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Introduction




The Standard Model

The SM is the model that describes all
particles and their interactions.

There are 3 interactions: "l @
« Electromagnetism uw |
i We a k _=1;437 MeV/c2
. Strong »
- Described by symmetries: down )
SU(3) x SU(2), x U(1)y
. (e
The matter consists of electron
6 quarks and 6 leptons
Ve
electr_on
neutrino

The last particle observed
is the Higgs boson, consequence of
the Electroweak Symmetry breaking
(EWSB) mechanism. Started to be
studied (mH, coupling, ...)
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Electroweak theory

Trilinear and Quartic Gauge boson couplings (TGC, QGC) are
precisely determined by SU(2), x U(1)y gauge symmetry.

Neutral coupling forbidden.

- TGC: Studied at LEP,
. VBF and VV production. Tevatron and LHC.
- QGC: M
W W

VBS and VVV production. Start to be .
accessible in
Allowed SM QGC vertex: LHC run2!
w W W W W ><: W
v :>< Y Z ><: v A Z W W

Multiboson allow stringent test of EW theory, and model
independent way to look for new physics at TeV scale!



Why studying specifically VBS?

Let’s consider the scattering of longitudinally polarized weak bosons: W*W-

auge __ g2

5| ! o(VV — VV), no Higgs
d
'r
A P Without Higgs, the amplitude violate
7 unitarity at high energy!
WHW- — ZZ ) //
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V,V, scattering

Arxiv:0806.4145

Let’s consider the scattering of longitudinally polarized weak bosons: W*W-

auge __ g2

If there is a Higgs, destructive interference between Higgs and gauge boson scattering

e~ , in the limit
-—-C 4 : MHiggs — 972 £ s >>mé, m3,
JJ\J\,\’\‘ 4mw = Mtot — O((m_)O)
w

| T RPN If the HVV coupling is not precisely given by its
SN ' SM value:2=i /v then the unitarity is still violated,
S unless:
. ‘~-~-\.;.::;::i:i-:;,—;_-;_-f,;“:,_t_t 4_ « There are several (light) scalar
resonances where the sum of the coupling
ooy | —ww | of all of them satisfy the SM value.
\ - E%—Eigﬁ * There are other new phenoma in VV
0.001 - e scattering.
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New physics searches
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- Use direct searches, look for resonance on falling background.
« Model dependent approach..
- If NP is out of the LHC reach, could we still observe it?

- Extend SM with Dim6 and Dim8 operators in Effective Field
Theory (EFT)Z ¥= 2, +Z_(9(6) Z G @(8)

AZ 1
« EFT model independent aIIow to recover deviation in distributions tails!
° Provide ||m|tS on D|m8 WWWW | WWZZ | 2277 | WWAZ | WWAA | ZZZA | ZZAA | ZAAA | AAAA
. Os.0, Os1 X X X
operators with VBS. Ovo OmaOme Onr | x| x | x | x | x | x| x
Oum o s Onta Onrs X X X X X X
OT] OTI ,Or2 X X X X X X X X X
Ors Ors Orr X X X X X X X X
Org ,0r9 X X X X X




» Challenges

Outline

Standard Model Production Cross Section Measurements

Status: July 2019
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Classifying the VBS signal

Arxiv: 1610.08420

- VBS contains: quartic diagram, t-channel (H,V), s-channel (H,V)

Vv Vv Vv 14
e Vg O T
14 1% 1 H H
e R R
14 |7 % 1% 14 v Vv 1%
« Alone do not form a gauge invariant ensemble. Need extra diagrams:
AL

q Wil © _ €
q N e’ q Ve W ll:c
R_esonant K, " T s
dibosons _ " T A ‘
w+ y wt y ; q
i " q
q
Non-resonant Tribosons

« Possible to separate contributions using kinematic cuts.
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w+ et
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- Together referred to Electroweak production, at LO order a®y,.



