sinzesin2¢}J . (13)

ik )
using all events in the P® region (C.60 < M . < 0.85 GeV) at small momentum

. . & . '
With the exception of rZo the r$ were determined by the method of moments

transfers (!t| < Q.5 Gevz) The element rgi , 4s mentioned above, was obtained
from a maximum Ilkellhood f1t to the Dalitz plot dlstr1but10n (Eq(9)) and is
therefore corrected for background effects. Table VI lists the den51ty matrix :
elements for dlffergpt W 1n;erva}s, Also given are the predlctgd rik values if
po electroproduction conserves the s-channel helicity (SCHC) and proceeds via

natural parity exchange only. We conclude from Table VI:

. . : . . . Ca: 4 .
- A certain fraction of the rho mesons is longitudinally aligned (rgo being

>0 with 6 s.d.).

.~ Above W = 2.2 GeV the data show the presence of longitudinal/transverse

interference, viz: Re r?o - Im r?o = 0,182 + 0.047 > O.

T I LS0UIO0DONIA AV R R BRI [P % WL e AP I AR MUURYIRNE OO TR TRIR DO 1R 1L AU HN NN | NNREY 008718188 ARY O YD S -



- Those density matrix elements which receive only contributions from helicity -

. ok o4 o
flip terms, such as Ty Tiog etc. are small. The measured rik values are

therefore consistent with the hypothesis that the helicity nonflip v St

amplitudes dominate.

. . IR TEE ST
Under the assumption of SCHC we can calculate the longitudinal/transverse ratio

o4
r

: R T
p=Ll_00 ey
£ oh
l - r
oc

TR {.ii

and find B = 2.2 + 0.5, 0.43 + Q.22 and A6O * 0 054 at W . 1 85 2 l and 2 45
CeV, respectively, and for an average Q of 0 5 GeV2 Thesehvalues are, shown 1u
Fig.26 and Table VII together with the results of Ballam at’” al 28 and Dakln et al
Fig. 26 suggests that near threshold the o mesons are produced malnly by longl—

tudinal photons while for W > 2 GeV production by transverse photons domlnates.

") .
In Fig. 27 the Q" dependence of R is given. Themeasurements do:not.support:the:.
. . - 4 . T . .
hypothesis of Fraas and Schlldknecht? .who conjectured from spin independence 1. v
, :

, , o S - SRR LTS L
R = 27 , nor the revised version of Sakural and Schildknecht , namely . ' ‘

£2 =5 with £ 5 0.12, . : SR TR
%o

' . . i !:-. B 'J:.
If in addition to SCHC we make the further assunptlon tbat the p mesons are -
produced by natural parity exchange only, P = (—1) y We can determlne the phase
between the production amplxtudes‘for longitudinal and. transverse photoms:w: .7

[ . PR
. o B |

cosd = l—i—EE + {Re r?é - Im r?O}L cee e (BN
YRI2 _

SO BN

By
il

The resulting phase values are sbown 1n Flg. 26 and Table VII as 2 functioh’ of
P

W together with the result of Pefs. 28 29 Flg. 26 suggests that near W =" 1 Gev
both amplltudes are 90° out of phase. Wlth 1ncrea31ng energy the phase d1ffere ce
becomes smaller, being 52 # 11° at W = 2, 5 GeV and 30 > 10 near W = & [ GeV

respectively.

29
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5. Omega Production

Omega production _
YyP * WP (16)

was studied in the final state

ep - epr 7 n° (17)

Events selected for reaction (17) had to satisfy the following criteria:

a) they had to give an acceptable kinematical fit to reaction (17) comsistent
with the ionization cbserved; B) they did not give an acceptable fit for
reaction (8), ep ~ epﬂ+ﬂ“. The justification for the last criterion comes from
Monte'Cérlo‘:studies20 which show that events of reaction (8) may fit reaction

(17) but not vice versa:

In the analyzed sawple of film were 929 fits for reaction (17) selected in this
way with €.3 < Q2 < 1.5 and W < 2.8 GeV. The atn n° mass distribution is shown
in Fig, 28 for different W intervals. At low W's a distinct n signal is observed
which presumably stems from the electroproduction of the 511 iscbar studied
recently by Kummer et al.30 and Beck et a1.31. The mass distributions above

the w threshold (W = 1.7 GeV) showv strong w production. The w cross section

was determined from the mase distributions using hand dravm background curves.,

The cross section errors include the uncertainty in background subtraction.

