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Single Vector Boson production:
° 7Z—1T
° Z — Tt

° W+ c-jets

Di-boson production:
° VBS Overview
° pVVp (CEP)
° SS-WW (DPS)

Tri-boson production:
(] VVV

o Wwy

Additional contents in backup

Z/y + jets

Z + b-jets

Z + jets (DPS)
OS-WW (VBS)
77 (VBS)

Wy (VBS)

Vyy
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Main angular I N F N
variables to
measure the SEZIONE DI TORINO
; ; > tr polarization
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pairs in the decay of the Z boson. .
T - SLD |- .
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neutral currents:
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sin® 655 = 0.2319 + 0.0008(stat. ) + 0.0018(syst. )

L
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Combination of past results (LEP & SLD) :
sin® 05y = 0.2315 + 0.0002

CMS

CMS—SMP— 18010 | (Feb.2023)
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Remarkable improvement of heavy-flavour

o d/s,d , AANS, W /W Jet-ID thanks to the 2017 Pixel tracking I N F N
W | o t detector upgrade SEZIONE DI TORINO
C J e g 000000 ——— ¢/c Yield after kin. selection
f
s,d/s,d W /W Y. 1 Bke. fracti -
R .. _ E— g. fraction after OS-SS
W-+c-jet — sensitive to strange-quark O'(VV + C) _ set. (1= Fokg. )
content of colliding protons . o/ cL
Correction factor for eff. l*oss in the selection
W and ¢ are opposite—sign Charge CMS Preliminary 138 fb™ (13 TeV)
— 0S-SS method enables bkg. suppression ' ' ‘ ' '
Total uncertainty Parton level

19’ CMS Preliminary 1381b" (13 TeV) c jet Cjet
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@ T — Strategy 2 channels: 1634+ 0.5 (stat) 6.2 (syst) pb MG5_aMC NLO: e elot) 88 (eyst)p
2 Syst. uncertaint, B . OCT18: 164.9+137 pb —— V NNPDF3.0, CUETP8M1: 163.5 + 14.7 pb ——
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Novel results on Z+b-jet(s) channel (SMP-20-015) in backup. 6
CMS-SMP-21-00s | (July2022) C
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Plethora of results achieved with full Run-2 dataset and still coming out: 4

o

o

Vector Boson Scattering (VBS) in CMS -

Observation of leptonic OS-WW VBS
Evidence of semi-leptonic WV VBS
Observation of Zy

Observation of Wy VBS

Evidence of fully leptonic ZZ

5.6 (5.2) S.D.
4.4 (5.1) S.D.
9.4 (8.5) S.D.
6.0 (6.8) S.D.
4.0 (3.5) S.D.

.... many results already out and more are coming.

Several VBS channels are now well established

and enable stringent constraints on BSM
theories — Effective Field Theory (EFT)

CMS

May 2022 CMS Preliminary

| CMS —SMP —-21 -001 | CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) o
eory 8 TeV CMS 't (stat,stat+sys)
13 TeV CMS nent (stat,stat+sys)
| cMS-SMP-20-013 | | qqw —roifll 0.84+0.08+0.18 193"
qqW e 0.91+0.02+0.09 35.9fb’
q9Z ol 0.93+0.14+0.32 501"

| CMS-SMP-20-016 | qaZ o 0.84+0.07+0.19 19.7 fb"
qqZ e 0.98+0.04+0.10 35.91b"

B a1 _ LWV e 0.85%0.12%0.18 1381 \
| CMS - SMP 21 - 011 | ->WW b 174+0.00+0.74 19.7fb"
qqWy — B — 1.77+0.67+£056 19.7 fb
| cMs—sMP-20-001 | || aawy e 0.88£0.11£0.15 138"
os WW e 112+0.15+0.17 138fb"
ssWW +——eii 0.69+0.38+0.18 19.4fb"
ss WW ot 1.20+0.11+0.08 137"
qaZy —— — 1.48+0.65+0.48 19.7 b’
qqZy (I— 1.20+0.12+0.13 137 fb"’
qqWz — 1.46+0.31+0.11 137 1fb"

qqZZ e 1.19+0.38+0.13 137" p

: J T — :
) Production Cross Section Ratio:  Geyp, / Gye,
VBS cross sections:
trendo_ >0
exp.—, _ theo.
(not yet significant)
8
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/VBS.html

\ Vector Boson Scattering (VBS)

Events / bin

Constraints on anomalous quartic gauge couplings (aQGCs)

CMS 137 fb (13 TeV)

F I T
10°F ¢ Data Nonprompt Y E
MEwW zy |ST,TTy, WV 3
WQacDZy g jpt-0.47Tev* |

107

—Fg/A*=0.91 TeV* 3

Zy analysis:
Strongest limits

for dim.8
operators T8-9

0.15-0.4 0.4-06 06-0.8 0810 1.0-1.2 12

onstralmng on aQGCs: typical procedure
Dimension-8 EFT op.s

mg,, sensitive to deviations from SM
Maximume-likelihood fit profiling the N3

syst. unc.
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CMS 138 fb (13 TeV)
c
3 . EW W
Bype Data Wewwy
g B op. WV, 2y QCD Wy
Muon events "
_ o MisID phott i
. cMS 138 o' (13 TeV) Lﬁ . isID photon .Double MisID
5 MisID lepton 7 Stat ® syst
z —— Obs. 2ANLL :
S — F /A% =8 Tev*
10 —— Obs. 95% CL interval

CMS - SMP -20-016

m,, [TeV]

Coupling Exp. lower Exp.upper Obs.lower Obs. upper Unitarity bound
Fvo/A* —125 12.8 —15.8 16.0 13
Fur/ A —28.1 27.0 —35.0 34.7 15
R/ A -5.21 5.12 —6.55 6.49 15
Fus/ A -10.2 10.3 -13.0 13.0 1.8
Fua/ A -10.2 10.2 -13.0 12.7 1.7
Fus/ A -17.6 16.8 -222 21.3 17
Fvz/A* —44.7 45.0 —56.6 55.9 16
Fro/A* —0.52 0.44 —0.64 0.57 1.9
Fri/A* —0.65 0.63 —-0.81 0.90 2.0
Fra/ A* —~1.36 1.21 ~1.68 1.54 1.9
Frs/A* —0.45 0.52 —0.58 0.64 22
Fre/ A* —-1.02 1.07 -1.30 1.33 2.0
Fr7/A* -1.67 1.97 -2.15 2.43 2.2
Frg/A* —0.36 0.36 —0.47 0.47 1.8
Fro/ A* —0.72 0.72 —0.91 091 1.9

F U
" 1 " h fl L PR
0 0

4 2

2 4
F /A% [TeV]

[0.15,0.4] [0.4,0.6] [0.6,0.8] [0.8,1.0] [1.0,1.5]

