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Abstract; The process ¥y — «*n n'n~ has been investigated in reactions of the typeete” —
e*en*nn'n”in the single tag mode. The range of the four momentum squared of one of

the virtual photons was 0.28 GeV2/c2 < Q? 3.6 GeV2/c2, the average being <Q2> = 0.92 GeVZ/c2,
the other photon was quasi real. The reaction is mainly described by the channels yy — p°p° and
Yy — 4 = (phase space), occuring with about equal probability. The Qz ~dependence of the cross

section is in agreement with the p form factor.



1. Int ion

The relatively large cross section of the two photon reaction yy — p°p° near threshold which

was measured by the TASSO collaboration [1] and subsequently by other experiments (2], {3],
[4], [5] is still not completely understood, despite a number of theoretical attempts {6].

‘This has bcen our motivation for studying this reaction further. In our previous experimental
work Q2 =|q2 |, the modulus of the invariant momentum transfer squared, was small for both
virtual photons. In this work wc study this reaction for the case in which one of the two virtual
photons has a large value of Q%2 in order to see how the characteristics of the reaction change
when one of the two photons is highly virtual.

2.  Experimental Pr re and Dat lection

The data were taken with the TASSQ detector at the PETRA storage ring at CM energies bet-
ween 35 GeV and 46.6 GeV. The total integrated luminosity used for this analysis was 150 pbl,
concentrated at about 35 GeV CM energy. The TASSO detector has been described before [7];
here we give a brief description of the components most relevant for this work. More details can

be found in [8].

Charged tracks used in this analysis were reconstructed using the cylindrical drift chamber (9]
and proportional chamber. . '

Within polar angles 37° < < 143° tracks can be recorded in all 15 layers of the central drift
chamber. The track detectors are in solenoidal magnetic field of 0.5 T, leading to-a momentum

resolution at 90° of )
cyfp=17% vV 1+4p? (p inGeV/c)

The track chambers are also used in the trigger. They allow the recognition of tracks above a
predetermined value of the transverse momentum p, = 220 MeV/c with respect to the beam di-
rection. The trigger efficiency for one track was measured to be about 80% for p, > 220 MeV/c.

Particles at small forward or backward angles are measured by a pair of tagging counters, one in
the forward and one in the backward direction. Each tagging counter consists of a hodoscope
counter to provide angle information for the incident particle, followed by a shower counter for
energy measurement. The shower counter consists of 40 layers of lead (3 mm) - scintillator (5
mm) - sandwich. The hodoscope counter consists of 6 layérs of square proportional tubes, which
are arranged in three double layers with an angle of 22.5° between them. The angular resolution
achieved is 6g = 1.3£0.2 mrad (polar angle), and Gy = 80 + 15 mrad (azimuth angle).

The polar angle range covered by these counters is 30 mrad - 105 mrad with réspcct to the beam
line in the forward and backward directions.

The trigger used to select candidates for two photon reactions required at least one track recogni-
zed in the inner central track detector in addition to an energy E > W/6 deposited in the forward
or backward shower counters, W being the e*e” CM energy.
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The reaction we want to study is e*e” — e*en*n ', The following sclecuon criteria were used
in the off line analym to select candxdate events:

D There are exactly four tracks in the inner detector, passing close to the interaction point,
rcsultmg from two positively and two negatively charged parnclcs

2) Their angl’cs 0 lie between 37°and 143° with respect to the beam line (Icosel <0.8).

3)  Their transverse momenta with respect to the beam line are larger than 100 MeV/c; at
least one track has a transverse momentum p, > 280 MeV/c.

4) There is exactly one hit in the forward or backward shower counters at an angle
30 mrad < 0 < 90 mrad with respect to the beam line.

5)  The energy E of the particle producing the hit, as measured in the shower counter, satisfies
E>033Ww. _ :

Condmons 4) and 5) imply that one of the two virtual photons has a relauvely large value of
Q%Q?>0.28 GeV2/c2, whereas the other virtual photon will have a very small value of Q2.

