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—= “After Higgs bis:covery???

= |mportant task Iis to understand the
mechanism behind the Electroweak
Symmetry Breaking!!!

= Two possible ways:

1.Precision measurement of the Higgs and
the vector boson properties.

P ' erir

( 2.Study of the vector boson scattering.
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— Vector Boson-Scattering

e Without Higgs, VBS cross section would violate
unitarity at the TeV scale.

* \ector boson scattering at the LHC probes triple and
quartic gauge couplings

 Anomalous triple and quartic gauge couplings (aTGC, | «
aQGC) would indicate the presence of new physics

Ll

* Increases the cross-section at large di-boson
mass and transverse momentum.

e sensitive to new physics contributions in the
kKinematic tail.

e Anomalous couplings can be introduced as a model
independent way using Effective Field Theory (EFT).
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—aQGC I fhe— EF:I' Framework

o BSM search using model independent way:

e Modify triple and quartic gauge couplings by redefining SM
Lagrangian.

(n)

Lsy HLeff—LSM—FS‘S‘ I (n—|—4)

n=1 1

¢ /\ >> M & Leff_’l_sm as /\_'00

e An effective field theory is the low energy approximation to the new
physics, where “low” means < A

e Sample was generated using MadGraph5 at leading-order (LO)

e Used reweighting feature to save information about different
parameter points for each operator.

WWWW WWZZ WWyZ WWyy /777 ZZZy ZLZyy Zyyy YYyY
Os0, Os. v v v
Oum.0-Oum1>Oms Omq v v v v v v v
Om2:Om3.Opna.Opn s v v v v v v
O70.071,071, v v v v v v v v
Ors,Or6, Ors v v v v v v v
Ors.Or9 v v v v

.«««
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~aQGC pamme.iers toprobe

(o0 - (D @) D, <I> X (D“<I>>" D'®
e Dimension 8 operators: Lowest dimension

¥ - 1 1 v
s Lg1 = (D ‘I)) D“‘I’_ X _(D,,(D) D (I’_ operators that modify the quartic boson interactions.

L Coro = Tr | W, 0| (Dﬁ@)“D% e -
] - - - WMVW“" X Tr Waﬂwaﬂ

~ ~

Wt x v W ﬁwa"

{Cy1 = Tr 'W,“,W'fﬁ' x (Dﬂ@) Dﬂq{ il
Core = [BwB™] % |(Ds®) DP®|

| | Cra = o W] x T [1ip e
Lars = [BuwB") x [(Dgcp)* 2 | Vel oo Ntk el

Lora = |(D,® Wﬂ,,Dﬂcp x B%

(D, & Wﬁ,,wﬁ"Dﬂcp

>
I
5 57 3 2§32 2 3

)!
Lys = -(D (I)) WﬂuDV X Bﬁu
)

(D,® Wﬁ,,wﬂﬂD”@ /

The operators in the red box are the one

which we considered in our analysis. Lr9 = BauB"’Bg,B"® |Ref: PhysRev.
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.073005

e WV/ZV production in association with two jets Phys. Rev. D 95 (2017) 032001
| * Semi-leptonic final state with a boosted hadronic W/Z 5 ATLAS Va8 Tev 20210
‘ 0.6~ - » &Y
e Stringent aQGC bounds for WV channel was set by ATLAS using | - . K-matrix unitarization
8 TeV data sample \ )
e Benefits for WVjj Channel (includes contribution from W=Wzxjj, W=W~=jj, W+Zjj, 2
Z7jj). o— +Q -----------------------------
e larger branching ratio than same sign WWijj analysis. ‘ -0-2;— =
e Full WW invariant mass reconstruction (neutrino p; calculation by | 0.41-

L = 0bs. 95% CL, WVjj

constraining W-boson mass).

0.6 exp. 95% CL, WVjj |
[ — obs.95% CL, W*Wjj |
e Low background in kinematical tails using boosted jets topology. ol e e o
. B exp. 95% CL, WZjj '
e aQGC contribution from all possible vertex: bbb
o WWWW, ZZWW, yWW, VZWW, ZZZZ, Zyyy, ZZyy, ZZZy | Oy

It should significantly improve the current sensitivity.
e —
WV Channel 4 ] ZV Channel ]

~|

1% Vi

q 7/l 9 ! |§ Reconstructed as

a merged jet

q q
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= Signal_& Background
 VWJJ (EWK) : Electroweak production of WWJJ.

e VWJJ (aQGC EWK): Electroweak production of VVJJ with contributions from
aQGC.

e W+lJets: Most dominating background.
 VVJJ (QCD initiated): Irreducible background for analysis.

