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Abstract

The pixel detector of CMS can be used to reconstruct verydgveharged particles down to about
0.1 GeVEt. This can be achieved with good efficiency, resolution argligible fake rate for elemen-
tary collisions. In case of central PbPb the fake rate carepélow forpr > 0.4 GeVle. In addition,
the detector can be employed for identification of neutrdrbias (VOs) and converted photons.
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Figure 1: Left: Schematic comparison of the standard ditdige prediction and the new helix prediction for

finding the third hit. Right: Transverse momentum distribas of the charged particles: simulated (solid red),
accepted (green dashed) and reconstructed, with the staimashod (dotted black) or with the new helix method
(dotted blue).

1 Introduction

The reconstruction of low charged and neutral hadrons (yields, spectra and come&tis crucial to charac-
terize the collective properties of the system producediicieus-nucleus collisions at the LHC. In pp collisions,
the measurement of high- observables also requires good understanding of the dhasdics of the underlying
event and backgrounds which are dominated by;spfpectra[1].

In CMS, the measurement of charged particle trajectoriashseved primarily using the silicon tracker with both
pixels and strips, embedded in a 4 T magnetic field, and withmggric coverage ovep| < 2.5. The highly
segmented silicon pixel tracker consists of three bargarka(with about 4, 7 and 11 cm radius) and two endcap
disks. There are about 66 million pixels with an area of 20050 xm? and a thickness of 30@m. The strip
part is a combination of single- and double-sided layerk v&h barrel and nine forward layers on each side (9.3
million channels). The silicon tracker has excellent restarction performance fgrr > 1 GeVie: 95% efficiency

for charged hadrons with highy, better than 98% for muons in pp and pA collisions and arolstd for central
PbPb [2].

The reconstruction capabilities at lowgf are limited by the high magnetic field and effects of the detec
material. In addition, in central AA collisions the high egancy of the silicon strips makes the inclusion of these
strips in charged patrticle tracking difficult [2]. Using grgilicon pixels allows the same analysis to be used for
low multiplicity pp, pA and high multiplicity AA events.

2 Track reconstruction

The alternative tracking algorithm described here allowvstie reconstruction of tracks down to 0.1 GeUsing
just the three pixel layers, with the modified hit triplet fing and cleaning procedures discussed below.

2.1 Modified hit triplet finding

The track finding procedure starts by pairing two hits frofffedéent layers (see Fig. 1). During the search for the
third hit, the following requirements must be fulfilled: thack must come from the cylinder of origin (given by its
radius, half-length and position along the beam-line) zth@f the track must be above the minimal vajug i ;

and the track must be able to reach the layer where the tHirddy be located. In the small volume of the pixel
detector the magnetic field is practically constant and tregged particles propagate on helices. The projection
of a helix or a cylinder onto the transverse plane is a cirBlach requirement defines a region of allowed track
trajectories. They are enclosed by a pair of limiting cisclehich can be constructed using simple geometrical
transformations. A third hit candidate is accepted if itsipion is within the expected deviation from multiple
scattering. More details are given in Ref. [3].
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Figure 2: Acceptance (left) and efficiency (right) as a fiorcof pr, for tracks in the rangé)| < 1. Values are
given separately for pions (circles), kaons (triangles) @mti)protons (squares).

2.2 Triplet cleaning

While high pr tracks are relatively clean, hits can often be combined i fiake lowpr tracks. A hit contains
much more information than merely its position. The geoioalishape of the hit cluster depends on the angle
of incidence of the particle: bigger angles will result imdger clusters. This observation can be used to check
whether the measured shape of the cluster is compatiblethathredicted angle of incidence of the track: if even
one of the hits in the triplet is not compatible, the tripetémoved from the list of track candidates.

2.3 Low p tracking results

The low py reconstruction studies are based on 25 000 minimum bias @pteygenerated with Pythia, with
the defaultminimum bias settings), reconstructed with modified hit triplet findinghe algorithm uses standard
settings, except for a much lower minimym (0.075 GeVé).

The acceptances rise sharply with (see Figl 2-left), and become approximately flat abeyealues around 0.1,
0.2 and 0.3 GeV, respectively for pions, kaons and protons. In the rdnge: 2, their averages are 0.88 (pions),
0.85 (kaons) and 0.84 (protons). The reconstruction effftéés rise sharply withr (see Figl. 2-right), and become
nearly flat above values around 0.2, 0.3 and 0.4 GeMkspectively for pions, kaons and protons. In the range
|n| < 1.5, the average reconstruction efficiencies are 0.90, 0.9® &

Without triplet cleaning, the fake rate 4s 4% atn ~ 0 and reaches 20% &f| ~ 2. With cleaning, the fake rate
decreases very significantly (by a factor of 10), to arourtd®and 2% at) ~ 0 and~ 2, respectively. In the
rangejn| < 1, the fake rate decreases steeply with being about 4% at 0.1 Ge¥//~ 1% at 0.16 GeW and at
the per mil level for highep values.

