DEUTSCHES ELEKTRONEN-SYNC.HRQTRQN DESY

rebruary 1587/ 5 N
REy
\SIFEEE

A SEARCH. FOR_HADRONIC EVENTS WITH LOW THRUST

AND_AN TSOLATED LEPTON'.

by

CELLO Coflaboration

. ISSN 0418-9833

NOTKESTRASSE 85 - 2 HAMBURG 52



DESY behélt sich alle Rechte fiir den Fali de: Schumrechtseir‘tellurig und fur dle wnrtschaftllche B
Verwertung der in dlesem Ber:cht eﬂthaltenen lnformatlonen vor. '

i

ESY reserves all rights for commercnai use qfq ormatlon lnciuded |n thls report especlally in w
case of filing apphcatl gran‘tfdf paxe;its R R E I S SR S, \

\ '. -

L i

i

s are promptly mcluded m the

To be sure that vour preprl: | _ AR
HIGH ENERGY,PHYSICS INDEX , © . ©
send them to the fottowmg add $8 ( if possnble by alr ma;l ) ' T




DESY 87-014 TSSN 0£18-9873
February 1987

A Search for Hadronic Events with Low Thrust

and an Isolated Lepton
CELLO Cellaboration

B.J. Behrend, 1. Biirger, L. Criegee, J.B. Daintonl!], H, Fenner, J.H. Field, G. Franke, J. Meyer,
V. Schrader, U. Timm, G.G. Winter, W. Zimmermann
Dentsches Elektronen—Synchrotron, DESY, Hamburg, Germany

P.}. Bussey, C. Buttar, A.J. Campbell, D. Hendry, G, McCurrach, J.M. Scarr,
L.O. Skillicorn, K.M. Smith
University of Glasgow, United Kingdom

J. Abme, V. Blobel, M. ¥einde, J. Harjes, J.H. Peters, M. Poppel?l, H. Spitzer
IL Institut fiir Experimentalphysik, Universitit Hamburg, Germany

W.D. Apel, A, Bihrer, J. Engler, G. Fliggel%], D.C. Fries, I. Fuster!t], K. Gamerdinger,
P. Crosse-Wiesmann(Sl, J. Hanasmeyer, G. Hopp, H. Jung, J. Knapp, M. Kriiger,
H. Kiister, P. Mayer, H. Miller, K.H. Ranitzsch, H. Schneider, 7. Wolf
Kernforschungszentruim Karleruhe und Universitit Karlsruhe, Germany

W. de Boer, G. Buschhorn, G. Grindhammer, B. Gunderson, C. Kieslingl®, R. Kotthaus,
B. Kroha, D. Lilers, H. Oberlack, P. Schacht, G. Shooshtari, W. Wiedenmann
Max-Planck-Institut fiir Physik und Astrophysik, Miinchen, Germany

M. Davier, J.F. Grivas, J. Haissinski, P. Janot V. Journé, F. Le Diberder,
A. Spadaforal®l, I.J. Veillet
Laboratoire de 1'Accélérateur Linéaire, Oraay, France

R. George, M. Goldberg, O. Hamon, F. Kapusta, F, Kovacs, L. Poggioli, M. Riveal
Laboratoire de la Physique Nucléaire et Hautes Energies, Université de Paris, France

G. d'Agostini, F. Ferrarotto, M. Gaspero, B. Stella
University of Rome and INFN, Italy

G. Coszika, Y. Ducros, Y. Lavagne, F..Onld Saadal®], 1. Zdzek[9
Centre d'Btudes Nucléaires, Saclay, France

G. Alexander, G. Bella, Y. Gnat, J. Grunhaus, A, Klatchko, A. Levy
Tel Aviv University, Israel

{UPermanent address: University of Liverpool, United Kingdom
Now at CERN, CGeneva, Switzerland .