Main backgrounds to VBS

- Main backgrounds irreducible and order a?.a%y

g
;665 et
Wty et '\/ZV/{/\( W et
q '\/\< q —— Ve .
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q

« Mostly contains gluons (emitted or exchanged).
Usually less energetic than electroweak diagrams

Arxiv: 1610.08420

[0
j{\
+
S FR ey

—>They are referred to as QCD-induced backgrounds.

- Constructive interference between Electroweak signal and
QCD-induced background order a.a°g,y

X

o)

—L
- Note that signal and backgrounds have all been computed to
NLO QCD in the channel analyzed.



Cross sections @ LHC (8—13TeV52

CERN-THESIS-2014-105

LO Cross sections obtained with
Sherpa 1.4

T T | 3
Wocostev laco 13tev ]

IEW““’V EWiITeY Cuts in “VBS-like” fiducial volume:
* Leptons: p>15 GeV, |n|<2.5

10 — . I
ot . Jets (N) 2 2, pr>30 GeV, |n|<4.5
anti-k; R=0.4
107 —
- | | I . m”>500 GeV

' .s TeVv .13TeV

10? =

cross-section in fb

 |fZ— £ in final state:
o N . N . ... | Z window of 25GeV

QCD /EW

o A OO @
!
|

» If photons in final state:
pT > 15GeV, AR(y,£) > 0.1,
AR(,j) > 0.1

» Low signal cross section (o(fb)), vs high irreducible background!



VBS topology

Norm to 1

Events with a very peculiar topology: \
« 2 jets (3,4) with: 1 \
4 RV
. T ‘ A
« No or little color activity in between ;| 3
(~2 jets in the event). ‘
« Boson(s) decay products (1,2) are
emitted in the di-jet rapidity gap.
Zyjj events
C - 02r
0‘25? ptJet1 —Signal é 018? Mjj —Signal
- § 0.16—
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CERN-STUDENTS-Note-2017-221



Tag VBS events

CERN-STUDENTS-Note-2017-221

« Take advantage of this topology to tag the 5 £
eve ntS . ; 0:7; Centrality —Signal
0.6 ; —Background
 Use dedicated variables 53
* Centrality: Fety) = [P = On )2 5
Vi = Yji) b
-OE A s S— R
* Most Higgs gnd.VBS measurements Zyij events
employ multivariate approach.
N 45— p*u*jj Candidate Event
=) F ATLAS ® Data 3
~ 40;— s=13TeV, 36.1fb" :lw%:g\gD = mii=2800 GeV |Ayil=6.3
% 35;_ WZ” SR -ﬁsid, leptons E
Lﬁ 30;— -:tz?gndvvv —z
25F
20E
15F
10F
5
Q af
8 1f
1812.00740 1 05 0 05 1

BDT Score



Events/Bin Width

Mis-modelling in the VBF region

VBS analyses relies on

proper modelling of:

« Jets in forward region.

* High my, region (signal
and backgrounds).

1

o 13 TeV, 32"
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Known to misbehave,

strategy consist most of the
time to use a control region

to constrain the shape of
m;;, and re-apply this
correction to the search
region.
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elative uncertainty in EW Wijj

o

Nice opportunity to test

the modelling of several

MC generators!

Only possible in VBF
W/Z finale state because
of the statistics available!

0.7 ATLAS Vs=8TeV
T Wijj signal region (Mj]_>1 .0TeV)

- —— Stat ® Syst
- -- Statistical

== Unfolding

ek QCD W) modelling
FQCD-EW

e Error budget on
: EWK unfolding in Wijj

)

2x10°
1703.04362

Dijet mass [GeV]



]
u tI I | l e VBF, VBS, and Triboson Cross Section Measurements  staws: suiy 2019

Yy -
Zyy-tlyy
= [Njee = 0]
Wyy—tvyy T
= [njer = 0]
WWy—evuvy
WWW, (tot.)

- WWW - vivjj
- WWW-vevey
WWZ, (tot.)

Hjj EWK, (tot.)