* it Jets: Top quark always decays to one b-quark and one W boson. So,
1t > bWbW — blviv, if we mis-measure one lepton and one b quark form
jets.

e Drell-Yan: Z/Gamma decays to |+I- and we mis-measure one | because of
acceptance or inefficiency effects, gives missing energy.

e Single top production: Heret = bW — bly, and 3 jets is reconstructed.
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Gentrality and Zeppenfeld Definition

Boson Centrality (Phys. Rev. D 95, 032001)

Ev = min{An—_, Ans}
where,
An— = min{n(Vhad), 1(Vigp) } —min{nj1, nja},
Any = max{"?ﬂ ; 77j2}_max{77( Vhad), Vlep)}

© &> 0:Both W’s should be within VBF jets
© &< 0:0ne or both lepton are at larger |n|
than the VBF jets

T ———E——TT

Zeppenfeld w.r.t. Leptonic W (Phys. Rev. D Zeppenfeld w.r.t. Leptonic W (Phys. Rev. D
54, 6680 54, 6680)
M1+ M2 7]]1 + ;7]2
MWhad — ~ " Wiep 2
Lhad = / —
|17;1 — 12| Wiep | _ ‘
Hi1 — Hjp2

—
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.6680
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.6680
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.032001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.6680
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.6680

—— - Event Selection
WV Channel B B ZV Channel

e Final Selection Small value‘

represents higher

probability for a
* Exactly 2 leptons jet to be

For electrons exclude region 1.4442 composed of
<n < 1.566 * 76 <muL< 107 LT

MET > 80 GeV (50 GeV)
Fat Jet (having radius parameter 0.8):

Final Selection Electrons (Muons)
Exactly 1 lepton

Large radius parameteltjet:

e 65<mw < 105, Tau2/Taul < 0.55 * 65< mz < 105, Tau2/Taul <

VBF jets (having radius parameter 0.55
0.4):

e m; > 800 GeV, dEta > 4.0
Boson-Centrality > 1.0 e mj > 800 GeV, dEta > 4.0
Leptonic zeppenfeld < 0.3
Hadronic zeppenfeld < 0.3
Mwyv > 600

VBF jets:

mzv > 600

Fit myy distribution to get limits
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2 Data.driven background estimation
s : (Atpha-Ratio Method)

* To get V+jet contribution from data in signal region:

NData,W+Jet8(MWW) — OC(MWW) X N?ﬁéi‘and(MWW)

stgnal S

e Alpha (taken from MC) is defined as:

MC W+ Jet
a(MWW) o Nsignal ) S(MWW) B ggfzgl(MWW)
— = —
N%eémzjets (MWW) Nggggand (MWW)

* |n this formula there are three sources of uncertainty.

* Uncertainty in alpha (dominated by MC statistics)

 Uncertainty coming from W+jet shape

e Statistical uncertainty coming from data
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e Both V+jet normajlsa,tlon as well as shape is floating in this ﬁt
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— WWV/ZV Slgnal-‘Ex’rrechon

 We used Myy distribution to get the limits for

both WV and ZV channel.

e SM EWK production is treated as

background.

Final state WV 7V
Data 347 + 16 47 +7
V+jets 1874+21 412+6.1
top 120+18  0.16 +0.04
SM QCD VV 28 + 10 6.4+22
SM EW VV 1742 24+0.4
Total bkg. 352+21 50.1+5.9
fr/A* = —05,—25TeV* 22+1 7.6 +0.6
mp. = 500 GeV, s, = 0.5 40+ 1 4340.1

* Before doing this we estimated W-+jets (for
WV channel) and Z+jets (for ZV channel) in

data driven way.
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= System atic %?erfai nty

* Major systematics are considered as shape based.

* Also, limited MC statistics uncertainty are considered bin-wise.

Source Shape Signal V+jets SMEW GSMQCDVV  top
QCD scale v 9-20 - 12 30 -
PDF unc. v 15 — 10 10 —
Jet momentum scale v 1-9 - 1-9 3.0-15 5.0-7.0
V-jet selection 8.0 — 8.0 8.0 —
GM model EW 7.0 — — — —_
bkg. normalization — 7-16 — — 2.0
V+jets shape v —  shape — — —
Integrated luminosity 2.5 — 2.5 2.5 —
Lepton efficiency 1.0-20 — 1.0-2.0 1.0-2.0 —
Lepton momentum scale v 0.2-04  — 0.5 1.0-1.3 1.0
b-quark jet efficiency 2.0 — 2.0 2.0 3.0
Jet/MET resolution 4.0 — 3.0 2.0 —
Pileup modeling 4.0 — 4.0 4.0 —
Limited MC stat. v shape =< shape shape shape
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—Results -'Anom&l;)us’f Coupling Limits

aQGC Parameters Previous | Ourlelts ________________________________________________________
published limits WV Channel | ZVChannel | Combined Limit
FSO 77771 | |
FS1 [-22,22] J\@s
FTO [-0.46,0.44] ¥
FT1 [-0.28,0.31] (\o o>
----------------------------------------------------------------------------------------- ‘0 &\
FT2 [-0.89,1.0] ‘,0 ,o'b
----------------------------------------------------------------------------------------- \\0 v\\
FMO [-4.2,4.2] c© Q“ _____
FM1 [-8.7,9.1] 66‘ (o(
FM6 -12,12] O
FM7 -13,13]

Reference:
1. https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC#aQGC Results
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—£7. = Summaty_ =

* Analysed both WV and ZV channel for aQGC.

e Signal sample was generated using MadGraph at LO.

e Signal extraction was done using invariant mass of WV/ZV
SyStem (va/zv).
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