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Introduction
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Unitarity of WW scattering in the Standard Model

At high energies, longitudinal gauge-boson scattering would violate unitarity
in the absence of the SM Higgs hoson or even if the Higgs boson couplings
were not precisely the same as those predicted in the SM.
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Introduction
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Measurement of W boson polarization at LHC

The branching fraction of W boson decaying to hadrons is
approximately 68%. It would greatly increase our statistical grasp
of the polarization fractions, if we were able to measure the
polarization of hadronic W bosons.

Current Channel: Leptonic

Hadronic Channel:
Advantages

® Greater Statistics

® Reconstruction of full
kinematics

Vector Boson Scattering
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W Boson Polarization in the SM
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W Boson Polarization in the SM
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Parton level angular distributions

W* Rest Frame Lab Frame

Figure 1: LEFT: 0, is the polar angle of W decay products in its rest
frame. RIGHT: Boosting to the lab frame can cause energy asymmetry
between the up and anti-down quarks
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W Boson Polarization in the SM
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Polarization Meaurement

The distribution of the W™ decay rate as a function of its decay
polar angle,

1 do 3 3
o d|cosh, | T4( + |cosb.|*) + L2( |cosO.|*) (1)

where, the transverse polarization fraction fp and the longitudinal
polarization fraction fy, are related by, fr+ 17 =1
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W Boson Polarization in the SM
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W boson at hadronic level
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Jet [CMS: hep-ex/1410.4227]
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8,y is the opening angle between
two subjets of the fat-jet
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W Boson Polarization in the SM
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op is @ poor proxy variable

Relation between 6,p and cos 6+ for different Ey

— E_W =200GeV
—— E_W =500 GeV
—— E_W =800 GeV
E_W =1200 GeV

B,p (radians)

-1.00 —0.75 -0.50 -025 0.00 0.25 0.50 0.75 100
cos 6+«

op is a poor proxy variable
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W Boson Polarization in the SM
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Proxy Variable pg

Potential observable in the lab
frame at parton-level that can
distinguish between longitudinal

u
o, W' boost < and transverse W™ bosons,
, -

v ‘ AE

W* Rest Frame Lab Frame cosb, = —

R

By

Construction of a proxy variable at hadron level in the W™ lab
frame,

. |AEreco|

pe reco
Pw
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Performance of proxy variable
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Performance of proxy variable
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ruction of templates

mg = 100GeV

@: scalar - longitudinal W

@: pseudo-scalar > transverse W
800 < p¥¥ < 1000 Gev

70 <my< 115 GeV
T,,<0.46

No Detector Simulation
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Efficacy of py
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Performance of proxy variable
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pg is a good proxy variable for |cosf.| < 0.9
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H Level Templates
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@ Hadron Level Templates
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Hadron Level Templates
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1D Templates
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Hadron Level Templates
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2D Templates

2
e = Noot (f171 + frTr + f875)
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Application to HL-LHC
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@ Application to HL-LHC
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Application to HL-LHC
[o] lelele]e)

Event rate for VBS at CMS

Expected WW scattering events +
background at 13 TeV LHC with

cMs L-138m'a3Tev) 3000 fb~' of data
g O ran NV T3 QCD Background ~ 55336 events
i B oy VBF-V, Vy, VBS-Z(IV(j Hadronic boosted W bosons ~ 2164
Nonprompt -Top events

Wlets [ ] VBS-W(M)V(jj)

Longitudinal W ~ 425 events, Trans-
verse W ~ 1739 events

Expected WW scattering events —+

background at 13 TeV LHC with

10000 fb~ ! of data

3 QCD Background ~ 185578 events

1000 2000 3000 Hadronic boosted W bosons ~ 7214
ml‘l/ES (boost) [GeV] events

Longitudinal W ~ 1417 events, Trans-

verse W ~ 5797 events

Data/Expected
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Application to HL-LHC
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Pseudo-Data from 2D Template

Mean Expected
Template

= B
: Add
’ Poisson
Noise

T -7

2
X2 — Zi ( pseudo- d;lta pred) Where

Tored = NEVTL + NS T7 + NE T

Pseudo-data
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Application to HL-LHC
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Results
True Values Reconstructed Values

L =3ab~}!

f, = 0.0074 f. = 0.0079 + 0.0082

+ = 0.030 f;r = 0.030 + 0.010

Nio: = 57500 Nior = 57784 + 240
L =10ab !

f;, = 0.0074 f = 0.0075 + 0.0045

fr = 0.030 fr = 0.030 + 0.006

Nioe = 192792 Nior = 193078 + 439

Transverse polarization fraction can be extracted at 20-30% level in the
hadronic decays at HL-LHC.

Longitudinal polarization fraction can not be distinguished from zero.
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Application to HL-LHC
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Take-home messages

@ A new technique is proposed to measure longitudinal and transverse
polarization fraction of hadronic decays of boosted W boson

® Introduces a new jet-substructure observable py which is a proxy for
the decay polar angle of W boson in its rest frame

© Distribution of py is sensitive to the polarization of W boson
@ py has lower reconstruction errors as compared to other proxy

@ Helps to measure the transverse W boson polarization fraction in
VBS at HL-LHC to within a 20% error

@ If longitudinal W boson polarization in VBS is enhanced in a BSM
scenario. then this technique maybe useful to detect such new
physics
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Application to HL-LHC
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Thornds  For Dvwe  Abemtiins

Any Questions?
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Back-up Slide: Error Estimate
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