A total of 389 events fulfilled the conditions 1)-5). In order to eliminate events which do
not belong to the exclusive reaction e*e” — e*en*n n*n because they have additional
undétected particles in the final state, and in order to provide a check that the non-tagged
photon has a small value of Q2, the following conditions 6), 7) based on transverse momen-
tum conversation were applied:

- —
6)  Ap?=(1Zpy-lp,)? < 0.035 GeVZ/c2
i=1

_) - -
where Xp,; is the vector sum of the momenta of the four charged tracks in the inner detec-

tor, projected in the plane perpendicular to the beam line, and B, is the transverse momentum
of thc particle detected in the forward or backward shower detectors

7)) 168°<IA¢| < 192°
where A¢ is the difference of the azimuth angles of Effti and ﬁs.

A total of 100 events remained after condmons 6) and 7). Among these events we identified

_one as being due to the rcactlon vy =7t n “K*K" by time of flight measurements, two events
were identified as yy = KO%*K" or yy —» K% K™* and six events had a converted photon. These
cvents were removed from the sample leaving 91 events as our candidates for the reaction
YY —> wtatn, :

These events were used in the subsequent analysis. They still contained some background:

At momenta above 0.5. GeV/c unique pion-kaon separation by TOF bccomcs difficult; from
our work on the reaction Yy — © 7 K*K~ [10] we estimate that there are three events in our
sample, which have kaon tracks not recognized by the time of flight measurement because of
“their large momenta. There is one beam-gas event, estimated from the distribution of event
vertices along the beam axis. The background from events which have additional unrecognized
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particles was determined by leaving off one of the four tracks of our events; after checks
6) and 7) for momentum conservation the estimated backgrotind from non-exclusive
events is 4.6. The background due to annihilation was negligible (0.2 events), as deter-
mined from a study of our annihilation events. This total background of 9% was statisti-
cally subtracted. o '

“The data covera range of Wy (CM encfgy of the four charged hadrons) 0.6 GeV <Wyy |
< 3.5 GeV, with with a mean of <Wy> = 1.8 GeV. The Q%-range was 0.28 GeVZ/c? < Q2

- <3.6 GeVZ4/c2, with amean of <Q%> =0.92 GeV2/cZ. A more detailed account of this
work, based on a smaller data sample, is also available [8].

Acceptance Calculations

In order to compute the acceptance of the detector, a complete Monte Carlo simulation of
events was carried out. Tracks were generated and followed through. the detector. The same
trigger conditions and the same conditions 1)-7) of the previous section were applied to the
Monte Carlo data to calculate the efficiency of detecting events. This efficiency is somewhat
dependent on the mode! used for the production mechanism. We investigated the reaction
lyfcs: (i) e*e’ a e*e x*x xtx", with the four pions dis’triButcd+acgording to phase space (ii)
ee” > e*e p0p0, with isotropic production and decay p° —» 7 7; and (iii) e*e o e*e p" st
The cross sections were parametrized in the same way as in our earlier work {1]. Figure 1
shows the efficiency for accepting these three event types, as a function of Wyy.

Results

Figure 2a shows the density plot of one invariant =+ mass combination versus the other one.
There are two entries for each event. Fig. 2b shows the n*n* vs. n"n" mass distribution. Figs.
3a and 3b show for comparison the corresponding plots of the Monte Carlo events mentioned
in Section 3) for the 4x phase space and the p? pU event types, respectively. '

In order to determine the fractions of observed events of the three reaction types (i)-(iii) in the
experimental data, we fitted the two dimensional experimental distributions m( tx) vs. _
m( x*x°) and m( x*x*) vs. m(x" =" simultaneously to the corresponding two dimenasional Monte
Carlo distributions. For the Monte Carlo distribution we chose a combination of the three
reaction types (i)-(iii), with the fractions as the parameters to be fitted. A maximum likelihood
fit was performed in four Wyyintervals in the Wyy-range 1.2 GeV < Wyy< 2 GeV and yielded
the following relative rates, averaged over the four Wyy bins: :

