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Introduction. Evolution of measurements at the LHC

Plot from CMS. Note ATLAS has also extensively explored the EW sector during Run 2!
® Alot of aspects in electroweak (EW) physics m- - -
covered during Run 2. I
o ~140 fb" of data recorded by both
ATLAS and CMS.
e July 2022: the new Run 3 of the LHC started.
o Atanew center of mass energy of 13.6
TeV! |
e LHC collaborations are targeting (once again!)
the largest ever recorded dataset in High
Energy Physics.

CMS preliminary 3ub7i-138 157} (276,5.02,7.8.13,13.6 TeV)
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e The largest dataset comes with great responsibility...
o Lessons from Run 2.
o Expected. Stat unc reduced by factor ~v2.
o Improved analysis techniques (better systematic).
o Improved detectors.
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It is crucial for the LHC physics
programme to continue producing
scientific results
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Introduction. Evolution of measurements at the LHC

Plot from CMS. Note ATLAS has also extensively explored the EW sector during Run 2!

€MS preliminary.

3ub7i-138 157} (276,5.02,7.8.13,13.6 TeV)

Lot of aspects in electroweak (EW) physics - -
covered during Run 2. I

o ~140 fb" of data recorded by both
ATLAS and CMS.
July 2022: the new Run 3 of the LHC started.
o  Atanew center of mass energy of 13.6

TeV! !
LHC collaborations are targeting (once again!)

the largest ever recorded dataset in High
Energy Physics.

SR

The largest dataset comes with great responsibility...
o Lessons from Run 2.
o Expected. Stat unc reduced by factor ~v2.
o Improved analysis techniques (better systematic).
O

Improved detectors.

It is crucial for the LHC physics
programme to continue producing
scientific results

In my talk: focus on EW sector measurements
by ATLAS and CMS with Run 3 data.
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Single vector boson production measurements
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Single-Z and W boson production is key
for proper lepton calibration.
Z boson production:
o Measured by both CMS (smP-22-017)
and ATLAS (PLB. 854 (2024) 138725).
W boson production:
o0 Measured by ATLAS (PLB. 854 (2024)
138725), and recently by CMS (arxiv:
2503.09742 — superseeds smp-22-017).
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html
https://www.sciencedirect.com/science/article/pii/S0370269324002831
https://www.sciencedirect.com/science/article/pii/S0370269324002831
https://www.sciencedirect.com/science/article/pii/S0370269324002831
https://arxiv.org/abs/2503.09742
https://arxiv.org/abs/2503.09742
https://arxiv.org/abs/2503.09742
https://www.sciencedirect.com/science/article/pii/S0370269324002831
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Good agreement with SM with competitive final uncertainty

Carlos Vico Villalba (University of Oviedo — ICTEA) I 59th Rencontres de Moriond on "Electroweak Interactions & Unified Theories"



arXiv: 2503.09742 PLB. 854 (2024) 138725
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Diboson production




Diboson production measurements

. . v Z/yx 9 o W+
e Diboson production processes are very
. . W=
_ 9200000/ w-

interesting because of many reasons
e From a theoretical point of view:

o Relevant backgrounds in Higgs . g ?
measurements. i

o Sensitive to triple gauge couplings. 3 T

o Boson polarization effects o ™

o Sensitive to proton PDFs
e From a experimental point of view
o Relatively large cross section
o Very clean final states.
o Already accessible with Run 3 data.




