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ABSTRACT 

We report on a measurement of the elastic scattering of quasi-real photons 

generated by one beam with the particles of the other in e+e- interactions at 

fi = 29 GeV performed using the DELCO detector at PEP. The events are 

characterized by coplanar and anti-tagged ey pairs with large visible energy where 

the charge of the electron is correlated with the acolinearity angle. We also use 

our result to search for the on-shell production of a hypothetical excited electron 

e*. We find that the data agree well with the predictions for the QED Compton 

process, and set upper limits on the e*e7 coupling parameter X to be below 10m2 

(95% C.L.) in the range 15 2 Me* s 27 GeV. 



In e+e- collisions, a quasi-real photon emitted by one of the incoming par- 

ticles can be elastically scattered by the other (Fig. 1). The spectator electron, 

which radiates the photon, tends to be emitted at a very small angle relative to 

the beam axis and escape detection, while the scattered e7 pair may be detected 

at large angles in the central detector. The measurement of this process was 

proposed many years ago,[‘] and was first performed at the AC0 storage ring[” 

where the result was found to be consistent with the quasi-real Compton pro- 

cess. In addition to the test of QED, this process also provides an opportunity 

to search for the on-shell production of a hypothetical excited electron e*,‘s-sl 

yielding an upper limit on the e*ey coupling for e7 masses up to the full c.m. 

energy of the e+e- collision. 

An excited electron is naturally expected in composite models of quarks and 

leptons. I” The searches for such a particle have been performed in the channel 

ee + 77 where the e* contributes in the t-channel,‘a-‘O’ and in ee + e*e + 
IQJOI 

-7 where all the three particles in the final state are observed. The latter 

is essentially the same interaction as the one addressed in this paper. However, 

it excludes the near-pole region of the quasi-real photon, and the expected cross 

section reduces accordingly. On the other hand, even though the 77 channel can 

probe an e* of mass greater than the available c.m. energy fi, it is less sensitive 

than the process used in this paper for e* masses less than ,/Z. The e* has also 

been searched for in the channel e+e- + e*e* --+ ee77.“” Although this mode 

probes the very existence of e* through the known e*e*7 Dirac coupling, the e* 

mass range is limited by the beam energy. 

The data presented here were collected using the DELCO detector at PEP 

with fi of 29 GeV and an integrated luminosity of 216 pb-‘. The DELCO 

detector has been described elsewhere.‘111 However, it is pertinent to recall those 

characteristics relevant to this study. The tracking system consists of 16 layers 

- of inner cylindrical drift chambers and 6 layers of outer planar drift chambers. 

About half of the layers have stereo wires which give polar angle information. 

For an 8 GeV electron, the azimuthal angle resolution ad is - 2 mrad and the 
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polar angle resolution 08 is - 3 mrad. For this analysis, only the direction and 

charge of the detected electron are used, and the magnitude of the momentum 

is not used except -as a cross check. A 36cell gas Cerenkov counter is located 

between the inner and outer tracking systems, and the Cerenkov efficiency for 

a high energy electron is virtually 100 %. A barrel of lead-scintillator shower 

counters is used to measure electromagnetic energy and to detect photons. The 

innermost scintillators-run the full length of the barrel shower counter, and the 

polar angle of a photon is given by the time difference of the signals from the 

two ends of a scintillator. The resolution in the photon direction is limited in 

the azimuthal view by the granularity of the shower counter (a# - 70 mrad) 

and in the polar view by the counter time resolution (a~ - 35 mrad). Forward 

calorimeters provide detection of electrons scattered at small angles and their 

acceptance extends down to 24 mrad relative to the beam axis. 

The final state of interest in our study is well characterized by the following 

properties (providing that radiative events are eliminated as explained later):16’ 

(a) Since the events considered are dominated by quasi-real photons, the spec- 

tator electron is scattered mostly by a very small angle and escapes detec- 

tion. 

(b) Correspondingly, the direction of the velocity p of the observed ey final 

state is almost parallel to the beam axis. In particular, the ey final state is 

nearly coplanar with the beam axis. 

(c) The energy of the ey final state, Evie, is larger than the beam energy E. 

(d) The direction of p is given by the beam direction of the electron of the same 

charge as the observed electron. In other words, the acolinearity angle of ey 

final state determines which beam was involved in the Compton scattering 

in each event. 