The cross section has been corrected for neutral decays, for radiative effects
and, taking events with the ¥ fonte Carlo programm STYXzO, for losses of w events
into other channels. In Fig. 29 the Q dependence of the w cross section is given
for the W intervals 1.7 - 2,0 and 2.0 - 2,8 GeV. Also shown in Fig. 29 is the
VDM prediction (Eq(11)) assumlng for E the same values as for p production.

The VDM curves are in reasonable agreement Wlth the data. In Flg. 30 the W
dependence of the ratlo o /0 is shown at <Q > =0.,5 GeV2 and for photopro-
ductlon.25 32 There is no statlstlcally gignificant difference between the

photo- and electroproduction data.
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6. Summary _ ‘ G fond e

‘ ‘ (<)
We have studled hadron productlon by ep scatterlng in the k1nemat1ca1 range

) I SRS A WS TN (T
0.3 < Q < 1.5 GeV2 and I 3 <W <2, 8 GeV. ‘ . :
syt R A
~ The average number of charged hadrons, <n>, produced in an ep coll%gion g
follows a simple logarithmic law: <n> = (0.79 % 0.11) + (0.93 + 0.06) ln(w'~1)

+ (1.04 £ 0.08) 1n Qzlmi * 0.8 + In s/mg. It is obvious from this expression .

and was verified experimentally that $n> scales neither with w! nor.with mﬁ.

- A ~10 % decrease of <n> between Q2 = ¢ and -] GeVzﬂfbr”W 3l devgsr ot
traced back to an increase of the channels with one-charged hddrod i’ tHe®”
final state and a reduction of the three-charged hadron productfon® ! 01org

4+ 6%) A . - , Do

{e.g. YyP T P P)- : ‘ : : wore oy Tw ol
N T

- Inclusive m productlon was analyzed in terms of (x,nL) and (MX t) Wlth

BT I EIA

- B g
The normallzed invariant m cross sectlon, F(x), for flxed W shows no

respect to Q ,W and Q s,
dependence in the target fragnentatlon and central reglon. In the beam b
fragmentation region (x : 0.3) the n vield is reduced bya faétor: of1.5'* 2,0
compared to photoproduction.‘Most 5f this effect can be undetstodod” in't&rms

of the smaller po cross section in electroproduction. The transversé mdtehtum

distributions for fixed W show no Q-2 dependence.

. . . 2 . .
- For fixed w',F(x) was found to increase with Q" in the central xeglon, .,

i.e. F(x) does not scale with respect to w' in our kipematical range:.,. .y

— For fixed w',the slope of the PL distribution decreases w1%h Q " This deé—=
crease is most pronounced (by a factoﬁ of two between® Q .05 and L1 Gévzﬂ :
in the so called non diffractive region, 2.5 < w' < 6 angeﬁpr‘ﬁlﬁ Mnﬂﬁﬂ}om
In the diffractive region, 10 < ' < 15, the effect is sg@?l. : P

- For 7 in the forward hemisphere, x > 0, the average transverse momentimis

is found to increase with Q2 like the average longitudinal momentum.

~ The distribution of the angle ¢ between the electron scattering and T pro-
duction plane is found to be approximately constant in the target fragmentation

and central region.

g
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— In the beam fragmentation region a fit to the ¢ distribution yielded
W(®) =1+ (0.40 * 0.09) ecos2® - (0.23 + 0.05) vZe(e+1) cosd which
establishes the preSence of'é'longitudinalltransverse interference‘térm.
A part of the observed ¢ anisotropy is due to T mesons from p° production,

-> po
va P

- The Q2 dependence of the po cross'section, c(yﬁ;+ pop), for W > 2 GeV
is essentially determined by the p propagator as suggested by VDM,

~ The slope of the differential cross section, do/dt, for po proeduction
measured at an. average Q2 of 0.4 Gev? is smaller than observed. for

photoproduced po mesomns.

- The p° polar deéay angular distribution in the helicity system shows a
nonzero longitudinal part, rgi being €.183 * 0.03] for W betwgen'2.2 and
2.8 GeV. The distribution of the angle ¥, sensitive to linear photon polari-
sation exhibits a strong coszw component at ¥ > 2,2 GeV and demonstrates

0 .
that the p  mesons are produced predominantly by transverse photons.