Diboson measurements at 13.6 TeV

Run 3 provides
standard model with CMS ;

new victory energy
frontier ~



https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier
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https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier

e Inclusive and differential cross sections are reported
o Extracted from a maximum likelihood fit to the observed yields
as a function of the number of jets to the signal region +

multiple CRs.
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0-jet fraction 0.648 +0.015(0.012,0.009) 0.640 +0.016(0.013,0.009)
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Diboson measurements at 13.6 TeV
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ZZ cross section measurements - PLB. 855 (2024) 138764

ATLAS

EXPERIMENT

e Rarest diboson production mechanism — target topology is ZZ— 4¢.
o The measurements are reported in a fiducial volume that mimics the requirements of the
signal region.
o The measurement is also extrapolated to a less theoretically constrained total volume.
e The ZZ cross section is extracted through a cut & count procedure.
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ZZ cross section measurements - PLB. 855 (2024) 138764

ATLAS

EXPERIMENT

e In addition to the inclusive cross section measurements, differential unfolding of observables is
performed using background subtraction techniques.
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Diboson measurements at 13.6 TeV
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WZ cross section measurements - Arxiv. 2412.02477 Accepted by JHEP

e Inits multileptonic final state, this process has:
o Very clean final state
o Reasonably high statistics and purity
e The analysis is performed in these final state topologies (WZ—30 + v).

Region Ny pr{ly, (5, tw(ls),(£)} Nosse |m((7,05) —mz| pF'™*  Nowg min(m(C,0") m(l7, €5,y ((3))

(GeV) (GeV) (GeV) (GeV) (GeV)

SR =3 >{25,15,25} >1 «15 350 =0 >4 >100
ZZCR >{25,15,25,15} >1 15 — =0 >4 >100
ttZCR =3 >{25,15,25} >1 <15 >35 | >0 >4 >100
XyCR =3 >{25,15,25} >1 — <3| = >4 <100

e One signal region (SR).
e The main backgrounds (ZZ, ttZ and conversions) are controlled with three additional control
regions (CRs).
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WZ cross section measurements - Arxiv. 2412.02477 Accepted by JHEP
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WZ cross section measurements - Arxiv. 2412.02477 Accepted by JHEP

=

® The WZ cross section is extracted from a maximum Measurements are reported in fiducial and total
likelihood fit to the number of observed events in regions per lepton flavour channel.
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WZ cross section measurements - Arxiv. 2412.02477 Accepted by JHEP

All results are compared to latest theoretical

predictions computed with MATRIX.

with SM!

Excellent agreement

Total region results

Fiducial region results for the inclusive channel

POWHEG, NLO QCD 271.9 199 (scale) + 3.8 (PDF)

+153
el MATRIX, NLO QCD 2771 _172_3 (scale)
MATRIX, NNLO QCD 304.0 77 (scale)
MATRIX, NNLO QCD x NLO EW 297.7 784 (scale)

Measured 297.6 £ 6.4 (stat) £ 6.4 (syst) &= 4.2 (lumi) = 1.5 (theo)

34.7 b7 (13.6 TeV)
CMS
MATRIX JHEP 2002 (2020) 087
~—— NNLO QCD x NLO EW et
— NLOQCD total stat
Oy (PP — WZ) £ (stat) £ (syst) £ (lumi) £ (theo)
|
eee |-1—.-—+—| 534+3.0+33+08+03pb
eep | H——H 548+26+23+08+03pb
ppe l—e—b 520+21+14+07+03pb
nup I He— 559+19+11+08+03pb
Inclusive I He-H 552+12+12+08+0.3pb
II|IIII]IIII|IIII|IIII|IIII
40 50 60 70 80 90

Ototal (PP — WZ) (pb)
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WWZ and ZH cross sections
at 13 and 13.6 TeV NEW
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o Opposite and same-flavour
e ABDTIis used to further distinguish — A s — o ot o o 2
WWZ, ZH and other backgrounds. Wizie ik Wl Ze 2
. CMS Preliminary 62 b (13.6 TeV)
o (8 bins for Run 2) x 2 channels £ ,]opposte Fiavor @+en) 507 Same Flaver z+1) T Control Regions 1590 |
. g | Signal Regions ESignaI Regions (b-tagged) 1 9
o (4 bins for Run 3) x 2 channels & 40 ]
e The post-fit yields are extracted - 1°°°%

from a maximum likelihood fit to
signal region and other control
regions.

