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Introduction
Background

Invariant Mass (Mll) / Transverse Mass(MT) 
A. Schmidt

A. Schmidt

Fully reconstructed final state
This talk
ee
μμ
eμ
ƔƔ

Final state not fully reconstructed 
MET in the final state
This talk
ττ
e+MET
μ+MET
τ+MET

Broadly divided into 2 categories

Focus on lepton and photon. 
Cleanest probe of new physics.

Bump-Hunt
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ee/μμ
Experimental Signature
❖ At least one pair of e or μ

❖ Opposite sign μ-pair
❖ High pT 

❖ ET(e)>35 GeV,  pT(μ)>53 GeV
❖ Isolated

Background 
❖ Dominant 

❖ Drell-Yan (irreducible)
❖ Other 

❖ Top
❖ Diboson
❖ W+Jets, QCD (e channel)

CMS-PAS-EXO-16-0312016 data~13 fb-1

No significant excess

Jet faking electron. Data-driven.

Real
Leptons

ee

μμ
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ee/μμ
Theoretical Interpretation
❖Sequential Standard Model 

(SSM)
❖Extended gauge group, 

additional U(1) symmetry  
❖Predicts heavy Z’SSM  

boson with SM-like 
couplings 

❖Intrinsic width 3%
❖GUT inspired model
❖E6 gauge group
❖Predicts heavy Z’ψ
❖Intrinsic width 0.6%

CMS-PAS-EXO-16-0312016 data~13 fb-1

New particle Mass Limit

Z’SSM 4.0 TeV

Z’ψ 3.5 TeV
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eμ

Background 
❖ Dominant 

❖ TTbar,  Diboson
❖ Other   

❖ Single Top
❖ Drell-Yan
❖ Wɣ  
❖ W+Jets, QCD

No significant excess

Lepton Flavor Violating (LFV) decay

Real
Leptons

 ɣ mis-identified as e

Jet mis-identified as electron (Data-driven) Limit extraction variable: Meμ

CMS PAS EXO-16-058
Experimental Signature
❖ e and μ → High pT, isolated
❖ No other signal-specific cut in 

order to stay model 
independent
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Theoretical Interpretation
❖ R-Parity violating SUSY  

❖Resonant production of 𝛕 sneutrino (LSP)

❖All RPV couplings 
       vanish, except 
       λ’311,  λ132,  λ231

Strong indirect limits from low-energy muon conversion experiments eμ

Coupling mass limit

 λ’= λ=0.01  1.7 TeV

 λ’= λ=0.1  3.8 TeV

CMS PAS EXO-16-058
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Theoretical Interpretation
❖Z’ in a LFV model 
❖SSM-like Z’ 
❖Z’→eμ decay allowed
❖Width 3%

eμ

Excluded upto 4.4 TeV

CMS PAS EXO-16-058

QBH interpretation in
Shubhanshu’s talk
on Thursday @14.55
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ɣɣ Phys. Lett. B 767 (2017) 147

Experimental Signature
❖ Two high pT(>75 GeV), isolated 

photons
❖ At-least one photon in barrel

Background 
❖ Dominated by irreducible SM 
ɣɣ production: ~90% 

❖ Parametric fit to data with 
empirical function 

Possible Interpretations
❖Spin0: e.g. heavy scalar in non minimal Higgs sector
❖Spin2: e.g. graviton, as predicted in several extra-dimensions model (RS model) 
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ɣɣ CMS : Phys. Lett. B 767 (2017) 147

Width Scenario RS graviton 
coupling

RS graviton 
exclusion

Narrow 
(0.014%)

Detector resolution 
dominates 0.01 1.95 TeV (except 

1.75-1.85 TeV)

Intermediate 
(1.4%) 

Detector resolution and 
resonance width comparable 0.1 3.85 TeV

Broad (5.6%) Resonance width dominates 0.2 4.45 TeV

Most 
stringent 
limits on RS 
graviton

Sizable excess observed by CMS and ATLAS at 750 GeV in 2015 data
Excess not confirmed with 4 times more data analyzed  in 2016 

arxiv9909255
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https://arxiv.org/pdf/hep-ph/9909255.pdf
https://arxiv.org/pdf/hep-ph/9909255.pdf


Search for New Physics
Background

Invariant Mass (Mll) / Transverse Mass(MT)

in Bump-Hunt technique

A. Schmidt

A. Schmidt

Fully reconstructed final state
This talk
ee
μμ
eμ
ƔƔ

Final state not fully reconstructed 
MET in the final state
This talk
ττ
e+MET
μ+MET
τ+MET

Broadly divided into 2 categories

W’ signature
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ττ
Experimental Signature
❖ τeτμ , τeτh , τμτh , τhτh. 
❖ Oppositely charged. Isolated. Intermediate to 

high pT (20 to 60 GeV)
❖ Back-to-back tau-pair with MET aligned 

correspondingly
❖ MET>30 GeV.   Veto b-jet.

