Vector boson production in association with jets

Diffraction and low-x 2024 — Hotel Tonnara Trabia — 13/09/2024

G. Padovano on behalf of the ATLAS and CMS collaborations N éﬁﬁ]ﬁﬁ%ﬁ




Introduction : W/Z bosons at ATLAS and CMS

e Standard Model cross section
measurements cover a wide set of
processes

* W/Z production cross sections have
high values spanning over several
orders of magnitude

= a huge dataset for precision
measurements and searches for
new physics
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Introduction : W/Z bosons at ATLAS and CMS

* W and Z decays into electrons and muons leave clean signatures
in our detectors

— ideal toolkit to probe electroweak and QCD models ...

... but also to measure our detectors performances

* Mainly focus on newly published results (in the last 6 months):
1. W+c measurements
2. Z+b/c measurements

3. additional measurements

Only highlights of the main results and novelties in the papers
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W+c measurements
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W 4+ Cc measurements at CMS Eur. Phys. J. C 84 (2024) 27
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W + ¢ measurements at CMS : parton level

Eur. Phys. J. C 84 (2024) 27

* Measured also differential cross sections in bins of || and |p;®| (with = e, p from W decay)

* NEW : parton level unfolding corrects c-quark momentum smearing, which biases the cross sections
towards lower values
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W + ¢ measurements at ATLAS

. : : .
* c-jet tagged via the reconstruction of a D!)~ meson

* Background suppression via OS - SS subtraction

= sgn. with opposite sign (OS) W and D, bkgs. same amount OS and same sign (SS)

. . ot
* Cross-section ratio R.” measurement
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Z+b,c measurements
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Z + b,c at ATLAS : integral cross sections submitedto Eur.Phys..C - @/ATLAS
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Z + b,c at ATLAS : intrinsic charm submittedto Eur Phys..c - P/ATLAS
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CMS

Z + b measurements at CMS Phys. Rev. D 105(2022) 092014 |2
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ATLAS and CMS Z+b : angular variables

Non-trivial behavior of angular-
dependent predictions

ATLAS: optimal 5FS NLO
MGaMC+Py8 FxFx / Sherpa,
same generator as integral
Cross sections

CMS: optimal Sherpa /

MG5 _aMC NLO , different
geenrator w.r. to integral cross
sections

Localised discrepancies:
» ATLAS: AR,, = 1 (back-to-back)
» CMS: AR =0, 21

Submitted to Eur. Phys. J. C
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Additional measurements
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p;™ss + jets at ATLAS : cross sections

* Cross sections of p;™s + jets in signal region
and in auxiliary e/ regions (p;e®! = p,™ss)

* Cross section measurement of the main
componentZ — vv + jets

* Measurement of ratio R™ss of p;™'s + jets
over 1e/2e/2u + jets cross sections

= benefit from systematics cancellations
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predictions

sumesronze SOATLAS

EXPERIMENT

4 T
—_ 10 ATLAS —s— Data (Stat.) T
B ooy, e pmemon
—_ -~ miss ¢ ; = ®n E
= s, =1 jet 3
-S§ 10 e, PTtiets, =1je S NNLO QCD x iNLO EW {rew) = L L I L IR B B B
g e E S8 10 ATLAS .
° 1 et = g 1 p Data
L 3 rl - s=13TeV, 140" 4 mePs@NLO
10" it - 5 10 Z—vv, = 1 jet
ey 3 ] 77/ Experimental Uncertainty
-2 =y B .
10 S 10 -
107 = -
- E 1 .
107 . 8
= 10" ——
14
- 3 i
o] 1'2; ; 102 —f—
8 1 ca A g i % i
g 08 R L L L .
o . P 107
gan — 3 Epr Lo [ operepepepeiopeesg
! m 3 T T T T T T I T T ™
[CZ+ets  —Wjets Top —EWK _ —Diboson | Eu 1.1 N
1 s p—— - 1
5 —_— g 09
o5 107 t 0.8
28 == 0 7R
%-Em*E : 500 1000 1500 2000 2500
T3 s . Pz [GeV]
500 000 1500 2000
recoil _
P = pT** [GeV]
10 & T T T =
w = —a— Data (Stat.) =
2 - %ﬁ:ﬂf\f 140 b A///// Data (Stat. + Syst)
& r 13:-1315 =1 jet == MEPS@NLO x nNLD EW
% l_-' " S NNLO QCD = nNLD EW (rew) |
.g&'_ 1
2
E
o
o
]
S
=
@
o
Py [GeV]
13

