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100 TeV!

ÅA 100 TeVcollider is a hugely exciting possibility

ïKnow the Standard Model is incomplete

ïDirect probe of the SM in new, uncharted territory

ÅWill quantify sensitivity improvements for dijet
resonances compared to current and 14 TeVreach

ï½ΩB (color singlet vector)

ïDΩ όŎƻƭƻǊ ƻŎǘŜǘ ǾŜŎǘƻǊύ

Å(Quark compositeness, see L. Apanasevich, et. al. [1307.7149])

Å(Level 2 KK gluon from UED, see K. Kong, FY [1308.1078])

Å(RS gluon, see K. Agashe, et. al. [1310.1070])
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Motivating dijets

ÅDijets(and multijets) is the largest production rate 
at hadroncolliders

Å9ȄǇŜǊƛƳŜƴǘŀƭƛǎǘΩǎ ǎǘŀƴŘŀǊŘ ŎŀƴŘƭŜ

ïDetector response calibration

ïMost all NP searches rely on suppression of multijets

ÅProving ground for testing collider reach

ÅDijet resonances are a standard signature in many 
BSM theories

ïFocus on decay to quarks, complementary to leptonic
ŘŜŎŀȅ ώǎŜŜ ¢Φ wƛȊȊƻΩǎ ǘŀƭƪ ƴŜȄǘϐ
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Dijet resonance models

ÅMany BSM models have additional gauge symmetry
ïGeneric signature is a new vector resonance

ïAn important class of models have leptophobicgauge 
bosons ςadopt two benchmarks
Å½ΩB (baryon ƴǳƳōŜǊ ŎƻǳǇƭŜŘ ½Ωύ

ÅDΩ όcoloron)

ÅSeparately, the simplest s-channel resonance at a 
high energy hadroncollider is a dijet resonance
ïqq resonance

ïggresonance: loop-induced (e.g. Higgs)

ïqgresonance: loop-induced

ïqq resonance: flavor constraints

_
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Dijet resonance models

ïProduction and decay vertices use same coupling

ïFor ½ΩB, GΩ models, only have 2 parameters: g and M

ÅLeptophobic, and no tree-level gluon coupling

ÅUniversal coupling to quarks ςBR to jj (including bb) only 
depends on mass
ïInterplay with tt resonance searches [e.g.RS gluon]

ïMap effective rate (̀ × Br × A) limits into coupling vs. 
mass plane

_

_

q

q
_

q

½ΩB
or
DΩ q

_
5



The couplingðmass mapping

ÅHigher energy colliders reach heavier resonances

ïBut still probe weakly-coupled light resonances

ïMultijet trigger tracks run conditions

ÅLeaves light dijet resonances relatively underprobed

ÅFair comparison of different searches with different 
luminosities and colliders

ÅSimultaneously understand mass reach and 
coupling sensitivity
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Current gB vs. MZõlimits: ZõB dijet resonance

B. Dobrescu, FY [1306.2629] 7
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Current gB vs. MZõlimits: ZõB dijet resonance

25+ years of effort

B. Dobrescu, FY [1306.2629]



9B. Dobrescu, FY [1306.2629]

Current tan v̒s. MGõlimits: Coloron
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Onward and outward

Must drive sensitivity 
in both directions
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The 100 TeV leap

ÅBackground is pure QCD production

ÅComplicated by EW Sudakovs, pileup, PDFs

ÅaƻǘƛǾŀǘŜǎ ǳƴƛŦƛŜŘ ǘǊŜŀǘƳŜƴǘ ƻŦ άǿŜŀƪ ƧŜǘǎέ

ÅMotivates full NNLO QCD + NLO EW calculation

Christiansen, Sjöstrand [1401.5238]

Veto fraction of events with a real 
weak boson emission
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Background estimation

ÅGenerate QCD background in bins of leading jet pT

using MadGraph5 + Pythia6 with MLM matching

ïCluster with FastJet, anti-kT, R = 0.5
Follow similar procedure as 

CMS NOTE 2006/069 and 
CMS NOTE 2006/070
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Background estimation

