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FPirst Ubsgervation of Photon-Phoeton Interactions at DORIS

Abstract:

With a forward tagging system and the BONANZA detector

we observed 24 e+e---> e+ e 6 e events but no

e’ e -5 e’e” + hadrons. We present an upper limit for
the partial width /. of 11.5 keV (95% CL) which is

evidence against the Han-Nambu quark model.
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The investigation of photon-photon interactions (Fig. 1) at
e‘é_-storage rings was suggested quite earliy [1]. First experi-
mental observations of these processes were reported from
Hovosibirsk [?] and, uging the tagging technique, from Frascati {j].
We present here results from the measurements of photon=-photon
interactions at the storage ring DORIS. The experiment was per-
formed using a tagging system to detect the forward going

electrons and pesitrons, and the BONANZY detector for the products
of the Xx-interaction. A general view of the central detector ie
given in Fig. 2. Its innermost part consists of a 5 cylinder
proportionzl chamber system with a iwo-dimensional readout, followed
by 3 rings of scintillators. All counters are equipped with photo-
tubes at both ends, so accurate time and position measurements were
possible. The detector was originally designed to detect anti-
neutrons and antiprotons by their annihilation in the second ring,
which is therefore 20 ¢m thick. The deposited energy in these
annihilation counters was measured. The bunech crossing times were
derived from the DORIS R.¥. This arrangement of counters, in
coembination with one radiation length of lead after the third
proporiicnal chamber, is well suited for discriminating electrons
and photons from other particles, & more detailed description of

the detector is given in Ref., 4,

The DORIS tagging system (Fig. 3) is based on the fact that because
of the vertical crossing angle, the beams pass through the large
guadrupoles Wul and W2 off center. So these guadrupoles, together
with the homogeneous septum magnei V3, are used as & magnetic
spectrometer f10]. Data for the field parameters were available
from the aﬁtoﬁatic bookkeeping sysiem of DORIS..The electrons and
positrons were each detected by a shower counter (e~counter), mounted
in the beam pipe 12 m downstream from the interaction point, about

6 x 8 cm?

and 10 radiation lengths thick. The shower counter provided
us with energy and time information. A similar counter (y—counter)

was used to veto beam-gas Bremsstrahlung events.



The counting rates of the tagging counters were - depending oan the
rezidual gas pressure and the curreat in the machine - between 14
and 23 kHz (600 eV threshold) for positrons and between 76 and
180 kEz (250 eV threshold) for electrons,

Tc determine the accepitance of the taggiﬁg system we performed a
Monte-Cario calculaticn. The angular distribution has a very shzar
peak in the lorward direction and was calculated in the equivalent
photen approximation E6J. The track following through the magnet
system was done using a Hunge-kKutta method. We found that electrons
or positrons with 73% ~ &2/ of beam momentum and up to 10 milli-
radians scattering angle were detected {8]. The luminosity was

neasured in the usual way by small angle Bhabha scattering f9}.

The trigger was derived from the BONANZA detector only and required

either: -

- a deposited energy of 84 MeV, i.e. twice the minimum ionization,
in one of the annihilation counters, together with either a
coincidence in an opposite lying counter, or 22 central charged

tracks in the proportional chambers;

or: -

- 3% central charged tracks, depecsiting at least 20 MeV in the

snnihilation counters.

For the purpoge of the experiment reported here this itrigger,
wirtich had been optimized for another experiment [4], wag sensitive

mainly to electrons and photons.

If one of the above conditions was fulfilled, the information of
both the cenvral detector and the tagging sysitem was recorded on

tape.

We took data at beam energies of 2.1, 2.24 and 2.6 GeV and accumulated
a total integrated luminosity of 1457 nb_t We recorded 4.6 Million
triggers which reduced to 2.2 Million after rejection of obvious coamic
ray events. Among them were 54000 single tagged events, i.e.
coincidences of the central detector with one tagging counter,

and 214 doubvle tagged eventis where both tagging counters had been

hit.



The time information from the central and tagging detectors
allowed us to determine the interaction time differences, i.e.

the time differences beiween the photon emission of a tagged
electron or positron and the bunch crossing immediately before

the central detector event, The resolution for this time difference
was 0,7 nsec FWHM. Fig. 4 shows the distribution for the single
tagged event sample. The central peak contains the genuine events,
a large number of beam-gas events, and some accidental background.
Due to the bunch structure of DORIS, this accidental background
has peaks with a separation of 8 nsec. The slightly enlarged peak
et -8 nsec is caused by beam~gas events with very slow resction

particles which were therefore assigned to the next bunch croeeing.

After rejescting events incorrect by more than 1 nsec and requiring
at least 1 GeV deposited energy in the tagging counter 11000 events -
remain, Most of these events come from electroproduction off the

gas molecules in the beam pipe and have consequently the correct
timing. Because of this serious background we searched in this sample

for events of the type .

ete” - ete eve”
only.
We therefore looked for events which had two nearly collinear
tracks in the x,y projection (see Fig. 2), at least one of them
satisfying shower conditions in the annihilation counters. From
the 11000 events above, 31 satisfy this requirement. The distribution
of these events along the beam is shown in Fig., 5. The peak in the
interaction region containe 29 events above a small background of
0.4+0,2 events. The application of the same conditions to the
neighbouring bunches from Fig. 4, showed that these 29 events oontaiﬁ
an additional background of 4.8 +1 events from accidental coincidences.
These are all large angle e'e” pairs from Bhabha scattering and their
nunmber is in good agreement with the calculated accidental coinci=-

+

dence rate. So 24 genuine e e --> e" e efe~ events with one tagged

electron or positron were measured with an error of % 5.8 evente.

