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Great Potential to explore unknown
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Rich Resulls from Multiboson Measurements
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

Boaon Blossom from This Weeks: selected results today

VBS/VBF measurements (with photons) at ATLAS and CMS

Speaker: Ying An (Deutsches Elektronen-Synchrotron (DE))

VBS/VBF theory developments
Speakers: Dr Richard Ruiz, Richard Ruiz (Univer

VBS/VBF measurements (without photons) at ATLAS

Speaker: Chilufya Mwewa (Brookhaven National Laboratory (US))

VBS/VBF measurements (without photons) at CMS

Speaker: Mr Giacomo Boldrini (Universita & INFN, Milano-Bicocca (IT))

Theory prediction and event generation for polarization measurements

Speakers: Giovanni Pelliccioli (Max-Planck-Institut fiir Physik), Giovanni Pelliccioli (Wiirzburg University

Recent diboson and polarization measurements at ATLAS

Speaker: José Antonio Fernéndez Pretel (Albert Ludwigs Ur

ver

taet Freiburg (DE))

Recent diboson and polarization measurements at CMS

Speaker: Saptaparna Bhattacharya (Northwestern U

Higher-order corrections in multiboson production

Speaker: Silvia Zanoli

Triboson measurements at ATLAS and CMS

Speaker: Alessandro Ambler

w
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versity, (CA))

niversity (US),
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Vector boson modeling for precision physics

Speaker: Tobias Neumann

Recent EWK precision measurements in CMS

Speaker: Vladimir Cherepanov (University of Florida (US)

Recent EWK precision measurements in ATLAS

Speaker: Dr Xingguo Li (McGill University, (CA))

Recent EWK precision measurements in LHCh

Speaker: Jiangiao Deng (Central China Normal University CCNU (CN))
EFT theory outlook
Speaker: Dr Raquel Gomez Ambrosio (Milano Bicocca)
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Events

Data / Pred.

ZZ*]BIJ CHS-PAS-SHP-22-001 {’@}

ZZ production associated with jets in the fully leptonic final states
Unfolding using the iterative D’Agostini’s method including correction for

baCkground contributions, with the RooUnfold toolkit. Systematic source Normalized
i i . Trigger -
Basic mZ requwerrlent. 40<mZ1<120 GeV, 4<mZ2<120 GeV ;.5 piciency  013-03%
o On-shell requirement: 60<mZ1, mZ2<120 GeV Muon Efficiency 0.02 - 0.08 %
Jet energy resolution 1.65 - 3.85 %
CMS Prelimi G JES correction 0.93-5.32 %
o Ire/mlnary 137.6f’o (13TeV)

L B T . . . Reducible background 0.05 - 0.43 %

60<mZ1 <120 Gay 277 J Data in the 0 and 2 jet bins are well Pileup 0.04 - 1.08 %
md4a, 2 eV Mo~z 3 . [T Luminosity < 0.03 %

-zvjxl/eISEWK - descrlbed by the predICtlonS’ Monte Carlo choice 0.52-4.52 %

-Z +X 3 gg cross section 0.01-0.19 %

. 3 QCD Scales 0.16 - 0.82 %

] Significant discrepancy In the 1 jet bin, $ T P —

ag 0.01-0.1%

cription of events with >=3 jets requires NNLO and
even higher order corrections, thus the discrepancy at high

1 jets bin is expected.

0 1 == MadGraph ZZ+0/1jet@NLO FxFx, and Powheg ZZ NLO 3

Number of jets
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In general, the nNNLO+PS
prediction describes the
Njetdistribution better.

