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ABSTRACT 

We present results on vector meson lepto-production in the SLAC 

fast cycling 40 inch hydrogen bubble chamber exposed to 16 GeV/c muons. 

From 3644 inelastic events we obtained 495 events of p-p - p-n+n-p of 

which approximately 160 are rho events with W > 2 GeV and Q2 > 0.05 Ge v2. 

Analyzing this data in the same way as in our previous photoproduction 

experiment, we find the p” contribution to g TOT decreases by about 3% be- 

tween Q2 = 0 and 1 GeV2, and the exponential slope parameter becomes 

approximately 20% smaller, although within errors it is still consistent 

with the photoproduction value. The decay angular distribution of the, p” 

shows a substantial cos28 component which can be interpreted as evidence 

for production by longitudinal photons assuming s-channel helicity is con- 

served. Data from ,39 w-production events is also presented. Upper limits for 

q~ and p’ production are given. 
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I, INTRODUCTION 

Vector meson photoproduction has been shown 192 to be an important con- 
- 

tribution to the total y-p cross section., In the vector dominance model: vector 

meson production is assigned the role of the elastic scattering in hadron-hadron 

interactions. Since both processes have roughly energy independent cross sec- 

tions and exponential momentum transfer dependence (with slope parameter 

27 GeVe2), the identification of both with the diffractive process is very reason- 

able. Furthermore, from the decay angular distributions of photoproduced vector 

mesons it has been found that s-channel helicity conserving amplitudes and 

natural parity exchanges in the t-channel are dominant. It is therefore inter- 

esting to see how the characteristics of this diffractive process depend upon the 

“mass” of the incident particle. 

In lepto-produc tion the reaction 

YP - p- + hadrons (1) 

procedes in two steps as illustrated in Fig. 1. These are the exchange of a 

virtual photon y, , of laboratory energy v and absolute value of mass squared, 

Q2, followed by the reaction 

?VP 
- hadrons (2) 

with center-of-mass energy squared 

s=W2=M;+2Mpv -Q2. 

Here Mp is the mass of the proton. 

In this paper we report on the Q2 dependence of the p” and w production 

cross sections and the p” decay characteristics in the positive Q2 region of 

Fig. lb, where the mass of the photon becomes further from the real vector 
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meson mass and approaches the “scaling region”. We also examine the evidence 

for production of other vector mesons in this region, 

- 

II. EXPERIMENTAL SETUP 

We have studied the production of vector mesons by 16 GeV/c muons in the 

SLAC 40” hydrogen bubble chamber by triggering photographs when the scattered 

muon is detected, A schematic view of the apparatus is shown in Fig. 2. About 

100 muons per pulse passed through the bubble chamber which was expanded 10 

times per second. Muons with a scattering angle roughly between lo and 6’, 

having an energy greater than 1.4 GeV and penetrating 3 ft. of steel caused a 

coincidence between two banks of scintillation counter hodoscopes, which pro- 

vided a fast trigger for the spark chambers. The trajectory of the scattered 

muon could be found off-line using the spark coordinates recorded on magnetic 

tape from the measurement by 11 magnetostrictive spark chambers sandwiched 

between four 12 inch thick pieces of steel. The final decision to trigger the 

bubble chamber camera lights was made by a PDP-8 computer whi,ch checked 

that the hodoscope hit pattern could have been caused by a track from the HBC 

fiducial volume 0 This information, together with the measurement of the tracks 

on the bubble chamber picture, was used as follows: 1) to remove the contam- 

ination by ‘IT induced interactions to a level of less than 1% as measured in a 

separate run with a pion beam, 2) to identify the muon among the fast negatives 

of the event, 3) to improve the muon momentum measurement by using the 

analyzing power of the fringe field of the bubble chamber. More -details of the 

experimental apparatus may be found in Ref. (4). 

III. RHO-PRODUCTION 

The density of the 3644 inelastic events found in this experiment with a 

matching p track in the muon telescope is shown as a function of Q2 and W in 
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Fig. 3a. From this plot we deduce that the cross sections for specific re- 

actions, expressed as a fraction of the total inelastic cross section, p - 
TOT ’ 

- 
*will b”e meaningful for Q2 < 2.5 GeV2 and W < 5 GeV. On this plot we show 

contours of our detection probability, obtained from a Monte Carlo calculation. 