JHEP 02 (2017) 0482015 data2.2 fb-1

No significant excess

Limit extraction variable:

Background 
❖ Drell-Yan 
❖ W+Jets (Substantial in τeτh , τμτh) Data-driven
❖ QCD multi-jet (Dominant in τhτh) Data-driven
❖ TTbar
❖ Diboson  
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http://dx.doi.org/10.1007/JHEP02(2017)048
http://dx.doi.org/10.1007/JHEP02(2017)048


ττ
Theoretical Interpretation
❖Sequential Standard Model (SSM)
❖Benchmark model predicts 

neutral, spin-1 Z’SSM 

❖Same couplings to quarks and 

leptons as the SM Z boson.
❖Topcolor-assisted technicolor 

(TAT)
❖Z’TAT: Enhanced coupling to 3rd 

generation fermion
❖Suppression in production 

outweighs the increase of  

branching fraction

❖(σ×B)TAT ~ 1/3 of SSM

New particle Mass Limit

Z’SSM 2.1 TeV

Z’TAT 1.7 TeV

JHEP 02 (2017) 0482015 data2.2 fb-1
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http://dx.doi.org/10.1007/JHEP02(2017)048
http://dx.doi.org/10.1007/JHEP02(2017)048


e/μ/𝛕had+MET
Experimental Signature
❖High-pT,  isolated e/μ/𝛕had and MET
❖Back-to-back → high ΔΦ(ℓ, MET)
❖Balanced in pT → pT(ℓ)/MET close to 1 

Background
❖ Dominant  

❖ W→ ℓ + ν (irreducible)
❖ Other  

❖ Top production
❖ Drell-Yan
❖ Diboson

❖ QCD (e and 𝛕 channel)

2015 data2.3 fb-1

Real Leptons

Jet faking lepton Data-driven Limit extraction variable:

10.1016/j.physletb.2017.04.043

e/μν
e/μMET

ν τ
τvisν ν
τvisMET

e/μ channel

τ channel

In spite of an extra neutrino, 
the back-to-back kinematics still 

hold for tau-channel
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http://dx.doi.org/10.1016/j.physletb.2017.04.043
http://dx.doi.org/10.1016/j.physletb.2017.04.043


e/μ/𝛕had+MET

No 
significant 

excess

e

μ

𝛕

No Jacobian peak in signal due to 
extra neutrino in 𝛕 channel
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W’→e/μ/𝛕had+MET
Theoretical Interpretation
❖ Sequential Standard Model (SSM) predicts new 

massive boson W’
❖ Same couplings as SM W boson, but decays to 

bosons (W, Z, H) assumed to be suppressed
❖ W’→tb allowed if W’ sufficiently massive
❖ No interference with SM W boson

2015 data2.3 fb-1

e+μ channel

𝛕 channel

Final state SSM W’ mass limit

e+μ channel 4.1 TeV

𝛕 channel 3.3 TeV

10.1016/j.physletb.2017.04.043
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http://dx.doi.org/10.1016/j.physletb.2017.04.043
http://dx.doi.org/10.1016/j.physletb.2017.04.043


Non-universal coupling
•𝛕had+MET channel allows to test enhanced coupling to 3rd generation

•SU(2)light and SU(2)heavy  →  mixing angle θE 

•After SSB, SM-like SU(2)Weak and SU(2)Extended exist 

•SU(2)E  gives rise to heavy W’ 

Theoretical Model by Kim & Lee, arxiv1105.2653

PRD 82, 097701 (2010)

PRD 76, 117702 (2007)
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https://arxiv.org/pdf/1105.2653.pdf
https://arxiv.org/pdf/1105.2653.pdf


Conclusion & Outlook
•Wide program for high mass 
search.
•No hint of New Physics so far. 
•Stringent limits on BSM scenarios.

•Surprises can come from low mass 
also ! 
•Keep searching there. New 
efforts coming up.

•Current amount of data is only a 
small part of full LHC data 
expected
•Expect ~3000 fb-1 in next 2 
decades 

•We are still at the beginning of a 
long journey
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Conclusion & Outlook
Source : http://www.vladstudio.com/wallpaper/?higgs_boson_fluo•Wide program for high mass 

search.
•No hint of New Physics so far. 
•Stringent limits on BSM scenarios.

