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Quartic Gauge Couplings

LHC can probe W and Z quartic couplings in Standard Model for the

first time 1 q,WiQuartic Gauge Coupling
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| Triple Gauge Coupling

- SM predicts couplings: //4":‘:» e

2 tree-level QGC: q . .
WWWW, WWZZ, WWZy,WWyy Higgs coupling to vector boson

2 tree-level TGC:
WWZ,WWy

v ZZ22Z, Z2y ZvyY, YYY, Z2Z2, ZZ2y, ZZyY, ZYYY, YYYY
absent in SM

t-channel Z,y and H
exchange
cancel divergent

quartic coupling of
massive
LEP and Tevatron gauge bosons

- TGC and QGC (involving photons) studied at




Electroweak Diboson Production

LHC can probe W and Z quartic couplings in Standard Model for the

first time (massive bosons) 7 7 ’ /
w W
LY
W= w=
ql
K, \fjw
T~y | HO

Ll
At LO production cross section is sum of terms also involving
strong coupling constant

o (VV + i) oew x O(aSy )| cawxaen « O(ahwas) [caop x O(akya?)
. . . Interf ,

0QCD (VV + JJ ) IargeSt fOr EW Signal uncertr;i?‘ll;ye I<‘)ernr:::c(|aded to (gggki?::uucn;)

W:Wi production background, usually O(1%)

P most sensitive to probe quartic gauge coupling
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Beyond The SM Interpretation

1.) Effective Field Theory (Eboli basis, orthogonal to aTGC)

P Operators ordered terms of covariant derivatives only (Scalar), field
strength tensors only (Tensor) or both (Mixed)

Lerr = Lsum + Y (9+Zf33'(9 By fo’o ity fi‘;:'o
i:WWW,W,B,@W,@B §=1,2 §=0,...,9 §=0,...,7
possible to /=0 /=1 S =2
I=0 O (“Higgs” 0 O (KK gravit
map onto I =1 [ﬂ_i 750] (IQgEISDI)v[) p:I[:wp](} (( /!/Z)!) ! ( [azl:g;aOTI 011) arxiv.1307.8170
specific model [ =2 | ¢¥* g% ¢° (Higgs triplet) pEE £ 10

WWWW  'WWZZ\|Z

Os,0, Os,1 X
Own,0, On,1,0m.6 ,0Mm,7 X
Owm,2 ,Om,3, Ornra ,Oms

N

ZZ|\WWAZ |\ WWAA |ZZZA |ZZAA |ZAAA | AAAA

arxiv:1309.7890
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Or,0 ,01,1 ,071,2 X X X
Or;5 ,016 ,01,7 X X
Ors ,0r,9 X X

2.) Direct diboson resonance searches reach (Mx ~1-2 TeV)

P Depends on: spin 0/1/2, charge, fermion/boson couplings
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https://arxiv.org/pdf/1307.8170.pdf
https://arxiv.org/abs/1309.7890

LHC VBS Studies

- WW largest EW cross section and signal to background ratio

P So far the only VBS process experiementally confirmed

- WZ and ZZ processes become feasible with the full Run-2 dataset
p larger QCD VV background, controlled in 2-jet side bands

- Semi-leptonic final states sensitive to BSM

sqri(s) VBS process ATLAS CMS Comment
PRL 113, 141803 . :
EW WxW= (lviv) PRD 96. 012007 PRL 114 (2015) 051801 ATLAS finds evidence
yS. ) ( ) i i
EW Zy (vv/ly) JHEP07(2017)107 Phys.Lett. B770 (2017 CMS finds evidence
380-402
EW Wy (lvy) X JHEP 1706 (2017) 106 CMS finds 2.7 o

ATLAS places limits on aQGC,

EW WZ (3lv) PRD 93, 092004 (2016) PRL 114 (2015) 051801 CMS meas. QCD+EW xsec
EW WV (Ivjj) PRD 95 (2017) 032001 X limits on aQGC
EW WxW= X PRL 120, 081801 CMS first observation
EW ZZ (a1) X WM CMS finds 2.7 o

VBF charged Higgs analysis
EW WZ (3lv) X PRL 119 (2017), 141802 | (same phase space, noO cross
section measurement, yet)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.012007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.051801
https://arxiv.org/pdf/1705.01966.pdf
https://www.sciencedirect.com/science/article/pii/S0370269317303453
https://link.springer.com/article/10.1007%2FJHEP06%282017%29106
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.93.092004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.051801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.032001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801
https://www.sciencedirect.com/science/article/pii/S0370269317308328?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.141802