CMS — SMP - 21 - 001 e [TeV]
Expected limit Observed limit Upound ‘e

BI1< fayo/A¥ <51  —56< fyo/AT<55 17 Wy analysis:

T1< fun/AP <74 —78< fui/AP<s81 21 Amongthe best
A8< fya/At <18 —19< fy,/At<19 20  limits for fy , JAY,
25< fyua/A* <25 27 < fys/At <27 27 £ JAY

33 < fya/ N <33 —37< fyu/A <36 23 ’

B4< fys/N <36  —39< fys/A*<39 27

-13 < far/A* < 13 —14 < fyr/A* < 14 2.2
043 < fro/A* <051 —047 < fro/A* <051 19
027 < fr1/A* <031 —031< fr;/A* <034 25
072 < fr,/A* <092  —0.85< fro/A*<10 23
029 < frs/A* <031 —031< fr5/A* <033 26
023 < fre/A* <025 —025< fro/A* <027 29
060 < fry/A* <068 —067 < fry/A* <073 31 9



pVVp

Proton fractional momentum loss:

5_ pnom —Pp

Prom
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WW/ZZ Central Exclusive

Main bkg.: diffractive PU

CMS-TOTEM Simulation (13 TeV)

Production (CEP) — data-driven method £ 08 i ciotcov: =5
Defined two SRs: = osf 2
P E. o
-inm -y plane: & region £ e * @
0.2~
WW/ZZ CEP (pp—pV'Vp) o[1-my/m |>10 % "
O 1Y, - Yyyl >0.5 ozt
. pp TVV F
° Measuremen‘t of forward (1ptact) -PUpasasig. p: O region 4 °
protons possible in CMS via the Requirement on acoplanarity :: :
Precision Proton Spectrometer (PPS) oa=|1-Agya| <001 ;E_ e
— access to the full kinematics of the L L I L
| 1 - m(WW)/m(pp)
events! - . .
) Limits on the fiducial cross section:
PPS Roman Pots containing Detectors
: - S (0.04 < £ < 0.20, m > 1000 GeV)
122 D1 v » ¥ L 34
, e e AT = L B Mess M Oowwp < 67(531_19) fb opz2p < 43(621—33) fb
. 2500 100 fb™ (13 TeV) Coupling Observed (expected) Observed (expected)
c\"> 2000 -.CMS-TOTEM| —— gbse"’e" 95% CL limit 95% CL upper limit ~ 95% CL upper limit
= xpected 95% CL limit . N . .
. . 8 1500 E BN Expected 85% CL kit £ 1o No clipping Clipping at 1.4 TeV
e  Secarch for VBs decays into single large 1000 ‘ xpected 95% GL imit £ 20 o/ AT 660 (60.0) Tev— 798 (782) TV *
jets % \‘\ [fua/A% 2455 (214.8)TeV™*  306.8 (306.8) TeV*
5 _5025 N |/ A4 8(9.0) TevV—* 11.9 (11.8) TeV
. . NP-1000 & |fus/ A% 73.0 (64.6) TeV™ 91.3 (92.3) TeV
e  100/fb of data (PPS in physics status) e Fua/A 360 (29) TV 435 (429)Tev-
g : Ifus/AY 670 (58.9) Tev* 83.7 (84.1) Tev*
-500 -375 -250 -125 0 125 250 375 500 _ _
. A4 4 429.6) TeV—* 13.7 (613.7) TeV—*
C s CMS— SMP—21-014 | Submitted to JHEP N[ 107 Gev?  wr/NT 409 00TV 6137 (6137) TeV
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-014/index.html

¢®Y Pes

o 700 CMS Preliminary 138 fb' (13 TeV)
(p1) + E 7 —4-Data [ _JNonprompt  []Charge misid.
q 0 < . W
i} Ewz Wy WDoPS W
[Ezz [Jvw [ Rares

[ Total unc.

mwizy

‘% 7:]:‘) =
~ Simplest theoretical model:
frO I | l DP S W 2 parton-parton interactions

AN RRRLN ALY RRRRY RRRRY ALY

q® v A and B entirely uncorrelated
q/(lﬂ) v O_DPS _n 0108
Measurement of Double Parton AB 2 oen s 5
Scattering (DPS) in WW channel for: s 2
8 15
1
Py Exploring internal structure of Inter-parton correlation introduced via 0.5 70 20 30 70 o nfger
double-PDFs (dPDF) innu

colliding protons — information
about PDFs (unlike SPS)

Two different BDT classifiers trained to
separate the signal from the WZ and
non-prompt lepton bkg.s

First dPDF-based MC
e  Paramount goal: DPS as a bkg. generator for DPS events:

. P . . dShower
(contribution increasing with +s) Novel results on DPS in single
VB production in backup.
First observation of DPS WW production (Z+jets, SMP-20-009)
Measured (expected)_inclusive cross section Significance observed (expected):
0.16 + 0.02 (stat.) 6.2 (6.7) S.D.

+ 0.02 (syst.)

+ 0.02 (model) pb

CMS
CMS —SMP —21 - 013 | Accepted by PRL
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-013/index.html
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. . . CMS 137 b (13 TeV
Observation of the combined electroweak production of : ; ( )
e BDT total stat
i : i otal sta
three massive vector bosons VVV (Apr. 2020) Combined | |  _#= ¢ Seauentialcut qo 0z 05
WWW* v v qq 20 WWwW | e 1.15 045 4032
WAWSWT v vy 3L wwz | | e 086 43 43
WiWiZ Eiv Eiv Ei8+ 40 WZZ | . 004 1924178
+ =+ +p+ ppF ' N + . -1.25 -1.24
W=2727 v e 5¢ 777 . . Alowed —
T T T lowe: < O.
777 A el Gl A R ; ;
[ R R S R S
CMS 137 fo" (13 TeV) Signal strength p
2 100{ Same-sign/3 leptons 3534/5/6 leptons DitaDa?dfrfctiictionn N
' ' ' fl f f = . un g} . .
2 w0 e L1 || sBackground s systematics Observed (expected) significance
&0 | | | ||Tboecn sl Simultaneous fit with 4 signal strengths:
409 WWWZ e 0863
o B ™ WWW 3.3 (3.1) S.D.
i WWZ 3.4(4.1)S.D.
g_ Bkg. in same-sign / 3 leptons ( )
[Lost/ three leptons WZZ 1-7 (0.7) S.D.
[ Charge mismeasurement
Wl . . DVVtW:H'J'/IﬂW ZZZ 0.0 (0.9) S.D.
Eoi ———— e — —— —— [CJNonprompt leptons
-1 Gttt it e Pt St vt ettt etk vttt ettt St Wy — lepton
cooumneocipoeoum2 1 0 AB 12345 oo packgoundsin4/56 leptons — Combined fit for VVV:  5.7(5.9) S.D.
1 mpout  men  #SFOS  gofbms Z+euBDTons S8 | mzz Cmwz  [Other
Same-sign dilepton 3 leptons 4 leptons @ a @iz @wz
CMS | "ems —sMP—19-014 | PRL 125 (2020) 151802
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/index.html

