N
N

N

HAL

open science

Search for anomalous production of single photons at /s
= 130 and 136 GeV
W. Adam, T. Adye, E. Agasi, I. Ajinenko, R. Aleksan, G D. Alekseev, R.
Alemany, P P. Allport, S. Almehed, U. Amaldi, et al.

» To cite this version:

W. Adam, T. Adye, E. Agasi, I. Ajinenko, R. Aleksan, et al.. Search for anomalous production of
single photons at /s = 130 and 136 GeV. Physics Letters B, 1996, 380, pp.471-479. 10.1016,/0370-

2693(96)00671-5 . in2p3-00005079

HAL Id: in2p3-00005079
https://hal.in2p3.fr/in2p3-00005079
Submitted on 15 Feb 1999

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.in2p3.fr/in2p3-00005079
https://hal.archives-ouvertes.fr

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-PPE/96-61

6 May 1996

Search for anomalous production
of single photons at /s =130 and
136 GeV

DELPHI Collaboration

Abstract

This letter reports the results of the measurement of single photon produc-
tion in the reaction ete™ — 4+ invisible particles at centre-of-mass energies
/s = 130 and 136 GeV and an integrated luminosity of 5.83 pb™!, collected
with the DELPHI detector at LEP. The signal is compatible with the predic-
tion of the Standard Model for the process ete™ — vy, and the number of
neutrino families has been determined to be N, = 3.1 & 0.6. Limits have been
derived on anomalous neutral gauge boson couplings and on compositeness in
the framework of a specific model.

(To be submitted to Physics Letters B)
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1 Introduction

The process

_|_

eTe” — v + invisible particles (1)

receives a contribution within the Standard Model (SM) from the radiative production
of neutrino-antineutrino pairs. At the centre of mass energies studied in this letter, this
production of a single photon is described by s— and {— channel diagrams involving the
exchange of a Z and a W& respectively (the W contributing only to the production of
electron-neutrino). The radiation of a photon from the exchanged W is also taken into
account in a precise cross-section calculation of the above process [1].

A new generation of neutrinos or the radiative production of any other neutral weakly
interacting or invisibly decaying particles would give an additional contribution to the
cross-section for process (1). In this letter, after having measured with (1) the number
of light neutrino generations (section 3.1), a search is made for triple gauge neutral
boson couplings (section 3.2), for compositeness (section 3.3) and for heavy stable neutral
particles (section 3.4). Theories of supersymmetry (SUSY) also predict [2] the existence
of particles which would be produced in (1) [3], but with too small a cross-section in the
energy range and collected luminosity studied in this letter.

2 Event selection

The general criteria for the selection of events are based on the electromagnetic
calorimeters and the tracking system of the DELPHI detector [4].

Single photons are searched for in the barrel region, covered by the High density
Projection Chamber (HPC) in the range 40° < 6 < 140°, where 6 is the polar angle
with respect to the incoming electron direction, and in the forward region, covered by
the Forward Electromagnetic Calorimeter (FEMC) in the ranges 8° < 6§ < 35° and
145° < 6 < 172°.

The HPC is a gas sampling calorimeter of total thickness of 17.5 radiation lengths
( Xo), which samples each shower nine times longitudinally. It has an energy resolution
o(E)/E = 0.32/\/@ @& 0.043 (with E in GeV), where the symbol & means addition in
quadrature.

The FEMC is a homogeneous calorimeter consisting of lead glass blocks with a depth
of about 20 X,, providing an energy resolution of o(£)/E = 0.12/v/E & 0.03 & 0.11/E
and a readout granularity of about 1° both in 6 and in ¢.

Events were selected for the present analysis if there were no charged particles detected
in the main tracking device of DELPHI, the Time Projection Chamber (TPC), coming
from the interaction point. The TPC covers the polar angle region 20° < 6§ < 160°.
Events were also rejected if there were tracks in the forward region of the detector or in
the TPC which did not come from the interaction region; this cut reduces the backgrounds
from beam-gas interactions and cosmic rays.

In order to reduce the background from radiative Bhabha events, no energy deposit
greater than 3 GeV was allowed in the Small angle Tlle Calorimeter (STIC),which covers
the very forward angular regions 1.7° < 6 < 10.6° and 169.4° < 6 < 178.3°. STIC is the
DELPHI luminosity monitor.



