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ABSTRACT. -

We measured 30000 wide-angle electron-positron pairs from the reaction y +p ->p+e++e'

in the invariant mass region 500 € m < 1060 MeV. The photoproduction amplitudes of the ¢, w,
and ¢ mesons were measured to deviate from being pure imaginary by
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, We determined, for the process pp =pV (V —ete”), the ratio of the real to imaginary part
‘of the forward photoproduction cross section

do
dt

t=0 IIYP e pV (Ve e+e—)‘I

for the three vector mesons V = 9, w, and ¢, by studying with the 2,7 GeV bremsstrahlung beam
of DESY the e'e” yields of the reaction

y+p._>p+e++e“ (1)

in the energy region 3.0-7.2 GeV and in the e%e” invariant mass range 500< m < 1060 MeV,



Four diagrams contribute to the reaction (1) (Fig, la). The first two are the Bethe-Heitler
diagrams which can be calculated!!), The third one is the diffraction production diagram where
the etTe™ pairs are coming from leptonic decays of @, ®, and &, The last diagram represents
the ete~ contribution when the vector mesons are produced via one-pion exchange or inelastic

channels,
e’ et
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for reaction ‘(1').
Ay Ay

The second order, the ete- pair production rate is expressed by

‘2 2
Ro:IABle IZ AV + lAXI + 2 ABH'Re { 2 AV }(*) + QED terms connected to (2)
V(V=e, o <1§) v more than two y rays.

In the framework of the VDM, Ay is parametrized as

ettt o s i,

2 i@
my je ¥ doy Iy
Ao — — s (3)
v m? m m” -imT dt My
v VTV
using the notation
do " byt
vV _ de ey, o do . v (2)
5 = g (rp—=pV(VeeTen): 5 (YP>Vp) e BR 4 - .

t=0

Here my; is the mass of the vector meson, [‘V its width, Py + 7‘/2 is the relative phasge between
the vector meson photoproduction amplitude and the BH amplitude (which is real), by is the slope
of the differential cross section for vector meson photoproduction on protons, and m and t are the
invariant mass and the momentum transfer of the eVe” pair, respectively.

It follows from charge-conjugation invariance that the interference term in ( ) between the
Bethe-Hegitler and the Compton amplitudes is antisymmetric under exchange of e’ and e-. Hence,
the effect of the interference term consists in producing an asymmetric distribution of the experi
mental events as a function of any kinernatical variable which is antisymmetric in the four- -momern
ta py and p_. Such an asymmetry is a measurement of the interference term and consequently of
the photoproductlon phase Py Any contributions to the interference term due to second order QED
terms have been estimated(3) to be about 0.1 % of the BH rate and have therefore been neglected,

The apparatus (Fig. 1b) and the experimental procedure are the same as described ’elsewhere@
in detail, In particular let us recall that our mass resolution is 20 MeV (FWHM) at m =1 GeV,

(x) OPE (spin-flip amplitude) and inelastic amplitudes do not interfere with the Bethe-Heitler
term.
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We have taken data with a beam top-energy K, . = 7.2 GeV, a central spectrometer momen
tum pg, = 2700 MeV at three spectrometer opening angles 0 = 13%, 15° and 16°, and a fourth setting
was defined by Kiax = 6.0 GeV, pgy = 1700 MeV, and 0 = 13°, For each setting, the same amount
of data was collected for each of the two spectrometer polarity combinations in order to cancel out
minor agsymmetries of the apparatus.

The total number of eTe™ events, measured in the mass range 500 £ m < 1060 MeV, is
29217 which is to be compared with Monte-Carlo predictions of 225767280 events atiributed to
Bethe-Heitler and 71061160 to ¢+ @+ & production. The Bethe-Heitler rate is corrected for

second order(®) and inelastic 1, 6) terms and is normalized to the collected number of equivalent
quanta,

The invariant mass spectrum of the data collected at 139 is shown in Fig. 2. The interferen
ce spectra for the four different setting are shown in Fig. 3.
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FIG. 2 - ete” effective distribution. The open circles are the calculated contributions of
the BH processes, normalized to the collected number of equivalent quanta, The solid
line shows the calculated contribution of the BH processes together with the diffractive