WWy

Analysis strategy

e  Measurement of WWYy with fully leptonic CMS Preliminary 138 fb" (13 TeV) CMS Ppreliminary 138 b (13 TeV)
final state sensitive to: § [ EWEE Ty baansese ] 5 220F B W62y ouaresean E
o TGCs QGCS £1000~ "~ g\égazoyﬁg's‘le_sl 7/ Prediction [1198+23 ] — 2 . — tcamé:gzziﬁ::lie.s] 7/ Prediction [1182+20 ] E
) ’ . :>j W iy [156.1:8.3] I wwy [190.5:0.7] 1 :>j Ity [153.1:6.2] I wwy [1885:0.7] E
O nggs-gauge COUplngS 800 =gc[:556\fvzy'3[104¢e.31 [ Norprompt v [383.2:85] = 2}5[‘)%\2?&&63] B Norprompt y [377.7:8.4] 1
(@) nggs_llght quarks Coupllngs C I 2 [0.2£0.0] - Nonprompt /[121.9£16.5] 7| I 2q [0.1£0.0] - Nonprompt / [120.5+11.8] _E
600— — =
e  Data-driven method for estimating bkg. w0~ e, ) ] E
processes containing a prompt 2001 - 3
lepton/photon . 1 =

e} Zy g 15 g 15

e < ;

o ttbarty s o S0

. © i ©
o  single-top o g 08 50 100 150 200 250
mPF
&
ww
CMS
“ || cMS-SMP-22-006 | (March2023)
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w

WWy

Results
CMS Preliminary 138 fb” (13 TeV) CMS Preliminary 138 fb” (13 TeV)
§1507 ?}}&am&m -v~, [72.0¢6.4] B wwy 121.5:22.9) — % r f{i/fsxaxQSyst -Vy[94.7:93] B wwy 13255227.2) a
S : —e— Data [414+27] VV [15.1:1.4] Nonprompt /[45.7+4.0] - S : —e— Data [916+37] VWV [21.6+2.4] Nonprompt / [77.2+6.5] :
" [ 7 rPrecreoszn [ Topissseos Nonprompt 7 [109.4:9.0] | WiS00F 7/, pred. 9sz20) [ Top 1270942581 Nopromp v [300.8:243] | . e e . . . :
100~ ; ; . s ; ; ] Extraction of limits on Higgs couplings with light quarks
C 20<m,, <150 150<m,,<250 m,>250 ] 200:_ 20<m,,<150 150<m,, <250 my>250 _: from H'}) — WW’})
g I o . 319 Profile likelihood ratio test statistic built in bins of AR,
FI s i e e o EORE 2 ] (found to have good discrimination power) and m_ "
70.40 90.7 70-115] 10,049 %0-79 70717105, 70-4 %075 70-1 1 10, 10.49 90-7 70-11] 10, 70-4 90-7 70711105, 7040 %075 70-1 10,
miW [GeV] miW [GeV] ‘
Measured fiducial cross section: Process 0up Pbexp.(obs.) Yukawa couplings limits exp.(obs.)
uad - H+vy —epy 0.067 (0.085) [, | <13000 (16000)
o = 6.0 £ 1.0(stat) + 1.0(syst) & 0.9(theo) fb dd > H+7y —euy  0058(0.072)  |rg| <14000 (17000)
ss > H+9y —euy 0.049 (0.068) |1c,| <1300 (1700)
p=1.314+0.17(stat \ + 0.21(syst) 5.6(4.7) S.D. cc > H+7q—euy  0067(0.087) || <110(200)
CMS

| CMS—SMP-22-006 | (March2023)
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Summary

The status report of electroweak
vector boson(s) production at CMS
was presented:
e  Single & Di-boson:
precision era
o Reach high precision
— NNLO
Good agreement with
MC predictions
e  Triboson:
O

o

tri-Boson.

INFN

SEZIONE DI TORINO

cms 18 pb~' - 138 fb~! (7,8.13 TeV)
i TRV suRo0a00 oW = 1364070 5
W TV SHP00.000 i oWal) = 256406 1 502
w3 TRV SMPO0000 W o) = 394051 5!
waj TTV SMP00000 - oWa) = 554040 5
7 TRV SP00000 o5 olz)=a3es06 5
7 TRV SMR00000 W oizzih= 7804050 51
23 TRV SHR00000 o123 = 120405 b 52
B2 TRV SMPO0000 - w® 5ot
wy TR PRD 9 (2014092005 it oWy = 3.4e405 0 5t
Wy 13%V  PRL126 252002 2021) . o= Laer0s 137 1
TRV PRD 89 (2014) 092005 * oizn=1serosm 5t
zv BTV MEP04.(2015) 164 o2 = 196405 20 o2
W TRV ERCTI0013) 2610 W o) = 520081 5
wW o aTv  EPCTS @06 01 W oW = Ger0dfo 19 b1
ww 15%V  PRD 102092001 (2020) o) = 126405 10 36 b1
wz TRV ECT Qo 236 B oWz -2er0nto 5
wz sTev  EACT7 (2017)236 B o2 = 24004 1o 20!
wz 13TV Submitted to JHEP oW2) = 51e+04 1o 137 fo-!
z TRV HEP 01 2013) 063 ozz)= 6200031 5!
z SRV LB 7402015250 @ ozzi=17er031 20 b
z 3%V ERCsl @021 200 o221 = 176804 0 137!
W 13Ty PRLI2S 151802 2020) W - e 137
WWW 13TV PRL125 151602 2020) o) = 596402 1o 13751
WWZ 3%V PRL1Z3 151602 2020) W o) = ses02 13762
W2z 13TV PRL125 151802 (2020) w: = 13751
Zz ey PRLI2S 151802 2020) 137 o
Wy sT —_— atvivy) < 31e402fo 19151
wy e Epi0Qom 02 - o -4om 19152
W 13TV MEP10(2021)174 . oMM =141 19 o
v ewv  mepwEONR = ozm=13m 19 fb-2
29y 1RV iep 10 (20210174 - 191
VEEW BTV HEP11(2016)147 e oWVEF W) = 420402 19167t
VOFW 13TV EPICE0(2020)43 oW - 6200031 36 fo-?
VBFZ 7RV MEP10(2013) 101 5 -2
VeFZ 8wV ERCTSQ01SI66 20 b~
VeFz 137 EPIC78 2008) 589 ® 36 -1
w 1%y Submitted to L . oW W) = 1904030 138 o1
exyyoWWETEY  JHEP 08 2016) 110 S clex vy = 220 207
EWaawy BTV JHEP 06(2017)106 I oV ca¥y) = 111 2001
Waawy 13TV SMPZLOIL ofEW aawiy) = 1915 138 -
WosWW 13TV Submitted to PLB ofEW os W1 = 1010 138 fb-1
EWssWW 8TV PRL 114051601 (2015) GlEw ss Wi = 4 o 19 o1
EWssWW 13TV PAL 120 081801 (2018) - cwsww =t 137 -1
EWaazy STV PLBIT0(017)380 (e aZy) = 1910 20 o1
EWaazy 137V PRD104072001 2021) - cEwazn=52m 137 -
EWaaWz 13TV PLB809 (2020) 135710 — oEW Wz = 181 1371
EWaazZ 13TV PLD812(2020)135992 - v ezzi =0k 137
1.0e01 1.0e+01 10e+03 1.0e+05 10e+07
o1fb)
Measured cross sections and exclusion limits at 95% C.L. Inner colored bars . outer narrow bar uncertainty b way 200z

