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• Search for anomalous triple gauge couplings (aTGC) at √s= 13 
TeV is presented using full 2015 dataset (L= 2.3 fb-1).

• Search is based on the effective field theory approach (EFT)

• Semileptonic channel

• Events with boosted topology are used → jet-substructure 
techniques used for identification of vector bosons

• Limits are extracted from diboson mass distribution modelled by 
analytical functions
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Introduction
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•  
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Large Hadron Collider
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•  
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What do we do with this 
machine?
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How do we search for 
«new physics»?
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we look for a peak 
in the mass spectrum!



Ivan Shvetsov 4th KSETA Plenary Workshop, 14.02.2017 6

Effective field theory

scale of LHC
scale of new physics

New physics effects outside
 the energy scale of LHC→ 

search for deviations
using effective field theory 

approach (EFT)

Standard 
Model

New
Physics
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• Probing WWZ and WWγ interactions

• Standard Model Lagrangian is extended with 3 CP-conserving 
dimension 6 operators
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aTGC

γ, Z0,W±

q

q̄

W±

W±, Z0

Additional couplings:
cB
cW

cWWW
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• Semileptonic channel:

- high branching ratio
- defined scale of the process (MWV)
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Semileptonic channel

γ, Z0,W±

q

q̄

W±

W±, Z0

e±, µ±

νe, νµ

q

q̄
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• We don’t observe quarks but jets

• Characterised by some radius R

9

Jets

R
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How does this look in our detector?

ETmiss	:	638.5	GeV	

Muon	
pT	:	132.5	GeV	
η	:	1.7	Jet	

pT	:	823.8	GeV	
η	:	-1.3	

Run:	274955	Event:	103903273	
√s	=	13	TeV	
pp	→	WV	→µν	+	jet	
MVW	=	3.6	TeV	
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What happens inside
our detector?
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• Combination of information from all subdetectors 
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Particle flow

ECAL

µ

tracks
charged
hadrons

HCAL

µ

neutral
hadron

photon

Detector level Particle Flow
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Event signature

γ, Z0,W±

q

q̄

W±

W±, Z0

e±, µ±

νe, νµ

q

q̄

jet

Missing ET

lepton
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• Effects from aTGC at high W/Z boson pT:

14

Motivation

Z boson pT

Phys. Rev. D 37, 1775

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.37.1775
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• At high pT decay products are merged into a single 
reconstructed jet with large R 

15

Boosted objects

�Rqq ⇠ MV

pT,V
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• Exactly 1 electron or 
muon passing quality 
criteria

• No additional loose 
leptons

• at least 1 jet with R=0.8 
passing quality 
requirements

• Jets with R=0.4 are used 
for b-tag veto, cleaned 
from the fat jet ∆R=0.8)

16

Event selection

cut electron channel muon channel

lepton pT > 50 GeV 53 GeV

lepton |⌘| < 2.5 2.4

E

miss
T > 80 GeV 40 GeV

⌧21 < 0.6 0.6

MWV > 900 GeV 900 GeV

Wlep pT > 200 GeV 200 GeV

fat jet pT > 200 GeV 200 GeV

fat jet |⌘| < 2.4 2.4

�R(lepton, jet) >

⇡
2

⇡
2

��(jet, E

miss
T ) > 2.0 2.0

��(jet,Wlep) > 2.0 2.0

mpruned window [40., 150.] GeV [40., 150.] GeV
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• top pair production (ttbar)

• W+jets

• Diboson production (WW, WZ)

• Single top 

17

Backgrounds
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• 3 control regions are defined to validate modelling of main 
backgrounds

18

Control regions
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Analysis strategy
MPruned fit in range (40, 150) GeV:

normalization of ttbar,W+jets,
W+jets uncertainty

MWV fit (sideband: (40.,65) ∪(105, 150) GeV ):
shape of W+jets

extract limits in the signal region
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Mpruned fit:
parametric shapes from Monte-Carlo
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• Range [40., 150] GeV is used.

• ttbar normalization is constrained with Gaussian with 
uncertainty 20%

• W+jets normalization is floated freely + cEE0 in shape

• Diboson (SM) is constrained with 100% (possible 
enhancements from aTGC): number is not used later.

• single top is fixed to Monte-Carlo prediction.

• ttbar and W+jets normalizations are extracted from the fit.

21

Mpruned fit
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• Data vs Monte-Carlo after the fit:

22

Mpruned fit
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MWV shapes

ttbar F

ExpN

(x) = e

ax+b/x

single-top F

Exp

(x) = e

ax

diboson F

ExpN

(x) = e

ax+b/x

W+jets F

ExpN

(x) = e

ax+b/x

signal region

ttbar F

ExpN
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single-top F

Exp

(x) = e

ax

diboson F

ExpN

(x) = e

ax

W+jets F

ExpN

(x) = e

ax+b/x

sideband region

• Fit to sideband data
• Shapes fixed to one extracted 

from MC except W+jets
• Shape parameter for W+jets 

are freely floating
• Normalization is taken from 

Mpruned fit.

