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Talk Outline
● Composite Models:

○ Predict heavy partners 
of SM particles as 
“excitations”:
○ Z’/W’:

○ Dijet (di-Boson) 
searches

○ Z’/W’ → fermions
○ Heavy fermions: T’/B’
○ Di-Photon Bump?

● Dark Matter:
○ Dark Matter particles 

invisible in the detector:
○ Look for events with 

Missing ET + X
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VV → Semi-leptonic

W/Z/H - like top - like

● Reconstruct VV (WW or WZ) pairs using jet mass and 
N-subjetiness:
○ N-subjetiness:

lepton

V-jet
neutrino
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VV → Semi-leptonic
● Use lepton-isolation on the non-hadronic side
● Main backgrounds: ttbar and W+jets

○ Use MC with corrective factors measured in sidebands of 
the V-jet mass:

CMS-PAS-B2G-16-020 CMS-PAS-B2G-16-020

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-020/index.html


5

VV → Semi-leptonic
● Reconstruct Signal region 

and set limits on W’ 
production:
○ W’ at 3 fb excluded 

below 1 TeV

○ W’ at 4 fb excluded 
below 400 GeV
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2G
-16-020

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-020/index.html
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ZV → (ℓℓ)(qq)
● Reconstruct two leptons with the Z mass in conjunction with a 

hadronic W or Z:
○ Resolved Case: use the pair mass of two AK4 jets
○ Boosted Case: One AK8 jet, define two tagged categories: 

high purity 2/ 1 < 0.45, low purity 0.45 < 2/ 1 < 0.75
○ Low Mass Background taken from MC with corrections 

derived in sideband
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-010/index.html
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● High Mass Background: 
○ Simultaneous fits to jet and ZV 

mass distributions, keeping 
signal region blinded.

ZV → (ℓℓ)(qq)

Taken from 
fit to MC
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-010/index.html
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● Combined limits from low and high mass:

ZV → (ℓℓ)(qq)
C

M
S-PA

S-B
2G

-16-010

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-010/index.html
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VH → Semi-leptonic
● Three V scenarios considered:

○ Z → 
○ W →  ℓ
○ Z → ℓℓ

● Couple these with Higgs Jet requirements:
○ Mass  [105,135]
○ 1 or 2 subjet b-tags

● Background shapes from MC, normalization measured in 
sideband

Higgs Jet
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-003/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-003/
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VH → Semi-leptonic
● 10 final Signal Regions used to compute limit:

CMS-PAS-B2G-16-003

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-003/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-003/
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VV/VH Combination Limits
● Combination Limits for all 8 and 13 TeV VV and VH searches:

CMS-PAS-B2G-16-007

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-007/index.html
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HH → 4b Boosted
● Utilize large BR of H → bb:

○ Search for two, high pT AK8 jets
○ Apply mass window and b-tagging to 

each jet (similar to VH analysis)

● Analysis performed in two dijet mass 
regions:
○ Smooth falling background

○ “Bump-hunt” fit based on number 
of subjet b-tags

○ Trigger Turn-On and high mass tail
○ Data-driven data estimate with new 

H → bb tagger
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HH → 4b Boosted
● Bump-Hunt region:

○ Model QCD background as leveled 
exponential

○ Simultaneous fit for Signal and 
Background

○ 3 and 4 subjet b-tag categories

fit runs out of data

Background shape 
not appropriate for 
turn-on

C
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-008/index.html
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HH → 4b Boosted
● Turn-On and Tail:

○ Use Higgs double b tagger

○ Both Higgs candidates must pass Hbb > 0.6 
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HH → 4b Boosted
● Turn-On and Tail:

○ Background estimated from sidebands of Higgs Mass 

Pass to Fail 
ratio
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-008/index.html
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HH → 4b Boosted
● Combine both methods:

CMS-PAS-B2G-16-008

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-008/index.html
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Z’ → tt (semileptonic)
● Search for on leptonic top 

and one fully merged 
hadronic top

○ Good background 
discrimination against 
QCD from the lepton

○ Use new groomed mass 
variable: soft-drop mass 
along with N-subjetiness 
to identify tops

lepton

b-jet

CMS-PAS-B2G-15-002

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
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Z’ → tt (semileptonic)
● Multiple channels defined 

depending on number of top 
and b tagged jets

● Backgrounds simulated with 
MC and constrained in a 
final fit of all channels
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
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Z’ → tt (semi-leptonic)
● Set Limits on a different Z’ signals:
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html


W’ → tb (semi-leptonic)
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● Similar to Z’ channel:
○ Define categories 

based on number of 
b-tags

○ Background MC 
scale factors derived 
in 0 and 1 b-tag 
regions

high pT b-jet

1 b-tag

2 b-tag

C
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S-PA
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-16-017