©Now at RWTH, Aachen, FRG

{lon leave of absence from Institut de Fisica Corpuscular, Universidad de Valencia, Spain
{INow at Stanford Linear Accelerator Center, Stanford, USA

lelHeiunberg—Stipendiat der Deutschen Forschungsgemeinachaft

{"INow at Lawrence Berkeley, Laboratory, Berkeley, USA

{#Now at University of Hamburg, FRG

{1Permanent address: Nuclear Center, Charles University, Prague, Czechoslovakia

A Search for Hadronic Events with Low Thrust
and an Isolated Lepton

CELLO Collaboration

ABSTRACT

Using the CELLO detector at the PETRA ete™ - storage ring a search for hadronic events
with low thrust and an isolated lepton has been carried out. The rate of such events and the thrust
distribution of inclusive lepton events show no evidence for a threshold of new sources of inclusive .
lepton events at the highest PETRA energics. For /3 > 46.3 GeV we observe 1 muon event of the
abave type, compared to an expectation of 0.8 + 0.2 events from lower energy data. We do not
observe any electron event of this class at the highest PETRA energites. The CELLO data thus
do not support the observations of the MARK-J and JADE collaborations of an excess of muon
events of the above type at /s > 46.3 GeV.



Introduction

The topology of multihadronic events in ete™ - annihilation containing prompt
leptons in the final state can be efficiently used as an indicator of new phenomena,
e.g. the production of new heavy quarks. Using the CELLO detector (1] at the
PETRA ete~ — storage ring we have searched for inclusive lepton events with
low thrust and an isolated lepton. Previous studies have already excluded the
production of bound states of new heavy quarks.of charge % e up to a centre of
mass energy of 46.78 GeV and the open production of new heavy quarks with
charge % ¢ (3 ¢) up to a centre of mass energy of 46.7 (46.3) GeV [2], [3].

Tor centre of mass energies /5 > 46.3 GeV the MARK-T and JADE collabo-
rations have reported an excess of multihadronic inclusive muon events with low
thrust [4}, (5. MARK-J find 8 events with thrust T < 0.8 whereas the prediction
from their lower energy data ailows for 1.9 events only. In addition, the muons
in these 8 events are ‘isolated’; i.e. the angle § between the muon and the thrust
axis is large, |cos§] < 0.7. JADE observe 5 muon events of this kind and expect
0.6 events from the extrapolation of lower energy data whereas they do not find
such an excess in the inclusive electron channel.

Data Collection and Multihadronic Event Selection

The main features of the CELLO detector [1] relevant for efficient identification
of leptons in multiparticle final states are the large and homogeneous acceptance
for charged particles with a momentum resolution of App/pr = 1% - pr|GeV/<]
over a polar angle range of | cos 8] < 0.91, an electromagnetic calorimeter covering
99% of 47 and muon identification over 92% of 4. o

In CELLO multihadronic events are efficiently triggered by a combination of

charged particle triggers and low threshold calorimeter triggers (for details see {3].

" Data are reduced offfine by a filter program which verifies the trigger conditions
and removes obvious background.

In the final selection, events are accepted as multihadrons if the following
requirements are fulfilled:

o more than 4.charged particles are reconstructed within | cos 8] < 0.865,

o cither the energy measured in the central calorimeter (|cos 8| < 0.865) is at
least 1 GeV and the total visible energy of the event is bigger than 0.33- Vs
or the energy of the charged particles exceeds 0.22 /s and there is at least
one charged particle in both the forward and the backward hemisphere with
respect to the electron beam,

e the difference between the numbers of positively and negatively charged par-
ticles is not greater than 6.

Data were taken in the energy ranges 38.3 GeV < /8 < 46.3 GeV and 46.3
GeV < /3 < 46.78 GeV. The integrated luminosities were 40.6 pb~1 and 2.1

pb~!, giving 8046 and 332 multihadronic events, respectively, after selection. The
background of events due to cosmic rays, beam gas interaction, rTr~ and QED
processes is determined by a visual scan to be less than 3%.

