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SM physics with W,Z bosons

SM measurements involving W,Z bosons with or w/o jets at the LHC allow us to
test a wide range of theory predictions (EW, pQCD, npQCD) with unprecedented
precision. They are sensitive to, and constraint new physics contributions. These
processes are also backgrounds to all direct searches for new physics.

Outline: recent results from the CMS experiment on

W,Z Production
* Inclusive W and Z production
» Rare decays of Z
 Z polarization
* Invisible Z width
Z+tjets
« Z+jets differential cross sections

*(Z,W+HF jets results covered in
V. Candelise’s talk)

Multi-V(W,Z)+jets
 W*W* + jets with t decays
« /7 + jets differential cross-sections
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W and Z

production

Cross-sessions (inclusive and differential) are sensitive to EW and QCD sectors of
SM: extraction of fundamental parameters of EW theory (M, Mz, sin20yy), input
to proton structure (PDF’s), input to modeling of high order corrections in MC for
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reduction of uncertainty on measurements.
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Total and fiducial cross sections, ratios of cross
sections of W*to Z, W*to W-,and 13 TeV to
5.02 TeV, measurement of Z cross-section at
13.6 TeV. Consistent with pQCD predictions.
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0.298 = 0.015 nb (2.76 TeV)
CMS-PAS-SMP-20-004 (Preliminary)
0.669 = 0.014 nb (5.02 TeV)
JHEP 10 (2011) 132
0.974 = 0.044 nb (7 TeV)
PRL 112 (2014) 191802
1.15 = 0.04 nb (8 TeV)
CMS-PAS-SMP-20-004 (Preliminary)
2.006 = 0.038 nb (13 TeV)
CMS-PAS-SMP-22-017 (Preliminary)
2.010 = 0.050 nb (13.6 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-004/index.html
https://link.springer.com/article/10.1140/epjc/s10052-020-8001-z
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html

Rare decays of Z

Rare modes can be sensitive to new physics (e.g. Z’). Studies of Z— £* ¢~ ¢ ¢~

Z- trt7tr (> ut)1 (- pu7): First search in this rare decay mode

(SM Br~10-¢). Data compatible with backgrounds. 95% C.L. upper
limit of 6.2 on Br(Z — 212u)/(Z — 4u), corresponding to 6.9xSM.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-016/index.html

Rare decays of Z

Rare modes can be sensitive to new physics (e.g. Z’). Studies of Z— £T ¢~ ¢+ ¢~

Z— 4¢: Decays to 4 charged leptons (e or ). d -
Rare decay mode (SM Br~10-%). Measurement of
branching ratios and differential distributions. < U e
Good agreement with SM, precision of 3.2%. Z o
Limits set on a scalar or vector BSM gauge
. « ”»
boson mediator “U”. g o
B(Z — 40) [x107%] CMS preliminary
19.7 fb~1 (8 TeV) + 138fb 1 (13TeV)
Channel  Expected Observed b:.o_ ——
4 120£000 1.5+ 0.04 (stat) + 0.03 (syst) _ This work observed
2u2e  231£0.00 2.17 £0.08 (stat) & 0.06 (syst) —==This work expected
4e 1.20 £0.00 1.16 £ 0.09 (Stat) + 0.06 (Syst) I CMS direct search observed
4/ 470+ 0.00 4.67 +0.11 (stat) £ 0.10 (syst) CMS direct search expected
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http://cds.cern.ch/record/2868111?ln=en
https://www.sciencedirect.com/science/article/pii/S037026931930214X?via%3Dihub

T polarization in Z- 77 decays

/— 1T decays used to measure the asymmetry arising from different coupling of Z to
left and right handed fermions in the SM. The asymmetry is equal to the negative

polarization at the Z pole and it is related to sin?2 9

Kinematic angular distributions of decay products used to construct
templates for several decay categories. Templates used to extract
the average polarization by a maximum likelihood fit to data.

Events / bin

Obs. / Exp.

x10° CMS  Preliminary 36.3 fb' (13 TeV)
T T T T T T T T T T T T T T T T T T T
80 Z - T Z - 1Th g
70 Mp Wz ti+jets
60 W +jets Diboson 3
QCD multijet —¢- Observed J
50 P, Y -
-® - 3
40 .. < -
30 *eetetess et N _z
20 -3
0 -
141 -
1.2+ -
1.0 mwwwmwﬁ*
0.8 -
0.6 _

0.0

0.5

1.0
cos f(p)

sin2 9E11=0.2319 + 0.0008 (stat) +
0.0018 (syst)

eff
W .