Th
— H(>WW)jj EWK cory

— H(=>y7)ij EWK (Iy|<2.5) LHC pp Vs=7 TeV

Wijj EWK (M) > 1 Tev) Em O
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Experimental Results e

data/theory

July 2019 CMS Preliminary
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) ——0—+—
Theory 8 TeV CMS measurement (stat,stat+sys) ]
13 TeV CMS measurement (stat,stat+sys) ——e——i
qqW ———i 0.84 +0.08 +0.18 19.3 b
qqW el 0.91+0.02+0.09 359fb"

qqZ ot 0.93+0.14+0.32 5.0fb"
qqZ et 0.84 £0.07 +0.19 19.7 fb™
qqZ o 0.98+0.04 £0.10 35.9fb"
ry->WW 1.74 £0.00 +0.74 19.7 fb
qqWy 1.77 £0.67 +0.56 19.7 fb
ss WW 0.69+0.38 £0.18 19.4fb"
ss WW et 0.90+0.16 £0.08 35.9fb"
qaZy 1.48 £0.65+0.48 19.7 fb
qqZy H—o—t 0.64 £+0.20 +0.12 35.9fb™"
qqWzZ +——e—— 0.82 +0.47 35.9 fo!
qqZZ 1.38+0.64 +0.38 35.9fb"
Allrosults at: 1 Prodzuction Cross3 Section Rati%' G/ G °
http://cern.ch/go/pNj7 : exp © “theo
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Summary of the main Run2 results

>Won
ATLAS

Best EW/QCD

Channel

WxWjj
High | | wazjj
purity 3

ZZj]
Best aQGC— VVjj
limits Z7ii

/

High stat (EW and QCD)in
leptonic channel

CMS

1709.05822 1905.07714
1901.04060 1812.09740
1708.02812 ATLAS-CONF-2019-033
1907.08354 1905.07714

CMS-PAS-SMP-18-007

1910.09503



Selection:

« 2 same sign{ (e,u).
2 high p jets, with high m;.

- Using 36 fb-! of data (2015-2016).
Fit different bin of m;; in ATLAS, fitin
2D my vs m;; in CMS.
Sensitivity:

ATLAS: 6.5 (4.6) o,
CMS: 55(5.7)0

Measure cross section in
fiducial space for EWK signal.

o e = 3.83 +0.77fb

fid—LO
Oiw—pwr = 425+ 0.27 fb

CMS:
Madgraph:

CMS set limit on new physics.

Events / 100 GeV

25

500

18

ATLAS: 1906.0320
CMS: 1709.05822

————T—
- ATLAS
- Vs=13TeV, 36.1fb"'

L ——

—+— Data
W*W*jj electroweak
W*W*jj strong
Non-prompt
B e/y conversions
. Wz
Other prompt
44444 Total uncertainty

lllllllllllllllllllllll[l
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[ T — T T ]
o) -»-Data
~ I EW WW
01901 mwz ]
e
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W 100 | Bkg. unc.
\x\\k\\\
o
50 '\\\\\\%\f\\\: |
- _\ AR ;‘\\\\\ \ ;Ai\\\\\\i*f{\\\\\\\:
—— ]
o L L iL 1 L L I I I 1 1
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VBS W/Zjj—-> v S ez oerie

- Selection: e ) S

. 3¢ (e,u) compatible with A ) q j :

aZanda W S SRS v

+ 2 high p; jets, with high m.

- Using 36 fb-' of data (2015-2016). :

. Use BDT approach in ATLAS, cut based
approach for CMS fitting m;. .

- Sensitivity:
ATLAS: 5.3 (3.2)0
CMS: 222950

- Measure cross section in fiducial space
for both EWK and QCD+EWK.
ATLAS: o)'¢ o, = 0.577316fh

Sherpa: ij;izd_—béfm = 0.32 + 0.03(scale)fb

BDT Score
CcMSs 35.9 b (13 TeV)

— T T T T T T T T T T T
C 1Anl €[2.5, 4. . |Anl €[4.0, 5. X |An | = 5.
", [2.5,4.0] ! N [4.0, 5.0] ! nl=5.0

i —Data

| CDEW-WZ

. Wz

' [E Nonprompt
Y

| VNV

. i []QCD-wzjj
- | L Stat@syst.