CMS VBS Studies

- W=xW= largest EW cross section and signal to background ratio

P So far the only VBS process experiementally confirmed
- WZ and ZZ processes become feasible with the full Run-2 dataset

p larger QCD VV background, controlled in 2-jet side bands
- Semi-leptonic final states sensitive to BSM

Importance of fake lepton background

Importance of QCD induced VV+2j background

- Both well validated in control regions, outside the signal region

P e.g. inverted b-jet requirements (fake enriched) or dijet cuts (QCD VV
enriched) 6



Experimental Signature and Predictions

- VBS processes have distinct signature in the detector: two jets

p large dijet invariant mass o IR R E procuction vio echomnel

(myys> 500 GeV) LA by N 7
. = . - . AN arXiv:hep-ph[?éOé?)A:
P large pseudorapidity separation g

\\ arXiv:hep-ph/9605444 1 .
P (di-)boson system central wrt dijets

SM processes mostly studied
in fully leptonic final states

P semi-leptonic decays affected
by background, but sensitive
to BSM physics

1072 - 3
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A"? jets

P lepton: pr's in general >20-30 GeV, Inl< 2.5 (2.4)
P Jets pt> 30 GeV

Experiments do not always use similar theoretical tools

» ATLAS: POWHEG/WHIZARD/SHERPA for Signal, WHIZARD for aQGCs,
interference e.g. SHERPA

» CMS: MadGraph for Signal and aQGCs, interference PHANTOM

P Theoretical predicitions for EW production emerging at
NLO (EW+QCD) (for W*W=arXiv:1708.00268)
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https://arxiv.org/abs/hep-ph/9605444
https://arxiv.org/abs/hep-ph/9605444

W-W-= VBS (Observation 13 TeV)

Measurement performed inclusively In ee, ey, pp channel, two
same-sign leptons

> Major backgrounds estimated from the data: Fake leptons (60%),
WZ (QCD+EW), charge flip (for electrons (sub) per mille level)
 Major syst. unc.: jet energy scale, fake background

P fiducial volume lepton: Ini< 2.5, pt> 20 GeV, jets Inl< 5, pr> 30 GeV, mys>
500 GeV, |Anwul > 2.5

Fit performed in 2 dimensions (myy vs my) to extract best-fit signal

strength modifier PRL 120, 081801
First observation of VBS process cms

-1
c ——001 (13 TeV) _ CMS_ __ 3591'(13Tev)
L2 I o-Dela | o) - -+ Data 1
5.5 (5.7) observed ~1s0f ewww 1 Dysol cwww -
- 0 wn i wz ]
(expected) significance c | B Nonpromt 2 | — i B—

> I - | () I Others )
EW oo —\\\\\ NN T . U>J 100 :\\\4\\\\ okg. ne. |
[\ N -

oEW — 495+ 0.27fh |

ONLO—EW ~ oo — 17T%%

500 1000 1500 2000 200 400 600

oM = 3.83 & 0.66(813&13) T 0.35(Sy8t)fb m; (GeV) m, (GeV)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801

ZZ VBS ( 13 Te‘o Phys. Lett. B 774 (2017) 682

ZZjj production measurement performed in fully leptonic final state

2 BDT used as final discriminant

P Jets pr> 30 GeV, lepton: pr >5(7) GeV muon (electron) ,20/10(12) GeV
(leading subleading muon (electron))

P myy >100 GeV, Z candidates 60 < m;< 120 GeV
p for fiducial volume only change lepton kinematics Inl< 2.5, pr> 5 GeV

Leading background QCD-induced ZZ+jets production
p produced at NLO aMC@NLO 22 T 258 (13 TeV)
» loop induced (gg->ZZ) with MCFM o =z -

B ZZjj EW
Mgy — 22
qq — ZZ -
[]ttZ, WWZ i
B Z+X
m; > 100 GeV,
m; <400 GeV

or Ian | < 2.4

181
16
141
12

Events / 0.04

ZZ background validated in control
region

P inverted dijet cuts:
mys < 400 GeV OR IAnwl< 2.4
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https://www.sciencedirect.com/science/article/pii/S0370269317308328?via%3Dihub