To observe “elastic” rho production, we first separate out the relevant 

channel 

/J-p - 
-+- 

I.lXTP (3) 

A 4C kinematic fit to this hypothesis was tried on all 4 prong events. The re- 

sulting X 2 and the X2-probability distributions are shown in Fig. 4. This shows 

that the procedures for combining the results of the spark and bubble chamber 

track information are valid. Here the peak at low probability is compatible 

with that expected to come from non-gaussian tails of the measured quantities. 

Therefore a fit was accepted if X 2 < 30. 

A plot of the accepted events from reaction (3) versus Q2 Bnd W is shown 

in Fig. 3b. The Q’ intervals to be used in later analysis are shown here as 

broken lines. The values are also given in Table I. 

In Fig. 3c we plot the n+n- invariant mass versus W. A distinct po signal 

is evident, with a decreasing background as W increases. We also see that the 

- ++ 
events below W = 2 GeV will have a large background mainly from the 7r A 

final state. Therefore only events with W 2 2 GeV are used in the following. 

Figure 5 shows the r’r-, p7r’ and pn- invariant mass distributions for 

events of reaction (3) with W > 2 GeV for our chosen Q2 intervals- (the highest 

Q2 intervals have been combined here). A strong rho signal is seen in all the 

plots. In addition, some A ++ (1236) production is observed. 

To isolate the contribution of the p” in reaction (3) the influence of the A* 

and phase space must be taken into account. This was done using a maximum 

likelihood fit to the Dalitz plot of reaction (3) allowing for contributions from 
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PO, A++ and phase space. The formulae and procedures were the same as those 

of the SBT collaboration. 
2 

Now we describe the results of these fits. 

A. Mass Shape 

In photoproduction, L2 the p” mass distribution is skewed with respect to 

the u;ual p-wave Breit-Wigner (BW) form. A measure of this mass skewing is 

obtained by fitting to a form [ Mp /Mxn] n X BW(M9,), a generalization of the 

prediction of a diffractive dissociation model by Ross and Stodolsky’ (who 

predicted n = 4). While the value found for n in photoproduction events integrated 

over t is near 4, and the mass spectrum is well described by one value, a strong 

t-dependence was found; n = 5.3 f 0.3 for forward produced rhos (0.02 < It I 

< 0.08 GeV2), with n decreasing linearly with t out to It I - 0.6 GeV2 and for 

It I > 0.6 GeV no skewing of the rho mass shape was necessary. 
2 

similar model to that of Ross and Stodolsky, Kramer and Quinn’ 

skewing is both t and Q2 dependent and predict a skewing factor, 

3 

Using a 

suggest the 

(4) 

which reduces to the Ross-Stodolsky factor at Q’ = 0 and t = 0. We note that 

for forward photoproduced rhos the data already show more skewing than pre- 

dicted by Eq- (4). 

To investigate this effect for Q2 > 0 we have left n as a free parameter in 

the above fits, which integrate over the t-dependence of the data. We show the 

resulting values, <n > 
t’ 

in Fig. 6 and Table II, Our results are consistent with 

the same skewing found in photoproduction. In Fig. 6 we also show the electro- 

production results of a similar analysis of Dakin et al. 
7 

who concluded that the -- 

skewing became less at high Q2. Also shown is the Kramer and Quinn predic- 

tion for n. 
8 

As can be seen in Fig. 6, the two experiments are consistent 

within errors and both disagree as does photoproduction with the Q2 dependence 

of <n >t proposed by Kramer and Quinn. (X 
2 

= 12.4 and 15 for 3 degrees of 

freedom for this experiment and Dakin et al., respectively; both give a confi- 

dence level less than l%‘o.) 
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B. Cross Sections 