ÅGenerate QCD background in bins of leading jet pT

using MadGraph5 + Pythia6 with MLM matching

ïCluster with FastJet, anti-kT, R = 0.5

ïForm dijet invariant mass spectrum

Flat K-factor of 1.40
No pile-up
No EW Sudakov
Minimal detector 
smearing
Dijet trigger left free

Simulated QCD background, LHC 14 TeV
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Exponential fit shape



EW Sudakov and dijets

ÅEW virtual and tree corrections alter leading and 
subleadingjet pT

ÅExpect reduced effect if include real EW emission in shower

Mishra, et. al. [1308.1430]
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Not too significant for Mjj

jjŀǘ Ҟǎ Ґ млл TeV jjŀǘ Ҟǎ Ґ млл TeV



Estimating future sensitivity

ïBump hunt for narrow signal peak

ïImpose cuts of CMS [1302.4794] analysis, modestly 
scaled up to 100 TeV

ïProjections based only on statistical uncertainties

Simulated QCD background, LHC 14 TeVSimulated QCD background, LHC 14 TeV
+ 

Coloron, mGΩ= 4 TeV, tan =̒ 1.0
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5 d̀iscovery reach: ZõB
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Discovery reach
4.5 TeV @ 14 TeV LHC, 300 fb-1

5.5 TeV @ 14 TeV LHC, 3 ab-1

28 TeV @ 100 TeV, 3 ab-1

Could discover resonances with 
gB as small as 0.35 to 0.5



95% C.L. exclusion reach: ZõB
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Current and future exclusions
2.8 TeV @ 8 TeV LHC, 20 fb-1

5.3 TeV @ 14 TeV LHC, 300 fb-1

6.1 TeV @ 14 TeV LHC, 3 ab-1

34 TeV @ 100 TeV, 3 ab-1

Could exclude resonances with 
gB as small as 0.2 to 0.3



5 d̀iscovery reach: Gõ
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Discovery reach
6.5 TeV @ 14 TeV LHC, 300 fb-1

7.5 TeV @ 14 TeV LHC, 3 ab-1

40 TeV @ 100 TeV, 3 ab-1

Could discover resonances with 
tan a̒s small as 0.03 to 0.08



95% C.L. exclusion reach: Gõ
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Could exclude resonances with 
tan a̒s small as 0.02 to 0.05

Current and future exclusions
3.8 TeV @ 8 TeV LHC, 20 fb-1

7.5 TeV @ 14 TeV LHC, 300 fb-1

8.5 TeV @ 14 TeV LHC, 3 ab-1

44 TeV @ 100 TeV, 3 ab-1



Physics in the 100 TeV multijet final state

ÅStart of resonance search window is driven by trigger
ïLikely underestimated reach for TeV-scale resonances

ÅProspects for sub-TeVmass window require alternate 
triggers (e.g. different final states)
ïMainly pursue with current LHC data
ÅW+jj, Z+jj, ɔ+jj

ïExplore data scouting further

ÅGoing beyond ςplenty more resonances to cover
ïThree-jet resonances (RPV gauginos)

ïPairs of dijets(RPV stops)

ïtt resonance

Åά²Ŝŀƪ ƧŜǘǎέ ŀǎ ŀ ƴŜǿ ƻōƧŜŎǘ Ŏƭŀǎǎ ǘƻ ǳǎŜ ƛƴ ŀƴŀƭȅǎŜǎ
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Summary

ÅUnderstanding dijets is critical

ïIf history holds, a dijet resonance search is likely the first 
BSM result from any future hadroncollider

ÅCouplingςmass mapping provides a useful 
presentation of current limits and future 
sensitivities

ïA 100 TeVmachine increases mass reach by a factor of 
5-6 compared to 14 TeV

ïGood luminosity and trigger control would allow weak-
scale coupling sensitivities
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Past searches
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MC QCD background

ÅGet smooth QCD background after generating MC 
in bins of leading jet pT
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100 TeV


