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ABSTRACT 

The status of the search for new particles at the PEP storage ring is reviewed. 

The primary results presented are based on the TPC search for fractional charges 

using the dE/dx capability of the time projection chamber and the MAC searches 

for supersymmetric particle production in both single electron and single photon 

spectra. 
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INTRODUCTION 

The status of particle searches based on the work of the TPC and MAC 

groups is presented in thii report. The TPC group has extended their search 

for fractional charges to include a search for l/3 e and 2/3 e as well ss 4/3 e 

charges. The MAC search for supersymmetric particles based on single electron 

and single photon spectra is reviewed and the most recent results are presented, 

A new experiment, now starting to take data at PEP and designed specifically 

to search for radiative photino pair production is briefly described. 

SEARCH FOR FRACTIONAL CHARGES 

The TPC group has used the capabilities of the time projection chamber 

to search for fractional charges. They have previously reported a limit on the 

production of Q=4/3 e particles”’ and now have the results of a search for the in- 

clusive production of Q=2/3 e and Q=1/3 e particles. All the searches have been 

done at &=29 GeV. The searches are accomplished by measuring the ionization 

of tracks with the TPC. Track ionization in the TPC drifts in axial electric and 

magnetic fields to 12 sectors(6 per endcap) consisting of arrays of proportional 

wires with 183 wires per sector. “I Bending plane information is determined 

from cathode pads located beneath the wires. A schematic view of the TPC is 

shown in Fig. 1. The new data described here were collected during the spring 

1983 running cycle and represent 77 pb-’ of integrated luminosity. Multihadron 

events were identified by requiring five or more verticizing tracks with a total 

momentum greater than 7.25 GeV/c and a forward backward imbalance of less 

than 40%. These criteria resulted in a sample of approximately 29K hadronic 

events. 
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Fig. 1. Schematic view of the TPC. Track ionization formed in the sensitive volume 

drifts to arrays of proportional wires. Position in the bending plane is found 

from signals induced on cathode pads beneath the wires. 
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The energy loss of a charged particle in a gas scales as l/p’ at low veloc- 

ities, reaches a minimum at Pr =3.6(for the TPC conditions), and then rises 

logarithmically until it reaches a constant value about 1.4 times the minimum 

value. In the TPC analysis, < dE/dx > is defined to be the mean of the lowest 

65% of the ionization samples collected at the sectors. For this data the TPC 

had a resolution in < dE/dz > of 3.7% for tracks with at least 80 samples of 

ionization. Figure 2 shows a scatter plot of < dE/dx > vs measured momentum 

for a 40% subset of the data. The bands in the figure are due to stable Q=l 

particles(e,z,K,p). The figure also shows the curves of < dE/dx > vs apparent 

momentum for Q=l/B(dashed line) and Q=2/3(solid line) particles with masses 

of 3 and 10 GeV/c* respectively. 

The search was performed in regions of < dE/dx > and apparent momen- 

tum not populated by stable Q=l particles. One region is below minimum ion- 

ization for Q=l tracks, and the other is a high apparent momentum and high 

< dE/dx > region. The low region is bounded by < dE/dx >=4.0 KeV/cm and 

< dE/dz >=8.0 KeV/cm. The upper region is bounded by the curve of ioniza- 

tion for 1.8 GeV/ca Q=l particles, by the line corresponding to a < dE/dx > of 

40.0 KeV/cm , and by the line corresponding to a < dE/dz > of 24 KeV/cm. 

Above < dE/dx >=40 KeV/cm, electronic saturation becomes a dominant fac- 

tor, and below < dEJdx >=4 KeV/ cm particle detection efficiency begins to 

drop. A region similar to the high < dE/dx > region described above was used 

for the Q=4/3 e search. 

Candidate tracks were selected from the events in the search region with 

suitable fiducial requirements to stay away from the edges of the sectors. A se- 
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Fig. 2. Scatter plot of < dE/dz > vs apparent momentum (p/Q) for tracks in 

the data sample. The shaded regions are the search regions defined in the 

text. The lines are the expected ionization curves for Q=2/3(solid line) 

and Q=l/B(dashed line) particles with masses of 3 and 10 GeV/c2. 
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ries of cuts were also used to eliminate overlapping track pairs as candidates. 