The total cross section for inelastic pp scattering as a function of Q2 and W 

was determined using a Monte Carlo calculation to provide the probability for 

detecting the outgoing muon in the trigger system, as is described elsewheree4 - 

To avzd some of the uncertainties in this method, we report here only cross 

section ratios to the total cross section, given by 

a(YvP - r+s-P) 
2 

4C wi =- 

cTTOT z wi 
all 

@YvP -POP) 
= f(P) 

oYY,P - x+n-P) 

gTOT gTOT 

where wi is the event weight and f(p) is the fraction of p" found in fitting the 

unweighted 4C sample in a given Q2, W interval to p”, A 
++ 

and phase space 

contributions. The channel ratio a(yVp- ?x-p)/oToT was determined using 

(a) wi equal to the inverse of the detection probability and (b) yi = 1. Both 

methods agree within errors , as would be expected if neither the cross section 

ratio nor the detection probability vary too strongly over the interval in question. 

The results of method (a) for the first three Q2 intervals chosen are given in'IPable I. 

The p and A+' fractions in the highest Q2 bin were determined by estimatin 
i? 

the ( 
ackground 

by hand. We note however that the normalization to rTOT is based on 75 events 

in this interval. The radiative corrections to gTOT given in Table I have been 

applied to the cross section ratios. The calculated corrections attempt to take 

into account the radiated photons’ effect on the measured Q2 and W distribution 

of the events. The errors given in Table I are statistical. All 4-prong events 

were checked for possible losses of reaction (3) due to radiative effects and 

systematic biases between the bubble chamber and spark chamber measurements. 

No measureable losses were found. As upper limits to losses we estimate a 

systematic uncertainty of +5% and -3%. 
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To compare these results to photoproduction, we must take account of the 

variation of a(yp- n+a-p)/U TOT by about a factor of three across our W interval. 

This w”as done by taking the ratio of the average photoproduction cross sections 

after weighting by the muon event density over the W interval, for Q2 > 0,2 GeV2. 

A related problem is that the detection probability for events with Q2 < 0,2 

GeV2 is concentrated at W values higher than typical for Q2 > 0.2 GeV’, as can 

be observed in Fig. 3a. Such events have a muon with sufficiently low energy to 

be swept out of the beam envelope by the chamber field, and which is therefore 

detected. Consequently, we have excluded the Q2 < 0,2 GeV2 bin from the com- 

parison of a(~ p - ?;tx-p)/gToT and a(y p - A+ f’-)/gTOT which have a more 

rapid W-dependence than cr(y p - p”p)/~ToTO 

InFig. 7 we give the cross section ratio to total for channel (3), for A++n- 

and for pop as a function of Q2, as well as the averaged photoproduction points 

atQ2=0. The importance of both channel(3) and p” production decreases by 

~35% between Q2 = 0 and Q2 = 1 GeV2, Other experiments7”’ lo have also 

found that the p” virtual photoproduction cross section falls substantially faster 

than the total cross section as Q2 increases, However these experiments show 

a larger falloff of a(pO)/a TOT than found in this experiment. 7,lO The different 

Q2 dependences may arise from problems connected with: 

(1) The variation of the cross section over the large Q2 and W intervals 

used. 

(2) the determination of a(p)/aTOT at Q2 = 0 for such a large W interval 

te- go ) ap iuToT = 0,185 and 0.102 at W = 2 and 5 GeV, respectively, the 

extremes of W for this experiment). 

(3) A possibly different acceptance probability for rho events versus all, 

in the normalization to aTOT 
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In order to make the comparison of our experiment to others more precise 

we have compared our results to a model calculation which removes most of 

-the Q0 and W dependence. In Table I and Fig. 7c (open circles) we give 

<gp’VDM / CD TOT ‘ep where 

<“p’VDM = 
c a + b/'&j exp 6(tmin( Q2) - tmin( Q2=O) 

( 1 + Q2/M;)2 

a= 7.9pb b = 18.2 pb*GeV l/2 

<oTOT ‘ep = total cross section from electroproduction 11 
and the brackets 

indicate an average over the appropriate Q2, W intervals of our experiment. 