Figure[ 3-left shows, as a function of the generapedand separately for pions, kaons and protons, the ratio
between the reconstructed and the simulate@'bias”). It is seen that the particles generated at gwtend to be
reconstructed with a slightly lower value, because of energy loss effects. This bias is nefgifiio highp/m
values but is quite significant for low momentum protons (utigotons): a correction of almost 10% is needed
for protons ofpr ~ 0.2 GeV/e. Figure 3-right shows how the resolution of the reconsédipt- depends on the
generategh. While at highpr values the resolution is' 6% for all particles, at low the multiple scattering
and energy straggling effects are more important and leatgtoficantly degraded resolutions, in particular for

protons.

The performance of low; reconstruction was studied under several running comditid hese studies are based
on 25 000 minimum bias pp events (Pythia generator) and ore2&at PbPb events (Hydjet generator) with two
multiplicity settings: total particle multiplicities 300 (“central”) and 15 000 (“mid-central”). In the PbPb case,
the primary vertex of the event was determined first, withdgprecision, using highp+ tracks. In a second step,
the cylinder of origin was centered on this vertex, with a khelf-length of 0.1 cm. In order to further reduce the
reconstruction rate of fake tracks, the radius of the c@imaf origin was reduced to 0.1 cm. The reconstruction
was made faster by increasing the minimpgncut to 0.175 Ge\.
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Figure 3: Degradation of the reconstructed as a function of the simulateg, in terms of “bias” (left) and
resolution (right), for pions (circles), kaons (trianglesd (anti)protons (squares), in the ramge< 1.
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Figure 4: Left: Pion reconstruction efficiency as a functdp for tracks in the rangg;| < 1, for minimum bias

pp events (squares) and for central PbPb collisions (siycRight: Reconstruction rate of fake tracks as a function
of pr, for tracks in the rangfy| < 1, for single, low luminosity and high luminosity minimum Biap events, and
for central and mid-central PbPb collisions.

The reconstruction efficiency is shown in Fig. 4-left, foops, as a function gfr. Aboveps around 0.4 Ge\,
the pion reconstruction efficiency in PbPb collisionsi90%, only 5% smaller than in pp collisions. Figlre 4-
right shows that the reconstruction rate of fake tracks faléeply with increasingy,. It drops below 10% for
pr ~ 0.2 GeV/c in high-luminosity pp collisions and fgir ~ 0.4 GeV/c in central PbPb collisions.

3 Neutral hadron (VO) and (converted) photon identification

It was shown in the previous section that silicon detectars detect charged particles with good position and
momentum resolution. Some weakly-decaying neutral gagti¢/0s) such a&?, A andA, have a sizeable prob-
ability to decay far from the primary event vertex-(= 2.68 and 7.89 cm foK2 and A, respectively). Likewise,
the silicon detectors can be used to reconstruct photonaghrtheir conversion tete™ pairs in the material of
the beam-pipe, silicon pixels and supports.

The analysis presented here only uses charged particlasstegcted from pixel hit triplets, but with a much wider
cylinder of origin (3.0 cm). Therefore, only those neutrafticles can be found which decay up to the first pixel
barrel layer. About half of the producéct andA particles satisfy this condition.

The search for VO candidates reduces to the determinatitimeaflosest point between two helices, as described
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Figure 5: Left: Distribution of the distance)(between the “decay vertex” and the beam-lineKgr A, converted
photons and background (fake particle pairs). Right: liavarmass distribution of reconstructéd — =7
The mass distribution of the background (fake pion pairg)dgcated with a black dashed histogram. The results
of a Gaussian fit to the signal are given in units of G&V/

in detail in Ref.[[3]. The distribution of the distance beamethe decay vertex and the beam-lingi§¢ shown in
Fig.[5-left. Ther distributions for VOs show an exponential behaviour, stedpr K than for A, reflecting their
differentcr values. The- distribution for photons is completely different: the twegks belong to the inner and
outer silicon wafers of the first pixel barrel layer.

3.1 VO results

These studies are based on 25 000 single minimum bias p+sd®3ithia generator), reconstructed with modified
hit triplet finding. The invariant mass distribution of retructed? — 77~ decays is shown in Fig. 5-right.
The K? is reconstructed with a resolution of 16 Me¥/ with an average mass of 0.496 Ge¥//in agreement
with the nominal mass value. TheandA peaks (not shown) are located at 1.114 G&\dnd with a resolution

of 6 MeV/c2. Protons can be strongly enhanced by a cut on truncated mBadz, removing almost all the
background. In the case of single collisions or low-lumityopp running, the resonances can be exclusively
identified. For high-luminosity pp running or PbPb collis® the inclusive yield can still be extracted, with a
reasonable background.

4 Conclusions

With a modified hit triplet finding algorithm, the pixel detec can be employed for the reconstruction of lpw
charged hadrons in high luminosity pp collisions, as wellrmBPbPb reactions. The acceptance of the method
extends down to 0.1, 0.2 and 0.3 GeWi pr for pions, kaons and protons, respectively. The fake tratk can

be greatly reduced by using the geometrical shape of the gixsters. Weakly-decaying hadron&d, A and

A) decaying before the first pixel layer can be observed via tferged products. Photons converting in the
beam-pipe or in the first pixel barrel layer are also detdetab

In summary, the CMS detector is able to provide good quaktyaan lowpr charged and neutral particle spectra
and yields, thus contributing to the soft hadronic physicgpam at the LHC.
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