See here for all cross section summary plots

Some processes already measured

Light colored bars: 7 TeV, Medium bars: 8 TeV, Dar

Needs for higher sensitivity with future analyses

rs
rk bars: 13 TeV, Black bars: theor

ry prediction
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Stay tuned
for Run 3
and beyond!

AND IiEYNIl

Thank you for your attention!

Cristiano Tarricone
CMS Group — Turin University & INFN
cristiano.tarricone(@cern.ch
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Introduction

e  The production of Vector Boson(s) in proton-proton collisions is a valuable precision test of the Standard Model (SM).

e The high center-of-mass energy of the LHC colliding protons and the large amount of data collected provides an

extraordinary opportunity to constrain Vector Boson(s) production processes in extreme region of the phase space never

accessible before.

e The Compact Muon Solenoid (CMS) allows accessing

the proper physics scenario
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Z/y + jets

W+ c-jets

7+ b-jets
Z — tTuu
Z —1T

Z + jet(s) (DPS)
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\ Single vector boson production

e  Measurement of the cross section of single vector boson production processes:

o  production of neutral vector bosons (Z/y) associated with generic jet(s)
- valuable precision tests of the SM
- relevant bkg. for many BSM searches (DM, SUSY, invisible Higgs etc.)

o  production of heavy vector bosons (W/Z) associated with b-/c-jet(s)
- information about PDFs
- dominant bkg. for other SM analyses (e.g. ZH, H—cc-bar/bb-bar)

o  production of a vector boson associated with jet(s) involving double parton scattering (DPS)

- allows precision tests of initial and final state radiation (ISR, FSR) and multi-parton interaction (MPI)

e  Measurements of branching fractions targeting precision tests of the rarest vector boson decays

CMS
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T leptons decay rapidly inside the detector

— polarization measured by analyzing the
energy and angular distributions of the t
lepton decay products.

e o: between planes spanned by
vectors (n_, o e )and (n | o1 )

e p:direction of m " wrt p rest frame 7, - A plane
and p direction !
or normal to the plane w/3n "
(from a, decaying) and a, flight
direction

e y: relative m orientation in their T
decay plane

v
a: a(t— p,a,) b: B(p —» ntn®)

0

c:y(a; >t nl) d: B(ay»ninm

CS CMS - SMP - 18 -010
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Remarkable improvement of heavy-flavour
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Strategy 2 channels: W and c are opposite-sign charge — OS-SS method enables bkg. suppression \

-Semileptonic (SL)

«10° CMS Preliminary 138 fb' (13 Tev)

«10° CMS Preliminary 138 b (13 TeV)
200

R Syst. uncertainty [ Syst. uncertainty

-Secondary Vertex (SV) 3 + Daa 3 + Data
[ W+e [ Wie
] WacE, W-+bb = WicT, Wbb
% S W-+udsg
= ° Zijets
> s A
%I [ Single top g [ Single top
1) f
e 8

40 60 80 100 120 140 160

Ry

Data/Pred.
so ~z
Data/Pred.

©

15 20 25 180 201
. Of win c-tagged jet [GeV] Pl [GeV]

__CMS Preliminary 13816 (13 TeV) 0°CMS Preliminary 138 fb" (13 TeV)

100

P,
[ Single top
EER] Syst. uncertainty

(OS-SS) Yield

(OS-SS) Yield

[ | Single top
®| FH Syst. uncertainty

LI S B

Data/Pred.
Data/Pred.

Corrected SV mass [GeV]

30
CMS - SMP —-21 - 005




INFN

SEZIONE DI TORINO

W+c-jets

| CMS-—SMP-21-005 |

CMS Preliminary 138 fb" (13 TeV) CMS Preliminary 138 b (13 TeV)
o e oa > [ paricelevel | ‘ '
_ Q. N [ L . |
Ysel. (1 f bkg. ) = pIH > 30 GeV, I <24 W |y 0] 6 [P > 30 GeV, ™ <24 W | v Channel  Yer(1 — foig) C(%) o(W+c) [pb]
0-( [ [ —l_ C) — T = [P, >35GeV, <24 (I=we) S [P, >35GeV, In| <24 (I=pe) W —ev,SL 341316 £1294 1.568 + 0.028 £ 0.073 158.7 + 0.6 & 8.3
2100 74{ ] & | W — uv, SL 194299 £934  0.946 +0.021 £ 0.037 149.8 £ 0.7+ 8.0
$ + ae 4l :ﬁ % Die 1 W—=ey,SV 276167 1717 1.389 £ 0.026 4+ 0.071 145.0 = 0.9 £+ 8.0
CMS Preliminary__ I 138 b (13 Tev ; i % ,\'C_’\ | ? 1G5 aMG NLO: W — uv, SV 397555 + 1876 1.966 & 0.030 £ 0.087 1474+ 0.7 £7.3
Total uncertainty o> 30 GeV, | < 2.4 \6’ i —L + o + + v NNPDF3.0, CUETP8M1
Statistical uncertainty p" >35GeV, | <2.4 ko] r AL + , ¢ NNPDF3.1, CP5.
MG5_aMC NLO: Data: 148.7+ 0.4 (stat)+ 5.6 (syst.) pb 50 |- Jf b E ol ? |
V NNPDF3.0, CUETP8M1: 163.5 + 14.7 pb —— ¢ z'::amc NLO: '8 -
v NNPDF3.0, CUETP8M1 [ _&
< NNPDF3.1, CP5: 182.3+ 12.8 pb —— & NNPDF3.1,CP5 F
) . . . 1 1 I I 0k [ ———
0 50 700 150 w )2P0b] o0 0.5 1 1.5 2 25 40 60 100 200 50
orarp I | [GeV]
CMS Preliminary 138 fb (13 TeV) h] | pT
T T T T 150 CMS Preliminary 138 fb™' (13 TeV) CMS Preliminary 138 b (13 TeV)
Total uncertainty Parton level g Partor: level I ‘ ‘ % | Parton level ‘
B 530 GeV, ¥ <24 | = PEM > 30 GV, In°| < 24 Wy |y 8 6 5> 30 GeV, In°*| < 24 Wos |y | Channel Neet (1 = fokg) C(%) o(W+c) [pb]
Statistical uncertainty ! > 35 GeV, I < 2.4 = [ ol >35GeV, | <24 (I=we) 3 [ o >35GeV, | <24 (I=pe) W —ev,SL 341316 £ 1294 1.419 4+ 0.025 £ 0.066 1753 £0.7 £9.1
K T =3 T W — uv, SL 194299 +934  0.856 + 0.019 £ 0.033 165.4 = 0.8 +- 8.8
Predictions: NLO MGEM + NLO POF pata §100 ﬁ % b - n + baa | W —ev,SV 276167 + 1717 1.261 £ 0.024 4+ 0.062 159.6 + 1.0 + 8.6
163.4+ 0.5 (stat.) 6.2 (syst) pb 4& o 0 MCFMCT18 W — uv, SV 397555 + 1876 1.786 4 0.028 + 0.081 162.3 + 0.8 £ 8.2
CcTie: 16497 oo i B =3 2 = eHnEn
5 4 ? slcumee
[ MCFM NNPDF3.0
ACT18Z:176.4*133 pb —— 50 - B E 2 ﬁ : N
3 \Ehnere, #1 8 %
% MCFM MN:HTM L
O MMHT14: 182.9 7{ pb —— % Eggmﬁﬁggﬁgé &
* y
0 5T is 2 052560 00 200 50
< ABMP16: 183.6 *; pb —— 0 05 1 (3 2 hjls p| [GeV]
T
* NNPDF3.0: 161.9%5 pb —_
* NNPDF3.1: 175.2*§4 pb e
1 L 1 1 L
0 50 100 150 31

