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Why HL-LHC?

® What have we learnt so far?
® Standard Model works beautifully.
® Currently NO direct evidence of new physics at the LHC

® Key questions remain unanswered
® Hierarchy problem
® Dark matter
® Origin of matter-antimatter asymmetry

® HL-LHC will deliver 3/ab (~ x50 today’s data sample) @ 14 TeV
® Enables study of “SM-like” properties of Higgs boson in details
(including study of rare Higgs decays/Higgs self coupling)

® BSM physics (extra scalars, BSM Higgs resonances, exotic
decays...) could manifest itself in deviations from SM
predictions

® Strong motivation for new physics at the TeV scale (Answers to
the above questions may lie there => new particles, interactions,
dimensions )

® In case of discovery - Investigate properties of new particles
which are observed along the way!

2



LHC Schedule
¢ 0F+3a | | * Peak Iuminosity ~=Integrated luminosity | o

| 1000
-1
5.0E+34 300fb e o ® o @ e o
D
1ase -1 Phase 11

— 4.0E+34 3011 100
» 4 &
£ . o <t LN >
O, 3.0E+34 ¥p) ‘ U U v £
-~ — _— —l — 10 o)
' :
€ 2.0E+34 v o o E
T. (HL-LHC) | -

1.0E+34 <

0.0E+00 '

0.1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Year
® As pile-up increases, complexity adds on from all aspects when it comes to
look at such data in the detector (increased rate of fake tracks, spurious
energy in calorimeters, increased data volume to be read out in each event)

® Detector elements and electronics are exposed to high radiation dose
(reaching limits for several systems) q Need of detector upgrades
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CMS upgrades

To meet the machine performance, CMS have 2 major upgrade phases as well.

Phase 1 (new PIXEL, HCAL readout, trigger)

Phase 2 (new tracker, new EC, new readout for barrel calorimeters, extended muon
capabilities, new trigger, new DAQ)
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The Higgs Sector

A major component of HL-LHC physics program

HL-LHC (Higgs factory), we expect to produce >150M Higgs Bosons (over 1Million for
cach of the main production mechanisms, spread over many decay modes)
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Enables a broad program:
* Precision measurements of Higgs coupling across broad kinematics
- Di-Higgs production and its sensitivity to rare decays
- BSM Higgs searches
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Physics potential enabled by
upgraded detectors
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Physics potential enabled by
upgraded detectors

14 TeV, 200 PU
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Remarkable expected improvement in measurement of the precision of the Higgs coupling
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Higgs Coupling

For any process, its rate is determined by couplings involved.

Currently measured upto 20% typically.

Projections at 3-10%-level with 3000 tb-1.
HL-LHC will improve measurement precision by a factor 2-3!
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Possibility of “evidence” by combining all channels
in ATLAS and CMS

Improvement foreseen driven by :

Detector optimization, Analysis algorithms

Di-Higgs production - Higgs self-coupling

Benchmark channel for HL-LHC program
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SUSY projections
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Dark Mattel' Cellider Production

Indirect Detectio”

-

Weak-scale interactions with the SM = :
Complementary to direct detection experiments. ;W SN
arty Universe Annhilzton
Searches based on Simplified Models
Search for Dark Matter in Missing E+jets - Benchmark among other searches.
Interpretation in simplified models with 4 parameters (M, .;, Mpyes Csvs Epm)
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 Heavy resonances reach
can extend up to 4-5 TeV
in both tt (Z’) and tb
(W’) channels

Long Lived particles (LLP)
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- LLPs decaying non-promptly (after some cr)

predicted by many new physics models

- great discovery potential -> new focus at the

LHC

- Use different signatures to search for LLPs :

- Need dedicated tools for non-standard
objects, custom trigger/reconstruction/
simulation

- Potential gains from high luminosity, track-
trigger, fast timing, better directionality.



Heavy Stable Charged particles

* Detection technique
* Could look like heavy, highly-ionizing, slow-moving muons

- Depending on their mass and charge, we can expect anomalously high energy loss
through ionization (d£/dx) in the silicon sensors with respect to the typical energy loss
for SM particles

- dE/dx discriminator shows large separation between signal and backgrounds
demonstrating the need to keep dE/dx capability in the tracker

- dedicated reconstruction able to cope with unconstrained vertex position
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Long lived neutralinos
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sMuons:

* need to keep/exploit trigger capabilities on displaced muons

* A dedicated muon reconstruction algorithm for non prompt
muons that leave hits only in the muon system to cope with
unconstrained vertex position.

* Gives better reconstruction efficiency compared to SA
muons that use information of the primary vertex

e Expected exclusion limits for the gauge-mediated SUSY
breaking model with the smuon being a (co-)NLSP for the
predicted cross section as well as for a factor 100 larger
Cross section
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Long Lived particles (LLP)
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Precision Physics: Top Quark Mass
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This analysis of Bg — gt~ will become a
precision measurement, and the observation

of the decay of B0 to two muons is expected °
to reach a significance of 6.8 o.

This result places very strict constraints on
models of new physics

Companion decay of Bq has a branching
fraction factor of 30 lower. Improving the
precision of the B measurement and
observing B4 decay (its branching fraction)
are important goals of HL- LHC.