The EW corrected
NNNLQ*PS predictions
ibe the measured
vdlues better than those

.z without the EW corrections

i The EW corrections have

negligible effect on any other
normalized distributions than
mai.
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Z V‘{jéld arXiv:2212.07184  accepted by JHEP

1D and 2D differential distributions s

data-driven backgrounds g

Z+Jets, Pile-up, tty
Uncertainties 4-10%

Jet energy scale, Bkg modelling
Data general well described

S

10

ATLAS . @ Data % Sherpa 2.2.4
Vs=13TeV, 139 b
Zy+jets, Z-ll

2= Sherpa 2.2.11 MG5_aMC+Pythia8
Z5= MINNLO, ¢ MATRIX:NNLO

0 T Y
EpTws GeV :35¢p!<60 GeV | 60<p' <90 GeV 90¢p'<135 GeV! p!>135GeV

10
. . S - 14
NLO 0,1p in Sherpa improves - SR
& 08
S 0.6
description wrt ME+PS @LO .
%lé ;3 Qu.:,nuﬁn"-p“”‘}uG“uuuﬂuﬁuu”“u"“f‘“{m””ﬂ%”é
o 0.6E =
e w18 il il " i N T T S G e N W S P TR FAM
Niew Pr'Y, P2, prY/pr?, HT, pr(y) and py'/VHT
P cs
"Ly AR(LD), A¢(]' v) P G Ord PDF set PS/UE/MPI
a8 SS tor rder Se
QCD sensitive 2D observables: i i
. $ Zy+jets SHERPA 2.2.11 0,1j@NLO +2,3.4j@LO NNPDF3.0NNLO SHERPA 2.2.11
* PT"y/ m' in bins of m'?, Zy+ets SHERPA 2.2.4 0.1,2.3j@LO NNPDF3.0NNLO SHERPA 2.2.4
Ml . . . Il Zy+jets MADGRrAPHS_AMC@NLO 0,1j@NLO NNPDF3.0nLo_as_0118 PyTHiA 8.212
¢ P{'=P¢ inbins of Py’ + Py, Purely EW Zy j MAbGrAPHS_AMC@NLO LO NNPDF3.0L0 PyTHIA 8.240
¢ P{"iin bins of P{¥ Z +jets PownEG Box 0j@NLO CT10xLo Pyiia 8.186
. . ) 3 tty, tWy MapGrapu5_aMC@NLO LO NNPDF2.3L0 PyTHiA 8.212
POlarlsatlon-SenSItlve 2D Observables' ZZ — ttte,W*Z — ¢ttty SHERPA 2.2.2 0,1j@NLO + 2,3j@LO NNPDF3.0NNLO SHERPA2.2.2
* COSH a5 and d) 65 in bins Of PT Il WZy, WWy SHERPA 2.2.11 0j@NLO + 1,2j@LO NNPDF3.0NNLO SHERPA 2.2.11
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https://arxiv.org/abs/2212.07184

'W‘Ww

ﬁ Lepton selection 1 electron and 1 muon of opposite charge,
no additional lepton with pt > 10 GeV, Loose isolation,
and LooseLH (electron) / Loose (muon) identification
- Number of b-jets 0

Dilepton invariant mass > 85GeV

. . uJ 2200 ATLAS P | o '... Dat 5.

o Jet-inclusive WW—eu Measurements S 2000F- 1 - 13T;3";‘;“;;g1 Ciww 3
° H [To 2
Dominant bkg from NI =N Cpel, i EE
processes ) [Fakes 3%

b-tag counting method ~ Nib =Nty (2‘9” - C”gb) ’ A

Ni, = Nty - (1= 265+ Cue})

III|III|IIIIIII|III|III|III|III|III|III|III|II

Process Generator Parton shower Matrix element O (as) Normalization

qqg — WW MINNLO PyTHIA8 NNLO Generator 0 |

gg — WW  SHERPA2.2.2 SHERPA LO (0-1 jet) NLO 1.2F T T T T T 3
tr Pownec Boxv2 PyTHIA8 NLO NNLO+NNLL % 1.1 ;— =
Wt PowHEG Boxv2  PyTHia8 NLO NLO+NNLL @ ettt " —
Z+jets SHERPA2.2.1 SHERPA NLO (0-2 jets), LO (34 jets) NNLO 8 0.9 T E
WZ,Z2Z SHERPA2.2.2 SHERPA NLO (0-1 jet), LO (2-3 jets)  Generator' 0.8EL ; o n s el E
Wy, Zy SHERPA2.2.8 SHERPA NLO (0-1 jet), LO (2-3 jets) Generator’ 102 10°

