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Outline

e | HC and CMS
® Photon Reconstruction and ldentification

® QCD y + jet Production at CMS
® Electroweak (VBS) Wy and Zy production

® Summary
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LHC - THE BIG TURN ON

The Large Hadron Collider will accelerate two beams of protons (and later lead ions) in opposite
directions and collide them head-on at four locations where huge detectors will analyse the debris

https://www.youtube.com/watch?v=pQhbhpU9Wr CMS

https://youtu.be/BEnaEMMAQ _s

Before the protons or ions enter the main LHC ring, they travel through
a series of machines that accelerate them to increasingly higher energies

THE FIRST STEP | BOOSTER RING | PROTON SYNCHROTRON A| SUPER PROTON SYNCHROTRON

starts above ground and Accelerates the protons Almost 50 years old, this machine Located 40 metres underground, the
involves stripping electrons 10 91.6% of the speed accelerates protons (o 99.93% of the SPS accelerates protons to 99.9998% of
from atoms of hydrogen gas of light and feeds them speed of light (25 GeV in energy). e speed of light (450 GeV in energy).
1o make protons. These are into the 200-metre- for several weeks, starting in late feeds protons bath clockwise and
sped up 1o 31.4% of the diameter Proton 2009, it will also accelerate lead ions aWticlockwise into the LHC

speed of light in a linear synchrotron machine for the ALICE experiment

accelerator and then enter

lhe acteletalu dtam

COMPACT MUON SOLENOID

O | LARGE HADRON COLLIDER (LHC)
Designed to accelerate peotons to
99.9999991% of the speed of light
(7 TeV in energy). The beams will be
made 1o collide i four experimental areas

e

Weight:
Size:

TRANSFER
TUNNEL

‘ICE

A I.ARGE ION
COLLIDER EXPERIMENT
Number of scientists: More than 1500

Countries imobved: 31 f

:Eunmmn 10,000 tonnes ATLAS .

Size: 26am long, 16m high, 16 wide A TOROIDAL LHC APPARATUS
30t Number of scientists: More than 1900

Counlries ewolved: 335

Nember of scientists: More than 2000
Countries involved:

38
12,500 lonnes
21m long, 15m high, 15m wide

LHCH [
LHC BEAUTY
Number of scientists: Mose than 630

Countries invohed: 14

Weight: 5600 tonnes

Size: 21m long, 10em high, 13m wide

~100 m


https://youtu.be/BEnaEMMAO_s
https://www.youtube.com/watch?v=pQhbhpU9Wrg

chus,

| HC Luminosity

® |n Runi, CMS recorded 6.1fb-1' @7 TeV and 23.3 fb-1 @8TeV.
® Run 2, CMS recorded 163.6 fb-1 @13 TeV.
® Run3, CMS has recorded more than 62.6 fb-1 @13.6TeV.

CMS = 2010,7TeV, 45.0 pb~
m— 2011,7 TeV, 6.1 fb™"

60
— 2012, 8 TeV, 23.3 fb"
—— 2015, 13 TeV, 4.3 fb"

>0 2016, 13 TeV, 41.6 fb™ Runfl? Run 3 |
e 2017, 13 TeV, 49.8 fb™"

40 — 2018, 13 TeV, 67.9 fb™" b > h >

m— 2022, 13.6 TeV, 42.0 fb™
w2023, 13.6 TeV, 20.6 fb™

w
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N
O
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Higgs dlscovery July 4th, 2012
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CMS

CMS

® (General purpose design to detect all
particles. Wide reaches of physics potential

Légende: Muon
Electron

Hadron chargé (ex. Pion)
— — — — Hadron neutre (ex. Neutron)
""" Photon

“\\}\,— -
\ijﬁ.LU )] )
)T =
"0%1[[/. ‘
Trajectographe ////
au silicium ,
\ Calorimétre /
)) )l électromagnetique
/ 3
Calorimeétre Solénoide
Y hadronique superconducteur Culasse de retour de I'aimant
Total Weight - 12500 tone avec des chambres a muons ull ot
. 0 5 6 7
Overall diameter : 15m | T T T T l I I
X Overall length : 21.5m

Magnetic field : 3.8 Tesla
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CMS