We recognize that < u 
P 

>VDM is a crude approximation to the vector dominance 

model of Sakurai and Schildknecht, 12 
but takes into account the large Q2 varia- 

tion of the propagator factor and the W dependence of the p” cross section. The 

data fall less rapidly with Q2 than that predicted by the above simple VDM calcu- 

lation as seen by the open circles in Fig. 7c (x2 = 13.7 for 4 degrees of freedom: 

C. L. M 1%). This behavior is expected if the longitudinal component of the photon 

produces rhos; this component is neglected in <(P > 
p VDM 

above. To take into 

account the longitudinal contribution to <v > 
p VDM 

vector dominance models12’ l3 

suggest an additional (1 + t2 
2 

*2 ) dependence, where [ gives the ratio of 

flL(POP - Pop) to %f(P”P - 
“P 

POP) 0 Taking < = 1 and repeating the calculation for 

< ap’VDM 
gives the crosses of Fig. 7c (x2 = 17.3 for 4 degrees of freedom: 

C. L. < 1%)). The data, lie between the predictions of a vector dominance model 

with gL(pop - pop) = 0 (open circles) and withgL (pop - PO,?) = “T(P’P --Pod 

(crosses) D t2 near 0.5 gives a reasonable representation to the Q 
2 

-dependence 

Of a(P)/g~~~* As discussed below in the section on the rho decay angular dis- 

tributions this inferred longitudinal contribution is consistent with our measured 

longitudinal rho production. 
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c. t-Distribution 

There is great interest in determining if p” production by virtual photons 

beco&s less forward peaked at high Q2 than for photoproduction. However, 

this is not an easy task for the following reasons: 

( 1) although for I t 1. < 0.6 GeV2 the photoproduction t-distribution at fixed 

Mnn is well fit by the form exp (At), 2 there is evidence” that the distribution 

becomes flatter for higher It I - this means the slope parameter A depends on 

the t interval chosen and experiments with different t ranges cannot be com- 

pared directly; (2) the value of A varies across the p peak in photoproduction 

so that the slope is sensitive to the mass interval chosen; (3) at high Q2 and 

moderate W, the minimum momentum transfer, tmm, is substantial, and 

changes with MgH, W, and Q2 , so that the effective intervals of these quantities 

are not well defined for large bins. 

We note that, probably because of these difficulties, the slopes for p photo- 

production reported in the literature 15 vary from 6 to 9 GeV 
-2 

0 

To avoid some of the above problems, we have fit the Dalitz plot density 

for itl ~0.6 GeV’, with a factor e 
At 

multiplying the p contribution, and have 

applied the same formulae to the photoproduction and to the present data, This 

technique avoids the above mentioned difficulties (1) and (3), but since the skew- 

ing effect for virtual photons may differ from real photons, (2) remains as an 

inherent uncertainty. The resulting values of A are given in Fig. 8 and Table II. 

The slope parameter A is lower by - 20% by Q2 = 1 GeV2, which is consistent 

7,9,10 
with a generally greater decrease reported from other measurements, 

but in our data alone it is also consistent with no change with Q20 

D. Decay Angular Distributions 

For the description of the p” decay when produced in the inelastic /J scatter- 

ing, the usual density matrix representation 16 must be expanded to include 
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production by longitudinal photons. ’ ’ We use the definitions of Ref. 17. If 8 

and (p are the polar and azimuthal angles of the n’ in the p” rest system (with 

the z ?%is along the CMS p” direction, the x axis in the hadron production plane, 

and + the azimuth of the scattered 1-1~ with respect to the hadron production plane 

in the hadronic CMS), then the angular distribution of rho decay is: 

W(cos e, $, q = 2 i(l - r$) + i (3rit - 1)cos2B -~2Rer$sin20 cos+ 

- ry41 sin28 cos 24 

+in20 + r~ot30s2e -J2 Re r~osin20 COST - r:-lsin20 c0s2fj 

- E sin2@ 
i 
J-2 Im riosin sin@ + Im r2 

l-l 
sin20 sin2# 

1 

+,/2e(l+e+A) cos@ r5 
t 

11sin2e + r~gcos2tJ -<2 Re rtosin28 cos$ - r5 l-lsin2e COST+ I 

+42e(l+e+A) sin@ d2 Im ryosin28 S~#J + hn ri-lsin2e sin2+ 
13 

(5) 

where the polarization parameter 

E = 

and Q2.m = 2(EE’ - 12 ip?i - M;), v = E-E’, and 0 is the muon scattering angle. 

