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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lspm'+(1-x)motherm' = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit 2 Z. Demiragli

Observed vs Not Observed
• SM Like Higgs Boson (125 GeV) has been observed. 

• No SUSY has been observed so far... (see all the other talks)

• But many questions still remain unanswered!

In this talk, non-susy based 
signatures that are candidates 

to solve some of  the 
remaining mysteries will be 

discussed.

Thursday, July 24, 2014



3 Z. Demiragli

at·om : Greek átomos (noun) undivided

• Looking for substructure has 
worked great in the past. Why stop 
now?

• Why are there 3 families of  quarks 
and leptons?

• Are quarks and leptons composed 
of  more fundamental constituents?

?

?

COMPOSITENESS : If  quarks or leptons are not fundamental, then we should see new 
interactions between quarks and leptons at the scale of  constituent binding energies!

Effects of  compositeness could be observed through:

• Contact Interactions (exchange of  common constituents or binding quanta

• Excited Quarks (heavy quark with the same quantum numbers)

Thursday, July 24, 2014
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4 Z. Demiragli

Search for Contact Interactions in Dilepton Mass Spectra
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Destructive

CMS-EXO-12-020

μ  pT > 45 GeV, 
oppositely charged

e  pT > 35 GeV, isolated

Mmin = 1.6 TeV 
Expected = 14.1 TeV 
Observed = 13.1 TeV

Observation:                      
No deviation from the 

SM

MOST STRINGENT 
limits on Λ                   

[14 (17) TeV] to date.
Mmin = 1.2 TeV 
Expected = 17.1 TeV 
Observed = 16.9 TeV

Assumption:                          
if  Λ >> √s then 

compositeness appear as 
contact interactions.

Expectation: 
Enhancement to the 

dilepton cross section. 
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5 Z. Demiragli

Search for Excited Quarks in photon+jet final state 

arxiv:1406.5171
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Assumption:                                                                             
if  Λ << √s then a narrow resonance of  excited 
particles can be observed

Expectation:                                                            
Resonance bump on a smoothly falling spectrum.

pTγ, jet > 170 GeV 
Mγ, jet  > 560 GeV

Observation:                                                                         
No significant deviation from 
the SM expectation

0.7 < Mq* < 3.5 TeV excluded

First in LHC: Sensitivity 
for coupling strengths < 1 

was investigated!

Describe the 
background with an 
analytic function

Thursday, July 24, 2014
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6 Z. Demiragli

Why is Gravity so weak?

Our 3D plane Extra Dimension

Could be explained by the existence of  extra 
spatial dimensions. Most common benchmark 
models are:

ADD Model: Postulates two or more extra 
dimensions in which only gravity could 
propagate.  For two extra dimensions, their 
size should be ~millimeters to explain the 
hierarchy between the Planck and Weak 
scales 

Randall and Sundrum Model: A single extra 
dimension with a warped geometry and compactification 
scale of  order of  TeV. Graviton is localized towards the 
UV boundary (Planck Brane)

Bulk Graviton Model: Extension of  RS Model 
addresses the flavor structure of  the SM, decays through 
vector bosons (couplings to fermions and photons are 
highly suppressed)

Thursday, July 24, 2014
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7 Z. Demiragli

arxiv:1405.1994

Search for massive resonances decaying into pairs of  
boosted bosons in all-hadronic final states 

Jet Pruning: Reclusters the jet constituents, removing soft 
QCD radiation from the underlying event. 

 70 < Pruned Jet Mass < 100 

N-subjettiness (τn): Capability of  clustering the jet 
constituents in exactly N subjets. Ratio between 1 subjettines and 
2 subjettines is a powerful tool to identify boosted Z and W!

Strategy: Search for a peak 
in the dijet mass spectrum 
using different categories:

  1 or 2 V-Tags

  τ21  <  0.5 (High Purity)

  0.5 < τ21 < 0.75 (Low Purity)

Thursday, July 24, 2014
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8 Z. Demiragli

Search for massive resonances decaying into pairs of  
boosted bosons in all-hadronic final states 

Results: No deviations from 
the standard model observed.

Process Observed Expected

q* → qW 3.2 TeV 3.0 TeV

q* → qZ 2.9 TeV 2.6 TeV

W’ 1.7 TeV 1.6 TeV

GRS→WW 1.2 TeV 1.3 TeV

arxiv:1405.1994

Thursday, July 24, 2014
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arxiv:1405.3447

Search for massive resonances decaying into pairs of  
boosted bosons in semi-leptonic final states 

Strategy: Similar jet substructure 
techniques for identifying a 
boosted hadronic W or Z

Also require presence of  leptons 
and/or MET. 