ECAL

£ 1.4"', '''''''' S |
® The Electromagnetic Calorimeter of CMS (ECAL) = e -
R
4+ Homogeneous, compact, hermetic, fine grain 1 '*.x Zlifi%é'fi"”g
PbWO4 crystal calorimeter 08\ c=03(m)
+ Goal is having excellent energy resolution 6 \
. . 0.4 : \;\-_\-T\— il
® Energy resolution of 3x3 crystal matrix oak "
| —https://cds.cerln. h/record/1000388 E
OE\ 2.8%VGeV 128 MeV o % 50 100 150 200 250
(ii)'_ = o — @ 0.3% E (GeV)
EE : PbWO4 with VPTs
EB : PbWO4 with APDs 29mm x 29mm x 24.7Xo
22mm x 22mm x 25.8Xo ——

(Moliere radius 22mm)

ES :silicon strip sensors
strip width |.9mm

(Pb/Silicon)
30th Recontres du Vietham Rong-Shyang Lu / NTU August 7-11, 2023
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Cs,

® Build Basic Cluster with 5x5 crystal
matrix. It contains 97% of unconverted
photon energy

® >50% probability of photon conversion
(e+e- pair) in CMS, energy spread into ¢
road due to B filed. Connect basic cluster

to form SuperCluster. Barrel : 5 crystal in

nand 10-15 crystals in ¢; Endcap 5x5
crystals + preshower

® Energy deposited by electrons and
photons in the ECAL and collected in
superclusters is subject to losses

® A correction procedure is needed to
calibrate the reconstructed energy back
to generated energy.

30th Recontres du Vietnam Rong-Shyang Lu / NTU

005

Events /0

clust er CAL Barrel

..}\
8

SuperCluster

CMS Simulation (13 TeV) 2016
_IIIlIIIIIIIIIIIIIIIIIIIIIII'IIII_

‘Q —4— Uncorrected SC

—— Corrected SC
—4— E-p combination
— Fit model

Barrel

15< pTgen< 30 GeV

0.9 1 1.4 1.5

EGM-17-001 E/E"e
August 7-11, 2023
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Photon Reconstruction
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https://cds.cern.ch/record/2747266?ln=en

CMS

Photon Identification

® |dentify a jet fakes a photon - 0 AN
N EaVaVaVaVa
+ Shower shapes of the cluster, ES T
shower width in the endcap hadron «
S
+ Isolation (energy)of photon — ’
; s photon
4+ Hadronic leakage of photon ' YN
® |dentify an electron fakes a charged
phO ton hadrons
R 9.7 fb" (8 TeV)
4+ No pixel hits nor tracks linked with 8T s = 1=
photon % 80| 30 4
e Cut-based and MVA-BDT- 2 o T (meescen 8
based |D. g E ;l[\)lla(l:tabackground __20 g
® |D trained with MC and compare g
with data. Overall good ol 110
agreement between Data and MC : i
(-)O.GI ) -0.4“I | l-0.2 0 - 0}2 O.ZP

30th Recontres du Vietnam Rong-Shyang Lu / N1 Photon ID BDT score 10



Chas, !

QCD y + jet Production at
CMS

[while LHC acts as a
quark-gluon collider]

30th Recontres du Vietnam Rong-Shyang Lu / NTU August 7-11, 2023 |1



CMS,/ !

%

2@"

- QCD Photon+jet Production” @

® [he photon+jet production is
dominated by quark-gluon
scattering and sensitive to gluon
PDF at medium and high X range

‘/{%_
Z

u /eA/¢

/e

CMS DP-2020/019

2016, 359fb (13 TeV)
I| T | T

® Compare data cross section with ‘-06‘2,222,na,y ‘j';_'“_"ii;,et -
' ' - <13, 0<0.3-0 +et .
NLO theory prediction, (e.g. HOTE et <030 — e %

JETPHOX with fragmentation at
NLO) with different PDFs.

—
T [ 1 1T 1T ] 1T

0.96- -

Post-fit jet response (ratio)
o —
© o
G ?

o
©
.|>

E After global fit

® Also serves as calibration |
— XZINDF 1689/150 o

dataset, e.g. jet energy correction. P TR E—T 20'00')
P, (GeV

q y g Y g g

Rong-Shyang Lu / NTU

>
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https://cds.cern.ch/record/2715872?ln=en