me, [GeV] 10
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® The

® The

tldﬁldl ATIAS-CONTF-2023-012

measured fiducial XS for WW production with WW — ey is

707 + 7(stat.) + 20(syst.) fb

measurements is extrapolated to the full phase space of WW production

127 + 1(stat.) & 4(syst.) pb

LI I I L Y L L B B

ATLAS Preliminary
Vs =13 TeV, 140 fb
pp > W'W-~

MATRIX 2.0 nNNLO ® NLO EW
123 + 1 (pdf) £ 2 (scale) pb

| I |

This measurement
127 £ 1 (stat.) + 4 (syst.) pb

CMS 36 fb'[1]
118 + 1 (stat.) + 7 (syst.) pb

ATLAS 36 fb'[2]

LN N L B B L B B

----- Theory Prediction
[ PDF Uncertainty

[ Total Uncertainty
—e— Measurements

137 + 2 (stat.) + 10 (syst.) pb

[1] Phys. Rev. D 102 (2020) 092001
[2] Eur. Phys. J. C 79 (2019) 884
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Uncertainty source

Effect
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200f

Total uncertainty 3.1%
Stat. uncertainty 1.1%
Top modelling 1.6%
Fake lepton background 1.5%
Flavour tagging 0.7%
Other background 0.9%
Signal modelling 1.0%
Jet calibration 0.6%
Luminosity 0.8%
Other systematic uncertainties  0.9%
- ATLAS Preliminary ¢+  Data and Stat. Uncertainty E
C _ -1 Total Uncertainty ]
[ Vs=13TeV, 14010 = o oo ]
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https://cds.cern.ch/record/2854866

Pure leptonic final state,

Signal modelled by Sherpa 2.2.11
O@NLO QCD+1,2@LO QCD
Merged with Parton shower

FSR photon suppressed:
mll>81GeV (of the Z-lepton pair)
main backgrounds:

Non-prompt photons or leptons
W2y, ZZy and ZZ fitted
simultaneously

ATIAS-CONF-2023-014

Process SR ZLy CR ZZ(e — y) CR
WZy 92 £13 0.21 +0.07 0.56 +0.14
ZZy 107 = 2.3 23 +5 1.8 +04
ZZ(e > ) 30 = 0.6 0.028+0.020 30 <6

Zyy 1.05+ 0.32 0.15 +0.06 0.29 +0.10
Non-prompt background 30 =+ 6 -
Pile-up y 19 + 0.7

Total prediction 139 £12 23 £5 a3 £b

Data 139 23 33
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https://cds.cern.ch/record/2854868

WLy obaervation mis.conrzo2s.01

(euu, uee, eee, yup) channels combined 6.3 (5.0)c obs.(exp.)
rofile-likelihood fit in SR+2CRs
P owzy = 2.01+£0.30 (stat.) £0.16 (syst.) fb.
> LER I REE AR AL RE R REE BEED R > (1| N AL BRI N R LRI AL R L
o 120; ATLAS Preliminary ¢ Data ] @  ATLAS Preliminary ¢ Data ]
g - Vs =13 TeV, 140 fb’* Owzy . g T Vs =13TeV, 140 fb’' Owzy ]
Q[ WenzZ-y mzzy 1 & 8O wsmzsy W zzy 7
~ 100}~ SR WZZ(e—y) 4 ~ [ sR W ZZ(e—y) ]
*g [ Post-Fit W Zyy i *g 50F Post-Fit W Zyy -
5 80l EE::M 7 5 : EE!;UM :
% 772 Uncertainty ] 40:_ 7~ Uncertainty _:
60 - - .
] 301~ 7
40 . 20b L
20 — 10 k
5 O - °+ . yare
D 1.25F @ 1.25F + I 7, 3
O B % QO A :
o 075 (\30.75# t 1& ' : :
S %9020 60 80 100 120 140 S 99500 150 200 250 _ 300 13