With a simplified analysis, 
possibility to set limits as a 
function of both mass and 
natural width 
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Combination for the search for massive resonances decaying 
into pairs of  boosted bosons in all channels

 [GeV]GM
1000 1500 2000 2500

) [
pb

]
bu

lk
 G

!
 (p

p 
95

%
"

-310

-210

-110

1  observed
S

Frequentist CL

" 1± expected 
S

Frequentist CL

" 2± expected 
S

Frequentist CL

 = 0.5PlM/k), bulk G! (pp TH"

I II III

CMS  = 8 TeVs at  -1L = 19.7 fb 

600

The lν + V-jet , ll + V-jet along with a complementary VV → 2V-jets searches are combined 
together to maximize the sensitivity for the search for Bulk Graviton.

      lν + V-jet : Only contributing to the limit for resonance masses below 800 GeV  

      ll  + V-jet : Dominates the sensitivity in the range of  800 - 2500 GeV  

      2V-jets     : Contributes to the limits above 1300 GeV                        

Thursday, July 24, 2014
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CMS-EXO-12-059

Search for Narrow Resonances using the Dijet Mass 
Spectrum

M jj > 750 GeV   
HT > 650 GeV

Wide Jets: Goal is 
to reduce sensitivity 
to gluon radiation. 

Recipe: Select the 2 
leading jets, combine 
all other jets within a 
radius of  1.1 into the 
leading jets.

No deviations from the SM observed!

 A separate limit is needed for 
each final state because of  

dependence of  the dijet resonance 
shape on the number of  gluons

Thursday, July 24, 2014
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Search for Branons in Photon + MET Final State 

Assumption:  If  the brane in the extra dimension is 
allowed to fluctuate it will give rise to Branons which are 
detectable in the LHC through qq → γππ

First Branon search at the LHC!

Scan in the extinction mass scale βFor massless branons: Brane Tension > 412 GeV. 

For low brane tension:  Branon Mass > 3.5 TeV. 

First experimental constraints on the 
branon model since the LEP 

experiment!

q
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π
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π
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q
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q̄ π

π

CMS-EXO12-047
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13 Z. Demiragli

Search for Heavy Neutrinos

no excess seen in 
muon channel

This excess does not appear to be consistent with WR → eNe 
decay. 

No localized excess in other distributions associated with these 
events. 

e,m > 40, 60 GeV 
Jet > 40 GeV

arxiv:1407.3683

Thursday, July 24, 2014
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14 Z. Demiragli

From an earlier parallel / plenary talk: 
1st Generation LeptoQuarks

Optimize ST , Mejmin  and 
Mee after eejj selection

Mass 650 Selection:

CMS-EXO-12-041

eejj channel

Thursday, July 24, 2014

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12041
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Conclusion
Amazing work has been done in CMS so far. Since 2010 in Exotica Physics Program 74 

papers are published! (with more to come!)

Searching for signs of  exotic physics is an important part of  the LHC program

No signs for exotic models so far, but Run 2 is upon us! 

Thursday, July 24, 2014
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Search for Large Extra Dimensions in Dilepton Events
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Assumption: Manifestation of  extra 
dimensions through presence of  GKK. 

Expectation: Enhancement to the 
dilepton xsec in high invariant masses.

Observation: No deviation from SM

Mee > 1.8 TeV CutMμμ > 1.8 TeV Cut

e  pT > 35 GeVμ  pT > 45 GeV
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Search for jet extinction in the inclusive jet-pt spectrum
arxiv:1405.7653

Assumption:  Search for signatures of  strong 
gravity at TeV scale. Assumes the existence of  
string couplings in the strong-coupling limit. 

Expectation: Model predicts suppression of  all 
high pT SM processes (no jet production at high 
energies)

First search at the LHC!

Scan in the extinction mass scaleas β        0  (signal strengh) where β = M-2,                                                             
the extinction model       the SM prediction

Observation: No deficit of  events observed.

The best-fit value of  β is 0.008 ± 0.033 TeV-2 .            
Fully consistent with SM!