CMS

CMS Photon @ 1 3TeV

® Results of photon and photon+jet production  _  cms prelimiary 226t (13Tey
at 13Tev § - y'1<1.44, Iy° I<15p 5 30GeV -
N i —+¢—— Data stat. uncertamty ]
: : o r SN Data total unc. 4
e Consistent with JETPHOX (NLO generator) E157  —{— NLOJETPHOX scale unc. ™
: i NLO JETPHOX total unc. g
but some feature seen as a function of photon Er _ s
I R R R \\&i&i A
1 1 N ) ° : ¥ ———¢ : N \\ \‘ \\ \\ \\\\ N N x 0 O AN \\\i\\\\\
® NNLO calculation may resolve the }_[_+ B NN
dependency. - :
_10% CMS Preliminary | 226" (13 TeV) 0.5~ B
% | — 157<|y|<2515<|y""|<24 p“">3oeeV(x10) __ L |
(5 — " — 1 1 1 1 1 1 1 1
3 108__ e Se— 1.57<Iy|<2.5,|y- I<1.5,p-T >30GeV (x 107) — 2x102 3x102 4><102 5><102 103
L | = y1<144,15<y"1<24,p" > 30GeV (x 10%) ] E; (GeV)
2% - —e— ly'l<1.44, |yie‘| < 1.5, piT"t > 30GeV — < 2 CMS Prellmlnary | | 2.2:6 fb-1I (13 'II'eV)
— 10° = NLO JETPHOX NNPDF 3.0 _ - ly'l <1.44,1y"'1 < 1.5, p ‘5 30GeV -
% Yy Y T o L e~ Data experimental unc. a
- 1 ~
o F —V— . -~ F ———— NLO JETPHOX NNPDF3.0 -
] L =1 —Y— _ 5 ——— NLO JETPHOX CT14 -
~ A, —_—y— 7 215 NO JETPHOX MMHT14 —
L 10% —h—_ v — = | ————— NLO JETPHOX HERAPDF2.0 .
o L —A— I N - NNPDF3.0 total theoretical unc. =
- el A ] _\\\\\\\\\\\\ T N TR T s SOOI \\:\\\\ §§§§§§§§§§§§
10" —— ——A—— 1re S N ;;s;;\iss\;\
= —— —— = B AONNNNNNRNNNNKT
| —— . ] = _
I~ —= L ] | _
L —— _ i ]
- ° —
10-4 - ] 05 — -
B '=.=_‘ — i
[ | | | | | | L] | ! ! ! ! ! ! ! ! |
2x10? 3x102  4x10®> 5x10? 10° 2x10? 3x10°  4x10% 5x102 10°
ET (GeV) ET (GeV)

Eur. Phys. J. C 79 (2019) 20
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https://doi.org/10.1140/epjc/s10052-018-6482-9

Chas, !

Flectroweak (VBS) Wy and
Zy production
[while LHC acts as a

boson-boson collider]
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Cs,

What is VBS signal @

® Three contributions at LO for Vector Boson Scattering
4+ Pure EWK : VBS signa
4+ QCD-induced : irreducible background
4+ EWK-QCD interference : add to QCD background

e \/BS signature: di-boson production with two very energetic
forward-backward QUARK-initiated jets and with large dijet
mass (m;) and rapidity gap

q 93 A
\/ Large separation angle
WiZ_—~7/v (pseudo-rapidity)
Zlv % between tagging jets
Y .//...\\
Zp) 44 —_ e ”PAﬂjj

30th Recontres du Vietham Rong-Shyang Lu / NTU August 7-11, 2023 15



CMS

® Pure Electroweak processes. Provides understanding of the Electroweak sector
and complementary to Higgs analyses

4+ Probes gauge interactions : triple and quartic gauge couplings
4+ Probes couplings between Higgs and gauge bosons

® |n the EW scale, since no direct evidence of new particle, the recent model-
indecent approach with Standard Model effective field theory (SMEFT)

® Parametrize deviations from the SM in terms of Wilson coefficient (¢;) and higher
order operators (0,). (6) (8)

1
LERT ~ £(4) A2 ( )0(6) i " Z 0(8) 4
i
WWWW | WWZZ | 27277 | WWAZ | WWAA | ZZZA | ZZAA | ZAAA | AAAA
Os.0, Os.1 X X X
Oro, Oni1,0m6 ,Onrr X X X X X X X
Onta O, Onia Onis X X X X X X
Oro ,Or1 ,Or X X X X X X X X X
Ors Ore Orq X X X X X X X X
Or.s ,O01,9 X X X X X

Table 1-16. Quartic vertices modified by each dimension-8 operator are marked with X.

