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Introduction

SUSY (or something like it) is a compelling candidate theory of EWSB...

@ Addresses the hierarchy problem
o Has a dark matter candidate
@ Possible unification of gauge couplings

.. with some significant drawbacks (for an experimentalist, at least)

o huge parameter space — use simplified models!
@ no direct evidence for BSM SUSY at 8 TeV — go higher in energy!

This talk: what can SUSY simplified models tell us about colored new
physics at /s = 100 TeV?
@ Focus on high-mass states not accessible at the LHC
e Use simple analysis strategies, avoid assumptions on detector design,
pileup sensitivity, etc
o Try to extract:

o Mass reach for different scenarios/spectra
o Implications for accelerator and detector design
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Outline

QO Intreduction
@ The tools
@ Simplified models with jets+Exiss

o Gluino/neutralino
o Squark/neutrino
o Gluino/squark

© Simplified models with heavy flavor

o Gluino/neutralino with decays to top quarks
o Stop/neutralino

© Summary

Based on....

o SUSY Simplified Models at 14, 33, and 100 TeV Proton Colliders
Cohen, Golling, Hance, Henrichs, Howe, Loyal, Padhi, Wacker (2013)

@ Boosting Stop Searches with a 100 TeV Proton Collider
Cohen, D’ Agnolo, Hance, HK Lou, Wacker (2014)

@ And some new work, to be documented.
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The Tools



@ MC samples from Snowmass 2013 production

o Madgraph5+Pythia6
o Hr binned to give reach out to very high energy/luminosity
o Normalized to NLO predictions from MCFM
o DELPHES3 simulation using a hybrid ATLAS+CMS detector
@ Several pileup conditions considered
e 0, 50, 140 extra interactions/crossing

e Most studies performed with no pileup

@ Assume systematic uncertainties of 20% for background estimates
@ Validation of framework against ATLAS European Strategy projections
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Simplified Models with Jets+Emss



Gluino/Neutralino Simplified Model
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Search Strategy: Jets+Emiss
@ Zero leptons (pr > 10 GeV, |n| < 2.6)
° EITniSS > 100 GeV, >4 jets (pr > 30 GeV, |n| < 3.5)

° E’Tniss / H¥ % > 15 GeV!/2 to reduce QCD multijets (not simulated)

o pidiet /HIS < (.4 reduces V+ets

o _o 0 9 jet:
@ Optimize simultaneous cuts on EF™S and Hy
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e Primary backgrounds
o 14 TeV: 65% W /Z+jets, 35% 1t
o 100 TeV: 40% W /Z+jets, 60% tt
e Keep same search strategy for 14 TeV and 100 TeV

o Allows for direct comparison )
o Sensitivity mostly comes from Ef"* and H;" cuts
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Events/200 GeV in 3ab?
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e Primary backgrounds
o 14 TeV: 65% W /Z+jets, 35% 1t
o 100 TeV: 40% W /Z+jets, 60% tt
e Keep same search strategy for 14 TeV and 100 TeV

o Allows for direct comparison )
o Sensitivity mostly comes from Ef"* and H;" cuts
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Discover gluinos with masses up to 11 TeV!

@ 13.5 TeV exclusion at ~100 events, improvements still possible
@ Worse sensitivity for massive neutralinos
o Assumes 20% systematic uncertainty on backgrounds

@ 5% unc: reach ~12 TeV for m(LSP)=0, also improves m(LSP)>0
@ Assumes no pileup, checks at /s = 14 TeV show this is safe

o Optimal HjTets ~ mg, not sensitive to pileup
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Compressed pp — 28 — qqXxi9q

Two strategies to target the compressed region (mgz ~ my,

@ Mono-jet: optimize plf’ad et EXs in events with < 2 jets

o Best for light gluinos and small Am = (mz — m%?)

o High-EMss: optimize EF' cut
o Best for heavy gluinos and/or large Am
o Always beats mono-jet at 100 TeV (no < 2 jets requirement)
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PP — 499" — gXi9;