ZZ VBS ( 13 Te ‘0 Phys. Lett. B 774 (2017) 682

ZZjj production measurement performed in fully leptonic final state

Exploit boosted decision tree to enhance sensitivity (7 most
performant variables used)

P myy, Anuy, mzz, Z12-centrality, vector/scale sum of VBF-jets and of ZZ+jets
2.7 (1.6) observed (expected) over bkgd-only hypothesis

oew (pp — ZZjj — ££0%'3) = 0.4071921 (stat) 013 (syst) fb

O'EW — O 29""0'02fb 35.9 fo (13 TeV) 35.9 fb™ (13 TeV)
LO . _0.03 % I T l I T T | T I T I T | T < 22-| L A T T T T T ] T 1 I-
& 102 CMS  Data 1 2 20 CMS - Data -
= W ZZjj EW =~ 0 W ZZjj EW
o w 18
~— —_— - - _:'ZZ -
: melz | B Sa-zz -
e e c otz wwz M o4l iz, wwz ]
good sensitivity to 2 o _ B Z+X
10 — 12 _
EFT operators m, > 100 GeV 1ol m;>100 GeV -
—0.46 < fro/A* < 0.44

—0.61 < fr1/A* < 0.61
~1.2< fro/A* <12
—0.84 < frg/A* < 0.84
—-18 < ng/A4 <1.8 .

200 400 600 800 1000 1200 1400 1600 ' ' 0 BB"?‘ out ut1
m, [GeV] P
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https://www.sciencedirect.com/science/article/pii/S0370269317308328?via%3Dihub