The above requirements rejected all candidate tracks. Detection efficiencies 

for the search were determined by a Monte Carlo calculation. The assumed 

charged particle momentum distributions were taken to be dN/dp-p2/E and 

dN/dp-(pz/E)e-3.6E(E in GeV). The momentum distribution for massive quarks 

should be similar to the former distribution, and the latter distribution more 

typical for light quarks, since it models the momentum distribution for the light 

hadrons. It is also assumed that the quarks do not have larger than normal 

nuclear cross sections. 

The limits on RQ = o(e+e- ---t QaX)/c(e+e- -+ p+p-) are shown in Figs. 

3-5 for Q=4/3, 2/3, and Q=1/3 respectively together with results reported by 

other groups. 

No evidence for the inclusive production of Q=4/3, 2/3, or l/3 e charges is 

observed in the search samples. In the msss range of 1-13 GeV/cz an upper limit 

on the ratio RQ between 4.0~ lo-’ and 5.0x10-’ depending on the mass, charge, 

and production hypothesis has been set. 

SEARCHES FOR SUPERSYMMETRIC PARTICLES 

1.) Introduction 

A search for supersymmetric particle production has been performed using 

the MAC detector at PEP at fi=29 GeV. The reactions which have been studied 

are: (1) e+e- -+ e*i’< -+ eF and (2) e+e- “- -+ 777 -+ 7. The searches involve 

triggering the detector on either a single electron or a single photon. Reaction 

1 is a process for the production of a real single selectron and hence is limited 
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Fig. 3. Limits on the inclusive cross section for Q=4/3 particles. The assumed 

momentum distributions are: A) dN/dp-(p*/E), B) dN/dp=constant, 

and C) dN/dp-(p2/E)e-3.SE(E in GeV). The solid curves are the limits 

from this search, the dashed curves are the limits from a search performed 

by the JADE collaboration. 
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Fig. 4. Upper limit curves(90% CL) for the production of Q=2/3 particles. I.) 

corresponds to A and II.) corresponds to C in the previous figure. Also 

plotted are the results of similar searches by the Mark II(dotted line), the 

JADE group(dashed line), and by the PEP-14 Collaboration(dsshed-dotted 

line). -492- 
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Fig. 5. Upper limit curves(90% CL) for the production of Q=1/3 particles. Also 

plotted are the results of JADE(dashed line), and by the PEP-14 Collab- 

oration(dotted line). The roman numerals have the same meaning as the 

previous figure. 
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to rn; < 4. Reaction 2, on the other hand, is the radiative production of a 

real photino pair via selectron exchange and hence sets bounds on combinations 

of the selectron and photino masses. However, for the special case of massless 

photinos, the limit on the selectron mass is limited only by backgrounds and 

luminosity and not by the beam energy. 

2.) Single Z Production 

Limits on the selectron mass from Reaction 1 result from an analysis which 

assumes that the 5 is stable and not seen in the detector. Calculations for this 

process”’ also show that the e* which accompanies the g in the final state tends 

to escape undetected down the beam pipe. The only observed final state particle 

is then the eF from the 8 decay. This electron has high energy FJ mr/2 and 

an almost flat angular distribution. The reaction is sensitive to mr < 2l&,,,, 

depending on the 7 mass. MAC”’ and MARK II,“’ using this technique, 

have previously reported lower limits on the i mass of 22.4 and 22.2 GeV/c’ 

respectively, at the 95% confidence level. This report updates the MAC search 

to a data sample three times larger than previously reported. 

Background single electron events can come from eey Enal states where only 

one of the electrons is detected. If the detector is inefficient at detecting particles 

or has dead regions, this background can be several orders of magnitude larger 

than the expected signal. However, if the undetected particles are constrained to 

be at small angles relative to the beam axis then momentum conservation limits 

the energy distribution of the observed electron. A search region for the single 

electrons can then be defined so that the eey background is neglible. 

