SLAC-PUB-3231
October 1983
(T/E)

Search for Singly Produced Supersymmetric Electrons
in ete™ Interactions*

E. Fernandez, W. T. Ford, A. L. Read, Jr., and J. G. Smith
Department of Physies
University of Colorado, Boulder, Colorado 80309

R. De Sangro, A. Marinij, . Peruzzi, M. Piccolo, and F. Ronga
Laboratori Nazionali Frascats dell’ I N.F.N.
Frascats, Italy

H. T. Blume, R. B. Hurst, J. P. Venutti,
H. B. Wald, and Roy Weinstein
Department of Physics
Unisversity of Houston, Houston, Tezas 77004

- H. R. Band, M. W. Gettner, G. P. Goderre
O. A. Meyer, J. H. Moromisato, W. D. Shambroom, and E. von Goeler
Department of Physics
Northeastern University, Boston, Massachusetts 02115

- W. W. Ash, G. B. Chadwick, S. H. Clearwater, R. W. Coombes,
H. S. Kaye, K. H. Lau, R. E. Leedy, H. L. Lynch, R. L. Messner,
S. J. Michalowski(“), K. Rich, D. M. Ritson, L. J. Rosenberg,
D. E. Wiser, and R. W. Zdarko
Department of Physics and Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

D. E. Groom, H. Y. Lee, and E. C. Loh
Department of Physics
University of Utah, Salt Lake City, Utah 84112

M. C. Delfino, B. K. Heltsley, J. R. Johnson, T. L. Lavine,
T. Maruyama, and R. Prepost
Department of Physies
Unisversity of Wisconsin, Madison, Wisconsin 53706

Submitted to Physical Review Letters

* Work supported in part by the Department of Energy, contracts DE-AC02-
81ER40025 (CU), DE-AC03-76SF00515 (SLAC) and DE-AC02-76 ER00881 (UW);
by the National Science Foundation, contracts NSF-PHY82-15133 (UH), NSF-
PHY82-15413 and NSF-PHY&2-15414 (NU), and NSF-PHY®80-06504 (UU); and
by LN.F.N.



ABSTRACT
A search for supersymmetric electron production via the reaction ete~™ —
e 7eT followed by the decay et — e 4 has been performed with the MAC
detector at PEP. The absence of candidates in a sample corresponding to an

integrated luminosity of 36.4 pb~1 is used to set a new lower limit on the & mass

of 22.4 GeV/c? at the 95% confidence level.

One of the most striking predictions of supersymmetric theories! is that for
every familiar particle of the standard model there should be supersymmetric
partners with spin differing by 1/2 unit and, in the case of exact supersymmetry,
identical mass. Since none of these particles has yet been found, the symmetry,
if valid, is apparently broken at low energies. There is no universal agreement,
however, about the mechanism responsible for supersymmetry breaking and it
is therefore important to search for supersymmetric particles in current exper-

iments. The spin-0 partners of the electron, muon and tau (e, g, 7), could be

+ 2

pair-produced in e"e™ annihilations if the beam energy exceeded their mass.
Their decay would lead to distinctive noncoplanar ete™ or ptp™ final states.
Experiments conducted at PETRA® and PEP? have established upper bounds
on these processes leading to lower limits on the mass of the e, 4 and 7. The
most stringent limit on the e mass using this technique® is m; > 17.8 GeV/c2.
As suggested by several authors, 26 &'s with masses larger than the beam energy
but smaller than the center of mass energy, could be produced singly in ete™ in-

teractions in the process ete™ — e* 7&T where 7 is the supersymmetric partner

of the photon.



A search for this process has been completed using the MAC detector at
PEP. The MAC detector’ consists of a cylindrical drift chamber surrounded
by a hexagonal barrel of electromagnetic calorimeters, scintillation counters, and
hadronic calorimeters. Planar endcap scintillators and calorimeters extend the
coverage to small angles from the beam. Outside the central and endcap calorime-
ters, 3 to 6 layers of drift chambers provide muon identification and momentum
measurement. The central drift chamber has ten layers of drift cells inside a
solenoid which provides a 5.7 kG magnetic field. Momentum resolution is ép/p ~
0.065 p sinf for 23° < 6 < 157% where 0 is the angle with respect to the
beam axis. The electromagnetic calorimeter consists of alternating planes of
lead and proportional chambers totaling 14 radiation lengths of material. Each
calorimeter sextant is segmented into 32 azimuthal sectors and 3 layers in depth.
Charge division in each of the segments is used to measure the axial position of
the showers. The energy resolution for electromagnetic showers has been mea-
sured with Bhabha events as 6E/E = 20%/ VE. The hadronic calorimeters
are of similar construction, with steel absorbers instead of lead. The endcap
calorimeters are made of alternating layers of steel and proportional chambers
with electromagnetic energy resolution given by 6E/E = 45%/ VE. A single
plane of scintillators is located inside each endcap at a depth of 8 radiation

lengths.