Gain in di-muon mass resolution as
discussed earlier leads to 25% significance
gain in separation B4/Bs.
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Summary

e HL-LHC offers exciting physics perspectives with challenging conditions.

® Main challenge is to mitigate large pile-up interactions.
® Trigger with increased bandwidth
® Increased granularity of calorimeter endcap detectors and more
coverage in eta.
® Timing information from MIP timing detector

® Baseline for the upgraded detectors is defined.

® We look forward to exciting physics program in coming years.
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Status of documentation
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Technical proposal

Tracker, Muon and Barrel TDR’s submitted to LHCC
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Phase-| Tracker

The radial region below 200 mm is equipped with pix- elated detectors. Beyond 200 mm, the present tracker
features single-sided strip modules and double-sided modules composed of two back-to-back silicon strip
detectors with a stereo angle of 100 mrad. Double-sided modules provide coarse measurements of the z and r
coordinates in the barrel and endcaps, respectively. The tracking system was designed to provide coverage up to

a pseudorapidity of || = 2.4.
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It has been demonstrated that basically all double-sided strip modules cannot be operated anymore at the nominal

cooling temperature already after 1000 fb—1.
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CMS Tracker upgrade
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L1 trigger enables the tracker has to send out self-selected information at every bunch crossing. Such
functionality relies upon local data reduction in the front-end electronics, in order to limit the volume of data
that has to be sent out at 40 MHz. 24




e The L1 track trigger will be a
fundamental (and unique!) asset
in HL-LHC:

e allows to keep low thresholds in
single objects

* enables PF-like PU mitigation
and PF-like algorithms at L.1

The improved coverage and
reduced material budget
allow to preserve and enhance
basic tracking performance.
Resolution on pT and IP will
be almost a factor two better
than current.

Effciancy

CMS tracker performance

L1 - tracking efficiency
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CMS tracker performance
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Physics potential enabled by

upgraded detectors

VBF topologies (H—1t in the specific) gain in acceptance
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CMS Muon upgrades
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CMS Muon upgrades

Extensions in 2.4 <|n| <2.8
e ME(O: New GEM chambers opens up new phase space
* Adds 0.4 pseudorapidity units to muon coverage with high performance

 Reduction in “lost lepton” background for searches with multileptons
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Electromagnetic calorimeter:

Full detector granularity to hardware trigger
(currently xtal towers)

Upgrade electronics to accommodate trigger
rate and latency requirements

Significantly reduced shaping time and
increase of sampling rate to 160 MHz for
precision timing (30ps target), improved
suppression of anomalous signals and out-of-
time pileup

Hadronic barrel calorimeter

Replacement of inner layers with
radiation tolerant scintillator (still
under discussion)

New back-end electronics
Usage of longitudinal granularity
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CMS End-Cap calorimeter upgrades

* The high granularity, both in transverse and longitudinal directions,
gives powerful handles for pileup mitigation and detailed shower
reconstructions.

* A full reconstruction is still in the making given that no past experience
helps. Results will be shown soon in the Technical Design Report due by

Relative energy resolution

the end of the year.
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CMS End-Cap calorimeter upgrades
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Why do we need timing capability?

e the number of PU events at HL-LHC will
not allow to discriminate efficiently
between hard scattering and PU vertices
causing ambiguities and large tails.

Vertices will be

—
2
c

distributed in space but™

also in TIME.

Timing associated to
tracks (MIP) will be
complementary to
timing associated to
calorimeter cluster and
enable 4D vertexing,

reducing the effective
PU.
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Concept for central region:

Thin LYSO + SiPM layer built into tracker
barrel support tube (in between tracker and

ECal Barrel)

— precision timing for charged particles and

converted photons

CMS simuiation preliminary
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CMS MIP timing detector

Concept for forward region (more
stringent radiation hardness

requirements):

LGAD (Silicon with Gain), with baseline
location as additional final layer of strip

density (events / mm)

e Areduction of 5 times effective pile-up in terms of charged tracks is expected
e asignificant improvement in lepton isolation is expected as well as large effects on
derived quantities (missing ET)
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Cross section Projections

The “5%” level is reachable!
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Scattering

 The longitudinal W scattering is one of the essential

Precision Physics : Vector Boson
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HIP flag

The Phase-2 Inner Tracker will continue providing dE/dx measurements, enabled by its Time over Threshold
readout, while the Outer Tracker cannot provide such information, given that the readout is binary. To
increase the sensitivity for signatures with anomalously high ionization loss, a second, programmable,
threshold has been implemented in the Short Strip ASICs of the PS modules of the Outer Tracker, and a
dedicated readout bit signals if a hit is above this second threshold. Searches for heavy stable (or quasistable)
charged particles (HSCPs) can thus be performed by measuring the energy loss in the Inner Tracker and by
discriminating HSCPs from minimum ionizing particles based on the “HIP flag” in the Outer Tracker. The
threshold of the minimum ionization needed to set the HIP flag is an adjustable parameter in the PS
modules. A threshold corresponding to the charge per unit length of 1.4 MIPs, resulting from preliminary
optimization studies, is used in the simulation, and the gain in sensitivity obtained by using the HIP flag is
studied.
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