(i) vy — 4x (phase space) 43 + 16%

(i) yy — %o 48 + 16%

(i) yy - oo x 9 + 28%
The contribution of event type (iii) is consistent‘ with being small, but the error is large. In or-
der to investigate the stability of the fit with respect to the fraction of reaction (i), we repea-

ted it with rqactions (i) and (ii) only. We also found an acceptable fit in this case, and the result
is

YY — 4x (phase space) 48 + 13%
1r = p%6° 524 13%
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The fractions can be compared with our previous werk with almost réal photons [1].
Averaging over the same W yy— interval (1.2-2 GeV) we find an average of 60% for the
p* p’ fraction, compatible with the present work within the errors. -

The total cross section for the reaction Yy — n*x" x*n" as a function of the energy Wyyin_
the four pion CM system is shown in Fig. 4. It is averaged over the range of 0.28 GeV2/c2 <
Q* <3.6 GeV2/c2 considered in this paper, and is not sensitive to the errors of the fractions
(i)-(ti), as is evident from Fig. 1. There is an estimated 25% overall normalization error
(not shown), because the small absolute value of the efficiency implies a large extrapolation
with subsequent sensitivity to the details of the Monte Carlo Calculations. '

in order to investigate the (gz—dcpcndcncc of the cross section we compare it with the result
for almost real photons ( Q% = 0) Fig. 5 shows the cross section at Q%= 0 as a function of -
Wy, deduced from our previous work [1].

We have'averaged this cross section at Q2 = 0 from Wyy= 1.2 GeV to'W =2 GeV and com-
pared it with the cross section for large values for Q2 as obtained in this paper, using the p
form factor F,, (Q?) = 1/(1+ Q%/M_2) 10 describe the Q2-dependence: This is shown in Fig. 6;

the p form fabtor gives a fcasonab?y good description. ‘

Similar results have also been obtained by the TPC/Two Gamma [4] and PLUTO collabora-
tions [5]: ’ :

- Conclusion

We have investigated the reaction Yy — n*n n*n fora range of the four momentum squared
of one ofithe virtual photons 0.28 GeV2/c? < Q2 < 3.6 GeVZ/c2, the average being < Q%> =

1 0.92 GeV2/c2. For CM energies in the yysystem Wyyin the range 1.2 GeV < Wy <2 GeV the
~ QR-dependence of the cross section is in agreemept bvith the p form factor. The data require a
substantial contribution from the channel yy— p'p', similar to our earlier findings at Q% ~0.
Since a large part of the Wyyrange in this work is below nominal p? p° threshold, our results
indicate that the phenomenon of a large vy — p0p¥cross section near threshold may persist at
Q? values a round 1 GeV2/c2,
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6
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Total acceptance as a function of the ‘ﬂCM energy Wyy, % encrated acconimg 10 |
the production mechanism yy — p%p° (dotted lmc), W—-) p’ntn (dashcd hnc) -
YY = 4r (phase spacc) {solid line) - S , o

}

Invariant masses mi{ x¥x") vs. m( x *x7), two entries/event,iand'm( x* x*) vs. m( x~"Yor
m( x~ ") vs. m( x**); the distributions are folded over, with the larger one of the two
mass valucs p!ottcd along thc abscxssa

5 Invanant masses m( x*x )vs m( e ), for Monte Ca:lo evcnts, generated -accor

ding to a) Yy — 4x (phascspacc) byr— popo
The dxstnbutlon are folded asin Fzg 2.

' 'Thc cross section of the reaction W—) xtx 1c+rt as a funcnon of vy CM cncrgy

Wry.. Statistical errors only are shown.”

+ The.dara are averaged over the range of 0. 18 GeVzlc < Q2 <36 GeVi/c?

with <Q2> =0.92 GeV /c2

Thc Cross, sccuon ofyy — n'tn n¥n" ), for almost rcal photons- (Q%O), as a function
of yyCM e cncrgy Wy, as doduccd from {l] (see [8]) Also shown are the data of other

- collaborations{2)-[5):

The errors of Ref. {1] are stausncal only

© The cross section oYy = nnatn"), as a funcnon of Q?, averaged over1.2 GeV <

Wyy. < 2GeV, and compared with the point at Q =, deduced from Ref. [1].
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