Jets+ETsS strategy not optimal for
dijet+E™S topology
o Use CMS approach from LHCS
(PAS-SUS-13-019 ):
o Binin H®
o Optimize cuts on mr>
(leading jets + p#s*)
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pp — 88,849,499

Assume massless LSP, vary m; and m;:
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Multijets+E™S gives good sensitivity, but richer topologies are also likely:

o Naturalness suggests m; < m, SO decays via off-shell 7 are more likely
than light-flavor squarks

So... what if g — 7! ?
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Simplified Models with Heavy Flavor
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Search Strategy: same-sign dileptons

@ Preselection: Z-veto, > 2 b-tags, HjTets > 80 GeV, E‘T’rliSS > 50 GeV
o 8 signal regions

o Variables: symmetric Mrz, p*® ', EB Niis, N jers, merr, HE®

o Tight cuts on several variables for light g and x°

o Targeted SRs for heavy g and compressed spectra

@ Dominant backgrounds from 77, diboson, tW
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@ Multi-SR approach: good reach for high masses and compressed
spectra
@ Room for future work:
o All-hadronic channels

o Lepton isolation tuning
o Substructure, top-tagging, etc
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Direct Stop Search
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“Natural” SUSY needs a light 7 to regulate the Higgs
@ Rich phenomenology

e Multiple analysis strategies

@ Major focus for LHC
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Direct Stop Search — Top Tagging?

Top-tagging at 100 TeV?

@ Tops are very boosted
o Efficiency depends on detector granularity

@ Requires lots of assumptions about
calorimeters, trackers, etc

@ What’s possible with a simpler approach? O oo S500E356 706558
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pp — I — 1Y arXiv:1406.4512

Search Strategy

@ Two anti-k; jets (R = 0.5), pr > 1 TeV (500 GeV for compressed)
@ Veto events with isolated leptons with pr > 35 GeV
o Require > 2 leptons for compressed

o minAg(ERS J/¢) > 1.0
@ Three SRs: E‘T’[liSS > 3.0,3.5,4.0 TeV (2 TeV for compressed)

Muon Tagging

Additional requirement: muon-in-jet
@ > 1 muon with pp > 200 GeV QAR T e T g

@ Must be in AR < 0.5 of leading jets

>
Q 2=
o Similar to early b-tagging algorithms g1 L
g} —_— ]
at the Tevatron = —— -
3L (GeV)
@ Generated QCD sample to check Wie—  _owe —m; = 4000, my =1
muons from b-decays oot -+ m; = 6000, mg =1
.. . [ —QcD ~-m; = 8000, mp = 1
o Negligible after other requirements w0 ‘ ‘ N
(ERPs) 71000 2000 3000 4000 5000
P Tjet 1 (GeV)
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[Discovery reach up to 6.5 TeV!]

@ Provides full access to “natural” 7 masses in MSSM
o Strong sensitivity to GMSB, AMSB, etc.
@ Room for additional improvement for compressed scenarios
@ Also room for detector-specific strategies:
o Boosted top-tagging, b-tagging, searches with isolated leptons, etc

Excluded o (fb)
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4000

Will 3 ab~! be enough at 100 TeV?

@ Scale E* cuts for higher masses, going from 0.3 ab=! to 30 ab~!
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@ Comparable gain in reach from additional factor of 10:
o Still not saturating gains from higher /s with 3 ab™!!

e Implications for detector design, running conditions, analysis strategies
@ Also accelerator design: Optimal choice of /s vs f Ldt and Lipg?
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Summary

Assuming a massless LSP

Limit [TeV] | Discovery Reach [TeV]

Model 8 TeV 14 TeV 100 TeV

20 fb~! 3000 fb—! 3000 fb~!
pp — 88 — 94X1qgX} || 1.4 (ATLAS) 2.3 11
pp — 88 — XX 1.4 (ATLAS) 2.0 6.0
PP — 99" — 9xX3gx" 1.0 (CMS) 1.0 7.8
pp — 1t — txXV1x) 0.7 (CMS) 1.2¢ 6.5

