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Considerations about HL-LHC

—-

’? :7 b S o ! L S e g ¢ ) S o o ‘f L 2N o f S A o 2 i | S
S [ CMS Phase-2 Simulation
. § [, PU =200, jetp_> 30 GeV \
SM HH discovery is challenging but analysis improvements thus far are fa 3
We will have a new tracker detector at HL-LHC... B0k -
+ 10% improvement in signal acceptance for H(bb)H(bb) from extended t k :
+ 10-15% increase for the VBF process [ |
+ b-tagging performance will benefit from a more granular detector 02
We will have a timing detector at HL-LHC... :
<15 )
+ ~ 30% improvement in light-jet discrimination by removing spurious tra « nOPU noMTD-
reconstructing " PUR200 no MTD:
e PU=200 with MTD
+ ~20% increase in effective integrated luminosity for HH 0 ‘ '
- ' 04 05 06 07 08 08 1
- Better background discrimination from selection optimization with the larg b-jet efficiency
Mip Timing Detector
| Channel | Signal increase (%) |
HH— bby~y 22
HH— bbbb 18

From C. Vernieri
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Summary: where can we improve in future?

T W,Z and Drell-Yan distributions t sensitivity to valence quarks, strangeness, photon PDF
ATLAS peak W,Z data has already reached systematic uncertainties of ~0.5%, experimental
improvement unlikely and this is already challenging NNLO calculations
The reach to lower x at 13,14,27TeV brings more theoretical challenges- need for In(1/x)
resummation- see arXIV:1710.05935
Off-peak Drell-Yan can still improve BUT low-mass brings the same low-x challenges.

This also affects the LHCb data
And high-mass requires good understanding of the NLO-EW corrections and photon PDF

T Inclusive, di-jet and tri-jet distributions------ sensitivity to gluon

Already challenging theoretical understanding -NNLO is needed but scale choice is still an issue
T Top-antitop distributions tsensitivity to gluon

NNLO calculations already required, data can also improve (data consistency?)

Combinations of types of data and different beam energies taccounting for their correlations-
can help

For all of these below: precision of the data can improve
T W,Z +jets ---—----- sensitivity to gluon- so far limited, can improve
T W,Z/ v+heavy flavour -sensitivity to strangeness and intrinsic charm- can improve

T Direct photon------- sensitivity to gluon v studies needed s
19
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Tracks / 0.0025 cm

The challenges of c-jets identification

The c-quark properties (lifetime, ...) and the corresponding physics
observables for c-jet tagging are between the ones of light quarks and

b-quarks
light jets c vs light c-jets cvsb b-jets
rgMSl | _b::v,zom é’ 102_ng/ | _b;:tTSev,zms
e R ~wswe | DeepCSV provides three discriminants

-0.04 -0.02 0 0.02 0.04
3D IP value [cm]

Jets / 1 unit

13 TeV, 2016
{ CMS —Db jets
£ Simulation .
Co C jets
E tt+jets

—udsg jets

10 15 20 25 30
2D IP/o of most displaced track

Jets /1 unit

k- P, >20 GeV

13 TeV, 2016
. r CMS —bjets
£ Simulation clets
10F ff 4+ jets :

—udsg jets

0 1 5 30
2D IP/o of second most displaced track

- P(B) used directly for b-tagging
- P(C) and P(L) used for c-tagging

From P(L), P(C) and P(B),
define c-tagging variables:
CvsL=P(C) /[ P(C) + P(L) ]
CvsB=P(C) /[ P(C) + P(B) ]

Jet Classification techniques in CMS in Run 2 - Moriond EWK 2019




The challenges of c-jets identification
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