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Abstract

We report on a direct search in NOMAD for a new 33.9

Me¥ neutral particle X) produced in pion decay in flight,

7 — uX followed by the decayX — veTe™. Both decays are postulated to occur to explain the time anomaly observed by the
KARMEN experiment. From the analysis of the data collected during the 1996-1998 runs. witr @19 protons on target,

a single candidate event consistent with background expectations was found. The search is sensitive to a pion branching ratic
BR(r — uX) > 3.7 x 10715, significantly smaller than previous experimental limits2002 Elsevier Science B.V. All rights

reserved.
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The Karmen Collaboration at the ISIS spallation
neutron facility of the Rutherford Appleton Labora-
tory has reported on an anomaly in the time distri-
bution of neutrino interactions from muon decay at
rest [1]. The anomaly is an enhancement in the time
distribution of v, and v, induced events which was

E-mail address: sergei.ginenko@cern.ch (S.N. Gninenko).

expected to be well described by the single expo-
nential from muon decay at rest. This anomaly, seen
in the KARMENL data, is not statistically signifi-
cant in the KARMEN2 data. However, a substantial
effect still persists in the combined data from both
experiments [2]. The KARMEN Collaboration inter-
preted the anomaly as being due to an exotic decay
of 7T-mesons into a muon and a 33.9 M&¥ new
fermion X. They reported values for the pion branch-
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ing ratio BR7r™ — u* + X) BR(X — visible) as a
function of theX-lifetime, tx, needed to explain this
effect with a branching rati@R(z+ — pu* + X) as
small as 1018 [1]. The X — visible decay is presum-
ably associated with th& — ve™e™ mode favoured
by the energy distribution measured in the KARMEN

detector. This and other hypotheses explaining the

25

are located just after the magnet coils. A plane of veto
scintillation countersy, in front of the magnet and
two planes of scintillation countef® andT» located
before and after the TRD were used to form thg, 7»
trigger for neutrino interactions or decays in the DC
target.

The electron identification in NOMAD is pro-

anomaly have been recently extensively investigated vided mainly by the TRD which has an efficiency of

both theoretically [3,5] and experimentally [6,7,9].

Barger et al. [3] associated the new particle with a
33.9 MeV/c? isosinglet neutrino dominantly mixing
with v;. This interpretation has been studied by
NOMAD [8] resulting in a smallX lifetime window
betweern~ 102 s and the Big Bang Nucleosynthesis
(BBN) lower limit of Ref. [4] of 0.1 s left untested.

The new X particle has been directly searched

for at PSI by looking for a peak in the momentum
spectrum of muons from this two-body pion decay.
The result gives a limit on the branching ratio of
BR(nt — ut + X) < 6.0x 10719 at 95% CL [6].
A result on the search for th® — etTe~v decay in
flight has also been recently reported by the NuTeV
Collaboration [9].

In this Letter we have studied the decay —

more than 90% for isolated electrons of momentum
1-50 GeV¢ for a charged pion rejection factor greater
than 16 [12].

The flux and energy spectrum af's produced
in the Be target by primary protons were calculated
using the Monte Carlo simulation described in [13].
The X flux was calculated assuming a branching ratio
BR(n — pnX) =1 andmyx = 339 MeV/c? as a
function of theX lifetime. Note that due to the small
0 value & 5 keV) in 7 — X and the high value
of the piony-factor (y ~ 10°) the X particle follows
the z* direction. Once theX flux is known, the next
step consists in calculating thé e~ energy spectrum
based on the&X — vete™ decay model used for the
heavy neutrino search [8]. The decay electrons and
positrons were tracked through the DC target taking

veTe™ as a possible manifestation of the presence of into account the emission of photons, their conversion

X's in the neutrino beam. The occurrence X%f—

and multiple scattering in the target. The details of the

vete™ decays would appear as an excess of isolated NOMAD simulation and reconstruction are described

ete™ pairs in NOMAD above those expected from

elsewhere [8,13].

standard neutrino interactions. The present analysis as The search foX — vete™ described in this Letter
well as the experimental signature of the signal events uses the full data sample collected with th@,7>

are similar to those of our published heavy neutrino
search [8].
An essentially purev, beam is produced from

trigger [11] during the years 1996-1998. The data
correspond to a total number of protons on target
(pots) of 41 x 10,

decays of secondary pions in a 290 m long evacuated The following initial selection criteria were applied
decay tunnel. The pions are generated in a beryllium to identify isolatece™e~ pairs: (i) the presence of two

target irradiated by 450 GeV protons from the CERN
SPS. The NOMAD detector is located 835 m from the
target.

The detector is described in Ref. [11]. It consists of

tracks with at least one identified as an electron and
forming a vertex within the DC fiducial volume; (ii) no
other tracks incompatible with conversions of photons
emitted by the primary*e™ pair; (iii) the total energy

a number of sub-detectors most of which are located of the pair must be greater than 4 GeV and its invariant

inside a 0.4 T dipole magnet with a volume ab&
3.5 x 3.5 m®: an active target of drift chambers (DC)

massn,+,- must be lower than 95 Me\:? to remove
background from pairs of particles other thehe™;

with a mass of 2.7 tons (mainly carbon), an average (iv) no additional significant activity in the ECAL,

density of 01 g/cm® and a total thickness of about
one radiation length~1.0X) followed by a transition

radiation detector (TRD), a preshower detector (PRS),
and a lead-glass electromagnetic calorimeter (ECAL).

A hadron calorimeter (HCAL) and two muon stations

HCAL and muon stations.