More serious backgrounds result from decays of rr, ~7, and eerr events in 

which most of the energy is taken by the neutrinos. If one r decays to a visible 

electron and two neutrinos, and the other decays to neutrinos and a soft electron 

or pion which escapes down the beam pipe, then this event is indistinguishable 

from the SUSY process. This background has been calculated by Monte Carlo 

technique. 

The MAC detector”’ is well suited for the study of reactions with missing 

energy and momentum. The detector consists of a cylindrical drift chamber (CD) 

surrounded by a hexagonal barrel of electromagnetic calorimeters, scintillation 

counters, and hadronic calorimeters. Planar endcap scintillators and calorimeters 

extend the coverage to small angles relative to beam. Several layers of drift 

tubes outside the central and endcap calorimeters provide muon identification 

and tracking. MAC is essentially 100% efficient for detecting energetic photons 

and electrons of energy greater than 2 GeV to within 9O - 12” of the beam. The 

detection coverage was extended by the installation of veto calorimeters covering 

5’ 5 9 _< 17” during the summer of 1983. Unobserved particles in the e+e-r final 

state are then confined to angles < 5’. The energy and angular distributions of 

the observed electron are thus severely restricted by momentum conservation. 

The single electron analysis covered two data samples. In the first data 

sample of 36.4 pb-‘, showering particles could be detected to within 9’ - 12’ of 

the beam. In the second data sample of 77.0 pb-‘, taken after the installation 

of the veto calorimeters, showering particles could be detected to within 5’ of 

the beam. The analysis required a CD track with 1 cos01<0.75, momentum>l.O 

GeV/c, and associated electromagnetic shower energy > 3 GeV (2 GeV for the 
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second data sample). Events with more. than one CD track or shower were 

rejected, leaving 1565 events from the first data sample. The energy (Fig. 6) 

and angular distributions of the events from the first data sample are consistent 

with the expected distributions from e+e- + 7 events. The overall trigger and 

analysis efficiency for the single electron events wss calculated to be 92% at 3 

GeV and 95% at or above 6 GeV. Electrons produced by Z decay are expected to 

have energies > 8 GeV (see insert in Fig. 6) and thus do not overlap the region 

populated by the eey background. 

The energies measured in the veto calorimeters for single electron events in 

the second data sample are shown in Fig. 7. Events with veto calorimeter energy 

> 0.25 GeV were rejected as eey background. Studies of the veto calorimeter 

noise indicate that <1.4% of the time i events would fail this cut. The electron 

energy distribution of the second data sample is seen in Fig. 8. The veto energy 

cut clearly suppresses the eey background. The tail of the the eey background 

is visible for energies below 3 GeV. The remaining events are consistent with r 

production processes. In particular, the number of events with electron energy 

greater than 8 GeV has been estimated to be 0.49f0.06. Utilizing the combined 

data sample the upper limit on the single electron cross section in the search 

region is <0.017 pb at the 90% confidence level. As can be seen from Fig. 

9, which shows the i cross section in the detector acceptance as a function of 

mass, the corresponding mass limit is mr > 25 GeV/c’ assuming mZn= mrL. If 

ma, > me, then the lower limit on the lighter e’ mass is 24 GeV/c’. Future 

increases in the MAC data sample will only marginally improve the 2 mass limit. 

Further improvements on the Z msss limit will necessarily be made at higher 
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Fig. 6. Energy distribution of single electron events found by MAC in a data sample 

of 36.4 pb-‘. The predicted background from ee7 Enal states is shown as 

the solid curve. The expected energy distribution of electrons from P decay 

is shown in the inset. 
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Fig. 7. Energy distribution in the veto calorimeters covering 5” - 17“ for single 

electron candidates in a data sample of 29.5 pb-‘. Events with Eveto > 

0.25 GeV were rejected as ee7 background. 
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Fig. 8. Electron energy distribution in a data sample of 77 pb-’ in which shower- 

ing particles are detected to within 5’ of the beam. The expected energy 

distribution of electrons from T production is also shown. 
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Fig. 9. Cross section in the detector acceptance for electrons from i decays as a 

function of the c’ mass. The c’ mass limits corresponding to the cross section 

upper limit of 0.017 pb are also shown. 

beam energies or with different reactions. 

