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PNysics motivations

* Triboson final states have small
cross section, only start being
accessible with the full run 2 at
LHC

 Test for beyond Standard Model
theory

— Sensitivity to Anomalous Quartic
Gauge Coupling (AQGC)

- Limit to Effective Field Theories
can be set

* Understand those process as
they are backgrounds for
further analyses in run 3 (ZH(yy)

WH(yy))
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Standard Model Production Cross Section Measurements

Status: May 2017
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Triboson states
presented here




\N WY . CMS

CMS PAS SMP-22-006

» First measurement of WWy fiducial cross section with 5.6 (4.7)  Background treatment:
standard deviation observed (expected) - Non prompt photon/lepton
Omeasured = 0.0 = 1.0 (stat) £ 1.0 (syst) = 0.9 (theo) fb (within 1.5 o of theory - joy, main background
prediction) Data driven estimation in W+jets Control Region (CR)
Orheory =4.16 £ 0.34 (scale) = 0.05 (PDF) fb « j—e, significant background
« Using opposite charge opposite flavor e/u channel with 138fb-1 at 13TeV Data driven fake rate estimate in dijet CR
. * Validation
brjet veto Top+y VR with = 1 b-jet for both background
- : : I . . op+y with = -jet for bo ackgroun
ww —
Likelihood 2D fit on Mwwand m,, using SR.(spll.ttlng 0 jet and >=1 jet) and 2VR Same flavor lepton final state CR for j» e background
 Limit on Higgs Yukawa couplings with light quarks (u,d,s,c) - WZy and top, reduced by b-jet veto
_ CMS preliminary 138 ™' (13 TeV) CMS Preliminary 138 fo™ (13 TeV)
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100__ l ] B ' ] Process 0up Pb exp.(obs.) Yukawa couplings limits exp.(obs.)
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https://cds.cern.ch/record/2853299/files/SMP-22-006-pas.pdf

W2y o

STDM-2019-17 y
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* First measurement of WZy cross section at 6.3 (5.0) standard
deviation observed (expected)

Omeasured = 2.01 = 0.3 (stat) £ 0.16 fb (within 1.5 o of theory prediction)
Otheory = 1.5 * 0.06 fb

* Using I'lly channel one same flavor opposite charge pair with
140fb-1at 13TeV

| Mgy, -Mz| > 10GeV
Myzn2> 81 GeV for FSR reduction
Profile likelihood fit of the 4 e/u final states (3 bins, 1SR and 2CR)

 Background treatment:
- j=y background

Reduced by m,,, selection

Data driven fake rate estimate in looser
identification/isolation selection CR using Z+jets sample

- j=I background

Data driven fake rate estimate in looser
identification/isolation selection CR using dijet sample

- ZZy and ZZ(e-y)
normalized with dedicated CR

<
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-17/
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Phys. ]. C 83, 539 g

* Fiducial cross section

o.measured

measurement with 12 % precision
Using e/u channel with 139fb-1 at 13Te

\Y

2.45 £ 0.20 (stat) £ 0.22(syst) = 0.04(lumi) fb

(my+min(my, ;,my,,))>2M; for FSR contribution removal
Differential cross-sections (6 kinematic observables:

Evir, Ev2p, pil, peiv, My Miyy)

- 08;,, 08;,, 08,¢, 08, reduced up to two order

of magnitude at 8TeV (phys. rev. b 93, 112002)

- Clipping method used to restore unitary at large energy scale

140 A Bk

130 ATLAS Simulation
pp = Ihyy+X

120

m, [GeV]

ISR dominated

FSR dominated
400 80 90 100 110 120 130 140 150 160 170

min(rnlm, mm) [GeV]

Limit set on aQGC operators using EFT approach

* Background treatment:
- j=y background (main background)

ATLAS

EXPERIMENT

data driven fake rate estimate using Zy+jet and Z+jet

- ttyy with leptonic decay from top quark (second contribution)
Normalized using CR with opposite sign e/u pair

- Zy+y and Z+yy from pile-up

Uncertainties computed via signal simulation reweighed to pile-up
background p; spectra

Modelled by ZZ and WZy simulation

- Z(I)H(yy)

Estimated from simulation

ATLAS Expected limits L — 10¢ T T | T T =
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https://arxiv.org/abs/1604.05232
https://link.springer.com/article/10.1140/epjc/s10052-023-11579-8

vyy [ s -
[HEP10(2021)174 i |

« Zyy fiducial cross section
o(Zyy) =5.41"02 (stat )55 (syst) = 0.06 (PDF + scale) fb
4.8 (5.8) standard deviation observed (expected)