The MAC trigger for single electron or photon showers uses energy sums from
the central electromagnetic calorimeter. Sums corresponding to the three layers
of radial readout and 30° azimuthal sectors are made and combined again to form

sextant energy sums. A timing discriminator® on each sextant sum produces a



pre-trigger if that sum is greater than 2 GeV and within a 150 nanosecond timing
gate. The full trigger further requires that at least two adjacent layers in any
sector each have more than 0.3 GeV energy deposited. Only triggers with energy
greater than 2.5 GeV in the central electromagnetic calorimeter were logged. The
efficiency of this trigger was measured from the real data sample, using ete™ —
ete 7 events that have only one particle in the central section and satisfy other
MAC triggers. The trigger efficiency increases with energy, rising from 92% at

3 GeV to greater than 99% above 6 GeV.

The cross section for the process ete~™ — e* et has been calculated by
Gaillard et al.® Their calculation assumes that the dominant contribution to the
cross section comes from the interaction of one of the beam electrons with a
quasi-real photon radiated by the other beam electron, producing a 4 and a e.
The beam electron that radiates the photon, is scattered by a small angle and
is therefore not observed in the detector.? The & is assumed to decay promptly
into an electron and a 4 with a 100% branching ratio. The decay electron has a
nearly isotropic angular distribution and is fairly energetic. These characteristics
reflect the fact that the e is a heavy particle which decays isotropically in its rest
frame and is moving slowly in the laboratory frame. The energy distribution of
the electron, shown in the inset of Fig. 1 for our center of mass energy of 29 GeV
and for several é masses, was calculated for |cosf| < 0.75, where 8 is the angle
of the electron with respect to the beam axis. Approximately 75% of the total
cross section satisfies this cut. Assuming the A's are undetected,!® this electron

is the only observed final state particle.



The single electron sample was obtained by selecting events with one and only
one track in the central drift chamber, with |cosf| < 0.75, and with associated
calorimeter hits consistent with an electromagnetic shower of energy greater than
3 GeV. For this search region typically 95% of the electron’s energy is deposited
in the central shower chamber. Events with showers in the central or endcap
calorimeters greater than 1 GeV and not correlated with the electron track were
removed from the sample. Events with endcap scintillator hits were also removed.
The energy and angular distribution of the final sample are shown in figures 1
and 2 respectively. The total number of events is 1565440 where the error is
only statistical. No event is observed with an electron energy of more than 6

GeV.

Background single electron events come primarily from ete™ 7 final states
where one electron and the photon are not seen in the detector. Two-photon
processes and tau events can also contribute to the background. The MAC de-
tector is very efficient at detecting energetic (> 2 GeV ) electrons or photons
over its entire angular range (98% of 47). Although the detector has small dead
regions between adjacent calorimeter segments, in the central part these regions
are smaller than the shower size, thus ensuring very efficient detection of electro-
magnetic showers. In the endcap regions, shower detection is complemented by
the scintillation counter layer located near shower maximum. Due to the com-
plicated detector geometry at small angles, the minimum polar angle at which
showers can be detected varies from 9° to 12° depending on the azimuthal angle.
Except for this low polar angle region the efficiency for detecting energetic elec-

tromagnetic showers is essentially 100 9%. All background processes then have



at least two particles at small polar angles, severely restricting the energy of the

electron observed in the search region.

The energy and angular distribution of single electrons from the ete™ —
ete™ v reaction was estimated using the Monte Carlo program of Berends and
Kleiss1! to generate eey events which were then run through a detector simu-
lation program.12 These Monte Carlo events were analyzed with the same cuts
used in the data sample. The resulting energy and angular distributions were
corrected by folding in the trigger inefficiency as a function of energy. In addition
a 5% loss of events due to the effect of dead channels in the energy measurement
and a 1% loss due to accidental endcap calorimeter and scintillator hits were
included in obtaining the curves shown in figures 1 and 2. From the Monte Carlo
analysis, the total number of single electron events expected for the luminosity
of 36.440.6 pb—1 is 1640+230. The error includes the statistical errors due to
the finite number of Monte Carlo generated events, the uncertainties in the cor-
rection factors mentioned above and an additional 109 error due to uncertainty
in the absolute calorimeter energy calibration. Also included is an 8% error due
to the uncertainty of modeling the detector geometry at small angles. Contribu-

tions due to 7t

77, other tau events, and two photon processes are negligible
compared to the ete™ 7 contribution. The ete™+ final state entirely accounts
for the observed single electron events within errors. In particular, no events are

predicted with electron energy above 6 GeV in agreement with our experimental

observation.

The observation of no events in the region E; > 6 GeV and |cosf| < 0.75

corresponds to an upper limit on the cross section for ete™ — e* 7T of 0.08



pb. within our acceptance. Extrapolating to full acceptance using the angular
dependence of reference 6, this limit is 0.11 pb. An overall detection and analysis
efficiency of 95% in this region was used to correct for the losses previously
mentioned. The number of single electron events expected is shown in Fig. 3 as
a function of the e mass. At the 95% confidence level € masses less than 22.4 GeV
are excluded.!® Comparable limits have recently been reported by the Mark II
collaboration!* based upon an analysis similar to the one presented here, and
by this group® based upon the preliminary results of a search for the reaction
ete™ — 44~1% where the experimental signature is a single photon in the final

state.