200
(W +c) [pb]



W+c-jets

RE — o(W*+c) Y5 (= fii.)
© T oW Y, (1-fu,)

CMS Preliminary 138 1b™ (13 TeV)
T T

T I
Total uncertainty Parton level

P > 30 GeV, | < 2.4

Statistical uncertainty p‘T >35GeV, | <2.4

Predictions: NLO MCFM + NLO PDF Data
163.4+0.5 (stat)£6.2 (syst.) pb
OCT18: 164.9+137 pb =
ACT18Z:176.4*132 pb ——
O MMHT14: 182.9+/7¢ pb ——
< ABMP16: 183.6 '3 pb =
* NNPDF3.0: 161.9*%5 pb -
* NNPDF3.1: 175.2 794 pb —te—
L L Il I 1
0 50 100 150 200
o(W +c) [pb]

R* used to

- Constrain R, = =t&
u+d

- Probe the asymm. 5 /3

CMS Preliminary 138 fb' (13 TeV) CMS Preliminary

INFN

SEZIONE DI TORINO

| CMS-—SMP-21-005 |

138 fb' (13 TeV)

+H o T R R A + O )

Cq2p 4 T2t
P> 30 GeV, ™ <24 w1y

L pl>35GeV, In <24 (I=pe) | L pl>35GeV, In| <24

0.8 e Data 08 e Data
(O MCEMCT18 4 O MCFMCT18
A MCFMCT1 A MCFM CT18,
o MCFM MMHT14 o MCFM MMHT14
[ & MCFM ABMP1 b | & MCFM ABI
* MCFM NNPDF3.1 * MCFM NNPDF3.1
[ # MCFM NNPDF3.0 9 I« MCFM NNPDF3.0

0.6 i bl 0.6 el

pE*>30GeV, <24 w1y A

—
&
+
+
<
~f
=
&
j+

(I=we) |

0 05 1 15 2 25 40 60 100

i

260 | 560
pl, [GeV]

Channel R
W —ev,SL 0934 + 0.007 £ 0.013
W — uv,SL 0.940 & 0.009 & 0.015
W —ev, SV 0961 £+ 0.012 £ 0.013
W — uv, SV 0.974 £ 0.009 £ 0.015



1073 CMS Plsliminary 137.1 fb' (13TeV)
T

CMS.

CMS - SMP -20-015

—; 251 ' —o— Dala ' 7
[ . —&— MGS5_aMC (NLO, NNPDF 3.1, CP5)

O, F e MG5_aMG (NLO, NNPOF 3.0, CUETPEM1) - 1

%,.\ 20/ = mg:,:mg Etg, m’;gig.& gZSE'TPBMH _'

° ) - —o— Sherpa B

SN :

Z —+ b - J ets by of O e E

o e ]

10l B

F —— ]

b——nrn 2 o - E

q b q Z F el ]

M Z b L TITRVRRITIONN. s

: E

9 D000 -—— b q D q D 055_ [CIPDF ©QCD ® a, [JPDF © QCD g
g VSE
0.5

Measurements of Z+(=1)b-jets 3 e %
processes provide info on b-PDF — help estimation of osf

. . 40 60 80 100 120 140 L(.ig"gbLBO 200

unc. from PDF choice in the m,, measurement P [GeV]

_ 0lSE:Ms Prehmrnary - i 137.|1 !b"(‘13TeY)

Differential cross sections measured as a function of 2 °:j‘ = umomowees oy | 3

P —a— MG5_aMC (LO, NNPDF 3.1, CP5) 3

six chosen kinematic variables S o ST 3

o 025F .=

Differential cross section ratio of Z+2b-jets to A ozg g;—ﬁ::?:_ 3

. o 0.15F ) -

Z+1b-jet evaluated CLE 3

0.05 g E

[ RSNTVSNTISTNTNNS

i

[CJPOF ©QCD ® a, [JPDF © QCD

40 60 80

100 120 140 ]6‘10 n180 200
p:a b et [Gev]

Pred.
Data

15

L LT o) L AL L AL B L B |

0.5
15

CMS Proiminary

(INFN

SEZIONE DI TORINO

1371fb (13 TeV)
T

T
+

T
+ Data
—=— MG5_aMC (NLO, NNPDF 3.1, CP5)
—=a— MG5_aMG (NLO, NPDFSO CUETPB
—=— MGS5_aMC (LO, NNPDF 3.1

—v— MGS5 _: aMC (LO, NNPDF 3.0, CUETF’EMI)

oz Toalune.
2 Theorstial syst.unc
+ Statistical unc.

vl vl ol 3l unufnf m

"W

2, 7222777:

POF®QCD® 0, | [ PDF © QCD

\ g
o E— PIIIIIIIIIP7, PPPIIPIIYY
= n il TI7277070077.

P

0.5

Differences of generators
predictions LO vs. NLO
on the normalized cross
section are attributable to

variations in shapes of

TIIIITTI77777777777777777

500600
Py [GeV]

100200 300 400

observables and settings .