Vector boson production in association with jets | Diffraction and low-x2024 | 13/09/2024 | G. Padovano


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-55/

p;™ss + jets at ATLAS : exotic interpretations  swmieswomer ?ATLAS

EXPERIMENT

e NEW : measurements recasted to set limits on exotics Dark Matter models:

» Monojet analysis: Dirac fermion Dark Matter candidate y, originating fromZ’ —» yy = limitsin m,—m; space

» 2HDM-+a model: a exotic mediator between Standard Model <> Dark Sector = limits in m, — tanf3 parameters space
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W N cq / W N qa a9t CMS : probing the CKM CMS-PAS-SMP-24-009 CMS
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1. RW=0.489 + 0.020
RV _ B(W — cq)
© BW —uq)+BW —cq)
2. Test of CKM unitarity:
2 2 2
|V 4|2+ |V, |2+ |V,|2=0.970 4+ 0.041 W [Veal”™ + [Ves|”™ + [Vip |

R =
‘ |Vud|2+|Vus|2+|Vub|2+|Vcd|2+|Vcs|2+|VCb|2

3. Measurement of |V ]:

sin the

IV..| =0.959 + 0.021

. | : 0S-SS subtraction techniques used, a

other ATLAS and CMSW measurements
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-009/index.html

Conclusions

*§ Data recorded: 2017-Sep-24 20:50:54,545792/91\{/1
Run / Event / LS: 303832 / 1614954638 / 1&\4{

* Explored the high flexibility of W/Z + jets measurements
in achieving different types of results

— precision measurement of electroweak
parameters

— probe QCD and PDFs models

— test flavour physics and the CKM matrix

—> recast into limits on exotics models

An essential and powerful tool at hadron colliders

W/Z production events at ATLAS and CMS experiment at the LHC

Thanks for your attention |
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W + ¢ measurements at CMS : NNLO predictions

* First NNLO QCD corrections for W+c production recently released. Ad-hoc predictions
evaluated for the CMS paper phase-space

Eu

CMS

r. Phys. J. C 84 (2024) 27

* Comparison with NNLO predictions of both integral and differential cross sections and cross section ratio

CMS

138 fb™ (13 TeV)

Total uncertainty
[0 statistical uncertainty

Data:163.4 + 0.5 (stat.) + 6.2 (syst.) pb

|cMPP predictions, NNLO NNPDF3.1:
0 LO QCD: 137.4*174 pb ——
¥ NLO QCD: 178.3 + 1.6 pb ——
CJNNLO QCD: 174.7*14 pb -
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CMS

Total uncertainty
[ Statistical uncertainty

CMPP predictions, NNLO NNPDF3.1:
¢ LOQCD: 0.945 3022
¥ NLO QCD: 0.939 *0-022

[ NNLO QCD: 0.936 %) 228

138 fb™ (13 TeV)

pjl“ >30 GeV, n°*1<2.4

plr >35GeV, <24
Data: 0.950 + 0.005 + 0.010

04 0.6

NNLO QCD corre

improves the al
ment observe

agree

0.8 1
o(W'+E)/a(W+c)

ction slightly

ready good
d at NLO
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-005/index.html

W + ¢ measurements at ATLAS Phys. Rev. D 108(2023) 032012 ?ATLAS

EXPERIMENT

* Comments: 1) differential cross sections in p;° are not sensible to PDF variations; 2) slight discrepancy at high
|ne |, fairly covered by PDF uncertainties
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Z + b,c at ATLAS : differential cross sections

dofdm, , [pb/GeV]

Additional differential distributions for Z + >
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Z + b measurements at CMS

CMS
Phys. Rev. D 105 (2022) 092014 |

e Ratioo(Z+=2b)/o(Z+=1b)well predicted by all generators, and increasing in p;°¥¢t due to kinematics
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p;™ss + jets at ATLAS : unfolding details

* Binningis optimized such that:
» at least 20 events in each bin

» at least purity > 60 % in each bin

e Acceptable values for efficiency,
fiducial fraction, stability, migration
matrix

* Hidden variables systematic
uncertainties, signal injection tests

Matching Efficiency

Purity
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Submitted to JHEP ?ATLAS

EXPERIMENT
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Jet energy scale measurements at ATLAS Submitted to EPIC @XI!T&L}NST
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