The density matrix elements r.? 
13 

are the same as for polarized photons except 

OL 
04 

pq;f + (E + A)R p ik P$ 

5k = l+(e+A)R ’ 
rz = 

1+(~+4R a=1,2 

where T and L refer to production by transverse and210ngitudinal photons, 

respectively,. R= aL/gT and A is defined as,A = 5 (1 - 
Q2 

c) << 1. It is clear 
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that p 
oT 

=-ldP 
OL 

can only be separated by varying E + A at fixed W and Q2; for 

our data no separation is possible because we had a fixed incident muon energy. 

f;i Fig. 9 we show the angular distribution in cos f3 and 9 = cp - 4~ for 

Q2 > 0.15 GeV2 and W > 2 GeV for the events in the p” mass region. The data 

are consistent with isotropy in case indicating the presence of longitudinal as 

well as transverse rho production. 

If s-channel helicity conservation (SCHC), found in p”-photoproduction, 
2 

is valid for leptoproduction, the sin20 part of this distribution comes entirely 

from transversely polarized virtual photons while the cos20 component measures 

that from longitudinal photons. Assuming SCHC, the ratio of p production by 

longitudinal photons to that from the transverse photons is 

04 

1 Rx-=- rOO 
0,(P) < ’ ’ 

04 
1 - roO 

Any anisotropy in the 9 azimuthal distribution comes from rho production 

by transverse photons. The 4? distribution shown in Fig. 9 peaks at 0’ and 

180°, indicating dominant t-channel natural parity exchange for the transverse 

beam component, as is found in photoproduction. 2 In the scatter plot of the 

same figure, the effect of interference between longitudinal and transverse p” 

can be seen as enhanced 9 = 0’ (360’) production for cos 8 < 0, and enhanced 

4? = 180’ production for co& > 0, A measure of this interference is given by 

and cosd = 1 indicates the amplitudes for the transverse and longitudinal com- 

ponent are in phase. 
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From the p” decay angular distribution the values for the density matrix 

parameters of Eq, 5 were determined from a moment analysis for events in the 

.p” m;s region. For this analysis we used events with W > 2.5 GeV and 

Q2 > 0.2 GeV2 
- ++ 

in order to eliminate background from the final state ‘IT A D 

In the 60 events selected we estimate that only ~2 A++ remain The values for 

all parameters are given in Table III. 

If s-channel helicity is conserved we expect all density matrix elements of 

04 1 
Eq. 5 to be zero except roO, rlml, Imrtel, RertO, Im rio. Within one to two 

standard deviations the density matr’ix elements of Table111 are consistent with 
. 

SCHC with the exception of rio which shows a 2.4 standard deviation effect from 

1 
zero (roe > 0 implies a contribution from single flip helicity amplitudes) D We 

note that in photoproduction pi0 is zero within errors2 and r1 00 
in also zero 

within errors in the DESY streamer chamber experiment for Q2 > 0. 
10 

We assume in the following that SCHC holds in electroproduction as it 

approximately does in photoproduction and also only natural parity exchange 

occurs in the t-channel. Then the decay angular distribution of Eq. 5 reduced 

to 

w(e) Q) = 
3 

87r2(1 + eR) 
id3c0t32e + + sin2e(1 + E cam 2f) 

- (eR(l+ ~)/2)l’~ cos 6 sin2e co~*k)~ (6) 

We can then determine the two free parameters, R and cos 6 for finer Q2 inter- 

vals than in Table III by a maximum likelihood fit to the events of reaction (3) 

with W > 2 GeV, accounting for the A++ - x and phase space contributions as 

explained in the discussion of cross section determinations. While only events 

with It I < 0.6 GeV2 were used in the fit, the parameters R and cos 6 did not 
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change when all events were used, In Fig. 10 and Table IV we give R and cos 6 

from these fits along with the data of Dakin et al 
7 

--’ and Eckart et al. , 
10 in the 

indic”ated Q2 intervals. Within errors the experiments agree and show a large 

contribution of longitudinally polarized rhos which interfere nearly maximally 

with the transverse component. As discussed h section IILB, vector dominance 

models12’ l3 suggest 

where t gives the ratio of aL(pop - pop) to (rT(pop - pop). The measurements 

(Fig. 10) fall between the two cases: i) t = 1 with crL = gT13 and ii) 5 5 0.35 

suggested by Sakurai and Schildknecht. 
12 

A similar conclusion was reached in 

comparing the rho cross section ratio to a vector dominance model calcula- 

tion (see Fig. 7~). 