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-017/index.html


W’ → tb (semi-leptonic)
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● Set limits
○ Exclude signal models with W’ mass below 2.38 TeV
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-017/index.html


W’ → tb (all hadronic)
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● Use n-subjetiness and 
soft-drop mass to tag 
top jet
○ Require a subjet 

b-tag

● Background from ttbar 
estimated from MC

● Background from QCD 
estimated from mistag 
rate measurement in 
sideband

high pT b-jet
top tagged jet

CMS-PAS-B2G-16-009

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-009/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-009/index.html


W’ → tb (all hadronic)
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● Set limits
○ Exclude signal models with W’ mass below 2.0 TeV
○  Combination with semi-leptonic  channel planned

CMS-PAS-B2G-16-009
CMS-PAS-B2G-16-009

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-009/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-009/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-009/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-009/index.html


Low Mass Z’
● New Channel:

○ Z’ with low mass 
recoiling against a jet

○ Use “decorrelated” 
N-subjetiness 
variables for better 
background estimate: 

24

Exploit flat behavior for 
background estimate

C
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S-PA
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-16-030

https://cds.cern.ch/record/2202715
https://cds.cern.ch/record/2202715
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Low Mass Z’
● Fit for DDT and pT dependence of the 2/ 1 tag
● Use events failing N-subjetiness to estimate those passing 

C
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-16-030

https://cds.cern.ch/record/2202715
https://cds.cern.ch/record/2202715
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Low Mass Z’
● Can reconstruct W/Z peaks in jet mass spectrum and set limits 

on low-mass Z’ models: 

CMS-PAS EXO-16-030

https://cds.cern.ch/record/2202715
https://cds.cern.ch/record/2202715
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VLQs (T/B → Z + t/b)
● Search for Z in association 

with 3d generation quarks:
○ Reconstruct Z → ℓℓ
○ Use b or top tagging 

(multiple categories 
defined)

●  Background estimated from 
-ratio method

○ Measure CR → SR ratio 
in MC

○ Apply to top/b-tag 
inverted sideband

C
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S-B
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-16-001

http://cds.cern.ch/record/2199567?ln=en
http://cds.cern.ch/record/2199567?ln=en
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VLQs (T/B → Z + t/b)
● Set Limits on mass of T’ and B’ in the singlet and doublet case

C
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http://cds.cern.ch/record/2199567?ln=en
http://cds.cern.ch/record/2199567?ln=en
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VLQs (T/B → Z + t/b)
● Can also set limits on the production of Z’ → tT’ where T’ → tZ

CMS-PAS-B2G-16-001

Bini, Contino, Vignaroli 
arXiv:1110.6058 [hep-ph] (2012)

Vignaroli 
arXiv:1404.5558 [hep-ph]

http://cds.cern.ch/record/2199567?ln=en
http://cds.cern.ch/record/2199567?ln=en
http://arxiv.org/abs/1110.6058
http://arxiv.org/abs/1110.6058
http://arxiv.org/abs/1404.5558
http://arxiv.org/abs/1404.5558
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VLQs (T → W + t/b)
● Similar channel with W instead of Z:

● Check background MC in tt and W+jets 
enriched samples
○ Apply ttbar re-weighting based on 

top-pT
○ Apply HT based correction to W+ jets

W+jets enriched ttbar enriched

Signal region

CMS-PAS-B2G-16-006

http://cds.cern.ch/record/2202815?ln=en
http://cds.cern.ch/record/2202815?ln=en
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VLQs (T → W + t/b)
● Set Limits on 

○ single VLQ: excluded below 1.73 TeV
○ Y quark production: excluded below 1.4 TeV

CMS-PAS-B2G-16-006

http://cds.cern.ch/record/2202815?ln=en
http://cds.cern.ch/record/2202815?ln=en
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Di-photon Bump?
● Early data saw interesting bump in both ATLAS and CMS 

di-photon spectrums:
○ New Physics or 

Fluctuation?

