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Introduction. Evolution of measurements at the LHC.

We learned a lot of electroweak physics in
Run 2.
 ~140 fb" of data recorded.
July 2022: the new Run 3 of the LHC started.
* At anew center of mass energy of 13.6
TeV!
With new data, we can extend further our
knowledge of the standard model.
» Expected. Stat unc reduced by factor
~\2
* New strategies have been developed
—> expected improvement in the
systematics as well.
* Possible combinations Run 2 + Run 3

tri-Boson

Measured cross sections and exclusion limi
See here for all cross section summary plot
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Overview of CMS cross section results

CMS preliminary

3ub-138 fb! (2.76,5.02,7,8,13,13.6 TeV)
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Of course, most of these improvements will come by the late stages of Run 3, when we will have had collected ~2 times

the luminosity of Run 2.

In the meantime, it’s crucial for the LHC physics programme to continue producing scientifically meaningful results,
because that way we test our knowledge on the standard model, as well as our detector performance.
Goal for this talk: to update on the current status of CMS in electroweak measurements using Run 3 data.
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Z. cross section measurement at 13.6 TeV

l _
Physicists have been looking at the Z boson for decades. IC] l
From a theoretical point of view: I : Y, 4
 Constraining of PDFs. : I
l
_
g &

 Parton shower effects.
* Anomalous triple gauge couplings.

From a experimental point of view.
* Z boson factory (o~ nb).
* lIdeal setup for calibration of many objects.

So measuring Z (and W) cross sections is important for the
LHC programme!

See Miguel’s talk from monday
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https://indico.cern.ch/event/1346940/contributions/5783795/

SMP-22-017

Z. cross section measurement at 13.6 TeV

A measurement of the Z boson production cross section was performed by the CMS experiment at the

beginning of Run 3.

Goal: to measure the Z boson production rate at a brand new center of mass energy regime.

Dataset used: first 5.04 fb-1 collected by CMS during
2022 data taking.

Target topology: Z — u*u~
Monte Carlo simulation
« Z > £7¢7 +2j (MADGRAPH5_AMC(@NLO) — signal
e W - £*v +2j (MADGRAPH5 AMC(@NLO)
* WZ,ZZ, WW (PYTHIA8)
* ttand single top (POWHEG V2) > (T

)

/

Total integrated luminosity

CMS = 2010,7TeV, 45.0pb™
— 2011.7 TeV. 6.1 fb
— 2012, 8 TeV, 23.3 b
— 2015, 13 TeV, 4.3 fb~!
e 2016, 13 TeV. 41.6 b
—— 2017,13TeV, 49,8 fo”
— 2018, 13 TeV. 67.9 fb-
[ e 2022, 136 TeV, 415 fb!
e 2023, 13.6 TeV. 31.9 fo}
— 2024, 13.6 TeV. 6.6 fby
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html

SMP-22-017 Z. cross section measurement at 13.6 TeV

* Object selection: optimized forZ - u*tu~ 5.04 fb (13.6 TeV)
* Exactly two reconstructed muons passing R e R

“tight” quality criteria [JINST 13 (2018) Po6015]. 10° | CMS $ Daa E
& .q . Y [ 3 ) 5] = Preliminary Oz ww :

* Opposite sign I [Jewk ]
i 105 -ﬂ E

pr >25GeV, |n] <2.4
* my, €[60,120] GeV
Inclusive in jets and b tags.

Events /| GeV

2

_ Postfit

* Corrections: particularly delicate in early analyses.
* Muon efficiency
* Scale and energy.
 Trigger prefiring.
* Pileup

—_
o
w

2

Total syst. unc.

% 1 021 ++T|}i++*+H+,....,¢+++'+{H‘Hi*{
- .