Y l
p; [GeV] p. [GeV]
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Wvyy observalion ;ms.conr2023.005

e Dominant background from non-prompt leptons and photons
e Main source of systematics due to data-driven bkg estimates HI T LIS

TopCR TopVR SR

Source of uncertainty Impact [%o] £ ATLAS Preliminary | ' ] |£|\I/Dvata

o 4 = Y
Data-driven background estimates 13 & 10° ﬁ (::V:; TeV, 140 fb™ : = Oi-v
Photon efficiency 4.5 B b = _e =%
Signal MC theoretical modeling 35 JMZ“boson
Background MC theoretical modeling 30 @ Top
Monte Carlo statistics 2.8 B Pileup
Jet efficiency and calibration 24
Top normalization 24
Pileup reweighting 1.6 = 150 5 : 1 R
EXS calibration 1.4 o o _W\\\K\\\\\\\\}\\\\\\\\\\\\\\\\?m\\\\\\\; ~ N Ferainy
Muon efficiency and calibration 1.4 06k : ! o — R
Luminosity 1.0 20 40 70 /20 oo / 20 ) oo
Electron and photon calibration 0.7 1017 Py o]
Flavor tagging efficienc 0.6 — *

SIS Y tobs = 1.017516

Systematic 15
Statistical 8.3 fid __ +2.1
Total 17 Oobs — 12'2—2.0 b 14



https://cds.cern.ch/record/2853334

Z VV  adiw:22111%171 accepted by 8P:]c

T T T
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T T T
—— Observed limits

Final-state radiation suppressed by the event selection 3 83_ e R o vl
Dominant background from non-prompt photons = % AN q
Statistically dominated T b c
. (0] = —
o main syst. from non-prompt photons oF =
Unfolded differential distributions 3 Mppryy < E E
. . . . . = C =
Limited on aQGC with (non-)unitarised treatment 3 i o
-10— I 14 I ) I 2 [ 24 I I 4 I 5 —
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Z(=sllyyy Vs = 13 TeV, 139 fb™ % ATLAS |
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Data 2015-2018  (stat) [} (total unc) = == Sherpa NLO E
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https://arxiv.org/abs/2211.14171

WWV observalion cus.ras.sup.22.006

Signal region categorized with 0 and >0 jet,

only ex channel
SSWWy and TOPy CRs, 2-0 (4-7)o obs.(exp.)
data-driven non-prompt backgrounds

maximum likelihood fit of 2D binned distributions. —;

= 1.31 £ 0.17 (stat) &= 0.21 (syst)

combined
— 4

. _C.MS Preliminary 138fb (13 TeV) CMS Preliminary 138 fo'' (13 TeV)

s | | < — —
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WWV ob3ervalion cus.ras.sup.22.006

e Also sensitive to Higgs couplings with light quarks
o no gluon fusion contribution due to Furry’s theorem
e Further optimization targeting the Higgs characteristics
A(ng < 2D, ARM < 2.3, and AR£7 > 0.8
| I+
e H Signal generated with MadGraph at LO

o Higgs effective Lagrangian for u, d and s;

gwm&\——-— h

o Running mass effect included for c

Process 0up Pbexp.(obs.) Yukawa couplings limits exp.(obs.)
ut -+ H+v —euy  0.067 (0.085) K, | <13000 (16000)
dd - H+v — euy 0.058 (0.072) Kq| <14000 (17000)
s§ > H+v — euy 0.049 (0.068) K,| <1300 (1700)
cc >H+y —euy 0.067 (0.087) x.| <110(200) "
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Electroweak production of Zy (Z—ee, gu) in association with two jets,
Fiducial and differential cross-sections, for both EW and EW+QCD.
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Summary and Outlooiks

e Rich progress and potential from Multiboson Measurements/Probes
o Precise measurements on diboson+jets: ZZ, Zy
o First observations of several tri-boson processes: WZy, WWy,Wyy,Zyy
o Precise VBS measurements: W/Zy, SSWW, ZZ
o Anomalous coupling, EFT, and even Higgs properties!
e High energy, High Luminosity, High multiplicity, High opportunities!
e Run-3 data accumulating: Keep tuned! More surprise (un)expected.