● Analysis:
○ Two photons with

pT > 75 GeV

○ Background Fit:
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Di-photon Bump?
● Results with 12.9 fb-1 at 13 TeV:

CMS-PAS-EXO-16-027

https://cds.cern.ch/record/2205245
https://cds.cern.ch/record/2205245
https://cds.cern.ch/record/2205245


34

Composite Models
●
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Dark Matter

● Dark Matter Searches at CMS
○ Searches for MET recoiling against:

○ Z → di-lepton
○ Photon
○ Jets

○ Quark
○ W/Z
○ Top

○ Many different DM scenarios 
considered
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Z(ℓℓ) + MET
● Reconstruct Z from  or  pair, along with ET

miss > 100 GeV

● ZZ and ZW backgrounds from MC (NNLO QCD and NLO EWK 
correction applied); other backgrounds estimated from  data

● Set limits by fitting
signal+background to
ET

miss distribution: 

C
M

S-PA
S-EXO

-16-038

https://cds.cern.ch/record/2205763
https://cds.cern.ch/record/2205763
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Z(ℓℓ) + MET
● Set limits on the cross-section of different DM scenarios

● Set an upper limit on BR(H → invisible): 
○ BR H → invs. < 0.86 (0.70) at 95% CL

CMS-PAS-EXO-16-038

https://cds.cern.ch/record/2205763
https://cds.cern.ch/record/2205763
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 + MET
● Reconstruct high pT photon, along with ET

miss > 170 GeV

● Dominant Z  and W  backgrounds from MC, with the estimate 
validated in leptonic Z  and W  events; other backgrounds 
(from detector effects) modeled from data

CMS-PAS-EXO-16-039

https://cds.cern.ch/record/2205148
https://cds.cern.ch/record/2205148
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 + MET
● Set limits on mediator and DM particles, with mediators below 

760 GeV excluded:

CMS-PAS-EXO-16-039

https://cds.cern.ch/record/2205148
https://cds.cern.ch/record/2205148
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 + MET
● Also sensitive to preferential DM coupling to the EW sector, 

with D7 EFT scale up to 620 GeV excluded

CMS-PAS-EXO-16-039

https://cds.cern.ch/record/2205148
https://cds.cern.ch/record/2205148
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 + MET
● Can also look for gravitons in Extra Dimension models:

CMS-PAS-EXO-16-039

https://cds.cern.ch/record/2205148
https://cds.cern.ch/record/2205148


jets + MET
● Look for one high pT jet (100 GeV) along with > 200 GeV ET

miss 

● Dominant backgrounds are Z( ) + jets and W(ℓ ) + jets

42CMS-PAS-EXO-16-037

https://cds.cern.ch/record/2205746
https://cds.cern.ch/record/2205746


jets + MET
● Take background from fits of five sidebands measuring recoil 

against a jet for single/di-electrons, single/di-muons, photons
● Minor backgrounds from MC

 + jets

43

signal region

CMS-PAS-EXO-16-037

https://cds.cern.ch/record/2205746
https://cds.cern.ch/record/2205746


jets(W/Z) + MET
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● Can apply additional V-tag to jets to look for W/Z + DM models:
○ Use pruned mass  [65,105] and N-subjetiness 2/ 1 < 0.6

CMS-PAS-EXO-16-037

https://cds.cern.ch/record/2205746
https://cds.cern.ch/record/2205746


jets(j+Z/W) + MET
● Combined channels sensitive to a number of DM scenarios:

○ Scalar mediators excluded up to 100 GeV (95% CL)
○ Pseudoscalar mediators excluded up to 430 GeV (95% CL)
○ Vector/Axial mediators excluded up to 1.95 TeV (95% CL)

45CMS-PAS-EXO-16-037

https://cds.cern.ch/record/2205746
https://cds.cern.ch/record/2205746


jets(j+Z/W) + MET
● Combined channels also allow us to set an upper limit on 

BR(H → invisible): 
○ BR H → invs. < 0.44 (0.56) at 95% CL

●  Can recast results as Nucleon cross-sections:

46CMS-PAS-EXO-16-037

https://cds.cern.ch/record/2205746
https://cds.cern.ch/record/2205746


jets(top) + MET
● Top + MET from either direct or associated production

● Use new top-tagging variables: soft-drop mass, n-subjetiness, 
subjet b-tag along with high (250 GeV) ET

miss

FCNC Color-charged Scalar

47
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https://cds.cern.ch/record/2205286
https://cds.cern.ch/record/2205286
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jets(top) + MET
● FCNC excluded up to 

1.5 TeV
● Color-charged scalar 

excluded from 0.9 to 
2.7 TeV

C
M

S-PA
S-EXO

-16-040

https://cds.cern.ch/record/2205286
https://cds.cern.ch/record/2205286
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Dark Matter
● Combining DM analyses:
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Dark Matter
● Effective limits on Nucleon cross-section:

○ Competitive in the Axial-Vector model
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Conclusion
● Data continues to arrive:

○ We will soon have > 20 fb-1 collected
○ These searches, along with searches for related 

models will continue!
○ Thank you



BACKUP
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VLQ
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Di-photon Bump?
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Di-photon Bump?
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Dark Matter