* Strategy:
 Maximum likelihood fit to the My, distribution.

o
©
®
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m,, (GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html
https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06015

SMP-22-017

Z. cross section measurement at 13.6 TeV

* Measurement of the total cross sections (0308 measured = (07635  0.0004 (stat) + 0.0069(syst) = 0.0176(lumi)) nib,
times branching ratio are presented. (03B rectited = (0.7666 £ 0.0065(PDF) *0%%2L (scale)) i,

* Inafiducial volume (m,, € [60,120] GeV)

and in a total volume (Cr0tB) measured = (2.010 £ 0.001 (stat) + 0.018(syst) % 0.046(lumi) =+ 0.007(theo)) nb,

(CiotB) predicted = (2:018 £ 0.012(PDF) £33 (scale) ) nb,

* Measurement dominated by systematics.

August 2023
o o = I I | I I | ] | | | | | |
* Well in agreement with SM. S
E: 2r CMS E
1 Preliminary
Source Uncertainty (%) g—
Muon efficiencies 0.83 X
PDE QCD scale and parton shower 0.53 E 1L |
F_inite size of MC samples (bin-by-bin) 0.35 T 09 o(pp — Z+X)x B(Z — I) (60 < m, <120 GeV) A
tt background 0.16 2 08¢ DYTurbo NNLO QCD + q_resummation (NNPDF 3.1)
-4 N JHEP 03 (2015) 022 i
EWK baCkground 012 © 07 M 0.298 £ 0.015 nb (2.76 TeV)
Pileup 0.08 0.6 | CMS-PAS-SMP-20-004 (Preliminary) -
Muon momentum correction 0.08 * 086920014 (5.02Tev)
: 05 JHEP 10 (2011) 132 .
Combined syst. uncertainty 0.92 ®  0.974+0.044 nb (7 TeV)
L A .t 2 3 04 - . PRL 112 (2014) 191802 o
Uuminosity . 1.15 + 0.04 nb (8 TeV)
Stat. uncertainty 0.06 CMS-PAS-SMP-20-004 (Preliminary)
03F *  2006+0.038nb (13 TeV) i
] - E reliminary
* 2010+ 0.050 nb (13.6 TeV)
| | | 1 1 | | |

2 3 4 5 6 7 8 9 10 11 12 13 14
Vs (TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html

* Measurement of W-boson pair production cross
sections is an important test of the standard model.

* WW production is interesting for various reasons.

* From a theoretical point of view:
* Self couplings between electroweak bosons.
* Large background to Higgs measurements.

q Wt

A B

% r+g +
Z[vy 9 W ::l> H JJJ W
Y “}—---—‘
9 - w9 RSt
* From an experimental point of view:
* Proof that we can already do complex analyses

in Run 3 using a wide variety of physics objects Run 3 provides standard model with new victory

anc co.rrectlons. . at the energy frontier (physics briefing)
* And with great precission! L e e e e e e e D e e e e - oo 1

q W=
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https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier
https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html

SMP-24-001 WW measurements at CMS

* Goal: to provide a competitive result of the inclusive cross section, as well as a report on inclusive and
normalized differential cross sections.

* The measurement is performed this time using the whole 2022 dataset recorded by CMS (~35 fb™).

* Target topology: W W~ — efpu™.
is defined to maximize signal purity.
¢ Several control regions are already defined to constraint effect of main backgrounds.
* TOP, ZZ - tt, non prompt, WZand ZZ — €}, n:t1ignt Vv

Quantity WW SR = One/twob-tags CRs Z — 7t CR Same-sign CR Variable WZ CR ZZCR
Number of tight leptons Strictly 2 Number of tight leptons Strictly 3 Strictly 4
Additional loose leptons 0 Additional loose leptons 0

Lepton charges Opposite Same Lepton py >25/10/20GeV > 25/20/10/10GeV
Pr > 25GeV |y — miy| < 15GeV < 15GeV (both pairs)
Pr > 20Gev m > 100 GeV -

My, > 85GeV > 85GeV < 85GeV > 85GeV 3¢ 150 GeV

pt! — — < 30GeV — = - =~ €
Number of b-tagged jets 0 1/2 0 0 Pt > 30GeV -

N 0/1/2/ >3 Number of b-tagged jets 0
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html