Headllne News 20307
¥ ' Forward and high.mamentumjets ‘

Low ( ,‘H.\ et activity

. Sekhar Chivukula

BREAKING NEWS

HIGGS UNITARIZES WW SCATTERING

- HL-LHC DELIVERS ON PROMISE TO PROBE EWSB!

- |8n;=54 |



https://news.fnal.gov/2019/08/experts-gather-at-the-lhc-physics-center-to-discuss-multibosons/
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An animation cartoon for 4 Z boson event at the LHC
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Higgs without Higgs

TABLEI. Each effect (left-hand column) can be measured as an
on-shell Higgs coupling (diagram in the HC column) or in a high-
energy process (diagram in the HwH column), where it grows
with energy as indicated in the last column.

HC HwH Growth

K O, zz@u{ ‘_‘)g ~(E2/A2)

K; Os i}“-‘i -==  ~(vE/A?)

Kzy Oww

Kyy OBB e N(EZ/AZ)
Ky Or

g O_t/!/ }---- }f\,\l\::l

~(EY/A?)

HCs are associated with an EFT ’Lagrangian L =
3. ¢;0;/A?, consisting in particular of the dimension-
six operators [12,13],

O, = |HPOH'O'H, O, =Y, |HPy,Hyy,

Ogs = ¢*|H|*B,, B", Oww = ¢*|H|* Wi, W,
OGG — 9§|H|2quG(w”~ 06 = |H g (1)

with Y, the Yukawa coupling for the fermion y. [Note that
the parameters in Eq. (3) can be put in correspondence with
other parametrizations of HCs: via partial widths x? =
[)_;i/ToM. [14], via Lagrangian couplings in the unitary
gauge g;; [13,15], or via pseudo-observables [16].]

The operators of Eq. (1) have the form |H|?> x OM, with
OSM a dimension-four SM operator (i.e., kinetic terms,
Higgs potential, and Yukawa couplings) times

27
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ZZ*]BIJ CHUS-PAS-SHP-22-001 {’@}

The Monte Carlo (MC) simulation used for this analysis can be divided into signal and back-
ground samples. The ZZ signal production via quark-antiquark annihilation is simulated at
next-to-leading order (NLO) with MadGraph5_aMC@NLO [19] and POWHEG 2.0 [20-23]. The
gg — ZZ process is simulated at leading order (LO) with MCFM [24]. The cross sections of
these samples are normalized to the cross sections calculated at NNLO for qq — ZZ [15] (K fac-
tor of 1.1) and at NLO in QCD for gg — ZZ [25] (K factor of 1.7). The production via SM Higgs

boson production and decay (in particular gg — H — ZZ) is simulated with POWHEG at NLO.
Electroweak ZZ production in association with two jets is simulated with MadGraph [19] at LO.
The nominal SM signal predictions in this analysis are derived from the MadGraph5_aMC@NLO
qq — ZZ sample, the MCFM gg — ZZ samples, and the MadGraph EW production sample,
which includes vector boson fusion (VBF) Higgs events and their interference with non-Higgs
EW production, and the POWHEG H — ZZ samples.