The CMS Collaboration

Blois 2023

Cristiano Tarricone

3



INFN
s A SEZIONE DI TORINO

Z_)l—»l— S —— P . S, WP > 1 ............ >

Z — ©'1: 7 polarization / / \
measurement: 7 , \

..................... j, g e
O3+ —0;— ’
P’T — _hT ThT "/ ‘/\%w B / \
Op+ +0y,—- - ~
«10° CMS Simutation, Preliminary «10°CMS Simuation, Preliminary CMS simuiation, Preliminary
G wUP tZowm 4Zowmiog PENA 475y 4zo g ] s g‘z“j:un YZoun 4 2oy
. 70 = so0p E 0.16F El
Representative templates for o " sof oy, 1 o E
. 3 * 120 E
the channels ytp, pta,, ptn i L‘ el N Wﬁf Mtd ol ]
and e+pa eta N etm. 30F .,N.' PF o E ovos: E
L .. 20F o e 20" SO 0.06
Blue and red lines indicate m:f - b e R POy
1 - I | | s | L | O e w7 Sl L
rlght and left handed T =1.0 -05 0.0 05 1.0 -1.0 -05 0.0 05 1.0 0 =1.0 -0.5 0.0 0.5 10
leptons, respectively. cos fip) oe) ot
E b . 1 1 . CMS simulation, Preliminary . CMS simutation, Preliminary CMS simulation, Preliminary
rror bars — statistical on y 3 ‘ ep Lzo q_;;, izo L 3 v eaq, 4 z aq;ﬁ ‘ z. i 3 “®Fern ‘Q z- qir;, . z5 i g
0.10F = 0.10 —
0.08 =1 0.08- =
Ty
0.06]- + "'%1 9 006 ﬁﬁf +ﬁ
- JH ’ |
0.04 0.04 -‘-" -
0.02 ]‘ Lﬂ 002f ‘lm 1
il L]
o =1.0 70‘.5 DIU 0.‘5 1.0 o =1.0 70‘.5 GIU ﬂ.l5 10
cos B(p) o(@)

—CMS ) CMS - SMP - 18 -010
[ = | 34
- The CMS Collaboration Blois 2023 Cristiano Tarricone




x10° CMS  Preliminary 36.3 fb" (13 TeV) x10° CMS  Preliminary 36.3 b (13 TeV,
T T T T T T 3

c c £
£ 1oF " ] £ 4F . ,
@ r Z 5o z 5 ey ] 5 E Z 5 z 5
> [ ea Wz Witi+jets ] > 40 ua Wz Wti+ jets The ﬁl’lal ﬁtS Of I N F N
b 1 W+ jets W Diboson ‘g 35F 1 W +jets W piboson
< QCD multijet - Observed | > 30F QCD multijet 4~ Observed 3 templates tO the data
w 4 w E E| SEZIONE DI TORINO
ety ] 25F PRSI N E .
ol - T | for the different
L, ] 20 - E or tin€ dirreren
= == E 15 E
10 categories:
5
® TT
S a e'h
g N L] 4 ] ® 7
~ e e ; - M
1) | 38 il |
s S ] * 7
-0.5 0.0 0.5 1.0 -0.5 0.0 0.5 1.0
w(a‘) o(a 1)
- x10° CMS 4 y ﬂﬁ-ﬁyfb" (13 Tev) - x;}g3 CMS _ Preliminary 36-3||b" (13 TeV) x10° CMS y 36.3 fb" (13 TeV, 40SMS_ Preliminary 36.3 b (13 TeV)
= .= E = £ E T T T < E T T T =
E 14 Z Z5 5, s 7 3 Z - Zo5g 3 o 5: Z 5 I o o E R Zo 7
2 1 ep Wz ~>-II -n.. jets P g up [ 4 ~>>II .nf jets E E . E pfc m:z q_n [ | -.' fets 3 E E a1a1 m:z ~).II -ﬁ_o jets
c MW +jets [ piboson S 60F W+ jets [ piboson € ' h MWW+ jets W Diboson ]| £ 30F MWW+ jets [ Diboson
ST QCD multijet - Observed > E QCD multijet  4- Observed 3 2 F QCD multijet -4~ Observed 2 E QCD multijet - Observed
o o 50F e ER E o 25F +i
8 4 e, 3 Pt S F 44 7 E E
PRSP -+ 40Fee R - E -+ ] E |
6F & - 30F  Teetetesstess His =" Ei t
4 = g S SR, ) —] T E
2 : (R —_— sl E
10F . e e E
0 0 n ! L 0 ; ! . 1
%‘ 1.4 g 14f R Q— 1.4F ] Q— ]
1.2 12F . | B
w2 S o T " prtetit] W A S
i ® I E G alhn o el o t
4 08 g o8l 1 4 o8 1 4 ' .
s o O 06F 3§ o0st 3 8 B
-1.0 05 0.0 0.5 1.0 -1.0 —05 0.0 0.5 1.0 -1.0 05 0.0 0.5 1.0 80 100
cos B(p) cos B(p) cos B(p) Visible di-t Mass m;(a.a) / GeV
x10° CMS iminary 36.3 fb (13 TeV) x10° CMS __ Preliminary 36.3 fb! (13 TeV] x10° CMS _ Preliminary 36.3 b (13 TeV) CMS  Preliminary 36.3 b (13 TeV,
c £ T T T c £ T T T | c = T T T = = = T T T ]
@ 18F PR 5 035F Z 5t zowm ] @ 25E Z 5wt zown 1 @ OOF Z 5w zo 55
oA Wz E 0.30F UTC Wzon Mtvjets 3§ 5 ?_8.11'6 Wz Wtfejets 3 P [ T Wz Wtivets ]
T W+ jets € E W +jets [ piboson € F W+ jets boson € 40r W+ jets [ Diboson
Qo QCD multijet 4~ Observed Q2 025 E QCD multijet 4~ Observed 54 E QCD multijet - Observed 4 £ QCD multijet - Observed
oot ] E . ] F W 3f =
1 0.20F . E F 4 3
0.15F- R E E =]
E E F 20F i =
0.10F oo F F ey E
E E e 10 i 3
0.05F- - x 5 Lo ——* = ]
0.00 E 1 -00-9®; I E 1 L |
g 1. S 14 1 < o
51 o 12 L o o
~ 1 ~ 10 T4t o% - -
g 2 & ook |1 & 8
o = o EY 100

CMS

Visible di-t Mass m,,(n,1) / GeV

CMS — SMP - 18 - 010 c " s ' T o

35

— ! The CMS Collaboration Blois 2023 Cristiano Tarricone



CMS Preliminary 36316 (13TeV) CMS Preliminar 36.3 1" (13 Tev) INFN

T
am [ | Thrh L | SEZIONE DI TORINO
1
/—TT =
pT, —— -
Results W - - - - el ——— i
eu —— —
en -
ea1 — ———— — eTh — — —
ep s _
et, | o _
U — —_— — uth — — —
wa, |- s i
pp - -
l’”h — - = Combined — —— —
Combined C 1 1 1 1 L .I 1 1 1 1 ] -1 L L1 L 111 11 L -
-1 -0.5 0 0.5 -0.3 -0.2 -0.1 0 0.1
Average polarisation ( P_) Average polarisation ( P_)
CMS  Preliminary 36.3f0" (13 TeV)
. oF T 1 T ]
o r ]
S -oosh .
= [ Combined Fit in all channels ]
a8 ]
E -0.1 r ]
St | -
Q [ ‘ ]
8) ~0.15 - 1 1 1
g [ ]
[0} L i
> -0.2
< N b
025 .

