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& 'ntroduction

Previous study by CMS :

* VBS has quite distinguished characteristics,
including two widely separated jets with large
iInvariant mass.

* There have been many more studies coming out
from both ATLAS and CMS.

- Based on data collected at Vs = 8 TeV,
corresponding to an integrated luminosity of
approximately 20.0 fb't, the observed
(expected) significance for WYy scattering were
2.7 (1.5) standard devidation.

Measurement of electroweak-induced production of Wy

with two jets in pp collisions at /s = 8 TeV and constraints

on anomalous quartic gauge couplings

The CMS Collaboration]

Abstract

A measurement of electroweak-induced production of W+ and two jets is performed,
where the W boson decays leptonically. The data used in the analysis correspond to
an integrated luminosity of 19.7 fb ! collected by the CMS experiment in /s = 8 TeV
proton-proton collisions produced at the LHC. Candidate events are selected with
exactly one muon or electron, missing transverse momentum, one photon, and two
jets with large rapidity separation. An excess over the hypothesis of the standard
model without electroweak production of W+ with two jets is observed with a signif-
icance of 2.7 standard deviations. The cross section measured in the fiducial region is
10.8 = 4.1 (stat) == 3.4 (syst) = 0.3 (lumi) fb, which is consistent with the standard model
electroweak prediction. The total cross section for W in association with two jets in
the same fiducial region is measured to be 23.2 £ 4.3 (stat) £ 1.7 (syst) &= 0.6 (lumi) fb,
which is consistent with the standard model prediction from the combination of

http://dx.doi.org/10.1007/JHEP06(2017)106
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. Introduction arXiv : 2008.10521

Analysis content :

« Search for EWK production of Wy

« Measurement of fiducial cross section

» Search for anomalous coupling

Vector Boson Scattering:

- Candidate events have exactly one identified lepton, one EI*S, one identified photon, two jets with
large rapidity separation and dijet mass.

- In the analysis we consider: uv,yij, ev.yijfor the photon we consider it separately in barrel and
endcap region, so we have 4 channels
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@ Object reconstruction

Lepton candidates :

« If electron, |n|<2.5 ,Pr>25 GeV, if muon, |n|<2.4 and P; >20 GeV .

Photon candidates :

* |n|<2.5 and P; >20 GeV, excluding the ECAL transition region of 1.444<|n|<1.566.

Jets candidates :

 PF objects using the anti-kTjet clustering algorithm with adistance parameter of 0.4.
E'lrniss .

« computed as the negative of the vector sum of the P, of all the PF candidatesin an event,
and its magnitude is denoted as E7"*°.
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@ sample selection

* one tight lepton, second lepton veto

« EMSS>30 GeV, mp(W)>30 GeV

* PI>25 GeV, |n,|<1.4442 or 1.566< |1, |<2.5
* |my,, — mz|>10 GeV in electron channel

+ RI*>40 GeV, P/*>30 GeV

. |T]] |<4.7.J ARL],}O.S \ ﬂRj)y:"O.S \ ﬂRLI}O.S \ ﬂfﬁj,met}(}f’

Basic selection

200 GeV<m;;<400 GeV

Low m;; control region

2020/11/6

My, >100 GeV, m;,>30 GeV

* Zepp=|nNwy — M1 + 12)/2]<0.9

* Dphi=| ¢y — @152 |> 2
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@ Background estimation

« We consider following background categories; estimation method are listed
for each category

Category Estimation mehods

QCD Wy from simulation
Fake photon template fit method, data-driven
Fake lepton from fake rates and “Tight+Loose” “Loose+Loose” data events
Double fake fake photon + fake lepton
TTy from simulation
Zy from simulation
STop from simulation
\AY from simulation
ey from simulation

 In all cases where simulation is used, pile-up reweighting, lepton and trigger, tracking,
ID and Isolation efficiency scale factors are applied.
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@ Background estimation

« Fake photon
» make 3 templates, data template, MC true template, and fake template (plj-
sample)
» Get fake fraction by fit data template with MC true template and fake
template

dataXx fraction
plj

» weight =

« Fake lepton
» 2 kind of leptons, tight lepton and loose lepton
» fake_rate = tight /loose

fake_rate

> weight =

1—ake_rate
 Double fake

consider both fake photon and fake lepton
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@ significance
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: & Extract signal via the feature of VBS process, large invariant mass and An jj of two jets
. & The significance is calculated using a simultaneous fit in the signal region with 2D mijj-Anjj

1
+ binning and the control region in 4 categories for muon/electron choice and barrel
: photon/endcap photon choice.
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@ Fiducial Xs