Thursday, July 24, 2014

http://arxiv.org/abs/1405.7653
http://arxiv.org/abs/1405.7653


 (GeV)TC!M
0 500 1000 1500

 (G
eV

)
TC"

M
0

500

1000

Expected 95% CL

Observed 95% CL

 (8 TeV)-119.5 fb

CMS

W
 - M

TC"
 = 

M
TC!M

 - 2
5 GeV

TC"M
4

3
 = 

TC!M

 (GeV)
TC
!W', M

500 1000 1500 2000

 B
 (p

b)
" 

#

-510

-410

-310

-210

-110

1

 (GeV)
TC
!W', M

500 1000 1500 2000

 B
 (p

b)
" 

#

-510

-410

-310

-210

-110

1 CMS

 (8 TeV)-119.5 fb

Observed 95% CL

Expected 95% CL

# 1±Expected 

# 2±Expected 

W'#

TC#

0 200 400 600 800 1000 1200 1400 1600

Ev
en

ts
 / 

10
0 

G
eV

-110

1

10

210

310

410

510
CMS

 (8 TeV)-119.5 fb

Observed
!ZZ/Z

tt
Z+Jets
WZ
W' (1.0 TeV)
W' (1.5 TeV)

 (GeV)WZM
0 200 400 600 800 1000 1200 1400 1600

"
(o

bs
-b

kg
)

-2
0
2 0 100 200 300 400 500 600 700 800

Ev
en

ts
 / 

10
0 

G
eV

-110

1

10

210

310

410

510
CMS

 (8 TeV)-119.5 fb

Observed
!ZZ/Z

tt
Z+Jets
WZ
W' (1.0 TeV)
W' (1.5 TeV)

 (GeV)l
T

 p" # TL
0 100 200 300 400 500 600 700 800

$
(o

bs
-b

kg
)

-2
0
2

18 Z. Demiragli

arxiv: 1407.34763 Leptons > ~ 35 GeV  
MET > 30 GeV 

Strategy: Minimum LT and 
Mwz window optimized for each 
mass hypothesis. 

No deviation from the SM 
observed.

Results interpreted in terms of  
SSM W’ and Technicolor

Search for new resonances decaying via WZ to leptons

WZ Mass: Mass cannot be 
determined uniquely without pνz 

Constrain the pνz using true W 
mass.

LT : PTl1 + PTl2 + PTl3

Techicolor Interpretation

Discriminators

Thursday, July 24, 2014

http://lanl.arxiv.org/abs/1407.3476
http://lanl.arxiv.org/abs/1407.3476


19 Z. Demiragli

What about the WW xsec Measurement?

theo! / exp!Production Cross Section Ratio:   
0.5 1 1.5 2

CMS PreliminaryApr 2014

All results at:
http://cern.ch/go/pNj7

(NNLO th.), ""  0.09± 0.11 ±1.04 -15.0 fb
"W  0.06± 0.13 ±1.16 -15.0 fb
"Z  0.05± 0.05 ±0.98 -15.0 fb

WW+WZ  0.03± 0.20 ±1.05 -14.9 fb
WW  0.04± 0.11 ±1.11 -14.9 fb
WW  0.04± 0.12 ±1.22 -13.5 fb
WZ  0.03± 0.10 ±1.17 -14.9 fb
WZ  0.05± 0.08 ±1.12 -119.6 fb
ZZ  0.06± 0.15 ±0.99 -14.9 fb
ZZ  0.08± 0.10 ±1.00 -119.6 fb

7 TeV CMS measurement (exp+th) 

8 TeV CMS measurement (exp+th) 

CMS measurements
vs. NLO theory

This excess does not appear to be consistent with what is observed in LQ and Heavy 
Neutrino Searches due to the orthogonal event selection.

Note that excess also seen in Wgamma. (may be related to radiation zero in these two 
channels.) NLO calculations have been done 20 years ago and haven't been updated with 

the latest techniques and also with EW corrections. Channels with radiation zero are know 
to have "giant K-factors". Perhaps an excess is not so surprising?

Excess in WW xsec measurement.. 

However the selection is:

Physics Letters B

Thursday, July 24, 2014

http://www.sciencedirect.com/science/article/pii/S0370269313002529
http://www.sciencedirect.com/science/article/pii/S0370269313002529
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Acceptance and Efficiency for some Signal Models

Thursday, July 24, 2014
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Efficiency of  W and Z selections as a function of  mjj in data, and in simulations of  signal and background 
events, with one high and low-purity W/Z tag. The efficiency is computed for W/Z → qq' → jets events, 
where the jets have |η| < 2.5, |Δη| < 1.3. MADGRAPH/PYTHIA and HERWIG++ refer to QCD 
multijet event simulations.

Efficiency of  W and Z selection

Thursday, July 24, 2014


