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Considerations for Projections
• High energy running scenario specified (27 TeV and 15 ab−1)

• Assumptions for Detectors 
• performances are not specified
• assume pile-up and detector performance same as for HL-LHC
• perform basic extrapolation (energy and luminosity)
• projections will rely on combined theory and experimental input
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PROLOGUE  2

parameter unit LHC HL-LHC HE-LHC FCC-hh
Ecm TeV 14 14 27 100
circumference km 26.7 26.7 26.7 97.8
peak L ⇥ 1034 cm�2s�1 1 5 25 30
bunch spacing ns 25 25 25 25
number of bunches 2808 2808 2808 10600
goal

R
L ab�1 0.3 3 10 30

�inel mbarn 85 85 91 108
�tot mbarn 111 111 126 153
BC rate MHz 31.6 31.6 31.6 32.5
peak pp collision rate GHz 0.85 4.25 22.8 32.4
peak av. PU events/BC 27 135 721 997
rms luminous region �z mm 45 57 57 49
line PU density mm�1 0.2 0.9 5 8.1
time PU density ps�1 0.1 0.28 1.51 2.43
dNch/d⌘|⌘=0 7 7 8 9.6
charged tracks per collision Nch 95 95 108 130
Rate of charged tracks GHz 76 380 2500 4160
<pT> GeV/c 0.6 0.6 0.7 0.76
bending radius for <pT> at B=4T cm 50 50 58 63
number of pp collisions ⇥1016 2.6 25 90 324
flux of charged particles at r = 2.5 cm GHz/cm2 0.2 0.8 4.6 7.9
1 MeV-neq fluence ⇥1015 at r=2.5 cm cm�2 1 10 80 100
total ionizing dose at r=2.5 cm MGy 1.45 14.6 59.3 253.5
dE/d⌘|⌘=0 GeV . . . 13.6
dE/d⌘|⌘=5 GeV . . . 670
dP/d⌘|⌘=5 kW . . . 3.4
90% bb ⌘ 3.6 3.6 4.0 5.0
VBF jet peak ⌘ 3.4 3.4 3.7 4.4
90% VBF jets ⌘ 4.5 4.5 5.0 6.0
90% H ! 4l ⌘ 3.8 3.8 4.1 4.8
bb crossection mbarn 0.5 0.5 1 2.5
bb rate MHz 5 25 250 750
jets pjetT > 50GeV crossection µb 40 40 150 600
jets pjetT > 50GeV rate MHz 0.4 2 38 180
W+ + W� crossection µb 0.2 0.2 0.4 1.3
W+ + W� rate kHz 2 10 100 390
W+ !l + ⌫ crossection nb 12.2 12.2 77
W+ !l + ⌫ rate kHz 0.12 0.61 23.1
W� !l + ⌫ crossection nb 9.1 9.1 63.4
W� !l + ⌫ rate kHz 0.1 0.5 19.2
Z crossection nb 60 60 100 400
Z rate kHz 0.6 3 25 120
Z ! ll crossection nb 2 2 14.1
Z ! ll rate kHz 0.02 0.1 4.23
tt crossection nb 1 1 3 35
tt rate kHz 0.01 0.05 0.75 10.5

Table 1: Key parameters defining the detector specifications and challenges. [Preliminary numbers, Table to be updated]
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Assuming a factor of 5 increase in pileup 

Minbias cross section does not increase much with CM energy,

so can assume similar energy profile


https://indico.cern.ch/event/723382/



Higgs Couplings
• Focus of Yellow Report:

• provide a new benchmark that is accurate, not necessarily precise, for 
the HL-LHC

• re-appraisal in several channels necessary
• provide a rough estimate for HE-LHC coupling measurements

• Extrapolate from Run 2 analyses when possible
• increased luminosity
• Scale cross sections w/ increased center-of-mass energy (14, 27 TeV)
• reconstruction performance with new different PU conditions (200)
• different systematic scenarios
• agreement almost all systematics
• theory uncertainties centralized by LHC Higgs XS working group
• common experimental uncertainties proposed by from ATLAS+CMS