~ The results presented for the p%density matrix elements suggest that s-—
channel helicity flip amplitudes are small compared to nonr flip amplitudes.
Assuming s—channel helicity conservation we find for pohproduction
R = UL/UT = 0.260+0.054 for <W> = .2.45 and <Q2> = 0.5 GeVZ.

The density matrix -elements for W > 2.2 GeV show the existéence of an inter-
ference between production by longitudinal and transverse photons. Assuming
SCHC and only natural parity exchange, the phase between the two amplitudes

is found to be cosd = 0.61.1 0.15 for <W>» = 2.45 GCeV and <Q2> = 0.5 GeVz.

. . + - . . .
A pronounced w peak is observed in the 7 = =° mass distribution for the process
+ =0 . : . . . : . 2
YyP > pm v v . The cross section for YyP * wp 1s given as a function of @
and W.
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Table I: Mean values of the variables W, Qz, w', w, for the various kinematical

regions used in this paper
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: - si il
Table 1I: Results of exponential fits C expl(—A_pi) to pi—-d_is;;ibuf
inclusive T production as a function of W and Q
5 ) :— .. _ !
W (GeV) Q% (cev?)  |cad d_°..| ©en) Y . A (cevThH |
"tot dpfdx, 2 . |
170 '
0.3 - 0.5 0.93 + 0.20 14,4 ¢ 3.2
1.5 - 1.8 o
o~ 0.5 - 1.5 0.84 * 0.13 1401 t 1.9
o S
v 0.3 - 0.5 1.11 *+ 0.16 13.9 + 1.5
® 1.8 - 2.2 | L
v 0.5 - 1.5 0.83 + 0.10" 9,0 & 1.1
> S .
S ' Ry
j 1 0.3-0.5 0.98 * 0.07 9.0 * 0i7
2.2 - 2.8 | \ L
005 - 105 0-94 t 0-07 h ‘8.1 i 0-7
0.3 - 0.5 0.53 + 0.15 15.2 *+ 3.6
1 5 - l 8 . | N
~ 0.5 - 1.5 | 0.52 * 0,11 9.7 + 2.0
S , o
v : o
y 0.3 - 0.5 0.33 + 0.08 5.7 + 1.6
; 1.8 = 2.2 | "
- 0.5 = 1.5 0.36 * 0.07 8.0 = 1,5
o ' .
0.3 - 0.5 0.40 * 0,07 8.2 = 173
2.2 - 2.8 o . |
0.5 = 1.5 0.39 & 0.07 8.8 + 1.3
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Table III: Results of exponential fits C exp(-Apf)to pf*distributions for

. . CE . N s
inclusive 7 production as a function of w' and Q

\ R . —2 -
w' Q? (cev®) | c =ﬂ§, dlz (GeV 7y A (Gev D)
‘ . tot dp_!_dx pi*o
0.3 =~ 1.0 0.80 + 0.13 16,7 + 2.3
2.5 - 6 :
N 1,0 - 1.5 0.86 + 0.15 9.8 + 1.7
S
v 0.3 - 0.7 1.07 + 0.13 1 143 % 1.1
x 6 - 10 '
v 0.7 - 1.5 0.92 + 0.10 7.0 + 0.9
o™
= 3 :
i 0.3 - 0.5 0.86 + 0.1] 10.6 + 1.1
10 - 15 |
0.5 - 1.5 0.85 + 0.09 8.3 + 1.0
0.3 - 1.0 0.39 + 0.08 9.8 + 1.6
2.5 - 6 - ‘
o 1.0 -~ 1.5 0.43 + 0.14 5.5 + 3.5
o _
v 0.3 - 0.7 0.43 + 0.08 10.6 = 1.5
" 6 - 10 | |
v 0.7 - 1.5 0.44 + 0.12 9.6 * 2.4
o
" | | .
| 0.3 - 0.5 0.44 + 0.08 g 8.8 £ 1.4
10-15 | | .
0.5 - 1.5 0.31 * 0.08 5.3 £ 2.0
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p -densxty matrlx elements in the helicity system from events of the

Table VI:
reaction YyP I, P 1n the p region (0.60 ~ O. 86 GeV), for-
It < 0.5 GeV2 and <Q > = 0.5 GeV2 For comparlson the density matrlx
elements as predlcted for SCHC and natural parity exchange only;
I ‘:
| "-: -
W:l,7-2.0 GeV W:2.0-2.2 GeV W:2.2-2.8 GeV PredictionhW1th .
: SCHC and R£0.3
4 ) i
o 0.676+0.054 0.286%0,103 0.183+0.031
: N X ;"