https://doi.org/10.48550/arXiv.1310.6708
30th Recontres du Vietham Rong-Shyang Lu / NTU August 7-11, 2023

Why is VBS mterestlng%;ﬁ
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https://doi.org/10.48550/arXiv.1310.6708

CMS

CMS VBS results

PROCESS

VBS in ssWW + WZ

LUMI [fb-1]

Full Run 2 (137/fb)

RESULTS

Observation & XS
+ dim-8 EFT limits

REFERENCE

PLB 809 (2020) 135710

polarized VBS ssWW

Full Run 2 (137/fb)

W W measurement

PLB 812 (2020) 136018

VBS Z2Z Full Run 2 (137/tb) Evidence + dim-8 PLB 812 (2021) 135992
VBS osWW Full Run 2 (137/fb) Observation & XS PLB 841 (2023) 137495
VBS VV Full Run 2 (137/fb) Evidence PLB 834 (2022) 137438
VBS VV 2016 data (36/fb) Dim-8 EFT limits PLB 798 (2019)134985

PLB 811 (2020) 135988
arXiv : 2212.12592 (accepted by PRD)

PRD 104 (2021) 072001

VBS PPS yyWW

Full Run 2 PPS (100/fb) |Dim-6 and dim-8

arXiv:2211.16320, sub. JHEP

String

ent limits on EFT ¢o

efficients

30th Recontres du Vietnam

Rong-Shyang Lu / NTU

August 7-11, 2023
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CMS

EW Z(¢6) y +1i..

PRD 104 (2021) 072001
¢ VBS signal MC sample generated with MadGraph at LO.

® Signal is selected by the VBS signature.

® Main background from QCD Zyij production. It is modeled using

l
simulation, but constraint with data. Vs VEL L s

® Background from Z+jets events, with a jet misidentified as a
photon, is estimated with data-driven method

® SR contribution is largely reduced by cutting on Zy invariant mass

Common selection  p5? > 25GeV, |7#2| < 2.5 for electron channel

p%l 2 > 20GeV, |71#2| < 2.4 for muon channel
p1 > 20GeV, 57| < 1.442 or 1.566 < |7| < 2.500
P > 30GeV, 2| < 4.7
70 < myy < 110GeV, mz,, > 100 GeV

AR;, AR;,, ARy, > 0.5, AR, > 0.7

Fiducial volume Common selection,
my > 500 GeV, |An;| > 2.5

Control region Common selection,
150 < my < 500 GeV

EW signal region Common selection,
my > 500 GeV, |An;| > 2.5,
77* < 24, A‘I)Z’)’,jj >1.9

l QCD-induced

aQGC search region Common selection,
pr > 120 GeV

30th Recontres du Vietham Rong-Shyang Lu / NTU August 7-11, 2023 18



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072001

CMS

EW Z(€6) y + i

® Observed (expected) significance: 9.4 (8.5)c

PRD 104 (2021) 072001

® Inclusive and differential, on p?, p?l, p%l, ms;, Cross section are measured. The fiducial cross section

i i A — 0.18 ;
measured with signal strength jigy, = 1.20%/5 is

GEV)E,P 5.21 £ 0.52(stat) = 0.56(syst) b , where
GEW 4.34 £+ 0.26(scale) = 0.06(PDF) fb

CMS 137 b (13 TeV) 1 CMS 137 o (13 TeV)
(- I O s B e S S ] — o S e e L B S B B A 3
r- EW Zy STTTy,W 1 3 E ¢ Data(stat. ® syst) -
23001 M QCD zy ssatesyst{ Q. B -~ EWZy MadGraph
2 - barrel  Nonprompt y ' 1 = ¢ [ syst unc. :
LI B : i Qﬁ - * N
200 . 25< AN | < 4.5; 45<IAn | <6 IAn g §10°E ) E
- 1 S - 1
100 . B 107 + =
,,,,,,,,, é/, DY e ﬁ : L | L | L 1 L 1 T 1 e 1 T | T :
: ////Q////: : (O] T i
0 e % ol $ }: |
5 C T S S S S .
R N SO Ir. S IS VNI
Q\L_ 1 j*r-/-/-i-/-/-/-r-/-/-/-/-/-}/-/-/-/-/-/'/'/'/7?‘/‘/77-/7-/-/-/73-/-/-/-/-/-/777?777777777%/7777-/77-/73-/-/-/7— o 1 e E $ o
< e ey PP
8 050508 0812 12w 0508 0812 12 05w 50 100 150 200 250 300 350 400
The post-fit 2D distributions of the m, [TeV] Unfolded differential cross sectionasa p. [GeV]
dimuon for the .| categories. function of leading photon p; for EW Zyj]