Muon Identification

Muons are identified as charged particles with momentum above 1.6 GeV/e
which penetrate 80 cm of iron in the magnet yoke and are subsequently detected
in drift chambers with 1 layer of anode wires and 2 layers of slanted cathode strips.
The muon chambers provide a spatial resolution of 0.6 cm matched to the multiple
scattering of particles in the hadron absorber [1]. Backgrounds to the inclusive
muon signal arise from hadron punch-through and decays, and associations of
tracks in the central detector with random hits in the muon chambers. Because
of the high rate of these random hits during the high energy scan at PETRA
in the energy range 43.0 GeV < /s < 46.78 GeV random associations were the
dominating background, especially in the forward and backward regions. It is
reduced by requiring correlated hits in the anode wires and both cathode layers
of the muon chambers.

Two variables are used to quantify the quality of a track-hit-association: the
distance d between a reconstructed muon chamber hit and a track extrapolated
from the central detector to the muon chambers and the quality @ of the associa-
tion, which is d divided by the expected deviation of a muon from the extrapolated
track. Tracks are accepted as muons, if d < 40 cm and @ < 3.0 The requirement
for () reduces efficiently the background from hadronic punch—through and decays.

Electron Identification

Electrons are identified in the central part of the fine grained lead liquid argon
calorimeter [1] within a polar angle range of | cos #| < 0.8. We require a momentum
above 1 GeV/c matching the total energy deposited in the calorimeter. The lateral
and longitudinal energy distribution has to be consistent with an electromagnetic
shower and the shower axis is required to coincide with the particle trajectory. The
lateral and longitudinal segmentation of the calorimeter provides a good electron-
hadron separation even within the jets. The resulting overall electron detection
efficiency after these requirements, including the acceptance, is about 60% of the
detection efficiency for muons.

The background of events from deep inelastic electron—photon scattering and
from inelastic Compton scattering, which contain isolated electrons, is reduced to
a level of 5% by the multihadron selection criteria and by requiring the aplanarity
of the event to be greater than 0.01. After the latter requirement 66% of the events
with an identified electron are left.



Inclusive Muon Events with Low Thrust

For centre of mass energies /s > 46.3 GeV we find 25 inclusive muon events
compared to an expectation of 26 + 1 evenis from lower energy data from the
nurmbers of hadronic evenis in the two energy ranges (see Table 1.). Thus the
observed fraction of inclusive mucn events is independent of the centre of mass
energy in the range 38.3 GeV < /s < 46.78 GeV and of the background conditions.

For the determination of the event thrust axis and the calculation of the
thrust T, all reconstructed charged and neutral particles within |cos 8] < 0.91 and
fcos 8| < 0.99, respectively, are taken, with the exception of the identified muon.
It is excluded in order to get an unbiased determination of the event topology.

The thrust distribution of the inclusive muon events for /5 > 46.3 GeV is
shown in Fig. 1 together with the distribution expected from data below Vs =46.3
GeV. The experimental distributions in the two energy ranges are in agreement
with each other. In particular, there is no excess of inclusive muon events with low
thrust for /s > 46.3 GeV (see Table 1.}, We have used the Kolmogorov—Stirnov
test to analyse the compatibility of the thrust distributions of high and low energy
data without binning the data and without a cut in the thrust variable, The test
gives a probability of 75% that the two distributions have the same shape.

As a measure of the isolation of a muon we use the angle § between the muon
and the thrust axis, The distribution of the inclusive muon events in the T—
| ¢os §|-plane is shown for both energy ranges in Fig. 2. In dimuon events the
muon with smaller | cos §| is considered. The cuts T < 0.8 and |cos §| < 0.7 used
by MARK-J and JADE to single out low thrust events with an isolated muon are
indicated. For /5 > 46.3 GeV we observe only 1 event {which is a dimuon event)
in the region T < 0.8 and |cos8| < 0.7 while we expect 0.8 + 0.2 events from
the extrapolation from lower energy data (see Table 1.). Furthermore, the thrust
distributions of high and low energy inclusive muon events with | cos 8| < 0.7 agree
with a probability of 78% according to the Kolmogorov-Smirnov test. The lower
energy data sample contains 2 dimuon events with T < 0.8 and |cos 8| < O.T.