The electron and positron interaction time differences of the 214

double tagged events are plotted against each other in Fig. 6.
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A double periodic structure with 8 nsec pericd (i.e. bunch
separation) can be seen. The 'cross' consists mainly of electro-
production events on the residual gas with an accidental coinci-
dence in the other tagging counter. All genuine )y-events shouild
have both interaction time differences smaller th;n 1 nsec. Only
10 events sztisfy this condition. The background due to electro-
production estimated from the plot in Fig. 6 is 4.5 events. The

FIrLY

backgreund from other sources is negligible, rrom the 10 events
lying in the time interval, only 3 do not come from the interw
action region. This is in agreement with the background estimztion.
"hus, in the case of double tagged events, only the time coinci-

dence condition is required to yield a fairly clean sample of Jyevents.

The 7 events coming from the interaction rsgion are all two-
prongs which are nearly collinear in the x,¥y projection and
show a shower in at least one track. 3¢ we conclude that all

7 double tagged events we observed, are due to the fourth order
QED reaction e'e” -» ete ete™.

The detection probability for large angle e*e pairs in the
BOWNANZL: detector was calculated, using a comprehensive lMonte
Carlo shower program [4,5,8] . This program was tested by
measuring and calculating large angle Bhabha and e+é_—4?? events
at energies of about 3.1 and 4.2 GeV. Good agreement within 104
was found. The ED cross section was computed in the Weizsicker-
Williams approximation [6]. A summary of the luminosities,
acceptances and measured and calculated QED svent rates, is given

in table 1.

The ©ED results are in good agreement with our mesasurements for
both single and double tagged events., In the case of double tagged
events we also know that we have not recorded any gx-event with

hadrons in the final state,

Our trigger was sensitive to hadronic final siates containing
either many charged particles or at least one photon. The i’decays

mainly to such final states and its mass is well covered by our



55 ~CMS energy window. Therefore it should be seen in our apparatus.
The trigger probability for the q‘ in the central detector haas
been calculated with our Monte-Carlo program {5 and was found

to be 14.2 £1% and only slightly dependent on the beam energy.

The crucial psarts of this computation were also performed with

the EGS-program [14] and led to the same results,

The fact that we observe no rf event in the double tagged event
sample leads to a new upper limit [15] for its y} ~decay widths

f;;zx<11-5 keV with 95% confidence level.

Ae pointed out in Ref. [7], the Ug-width of the q'meson is
particularly sensitive to the quark charge assignment. For the
fractionally charged (Gell-Mann) and the integer charged (Han-

Nambu) quarks this width is
HAN NAMBU G MAM
f = 25,6 keV
Ty
The big difference between them is mainly caused by the properties
of the SU(3) singlet amplitude which dominates n’. The SU(3) octet

amplitude leads to no differences between both models as in the

7._'x‘ m 6 kev-

K°-case, Since the new analyses of pseudoscalar meson decays
[11,12,13] confirm the SU(3) singlet dominance of n'(958) we
conclude that our upper limit is evidence against the Han-Nambu
quark model[16].

We acknowledge the help of many colleagues. We especially thank
the DORIS c¢rew for their cooperation and Prof, W. Paul for his
continued support. We also thank Prof. P. Waloschek for drawing
ocur attention to the tagging system of DORIS.
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Figure captions:

Fig.
Pig,
Fig.
Fig.
Fig.

Fig.

YY-interaction

BONRANZA detector

The tagging system of DORIS showing particle
trajectories (note the different horizontal

and vertical scales)

Interaction time difference distribution for all
single tagged events (shower counter threshold * GeV)
z-distribution for the single tagged collinear
events showing at least one showering track
Two-dimensional interaction time difference
distribution for the double tagged events



beam energy [GeV] 2.1 g 2.24 2.6
tagged yy-CMg-energy {GeV] L76-1,13 1 ,B1-1,21 | .94-1.40|
luminosity [ L 4% [n64] 242 499 716
acceptance for }
events satisfy- eteacd e ete 732 é 60 614
ing the geometri- double tag 2 | |
cal constraints i
+ - + - 4+ - :
of the central e e a2eee e g
and tagging single tag 41% : 47% 49%
detector ’
. o~ 4 -+ -
QED cross-sections e es»eecee ‘
in the geometrical double tag 5.2 pb; 4.7 pb 5.8 pb
acceptance of the |
+ - + - & - !
central and e e »eeee i
’
tagging detector single tag 34.0 pb; 30.7 pb 24.4 pb
]
expected number ete” = ete et e~
of events double tag 5
ete- = eteete-
single tag 18.9
observed number ete = ete ete”
of events double tag T+ 2.7
ete weteeter
24%5.8

single tag

The lower acceptance of the single tag events is caused by more

restrictive conditions for the selection of these events.

Table 1
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CLOSED ORBIT and ELECTRON
TRAJECTORIES with
TAGGING - DETECTOR
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