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Physics Case — VBS at LHC

* The measurement of a Higgs boson with a mass of

125GeV provides an explanation for W & Z masses = via
the Brout-Englert-Higgs mechanism

* However, further Higgs bosons could be present

* BSM scenarios considering the existance of additional

Higgs bosons (or other resonances) predict modifications
of the VBS cross-section w.r.t. the SM prediction



Physics Case — VBS at LHC

* VBS is one of the few processes that allow us
to access a quartic gauge coupling!




Signatures @ LHC

* VBS interactions are characterized by the presence
of 2 gauge bosons in assoc. with 2 forward jets

* The two jets can be identitied by a large rapidity
separation

* These classes of processes proceed via the EW
interaction at tree level O(a?)



Event Selection

 Events are reconstructed with ParticleFlow

* Jets reconstructed using the anti-kr algorithm (dist. 0.4)
- Calibrated seperately in simulation and data
* Electrons and muons are reconstructed by

associationg a track with a cluster of energy either in
the ECAL or muon system



Event Selection

* SR requirements: same sign leptons
* Remove Candidates with 15GeV around the Z mass

* Require ptmiss Of >30GeV to account for the neutrinos

Variable Requirement

Leptons Exactly 2 same-sign leptons, pr > 25/20 GeV
2 >50GeV

|,y — mz| >15GeV (ee)

My, >20GeV

P >30GeV

b quark veto Required

Max(z;) <0.75

o >500 GeV
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Extracting polarization information

* In the W*W+* channel, the W bosons can be longitudinally or
transversely polarized

- Leading to different kinematic distributions of |, j and ptmiss

- Wi bosons tend to be radiated at a smaller angle with respect to the incoming
quark direction, resulting in a smaller pT compared to Wy pT.

- In addition, there are differences in the behavior of the scattering amplitudes
as a function of the W+ W+ center-of-mass energy and the scattering angle

* 2 BDTs are trained to separate between the different processes (W, W,
WxW+r and W Wy, VVTVVT)



Background Estimation

* Background processes are final states from tt, tW, W*W-and DY where one
lepton has been identified to carry the wrong charge

* MislD Rate assumed to be 0.01% in the barrel and 0.3% in the endcap region

* Most nonprompt lepton backgrounds (from heavy quarks, hadrons
misidentified as leptons) are suppressed by the iD and isolation requirements

* Four Background CR’s (enriched in WZ, nonprompt lepton, tZg and ZZ) are
used to estimate the normalization of the main background processes from
data

* All other background processes are estimated from simulation



Systematic Uncertainties

Source of uncertainty WiEWT (%) WIW7T (%) W[ Wy (%) WTFW7 (%)
Integrated luminosity 3.2 1.8 1.9 1.8
Lepton measurement 3.6 1.9 2.5 1.8
Jet energy scale and resolution 11 29 25 1.1
Pileup 0.9 0.1 1.0 0.3
b tagging 1.1 1.2 1.4 1.1
Nonprompt lepton rate 17 2.7 9.3 1.6
Trigger 1.9 1.1 1.6 0.9
Limited sample size 38 3.9 14 5.7
Theory 6.8 2.3 4.0 2.3
Total systematic uncertainty ES 6.6 18 7.0
Statistical uncertainty 123 15 42 22

Total uncertainty 130 16 46 23




Results

* To distinguish Signal from background, before extracting the
polarizations, another BDT is trained

* Simultaneously fit the SR and all CR (nonprompt, WZ, tZq, ZZ)
- Normalizations of ZZ, tZq, EW W/Z, and QCD W/Z are included

— SyS. unc. treated as nuisance parameters with shape & normalisation
varying within their uncertainties within the fit

- Norm. uncertainties are treated as log-normal nuisance parameters

- Normalisation of tZq, ZZ, and WZ backgrounds
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Results

Observed (expected) 95% CL
upper limit on the production
cross section for longitudinally
polarized same sign WW boson
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Thank you for your Attention!
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Inclusive BDT Inputs

Variables Definitions
i Dijet mass
|.ﬂ.1;]-]- | Difference in pseudorapidity between the leading and subleading jets
Ay Difference in azimuth angles between the leading and subleading jets
pj: py of the leading jet
12 pr of the subleading jet
p.i.' Leading lepton py
Py Dilepton py

Zeppenfeld variable of the leading lepton
Zeppenfeld variable of the subleading lepton

p.T?iHH Missing transverse momentum




Signal BDT Inputs

Variables Definitions

A Difference in azimuthal angle between the leading and subleading jets
p.jll. pr of the leading jet

p]lz pr of the subleading jet

p.‘(l_l Leading lepton p

p.i? Subleading lepton py

Ay, Difference in azimuthal angle between the two leptons
1 g, Dilepton mass

p_fl_f Dilepton py

m.'fw Transverse WW diboson mass

z; Zeppenfeld variable of the leading lepton

zy, Zeppenfeld variable of the subleading lepton

ARp, s
£ 52

(Prpr)

miss

Pr

AR between the leading jet and the dilepton system
AR between the subleading jet and the dilepton system
le Ratio of pr products between leptons and jets

Missing transverse momentum

|

— (mjs)

Amnj;
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Signal BDT Outputs

TMVA overtraining check for classifier: BDTG_new_sample_v9

(1/N) dN / dx
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e
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BDTG_new_sample_v9 response

u/o-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

TMVA overtraining check for classifier: BDTG_v13
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Region Definitions
Variable WW W2
Leptons 2 leptons, pr > 25/20GeV 3 leptons, pp > 25/10/20 GeV
P = 50 GeV = 50 GeV
Im;; —mz | > 15 GeV (ee) < 15 GeV
my, = 20 GeV -
Mpp - = 100 GeV
pEFi-“*"' = 30 GeV = 30 GeV
Anti b-tagging Applied Applied
T veto Applied Applied
max(z; ) % 0.75 < 1.0
m;; = 500 GeV = 500 GeV
| Ay | > 25 )
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Region

Definitions

Variable Nonprompt WZb L7

Leptons 2leptons, pr > 25/20GeV 3 leptons, pr > 25/10/20GeV 4 leptons, pr > 25/20/10/10 GeV
J =50 GeV = 50 GeV = 50 GeV

Imy, — my | = 15 GeV (ee) < 15 GeV < 15 GeV (both pairs)

my = 20 GeV - -

Mg, - = 100 GeV -

piniss =30 GeV =30 GeV -

Anti b-tagging Inverted Inverted -

T veto Applied Applied -

max(z; ) < 075 < 1.0 < 0.75

e = 500 GeV = 500 GeV = 500 GeV

A | > 25 > 2.5 > 2.5
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Final Binnings

The chosen binning on each region is the following:

» WW SR: two-dimensional BDT"" — BDT"™VES distributions with 5 bins in BDT""
and 5 bins in BDT""™V!;

e nonprompt CR: 4 bins in m i ([500, 800, 1200, 1800, co] GeV);
e WZ CR: 4 bins in my; ([500, 800, 1200, 1800, o] GeV);

o Z7 CR:4 binsin my; ([500, 800, 1200, 1800, cc] GeV);

o WZb CR: 4 bins in m;; ([500, 800, 1200, 1800, co] GeV).
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