Anomalous Quartic Gauge Couplings 2

July 2017 CMs b 1 cMs —
ATLAS — Channel Limits [ Ldt s July 2017 ATLAS — Channel Limits fLat i
fro A} [ i Wyy [-3.4e+01, 3.4e+01] 19.4 fb”' 8TeV £ A% — Vy -1.3e+02, 1.3e+02 202" 8 TeV
: | Wyy [-1.6e+01, 1.6e+01] 20.3 b’ 8 TeV M0 [ | WvVy -7.7e+01, 8.1e+01 19.3 b 8 TeV
| | Zyy [-1.6e+01, 1.9e+01] 20.3 b 8 TeV | Zy -7.1e+01, 7.5e+01 19.7 fb 8 TeV
— Wy [-1.82+01, 1.8e+01] 20.2 fo! 8 TeV H z 7:86401, 6.9e+01 20.2 b 8 TeV
— Wvy [-2.56+01, 2.46+01] 1931"  8TeV H 5o WW J7ei01, 14401 197 BTV
o] Zy [-3.86+00, 3.46+00] 19.7 b 8 TeV 1 ss WW -6.0e+00, 5.96+00 rgd 13 TeV
H Zy [-3.4e+00, 2.9e+00] 29.2 fp! 8 TeV H Yy —=WW -2.8e+01, 2.8e+01 20.2 b’ 8 TeV
o | Wy [-5.4e+00, 5.6e+00] 19.7 i 8 TeV . | yy—=WW -4.2e+00, 4.2e+00 24.7 o’ 7,8 TeV
- ssWW [-4.26+00, 4.62+00] 19.4 b 8TeV fy1 /A — vy 216402, 2 Te+02 2021 8TeV
| ss WW [-6.2e-01, 6.5¢-01] 35.9 fb™ 13 TeV — y -1.3e+02, 1.2e+02 19.31b 8 TeV
| — | Zy -1.9e+02, 1.8e+02 19.7 b’ 8 TeV
1 74 [-4.6e-01, 4.4e-01] 35.9 1" 13 Tev — Zy -1.5e+02, 1.5e+02 202 fb" 8 TeV
fo,/ A I i WVy [-3.6e+07, 3.6e+01] 20.2b" 8TeV — Wy -1.2e+02, 1.3e+02 19.7b" 8 TeV
A H Zy [-4.4e+00, 4.4e+00] 19.7 b 8 TeV l;l ss WW -g.;e+8(1), g.ze+01 19.4 fb™ 8 TeV
o Wy [-3.7e+00, 4.0e+00] 19.7 b 8 TeV ss WW -8.7e+00, 9.1e+00 359 b’ 13 TeV
H ss WW [-2.1e+00, 2.4e+00] 19.4 fo”! 8 TeV IT' ﬂzm 1 6er01 160101 202k, 8 7oy
| ss WW [-2.8¢-01, 3.1e-01] 35.91b" 13 TeV A —_ yaT] 5.16+02, 5.16+02 33 ; #‘g T 8TeV
| zz [-6.1e-01, 6.1e-01] 35.91b" 13 TeV M2 i | Wyy -7.0e+02, 6.8e+02 19.4 fb' 8 TeV
fo /Al I ] WVy [-7.2e+01, 7.2e+01] 20.2 b 8 TeV — Wyy -2.5e+02, 2.5e+02 20.3fb" 8 TeVv
2 — Zy [-0.9e+00, 9.0e+00] 19.7 b 8 TeV Iﬁl why -5.76+01, 5.7¢+01 2021 8TeV
— Wy [-1.1e+01, 1.2e401] 1971"  8TeV H 2 326401, 31e+01 1977 8Tev
— ss WW [-5.9e+00, 7.1e+00] 19.4 1! 8 TeV H VJY ety 2:62101 $g._2, ;g : g TZV
H ss WW [-8.9e-01, 1.0e+00] 35.91b" 13 TeV fooAt I | 2y -8.56+02, 9.26+02 203 b 8TeV
1 M,3 I _ . 1
; = % [2ednized)  seom IoTey o i e I 71
A vy 8.36+00, 9.1e+00] 203 b 8TeV o Y -4.4e+02, 4.7e+ 20.3 fb e
5 A Wvy [-2.0e+01, 2.1e+01] 20.2 b 8 TeV |:| wwy 9.56+01, 9.80+01 202 fo’ 8 TeV
=] Wy [-3.86+00, 3.8¢+00] 19.71"  8TeV H 70 B oar01 a0l jo7m,  BIeY
f o /A" 4 WVy [-2.5e+01, 2.56+01] 20.2 o 8TeV H Wy -4.3¢+01, 4.4e+01 19.7 fb! 8 TeV
: H Wy [-2.8e+00, 3.0e+00] 19.7 fb”' 8 TeV foy IA* — WVy -1.3e+02, 1.3e+02 20.2 b7 8TeV
fo_ /Al I { WVy [-5.8e+07, 5.8e+01] 202" 8 TeV AT H Wy -4.0e+01, 4.0e+01 19.7 fb’’ 8 TeV
7 — Wy [-7.3¢+00, 7.7¢+00] 197" 8TeV fs /A e W 200402, 2.00+02 20207 BIeV
frg/A* H Zr [-1.82+00, 1.8e+00] 19.7 b 8TeV A" — Wiy -2.56+02, 2.56+02 T BTev
: H Zy [-1.8e+00, 1.86+00] 20.2 " 8 TeV M8 — Wy -1.36+02, 1.3e+02 197 b 8 TeV
H 77 [-8.4e-01, 8.4e-01] 35.91b" 13 TeV H ss WW -6.5e+01, 6.3e+01 19.4 b 8 Tev
f IAY — Zyy [-7.4e+00, 7.4e+00] 203107 8TeV < i & WW -1.2e+01, 1.2e+01 35.9 fb’ 13 TeV
9 H Zy [-4.0e+00, 4.0e+00] 19.7 fo! 8 TeV fz /A |—|I—I WVY -;1-;6+8§, ‘11-26+83 20.2 0] 8 TeV
H Zy [-3.9e+00, 3.9e+00] 20.2 b 8 TeV H ssYWW :7:02101' 6'62101 }3'1 ;g‘ g %x
- -1 y 8
| | | : : | K : | | . Z| | [1.8¢+00, 1.80400] | | 3591 | 13 TeV | \ [ . | SSWW | -1.3e+01, 1.36+01 | 354" 13Tev
-100 0 100 200 300 -2000 0 2000 4000
. o -4 . s o -4
aQGC Limits @95% C.L. [TeV™] aQGC Limits @95% C.L. [TeV™]
I WWWW \WWZZ | ZZZ7Z |\ WWAZ | WWAA |ZZZA | ZZAA | ZAAA | AAAA
‘ mportant to probe all 0
5,0, Os,1 X X X
OM,(), OM,]_,OM,G ,OM,T X X X X X X X
|
diboson Processes to cover iy e e
Or,0 ,01,1 ,0r1,2 X X X X X X X X X
i Or5 ,0r6 ,01,7 X X X X X X X X
all possible EFT operators Ors Ors X T T X T X%