By )

Events / bin

R IR N Joasnp

+ + N ! ¥ % A0S A2
. CMS set limits on aQGC. AR T R

Data / Pred.




VBS ZZjj-> i)

q q -
- Q AR R R R R R
. Selection: i 7z 5 af poue mzewm
. . % 18i [ Others 7/ Uncertainty
. 44 (e,u) compatible with 2 Z. . 8 AWTLASPrem;naW ]
. . . . Z - s=13TeV, 139 fo’' ]
2 high pr jets, with high m;. . , 1af cecey
7 ignal Region
- Using 36 fb! of data for CMS (2016),

full run2 ATLAS!
ATLAS also measure signal with £fvvjj.

Use BDT approach in ATLAS and CMS.
- Sensitivity:
ATLAS: 5.5 (3.9) o,

-1 -08 06 04-02 0 02 04 06 08 1

BDT Output
35.9fb" (13 TeV)
‘ T T T [ T T T

: S0 CMS L paa
CMS: 2.7(1.6)0 S 2 =gzjtngvz
. . . . IS g9 —
Measure cross section in fiducial space for EWK g Mo - 2Z

[Jttz, Wwz ]

W Z+X

m; > 100 GeV
0.6 0.8 1

BDT output

ATLAS: of}% . =082+ 0.21fb ol
Madgraph /4% = 0.61 + 0.03(scale)fb

« CMS set limits on aQGCs.



VBS VVjj2tvdjj or UJj] e o

CMS: 1905.07445

 Selection:: q "
H//Z g ,ATLASI"']"'I"‘I"'I;blt"'l"'{",
. . / = 10° = EWVVj (1 = 1.05) |
« 1 or 2{ compatible with W or Z, P = S S
14 F  2-lep., Merged high-purity SR Diboson
w/zZ 1 . To ank

1 large Riet compatible with W or Z, ok
2 high pr jets with high mj; . g 7,

» Using 36 fb-! of data W)z i

(2015-2016). wz oo -

« CMS: Analysis not sensitive to SM
coupling. —~

BDT

« Setlimit on aQGCs.

35.9fb " (13 TeV)

e ATLAS: Uses BDT approach | atas | (e13Tev 9551 Obseed | B CMS oo WV
. — Tot. Tot. (Stat. Syst.) Lﬁ 103k Preliminary %op S:c v
EWZV kg. uncertainty
to extract SM signal. oo % s ooy | ) E

» Sensitivity: 2.70 (2.50).  1ieoenram 0337088 (1025 1047)

-0.52

» Measure cross section e e 247712 (080 *1%)

in fiducial space Combinaton|— v 1057042 (o 03 |
o x
fid 0 2 i s T8 o ”EJ, -
— — 0.5 —— e
O-VV EWK = 45 i 17 fb Bestfit p=olog, O 1000 1500 2000 2500

M,y (GeV)



VBS Zyjj—>ty))

Zy sensitive to SM QGC vertex: WWZy.

w

Z
Large signal expected!

Very large QCD background in this final state.

q g
W/Z/~
W/Z/~y

q g

w

v

q
}g

q/

W/Z/~

W/Z/

"
q

Events / GeV

Data/Model

ATLAS: 1910.09503
CMS:CMS-PAS-SMP-18-007

200F
1801
160F
1401
120F
100F

ATLAS e Data -

. . 22222 Model stat. uncertainty

Signal Region mm Zy EW =

o _ -1 Zy QCD ]

Vs =13TeV, 36.1 fb = Zhicts E

C Zyji, Z—> e'e or ptw tty ]
R Other backgrounds

40

180 200
m, [GeV]

High stat for signal and QCD, interesting to study modelling in VBS phase space.
Analysis by both ATLAS and CMS with 36.1 fb-1 of data.