CMS 359 fb" (13 TeV 2016)
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/ . . . \ - E - EWWy [l Fake photon [ TTy
Fiducial region Luop AR e e
« PL>30 GeV, n;<2.4, psS>30 GeV Siz0;- -
* mp(W)>30 GeV, P11’>25 GeV 1001~

In,1<1.4442 (barrel), 1.566<|n, |<2.5 (endcap)

(o]
o

- PI'>40 GeV, P/*>30 GeV, n;<4.7 cofll . <00k m
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The fiducial cross section is defined as: R R O [V
Ofiducial_XS = Ogenerator * Usignal_strength * €generated_to fiducial

> O is the cross section of the Monte Carlo signal sample. d

generator 1S =1 | Jario sie Ple gl =20.39 + 4.49 fb
» Usignal strength 1S the signal strength from fitting.

A\

. . : d
€generated._to fiduciar 1S the fracation of the generated signal event: O-E]'CI;V+QCD = 109.43 +£ 15.7 fb
passing the ficucial region selection.
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& 2QGC limits

SM lagrangiancan be extended with higher dimensional
operators remaining SU(2) X U(1) gauge symmetry

L= Loy + z iy Cup = 0 ™ [Ru] x [(Dp0)" D]
N SM _4 L fMl Y U + i
= A . Lyy = 24T [w,.,t,w ﬂ X [(Dﬁ-ﬂ?) D! q»},
Lro = LI To[W, W] x To(W,,We#), | Contain an SU(2) field Ly = 12 5,,5"] x [(D,0)DPa)],
]/,\ strength, the U(1) }1 .
Lry = 2q Tr[Wu W) x Tr(W,sW™), | field strength, and the Lus = 22 [B,,B"| x [(Dso)'Dre],
'CT,Z e % TT[VAVM,W‘"ﬁ] X Tr[W,;,,W"“], covarlan.t derivative f’Mfl — % h{DF’q)}fwﬁ“D“q)] x B'B“,
f of the Higgsdoublet fus T . ,
i R : . — JMS v i
Lrs = ﬁ Tr[W,, W*"] x B,zB", field. Ly i | (Du®)'Wg,D ‘1’] x B,
fme T A @
A\ fT6 A ATip av ‘C'M,E = X1 {:D#CIJ) WﬁuwﬁvD#q’ ’
L1s = Pz TrWa W] X BygB™, Contain only the two ﬁn ) g }
. — LM/ v
Lry = %‘ Tr[W,, W*#] x Bg,B", field strengths. Luy = Af (D)W, WD),
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& 2QGC limits

: CMS 35.9 fb! (13 TeV)
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@ 2QGC limits

Observed limits [TeV 7] Expected limits [TeV °]

Unitarity bound [TeV ]

-8.07 < fao/A* <799 =767 < fro/A* < 755 1.0
-11.79 < fun /A* <1209 —10.79 < f /A* < 11.27 1.2
281 < fup/ATY <281 268 < fun/AT < 2.68 1.3
441 < fs /A <449 —4.04 < fu/A < 410 1.5
-4.99 < faa/ A* <4.95 —4.70 < faa/A* < 4.67 1.5
827 < fys/A* <831  —7.85 < fus/A* <773 1.8
-16.15 < fe/A* <1599  —15.35 < f/A* < 15.11 1.0
-20.78 < fur/A* <2022 —19.42 < f,,7/A* < 18.70 1.3
-0.62 < fro/A* < 0.64 —0.60 < fro/A* <0.62 1.4
-0.35 < frq/A* < 0.39 —0.34 < fr/A* <0.38 1.5
-0.99 < fr,/A* <118 —0.98 < fr,/A* < 1.16 1.5
-0.45 < fr5/A* < 0.46 —043 < frs/A* < 0.44 1.8
-0.36 < fre/A* < 0.38 —0.34 < fre/ A" <0.36 1.7
0.87 < fr,/A* < 0.93 —0.83 < fr-/A* < 0.89 1.8
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@ 2QGC limits

* The unitarity bound (Ubound) is defined as the scattering energy at which the aQGC
coupling strength, when set equal to the observed limit.

« All coupling parameter limits are inTeV 4, while the Ubound values are in TeV

* For the parameters fy, ,_5/A4 and fr ¢_7 /A4, the constraints are the most stringent to
date.
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@ summary and future plan

Summary :
* Observed (expected) significance for only 2016's 13TeV data : 4.9 ¢ (4.6 0).
« Observed (expected) significance after the combination with 8TeV data : 5.3 0 (4.8 0)

* The fiducial XS are :

Opy =20.39 £ 449 fb ; oy, 0cp = 109.43 £ 15.7 fb
 aQGC results

Future plan :

The full Runll VBS WGamma analysis is ongoing now and will have all results soon.
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