P Indirectly probing mass scales ~1 TeV
- Gain in sensitivity can be obtained by combination, if two analyses

have similar sensitivity
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VBF Diboson Resonances (13 TeV)

CMS performed searches for VBF H+ and H+ productlon at 13 TeV

P Higgs triplet models give rise to
doubly-charged Higgs bosons

Search performed in fully leptonic

final-states

> VBF/VBS dijet topology cuts |
W=W=analysis most performant when i ¥ e

12 9 fb (13 TeV)

Q T T I L 2 T 1 2 [ T
S 60 |+ 0a l|vw CMS 1
Iﬁ _II“Q Nonprompt |
Bzz — m(H")=700 GeV, s,=0.7
[ Z+ " Stat. @ sys. uncertainty
40 -
-] PRL 119 (2017), 141802

‘:

.‘I.A‘l.

interpreted in Georgi-Machacek Model 0 500 1000 1500 2000
G
. VBEHww 35910 (13 TeV) my [GeV]
ﬁ -I|||||||III||||||||||||||||||I||||!||||-I CMs 15.2m-‘(13Tev)
CMS _ i
0.8\ — Observed i
- ---- Median expected 1|
m 68% expected
i 95% expected |
0.6_— [ Ty / M. > 0.1 q
0.4

0.2

——

200 300 400 500 600 700 800 900 1000

m, .. (GeV)

| VBF H+ >WZ |

19 200 400 600 800 1000


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.141802

Inclusive VV BSM Searches

Table 2,3 from T. Dorigo,arxix

- - Ex‘pt.L CM energy | Int. Lum. | Year | Decay modes Considered models Ref.
Many inclusive VV resonance (Tev) | (/b)

ATLAS 7 1.02 2012 wi'’ EGM W', LSTC pr
searches performed ATLAS 7 47 (2013  lugg EGM W' 318]
ATLAS 8 20.3 2014 wi'y EGM W', HVT [355]
ATTAS 8 20.3 | 2014 llq7 EGM W 356
ATLAS 8 20.3 2015 lqqd H* HTM 357
. . ATLAS 8 20.3 | 2015 lvqq EGM W’ 319
» Probing mainly qg->X ATLAS 8 203 2015 |  qqq7 EGM W’ [320]
i ATLAS 8 20.3 2015 | Combination EGM W’ 322
prOd)l; Ctlo?( X X ATLAS 13 3.2 2016 | Combination HVT bosons
CMS 7 5.0 2012 wi'y SSM W,
Cy X Cy VS ¢y Xcy CMS 7 5.0 2012 | g7, vogd ST 1359]
» complemented with VBF searches, o= : S 1 e ud o
COUId Improve measu I‘Ing/problng CMS 8 19.7 2014 | Combination model-independent 327
H CMS 8 19.5 2014 '’ EGM W' 360
resonance coupllngs to . CMS 13 2.7 2016 | Combination | HVT and model-independent | [328|
vector bosons and fermions CMS 3 52 | 2017 |  WIT H* 1361]
CMS 3+13 19.7+2.7 | 2017 | Combination HVT 329

Expt. CM energy | Int. Lum. | Year | Decay modes Considered models Ref.

(TeV) (fo ")

ATLAS 7 4.7 2012 lvlv RS G*, Gy ik [317]

ATLAS 7 4.7 2013 lvqq RS G*, Gy ik 318

ATLAS 8 20.3 2015 lvqqd RS Gy 1319]

ATLAS 8 20.3 2015 q7qq RS Gy [320]

ATLAS 8 20.3 2015 | lvqq, lvlv Heavy neutral Higgs

ATLAS 8 20.3 2015 | Combination RS G},

ATLAS 13 3.2 2016 | qq'lv, q7q@ | Scalar singlets, HVT bosons, G}, | [323|

CMS 7 5 2012 | Combination Fermiophobic Higgs bosons [324]

CMS 7 5 2012 q7'qq RS G* [325]

CMS 8 19.7 2014 9997 RS G* and Gj;

CMS 8 19.7 2014 | Combination RS G* and Gj

CMS 13 2.7 2016 | lvqd, qd'qd RS G} ks HVT bosons [328|

CMS 8+13 19.742.7 | 2017 | Combination | HVT Singlets and triplets, RS Gy, | [329]
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https://arxiv.org/pdf/1802.00354.pdf

Higgs Couplings

- Cross section of VBS processes depend on Higgs vector boson
couplings

CMS Projection

T T I Ll 1 1 1 I I I I ] | T T 1 T
Expected uncertainties on F— 3000167 at {5 = 14 TeV Scenario 1
Higgs boson couplings —] 3000157 at {8 = 14 TeV No Theory Une.