In order to check the sensitivity of the CELLO detector for events with low
thrust and an isolated muon we have passed the muon events observed by the
MARK-J and JADE collaborations [6], [7| in the region T < 0.8 and |cosd| <
0.7 ak /3 > 46.3 GeV many times through our Monte Carlo program for detector
simulation. We found our efficiencies for reconstructing these events in the same
T~|cos §|-region to be similar to those determined by the MARK-J and JADE
collaborations (6}, [7] for their detectors using the same procedure. From the
comparison of the luminosities of the different experiments and of the numbers of
events expected from lower energies the effect observed by MARK-J and JADE
should lead to at least 5 events of the above kind in our experiment.

The visible cross section for inclusive muon events with T < 0.8 and | cos§| <
0.7 is shown in Fig. 3 as a function of the centre of mass energy, giving no indication
of a threshold of new sources of inclusive muon events. We observe no excess

of events with low thrust and isolated muon at the highest PETRA energies,
no matter how the cuts in thrust and |cos§f are chosen. This holds also for a
softer multihadron selection, where the restrictions in cos 8 for charged and néutral
particies used for the selection are removed, for varicus harder and softer muon
identification criteria and for thrust calculation including the identified muon. In
each case good agreement is found between the two data samples.

Inclusive Electron Events

For centre of mass energies /s > 46.3 GeV we ohserve 14 inclusive electron
events whereas we expect 11 + 1 events from lower energy data (see Table 2.}, In
the region T < 0.8 and | cos 8| < 0.7 we do not observe any electron event above
V3 = 46.3 GeV compared to an expectation of 0.5 + 0.1 events (see Fig. 4). Even
with much softer electron identification criteria we find no events with low thrust
and isolated electron at the highest PETRA energies.

Conclusion

No excess of multihadronic events with low thrust and isolated muon or elec-
tron has been observed at the highest PETRA energies. The CELLO results do
not support evidence for such an anomaly at /s > 46.3 GeV as found by the
MARK-J and JADE collaborations in the inclusive muon production. If the ef-
fect is real, we would expect at least 5 isolated muon eventz with low thrust at
/3 > 46.3 GeV in our experiment whereas we observe only 1 event of this kind,
in agreement with the expectation from lower energy data.
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Table 1: Comparison between inclusive muon data in the energy ranges
38.3 GeV < /s < 46.3 GeV and 48.3 GeV < /5 < 46.78 GeV
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electron events with
T<0.3
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T <0.8,|coné| <07
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Number of
electron events with
T <0.8,|cosd| 3 0.7
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electron events with
T >0.8,|cosb] > 0.7

209

i1

g+ 1

Number of
electron events with
T >08,]cond| < 0.7
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07 & 0.2

Table 2: Comparison between inclusive electron data in the energy ranges
38.3 GeV < \/5 < 46.3 GeV and 46.3 GeV < \/3 < 46.78 GeV

FIGURE CAPTIONS
1. The thrust distribution of inclusive muon events at V8 > 46.3 GeV
compared to the expected distribution from data at /8 < 46.3 GeV

2. The distribution of inclusive muon events in the T—|cos 6j-plane for
centre of mass energies below and above /3 = 46.3 GeV

3. The visible cross section for inclusive muon events with T < 0.8 and
|cos 6| < 0.7 as a function of centre of mass energy

4. The distribution of inclusive eleciron events in the T-| cos §|-plane for
centre of mass energies below and above /3 = 46.3 GeV



CELLO inclusive muons

46.3 GCeV < Vs < 46.78 GeV 38.3 GeV < V5 < 46.3 GeV
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CELLO . inclusive electrons

46.3 GeV < Vs < 46.78 GeV 38.3 GeV < Vs < 46.3 GeV
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