7/17/18 M. Narain 3



Higgs Couplings
• .
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Higgs Couplings
• Extrapolate expected sensitivity from current Run2 results

• Precision Higgs measurements are becoming systematics-limited
• both theoretical and experimental nuisances have an impact
• these will only become more important as we increase integrated luminosity

• many uncertainties can be constrained by data
• theory and experimental uncertainties via prescriptions
• 1% luminosity uncertainty

7/17/18 M. Narain 5



di-Higgs Production and Higgs Self Coupling
• For HH discovery requires 2.3ab−1 at 27 TeV 
• photon and jet mass resolution critical for detector design

7/17/18 M. Narain 6

D. Goncalves et al
https://arxiv.org/pdf/1802.04319.pdf



di-Higgs Production and Higgs Self Coupling
• For HH discovery requires 2.3ab−1 at 27 TeV 
• photon and jet mass resolution critical for detector design

7/17/18 M. Narain 7

D. Goncalves et al
https://arxiv.org/pdf/1802.04319.pdf



di-Higgs Production and Higgs Self Coupling
• .
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Possible topics in SM
• Four Top Production
• Single Top production (s-channel projection to 27 TeV)
• FCNC (?) tqgam, tZq, tHq

• Four Top Production
• rare process predicted by the Standard Model, not measured yet
• very sensitive to New Physics: color-octet/singlet vectors/scalars, top compositeness, 

EFT: 4t operator is not constrained elsewhere
• 4 tops as a probe for new physics

• constraints on the EFT qqtt 4-fermion operator at 14 TeV and 27 TeV (arXiv:1708.05928)
• constraints on chromo-magnetic and chromo-electric dipole moments at 14 TeV and 27 TeV 

(arXiv:1804.05598)
• Higgs width and top quark Yukawa coupling (arXiv:1602.01934)
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Four Top Production
• Four Top Experimental Status

• inclusive and differential results in the multilepton channel at 14 TeV
• fast simulation analysis (ATLAS) and extrapolation (CMS)
• Description of ATLAS analysis, yields with guessed uncertainties
• Description of CMS extrapolation, yields with guessed uncertainties
• ATLAS and CMS results: estimated cross section uncertainties and 

examples for differential distributions
• the plan is to have HE-LHC results, not sure time will allow it – Hoping 

it will pan out
• CMS Extrapolation of results using rescaling signal and background yields 

by cross sections. 
• for specific processes where kinematic is expected to differ substantially, 

check using 27 TeV truth-only simulations
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Possible topics in BSM
• Dark Matter Projections: DM+ttbar, DM+Single top
• Heavy neutrino
• Z’ -> ttbar
• For new studies, need to understand the available background 

samples (which LHE exists in the FCC repository)
• Any other place we can look at ?
• Delphes with 800 PU? Or just 200 PU as for HL=LHC?

• Dark Matter Projections:
• Some studies using Mising ET+jets done at 33 TeV during snowmass

studies (see more on next slide)
• DM+ttbar, DM+Single top

• Extrapolation of results using rescaling signal and background yields by cross 
sections.

• for specific processes where kinematic is expected to differ substantially, check 
using 27 TeV truth-only simulations

7/17/18 M. Narain 11



HE-LHC: WIMP search using Missing ET+jets 
• Significant gains with the HE-LHC:

• Models tested (circa 2013) – somewhere collider exclusion dominates, 
others where direct detection dominates.