28
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ZZ*]BIJ CHUS-PAS-SHP-22-001

Results in this note are also compared to the very recent nNNNLO+PS predictions [26], which
consist of NNLO predictions for quark-initiated channel combined with parton showers using
the MiNNLOpg method, and NLO predictions for loop-induced gluon fusion channel matched
to parton showers, with event generators for the two channels implemented in the POWHEG
framework. Spin correlations, interferences and off-shell effects are included by calculating the
full process pp — ("¢~ ¢"*¢'~ and considering all contributions to the four-lepton final state.

As part of the nNNLO+PS predictions, the NNLO+PS qq — ZZ predictions from the MiNNLOpg
method are NNLO accurate for inclusive production and NLO accurate for Z+1-jet produc-
tion. The combination of the two jet multiplicities does not require any unphysical merging
scale [27]. These predictions are expected to give better descriptions at high jet multiplicities
than the POWHEG qq — ZZ predictions, which are NLO accurate in inclusive production, and
the MadGraph5_aMC@NLO predictions, which were simulated at NLO with the 0-jet and 1-jet
processes, and merged using FxFx scheme [28].

data are unfolded for detector effects using the iterative D’Agostini’s method [40] including
correction for background contributions, with the RooUnfold toolkit as described in Ref. [41],
and compared with the theoretical predictions from (MadGraph5_aMC@NLO qq — ZZ)+(MCFM
gg — ZZ)+(POWHEG H — ZZ), and (POWHEG qq — ZZ)+(MCFM gg — ZZ)+(POWHEG
H — ZZ), where MadGraph EW ZZ predictions are also added to these two sets of predictions.
The unfolded results are also compared with the nNNLO+PS predictions. The truth-level dis-
tributions use generator-level leptons “dressed” by adding the momenta of generator-level

photons within AR (4,v) < 0.1 from direction of the lepton. 29
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In constructing the response matrix, there are MC events that pass the reconstruction-level
selections, but do not have corresponding events at truth level that pass the fiducial selections.
In the RooUnfold toolkit’s implementation of the D’Agostini’s method, these out-of-fiducial
events are treated equivalently as background events that propagate from an additional truth-
level bin to the reconstruction-level bins. The size of contribution of these out-of-fiducial events
can be up to 15% for events with at least 1 jet. In addition, instead of subtracting the non-
prompt and VVV backgrounds from data, we added these background events to the out-of-
fiducial events with the mentioned treatment to avoid problem of having negative signal bin
contents in regions of low data statistics.

Most systematic uncertainties are propagated through unfolding by recomputing the response
matrix with the sample used in building the matrix shifted or reweighted to reflect a 1 shift
in the quantity of interest. The uncertainty related to that quantity is taken as the resulting
normalized shape difference in the final unfolded distribution.
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Z V’f’/w ariv:2212.0718%  accepted by JHEP

Observable Signal Region tiry Control Region
Number of signal leptons > 2 opposite sign, same flavour > 2 opposite sign, different flavour
Lepton pr(€y) > 30 GeV, pr(fr) > 25 GeV

Photon > 1 photon with pJ > 30 GeV

mee > 40 GeV

Mee + Mgy > 182 GeV

The primary vertex position zyg has a Gaussian distribution with a measured width of o (zyx) ~ 35 mm [14],
corresponding to the width of the luminous region. The fraction fpy can then be written as:

PU PU
1 Ny = Nye

data
PU = : ,
] Ndata Ppy
where N:ﬂ'{amc) is the number of data (MC) events in a region dominated by pile-up, defined as the

region with |Az| = |zyx — Zy| > 50 mm. Since the pile-up events are Gaussian-distributed with a width
o(Zux—2y) = \/io'(:\‘-,x) ~ 50 mm, the probability of observing events with |[Az| > 50 mm is estimated to
be Ppy = 0.32. The term Nyyc describes the MC events where the Z boson and the photon come from the
same pp collision, and is taken from signal MC simulation. The MC sample is normalised to the data with
|Az| < 5 mm. The |z — z,| distribution is shown in Figure 3 of Ref. [14]. To have a better description
of the pile-up events in the differential observables, fpy is computed as a function of Njes and p;. The
estimated fpy varies from 0.02 to 0.08.

