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ACTIVITIES @ HEPHY (CMS DATA ANALYSIS)
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RUN 2 LEGACY (HEPHY EDITION)
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LHC LONG TERM SCHEDULE
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CMS PHASE 2 UPGRADES

New endcap calorimeters

Improved muon coverage and trigger high granularity

increased RPC coverage (1.5 < |n| < 2.4) o rononetructan R

new electronics —

CMS-TDR-016 __ CMS-TDI_IRC-;(Z:WI
a

Updates to calorimeter
and trigger

higher granularity
electronics for trigger

New precision timing detector
Timing resolution of 30-40 ps for MIPs
full coverage of |n| < 3.0
CMS-TDR-020

MTD

New inner tracker

Il sili
j I:;(;Crgr;;t rgi%?sr Upgrade to trigger and DAQ
5 layers of strips L1 rate increased to 750 kHz
L1: CMS-TDR-02 | High Level trigger rate to 7.5 kHz

coverage to |n| <4 CMS-TDR-014 RAQ/HLT: CMS-TDR-022 Track information at L 1



https://inspirehep.net/files/06706ccc57cf0fbd95863a67a750bfdb
https://inspirehep.net/files/0e509a7ebc799efe1a6a914c9873d16d
https://inspirehep.net/files/8f82fb529d70aed03e77640c3453d3af
https://inspirehep.net/files/7ed947b22660641ced12fd630f40fa84
https://inspirehep.net/files/f96f925080108949b5cc608ebcf43546
https://cds.cern.ch/record/2759072/files/CMS-TDR-022.pdf

OPPORTUNITIES & CHALLENGES

* Opportunities

* More data! — statistical uncertainty scales with
luminosity

* New detector features /improved coverage

* uncertainties in object performance:
machine upgrades (PU=200) and
detector upgrades (HGCal) approximately
compensate

* theoretical uncertainties (reduce by factor 2)
* PDF, better PS tunes, ME corrections, etc.

* Lower uncertainties on background prediction

* Challenges
* High pile up
* High beam-induced background

 High radiation leading to challenges in:

* Triggering, object reconstruction, object
performance, analysis

1.

2.
3.
4.

ofu Y(u /p?) (GeV)

* Increased demands on computing / new dataformats

* Many ingredients for capitalizing on HL-LHC / Phase Il

state of the art theoretical tools/calculations

* estimate of 10+ years of future development
low-level understanding of sub-detector performance
object performance (realistic projections)

novel analysis ideas that incorporate 1-3
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Phys. Rev. Lett. 116 (2016) 8, 082003

ATLAS /W projection
* 0.14 (stat) + 0.48 (sys)

0.17 GeV —
0.1 % (mostly JES)

* profit from
tracking
coverage to
n[<4

* unfolding

performance
similar to Run-ll,
despite the
higher PU


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.082003

ATL-PHYS-PUB-2018-054

HIGGS COUPLING AND X-SEC MEASUREMENTS CMS-PAS-FTR-18-012

) i 2 SM
Production modifier: K; = j/Uj

* Precision measurements of the Higgs coupling (modifiers and modifier ratios) .
Decay modifier: I{? =TIV /T4y

* Parametrize in SM deviations in the k- framework

Modifier ratio: ‘A;; = K;/K;
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* Measure coupling modifier ratios to partially cancel systematics
» HL-LHC statistical precision poses a dual challenge for systematic and theory uncertainties
* Differential x-sec measurements theory-limited

* Inclusive VH xsec uncertainties at the 10% level (~ factor 4 improvement wrt. Run 2) 3
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HIGGS SELF COUPLING
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Al future colliders combined with HL-LHC

The shape of the Higgs potential is (arguably) the least

experimentally and theoretically constrained part of the SM

* Destructive interference in production & low x-sec

First access to h3 coupling at HL-LHC

* Many & complicated final states
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https://cds.cern.ch/record/2652727/files/ATL-PHYS-PUB-2018-053.pdf
https://cds.cern.ch/record/2652549/files/FTR-18-019-pas.pdf

VBS AND RARE PROCESSES

[Denner, Hahn 'q7]

[FTR-18-031]
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* The weak interaction at high energy under intense scrutiny at HL-LHC

* 20-30% for VBS (weak) production of W W,

* tightly linked to Higgs sector via Goldstone Boson Equivalence

 Subtle cancellations in the SM Gauge-Higgs sector pose sensitive tests

* Most massive processes: 18-20% uncertainty for tttt

* expect significant improvement on analysis
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https://arxiv.org/pdf/hep-ph/9711302.pdf
https://inspirehep.net/files/9fd535bf685ebba824316469eda95f03

BSM - OLD AND NEW IDEAS
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SUSY: Gluino/stop search with 3 generation fermions e CMS MIP Timing Detector: MTD with @30ps

* Add boosted W/top categories + E{™ss + jets.
* Acceptance of [n| <3 for p1, p<0.7GeV

* Gluino exclusion (discovery) upto ~2.6(2.35) TeV
* Stop exclusion (discovery) reach ~1.5(1.4) TeV o Example- POy + G
. 1

* BSM searches with compressed/displaced signals

: ) * Measure arrival time in MTD (neutralino TOF)
benefit from L1 track trigger




SUMMARY
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* With 3ab®*HL-LHC will be the workhorse for many years to come
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* Detector upgrades enlarge the physics scope

+B) Weighted Events / GeV

* Highly energetic tails and low-xsec processes pose many

9200_
sensitive tests of the SM — many of them new 7 toof
D—l
* Improvements on theoretical and modelling uncertainties crucial! z
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m,, (GeV)

12