IV. w PRODUCTION 

In Fig. lla we plot the X+,-T’ mass distribution from the reaction 

/J-p--L p-p Tr+n-7r”. The events shown have a 1C fit confidence level greater 

than 3% Q2 > 0.2 GeV2 and W > 2.0 GeV. We observe a clear w peak. The 

shaded events have Q2 > 0,5 GeV2 and also show a strong w peak. While the 

events plotted have not been weighted by our acceptance, such weighting makes 

little change in the observed structure. We have estimated the w cross section 

by selecting events with 0.74 < M(37r) < 0.82 GeV, making a small background 

correction by hand, and correcting for our 3% probability cut and non-3x decay 

modes. In Fig. lib we plot the ratio (~(y,p - pu)/mTOT vs Q2 for W > 2,O GeV. 

The average values of W and Q2 for the data in this plot are shown in Table I. 

Using photoproduction data 
1,2,18 

we have calculated the ratio r(w)/cToT at 
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QL = 0 for the same W interval (correcting for the photon energy spectrum). Our 

data points agree well with the photoproduction value, but do not exclude the Q2 

varizion found for cr(p)/cr,,,~ Since the w can be produced by both OPE and 

diffraction scattering our previous observation of a decrease in the p” contri- 

bution to the total cross section at larger Q2 need not imply a similar decrease 

For the w events with It I < 0.5 (GeV/c)2 we find an exponential slope param- 

eter (exp(At)) of A = 7.5 f 1.5 GeV 
-2 

0 The o polar and azimuthal angular dis- 

tributions in the helicity frame, cos 8 H and PH, are consistent with isotropy and 

are similar to the angular distributions above the w peak, We find roO 04= 0.20 f 0,15 

for w events with Q2 > 0.2 GeV2. This result is consistent with the photoproduction 

data 1,2,18 D We find no evidence for 3-body resonance production other than the 

w in the 7r’r-r’ final state. We find about one half the events with 0.8 < Mn+a-xo 

< 1,5 GeV are associated with A++( 1236) production. After excluding these events 

we find no significant A or A2 production. 
1 

In the 2-body channels we find a 

strong A++(1236) signal and some weak evidence for A+ and p” production. 

V. cp PRODUCTION 

We have looked for evidence of @ production in the final states corresponding 

to y,p - K+K-p and y,p - KLKsp, with W > 2 GeV, Q2 > 0.2 GeV2, Only one 

event ( MK+K _ = 1024 GeV, W = 3.3 GeV, Q2 = 1.1 Ge?) is compatible with 

$ production. Using the ratio of r($)/gTOT found in photoproduction (0,2 rt 0 1% 

at W = 2 GeV to 0.44 ;f .06% at W= 4.3 GeV) averaged over our virtual photon 

spectrum as was done for p” and w we would expect to have seen 3.3 f 1 $ 

events in this region. 
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VI. SEARCH FOR HIGHER MASS VECTOR MESON PRODUCTION 

Recently evidence for diffractive photoproduction of the p’ (1600) in the 

reacEon 

++-- 
yp-7r7rnnp 

has been presented. 
19 

It has been suggested that the higher mass vector mesons 

may become relatively more important at large Q2 than the lower mass p . 
0 12 

In Fig. 12a we plot the 4n invariant mass against W for events which have 

Q 
2 

> 0.2 GeV2 and fit the 4-constraint reaction 

I-L-P 
-++-- 

-pC1T2T?Tpp (7) 

The bracket indicates the p’ region. It is clear that no anomalously large p’ 

(1600) signal is present. 