500

Data and prediction
¢+ Data
7 Total Syst.

Signal

BWwWwz

WZH
Backgrounds
bzz mtiz

Ootwz mwz
OOther

1 2 3 4 1 2 3 4
WWZ-like ZH-like WWZ-like ZH-like

Run 3

n =1 22 =1 2
Z+eu Z+l
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N EW First evidence for a triboson production

Era Total WWZ A |

rocess at 13.6 TeV!
- Pro 3:6 Run2 29 (44) 13(3.1) 2.0 (26)
auien® WL and \ Run3 3.8]25) 25(1.3) 25(17)
cigst o of W Total 45(5.0) 24(3.3) 3.1(3.1)
e
I CMSramy  mow'(asnasTey  CMS peimnay
] 138 b (13 TeV) 62 b’ (13.6 TeV) 200 fb! (13+13.6 TeV)
g . . - &
- >: E:Ast fit 1 SM u stat sys
2 . F—e—i 0.52 +0.45 +0.12
E non-resonant WWZ l—-—i 1.90+1.01+0.10
P E o~ 0.87 +0.44 +0.11
g 4 1.01+0.56 + 0.11
; _ ZH(H —> WW) e 1.57 +£1.00 +0.21
b . - 1.20 £0.50 + 0.11
oo 3 »—H 0.75 +0.30 + 0.09
- 1 Inclusive i 1.74 £ 0.63 £ 0.19
T ] Y 1.03 £0.29 + 0.09
%05 1 15 2 25 3 — ' — : ;
Huonz i = ° Signal Strength: 1 = "o:s’ .

Carlos Vico Villalba (University of Oviedo — ICTEA) I 59th Rencontres de Moriond on "Electroweak Interactions & Unified Theories"


https://cds.cern.ch/record/2926222?ln=en

Conclusions (1)
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10 4 6 8 10 12 A
T pp—tf

& @ 14
pp i
" ﬁlr&ﬁé 5TeV, 257 pb”', JHEP 06 (2023) 138 \s [Tev] fos .
' 2 4 6 8 10 12 14
N 788 TeV, EPJC 74 (2014) 3109
NNLO 13 TeV, 140 fb!, JHEP 07 (2023) 141 Vs (TeV)
10* 13.6 TeV, 29 fb"!, PLB 848 (2024) 138376

Total production cross section [pb]

pp — ZIly* 8 pp— p?‘ 3‘;60 cMs T r -
- o Tov, 2D EPIGT? 0N 331 CMS preiiminary : : ‘ : 1
13TeV, 3.2 1", JHEP 1704 (2017) 086 . 4 4 S50l ¢ 5Tev (03021b), PRL 127 (2021) 191801
NNLO+NNLL ?&‘;‘?[e_\; gnc 76 (2016)6 G GZb (10T 2005 (13+13.6 TeV) ? ¥ 7TeV (491b), EPIC 77 (2017) 236
102 13 TeV, 139 o, JHE(P 05 )(2023) 028 i s bl 05_’ I 8TeV (19.61b™"), EPJC 77 (2017) 236
7 NLO+NNLL 13.6 TeV, 31.4 fb", EPJC 84 (2024) 78 sM mn stat  sys ~40F ® 13 TeV (137 b), JHEP 07 (2022) 032 1
PP __; tt M,/M g pp o> WW . = & 13.6TeV (34.7 fb™"), this result
pp q H LHC-XS (N°LO ggF ) 7TeV, 4.6, PRD 87, 112001 (2013) —e— 0.52 +0.45+£0.12 g
10" PP = - 8TeV, 20.3 ", JHEP 09 029 (2016) H =30 ]
ww = XE—NLO énev, 36.1 b, EPJC 79 (2019) 884 non-resonant WWZ H——— 1.90 £1.01£0.10
pp_— WW — o pp >
XO_': wz — i NNLO 7TeV, 4.6, EPJC 72 (2012) 2173 =i 0.87 £0.44 +0.11 CMS i
10° PR o3 8TeV. 203", PRD 83, 092004 (2016) e 1.01+0.56 + 0.11 20 it < ; ]
13TeV, 36.1 1", EPJC 79 (2019) 535 i >
N xd , . , R ES ZH(H - Ww) e 1,57 +£1.00 +0.21
7TeV, 46 1o, JHEP 03 (2013) 128 :
2 4 6 8 10 12 14 87TeV, 20.3 b, JHEP 01 (2017) 099 i e S 10 % NNLO QCD l\\lLO EW (MATRIX) ]
13Tev, 36.1 b, PRD 97 (2018) 032005 e 0.75 +0.30 +0.09 == PP x
Status: June 2024 Is [TeV] 13.6 TeV, 29 fo"!, PLB 855 (2024) 138764 . #55 pp NLO (MATRIX)
Inclusive i 1.74+0.63 £0.19 \ ! | !
i 150 4
o 103029000 | 29!2 i )
; . : ; : . gz10 ¥
i = G ET S osf . : : ]
ignal Strength: u=c__/ ogy 4 5 8 10 15 14