30th Recontres du Vietham Rong-Shyang Lu / NTU August 7-11, 2023 19


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072001

CMS

EW Z(€6) y + i

® Set limit on aQGC by EFT with events in dedicated

search region with high p,( > 120 GeV) photon. CMS 137 o' (13 TeV)
. . . c i I I I I I ]
® it on invariant mass of the Zy system S0 ¢ Data Nonprompt y -
All coupling parameter limits are set in TeV~*, whereas the unitarity bounds are in TeV. (2 T EW Zy ST, TTy,VV ]
Coupling Exp. lower Exp.upper Obs. lower Obs. upper Unitarity bound GC_, i QCDhzZy 4 4 ]
/A% —125 12.8 ~15.8 16.0 13 Tk - Vo Ff/AT=047Tev"
Fvi / A4 ~28.1 27.0 ~35.0 34.7 15 —Fpo/A*=0.91 Tev* ]
B/ A* —5.21 5.12 —6.55 6.49 1.5 .
Fus/A* —10.2 10.3 —13.0 13.0 1.8 10E
Fyia/ A —~10.2 10.2 —13.0 12.7 1.7 E
Fuvs/A* ~17.6 16.8 —22.2 21.3 1.7 -
By /A —44.7 45.0 —56.6 55.9 1.6 15
Fro/A* —0.52 0.44 —0.64 0.57 1.9 -
Fri/A* —0.65 0.63 —0.81 0.90 2.0 -
Fry/ A —1.36 1.21 —1.68 1.54 1.9 107 &
Frs/A* —0.45 0.52 —0.58 0.64 2.2 - | | | |
Fre/A* —1.02 1.07 —1.30 1.33 2.0 0.15-0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0-1.2 1.2-x
Fry/A* —1.67 1.97 —2.15 2.43 2.2
Frs/A? ~0.36 0.36 ~0.47 0.47 18 Mz, [TeV]
Fro/A* —0.72 0.72 —0.91 0.91 1.9 )
WWWW | WWZZ | Z7Z77 | WWAZ | WWAA | ZZ7ZA | ZZAA | ZAAA | AAAA
Os.0, Os.1 X X X
Owm,0, Om,1,00,6 ,00,7 X X X X X X X
Ouwm,2 ,Om,3, Onma \Ownys X X X X X X
Oro 071,072 X X X X X X X X X
Ors ,Ore ,Or7 X X X X X X X X
Orgs ,Org X X X X X

Table 1-16. Quartic vertices modified by each dimension-8 operator are marked with X.

30th Recontres du Vietham Rong-Shyang Lu / NTU August 7-11, 2023 20


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072001

Chas, !

® Measurements using full Run 2 data by
CMS, with W leptonic decay

® Signa

® Main

prompt y/¢ by data-driven method

® Results extracted from 2D variables of m;
and my,;. Simultaneous fit in the CR and SR

EW W(&v) y + i

arXiv : 2212. 12592
Accepted by PRD

Is generated with MadGraph at LO

EW production

packgrounds from QCD Wy and non

Common selection Control region

e pT(t/y) > 35 (25) GeV e 200 GeV < mjj < 400 GeV
e Jets with pr > 50 GeV

* AR(£,v/)/) > 0.5 Signal region

* mt(W) > 30 GeV * Ad(Dzy,Pj) > 2

e MET > 30 GeV * [nzy — (Ni1+ nNi2)/2| < 1.2

* Imey - mz| > 10 GeV * m; > 500 GeV

* mwy > 100 GeV e An;> 2.5

30th Recontres du Vietnam Rong-Shyang Lu / NTU

EW with a QGC

QCD-induced

August 7-11, 2023 21


https://arxiv.org/abs/2212.12592

CMS

EW WD)y + .. P

Accepted by PRD
® Observed (expected) significance: 6.0 (6.8)o

® Inclusive and differential, on p?, p;fl, p}l, pT’“” ms;, Any;, Cross section are measured. Fiducial
cross section is measured by ¢4 = JAa,, where 6, = 0.776 pb, calculated by MadGraph at
LO, acceptance a,, = 0.034 , and observed signal strength in data 4 = 0.88%) 1. This leads to

o = 23.5 £ 2.8(stat)t 1 2(theo) 3 (syst) fb

///////

. CMs 0 138 fb" (13 TeV) CMS 138 fo" (13 TeV)
B 1000— —e— Data B EW Wy in fiducial S B ! ' ' ]
PR B EW Wy out fiducial [l Top, vV, Zy 8 1.2 [~ —— Obs. result (stat® syst.) —
| Panelipnolons QCD Wy MisID photon S N N
o 8 I Double MisiD MisID lepton = 1 Obs. result (syst.) .
B 7200, Stat @ syst >-Q_'— 08 B