Estimate W+Jets
from data:

FSB,data
Wjets ·

FSR,MC
Wjets

FSB,MC
Wjets

↵MC(M`⌫j)
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MWV shapes
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Final background shapes for MWV
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• Diboson contribution (SM + aTGC):

• a0 - fit to MC sample, ci set to 0.

• ai,1, ao,i, aw,i - fit to MC sample, ci set to non-zero.

• aij - fit to generator level, ci and cj set to non-zero.

26

Signal modelling

F

WV

=N

SM

· ea0x +
X

i

✓
N

ci,1 · c2i · eai,1x · 1 + Erf((x� a

o,i

)/a
w,i

)

2
+N

ci,2 · ci · eai,2x

◆

+
i<jX

i 6=j

�
N

ci,cj · ci · cj · eaijx
�SM contribution pure aTGC term SM-aTGC interference

aTGC-aTGC interference
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Signal modelling
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• Limits are extracted in a simultaneous unbinned maximum likelihood fit in 
WW and WZ category, muon and electron channel.

28

Limits on aTGCs
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• ∆NLL contours are used for exclusion limits.
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• 1 dimension limits:

• Results presented in terms of EFT and LEP parametrization:

29

Limits on aTGCs

)-2 (TeV2Λ / WWWc
-10 -5 0 5 10

N
LL

∆2

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)-2 (TeV2Λ / Bc
-60 -40 -20 0 20 40 60

N
LL

∆2
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)-2 (TeV2Λ / Wc
-10 -5 0 5 10

N
LL

∆2

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

expected
observed



Ivan Shvetsov 4th KSETA Plenary Workshop, 14.02.2017

• 2 dimensional limits:
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Limits on aTGCs
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• Search for anomalous triple gauge couplings using semileptonic 
WV decays was presented.

• Full 2015 dataset with integrated luminosity 2.3 fb-1 is used.

• Results are documented in SMP-16-012.

• First aTGC result from CMS at 13 TeV.

• We plan to update results with 2016 dataset.

31

Conclusions and outlook

https://cds.cern.ch/record/2209148/files/SMP-16-012-pas.pdf
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Backup

32
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• Signal generated with madgraph using EWdim6 model, 
Madgraph 2.2.3 →LO sample 

• 9 points are generated (roughly correspond to sensitivity):

33

Signal sample

cWWW /⇤2[TeV �2] cW /⇤2[TeV �2] cB/⇤2[TeV �2]
±12.0 ±20.0 ±60.0
±12.0 0.0 0.0
0.0 ±20.0 0.0
0.0 0.0 ±60.0
0.0 0.0 0.0
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• Recluster + veto soft and large-angle recombinations:

- at each step the softer of two particles i and j to be merged is 
removed when the following conditions are met: 

• Parameters of the algorithm: zcut, rcut 

34

Pruning

zij =
min(pT,i, pT,j)

pT,i+j
< zcut
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pileup and boosted jets
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7

veto soft and large 
angle recombinations

min(pTi,pTj)/pTi+j < zcut 
or dij > rcut×2m/pT
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arXiv:0802.2470
arXiv:0912.1342
arXiv:0903.5081
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N-subjettiness

⌧N =
1

d0

X

k

pT,k min{�R1,k,�R2,k, ...,�RN,k}

d0 =
X

k

pT,kR0

arXiv:1011.2268

Quantifies to what degree a jet 
can be regarded as the one 

composed of N jets

important for identification of W/Z-jets!

https://arxiv.org/abs/1011.2268
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ttbar control region
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W+jets control region
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Signal region
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• Signal is divided into 2 categories: WW and WZ

• This provides discrimination cB vs. cW and cWWW 
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Signal regions
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Muon channel
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MET cut
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dim 6 operators
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• Results of the fit:

42

Mpruned fit

PAS
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𝛂-function
WW, electron channel

WZ, electron channel

WW, muon channel

WZ, muon channel
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• Normalisation of ttbar and W+jets are extracted from Mpruned fit, 
other backgrounds → from theory prediction.

• W+jets shape is extracted from sideband data and corrected 
with alpha-function. 

• Fit was verified with closure test.

44

Summary of background extraction
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• Yields in the signal region
• W+jets uncertainty: statistical uncertainty from Mpruned fit and 

alternative function. 