•Surprises can come from low mass 
also ! 
•Keep searching there. New 
efforts coming up.

•Current amount of data is only a 
small part of full LHC data 
expected
•Expect ~3000 fb-1 in next 2 
decades 

•We are still at the beginning of a 
long journey, so stay tuned !
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Extra Slides

19Tuesday, 12 December 17



eμ

Background 
❖ Dominant 

❖ TTbar,  Diboson
❖ Other   

❖ Single Top
❖ Drell-Yan
❖ Wɣ  
❖ W+Jets, QCD

No significant excess

Lepton Flavor Violating (LFV) decay

Real
Leptons

 ɣ mis-identified as e

Jet mis-identified as electron (Data-driven)

Meμ

Limit extraction variable: Meμ

CMS PAS EXO-16-001

Experimental Signature
❖ e and μ → High pT, isolated
❖ No other signal-specific cut in 

order to stay model 
independent
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Theoretical Interpretation
❖ R-Parity violating SUSY  

❖Resonant production of 𝛕 sneutrino (LSP)

❖All RPV couplings 
       vanish, except 
       λ’311,  λ132,  λ231

Strong indirect limits from low-energy muon conversion experiments eμ

Coupling mass limit

 λ’= λ=0.01  1.0 TeV

 λ’= λ=0.1  2.7 TeV

 λ’= λ=0.1 3.3 TeV

QBH interpretation in Shubhanshu’s 
talk on Thursday @14.55
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3rd gen

1st and 2nd gen

Topcolor Assisted Technicolor
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doi:10.1088/1742-6596/37/1/007
Topcolor Assisted Technicolor
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m(τ1,τ2,pTmiss)> 300 GeV
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QCD Estimation in τhτh

Derive OS/SS  SF using low-MET CRs (B/D)
27Tuesday, 12 December 17



28Tuesday, 12 December 17



rc -> compactification radius of extra dim.
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diphoton vertex
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diphoton mass fit
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diphoton mass fit
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W’ssm

gcos𝝷w → ξgcos𝝷w

G. Altarelli, B. Mele, and M. Ruiz-Altaba, 
Z. Phys. C 45 (1989) 109
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RPV tau sneutrino

Width of tau sneutrino at LO 
with CALCHEP generator 
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RPV tau sneutrino NLO k-factor

(a) LO; 
(b) QCD vertex corrections; 
(c) QCD self energy; 
(d) SUSY-QCD vertex correction; 
(e) SUSY-QCD self energy; 
(f) QCD real gluon radiation; 
(g) QCD Compton process.

arxiv0611195

35Tuesday, 12 December 17

https://arxiv.org/pdf/hep-ph/0611195.pdf
https://arxiv.org/pdf/hep-ph/0611195.pdf


B is the theory
A is the measurement

PriorLikelihood

Posterior
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LFV in R-Parity Violating (RPV) SUSY
super-potential allows terms like this

B→ baryon num.
L → lepton num.
s → particle spin

LLE LQD

If only L (or B) is violated, then the proton would be still stable!

R-parity (R) = (−1)3B+L+2s

R=(+1) for SM, R=(-1) for SUSY particles 

R-Parity Conserving SUSY: Proton always stable

In RPV SUSY, the Lightest SUSY Particle (LSP) is unstable → low MET in event

They also violate R-parity. 

λ and λ’ terms violate lepton number (and also lepton flavor) 
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From Run I to Run II
• 7/8 TeV ➨ 13 TeV 

• Increase in center-of-mass energy in run-II significantly extends reach of run-I 

• Increased instantaneous luminosity 
• Increased pile-up 

• mean value 27 (in2016) vs 21 (in 2012) 
• Increased event rate, challenge for trigger 

cross section ratios
13 TeV /8 TeV

arxiv1611.07864

Experimentally 
more difficult

38Tuesday, 12 December 17



Theoretical Interpretation

❖ Quantum Blackhole (QBH)
❖ Extra dimension(s) → Fundamental 

Planck scale lowered to TeV region        
❖ QBH produced if √s>MP

❖ Spin-0, colorless, charge-neutral QBH 
❖ n=1 (RS),  n=4,5,6 (ADD)
❖ Signal generated by QBH generator 

(Douglas M. Gingrich arxiv 0911.5370)

eμ - QBH interpretation

Electric charge, QCD color, spin conserved
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https://arxiv.org/pdf/0911.5370v4.pdf
https://arxiv.org/pdf/0911.5370v4.pdf