£ TR/L

(s ]

CMS (13 TeV)
36.3fb"

/
\ l‘/ l’
§ a ey 51
T I T T T T T T T I
- Preliminary @ _

ATLAS (8 TeV)

arXiv:1709.03490

LEP-SLD
Phys. Rept. D98 [— —
030001 (2018)

SLD =

L3 =
DELPHI [~ =
ALEPH — =

OPAL [~ I
1 | 1 1 1 | 1 1 1 1 |
0.1 0.15 0.2

Asymmetry AT

Measurement dominated by systematic uncertainties
but with precision close to single LEP experiments. 6
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-010/index.html

Events/bin

Ratio

Pull

Z invisible width

First direct precision measurement of the Z invisible width at a hadron collider.

Exploits the similarity in the kinematic of decay of the Z to neutrinos and to charged leptons (e or p).
It is based on the ratio of branching fractions between these two decay modes, using LEP’s measured
Z(— ¢*¢7) partial width.
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https://www.sciencedirect.com/science/article/pii/S0370269322006979?via%3Dihub

L+|ets

Z + light jets differential cross sections: q
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o tests of pQCD and non perturbative (NP) effects q
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https://arxiv.org/pdf/2205.02872.pdf
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Good agreement over a wide range of kinematic observables with NLO MG5_aMC predictions.

Discrepancies arising at high jet multiplicities. Good agreement with Geneva model up to 2 jets,

especially in regions (low p;) where resummation effects are significant.
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Multi-boson
production

Backgrounds to Higgs and searches,
sensitive to higher order corrections.
Tests of the SM EW gauge structure.

Anomalous vector boson couplings:
new physics at higher scales leading to
modified couplings — probe for ¢ increase.

aTGC constrained w/ inclusive VV and EW Vjj.

aQGC constrained w/ EW VVjj and VVV.
c®)
Lgpr = Loy + Z —@‘6> +y 00+

Many recent 13 TeV results in good
agreement with SM. We are now
increasingly sensitive to rare processes,
tri-bosons and vector boson scattering
(VBS) and able to measure cross-
sections with increased precision.

Aug 2023 CMS Preliminary
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) b——0——i
Theory 8 TeV CMS measurement (stat,stat+sys) ——e——

13 TeV CMS measurement (stat stat+sys) — e —i
qgW — o 0.84 +0.0820.18 19.3fb"
qqWw e 0.91+0.02+0.09 359fb"’
qqZ —t o — 0.93+0.14+0.32 5.0fb"
qqZ — o — 0.84 £0.07 £0.19 19.7 fb"
qqZ ot 0.98 £0.04 £0.10 35.91b"
WV e 0.85+0.12+0.18 138 1fb"
yy—=WW — + 1.74£0.00=0.74 19.7fb"
aqWy 1177 20.67 £ 0.56 19.7 fb’
qqWy e 0.89+0.11+0.15 138 fb"
os WW Hi— e 1.12+0.15+0.17 138fb"
ss WW H——e——+ 0.69+0.38+0.18 19.4fb"’
ss WW e 1.20+0.11+0.08 137 b
qqZy 1.48 +0.65+0.48 19.7fb"’
qqZy F—e—H 1.20+0.12+0.13 137 fb"’
qqWZz PR — 1.46 £0.31+0.11 137 fb”
qqZZ PR — 1.19+0.38 £ 0.13 137 fb"

All It: to | é i é i ;1 °
results at: .
http Ioarmeh GalNi7 Production Cross Section Ratio: 0,/ Oy
Aug 2023 CMS Preliminary
CMS measurements vs. 7 TeV CMS measurement (stat,stat+sys) o+
Theory 8 TeV CMS measurement (stat,stat+sys) o
13 TeV CMS measurement (stat,stat+sys) o
stat sys
VVV ot 1.02+0.21+0.14 137"
WWW  ——e—n 116 +0.30 +0.28 137 b’
WWZ  +—e—s 0.85+0.31+0.13 137 fo
wzz 218 +1.47 =049 137 fb"
Wy e 130022029 138 fb"
Wyy et 1.03+0.29=+034 19.41fb"
Wyy e 0.73+0.10+0.22 137 fb"
Zyy HoH 098 +0.11+0.14 19.41fb"
Zyy Heh 091+0.09+0.11 137 fb"’
All (I?t t 2I ‘; i é i 8
results at: .
http IcarmehGolNi7 Production Cross Section Ratio: 04,/ 0y,

10



Events

WEWT with t decays

Vector Boson Scattering (VBS): Probes EWSB. Sensitive to BSM in a model-
independent approach, with Effective Field Theory (EFT) expansion. Forward
jets topology with rapidity separation, and low hadronic activity in between.