Carlos Vico Villal iversi viedo - ICTEA) I 59th Rencontres de Moriond on "Electroweak Interactions & Unified Theories"



Conclusions (II)

e The CMS and ATLAS collaborations are analyzing Run 3 data CMS j
o  Physics analyses ramping up 1

o “Only” using ~10% of the total expected Run 3 dataset <~
o Some “serious" competition with Run~2 analyses ATLAS -/

e Run 3 should be seen as a marathon race, not a sprint race.

© Run 2 + Run 3 data samples will be larger or comparable to Run 4!
o It will be our main dataset until ~2032.

e In this talk I’ve covered a handful of analyses developed by both CMS and ATLAS related to SM
physics.

o I’'ve missed many other interesting results from both collaborations that anyone can
checkout at the ATLAS and CMS webpages!

Stay tuned for more Run 3 Results!
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Z cross section measurement at 13.6 TeV (CMS) - SMP-22-017

e 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.

e Dataset used: first 5.04 fb™” collected by CMS during
2022 data taking.

e Target topology: Z—p'u”

Tqtal integrated luminosity (fbo™")

0
X
\P‘Q \\N&‘

60 |-

CMS = 2010,7TeV,450pb™
m— 2011,7 TeV, 6.1 fo'

1 m— 2012, 8 TeV, 23.3 fb™!
= 2015, 13 TeV, 4.3 fo™"
e 2016, 13 TeV, 41.6 fb™"
e 2017, 13 TeV, 49.8 fb™'
=— 2018, 13 TeV, 67.9 fb™!
— 2022, 13.6 TeV, 41.5 fb™
2023, 13.6 TeV, 31.9 fb’
m— 2024, 13.6 TeV, 6.6 fby

e < 50

A )\)Q A Q -\2‘ \6eQ ‘\00\ \$°\l \060
Date (UTC)
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Z cross section measurement at 13.6 TeV (CMS) - SMP-22-017

e Object selection: optimized for Z—pu*u".

o  Exactly two reconstructed muons passing
“tight” quality criteria [JINST 13 (2018)
Po6o15].

Opposite sign
p,>25GeV, |n|<2.4
m € [60,120] GeV

o lnchﬂsnve in jets and b tags.

e Corrections: particularly delicate in early
analyses.

o  Muon efficiency

o Scale and energy.

o Trigger prefiring.

o Pileup
e Strategy: maximum likelihood fit to the m,

distribution.

o O O

5.04 fb' (13.6 TeV)

cMs

¢ Data
Preliminary EZ—’ ww
EWK
([

Total syst. unc.