| 1 |
<13 13<mi<22 m>22

—CMS ) CMS - SMP - 18 -010
[ = | 36
- The CMS Collaboration Blois 2023 Cristiano Tarricone




\ DPS — Z+jet

[fb/rad]

Al

d(ae)

do

(

Exp / Obs

Exp/Obs Exp/Obs

CMS

Z boson production involving double

parton scattering (DPS) — precision

tests of ISR, FSR, and MPI

pp—>Z+21jet 35.9 b (13 TeV)

CMs

F—e— Data

[ BE8# MG5_aMC (NLO) + PY8 CP5 (x?/ndot: 0.04)

250 -/ MG5_aMC (NLO) + PY8 CP5 MPIOFF (x*/ndof: 13.40) %
5= MGS5_aMC (NLO) + PY8 CDPSTP8S1-WJ (¢%ndof: 1.73)
20045 MG5_aMC (NLO) + H7 CH3 (2ndo: 0.23)

5= SHERPA (Z/ndof: 0.23)

@
=3
S

150 E_- MADGRAPH (LO) + PY8 CP5 (3%/ndof: 0.21)

100 ;ﬁ;

50 ——

E Ce

0 = : L 1 L

1.6 -

1.4— [ Total uncertainty

1.2

ito—e—6—o—g—o—o—o0-—0

0.8~ s

06/~ vV ¥

04—V

1.2 | e

1 = i ﬁ == 4

08" @ T @

1.2

Al e oo 3

X B %

0.8

0 0.5 1 15 2 25 3
A9 (Z,]) [rad]

CMS — SMP —20 - 009

o) [1/rad]

1 _do_
(A

4
S d

Exp / Obs

Exp/Obs Exp/Obs

1pp—>Z+Z1jet

p
‘@: .
jet

Tl

S
P

35.9 o (13 TeV)

[ —e— Data
[ B MG5_aMC (NLO) + PY8 CP5 (z2/ndot: 3.10) CMS
0825 G5 _aMC (NLO) + PY8 CP5 MPIOFF (¢2indot: 44.51)
[” %A= MG5_aMC (NLO) + PY8 CDPSTP8S1-WJ (y%/ndof: 0.74)
0.6~ MG5_aMC (NLO) + H7 CH3 (;#/ndot: 6.57)
[- = SHERPA (?/ndof: 0.62) ._g_.
0.4| 838 MADGRAPH (LO) + PY8 CP5 (%/ndof: 5.70)
0.2 &
E P
o=% ' L A d * L 1 L
1.6~ -
4 47 [JTotal uncertainty
1.2 %
08 e ¥ N
0.6 7
[= V-
04 [V
1.2
s Arm—rln
o é é é é§ AR
08" ©
1.2F
Pl G G S
! AR
0.8
0 0.5 1 15 2 25 3

A9 (Z) [rad]

CINFR

SEZIONE DI TORINO
Cross section (pb) Z+ >1]Jets Z+ >2Jets
Measured in data 158.5 + 0.3 (stat) 44.8 + 0.4 (sta
£7.0(syst) £3.7 (syst)
+1.2 (theo) +0.5 (theo)
+4.0 (lumi) pb £1.1 (lumi) pl
Predicted by MC
PYTHIAS, CP5 tune 1674 +9.7 470+ 3.9
PYTHIAS, CP5 tune MPIOFF 143.8 + 0.3 37.7+0.2
MG5.aMC (NLO) PYTHIA8, CDPSTP8S1-W]J tune 178.4 + 0.3 50.5 + 0.2
HERWIG7, CH3 tune 158.3 + 1.1 444+ 0.6
MG5_aMC (LO) + PYTHIAS8, CP5 tune 161.2 + 0.1 453 +0.1
SHERPA (NLO+LO) 149.8 £ 0.2 41.6 £0.1
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e  Measurement of the cross section of di-boson production processes including

o  vector boson scattering (VBS)
- valuable precision tests for the electroweak sector of the SM
- triple and quartic gauge couplings (TGC, QGC) involved
©  double parton scattering (DPS)
- allows precision tests of ISR, FSR, and MPI
o  central exclusive production (CEP) processes e.g. pyyp — pVVp
- yy—VV VBS processes involved as well, including yyVV QGCs

e  The cross section measurements allowed to achieve more stringent constraints on SM deviations coming from anomalous

gauge couplings (aTGC, aQGC) interpreted in the context of the SM-effective field theory (SM-EFT) framework .

CMS
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OS-WW+2jets — VBS study crucial in 10 —
investigating the EWSB mechanism N il ]
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SM evidence and aQGC limits

q

e 77 electroweak production (fully leptonic channel)
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o) r -+ Data
5 10% [ z+X
. . . .o € ttz, vz g8
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-> Maximum-likelihood fit
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e MELA (Matrix Element Likelihood Approach)
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Wy

aQGC limits

First observation (May 2020) of the EW Wy production (Ijj+MET final state) combining 8 Constraining on aQGCs

TeV & (2016) 13 TeV center-of-mass-energy data collected by CMS -  Dimension-8 EFT op.s
> my used
Combined observed (expected) significance: 5.3 (4.8) S.D. -  Maximum-likelihood fit
| CMS — SMP — 19 — 008 | profilmg the Syst. unc.
Improvement of constraints on aQGCs No statistically significant
CMS 138 fb' (13 TeV) SM deviation is observed
c
CMS — SMP — 19— 008 CMS—SMP-21-011 | 5l Sow Mo ous 1 aren
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95% CL upper limit 95% CL upper limit
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‘ . — aZ/A2| 4.0 (45) x 1075 GeV 2 —
/(107 G T Moo aevl Coupling Observed (expected) Observed (expected)
e 100 fb™ (13 TeV) 95% CL upper limit ~ 95% CL upper limit
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<R
\ Tri-boson production

e  Measurement of the cross section of tri-boson production processes
o valuable precision tests for the electroweak sector of the SM
o novel observation of very rare processes

o  TGCs and QGCs involved

e As well as VBS analyses, tri-boson processes measurements allow to achieve more stringent limits on

aTGCs and aQGC:s interpreted in the SM-EFT context .

