
Search for electrons from ionisation in 2008 cosmic-ray data

Input for analysis: 3.5 million events with high-level trigger (L2)
track candidate reconstructed online in barrel inner detector. Most
tracks are only measured in TRT because of geometrical
acceptance.

After filtering for electromagnetic cluster candidates with transverse
energy above ~ 3 GeV and with a loose track match in φ (pointing
downwards), about 11 000 candidates remain.

These are required to satisfy medium electron cuts (lateral shower
shapes in first and second layers of EM calorimeter and track-
cluster matching in φ for tracks with at least 25 TRT hits) and are
then split into two categories:
a) a sample consisting of 1229 muon bremsstrahlung candidates,

with only one track reconstructed in the barrel inner detector
b) a sample consisting of 85 ionisation electron candidates, with at

least two tracks reconstructed in the barrel inner detector



Slides 3 and 4:
Ratio of high to low-threshold TRT hits versus E/p, where E is measured in
the EM calorimeter and p in the inner detector, for bremsstrahlung and
ionisation candidates.

The red boxes correspond to candidates satisfying additional cuts defined for
standard tight high-pT electron identification in ATLAS at η ~ 0. These cuts
are pT and η-dependent and the ones applied to most of the events are
illustrated by the dashed red lines in slides 3 and 4: 0.8 < E/p < 2.5 and high to
low-threshold TRT hit ratio > 0.08 (indicating the detection of transition
radiation produced only by relativistic particles).

Most of the events in the muon bremsstrahlung sample have small E/p and few
high-threshold TRT hits (only muons above 100 GeV momentum are expected
to produce transition radiation). The events with low E/p and high TRT ratio
contain a large fraction of muons with combined momentum measured in the
muon spectrometer and ID above 100 GeV. Only 19 of the 1229 events satisfy
the signal criteria.

In contrast, in the electron ionisation sample, a large fraction of events, 36 out
of a total of 85, satisfy the signal criteria. These events are interpreted as high-
energy δ-rays produced in the inner detector volume by the incoming cosmic
muons.







Slide 6:
Distribution of the ratio of the high to low-threshold TRT hits for the
85 ionisation electron candidates (black) and for the 49 candidates failing
the final signal criteria (blue).

The red curve is the projection of a 2d binned maximum likelihood fit to
the 2d plot on slide 4, excluding the signal candidates. The shape of the
projected distributions is obtained from the muon bremsstrahlung sample,
but the parameters are fitted using the ionisation sample. This fit is used
as one of the methods to estimate the background contamination to the
signal.

A clear excess of events with a large ratio of high to low-threshold TRT
hits is observed, indicating the presence of an electron signal.





Slide 8:
Distribution of the energy to momentum ratio, E/p, for the electron candidates of
slide 4, after applying the cut indicated on the ratio of high to low-threshold TRT
hits. The red curve shows the background, estimated as explained in slide 5 and
projected on the E/p distribution. The background under the signal is estimated to
be (8.7 ± 3.1) events, using this first method described on slide 5.

A clear accumulation of signal events around E/p = 1 is observed, as expected for
electrons.

A second independent method to estimate the background uses the measured ratio
of negatively to positively charged muons coupled to the fact that the electron
ionisation signal should contain no positrons:
- the µ-/µ+ ratio obtained from the muon bremsstrahlung sample is ~ 0.70
- out of the 36 signal candidates, four have a positive charge, leading to an
expectation of (6.8 ± 3.4) background events in the signal sample, in good
agreement with the estimate from the first method.

The final sample consists of the 32 candidates with measured negative charge.

This is the first observation of electrons in the ATLAS detector !





Slide 10:
Distribution of the energy and |η| measured in the electromagnetic
calorimeter for the final 32 ionisation electron candidates.

Note that two candidates have an energy above 50 GeV (and are
most likely background).

As expected for electrons from ionisation in the inner detector
volume, the energy spectrum shows an accumulation at low energies,
near the seed threshold of 3 GeV (in transverse energy) used to build
the electromagnetic clusters.





Slide 12:
Illustrative comparison of shower profiles for the electron candidates and
simulation of 5 GeV transverse energy projective electrons with |η| < 0.8.

Both the lateral and longitudinal shower profiles of the electron candidates
are in reasonable agreement with those expected from the simulation of
projective electron showers of 5 GeV transverse energy in the barrel
electromagnetic calorimeter.

Several of the highest-energy electron candidates (which are most likely
background from muon bremsstrahlung) display energy fractions in the
first and second layers of the calorimeter which are in the tails of the
distributions.



Shower shape variables for electron candidates compared to simulation



Energy deposits in the first layer along η (left) and in the second
layer in η versus φ (right) for one of the electron candidates.

GeV



Slide 15:

Event display of an electron candidate from ionisation in the inner detector
volume. The incoming and outgoing muon tracks (in orange) are clearly seen on
the left-hand plot, as reconstructed in three muon stations (top), in the inner
detector (centre), and in two muon stations (bottom). The electron (green track)
and its associated electromagnetic cluster and cells (dark green and blue) are also
visible (centre).

For display purposes, thresholds have been applied to pixel/TRT hits and
electromagnetic calorimeter cells shown here.

The zoomed view on the right shows that both tracks are reconstructed with many
pixel, silicon-strip and TRT hits. The red dots indicate the measured high-
threshold TRT hits, characteristic of transition radiation. The dark green box at
the bottom represents the electromagnetic calorimeter cluster (only the position of
the centre of this box at the barycentre of the cluster is really relevant). On the
outside of the box representing the cluster, one also sees the cells in the
presampler, first and second layers of the electromagnetic calorimeter which were
used to build the cluster.