Measured cross section

for EW ssWW scattering:

feins s =g WE, . . L
----- R L ARNL First measurement of ssWW with 1 in final state:
Wiz \‘I‘\ Mo f’f,"-----_ - CxT,tjets + pmss (€ = e, p). Dedicated DNN
. g . 7 ; [ multi-classifier algorithm for t-id. Maximum
oy ety 2 likelihood fit using DNN templates from SR and tt
-------------- VAL RS - . .
---------- . W e, and opposite sign background CRs.
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1.4415-83xSM.

Observed (expected) EW

ssWW signal significance:

2.7(1.9) c.

Observed (expected) EW
+ QCD ssWW signal
significance: 2.9 (2.0) .
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-008/index.html
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ZZ+jets production

Differential cross-section measurements of VBS ZZ+jets production.

With respect to various kinematic variables: jet multiplicity, p; and n, invariant dijet invariant mass, and
An among two leading jets, m,, for different jet multiplicities. Comparison with theoretical predictions:
NNNLO+PS describes the distribution of jet multiplicities better than MadGraph5_aMC@NLO and
POWHEG, and the inclusion of EW corrections improves the description of the m,, distribution.

CMS Pre//m/nary 138 fb" (13 TeV) CMS Preliminary 138 fb™ (13 TeV) CMS Prellm/nary 138 fb™' (13 TeV)
L W | AL B = o 2 —T T T | T T T T | T T T T | T T T T -~ T T T T T T T T T T T T T
E —— DaarsElu - 5—2&’ M ——— Data+ stat urc. -|i : ——F— Data+ stat. unc. N
- C— Stat. @ syst. ui — < - m (O] syst. unc.
r - —= rg\?v : gg%&% rgCFM 1+Pythiag ] 2 | I:I+ I?II(G‘SQMYC'@NLO MCFM+Pythia8 — — :I_;_ ;2‘5 @aMth@NLO+MCFM+Pylhia8
- I_ nNNLO+PS yina -1 "| IS — E— POWHEG+MCFM:Pythia o|z . 1072 — F— . POWHEG+MCFM+Pythia8 -
e (ANNLO+PS)« Key B seneiffie NNNLO+PS 7 §' 2 Spp—— <ot INNLO+PS B
L i - C .
ok - . S 18 ¢ ]
o s = r B 7 B 7
C 3 L E——— _
N _
L - e ]
10 o 1 1073 —
10 = o e ] o 7
: A i &b 7 - mw .
L 4 | = i ' i
10— — T !
E E B 7] 10-4—Events with > 1 jet
C . 1| | Ly 0 PRI RIS RIS R E By sy e
1 j—i—_..-—lﬂﬂ-—-—-!— ---- EEmm AR 3 s o F MG5_aMC@NLO+MCFM+Pythia8 = L e L L
_’_—l— E 2 PR — ) =
05 - MG5_aMC@NLO+MCFM+Pythias e 5 , ] g
B 5 e e EE——— - s et sees — <
_.+.......,..—J—|——J— ........................................ i a . S
"E e E , | POWHEGHHICHV+Fyihia 1 £
05 F POWHEG+MCFM-+Pythia8 e E E °
E ] E
e = | E—— e = . F
e e g —— - :
0s :- _|_ E nNNLO+PS 3 E
5 - nNNLO+PS = Py 3 1
E = E —_— E
1 e ““‘r““—i——‘— P ST - S 3 E
E —_ ] 2 F
05 - (NNNLO+PS)x Ky, = 0 * 1 * > * >3 E
o E 2 1 E
100 200 300 400 500 600 700 800 900 1000 N E.. . . . . . . . L 3
my.[GeV] jets 50 100 150 200 250 300 350 400 450 500
j1
CMS-SMP-22-001 plGeV

12


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-001/index.html
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