Only 207 events passed these criteria. At the
next step we used a collinearity varialfe= 1 —
C0SO,+.-, Where®, .+, is the angle between the
average neutrino beam direction and the total momen-
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Fig. 1. The final (£ cos® —) distribution for the data and MC.
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The dashed histogram represents the distribution expected from
signal events.

tum of the reconstructede~ pair. A cut on this vari-
able, used very effectively in our previous search [8],
allowed a strong background suppression. A MC sim-
ulation of X — ve™e™ decays shows (see Fig. 1) that
the X — veTe™ events have€ < 2 x 107°. The con-
tribution to the broadening of the signal distribution
from the angular divergence of the pion beam is much
smaller than the expected resolution in the varigble

In order to avoid biases in the determination of selec-
tion criteria, a blind analysis was performed. Events in
a signal box defined bg < 2 x 10> were excluded
from the analysis of the data until the validity of the

background estimate in this region was demonstrated.

This was done by verifying that the MC simulation
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Fig. 2. The (1- cos®,+,-) distribution for ete™ pairs from
photons converted in the DC target at large distances from the
primary vertex for the data and MC.

from the MC simulation as a function efe~ energy

in the range 4 to 50 GeV. The MC simulation was used
to correct the data for acceptance losses, experimental
resolution and reconstruction efficiencies. Two meth-
ods using both data and MC simulation samples of
reconstructedr’s and y’s, described in detail else-
where [8], have been used to verify the reliability of
the simulation and to estimate the systematic uncer-
tainties in theete™ pair efficiency reconstruction in
the energy range predicted by the simulation.

It was found that the two methods agree quite well
in the low energy region and yield a correction factor
close to 1. However, in the high energy region the
eTe efficiency correction factor varied from. D4
0.04 to Q4 4 0.03 depending on the" e~ energy.

of standard processes reproduced the data outside the The largest contribution to the background is ex-

box.

The accuracy of the collinearity determination ob-
tained with MC simulations was checked using a
v, CC data sample with ar*e™ pair from a pho-
ton converted in the DC target at a large, (100 cm)
distance from the primary vertex. Fig. 2 shows the
(1 - cos®,+.-) distribution of such events in the data
and simulation, wher®,+.- is the angle between the
ete™ pair momentum and the line joining the primary
vertex to the conversion point. The two distributions

pected from neutrino interactions in the material up-
stream of the decay volume yielding a singl® with

little hadronic activity in the final state. Because of
the large mass of this upstream material the study
of this background would require the simulation of a
very large number of events resulting in a prohibitively
large amount of computer time. Consequently, only
about 10% of the required statistics fof CC(NC)
inelastic reactions were simulated, while other back-
ground components, such agCC, coherentz® pro-

are in reasonable agreement at all energies studied.duction, quasi-elastic reactions ange scattering

This validates the resolution in the varialllga few
mrad in®,,.+.-) predicted by the MC program.

The reconstruction efficiency for thE — veTe™
decay in the NOMAD fiducial volume was calculated

were simulated with statistics comparable to the num-

ber of events expected in the data from these reactions.
The distribution of the variablé for the sum of all

the MC samples is shown in Fig. 1. The plot covers the



NOMAD Caollaboration / Physics Letters B 527 (2002) 23-28 27

regionC <5 x 10~4, which is 25 times larger than the lz 10 9; /s. w/
size of the signal box. No,CC(NC) event is found ; -
in this region. The data outside the box, also shownin x 10 ¢ &
Fig. 1, are consistent with the MC prediction (19 evens § -1 V. o
observed and 2& 4 events predicted). The estimate 5_5:10 eog E BEN
of background fromy, CC(NC) in the signal box is T10 L 2
based on the observation that there aoephysical E st /
reasons for this background to be other than flatinthe © 10 &
regionC <5x 1074, 10 ML <
Two independent methods based on the MC and on eE &,
the data themselves, described in detail elsewhere [8], 10
were used for the background estimation in the signal 16}
. X . . 10 E
region. The final background estimates with the two g
methods ardvgf(g = 2.5J_r8:§(stab =+ 0.6(sys) events 10 ™7 Do vl ol osmdvaiosisniblocnbZ ol ol

from the MC andN33@ = 2.4703(stap + 0.7(sys)

e
events from the data. %he systematic error includes the

uncertainties in the number gbts (5%) and in the
coherentr® production cross section (25%). The to-
tal systematic uncertainty was calculated by adding all

errors in quadrature. It was decided to use the back-

ground estimate extracted from the data themselves.
Upon opening the signal box we have found one

event that passes our selection criteria. This is consis-
tent with the expected background and hence no evi-

dence for the decay™ — p™X has been found. We
can then determine the 90% CL upper limit for the cor-
responding value of B& — uX)BR(X — veTe™)
from the 90% CL upper limit for the expected num-
ber of signal eventsy." . Using the frequen-

X—vete™

tist approach of Ref. [14] and taking into account the

uncertainties in the background estimate we obtain

NP .. = 2.1 events. The probability to obtain an
upper limit of 2.1 or lower is 29% given the back-
ground estimates.

The final 90% CL exclusion region in the BR —
uwX)BR(X — veTe™) vs Ty plane is shown in Fig. 3
together with the NuTeV [9] and PSI [6] exclusion re-
gions forty as well as the NOMAD lower limit [8]
and BBN upper limit [10] obtained for the scenario of
Ref. [3]. Our result is sensitive to a pion branching ra-
tio BR(w — uX) > 3.7 x 10~ which is significantly
smaller than the previous limit from the NuTeV exper-
iment [9].

We gratefully acknowledge the CERN SPS accel-
erator and beam-line staff for the magnificent perfor-
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Fig. 3. The NOMAD 90% CL upper limit as a function of the
X lifetime together with the NuTeV [9] and PSI [6] limits. The
NOMAD lower limit [8] and BBN upper limit [10] onX lifetime
for the interpretation ofX as a sterile neutrino mixing with the
neutrino are also shown.
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