0, w, and ¥ photoproduction, the g+ @ inelastic effects, and @ -OPE production.

a) Kpay = 6.0 GeV, p_ = 1700 MeV, 0 = 13% b) Ky, = 7.2 GeV, p_ = 2700 MeV, 0= 13°,

Due to the large uncertainties in the calculation of the ¢, ®, and & inelastic and of the ®
OPE contributions to the invariant mass yield, only the measured interference pattern hag been
used to fit the photoproduction phases.
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FIG. 3 - Specirum of interference events. The solid line shows the best fit to the data with

the ¢+ ® interfeorence term of eq.{2), using myg = 767, 6 MeV, FQ = 150.9 MeV, Cgp=

= 4,55 nb GeV-2, ¢p=37.5% Cy = 0,735 nb GeV-2, ¥u = 29.6°. In Fig. a) the open cir-
cles and the crosses . how the @ and @ contributions algo separately, The dashed line is

the best fit to the data with the & interference term of eq, (2), using mg= 1023.6 MeV,
Cg=0.98 nb GeV-2, and ¢gp= 3,449,

a) Kyygy = 6.0°GeV, p_ =1700 MeV, 0 = 139 ; b} Kypay
¢) Kpax = 7.2 GeV, p, = 2700 MeV, 0 =15%; d) K

= 7.2 GeV, p, = 2700 MeV, 0
= 7.2 GeV, p, = 2700 MeV, 0
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Results for the ¢ and the ®.

b

We fitted.the ¢ and @ interference contribution of ed.(2) to the data between 500 and 960 MeV,
using my, I‘Q, <P9, dog/dt, Mg, dow/‘dt, and @, as free parameters,

We have used I'y= 10 MeV(7), bo = 6.3 Gev-2(9) ang be = 6.7 Gev-2(9), T, is assumed
to be mass independent, while Fg has been jparametrized(‘g) as

2

m m2 - 4m2 1+ R (m2 - 4m2,)
. 0 w . 3/2 7z ‘e 7
I' (m) = Ty — ( ) ;
e € m rn2 4m2 2 9 9
- 7 = -
0 1+ 7 (m 4mﬂr)

The skewness parameter R was also left free in the fit.

The energy degendence of the photoproduction cross section has been introduced using the
measured values of(% 1) :

as
2
do (yp -» po - (@ =eTe™)) = C (1+-§—9L-)nb GeV'Z,
Y 0

dat |i-q 0 2

K
do 4 - .. 1.4 GeV =2
hadai | = [ A ~
Tl (yp = po (0 =>e’e”)) = C,l(1 = ) nb GeV ™",

The published values of Co=3.65% 0,739, co=0.7+0.14(%9 m,= 770+ 3 Mev!?,

Ig=150%t3 MeV(T) and m = 782.7 % 3 MeV({7) have been further used as additional degrees of
freedom of the fit(11),

In fitting the interference term of eq.{2), we used the program MINUIT(lz). The errors
quoted are true (MINOS) 16 errors. The best fit is plotted'in Fig. 3 (solid line), and the corre

sponding parameters are listed in Table I. The resulting éontributions from the 9 and the @
are shown separately in Fig, 3a. :

TABLE 1 - Fitted parameters{X)

mg 767.6 2.7 ey

r, 150, Y3 ey

R 0,05 ¥ 0,52 gey”!

Co 6,55 1 0032 mp gevt? 2% sa
: WOF i)

me 783.3 ¥ 2.9 ey

Co 0.735 ¥ 0,13 b gev™?

%o 37.5° ! 291:

Py 20.6° 1 1303

(x) - The quoted errors are 16 MINOS errors.



To be sure that the phase 9o is not affected by the ® parameters, we repeated the fit leav-
ing out the mass bins from 760 to 820 MeV, where the ® contribution depends strongly on the P
value, The best fit results did not change,

Resgults for the @,

Fitting for qv(p was done in the mass region 950 «m < 1050 MeV, The cross section

do 4o -
g tzo(}’p ~ pP(Pp »eTe"))

was parametrizwedm’ 10,11) as

r

2
u(p(l - .