In high energy photoproduc tion, the p’ signal dominates over background in 

the 1600 MeV 4~ mass region, while for low gamma energiesthe reverse is true. 

The division between these two regions is roughly W = 3 GeV. We therefore take 

the cross section o(yv p - p 47r) for W > 3 GeV and Mgn < 2 GeV as an upper limit 

for p’ production. In Fig, 12b we show these cross section determinations for 

two Q2 bins compared to the photoproduction result with the usual averaging 

over the y, spectrum. These data suggest there is no dramatic change as Q2 

increases. 

In photoproduction, an enhancement in the r’n-27r” mass spectrum at about 

1250 MeV, peaking at i small t pp, has been reported. 
20 

A decay mode to wx” was 

favored, and it was suggested that this may be the B meson or possibly a new 

vector meson p’( 1250) D Such a signal appears as a bump in the mass recoiling 

against the proton in the reaction 

YP - p ?r+n- MM 
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and is enhanced when events are selected with 0.32 < Mr+n- < 0.6 GeV and 

ltppl ~0.5 GeV2. We have searched our data for a possible anomaly in this 

regi; using 4-prong events giving no good 1C or 4 C fit, thus eliminating the 

p n+n- and p r’,-r” final states. Figure 13 shows the YT+~- + neutrals mass 

spectrum for 0.2 <Q2 < 2,5 GeV2’and W > 3 GeV, Although the event sample 

is small, Fig. 13 indicates that the same enhancement may be present for 

Q 
2 

> 0 with a contribution to (T 
TOT 

consistent with that of photoproduction. 

CONC LUSIONS 

1. We find a distinct p” signal whose contribution to the total cross section 

is lower by ~35% at Q2 = 1 GeV2 than at Q2 = 0 (Fig. 5 and 7). In the context 

of a simple vector dominance model the observed p fraction requires a contri- 

bution to rho muo-production from longitudinal photons as Q2 increases. 

2. The exponential t-dependence is flatter by z 20% at Q2 = 1 GeV than 

Q2 = 0, although our data does not exclude the possibility of no change in the rho 

t-dependence as Q2 increases (Fig. 8). 

3. The p” mass shape is consistent with the skewing found in photo- 

production, and does not appear to fit the Q2, t-dependence suggested by Kramer 

and Quinn (Fig. 6). 
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4. We find that the cos 0 distribution is no longer sin20 in the helicity 

frame for Q2 > 0. Assuming s-channel helicity conservation holds for Q2 > 0 

the co; 8 distribution suggests a strong contribution from longitudinally polarized 

rhos, Nearly maximal interference between the longitudinal and transverse 

amplitudes is observed.. (Fig. 9 and 10.) 

5. A distinct w signal is observed for Q2 > 0 which contributes about the 

same to UTOT as in photoproduc tion. 

6. No anomalously large production of higher mass vector mesons is 

observed, 
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TABLE II 

Exponential slope A and the mass skewing parameter n for 

rho everits with 2 <W ~5 GeV and Itppt ~0.6 GeV2, 

Q2 WV’? 

0,05 - 0.2 

0.2 - 0.5 

0.5 - 2.5 

A (GeV2) <n> t 

609 * 1.5 4.25 * 0081 

7.1 f 1.4 4.12 f 0.83 

5,3 f 1.1 4.06 zt 0.94 
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TABLE III 

- Reaction y,p - pop for Q2 > 0.2 GeV2 and W > 2.5 GeV: Density 

matrix elements, ratio of longitudinal to transverse p” production 

R and interference parameter cos 6 in the helicity system for 

Itl <0.6Ge? d t as e ermmed by the method of moments to the 

events in the p” mass region (0.6 <.Mna < 0.9 GeV). 

