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This talk

Sec.5: High p; signatures from flavour
Sec.6: Resonances and other BSM
signatures

HL: 3/ab @ Vs =14 TeV
HE: 15/ab @ Vs = 27 TeV
(no real HE detector simulation)

36 analyses and projections
— Can only show a selection
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Despite success of SM, open questions remain:

Hierarchy

Small neutrino masses

Weak gravity, extra dimensions?
Higgs mass

Bounds on models get stronger = new or
modified models

Experimental HL/HE studies often guided by

Existing Run-2 analyses, variety in channels
Profit from Phase-2 detector performance

?,,,ya*;‘“*’" N e
T “:::;lé w'“..\cf ; NoT Y&t iy
JU\PGF WYy
QUGAT (T
"“h;:"';ﬁm ™ Yele
.F rhariie V) 4y
. o iy
(N7 L \a'
F e @ v B
0 ] -
s M*‘““f""f :
x Nl
-~ shded
§ lyEe %
0 %.
e A\

YR BSM Secs.5,6 High pT and resonances

HL/HE Jamboree, CERN, March 1st

&“ " ;""“ prrdcd&
Wiaboryt "™ Notale
avou \ .
’
- m o *"‘ﬁm
e, \ \ 9
A e wit

Hltoshl Murayama



Dilepton Resonance at HL

Key benchmark BSM searches, e.g. Sequential SM (SSM) model.

Leptonic channels (ee, uu) with max sensitivity due to BR, high VAN
reconstruction efficiency.
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Dilepton Resonances at HE

HE-LHC Simulation (Delphes)
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What if we discovered something?

Example of Z'->ee/uu. Study discrimination power at
HE in case of discovery at HL-phase (Mass = 6 TeV).

With vs=14 2 27 TeV, 6,4 increases by ~100.
Observables: A, r, = ratio central/forward evts
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Events

Events /0.2 TeV
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CMS Delphes
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Randall-Sundrum Graviton = tt @

Boosted tops: v .’ bojet

Spin-2 RS graviton predicted by extra dimension models
Enhanced couplings to 37 gen SM particles suggested.
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Diboson Resonances at HL/HE

Models: HVT (heavy vector triplet),
RS and narrow scalar resonances
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X - HH - 4b

Decay of a BSM resonance, e.g. Spin-2 KK
graviton to double Higgs and 4b jets

ATLAS
simulatio

QCD = Main background. Estimated by scaling
from Run 2 smce HL stats too Iarge for simulation
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The Neutrino Mass Puzzle

Observed tiny m,, and large mixing angles still seek explanation.
Popular models exploit Majorana nature and see-saw concept.
Many possibilities at hadron colliders.
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Production via DY, gg-fusion (GF) or Specific model (low scale see-saw,
VBF covers large mass range benchmark mixing) 3 lepton final state
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Heavy Composite Majorana Neutrino

Heavy Majorana neutrino Ny using decay modes:
aq > N > eejj/ppij
Model parameters M(N¢), compositeness scale A

* Cut high on lepton p; and (fat) jet p, Discovery potential of M(Ny, increases

to 7.5 TeV (HL) and 11 TeV (HE)

CMS Phase-2 simulation Preliminary 3ab’ (14 TeV) CMS Phase-2 simulation Preliminary 3ab’ (14 TeV)

HL/HE Jamboree, CERN, March 1st
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Compositeness

If compositeness = excited leptons (or quarks). Several

searches in Run-2. Final states eey/upy are classical, also
interesting for other models.

e Model parameters: Mass m({*), compositeness scale A

* Concentrating on high masses. Xsec scale with A

* Signal extracted from 2D of m™# and m™min

—
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Vector-Like Quarks Projection

SM extension of 4th generation with SM-like chiral couplings now excluded, it;i;z
would alter Higgs production xsec through their loop contributions. - Eé
Spin-1/2 (= vector-like quarks or leptons) still possible. g T ZHW Eé
Studying chiral properties of such states by measuring > ZHW ;;U 5
polarisation of final-state particles to disentangle ! . %é

properties of hypothetical VLQ
Recast of ATLAS Run-2 result in JHEP08(2017)052
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Low-Mass BSM Signatures

Not only high-p,, also preserve capability for low mass signals. Experimentally
challenging with high PU, e.g. trigger thresholds.

Relaxion mechanism (¢) addressing Axions-like particle (ALP, a).
hierarchy problem differently than Interesting mass range 1 — 90 GeV.
conventional symmetry-based models. KSVZ ALP
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_ _ Best sensitivity from boosted yy
Many interesting channels, BR = f(m). resonance search based on

monojet trigger projected to HL
and HE.
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Summary

Could only flash a small selection of analyses and projections.
Many opportunities for BSM. Looking forward to discovery.
For heavy particles, HE will =double the sensitivity.
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Extended Higgs Sector

Test compositeness of 2 Higgs-
Doublet Models (2HDM)

* Additional Higgs bosons (mass m),
mixing of heavy top partner with SM
top (C,), scale of compositeness (f),
coupling of spin-1
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Analysis Techniques for HL Studies

ATLAS

* Generate truth-only 14 TeV event

* Overlay with jets (full sim) from pileup library, <PU> = 140 or 200
* Reconstruct particles from truth+overlay

* Smear their energy and p; using appropriate smearing functions, incl. Eff
for genuine objects and rates from mis-identified objects.

CMS (two types, projections and full analyses)

Projections from a present analysis

* Existing signal and background samples (simulated at 13 TeV) scaled to
higher luminosity and sqgrt(s)=14 TeV. Different uncertainty scenarios.

* Analysis steps (cuts) from present analyses.

Full analyses with parametrized detector performance

= DELPHES with up-to-date phase-2 detector performance and <PU> =200
= Dedicated simulation of signal and background samples

= Analysis steps guided by present analysis. Limited optimization for HL.
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Analysis Techniques for HE Studies

= HE: generated new signal & background, and pileup samples at 27
TeV, using HL-LHC-CMS Delphes simulation.
= Conditions:
* We assume the same detector of HL
* PU 200
* Pileup has been re-simulated at 27 TeV
* C.O.M. energy =27 TeV
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Example: Systematics for RSG>tt

Table 2: Summary of the sources of systematic uncertainties.
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Source Uncertainty ~ Single-lepton  Fully hadronic

Integrated luminosity 1% v v

Electron identification 1% v

Muon identification 0.5% v

Jet energy scale 0.5-4% v v

Jet energy resolution 3% v v

b tagging (subjet) 1% v

Light quark mistagging (subjet) 10% v

t tagging 5% v v

PDF 2.4% v v

QCD renorm./fact. scale 3-4% v v

tt cross section 3% v v S
Single top quark cross section 6% v %
W+jets cross section 3% v o
Z+jets cross section 6% v o
WW cross section 6% v E.
QCD multijet cross section 6% v =
QCD multijet modified mass procedure 2% v -
QCD multijet estimate closure test 5% v

N
D




Spin-1 Vector Resonances

Higher order corrections important

- with increasing mass
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events / 0.2 TeV

Impact of final state lepton

Dilepton resonance of M(Z") = 6 TeV. Upper = Theory projection

HE-LHC Simulation (Delphes)
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