600 [—m,, €[30, 80) GeV ! m, €[80, 130) GeV 1 my, €[130, ) GeV — IZ ' - EW(LO) WY MG5 7]

- s B 0.6 :_ _:

B 4 0.4 —

I I N
\
Y
Y
L \
N
N
SR h .
\ Y
\ Ay
\ | N\
| f
N L >
N \
N $
N .
\ .
\ .
AL - emmmmmmmmmmaa-
o
[\
[T T | T T | T T | I
—
——

200
] - .
0 I ] | ] | B 0 + ;
G 15
313 ) N N 2 W T s W S B 3
8 00 R A R S 22 r
®© 0.7 S S S St - A S S-S SN Q 1-4 1 .
0 05 S 06 i . 1 .
© K = § @ K T § @8 KN % % 8 02 :
S S N - © S N - S S N - -1 - - -
s o = s o = s o = [25,50]  [50,90]  [90,170]  [170,]
. . . Y -
The 2D distribution used in the fit for the  m; [TeV] Differential cross section for the EW P [GeV]
total EW WYy cross section measurement. Wyj) production as functions of p;
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https://arxiv.org/abs/2212.12592

CMS

EW W(fy) y + jjarXiv:2212.12

® Set limit on aQGC by EFT with events in dedicated

Accepted by PRD

search region with high p,( > 100 GeV) photon. CMS 138 fb! (13 TeV)
C
® Fit on invariant mass of the Wy system Sy ~+ Data ey
All coupling parameter limits are set in TeV~*, whereas the unitarity bounds are in TeV. -og E . Top, WV, 2y QCD Wy
Expected limit Observed limit Upound S | Muon events MisiD photon [ Double MisiD
5.1 < fayro/A* <51 —5.6< fyo/A* <55 1.7 w | MisiD looton 7/ Stat @ vt
T1< /A <74 —78< fy /A* <81 21 10°E e T EEEN
18 < fu /AT <18 —19< fi,/AT<19 20 5 — Fu /At =8 TeV™
25 < fys/A* <25 =27 < fys/A* <27 2.7 -
3.3 < fyra/A* <33 =37 < fys/A* <36 23
34 < fys/A* <36 -39 < fys/A* <39 2.7
-13 < farr/A* <13 —14 < fyr /A=< 14 2.2
043 < fro/A* <051 —047 < fro/A* <051 19
027 < fri/A* <031 —031< fr{/A* <034 25
072 < fro/A* <092 —0.85 < fr,/A* < 1.0 2.3
029 < fr=/A* <031 —031< fr:/A*<033 26
023 < fre/A* <025 —025< fro/A* <027 29 )
-0.60 < fr,/A* <0.68 —0.67 < fr,/A* <073 3.1 [0.15,0.4] [0.4,0.6] [0.6,0.8] [0.8,1.0] [rl WOET:\]/]
most strlngent WWWW | WWZZ | ZZZ7Z | WWAZ | WWAA | ZZZA | ZZAA | ZAAA | AAAA
to date Os.0, Os1 X X X
On0, On1,00.6 .00 7 X X X X X X X
Owm,2 ,Om,3, Ona \Owmys X X X X X X
Or0 ,01,1 ,0r1,2 X X X X X X X X X
Ors 016,017 X X X X X X X X
Ors ,Or9 X X X X X
Table 1-16. Quartic vertices modified by each dimension-8 operator are marked with X.
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https://arxiv.org/abs/2212.12592

Chas, !

Summary

® CMS has a rich analysis program with
photon object utilizing the EM calorimeter.

® The y + jet analysis tests QCD and feeds the
PDF fits.

® [he Vy+ jj analyses provides the
understanding of EW sector and the possibility
to search for BSM with model-independent
EFT interpretation.
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