¢ WYY ﬁdUCiaI Cross SeCtion - 12CIIG(:MS 137 fiy' (13 TeV) - CMS 137 b (13 TeV)
= D: = 1200 D
o(Wyy)meas = 13.6 +1.9 (stat) 0.4 (syst) = 0.08 (PDF + scale) fb = 1000 == Wy o E Wewm 2
— ‘g [ Misid. electrons ‘E (] Misid. electrons
3.1 (4.5) standard deviation observed (expected) 2 800 @ Others R [ Others
i i soof] [ Misid. jets . 600 [0 Misid, jets \
« Using e/ channel with 137 fb-1 at13TeV o — /A= 100 TeV - — f/A*= 100 TeV
Event removed if |m., -m;| < 5 GeV or |m,,,-m;| < 5GeV for FSR reduction 200; 200§
e @ N e
Binned likelihood fit on diphoton p, distribution ] B e
L. . ~ osf ! =~ osf *
* Limit set on 10 aQGC operators using EFT approach - - T B P
2o CMS 137 ' (13 TeV) CMS 137 16" {13 TeV)
Wy (TeV ™) Zoyy (TeV ™) S of | Zoem F D S Zowr e
E = AR S 7 |
Parameter  Expected Observed Expected Observed g zg - Eﬁfgfﬁem E :EE E%g%ﬁas
fu/AT [-57.3,57.1] [-39.9, 39.5] — — oE — h/AT - 10TV 6 — h/A* - 10TeV?
4 ! : 30 60
thS,/A [—918. 926] [—638. 650] B — 20_ l/‘//’///%/.%%% 4_0:_
Fro/AY [~1.86,1.86] [-1.30, 1.30] [—4.86, 4.66] [—5.70, 5.46) L == . I T ceres w
fri/A' [-2.38,2.38] [-1.70, 1.66] [-4.86, 4.66] [—5.70, 5.46] e S — I ] S ) |
- 05F - 05f
fro/A'  [-5.16,5.16] [-3.64, 3.64] [-9.72,9.32] [-11.4, 10.9] 3 e B W R E 3 S ¢ H T T Ew 300
A = prlGeV] 8 B [GeV]
frs/AY [<0.76, 0.84] [-0.52, 0.60] [—2.44, 2.52] [-2.92, 2.92]
fre/A' [-0.92,1.00] [-0.60, 0.68] [—3.24,3.24] [-3.80, 3.88]
fro/AY [-1.64,1.72] [-1.16,1.16] [—6.68, 6.60] [—7.88, 7.72]
Frs/A? — — [—0.90, 0.94] [-1.06, 1.10]
fro/A? — — [—1.54, 1.54] [—1.82, 1.82]
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https://link.springer.com/article/10.1007/JHEP10(2021)174
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cms
- Background treatment: o ==t o
- j =y, dominant for both Wy and Zvyy m: e
data-driven fakes rate estimates e
- e - Y, important in \W(e)yy : ;
- Coming from Zy events g T T T T e
* Corrector factor computed in CR
(IMeyiead -Mz| < 5 GeV removed) c ety
with fit on M ca i‘ém E?dlec
- VH(yy) neglected mﬁ 59 Wi s
g D.EU_ o 255 [Ge‘ir’](m
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https://link.springer.com/article/10.1007/JHEP10(2021)174
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Wyy S ATLAS

e EXPERIMENT

STDM-2018-33 ) - Background treatment:

First t of Wyy at 5.6 (5.6) standard - J2y main background
* First measurement of Wyy at 5. .0) standar . . : : . :
deviation observed (expected) ﬁaDt;Ieadmg/sub—leadlng) template fit of photon isolation energy in

~ Opeasured = 12.21.0(stat )73 (syst) = 0.1 (lumi) fb in - eoy

agreement with the SM prediction , , ,
] ] Data driven fake rate estimate in Z—ee/ey CR
« Using e/u channel with 140fb-1at 13 TeV
- Top background

B-jet veto and E;miss > 40 GeV selection - Reduced via b veto

4 bin likelihood fit (using topCR, topVR and SR) - Dedicated CR (with >= 1 b-jet) for fit constrain
e Low E,miss region (with >= 1 b-jet) for validation

TopCH Topvh SA
in g - : + Daia
£ ATLAS Preliminary . ; COwry
|2 s L 5= 13Tev, 140107 : i1 33
i —+ L)
Wby : B 2 n
Post-Fit : 1@ - b
= [ Mutiboson s £,
10° —. = w
W Ficup
10 33
gA
e 1.4 b 5 DataPost-Fit A A
g ' : L=
1 WWW BB Unowrtainey b
0.8 - i | — Pro-FaFostFe]
0.6 = RAatia o =0
20 40 70 s 20 e [ 20 ) & Number of b-jets
p, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-33/

Key points

3 New first observations: VWyy.: and
WZyi by ATLAS and WWy; by CMS

* Limit set on EFT aQGC operators with
Zyyw analysis by ATLAS and Vyvyis analysis
by CMS

* Result in agreement with SM

* Limit on Higgs coupling with light quarks
(u,d,s,c) set with WWvy analysis by CMS

* New result to come with the ongoing Run 3

* Not covered in this talk

- WVVie,, WWW,7 analysis by ATLAS
- VVWVie analysis by CMS

EPS-HEP 2023
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