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HL - LHC challenge

e Substantial upgrade for the High Luminosity
Phase of LHC to extend its physics capabilities

CMS upgrades

 New strategy: introduction of
sub-detectors for precise time measurements
« Collision vertices within a bunch crossing
(0, = 200 ps) can be distinguished - pileup mitigation

* New MIP Timing Detector (MTD): resolution of
30-40 ps for charged particles
« ECAL barrel new electronics: 30 ps for showers > 50 GeV
* Current endcap calorimeters replaced

by the High Granularity g
Calorimeter (HGCAL):
timing information \¢ L
at single-hit level, NN \ \\
resolution < 30 ps \\\“{“ \ '
for layer clusters e
with py > 5 GeV ]
[1] [2]
« Layer clusters projected in a
straight line towards the origin onto
the trackster barycenter x-y plane
(light-blue plane below)
« Layer cluster times propagated
at the speed of light to this plane,
averaged weighted with the time resolution
CMS simulation Preliminary _ -
Oesfl | | | | | | | __\\
- 1

64| s 1 N

« Higher luminosity (up to 7.5 :1034 cm™ s71) and
pileup (up to 200), a higher radiation environment,
and an increase in the event complexity
« Extensive detectors and software upgrades to cope
with these conditions

* Required >3 hits with ToA
to compute the layer cluster time
 Average of the hits time
weighted with their resolution
* Predefined time window containing
the highest density of hits considered

Event display of ¢f in PU200 showing
the tracks and the hits in the High
Granularity Calorimeter of CMS

Below: time development of a
500 GeV pion shower inside HGCAL
e (Circles: layer clusters with time, radius
proportional to the energy
e Colour: time in nanoseconds,
with respect to the collision time
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« Particle crossing a sensor in
HGCAL and leaving a charge above
threshold has a time of arrival (ToA)
measured with a time-to-digital converter

e Time is local in HGCAL
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The Iterative Clustering (TICL) T e i _80 >
« Modular software framework T T 1y |
integrated in CMSSW (CMS software) o xem TS
 Reconstructs particle showers
in HGCAL from single hits to final
particle candidates and their properties [3] 15
Trackster-to-trackster and .
« Hit clustering on each HGCAL layer with track- to-trackster linking to
CLUE [4] to create 2D clusters (layer clusters) create TICLCandidates
« Pattern recognition and linking across full
detector to create 3D clusters (tracksters)
« Linking with tracks, energy regression : energy deposits
. . S _ . I with time from
and particle identification to obtain "oy, vy HGCAL Endcap
the final candidates (input to e, "'%’a,,‘ I;melfg
Particle flow interpretation) Ty ;. Y, !
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In track-to-trackster linking:
« geometric, energy, and time compatibility
« time compatibility: comparing track time
from MTD with local HGCAL time,
projecting times onto each other
at the speed of light requiring
a 30 compatibility, with
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Time resolution of K showers (hits within 3
cm from shower axis), as a function of the
KP energy, ToA threshold of
12 fC, at startup (black) and

aged (3 ab’!, red) conditions [5]

« TICLCandidate time: trackster(s)

time propagated back to the point
of closest approach to the beam spot

along the track (or straight line if no track)
« TICLCandidate time and MTD time
combined at vertex if both available
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candidates | o TICLCandidates
from PV Single Pion ) .
10 <pr <20 GeV - t.1me compared to
1.7<|n|<2.7 {1 simulated vertex
| time, restricted to

charged particles

: | » Distribution of
} | candidates from
: | pileup vertices
: | matches time
: | spread of the
A | beam spot
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Conclusion
Timing information provided by HGCAL
can be used in CMS event reconstruction:
e description of how time is assigned to
each object for every step of TICL
« use of timing information in track-to-trackster
linking to reduce pileup contamination

HGCAL and MTD time combination opens the possibility
to perform a time-aware global event description in CMS
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Linking efficiency of a track
with the correct trackster as a
function of the simulated particle energy
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Efficiency: tracks correctly linked over
tracks that should have been linked,
i.e., reconstructed and passing cuts

used in linking algorithm
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Future studies

* Use time information in
trackster-to-trackster linking
« Better exploit time information in
track linking and in global event description
« Use this work as the starting point for
similar studies on future colliders detectors
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