) nb GeV’™

In order to study the effect of Cg and me on the phase value, these parameters were allowed in
the fit to vary around the published values Cp=0.9 10,13 nb Gev-2(7,10) ang mg = 1020 ¥ 3
Mev (7, ]0). The glope b,p was taken

as 5.5 GeV-2(10) and the width Iy events
was set = 4 MeV(7). The result of
the fit is shown in Figs, 3 and 4 250+ |
and the best fit parameters are 3 -7
given in Table II, ; Kme '2 GeV
6=13° ‘
t experimental data
150 ¢ — best fit prw
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100
50+t
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/
FIG, 4 - Interference spectrum as ~50.4
in Fig, 3b, plotted in 10 MeV bins, t >
e 2 e 800 1000 1200 [Mev]
TABLE 1l - Fitted parameter's(x)
o+ 5.3°
9’(p 3.44 . 4.2°
c 0.98 * 0,12 ub cev™? LS T
SD - - o NOF m'-é;-._
mg 1023.6 ¥ 2 Mev

(x) - The quoted errors arc 1o MINOS zrrors.



The sensitivity of @4 to the @ tail under the ¢ peak was found negligible (a change of *20%
of the ¢ tail values affects ¢g by t1.59),

In Figs. 2 and 5 we show the various ¢, @, and & contributions to the ete~ invariant mass
yield. The g contributions are calctlated according to our best fit parameter. The & and & con
tributions are calculated using photoproduction cross sec¢tions into ete” pairs as from refs. (9, 10)

and Py from our fit. The inelastic @ and @ production was estimated from ref, (13) and the w
OPE contribution from ref. (14).
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FI1G, 5 - ete” mags vield for Kyax = 6.0 GeV, p, = 1700 MeV,

and

= 130 after removing the caleulate BH cotitributions (see

also Fig. 2a). Shown are the separate effects of 0+ 0 + ¢ dif

fractive production, inélastic ¢ production,

w production via

OPE, and inelastic @ production. The combined sum of these
effects is indicated by thégolid line,

Summary.

By studying the interference term between the Compton and the Bethe-Heitler .amplitudes, we

measured again the
the published values

ments 7,9,10

E

(%)p.ho’toproduction cross section into lepton pairs, quite well in agreement with

but our measurement does not prove more sensitive than previous experi-

with regard to the parameters Cg, Cg, as well as to the g, o, and ® mass values,

The major result of the experiment concerns the measurement of the ¢, ®, and ¢ photopro

duction phases. '(pq) ig measured to be 3.

40+5.30_

4 90} this is consistent with the @N gcattering being

purely imaginary, The @ and ® nucleon scattering are found to deviate from a pure absorptive

mechanism by 37,59

+2
-3

.89

+15. 5°
10 an

d 29.60_12 go» respectively.



A breakdown of the simple "p-photon analogy" and an anomalous large real part in-the ¢
photoproduction amplitude is expected as a dynamical consequence of meson instability inside the
nucleous. This effect has been gualitatively estimated to be of the order of ‘

2 FV oT(nN) {13)

s e . Numerically, this amounts to ~ 22° for the ¢, independent-of energy, while
m,, o_(VN)

it is negligible for the @, On the other hand, because of the @-w mass mixing effect, ¢ has to
be reduced by ~ 119 according to ref. (16),

Taking into account such corrections, our result is consistent, inside the errors; with a
gmall refractive part of the Compton amplitude also for the ¢ and @ nucleon forward scattering,
as is expected if the reaction proceeds via Pomeron exchange,

Our measured phase values may be compared with the values ¢g -9 = 4191220, Fo =
=11.8°%14.4°, and 9= 25°T15% obtained by the DESY-MIT group at K = 5.6 Gev(17,18), The o
+13°

and @ phase valueg have also been measured at DNPL19) {6 be Pu-Po ° 118° 920

Py = 16.59%6,20at K = 3.6 GeV.

and
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