CMS.
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_ . 160 CMS 137 b (13 TeV)
_ q ‘ = E
5 1aob Z(>unyy Data
o ek 2 Zyy
V w w g 12077 I Others
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Y E
a ) q S , 40F 4
. 20
e  Measurement of Vyy fully leptonic channels T , ) ) . :
o Wyy can be produced via QGC . . 8 5 . .
. . o v '
o Zyy does not involve QGCs (in the SM) ~ 05f
Z(w) g 0 50100 150 200 250 300
A " e Wy (Tev—4) z (?rTv[?)eV]
; 7y (TeV™ 7y (Tev™
i Y can alSO be prOduCCd via ISIUFSR Parameter  Expected Observed Expected Observed
v fme/ AT [-57.3,57.1] [-39.9,39.5] — —
. . . . fuz/A* [-91.8,92.6] [—63.8, 65.0] — —

e  Data-driven method for major bkg.s estimation . , fro/A* [-186,186] [-130,130] [-486,4.66] [-570,5.46]
fri/A* [-2.38,238] [—1.70,1.66] [—4.86,4.66] [—5.70,5.46]
fra/A* [-5.16,5.16] [-3.64,3.64] [-9.72,9.32] [~114,10.9]

. . . ; JA* [~076,0.84] [~052,0.60] [-2.44,252] [-2.92,292

e  Systematics from data-driven background estimated iffgrf;;ngfl;ieisbl\y/l ;:: o {_0,92, 1_00} %_0_60, 0‘68} {_3_24, 3,24} {_3.30, 3'88}

. . . . . Frr/AY [~164,172] [~1.16,1.16] [—6.68, 6.60] [—7.88,7.72]

by inverting lepton isolation and applying same 2QGC oA i > (090,094] [-106.1.10]

strategy fro/ A — — [-154, 1.54] [-1.82, 1.82]
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Analysis strategy

v Y
a 2vy) a Y q ¥
e  Measurement of Vyy fully leptonic channels B sty CMS 187 1" (13 Tev)
. 5 —+— Data <] E —+— Data
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e  Data-driven method for major bkg.s estimation: s o 3 s ooz 5 330
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Process eveYY UV Y'Y
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Total backgrounds 1804 4 38 (stat) 4= 180 (syst) 1834 4= 30 (stat) £ 280 (syst)
Expected signal 248 £ 6 (stat) £ 17 (syst) 500 £ 8 (stat) &= 33 (syst)

o QCD: ty, tty, ttyy, VVy — from MC Total prediction 2052 = 38 (stat) = 180 (syst) 2334 = 31 (stat) = 280 (syst)
Data 1987 2384
. A : Process eeyy Uy
° Systematlcs from data' driven background estimated by Misid. jots T2t £9 (550 55 5 (5ta) = 77 ()
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Total prediction 116 =+ 4 (stat) &= 8 (syst) 266 + 6 (stat) &= 23 (syst)
Data 110 272
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oWy = 13.6371 3 (stat.

CMS
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Results: SM & aQGCs
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0.23 *0% (stat.) jgis (syst.)

0.11 0.23
——0.74 771} (stat.) to_zz (syst.)

0.10 022
——0.73 7010 (stat.) to_zz (syst.)

47770 1 2

3 4 5
Signal strength p

CMS - SMP - 19 -013

Z(W)

Z(W)

Example of BSM
diagram affected
by aQGC

Z(ee)yy

Z(upyyy

Z(Ilyyy

07y = 5417053 (stat. ) 5 (syst. ) +0.06 (PDF+scale)

CMs

404 (syst. )+ 0.08(PDF +scale).

3.1S.D

4.8S.D

137 fb' (13 TeV)

—

0.73 +0.18

-0.17

0.11
- 1.06 t0.|1

0.10
L 0.91+0

+0.12
(stat.) o1 (syst.)

(stat.) tglg (syst.)

(stat) * g:; (syst.)

0o 05 1

752

25 3 85 4
Signal strength n

Events / bin

Data / Pred.

Events / bin

Data / Pred.

INFN

SEZIONE DI TORINO
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—— Data 3 —+— Data
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105 U 205 Ui, ,
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0.5 i 4 I E 0.5
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pf [GeV] 3 p}"’ [GeV]
Wy (TeV ) Zyy (TeV—)
Parameter  Expected Observed Expected Observed
fma /A [-57.3,57.1] [-39.9,39.5] — —
fuz/A* [—91.8,92.6] [—63.8, 65.0] — —
fro/A*  [-1.86,1.86] [-1.30,1.30] [—4.86,4.66] [—5.70,5.46]
fri/A* [-238,238] [-1.70,1.66] [—4.86,4.66] [—5.70,5.46]
fra/A* [-5.16,5.16] [-3.64,3.64] [-9.72,9.32] [-11.4,10.9]
frs/A* [-0.76,0.84] [-0.52,0.60] [-244,252] [-292,292]
fre/A*  [-092,1.00] [-0.60,0.68] [-3.24,3.24] [-3.80, 3.88]
fr7/A* [-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* — — [~154,1.54] [-1.82,1.82]
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WWy

Analysis strategy

. . CMS Preliminary 138 fb™ (13 TeV) CMS Preliminary 138 fo" (13 TeV)
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111 . £1000 o [13?'3i5’5]+ 7/ Prediction [1198:23 ] . £ pol oy /7 Prediction [1182:20 ]
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WWy

Results
Process Signal region SSWW+y CR  Topy CR
WWry 254.0+47.3 1.2+0.2 12.84+2.7
QCD Vy 166.7+13.8 12.2+2.2 12.6£1.2
Vv 36.7x3.5 249+17 2.0+0.3 Extraction of limits on Higgs couplings with light quarks
Top 327.5+32.2 2.4+0.6 2433.5+85.2 from Hy — WW
Nonprompt ¢ 1229497  196.6+13.6  39.8+£10.7 v v
Nonprompty 409.9 317 199416  793.2462.1 ‘
Expected 1318+43 257+14 329457 o _ .=
Observed 1330+46 25920 3287459 Profile likelihood ratio test statistic built in bins of AR, (found to
have good discrimination power) and mTH
Measured fiducial cross section: Process 0up Pbexp.(obs.) Yukawa couplings limits exp.(obs.)
ut —» H+7 —euy  0.067(0.085) %, | <13000 (16000)
o = 6.0 £ 1.0(stat) + 1.0(syst) & 0.9(theo) fb dd > H+7 —euy  0058(0.072)  |ry| <14000 (17000)
ss > H+7y —euy  0.049(0.068)  |r,| <1300 (1700)
p=1.314+0.17(stat \ + 0.21(syst) 5.6(4.7) S.D. €= H+qy—epy  0067(0.087)  [x] <110(200)

= | CMS—SMP-22-006 |
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Summary

The most of the recent results
achieved by the CMS
Collaboration on single Vector
Boson, di-boson, and tri-boson
production processes were

presented.

The most recent constraints on
SM deviations coming from
anomalous couplings in
multi-boson processes were also

reported.

tri-Boson.
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Overview of CMS cross section results
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