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* Mip Timing Detector (MTD): new 30-40 ps timing resolution detector for CMS at HL-LHC
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e Improve reconstruction and selection of physics objects
e Extends sensitivity to Long Lived Particles (LLP) beyond typical analysis strategies

e Provides implicitly particle identification (PID) capabilities
 New opportunities of Heavy lon physics (DP2021-037) and B-physics
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More on MID @ICHEP2022:

The CMS MTD Endcap Timing Layer: Precision Timing with Low Gain Avalanche Detectors

Speaker: Marta Tornago

Precision Timing with the CMS MTD Barrel Timing Layer for HL-LHC

Speaker: Francesca Maria Addesa (INFN

e Improve reconstruction and selection of physics objects
e Extends sensitivity to Long Lived Particles (LLP) beyond typical analysis strategies

e Provides implicitly particle identification (PID) capabilities
 New opportunities of Heavy lon physics (DP2021-037) and B-physics
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MTD Resolution Scenarios

e MTD_CMS-TDR-020: MIPs w/ 30-40 ps resolution degrading to 50-60 ps by the end of

operations

e New Public Results Released for ICHEP2022: Additional physics channels that

=

benefit from timing information: explore impact of potentially degraded performance

e Barrel (BTL) Resolution scenarios:

~35 ps — Nominal TDR performance

~50 ps — Scenario with potential
degradated performance due to
radiation damage (dark current
contribution increases)

~70 ps — Extreme scenario with
potentially degraded performance
and the largest safety margin on
radiation level uncertainties

Current projections: based on profotype
studies with sensor modules and near-to-final
ASICs, close to TDR expectations (optimization in
progress till the end of 2022)

 Endcap (ETL): excellent performance
maintained
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Current projections: infense LGADs studies
marginal degradation in region of less than 5%
of the area in the last 10% of the luminosity,
including fluence safety margin
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Higgs Bosons Pair Production at HL-LHC

e One of the main goals of the LHC physics programme:

e Benchmark channel used to gauge the impact of pileup reduction including time
cleaning of events.

osm gQafF = 31.05 fb
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Higgs Bosons Pair Production at HL-LHC

e One of the main goals of the LHC physics programme:

e Benchmark channel used to gauge the impact of pileup reduction including time
cleaning of events.

osm QafF = 31.05 fb

e Best experimental sensitivity: five channels explored and combined

e Richness of physics objects: MTD has large integral effect
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Physics Objects Performance w/ MTD
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Physics Objects Performance w/ MTD
B-tagging
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Physics Objects Performance w/ MTD

Lepton isolation
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Physics Objects Performance w/ MTD

MET resolution

10% variation in MET resolution: 10% variation in di-tfau mass resolution
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Updated Pertormance of HL-LHC HH
sensitivity with MTD

 The cumulative effect of the gains at the single object level translates into an increase
in the signal yield at constant reducible background

35 ps BTL, 35 ps ETL ! !
Channel | No MTD | ETL Only | BTL Only | MTD t L
bbbb 0.88 0.90 0.93 0.95 , f
bbTT 1.30 1.38 1.52 1.60
bbyy 1.70 1.75 1.85 1.90
Combined | 2.31 2.40 2.57 2.66 (2.75 w/ bbWW and bbZ7)
50 ps BTL, 50 ps ETL
Channel | No MTD | ETL Only | BTL Only | MTD
bbbb 0.88 0.90 0.93 0.95
bbrT 1.30 1.36 1.44 1.50
bbryy 1.70 1.72 1.78 1.80
Combined |  2.31 2.37 2.47 253 (2.63 w/ bbWW and bb’Z)
70 ps BTL, 35 ps ETL
Channel | No MTD | ETL Only | BTL Only | MTD
bbbb 0.88 0.90 0.92 0.94
bbTT 1.30 1.38 1.36 1.44
bbyy 1.70 1.75 1.76 1.81
Combined |  2.31 2.40 2.41 251 (2.60 w/ bbWW and bbZZ)