“ATLAS projection
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Bonus Slides



Optimal cuts for gluino/neutralino search

Cut Value [TeV]
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Impact of Systematics
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Background Cross Sections
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| signal regions:

backgrounds

signal region ‘ BSM masses ‘ cuts.
I~ = 997GeV ) 17 0.025
g ERS 2 250GeV
SR1 di-boson 0.37
m~ = 1GeV Nigs > 55 Ny > 2 .
X total 0.40
1
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m~ = 641GeV ~ [,
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m~ = e Nigts > 55 Np > 2 —
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e~ = 2489GeV tr 0.0072
¢ Hy 2 2000TeV;  mygy = 2500GeV
SRS LGev di-boson 0.013
m~ = 1Ge Niggg > 7 —
8
x! et total 0.022
i~ = 2489GeV W 0.96
g . '
SR6 e — 2133GeV Njets > 73 Np > 2 di-boson | 0.77
x? total 2.1
R m~ = 3489GeV sym-Myy 2 400GeV I 0.021
g
. Niets > 7 total 0.021
mxd 3489Gev N 039
SRS g Nigys > 7 di-boson 11
m~ = 3133GeV
0 total 1.8

X




; signal regions: 100 TeV

signal region ‘ BSM masses cuts. backgrounds
I~ = 997GeV EMISS > 100GeV;  megp > 1000GeV 17 19
SR1 £ Hy 2 500GeV; sym-Mpy > 40GeV di-boson | 0.17
m~_ = 1GeV ~ ~ [
x? _ Niets > 55 Np >2 total 192
i~ = 997GeV EM' 2 50GeV;  Hy 2, 400GeV tr 460
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m~_ = 641GeV ~ | 7=
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SR3 ”fv — Gy mee 2 2200GeV;  sym-Mpy 2 200GeV wri-boson | 0.0062
X? Niets > 73 Np > 2 total 0.087
1~ = 1989GeV 17 0.20
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SR 1633GeV N 7 Ny > 2 Y 0033
m~_ = 1633Ge’ f > 7; > —
N jets = B Tb ol | 026
e = 3152GeV EMSS > 1000GeV;  megy 2, 2000GeV
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m~y = 16V YT & SERe
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m~ = 3152GeV tr 2.9
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M~ = 2796GeV Jets b —
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e = 4968GeV ENISS > 100GeV;  Hy 2 800GeV 17 390
SR7 8 > 1500GeV di-boson | 075
m~_ = 1GeV Meff <~ © L
X? Niets > 73 Ny > 1 total 400
1~ = 4968GeV megp 2 400GeV;  Hy 2 150GeV 1 1.6
SR8 § sym-Mpy 2 100GeV tj 0.12
M~ = 4612GeV T & !
N Nies > 73 Ny >2 total 18




ATLAS SUSY Searches

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model eHTY Jets EPS [radn) Reference
T T
MSUGRA(CMSSM 0 26 Yes 203 |ak 17TV m@nis) 1405.7875
MSUGRA(CMSSM tew  36eis e 203 |& 1276V anymi) ATLAS CONF-2013-062
@ | MSUGRAGNSSM 0" 70 Yes 203 | 14TeV anyma) Ta08.1881
2 0 26jets  Yes 203 |§ GeV mm ,n Gnv m{1* gen. §)=m(2" gen. 3) 1405.7875
s 0 26els Yes 203 |& 133TeV i) 1405 767
(§ aa¥i —qqW* Tepu jets  Yes 203 |§ 1.18 TeV. mu‘(kzm eev m(E*)=0 5(m(F)sm(z)) ATLAS-CONF-2013-062
22, 2=ag(LLLv[n) Zen 03ms - @3 lE 1127TeV. miEh=0GeV ATLAS-CONF-2013.089
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