SMP-24-001 WW measurements at CMS

- 1|03| - '34]8fb"1(1l3.6'TeVl) - 1.03. - '34‘1.8|fb"‘(1'3.§TgV)
P ° PY ° PY [05) - CMS "% Nonprompt ¢ Data o 10 CMS % Nonprompt ¢ Data —
Looking into some distributions...  § sfrmme  ZwT Spee O | Qe S
: - H;{ggs [ ] D’::I f;I:I: : i H;{ggs [ ] D'::I I‘j';':;
2 . wz 2 I wz
; . S yof il 18 | mz _
* First complete look into an electroweak phase W I R .
L ] [ e N )
space after Run 2. . Prefit ] . N Prefit
i a | :.\ \Q\\\‘\ 1
* What is meant by complete here: Well ! Teal | - - |
understood... (% LE . € 0-.0.0.0.0.0.a. = % F 0.0 0. 0. 2
s "E ' o 5 U 3
e ... dataset and corrections. § B N\\&\\\x\&\%\\v\&ﬁ\\m&\% § N “&%&%\N’Q\W\M\\W
* ... montecarlo modelling. "o 200 LR Yo w o e
* ... treatment of systematics. e e o I L
. . . 8 : Fc’rlt\:/li:/nary =xx(vp i \\\W' unc. 8 H grgllll':inary =XX(VP i &\\Jxvalunc.
@ Agreement IS Certalnly IOOkIng gOOd! 9 10 WW SR Vy Top quark | : I WW SR Vy Top quark
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* This is the result of a really great effort from § | mz 12 mz -
many people in CMS T et ~ - B -
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8 B X\\k\\\\\\\%\\\\\\\\‘{\\k \\\Q\\ N _ % 1§\\\\xwx\\'—x\&\&&%\\f\\\& \ %
8 0.9 ? ; (DU r 7]

50 100 150 50 100

200 150
P, [GeV] pL™" [GeV]

Carlos Vico Villalba - SM@LHC 2024 (Rome Q


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html

SMP-24-001 WW measurements at CMS

* The inclusive WW cross section is extracted from a maximum likelihood fit to the observed yields as a
function of the number of jets.
* The fitis performed simultaneously to the signal region and all control regions.
«10° 8" (13.6 Te 10° 34.be“(13.6TeV') x10° _ _  348f'(136TeV)
x10° 4B (136TeV) £ o Lo v ] £ Of s Emwen eme |5 [oMs | Ewem  eom
£ L L 21 Preliminary vy WTotalune. ]|~ - Preliminary . v A Total unc. ~ B0 Preliminary e W Totalune.
0 i GMS [ Nonprompt ¢ Data 2 Same-sign CR -3.-1 :—T uark "g L Z - ttCR -::; Tw::quark "g [ Onebtag CR ?‘: rﬂ“:q“"k
- mefmfﬂafy - VW m Total unc. § 3 HTEQH -Dr:ll?\’an g i Higgs [ Drell-Yan | g Higgs [ Drell-Yan
2 | ww SR by - - == 1Y =z Yl == ]
C 40 Wy Top quark _ 1 50 1
[ Higgs B Drell-Yan 1 L B ey ]
> : Postfit
z -z . Postfit i ]
- n 20 - T .-
v ‘ \\\\\\\ i o 4@ * ]
ED POStflt 5.. % 11 é g 11 ;— | —;
§ :O—-: 1 ESUUSIAN \\\%\\\ \ % § P %\\k«\‘\\\\\s@,“ﬁ,ﬁ\.%.hyﬁ\\“\uﬂ\n«»\\x«x\\&\\\&é
_______ . 0 1 2 3 N 0 1 2 3 N| é 0 1 2 3 N
B 7 i
i c x1 0,3 lllllllll 348 fp" ('1a|.6 Tev) JE [ 348 ‘fb‘l‘ (136 Tev)
; """ T ___________ A s foms E:m‘”"'""' &i@. a iizﬁ. w ] Uncertainty source Au
= ; ; = £ | TwobtagCR v Top quark = mzz 1 Integrated luminosity 0.014
% 3 E & o - =] S Lepton experimental 0.019
11 =] I mz s b ’ .
% 1 E'**‘*»am~»m\Wﬁ%uﬁ\\%\‘%\mﬁ%&\\\t&w@ | Postfit poo Postfit : ]be::ggi(:;menta] 8.8(1)2
0 oo E S i 1 Nonprompt background  0.010
a 5 . 5 3 3 Limited sample size 0.017
N E - Background normalization 0.018
j % E E - Theory 0.011
) % T % 1 e R Statistical 0.018
— + + + 0O oo E 0O o9 f .
0=125.7 + 2.3 (stat) + 4.8 (syst) £ 1.8 (lumi) pb o g S [ S
N wz 7z
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SMP-24-001 WW measurements at CMS