Source ee + uu

Zy+jets signal | 73500 + 50 (stat.) = 2600 (syst.)
Z +jets 9800 + 460 (stat.) = 2 100 (syst.)
try 3600+ 10 (stat.) £ 540 (syst.)
Pile-up 2500 + 70 (stat.) = 700 (syst.)
Multiboson 950 + 5 (stat.) £ 280 (syst.)
tWy 150+ 1 (stat.) = 45 (syst.)
Total prediction | 90500 + 500 (stat.) + 3 500 (syst.)
Data 96410

Table 4: Definition of the fiducial region at particle level.

Quantity Selection criteria
Lepton kinematics pr(6)) > 30 GeV, pr(l2) > 25 GeV, |n| < 2.47
Photon kinematics pr > 30GeV, |n| <2.37, AR(y,{) > 0.4
Photon isolation E.il;“’/El).' < 0.07
Jet kinematics (pr > 30GeV if |n| < 2.5) or (pr > 50 GeV if 2.5 < |5| < 4.5), AR(y,jet) > 0.4
Invariant mass mee > 40 GeV, mee +meey > 182 GeV

Leptons are required to pass the same pt requirements as in the SR: p(£;) > 30 GeV, pr(f2) > 25 GeV.
However, the 1 requirements are different: for both electrons and muons |(£)| < 2.47 is required, since at
particle level the discontinuities in the detector are not present. A particle-level isolation requirement is
applied to photons: the scalar sum of the Et of all particles, except muons and neutrinos, within a cone of
size AR = 0.2 around the photon must be less than 7% of the transverse energy of the photon, E{.. This
selection is the same as in Ref. [14] and is optimised to achieve the same level of acceptance in both the
detector-level and particle-level selections. Photons are rejected if they are within AR = 0.4 of any lepton.
Jets are obtained by clustering stable particles, excluding prompt leptons and using the anti-k, algorithm
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Ww S-CONTF-2023-012
The differential cross-sections are determined using an iterative Bayesian unfolding method [92, 93]. In
contrast to the integrated cross-section measurement, these results only weakly depend on the signal model,
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‘WZV, m/v obaservalion ATIAS-CONF-2023-01% ATIAS-CONF-2023-005

Source SR TopCR
Wyy 41060 28+5
E 100 ATLAS Prelminary ¢ Data E ATLAS Preliminary ¢ Data Non-prompl ] — Y 420 =50 42 +20
e [ Eremew e g RpRTUELINY W Misidentified e — y 155+11 120+9
2 %rse WZZ(e—) = SR WZze—y) Multiboson (WH (yy), WWy, Zyy) 7613 Si2+1:7
g Post-Fit Bz = Post-Fit B2y 2
Lﬁ W Pie-up v d g WPle-upy Non-prompl = ‘A 35+10 -
0 [@Fake 1w @Fake Top (tty, tWy, tqy) 30£7 136+32
% Uncenainty % Uncertainty E
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40 Total 1136+34 332+18
Data 1136 333
20 2. 222 I P
In order to obtain an unfolded production cross-section measurement, a fiducial phase space is defined
g 0 = A O B I T BT A to be as close as possible to the SR event sample selected at detector-level. Fiducial requirements are
© 1.25 12 . : : : A :
a PoE applied to dressed leptons, which are particle-level electrons and muons recombined with radiated photons
= 0.75 0.7 / within a cone of AR = 0.1. Events are required to have a dressed electron or muon with pt > 25 GeV and
8 05 85 90 95 100 105 110 115 120 8 0‘%0 40 60 80 100 120 140 160 150 200 220 |nl < 2.47 while the two particlc—lcvcl phOlODS must satisfy pt > 20 GeV, |I]| < 2.37, and the isolation
m, [GeV] ET™ [GeV] requirement (E%"“e'“’ —0.039 X pr) < 6.2 GeV. Additionally, two separation requirements are applied to

the two photons and between the lcpton and each photon: AR,y > 0.4 and AR, > 0.4. Finally, fiducial
events must satisfy E'“‘“ > 25 GeV, m V> 40 GeV, and a veto on b-jets with pt > 20 GeV. Events from
W — tv decays that pass these rcqunrcmems are not considered as signal.