»  Will mostly develop the ATLAS analysis, but give point of comparisons with the

CMS one.



VBS Zyjj—2>Htyj) selection

{*{"yjj preselection

Lepton p‘} > 20 GeV
nel < 2.47(2.5) for e(u)
remove e if AR(e, u) < 0.1

Remove FSR

Ne=2
Boson Mme+p- > 40 GeV
Me+e— + Me+p—y > 182 GeV
Photon E; > 15 GeV

17, | < 2.37 (excl. 1.37 < |n,| < 1.52)
remove vy if AR(¢,y) < 0.4
N, >1

b-jet Py >25GeV, el < 2.5

Jet P> 50 GeV, [njel < 4.5
Niyets >2
remove jets if AR(Z, jet) < 0.4 OR AR(y,jet) < 0.4
|A77jj| > 1.0
mj; > 150 GeV

b-CR {*{"yjj preselection
LULLY) <5 gy proloa t00))
Nb—jet>0 T

Signal Region {*{"yjj preselection
L(tly) <5
Nb—jet=0

ATLAS Preliminary
Vs=13TeV, 139 fb”

130
120
110 E=.,

m(uu) [GeV]
Events

90
80
70
60 AN
50 B2

407 P | WP ... Mk FTI_NCD W u 5N 0
0 80 90 100 110 120 130 140 150 160 170
m(upy) [GeV]

Differences wrt CMS:

« Higher t and y p; threshold

 Different boson cuts (70<my,<110
GeV) and removal of FSR photons
my,>100 GeV

» Lower jet py cut (50 vs 30 GeV)

 Lower Anj; cut for ATLAS (1 vs 2.5)

« Lower dijet mass in SR (150 vs 500

GeV), and use CR (m;;in 150-400 GeV)

to constraint QCD.



ATLAS bkg estimate Zyjj—=> i

* ZY QCD > ARPSR)S A R LR AR VAN RARR RS
: : o - "/}.?% ‘?:tt:I uncertainty —
« Shape MC: Sherpa2.2 NLO 0,1j LO 2,3 G | SorePeson . mmiET ]
. . . g 12 P=leeneell - Zijcts .
* Normalization from data in the SR. St
8
. Z+jets:
« Shape from Data (revert photon identification). :
* Normalization using 2D sideband method in low m; 5 0
. . . . 815
region (<150 GeV), Extrapolation to SR using ratio S W
Z+jet/Zy. b a4 e
py [GeV]
- tty:
2 I T T
i Shape from MC: aMC@N LO. LEIJ) 400 l:g(-)l:iol Region zigttélwuncenainty
« Normalization from dedicated CR (b-CR): e
. ~ . ] mmm Other Backgrounds
e >=1 b_Jet > ~70% punty’ 25% ZY QCD. oo :
= i ,
« Other backgrounds: Data 1722 388 ook :
° WZ, WH. Total expected 1222 +35 389  +19 5ok E
o ~ o/ ; Zyjj—-EW (signal) 104  £26 5 +1 < OF E
0.5% in SR Zyjj—QCD 864  +60 82 =9 S
* From MC. Z+ijets 200 40 19 + 4 3
i+ 48  £10 280 21 “o.
Other backgrounds 7 + 1 4 =1




CMS bkg estimate Zyjj—> tyj]

° ZY QCD CMS PreI/m/nary - ‘3‘5‘_9‘ fb1 (1?TeV)

Shape and Normalization MC: % ;WW fﬁ
Madgraph NLO 0,1j, 2)LO T :
- Constrained uncertainties in “#8 Muon channel -
low m; region (150-400 GeV) 88 Only barrel photons
* Observe disagreement in the High m; region (last bin = \ -
contain overflow) of- \
L | : _+_‘ o]
o Z+jets: Ri = ,,x{@/
« Shape and Normalization T 1GeV]
data-driven sideband estimate _ CMS peimnay 35017 (13TeV)
- Dominant uncertainties due to choice of isolation s :W =]
variable sideband, and non-closure. Ej m———mmRRw