* The unfolding to particle level is performed using likelihood-based unfolding.

* Fiducial inclusive and normalized cross sections are extracted in a fiducial region that mimics the selection
used at detector level.

* First ever comparison with MiNNLO+PS generator. S CMS _Prolminary | e
Z ]

Good agreement with SM is reported. 3 L POWHEG/PYTHIA

S ~ MATRIX ]

o —_ MINNLO+PYTHIA ]

Observable Requirement = - 7]
Lepton origin Direct decay of a W boson - ]
Lepton definition Dressed-leptons (e*u™) 04— .
Leading lepton pr pLimax > 25GeV - . -
Trailing lepton pp pmin > 20 GeV 02— 7
77| of leptons 7] <25 - : -
Dllepton mass mgf > 85 Gev 4 :_\ > Theory uncertainty | | —
]et pT p] > 3 0 Gev %% 12 ; o Theory prediction/ measurement —
_ T - S 1 Ereaaasaasnin ns s iRy

17| of jets 7| <25 e o - } S
]et-lepton removal AR (j’ E) > 0.4 4 i_/ Theory uncertaint + _i
Observable Expected Observed ° E_ , , e
Cross section (fb) 812+ 34(31,15) 813 £ 35(32,15) o B rmeory uncorainy | | E
0-jet fraction 0.648 1 0.015(0.012,0.009)  0.640 L 0.016(0.013,0.009) Zif 0 e Teovprdcton/mesnuenen gl UL i I
1-jet fraction 0.256 +0.013(0.008,0.010)  0.243 +0.013(0.009, 0.010) = 0s E- . . . 3
> 24et fraction  0.096 =+ 0.011(0.008,0.008)  0.119 =+ 0.011(0.008,0.008) 0 1 LA
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html

Conclusions

T T T T T T T T T T T T T

* A summary on the status of electroweak measurements in CMS £ 2r CMS
T Preliminary

during Run 3 has been presented. 5
* Z boson production using the first few runs of Run 3 |
* Measurements of WW inclusive and differential cross Sort

alpp — Z+X)x B(Z — I'I") (B0 < m, < 120 GeV)
DYTurbo NNLO QCD + q_resummation (NNPDF 3.1) -
JHEP 03 (2015) 022

*  0.298+0.015nb (2.76 TeV)
o o 0.6 , CMS-PAS-SMP-20-004 (Preliminary)
sections using the 2022 dataset. o5 L S
04 v am s
* General conclusion: results are in good agreement with the SM N . cHsons s ot sy

CMS-PAS-SMP-22-017 (Preliminary)
2.010 + 0.050 nb (13.6 TeV)
1 | 1 1

prediction.
2 3 4 5 6 7 8 9 10 11 12 13 14

* As expected! s Tev)
CMS Preliminary

* This proves that after the |Ong ShUtdOWﬂ, CMS is still g = py:jNNLOQCDxNLOlEWK(MATRIIX)
working at excellent performance. 2| T Bwowmg
== pp ju}
« We know our detector. 9 . ’
* We are able to start measuring at high precission already
with 1/10th of the total expected lumi.
101,
* Of course, more results are to come with much data.
¢ CMS
* The analyses already allow to expect very promising results for T oon
the rest of Run 3. ‘1"5 | | | | | R
St t d' 21.0 ‘+ t e i
ay une ) £0s5) * , [ , , . i
2 4 6 8 10 12 14
Vs (TeV)
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