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Status since last LPCC WGStatus since last LPCC WG

Studies with 1/fb(7TeV) for all di-boson groups are 
publishedpublished

A common fitter is developed for both1D and 2D limit 
setting 

WW&WZ group have their public results with 5/fbg p p /
(7TeV) ; results from other groups would be public 
soon 
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Outline Outline 

TGC overview

Study models

Methods

Current status and results

Future plans
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Motivation Motivation 

The standard model of electroweak interactions permits gauge bosons (Z  The standard model of electroweak interactions permits gauge bosons (Z, 

W, and γ) to self-interact via trilinear gauge boson vertices.

Neutral couplings are forbidden at tree level (ZZZ/ZZϒ/Zϒϒ)Neutral couplings are forbidden at tree level (ZZZ/ZZϒ/Zϒϒ)

Other couplings are not yet well measured

A i t f TGC A precise measurement of TGC 

A stringent test of the SM New, heavy particles that couple to vector bosons 
compositeness of the bosons

A sensitive probe to new physics
compositeness of the bosons
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Effective Lagrangian ApproachEffective Lagrangian Approach

Many independent parameters 

violatedCParehandh,f

conservedCParehandh,f
VVV

VVV

214

435
By requiring CP invariance, less parameters are considered  

In SM g1
V=kV=1 ,  fi

V=hi
V=0    
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Cutoff scale/Form FactorCutoff scale/Form Factor

With non-SM coupling, the amplitudes for gauge boson pair production 
grow with energy(    )
Tree-level unitarity is violated at very high energy

s

y y g gy
To avoid this, an effective Cutoff scale, is introduced

0α
n)/ŝ(

)ŝ( 21
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Λ+
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α0: coupling value at low energy limit

: invariant mass of the vector-boson pair

Λ: scale of new physics 

ŝ
Limits in ATLAS are set in two scenarios
Λ=1.5, 2, 3,6TeV, preserves unitarityΛ: scale of new physics 

n:  WW/WZ/Wϒ coupling parameters, n=2; 

ZZ coupling parameters, n=3;

Λ 1.5, 2, 3,6TeV, preserves unitarity
Λ= ∞, violates unitarity, no model assumptions

Zϒ coupling parameters,  n=3 for h3V, n=4 for h4V
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TGC signal modelingTGC signal modeling
In the effective Lagrangian approach

New triple gauge-boson vertex operators are added linearly to the standard 
model term, parameterized with a new TGC, αi

In the effective Lagrangian approach 

the cross section (or Matrix Element - ME) is an exact bilinear form - quadratic function of 
the α's

coefficients of the 2nd order polynomial is known dependency on the α 's is specifiedcoefficients of the 2nd order polynomial is known dependency on the α s is specified 

For the case of 2 new TGCs: α1 and α2

F00 is SM contribution

Matrix F can be obtained from simulation with several different approachesMatrix Fij can be obtained from simulation with several different approaches
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Sensitive observablesSensitive observables

The presence of aTGCs will affect the production cross-section of di-
boson processes;
Also has an important impact on the behavior of some measuredp p
observables.

S
Black: SM

Sensitive observables

pT of ϒ (Wϒ/Z ϒ)

T f (l di )Z (WZ/ZZ)

Red: h3
Z=0.06

Green:h3
Z=0.1

pT of (leading)Z (WZ/ZZ)

pT of leading lepton(WW)

BinningBinning
The aTGCs affect the high part of the observables more

Wϒ/Zϒ/ZZ: use only the last 1 bin of their observables
WW/WZ l bi

pT of ϒ/GeV
WW/WZ: use several bins

p
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Fitting MethodsFitting Methods

The likelihood function for the TGC determination is a product of the Poisson probability distribution  
with Gaussian terms (G) representing each of the nuisance parameters
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Profile likelihood ratioProfile likelihood ratio
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Frequentist and Bayesian limitsFrequentist and Bayesian limits
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Treatment of systematicsTreatment of systematics

Nuisance parameters with Gaussian constraints in likelihood function

Full correlated between uncertainties across channels and bins

Sources of systematics
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Current status and results (1)Current status and results (1)
ATLAS has TGC results in all channels published with 1/fbATLAS has TGC results in all channels published with 1/fb

Wϒ/Zϒ
PLB 
arXiv:1205.2531[hep‐ex]

WW
PLB 
arXiv:1203.6232[hep-ex]

ATLAS WZ&WW group have their public TGC results with 5/fb

ZZ
PRL 108, 041804(2012)

WZ
PLB 709(2012) 314-357

A common fitter is developed

WZ
submit to EPJC   arXiv:1208.1390

WW
To be submitted to PRD

A common fitter is developed
defined input data format (ASCII text)  
1D: ΔlogL method,  frequentist method, Bayesian method
2D: ΔlogL method,  frequentist method

Other di-boson groups

Applied the common fitter: Results approved in ATLAS SM group,  coming soon   
2D li i /li i  f  diff i l di ib i  2D limits/limits from differential distributions 
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Current status and results (2)
5/fb WW results

Current status and results (2)
5/fb WW results

WW limit
• Sensitive to WWZ and WWϒ aTGC vertex
• Limits set using leading lepton pT spectrum
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T
• ΔLogL limits set using LEP aTGC scenario(some other scenarios are also included )



Current status and results (3)
5/fb WW results

Current status and results (3)
5/fb WW results

95% C.L Limits at different scenarios
15
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Limits assuming no relationships among parameters



Current status and results (4)
5/fb WZ results

Current status and results (4)
5/fb WZ results

• Analysis sensitive to WWZ vertex
• Limits are extracted with 7 pT(Z) bins
• Frequentist limits set
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• 5/fb limits are much more improved 
comparing to 1/fb limits
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Current status and results (5)
1/fb W/Zϒ results

Current status and results (5)
1/fb W/Zϒ results
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Current status and results (6)
1/fb ZZ results

Current status and results (6)
1/fb ZZ results

• Analysis sensitive to ZZγ and ZZZ aTGC vertices• Analysis sensitive to ZZγ and ZZZ aTGC vertices

• Limits extracted using observed event yield

• Profile likelihood limits set

• These limits are comparable with, or are more

stringent than, those derived from measurements at

LEP and the Tevatron.
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Future plansFuture plans

7 TeV
limits from all di-boson group will be ready soon

common fittercommon fitter
2D limits
Differential distributions

8TeV
Limits as function of Λ
Combined limits among different di-boson channels
Combined limits with CMS?
More development on the common tools?
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