Re r?ﬁ 0.060+0.026 0.157£0.050 0.065+0.042 0 .
r?fl -0.045%0.036 0.019+0.084 ~0.080+0.065 ‘0 .
v ~0.006£0.064 | =0.172%0.142 0.092%0.107 0 g
T 0.014:0.033 | -0.035:0.090 | -0.0950.084 0 ’

#m r:o -0.024+0.037 -0.23840.077 0.097%0.066 0 i
o 0.062+0.054 0.233+0.126 0.357£0.105 | 0.39 N

Im rfo -0.011£0,036 -0.123#0.079 0.004+0.060 0 'j

In £, 0.04940.056 | -0.082:0.114 | -0.279%0.097 | ~0.39 f
rzo -0.003£0,033 0.134:0.073 ~0.015%0,054 ‘0 g
- . ";A
rsl 1 0.037£0.016 ~0.026+0.044 -0.030£0,040 0 3

Fe r?o 0.00720.019. -0.041%0.044 0.095:0,034 | 0.15 cosd °
r,_, | -0.0300.027 0.048£0.065 | -0.018£0.053 | O N

. . ‘ E . | L
iR r?o -0.016+0,018 ~0.04540.038 - | -0.087+0.031 | -0.15 cosé
o 5 0.077£0.027 0.1090.052 0.04020,050 | o

) . : o ’ o 5‘"\

4 1

¥ Determined by a maximum likeliheood f1t to the Dalitz plot den51ty (see téxt)

and therefore corrected for background contributions
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Figure Captions

1'

a)

b)

4,a)

b)

6.a)

b)

Total electroproduction cross section, © tot

W intervals. Our data are compared with those of other exper1ments.4f6

Average multiplicity of charged.hadroﬁs, <n> -t
for different W intervals as a function of Q2

for different Q2 intervals as a funétioﬁ of s together with preliminéry'
data from SLAC'® ' o

The Q2 = 0 data were taken from Ref. 11l.

Relative contribution of reactions with <n> charged hadrons (n = 1, 3, 5)
. 2 . . . ‘ '
to the total cross section. The Q° = O points stem from Ref. 4. The curves

are drawn to guide the eye.

‘ . 2 . . : . .
<n> as a function of Q° for fixed w' intervals. The lines are fits to the

expression <n> = CO + Cm lh(b'-I) + C. 1In Q27m§ (see text).

Q

. - S S
<n> as a function of w' for fixed Q  intervals.

o L I e . L
Toplogical cross sections as a function of Q2 for fixed w' intervals, The

curves are drawn to guide the eye.

e e ‘ 2 . .
<n> for different Q intervals as a function of W e
<n> for different Qw intervals as a function of Qz.

7.a-c) Normalized structure functlon F(x) for inclusive m electroproduct;on

d)

I T R UT TR o

for dlfferent W Q 1ntervals.

F(x) for inclusive T electroproduction after removal of the p0 contri-
bgtlon (0.6 < M SRS < 0.9 GeV in the reaction va > n+n p) for dlfferent
Q" intervals in the W region 2.2 - 2.8 GeV,

The curves in Figs. 7d,c show the Q2 = 0 result (Ref. 12). et

. . 2 . . - .
Normalized structure function, F(x,p ), for inclusive m production.| .

averaged over the x intervals (0.2 - 0.2) and 0.3 - C.7, respectively.

for different Q2 and W intervals. The straight lines show the result from

exponential fits to the form C exp (—Apz)f'

Rapidity distributions for inclusive nf'production for different W and

Q2 intervals.

, as a function of Q for' various
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10. F(x) for inclusive m production for different w' and Q2 bins.

11. _E(X,RE) for inclusive ﬂf production for ditferent w' and Q2 intervals in
the two x regions (~0.2) ~ 0.2 and 0.3 - 0.7. The straight lines show the
result from fits to the form C exp'(~Api).

12.  Average m transverse and longitudinal momenta, <py> and'<p“>, in the

x interval O - 1.0 as a function of Qz for fixed w'.
13. Normalized cross section do_ (M, = missing mass in the reaction
tife} dMX X
: _ tot .
YyP n_X) for fixed W,Q2 intervals.
14. ~ Normalized cross section ] do_ (MX = missing mass in the reaction
' "ot M '

YyP 7 X) for fixed m',QZ intervals.