2.1 Shower Selection in the HPC

Some criteria were imposed in order to select showers produced by photons originating
from the interaction point. They exploit the high granularity of the detector, which
allows a detailed analysis of the shower development. Only showers having an energy,
E.,. greater than 2 GeV and the polar angle of the axis of the shower, 6., in the angular
region 45° < 6., < 135° were considered (the shower axis considered here is the photon line
of flight). They were selected as good electromagnetic showers if they started within the
first 2.5 Xy of the calorimeter, if they released energy in at least 3 of the 9 sampling rows,
and if they had no more than one empty row before the end of the shower development. In
order to reject a particles emitted from the radioactive lead, it was required that no row
contains more than 90% of the shower energy. The polar angle of the shower axis had to
be outside the range 88° to 92°, where the HPC has a dead region. The shower direction
was required be consistent with the photon originating from the interaction point. The
angle between the line of flight of the photon and the direction of the shower as measured
inside the calorimeter was required to be less than 15°. The last criteria strongly suppress
events induced by cosmic rays. The remaining cosmic ray contamination was rejected by
the presence of aligned hits in the muon chambers, or in the hadron calorimeter or in the
time of flight counters (19 events were found in this category).

In all, 20 events were retained, out of 39 preliminary candidates, after application of
all the selection criteria.

2.2 Shower Selection in the FEMC

The projective structure of the FEMC and the small probability of a cosmic ray
simulating a photon in the forward calorimeter made the selection of good quality showers
in the forward regions simpler than in the barrel. The ranges in energy and angle were
restricted to F, > 10 GeV and 12° < 0, < 34° or 146° < 0, < 168° respectively. The
requirement that no charged particle is detected lowers the efficiency significantly in the
forward region, because the ~ 2 Xy of material in front of the calorimeter cause most of
the photons to convert before reaching the FEMC. The photon energy was required to be
less than 50 GeV in order to reject eTe™ — 4+ events in which one of the final photons
escaped detection.

A total of 17 candidates passed the selection criteria in the forward angular region.

2.3 Efficiencies

To measure the cross-section, the events were corrected for the trigger efficiency and
for the identification efficiency.

The latter depends on the criteria applied to select a good electromagnetic shower.
It was determined on the basis of a sample of Monte Carlo events passed through the
complete simulation of the DELPHI detector. The generator used was from [1]. The
efficiency was then determined as a function of £, and 0.,.

In the case of the HPC selection, the identification efficiency depends on the photon
energy, and ranges from (42 + 2)% for low energies, to (73 £ 1)% for £, > 10 GeV. In
the FEMC, the selection requirements retain (40.0 + 1.5)% of the photons. In both cases
a loss of efficiency of about 2% due to noisy modules was taken into account.

Single photon events were triggered by requiring a hit in a cylindrical set of scintillators
[5] located at the mean shower maximum in the HPC or by the standard photo-triode
readout from the FEMC lead glass blocks. The trigger efficiency was measured with



radiative Bhabha and Compton events [5]. In the HPC it was found to be strongly
dependent on the photon energy, up to ~ 6 GeV. It varies from 10% to 60% from 2
to 6 GeV, and is (60.0 £ 2.5)% for E, > 6 GeV. In the FEMC the trigger efficiency is
(97.0 £ 0.1)% for E, > 10 GeV.

2.4 Background

The main source of background is the QED process ete™ — ~ete™ where the two
electrons escape undetected along the beam pipe. This process has a very high cross-
section [6], decreasing rapidly when F. and the photon polar angle increase. This be-
haviour of the QED background was the reason for applying the E., > 10 GeV cut in the
forward region.

The contamination from the QED process was calculated on the basis of [6] and found
to be (3.740.2) events in the forward region and (1.540.2) events in the barrel. A critical
parameter in the calculation is the cone around the beam axis where the electrons escape
detection; this is determined by the lower edge of the STIC calorimeter, which on one
side is defined with a precision better than < 107 degrees by a tungsten mask (which
also reduces the acceptance by 0.9 degree on this side), and on the opposite side is known
with an accuracy of ~ 0.1 degrees.

For other backgrounds, such as beam gas, vy collisions, eTe™ — vv(7), the computed
contributions were found to be negligible.

_|_

3 Analysis of the single photon sample

The event selection procedure left 20 events in the barrel region (HPC) and 17 in the
forward region (FEMC). The energy spectrum of the selected events is shown in figure 1.

After correcting for background and efficiencies, and using the integrated luminosity
of 5.83 pb™!, the two separate cross-sections measured within the acceptances are

o(ete™ — 4 + invisible particles) = (7.9 £ 1.9) pb
in the HPC and

o(ete”™ — v + invisible particles) = (6.0 & 1.9) pb

in the FEMC. The error quoted is statistical only. Taking into account errors on the
background, on the detection efficiencies and on the event selection procedure, the sys-
tematic error is 0.7 pb in the HPC acceptance and 0.6 pb in the FEMC acceptance. In
the case of the HPC the systematic error is dominated by the knowledge of the trigger
efficiency and the event selection procedure. In the case of the FEMC the error comes
mainly from the accuracy with which one can define the edge of the veto cone used to
suppress the QED background.