88 C|cctron channel
« Other backgrounds: Only barrel photons

 single top, tty, diboson, taken from MC

\:.‘\\\‘\

n
-
3
Pt H
L] :

Data/Pred.

o

600 800 1000 1200 1400 1600 1806—2000
m, [GeV]




ATLAS Signal extraction Zyji->2yij

* In ATLAS construct BDT from 13 input variables.
» Check that all are well modelled.

« Except m;;, disagreement at high mass
same order as CMS disagreement.
* Check that this has limited impact on signal.

Events

 Perform Maximum likelihood fit on BDT Variable used in the BDT

with electron and muon combined. mjj

« Fit simultaneously SR and b-CR. Anjj
{(lly)
. m
« Perform cross-check with cut-based o
. T
a”a'ys's_- _ g A e mec
° Sp“t SR in T 14000 fs=13Tev, 361" D2 CCD = pit
. §1200; Zyji, Z— e*e or py -t&her Backgrounds é lead lep
low an.d high ol .
m” reg|0n L%’ 800 s Pr
(500 Gev) 600; ,,,,,,,,,,,,,, : 7 nleadjet
. . 400 E minAR(y, J)
« Fit centrality ’
AG(LLy. jj)
AR(tly, jj)

Data/Model

Events / GeV

r ATLAS e Data

F . . 222 Total uncertainty
F Signal Region 7y EW

£ — -1 Zy QCD

P (s=13TeV,36.11b = 7its

F Zyji, Z—> e'e or p*y tty

27

T T T T 1 1 1 | T T T T [ T T 1T

B Other backgrounds

,,,,,,,,,,,,,,,,,,,,,,,

//////////////////////////

////////////////
G A0 i 2 v
////////////////

Data/Model

1
BDT score
T 1 T ‘ T 1 T T ‘ T 1 T T ‘ T 1 T T ‘ T 1 T T ‘ TTTTT
ATLAS e Data ]
. . 222, Total uncertainty ]
5L Signal Region . Zy EW B
_ -1 Zy QCD ]
Vs =13 Te+V, 36.1 b = et 1
Zvii. Z - +7 tty bl
Yl £ €6 orp B Other Backgrounds |




CMS Signal extraction Zyjj—>#yj)

* In CMS uses distribution constructed from 2D m; vs An;:

CMS Preliminary 35.9 b (13 TeV)
I I I I I I I E

I QCD Wy Nonprompt |

n

C

1 1 1 1 IS % w gf:f.lUnc. ]

* 6 categories in signal region 2, = Era
G

« Fit simultaneously SR/CR

Electréon
(low m;) to constrain Zy+2j QCD '

/////////
////////

VN

An €(25,4.5) An €(4.5,6) 1An > 6

////////
7

* Yield of events in the SR: am >

|
0.5~0.8 0.8~1.2 1.2~20 0.5~0.8 0.8~1.2 1.2~2.0 0.5~1.2 1.2~2.0

muon channel electron channel m (TeV)
Nonprompt photon 47.6 = 4.5 39.3 +£4.0 CMS  Preiiminary 35.9 15" (13 TeV
Other background 74 +14 27 +0.8 Sat | mmw o
QCD Zyij 62.9 + 3.1 49.6 +2.7 240 = o
EW Zjj 36.5 + 0.7 254 + 0.6 S o5t ; N
Total background 117.9 + 5.6 91.6 + 4.8 - . Muon |
Data 172 £ 13 113 =11 O : 3

z Ane(45,6) 1An >6

.
6 O S I g n a I 75007
s 4

~200 QCD backgrounds - Gl

05~0.8 0.8~1.2 1.2~2.0 0.5~0.8 0.8~1.2 1.2~2.0 0.5~1.2 1.2~2.0

m; (TeV)