X

15. Chew-Low plot of the four momentum transfer tY /5; versus missing mass M
‘ v
. . 2 .
in the W interval 1.8 - 2.8 GeV for 0.3 < Q2 < 1.5 GeV ., For bin contents

larger or equal to 10, letterg are being used: A,B,C,... correspond
to 11,12,13,....

16. d do for &ifferent M
nag dt - ‘ X
: tot Yv/n

.
and Q° intervals. The curves are drwan

to guide the eve.

17.  x versus ¢ for inclusive m production trom 1.8 < W < 2.8 GeV and
0.3 < Q2 < 1.5 Gevz. ¢ is the angle between the electron scattering
plane and the n_'production plane.

18, & versus W for inclusive 71 production

a) for the central region, -0.2 < x < 0.2
b) for the beam fragmentation region, 0.3 < x < 0.7.

19. W(®) for inclusive T production in the central region for 1.8 < W < 2.8

GeV and different Q2 intervals,

B e L e e e e L TR LR T L T L LT R T T R T o I T R T T L T R




20.

21.

22,

N 23.

24,

25,

26.

a)

b)

_31....

W(¢) for inclusive m preduction in the beam fragmentation region. for
1.8 < W < 2.8 GeV and 0.3 < Q° < 1.5 GeV®.

all events. The curve éﬁowé the result of a fif‘to‘the form '(seéhtext)
W(e) = 1 + eCp cos2d + VﬁETE:Tj.CI cosd

for events without po (+) and for po events alone (%).

Reaction va sprm s g, mw 'and ‘pT  mass distributions for

1. 7 < W < 2,0 GeV and different Q intervals. The curves show the results

of the maximum likelihodd fits (seé text).

+ = + + = - sy
>pTw : pv , ™ and pT mass dlstrlbutlons for

2

Reaction va

2.0 < W< 2,2 GeV and 2.2 < W < 2.8 GeV with 0.3 < Q < 1.5 GeV~. The

curvés show the tesuItS”Qf”the maximum likelihood Fits (séé text).
CMS

V. + - ' L T -

M(m m ) for forward produced (v 7 ) systems: 080 b= > 0,75,

Reaction YyP pop: Total cross section as a function of Q2 for differ-
ent W intervals determined in this experiment (o). From the data of

Ahrens et al.23 the w contribution is subtracted (x). The values at

Q2 = 0 have been measured by the ABBFHM ColLaboration25. The curve labelled

VD& was calculated according to Eq(11).

Reaction YyP pop: Differential cross section, do/dt, (t = square of
the four momentum transfer between the incoming and outgoing proton) for
2.2 < W < 2.8CeV » 0.3<Q<0.5Gev? and 0.5 < Q> < 1.5 GeV> (+).
The cross sections were obtained by maximum likelihood fits (see text).
From the data of Ahrens et‘al.23 the w contribution is subtracted (x).
The open points (%)'show the photoproduction data of the SBT collabo-

. 2
ration 7

Reaction YyP > pop: Decay angular distributions in the helicity system
for events in the po region (0.6 < M“" < 0.85 GeV). The curves show the
results of the maximum likelihood fits (see text).

Reaction YyP > P p. Density matrix element rgg, R = GT/GL (Eq(14) and

cos$ (Eq(i5) as a function of W for <Q > = 0.5 CeV™. For details see text.




...32_

27. - Reaction YeP popc R=c¢ /ﬁL as a function of Q2 for 2.0 < W < 2.8 GeV (+).

Results from Ballam et al. 8 (xz) and Dakin et al.zg (+) are also shown.

.. . 24
The curves show predictions from vector dominance models.

. + - + - o . . . .
28, Reaction YyP >proT o m. w mass-distribution for various W and Q2

intervals.

29. Reaction YyP * wp: Total cross gection as a function of Q2 for the W
intervals 1.7 - 2.0 and 2.0 - 2.8 GeV. Corrections for neutral decays,
radiative effects and experimental losses have been applied. The curve

labelled VDM was calculated according to Eq(l1).

30. The :ratic of w to ¢ cross sections, o /o as a function of W for

. . PCp
<Qz>_g 0.5 GeV2 (+); Photoproduction data are taken from the ABBHEM Collab-

oration25 (+) and the SBT.Collaborétion32 (+).
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Y P —= charged hadrons
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