3.1 Number of neutrinos

All the selected events were used to measure the cross-section of the reaction ete™ —
vvy. The cross-section of this process inside the acceptance of the detectors was computed
by Monte Carlo simulation [1] as a function of the number of neutrino generations. The



result is shown in figure 2. From this plot, using the measured cross-sections, the number
of neutrinos was determined to be

N,=31£0.6=+0.1

averaging the independent measurements in the HPC and FEMC acceptances. The first
error is the combination of the statistical and of the uncorrelated systematic errors, the
second is the common systematic error. This value is in agreement with the number of
neutrinos measured with the same method at LEP 1 [7.8].

3.2 Trilinear gauge boson couplings

The process eTe™ — viry can probe anomalous coupling in the ZV+ vertex, where

V = Z or 4. The observation of such a coupling would be an indication of new physics,
since the SM predicts a rate too small to be observed in current data or in data anticipated
from future experiments. A limit on the ZZ~ vertex using single photon events was
obtained at /s = Mz by the L3 experiment [9]. At /s = 130 to 136 GeV the small
integrated luminosity results in a weaker limit on Z Z~ coupling, but it allows the study of
the Z~y~ vertex. A WW~ three boson coupling contribution also arises in vy production
from photon radiation from the exchanged W, but it is so small (< 1%) at these energies
that it may be neglected.

Following the study made in [10] on the non-Standard Model vZ production, the
anomalous coupling can be described by four form factors, k) (with 7 =1,2,3,4), whose
dependence on the energy scale is parametrised as

hY = hY /(1 + s/AH)"

where RY) is the limit value of the coupling for s = 0, A is the energy scale at which a
novel interaction would become manifest, and n=3,4 have been assumed for hY,:a and for
h;/A respectively.

The kinematic region sensitive to an anomalous coupling is that with high photon
energies and large photon polar angles. Only the 10 events in the barrel and with £, >
25 GeV were therefore considered. The only contribution to the 10 events from the SM
is the process eTe™ — vy and there is no significant source of background.

Comparing the cross section in this kinematic region with the cross section of reference
[10] allows 95% C.L. limits to be obtained as shown in Figure 3 for the two correlated
parameters h3 and h, assuming all the others equal to zero. The same contour is obtained
for h,hy. The projected 95% C.L. limits are:

ki3] < 3.8  and |hy 4] <9.1

at a scale A = 500 GeV. While the latter is still too large to be meaningful, the former
is close to the limits set by the Tevatron experiments [11].

3.3 Limits on compositeness

Compositeness models predict several new particles which do not exist in the Standard
Model. A specific Preon Model, studied in [12], is considered in this letter. It predicts
several new particles, some of which contribute to the cross-section of process (1). In
particular it predicts the existence of a W-like particle, U, and a new neutral boson D,
which can mediate in the production of a pair of weakly interacting (v-like) particles lsls



through the t-channel process ete™ — vlsls and the s-channel process ete™ — D —
vlsls. The neutral state U° can be produced by the exchange of D or Z (see figure 4).
Calculating the cross-sections in the hypothesis that a new boson D exists with Mp =
5Myz and summing the contributions to the cross-sections coming from direct production
of U°U° pairs and exchange of U*, a limit can be obtained on M from the measured
o(ete™ — v+ invisible particles) after subtracting the contribution expected from the
production of three neutrinos in the Standard Model. The limit shown in figure 4 is

My > 43 GeV/c® at 95% C.L.

In the near future LEP200 will provide a good test of this model, since it predicts
observable cross-sections in the region /s = 150 — 200 GeV for My in the range 50 - 60
GeV.

3.4 Limits on production of unknown neutral states

The data collected allow the search for a new particle, X, produced in association with
a photon in the reaction ete™ — ~4X. If X is undetectable or decays invisibly, then it
could be produced in the single photon topology.

The limit is calculated from the recoil mass distribution, assuming that the width
of the X particle (including resolution) is less than 2 GeV and taking into account the
expected background. The upper limit at the 95% confidence level of the cross-section
for ete™ — X, with the photon produced in the angular region 45° < 0., < 135°, is
shown in figure 5.

Notice that previous limits set at lower centre-of-mass energies [8] are slightly improved
in the region around 90 GeV.

4 Conclusions

With the 5.83 pb~! of data collected at the centre of mass energy of 130 and 136 GeV
reached by LEP in autumn 1995, a study of the production of single photon in the final
state with no other interacting particle in the DELPHI detector has been performed. The
Standard Model contribution from ete™ — vy yields the measurement of the number
of neutrino generations of N, = 3.1 £ 0.6 £ 0.1. No excess of events has been observed,
and limits have been set on possible new physics.
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Figure 1: Energy spectrum of selected single photons a) in the barrel region (HPC) and
b) in the forward region (FEMC). The hatched histogram is the background from the
QED process ete™ — ~ete™, and the unhatched histogram is the expected spectrum
from ete™ — vy, The event in (a) with £,=52. GeV is close to a crack of the detector
and an « 1s mixed in its deposited energy, which is therefore badly determined.
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