Uncertainties Zyjj—=> ]

 Source of errors in ATLAS: ATLAS
® StatIStI Cal U n Ce rtal nty Source Uncertainty [%]
« Z+jet background. Stadstical
. . . Zvjj—EW theory modellin +l
« Modelling uncertainty of the signal. oD el 5
° H : tf + vy theory modellin, +2
J et un Ce rtal ntl €es (J E R/J ES ) - Zyj}/—EW an Zyjj—gQCD interference fg
« MC statistics. Jets 48
« Modelling of the QCD-background. o i
Muons +%
Photons ;l
i S ource Of errors I n C M S . Electrons/photons energy scale +1
. b-taggin +
* Z +J et b ac kg roun d S. Mths%atiitical uncertainties iz
° J E S Other backgrounds normalisation (including Z+jets) tg
. Luminosity +2
Modelling of QCD background. FT— e

_ uncertainties on EW fiducial cross-section
 Interference used by both analysis as a - -

Source of systematic uncertainty Relative uncertainty [%]

systematic uncertainty on template shape. acp7, scale o8
EW Z+ scale 2-14
JES 1-31
JER 1-13 CMS
Interference 4-8
Nonprompt photon 9-37
Integrated luminosity 25

Uncertainty on signal yield



Results Zyjj—=> tyjj

« Sensitivity:

« ATLAS: —
- MVA:4.1(41)0 _ _ -
. cut-based: 2.9(2.7)o i Can claim evidence, but not observation!
- CMS: |
!
- Run2: 39(52)0 Stay tune for full run2 analysis!

* Run1+2: 4.7 (5.5)0 —
» Both analysis measure fiducial Zyjj EWK cross section:

ATLAS oW = 7.8 + 1.5(stat.) + 1.0 (syst.) *19 (mod.) fb
o = 775+ 0.03 (stat.) + 0.20 (PDF + as) + 0.40 (scale) fb
oo bW, = 8.94%0.08 (stat.) +0.20 (PDF + as) + 0.50 (scale) fb

Cross-section [fb]
oL w 3.2 +1.0 (stat) 0.6 (syst) £0.07 (lumi) = 3.2 + 1.2
CMS fid,MadGraph -

« Both analysis measure fiducial Zyjj cross section:

ATLAS agc;-jj = 71 +2(stat.) *2 (syst.) *2] (mod.) fb
oy YAPORATIESIERIA 88 4 40 4 (stat.) + 2.3 (PDF + as) 7o'} (scale) fb.

Cross-section [fb]
15.1 &+ 1.2 (stat) = 2.1 (sys) £ 0.4 (lumi) = 15.1 £+ 2.4

Jid,obs

olthe

Z ’
CMS Fid MadGraph
Z~ii
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EFT limits with Zy VBS
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35.9 b (13 TeV)
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Look at the tail of the M, 5L ARRRENNS i
. . . . F] . P 0] = -+ Data Nonprompt E
distribution to find new physics. A VBSZA Moversg
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10 -
Use modeling of the analysis of A
SRR IRRAR SRR NDDON
Zy EWK+QCD as background to 1 =
search for signal. o
10
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Set limit on all parameters R
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aQGC Limits @95% C.L. [TeV™]

- Stringent limits are now set on all dim 8 operators F5 Fy, and F+

(here only show FT) using VBS and VVV channels.
« Combination of results will help improving these results in the future.
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Conclusions

VBS topology, very interesting to search for new physics!
Although none observed...
Use EFT to interpret results!

Observation of 3 EWK final states achieved over the last
years (WWWZ,Z7) with run2 data.

More to come with full run2!
- First observation of a process with QGC diagrams!

Lot of work still required to do precision measurement
using VBS, and therefore probe EWSB.

Need more data (30 V|V, polarization @HL-LHC).
Need better tuned MC calculations.
« Need to improve on the experimental side (jets, ML,...).

Very interesting and active field of work!