In conclusion, we have measured the energy and angular distribution of single
electron events in the MAC detector at PEP. These distributions are consistent
with the expected QED process e¥e™ — ete™ 7 where only one electron is ob-
served. No signal from the reaction ete™ — e 7éT was found, which allows us
to set a new lower limit on the é mass of 22.4 GeV/c? at the 85% confidence

level.

One of us (E. F.) thanks B. LeClaire for discussions about the paper by
Gaillard et al.5 We are also grateful to the PEP staff for providing the record

luminosities that made this experiment possible.

This work was supported in part by the Department of Energy under con-
tract numbers DE-AC02-81ER40025 (CU), DE-AC03-76SF00515 (SLAC), and
DE-AC02-76ER00881 (UW); by the National Science Foundation under contract



numbers NSF-PHY82-15133 (UH), NSF-PHY82-15413 and NSF-PHYS82-15414
(NU), and NSF-PHY80-06504 (UU); and by LN.F.N.



(9)

REFERENCES

Present address: Mechanical Engineering Department, Stanford Univer-
sity, Stanford, CA 94305

J. Wess and B. Zumino, Nucl. Phys. B70, 39 (1974); P. Fayet and
S. Ferrara, Phys. Rep. 32C, 249 (1977); P. Fayet, talk at the XVIth

Rencontre de Moriond (1981).
G. R. Farrar and P. Fayet, Phys. Lett., 898, 191 (1980).
JADE Collab., W. Bartel et al. , Phys. Lett. 114B, 211 (1982); CELLO

Collab., W. Bartel et al. , Phys. Lett. 114B, 287 (1982); MARK J
Collab., B. Adeva et al. , Phys. Lett. 1158, 345 (1982); TASSO Collab.,

R. Brandelik et al. , Phys. Lett. 117B, 365 (1982).
MAC Collab., E. Fernandez et al. , SLAC-PUB-3144 (1983}, to be pub-

lished in Phys. Rev. D.
S. Yamada, talk at 1983 Int. Symp. on Lepton and Photon Interactions

at High Energies, Cornell Univ., Aug. 1983.
M. K. Gaillard, L. Hall and I. Hinchliffe, Phys. Lett. 116B, 279 (1982)

W. T. Ford in Proceedings of the International Conference on Instru-
mentation for Colliding Beams, edited by W. Ash, SLAC report No.
SLAC-250, 1982. Roy Weinstein, in American Institute of Physics pro-

ceeding No. 98, Particles and Fields subseries, No. 29, p. 126 (1982).
B. Gottschalk, Nucl. Instruments and Methods 190, 67 (1981).
In a recent publication, M. Kuroda et al. |, Phys. Lett. 127B, 467

(1983), have calculated the fraction of the cross section for which the
scattered electron has |cosf] < 0.8 for a beam energy of 20 GeV. From

their figures we have estimated that this fraction is negligible for our



10.

11.

12.

13.

14.
15.

beam energy and the € masses of interest.

The 4 mass and lifetime are very model dependent. The calculation of
reference 6 is applicable only if the 7 mass is much smaller than the e
mass. If this is the case, most models would give a 4 decay length too

long to be observed in the detector.

F. A. Berends and R. Kleiss, Nucl. Phys. B177, 237 (1981) and Nucl.
Phys. B178, 141 (1981).

Electromagnetic showers are simulated by EGS, described in R. L. Ford
and W. R. Nelson, SLAC Report No. SLAC-210, 1978. Hadronic cas-
cades are simulated by HETC, described in T. W. Armstrong, in Com-
puter Techniques in Radiation Transport and Dosimetry, edited by W.
R. Nelson and T. M. Jenkins. (Plenum Press, New York, 1980).

The calculation of reference 6 assumes that the mass of the supersym-
metric partners of the left-handed and right-handed components of the
electron are identical. If only one of them has mass less than the cen-
ter of mass energy the expected number of events will be reduced by a

factor of two and the limit would be m; > 20.7 GeV/c2.
L. Gladney et al. SLAC PUB-3178, 1983
J. Ellis and J. S. Hagelin, Phys. Lett. 1228, 303 (1983).

10



FIGURE CAPTIONS

Energy distribution of the single electron sample selected as described
in the text. The curve is the Monte Carlo prediction for single electron
events coming from the eey final state. The inset shows the energy dis-
tribution of single electrons that would result from the ete™ — et ye¥

reaction.

Angular distribution of the single electron events selected as described
in the text. The curve is the Monte Carlo prediction for single electron

events coming from the ee~ final state.

Number of single electron events with |cosf] < 0.75 expected from the
reaction ete™ — e* 7T as a function of the selectron mass. An overall

detection efficiency of 95% was used.
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