45

Signal and background yields
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• b-tagging/mis-tagging (ttbar and WZ)
• Jet energy scale and resolution
• Lepton energy scale and resolution

• Missing ET uncertainty
• PDF uncertainty → PDF4LHC recommendations
• Q2 uncertainty (Scale) → envelope

46

Systematics uncertainties:
normalization 
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• Fit done varying MC up/down

• Uncertainties on slopes of the signal function (without 
interference):

• Slope involving cb is assigned to have 15 % uncertainty (WZ-
category).

• Other slopes: 5 %

47

Systematics uncertainties:
shapes

category acw acb acwww

WW, muon 4.54 5.37 5.28

WW, electron 4.98 6.04 5.90

WZ, muon 4.53 15.50 4.72

WZ, electron 4.87 15.88 5.06
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HEEP ID
https://twiki.cern.ch/twiki/bin/view/CMS/HEEPElectronIdentificationRun2#Selection_Cuts_HEEP_V6_1_Optiona

https://twiki.cern.ch/twiki/bin/view/CMS/HEEPElectronIdentificationRun2#Selection_Cuts_HEEP_V6_1_Optiona
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HighPt muon ID
https://twiki.cern.ch/twiki/bin/viewauth/CMS/SWGuideMuonIdRun2#HighPt_Muon

https://twiki.cern.ch/twiki/bin/viewauth/CMS/SWGuideMuonIdRun2#HighPt_Muon
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Pruning
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limits for WW and WZ categories
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WW+WZ
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• No SM interference:

• SM

• SM interference: 

• → shift in the ellipse

53

Effects of the SM-interference
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• aTGC-aTGC interference: 

• → rotation of the ellipse:

54

Effects of the aTGC-aTGC interference
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Cross-checks for ttbar control region
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Muon channel
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Signal region

Electron channel Muon channel
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no requirement on b-tagging

Electron channel Muon channel
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Details about signal function

SaTGC = 1 +
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• take real part if complex solution 
• take the one with the smallest absolute value if 2 real solutions

59

W reconstruction
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Other results

aTGC Limits @95% C.L.
0.4− 0.2− 0 0.2 0.4 0.6 0.8

August 2016

Zκ∆ WW [-4.3e-02, 4.3e-02] -14.6 fb 7 TeV
WW [-2.5e-02, 2.0e-02] -120.3 fb 8 TeV
WW [-6.0e-02, 4.6e-02] -119.4 fb 8 TeV
WZ [-1.3e-01, 2.4e-01] -133.6 fb 8,13 TeV
WV [-9.0e-02, 1.0e-01] -14.6 fb 7 TeV
WV [-4.3e-02, 3.3e-02] -15.0 fb 7 TeV
WV [-4.0e-02, 4.1e-02] -12.3 fb 13 TeV
LEP Comb. [-7.4e-02, 5.1e-02] -10.7 fb 0.20 TeV

Zλ WW [-6.2e-02, 5.9e-02] -14.6 fb 7 TeV
WW [-1.9e-02, 1.9e-02] -120.3 fb 8 TeV
WW [-4.8e-02, 4.8e-02] -14.9 fb 7 TeV
WW [-2.4e-02, 2.4e-02] -119.4 fb 8 TeV
WZ [-4.6e-02, 4.7e-02] -14.6 fb 7 TeV
WZ [-1.4e-02, 1.3e-02] -133.6 fb 8,13 TeV
WV [-3.9e-02, 4.0e-02] -14.6 fb 7 TeV
WV [-3.8e-02, 3.0e-02] -15.0 fb 7 TeV
WV [-3.9e-02, 3.9e-02] -12.3 fb 13 TeV
D0 Comb. [-3.6e-02, 4.4e-02] -18.6 fb 1.96 TeV
LEP Comb. [-5.9e-02, 1.7e-02] -10.7 fb 0.20 TeV

1
Zg∆ WW [-3.9e-02, 5.2e-02] -14.6 fb 7 TeV

WW [-1.6e-02, 2.7e-02] -120.3 fb 8 TeV
WW [-9.5e-02, 9.5e-02] -14.9 fb 7 TeV
WW [-4.7e-02, 2.2e-02] -119.4 fb 8 TeV
WV [-6.7e-02, 6.6e-02] -12.3 fb 13 TeV
WZ [-5.7e-02, 9.3e-02] -14.6 fb 7 TeV
WZ [-1.5e-02, 3.0e-02] -133.6 fb 8,13 TeV
WV [-5.5e-02, 7.1e-02] -14.6 fb 7 TeV
D0 Comb. [-3.4e-02, 8.4e-02] -18.6 fb 1.96 TeV
LEP Comb. [-5.4e-02, 2.1e-02] -10.7 fb 0.20 TeV

Channel Limits ∫ dtL s
Central
Fit Value

CMS
ATLAS
D0
LEP