- Example: Two Higgs Doublet Models

2HDM /s . SM — . . Kb ’
9rvv /ghVV = s - a) K :
Ko —1—
2HDM ; .SM — . T R E R R R
g HVV / g HVV — COS(ﬁ a ) 0.00 0.05 0.10 ectod u%grtainw
arxiv:1307.7135
Cross Sections (fb)
Channels sin(8 —a) =0.5 0.7 0.9 SM (C, = 1)
WIW— = 6Tl 0.51 0.46 0.40 0.39
WITW+ — ¢tulty 0.20 0.17 0.14 0.14
W W™ =0 vl v 0.083 0.075 0.070 0.069
WtZ — 0tvete— 0.016 0.013 0.011 0.010
W~Z = vl 1.0 x 1072 8.5 x 1073 7.6 x 1073 7.4 x 1073
+p—ptp— -3 -3 -3 -3 .
AR AR AN 8.4 x 10 6.4 x 10 4.6 x 10 4.4 x 10 GI’XIVI]303.6335
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https://arxiv.org/pdf/1307.7135.pdf
https://arxiv.org/pdf/1307.7135.pdf
https://arxiv.org/abs/1303.6335

Conclusions

Study of VBS processes complementary approach to study
mechanism of electroweak symmetry breaking and the Higgs sector

P One of the reasons the LHC was built, slightest deviations of higgs
couplings will lead to changes in cross sections and ultimately unitarity
violation

Production cross section measurements involving quartic gauge
couplings are progressing rapidly

P First electroweak diboson production mechanism experimentally confirmed
with the analyses of W*W=processes

Focussed on 13 TeV results, massive gauge bosons, see slide 5
details on VBS analysis at 8 TeV involving photons

Many more results to appear on full Run-2 dataset ~ 150 fb-1,
exciting times ahead

P So far most results based on 20-40 fb'? on 8 and 13 TeV
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Additional Material



aQGC EFT Operators

-+ Grouped in covariant derivatives, Field Strength Tensors and
both (mixed)

OM,O = Tr [WMUW*UD] X [(Dﬁq))T Dﬂq)] ;

OM,I =Tr [Wp:vaﬁ} X [(Db’q))T D“(I)] ’ OT!U T [WWWW] x Tr [Waﬁwaﬁ]
OTl = [ GUW“ﬁ] X Tr [WMWO’”]
O =[D<1>TD,,<I>]><[D“<I>TD”¢], O,=BUBW><[D<1>*D%], ‘
8,0 (Du®) ( ) M2 = [By ] (Ds®) Ors — [Wauwﬂﬁ} « Tr [We, W] |
Os,1 = [(an))TD#q)] x [(DV(D)T DV(I)] ) OM,3 — _BWBVﬁ] [(Dﬁq))T Dn@] ’ OT,S = [WuuWW] X B ﬁBaﬁ )
Oua = |(Du®) W, D @] x B , Org = Tr [Wa, W*?] x B,gB*
- Orr7 = Tr [W,,WH?] x B, B*® ,
OM,S — (D (I)) WﬁyDV ] Bﬁ“’ T,7 [ 2 } B
: Org = By, B" B, B*”
OM,G = _(D (I)) WKHVW’BUDM@:I ’ OT,Q - Bap,B'uﬂBﬁvaa .
Our = |(D,®) Wi, W'B“’DV(D] ,
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Quartic Couplings at LHC

At the LHC quartic vector boson couplings are studies in

P Triboson production

 And vector boson scattering

40

W=xW=is the golden
channel

35

30

P Smallest largest
EW-over-QCD ratio £

~— 20

Number of leptons .

and VBF topology 10
enhances sensitivity 5

CERN-THESIS-2014-105

BV Vjj-EW at /s = 8 TeV
HvVijj-QCD at /s =8 TeV
BVVij-EW at /s = 13 TeV

JVVjj-QCD at /s = 13 TeV

x 10

WtW—- ZZ — 2¢
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WEW=

SHERPA
in VBF-like

fiducial volume
x 10

%10

zZV Ly Wz ZZ — 4f