_ Accordingly, we apply the following cuts to the raw data:‘“’ (1) No hit in the 

forward calorimeters (anti-tagging). (2) T wo electromagnetic energy depositions 

observed in the barrel shower counters in the range 1 cos 8,,,1 < 0.6. They are 
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required to be back-to-back within one unit in the 4 view (there are 24 units in 

2~7). (3) Only one fully-reconstructed track found in the event and it is associated 

with one of the energy depositions. (4) To reject Bhabha events with an electron 

missed by the tracking and which could then simulate an ey event, we require 

that there be no other Cerenkov counter coplanar to the one associated with 

the charged track in a window of 500 mrad. (5) A scatter plot of the shower 

counter pulse heights for the electron and the photon is shown in Fig. 2. The 

cluster of events at low pulse heights is found to be due to radiative effects where 

the electron that participates in the Compton scattering loses most of its energy 

before the scattering. To remove these events, we put an additional cut on the 

sum of both shower pulse heights corresponding to a cut on E,b roughly equal to 

half the beam energy. This cut is shown in Fig. 2 by the dashed line. Since the 

low energy cluster is well separated from the main cluster, our result is insensitive 

to the exact location of the cut. 

The anti-tagging insures the quasi-real photon to be indeed nearly on-shell 

and along the beam axis. On the other hand, the effect of the cut on Evi, 

is that the radiation from the electron that enters the Compton scattering is 

insignificant. Under these conditions, the kinematics of the interaction are over- 

constrained, and various physical parameters are related to each other by 

E 7- W2 Evi,- E 1 -p -- -= 
E s- E =Tq 

with 

P= 
sin(Oe + 0,) 

sin 8, + sin 6, ’ 

where E7 is the energy of the quasi-real photon, W is the ey invariant mass, and 

8, and 0, are the polar angles of the Compton-scattered electron and photon with 

- respect to the direction of the beam with the same charge as the observed elec- 

tron. We have chosen the set {E, 8e, 0,) as independent parameters from which 

other parameters are derived. Since we generally measure the angles better than 
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the energies, this set gives the best resolutions especially for the reconstructed 

invariant mass (0~ - 0.750 GeV/c2). Note that the velocity p as defined above 

is expected to be positive for our signal, and the ‘wrong’ correlation between 

the charge of the observed electron and the acolinearity angle (i.e. 8, + B, > z) 

gives a negative p. Also, the ey invariant mass W is uniquely determined for a 

given j?; in particular, W,, = fi corresponds to p = 0, while Wmin - ,/S/2 

is determined by the maximum /3 allowed by the 8,,, acceptance. Alternative 

sets of variables could be {E,8,,8,}, {E, P,‘,O,}, or (P,‘,fle,07}, where Pi is the 

measured momentum of the electron track. The variables such as W and /3 have 

been computed using these different sets and found to be consistent within the 

experimental resolutions. 

The data sample consists of 1314 events and Fig. 3 shows the distribution of p 

(points with error bars). The large excess of events observed at positive p agrees 

with what is expected for the quasi-real Compton scattering process. The peak 

of events with p close to zero in Fig. 3 corresponds to approximately colinear e7 

final states and is identified as coming from the reaction e+e- + 77, where one 

photon has converted in the beam pipe region. The momenta of the converted 

pair are high and the tracks hardly separate in the magnetic field. Consequently, 

they are generally found as one-track events by the tracking system. The average 

Cerenkov-counter pulse height for the converted pair, however, should be twice 

the value for single tracks. The shaded histogram shows the p distribution for 

those events with more than 1.5 times the normal Cerenkov response. In this way, 

about 55% of those events with IpI < 0.1 are identified as converted 77 events. 

This rate agrees with the estimated identification efficiency of photon conversion 

indicating that most of the events in the region l/31 < 0.1 are converted 77 events. 

The slight excess of the positive p’s for the shaded histogram is consistent with 

these being genuine e7 final states misidentified as converted 77 events due to 

the statistical fluctuation of the Cerenkov response. Furthermore, a Monte Carlo 

simulation of e+e- -+ 77 with radiative and resolution effects reproduces the 

negative /I distribution down to p - -0.25. Since the identification of the photon 
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conversion is not efficient enough to remove most of the 77 background, we have 

chosen to remove this background, which is symmetric in /3, by subtracting bin 

by bin the events with negative- from those with positive p within the range 

lpl < 0.25. 

There are 30 events in the range p < -0.25. The p distribution and the yield 

of these events, relative to the ones with positive ,f?, are compatible with the rate 

of charge misidentification of the tracking system, and these events are analysed 

by reversing the track’s charge. 