3.) 5 Pair Production 

Reaction 2, e+e- -+ ++y involving the detection of a single photon,“’ re- 

quires only that the photino is non-interacting in the detector. This reaction 

also permits q = 0 as a possibility, but in general the mass limits set by the 

experiment will be a contour with mr and rn=, as variables. 

There are potentially backgrounds to the above process from radiative elec- 

tromagnetic processes where charged particles are produced at angles smaller 

than the detector acceptance but where the photon is detected. These back- 

grounds include radiative Bhabha scattering and radiative tau pair production. 

The process e+e- + 777 is a potential background if only one of the photons is 

emitted into the detector acceptance. There can also be single photons resulting 

from beam gas interactions and beam spill. Finally, the radiative neutrino pair 

production process e+e- ---) rvfi is indistinguishable from the 755 process. How- 

ever it is very desirable to also messure the cross section for this process. The 

cross section for radiative photino pair production has been calculated by several 

authors.‘*’ The Feynman diagrams which are used for the calculation are shown 

in Fig. 10 and the cross section for the MAC acceptance is shown in Fig. 11 for 

several values of the selectron mass. The radiative neutrino pair production cross 

section is also shown for comparison.“’ At PEP energies, photino production is 

the dominant process for selectron masses less than about 50 GeV/ca. The ex- 

periment is accomplished by defining acceptance criteria for the detected photon 

and demanding no other activity in the detector. Since the detector acceptance 

goes to zero below some minimum angle, this condition corresponds to setting a 
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PWC DETAIL 
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Fig. 13. A detail drawing of the MAC small angle proportional chamber veto system 

showing the details of the segmentation and the lead packaging. 
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Fig. 14. The observed El distribution of the detected photons for the case of the 

5’ minimum angle veto conditions. This is also the larger luminosity sam- 

ple. The dashed line shows the calculated yield from radiative Bhabha 

scattering. 
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The most important backgrounds were calculated to be: r&y ~0.5 event, 

7~7 FS 0.05 event, and eey FJ 0.1 event. One event is observed in the combined 

search regions from the second data set at El= 5.3 GeV. If the expected radiative 

neutrino yield is assumed to be 0.5 event, the 90% confidence level limits obtained 

for mr and m.=, are shown in Fig. 15 for rn~~ > mr~. The specific case of mz, = 0 

yields: 

nab > 28.5 Gev/c’ for rn;~ B m;R 

and 

rng > 36.0 Gev/c’ for rnlL = miR. 

4.) The ASP Detector 

A new detector designed specifically for a single photon search has recently 

been installed at PEP.“” This detector, named ASP(anomalous single photons), 

has been built by a combined SLAC, MIT, Washington, and Fermilab group, and 

consists of an array of segmented glass blocks and scintillation counters together 

with a central PWC tracking array and scintillator veto counters surrounding the 

interaction region. The detector also includes a forward arm shower system with 

the capability to veto charged particles down to 20 mr. The calculated sensitivity 

of the detector is such that if no events are found in 100 pb-‘, the mass limits for 

the case of left-right degenerate selectrons will be mr > 60-65 GeV/c2 at the 90% 

confidence level, and the neutrino number limit will be N,< 7. A cross section 

of the detector is shown in Fig. 16, and Fig. 17 shows a detail of the forward 

arms. 
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Fig. 15. The 90% confidence level selectron and photino msss limits determined 

from this experiment for the case rn;L > m;R- 
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This detector is now installed at PEP and has already taken data in 1984 

with 50% of the central system and 100% of the forward system in place. 

CONCLUSIONS 

No evidence of fractional charge or supersymmetric particles has been found 

by the TPC and MAC detectors. The TPC group has extended the search for 

fractional charges to l/3 e and 2/3 e and the results provide the best limits for 

fractional charge in e+e- interactions over most of the range of mssses where 

limits have been set. The MAC group has established a selectron msss limit of 

36 GeV/ca(for m.=,=O) at the 90% confidence level. The search for direct single 

selectron production gives a similar although smaller msss limit. The prospects 

are that the selectron msss limits may be increased to the 60 GeV/c* level by 

the ASP detector within the next several years. It is, of course, not out of the 

question that a real signal may be found. 
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