• Sensitivity to WIMP pair production via effective operators 
and light mediators
• Spin independent Spin dependent
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arXiv:1307.5327

HL-LHC@14 TeV

@33 TeV / 3ab-1 HL-LHC@14 TeV

@33 TeV / 3ab-1
HL-LHC@14 TeV

@33 TeV / 3ab-1

4 TeV
x1/100

x1/100



First look at Z’→ ttbar events at the HE-LHC
• Z’ @ Run 2 (recent result)

• hitting the “energy limit”
• Particles w/ mass >5TeV & width>10%

do not show up as resonances, 
rather as spectrum enhancement

• not “bump hunting”

• energy upgrade essential to reach higher masses
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Analysis goal and strategy

May 3, 2018 �4S. Sagir

Goal: Perform sensitivity study of ttbar resonances for 
the HL-LHC with Phase-II detector for Yellow Report
Strategy:

Take advantage of already mature strategy used in 
Run-II searches (B2G-17-017) and possibly improve 
on them
Perform search in single-lepton and all-hadronic final 
states
Use reconstructed ttbar mass spectrum to search for 
a signal

All-hadronic: require 2 top tagged AK8 jets to 
reconstruct the mass
Single-lepton: Reconstruct the leptonic top using 
the lepton 4-vector and the neutrino, using W-
mass constrain

Selection for semileptonic analysis (B2G-17-017, electron channel)
2Semileptonic Triggers 

Electron Channel

• Single electron trigger with no isolation 
criteria plus one jet 

HLT_Ele50_CaloIdVT_GsfTrkIdT_PFJet165 

• Back up trigger: Single electron trigger with 
no isolation criteria plus two jets  

HLT_Ele45_CaloIdVT_GsfTrkIdT_PFJet200_PFJet50 

• Given the uniqueness of this trigger we 
would like to keep its thresholds as low as 
possible for next run. 

• Search for resonant t t̅ production in the semileptonic channel.  

• Our analysis is optimized for boosted topologies.

Muon Channel

• Single muon trigger with no isolation 
criteria 

HLT_Mu50 

HLT_TkMu50 

• The efficiency and data/MC SF for this 
trigger are taken from the Muon POG

• Ele50_PFJet165 OR Ele115

• ElectronID CutBased tight

• At least 2 jets (JetID loose) and exactly 1 electron

• top-tagging: τPUPPI
32 <0.65, 105<MPUPPI

softdrop<210
(1%mistagWP 2016)

• veto events with Ntoptag ≥2

Cut value preselec
e (pT>, |η|<) (80, 2.5) (50, 2.5)

jet1 (pT>, |η|<) (185, 2.4) (30, 2.4)
jet2 (pT>, |η|<) (50, 2.4) (15, 2.4)

pmiss
T > 120 50
Hlep
T > 0 0

2D (∆R, prelT ) NA (0.4, 20)

• Jet-lepton cleaning by key

• JEC Summer16_V4 (Moriond)

• electronID, Gsf SFs (Moriond)

• 2D electronHLT SFs

• veto gap electrons

• with Moriond CSV shape SFs

• mis-top tag SF: 1.04± 0.07 (W+Jets CR)

• top-tag SFs (MLE)
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AK8 jet associations
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AK8 jet associations, reconstructed from 2 leading AK8 jets that are t-tagged
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Z’→ ttbar @ 27 TeV
• vary Z’ mass and pileup
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Z’→ ttbar @ 27 TeV

• First look at Z’→ ttbar events 27 TeV
• masses up to 10 TeV studied: very collimated top jets
• different PU scenarios studied up to 800: PUPPI seems to 

hold well, must check reliability of the simulation with experts
• We are probably being too optimistic. Need to investigate if any of the 

assumptions in Delphes do not hold at 800PU
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Summary
• Given the time constraints choose a few channels which can 

be projected using the cross section increase and lum
• needs reinforcement
• SUSY plans still being developed. 

• Planned studies by ATLAS (prelim list)
• Higgs Coupling projections
• Di-Higgs (HH-> bb𝛾𝛾)
• SM: VBS, 4tops, top s-channel, tZq, W mass
• EXO: Z’ →di-leptons, VV resonances
• SUSY (strong production greatly enhanced with √s)
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