To compare the data with the expected QED 

ing process, we generated e7 events with a Monte 

quasi-real Compton scatter- 

Carlo program”” using the 

Weiszgcker-Williams approximation of the Equivalent Photon Spectrum and the 

classical Compton cross section according to 

d3a a3 =- s2 + (s - w2)2 (S - W2)q~in 

I[ 

(1 - U)2 + 4 
dWdq2du W3 292 - sq2 (1 - “k2 1 

for a given charge of the observed electron, where u is the cosine of the scattering 

angle in the electron-photon c.m. system which is limited by the angular accep- 

tance (Iulmax < 1~0s ee,-Jmax = 0.6), and q the mass of the quasi-real photons 

limited from above by the anti-tagging condition and from below by the finite 

mass of electron: qmin = m,W2/Jm. Th e experimental efficiencies and 

resolutions are simulated using empirical expressions describing the geometry and 

measurement errors of the apparatus. For the photon, the efficiencies and resolu- 

tions have been estimated by comparing the shower counter information for the 

electrons with the measurements made by the tracking system. The radiation 

from the initial-state electron of the Compton process is taken into account by 

generating a relative energy loss k according to the probability distribution”” 

k2 
dP(k) = qk”-‘(l - k + $dk, 

with q = (2o/z)[In(2E/m,) - 11. C onsequently, the total energy fi is replaced 

by dw in th e expression for the differential cross section. 
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The Monte Carlo is found to reproduce various measured parameters and 

their correlations even before the EviB cut; in particular, the cluster of events 

with low visible energies in Fig. 2 agrees with the QED prediction. The final ey 

invariant mass distribution is shown in Fig. 4(a). The data and the Monte Carlo 

are normalized to the same number of events. The normalization is consistent 

with the estimated detection efficiency within the uncertainty in the luminosity 

(- 5%) and that in the detection efficiency (- 10%). The data is in good 

agreement (x2 = 10.2/14D.F.) with the QED prediction for Compton scattering. 

If there exists an e* in the accessible mass range, it would appear as a bump 

in Fig. 4(a), and the absence of any deviation from the QED prediction allows us 

to set upper limits on the strength of the e*eq coupling in the given mass range. 

The gauge-invariant effective e*e7 interaction, where e* is an excited electron of 

spin l/2, is magnetic and usually written as’lsl 

where A, which is taken to be real and positive, ‘W parametrizes the coupling 

strength. Assuming the e* to be narrow, the interference with Compton scat- 

tering can be neglected, and the expected excess of events due to the e* can 

then be easily calculated as a function of X and Me*. For this purpose, Monte 

Carlo events are generated with the same experimental conditions and effective 

luminosity, according to ‘W 

d20(Me*, A) = 2ma2X2 S2 + (S - M,fe)2 (S - M:*)qiin 1 
dq2du M$ 292 - sq2 1 2 

for a given e* charge, where the branching fraction B(e* --) e7) is assumed to be 

100 %. 

The upper limit on X (95% confidnece level) has been derived with a likelihood 

method using the bin counts of the data and the Monte Carlo predictions. The 

result is shown in Fig. 4(b) as a function of Me.. Our results can be compared to 
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i similar results obtained with the CELLO detector at PETRA.“” Over the range 

IS 2 Me* 2 27 GeV/c2, our upper limit on X is below 10s2 and is slightly better 

than the CELLO result obtained--using the quasi-real Compton process. 

In the above, it was assumed that the decay width PC* is much smaller than 

the mass resolution. The decay rate e* + ey is given byis 

where cr: is the electromagnetic fine structure constant, and the limit X < 0.01 

leads to I’e* < 10 KeV which is consistent with the assumption. 

In conclusion, we have shown that the quasi-real e7 scattering measured at 

PEP agrees with the QED predictions for the standard Compton scattering pro- 

cess. From this measurement, we have set upper limits on the coupling parameter 

X of the e*e7 vertex. For an e* mass in the range 15 to 27 GeV/c2, our 95% C.L. 

upper limit on X is less than 10B2. 
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Figure Captions 

Fig.l. Configuration for the quasi-real Compton process e+e- + e+e-7. 

Fig.%. Photon versus electron shower pulse heights for ey events. The cluster at 

low energy is interpreted as the events where the initial-state electron of 

the Compton process loses most of its energy by radiation. The dashed line 

corresponds to the cut on the sum of both shower pulse heights. 

Fig.3. Distribution of the velocity /3 for all observed ey events (data points) and for 

those with the electron identified as converted photon (shaded histogram). 

Fig.4. (a) Measured distribution of the ey invariant-mass W (data points) com- 

pared to the QED prediction (histogram). (b) Upper limit obtained, at 

95% confidence level, for the e*e7 coupling parameter X as a function of 

the e* mass. 
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