04 
rOO = 0.33 * 0,093 

Re r$ = 0.041 f 0.057 

04 y-1 = -0.091 f 0.083 

rio = 0.383 rt 0.16 

1 
rll = -0.033 * 0.10 

Re rto = 0.20 LIT 0.093 

rial = 0.31 f 0.13 

Im rye = -0.095 f 0.088 

2 
InI y-1 = -0.37 f 0.12 

1 
rl-l 

Re rto - 

5 
rOO 

= 0.068 f 0.065 

5 
Yl 

= -0.081 f 0.047 

Re rto = 0.127 i 0.039 

5 
rl-l 

= 0,120 k 0.067 

Im rTo = -0.139 f 0.048 

6 
Im ‘l-1 = 000 -I 0.06 

2 
In-l r1-1 = 0,68 f 0.17 

= 0.27 zt 0.06 

<c > = 0.89 

cos 6 = + 0.76 zt 0.17 

R = 0054 zt 0.23 
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TABLE IV 

Reaction yvp - pop for 2 < W < 5 GeV: Parameters R and cos 6 

of Eq. 6 as determined in a maximum likelihood fit, 

Q2 R cos6 

0.05 <Q2 <0.2 0.50 f 0.25 0.34 rt 0.25 

002 <Q2 <0.5 0.47 h 0.19 0.89k 0017 

Q2 > 0.5 1.08 rt 0.44 0.84 -f 0.19 
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FIGURE CAPTIONS 

1. (a) Diagram of the scattering process with the variables Q2 and W defined. 

-(b) Domain in the variable Q2 of electroproduction, photoproduction and 
-. 

colliding beams experiments. 

2. Schematic representation of’the experiment from the origin of the muon 

beam to the muon telescope behind the 40-inch hydrogen bubble chamber. 

The upper part of the figure, depicting the muon beam, is not to scale. 

3. (a) Distributionofall events as a function of Q2 and W. The increased density 

at large W and low Q2 is due to larger detection efficiency. Contours displayed are 

the acceptance probability for the p-detector. (b) Same for the reaction 

/L-p -+/J-*+n-p. Dashed lines show bins used for p3 analysis. (c) Mfl+fl- 

versus W. Events not weighted for geometrical acceptance. 

4. Chi-squared distribution for the reaction ,uL-p - p-?;rm-p. Insert shows 

the X 2-probability distribution. 

5. Reaction y,p - ~+7r- p (a) ?r+n- mass distributions for different Q2-intervals; 

(b) same for the ~?p and r-p masses. 

6. Q2-dependence of the skewing parameter n determined for those events 

with I tl < 0.6 GeV2 for y,p- pop. Full curve shows the prediction of the 

model of Kramer and Quinn. 

7. (a) ratio of y,p - *+?I-p/y,p - hadrons o 

- (b) ratio of y,p- ?T A ++/y,p- hadrons. 

(c) ratio of y,p - p”p/yvp - hadrons. 

Photoproduction value from data of SBT collaboration (Ref. 2), Points 

labelled 0 and x are vector dominance calculations described in the text. 

Horizontal bars indicate Q2 intervals used. 

8. Q2-dependence of the exponential slope A for the reaction y,p - pop with 

ltppl ~0.6 GeV2. 
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9. 

-10. 

11. 

12. 

13. 

Reaction y,p - pop for Q2 > 0.15 GeV2 and W > 2.0 GeV: Decay angular 

distribution of events in the p” region in the helicity system. 
- 

-Reaction yvp - pop for W > 2.0 GeV: The ratio of longitudinal to trans- 

verse p” production R and cosine of the longitudinal - transverse phase 

difference cosd assuming s-channel helicity conservation and natural parity 

exchange in the t-channel. The curves are the predictions of vector 

dominance models withaL = cT ( - -) and cL = 0.35 rT( - l -)* 

Reaction y,p - Ir”n-lr’p: (a) r+n-n” mass distributions. (b) @yvp-“p)/~ 
TOT’ 

Reaction yvp - ?r+n+7rB7r-: (top)plot of ?r+lr+n-n- mass versus W. (bottom) 

d Y,P - P 4 @/cTGT for W > 3 GeV and MqH < 2.0 GeV. 

Reaction y,p - p?r+a- + Neutrals: I~+E- + Neutrals invariant mass for 

W > 3 GeV. The shaded histograms are those events with It ppI ~0~5 GeV 

and 0.32 <Mn+n- ~0.6 GeV. 
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