 MTD will enable CMS to (almost) achieve standalone evidence for HH production

e These improvements w/o MTD would require 31% more luminosity (+3 y of data taking) w/
nominal scenario and ~20% (+2 y) w/ degraded scenarios
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Long Lived Partficles detection with MTD

\
MTD surface

-
0
.
0
.
Ad
0
.
-
. V

A
Ld
*
L4
L

S —

Colliding LHC beams Primary Vertex  Colliding LHC beams

Physics opportunities with a MIP Timing Detector in CMS for HL-LHC - ICHEP2022 - Livia Soffi 6/13


https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=2944&pid=24863

Long Lived Particles decaying to
ohotons

* MTD essential to properly determine the primary vertex time (large gain in
sensifivity w.r.t. )

e ECAL time resolution: 30 ps 10° CMS Phase-2 Simulation 14 TeV
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Long Lived Particles decaying to
ohotons

* MTD essential to properly determine the primary vertex time (large gain in
sensifivity w.r.t. )

e ECAL fime resolution: 30 PS 106 CMS Phase-2 Simulation 14 TeV
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Long Lived Particles decaying to
ohotons

* MTD essential to properly determine the primary vertex time (large gain in
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MTD as a time-of-flight detector
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e Detection of anomalous moving particles (slow velocities, gl=1
charges): CMS-TDR-020

e Particle Identification (PID): DP2021-037
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MTD as a time-of-flight detector
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e Detection of anomalous moving particles (slow velocities, gl=1
charges): CMS-TDR-020

e Particle Identification (PID): DP2021-037

New opportunities for understanding high-density QCD matter with CMS Phasell detector at the High Luminosity
LHC era

Speaker: Yousen Zhang
Physics opportunities with a MTP Timing Detector in CVIS for HL-CHTC - TCHEPZ0ZZ - Livia Soffi o713
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Detection of Slow Moving Por’ric\es
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MTD Impact in Particle Identification £

tv tx

|

tmMTD

MTD surface

Colliding LHC beams

» Based on the TOF difference of particles with different masses At = —

Ltiight

>

Primary Vertex

<

Colliding LHC beams

|
SHle

c(tyrrp — tota)

Ltiignt

PID provided by MTD exploited in

Heavy lon and B-Physics
measurements

L

a

1

6meas 6hyp

e Detailed detector response model implemented in the full CMS reconstruction
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Dependence of PID
oerformances from MTD resolution
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PID w/ MTD application in B- Phymcs@

e CP violatfion in the Bos — J/@ ¢(1020) decay:
HL-LHC projection exists w/o PID

- Benchmark channel to gauge benefits from
timing in flavour tagging

e Strateqy:

- Initial B flavour “tagged” by exploiting the charge correlation between the
s-quark sign and the charge of a soft kaon from the PV (same-side tagging)

- Deep Nevural Network tagging
algorithm w/ event-by-event tag PID scenario Gains in Py,
decision and expected mis-tag rate

MC truth +66%
- Figure of merit to quantitatively oD with o = 40 o
compare different tagging techniques WIth Ggr. = 4L PS 6
PID with ogr, =70 ps +14%

Ptag = €tag D’%ag = etag(l —2 C‘)tag)z

 Significant improvement w/ PID from MTD on top of Phase-2 extrapolation
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Conclusions and Outlook

* MTD detector design driven by scientific requirements which follow from the
physics goals of the HL-LHC program

 MTD fime resolution: 30-40 ps at beginning of HL-LHC. Still effective at the
end of operation after degradation due to radiation damage.

Final optimization of the sensors is in progress to achieve the TDR target

* New analysis capabilities o CMS :

Enhance feasibility of SM precision measurements
Explore non conventional signatures with Long Lived Particles

Boost Heavy lons and B-Physics capabilities with Particle Identification
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