The SM predicted fiducial cross-section, o'ﬁsé"l, obtained using the SHErpA 2.2.11 event generator is

1.50 £ 0.01 (stat.) + 0.02 (PDF+a5) + 0.06 (scale) fb. This value does not include the effect of NLO EW

corrections which have been found to be kgw = o O EV /o L0 = 1.05 [36] for the subprocess pp —

WZy — e*v.u* p"y. The measured cross section in the FR is o z, = 2.01 £0.30 (stat.) £0.16 (syst.) fb,
which is consistent with the SM prediction within 1.5 standard deviations.  NLO electroweak and QCD corrections to the production of a
photon with three charged lepton plus missing energy at the LHC
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Flat Direction scenario:

production and decay rates at the LHC [57-59] (see also
Ref. [14]), unless further assumptions are made. The effect
of an enhanced Higgs Yukawa coupling y, to a light quark
q =u, d, c, s on the Higgs branching fractions may be
compensated by a related increase of the Higgs couplings to
gauge bosons and third-generation fermions, leading to a
“flat direction” in the fit along which the Higgs signal
strengths remain unchanged. From the present good agree-
ment between SM predictions and LHC Higgs measure-
ments [22,60,61], this flat direction may be approximately
described by a single generic k; enhancement factor for all
Higgs couplings other than the light quark Yukawa y, of
interest [14]:

1By \/(1 BrSM)2 4 4BrSMi2
Kh2 9 ¥ 5 ’ (4)

. SM . . . i
with Bryz" being the branching fraction for 4 — gg in the

SM. While the combination of Higgs signal strengths with
other measurements—e.g., with electroweak precision
observables or an indirect measurement of the Higgs total
width (model-dependent, see Ref. [62])—can help in lifting
the flat direction [Eq. (4)], this discussion highlights the
importance of complementary probes of Higgs couplings to
light quarks.

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG2KAPPA?r
edirectedfrom=LHCPhysics.LHCHXSWG2KAPPA#1 gluon_gluon
Fusion Process

Kg2 = 1.042k¢? + 0.002kp? - 0.040k(Kp, - 0.005k¢Kc + 0.0005kpKe + 0.00002Kc2
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However, it is important to note that the flavor puzzle is
related to the mass hierarchy among all three generations of
up-type quarks (u, ¢, 1), down-type quarks (d, s, b), and
charged leptons (e, u, 7). Therefore, direct measurements
of the smaller couplings of the Higgs to the first two
generations of the different sectors are also necessary.
So far, only upper bounds on the corresponding signal
strengths have been obtained [11-14],
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Z1—H + jes

Source Uncertainty (%)
Luminosity 0.8-13
Leptons 0.8-1.6
Jets 27-18
Pile-up 0.0-25
Backgrounds 0.9-9.0
Theory modelling 0.6-8.8
Unfolding method 0.9-12
Total systematic 5-22

Wilson IMgs|>  95% confidence interval [TeV 2]
coefficient Included  Expected Observed
cw /A2 yes [-1.3;13] [-12.1.2]
no [-32, 32] [-37, 28]
e/ A2 yes [-1.3, 1.3] [-1.2,1.2]
no [-17,17] [0, 30
cawa/ N yes [-16, 7] [-16, 6]
no [:12,12] [-15, 10]
cywplA®  yes [-1.3, 1.3] [-1.2,1.2]
no [-67, 67] [-25, 130]*
cup/A? yes [-13,13] [-12,12]
no [-38, 38] [-38, 38]
il yes [-13, 13] [-12, 12]

no [-420, 420]* [-200, 7901
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