11

Data/Pred
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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
https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06015

Z cross section measurement at 13.6 TeV (CMS) - SMP-22-017

e Total cross sections times branching ratio (06 B) measured = (0.7635  0.0004(stat) & 0.0069 (syst) + 0.0176(lumi)) nb,
are presente d. (05aB) predicted = (0.7666 = 0.0065(PDF) *.00%1 (scale) ) nb,

© Measurement dominated by (010tB) measured = (2.010 = 0.001 (stat) & 0.018(syst) & 0.046(lumi) + 0.007(theo)) nb,

systematics. (G0t B)predictea = (2.018 £ 0.012(PDF) *3918 (scale)) nb,
e Wellin agreement with SM.

August 2023
'_§ T T T T T T T T T T T T I
= 2} CMS ]
Source Uncertainty (%) 1 meplmlaany;
Muon efficiencies 0.83 p
PDF, QCD scale and parton shower 0.53 >N+< il 1
Finite size of MC samples (bin-by-bin) 0.35 7091 . o(pp > Z+X)x BZ 1) (B0<m, <120GeV)
— & 08¢+ DYTurbo NNLO QCD + q, resummation (NNPDF 3.1)
tt background 0.16 T07} , JHEP 03 (2015) 022 i
. 0.298 + 0.015 nb (2.76 TeV)
EWK background 012 06| CMS-PAS-SMP-20-004 (Preliminary) .
: ®  0.669+0.014 nb (5.02 TeV)
Plleup 008 05} o JHEP10(2011) 132 .
. 0.974 +0.044 nb (7 TeV)
Muon momentum correction 0.08 04} , PRL112(2014) 191802 i
. i 1.15+0.04 nb (8 TeV)
Combined syst. uncertainty 0.92 , CMS-PAS-SMP-20-004 (Preliminary)
T " 03} 2.006 + 0.038 nb (13 TeV) 4
Lumln051ty 23 : « CMS-PAS-SMP-22-017 (Preliminary)
Stat b 0.06 1 | 2Ao1oI¢voso rlib (13A6':'eV) l | |
al. uncertain A
ty 2 3 4 5 6 7 8 9 10 11 12 13 14

Vs (TeV)
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Vector boson production

EXPERIMENT [ffF£

|
e Isolated or simultaneous production of Zand W : q I wt
bosons at the LHC is part of the core programme. I I
|
|
e From atheoretical point of view: : | .7
o  Constraining of PDFs. I |
o Anomalous triple gauge couplings. : q : W-

o Test perturbative effects of higher order
contributions in QCD.
o  Parton shower effects.

e From a experimental point of view.
o The LHCis aZand W bosons factory
-~ 10 nb.
o ldeal setup for calibration of many objects.
o  Accessible already with rather low
recorded luminosity.
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WW cross section measurements - PLB. 861 (2025) 139231

e Measurement of W-boson pair production cross sections is an important test of the standard
model.
o  First analysis using the full 2022 CMS dataset!
e The target topology is WW — e*™:
o  One signal region is defined to maximize signal purity.
o Several control regions are already defined to constraint effect of main backgrounds.
m TOP,ZZ — 77, non prompt, WZ and ZZ —4¢

Quantity wWwW One/two b tags |Z— 77 Same-sign Variable wzZ 77

Number of tight leptons Strictly 2 Number of tight leptons ~ Strictly 3 Strictly 4

Additional loose leptons Y Additional loose leptons 0

Lepton cherges Opposite Same Lepton py >25/10/20GeV  >25/20/10/10GeV (p, ordered)
Py Gl Imyp —my) <15GeV <15GeV (both pairs)

P1 R m >100 GeV -

my, >85GeV  >85GeV <85GeV  >85GeV 3¢

pit B o <30GeV  — My, — >150GeV

Number of b-tagged jets 0 1/2 0 0 T >30GeV =

N; 0/1/2/>3 Number of b-tagged jets 0
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WW cross section measurements - PLB. 861 (2025) 139231

e The inclusive WW cross section is extracted from a maximum likelihood fit to the observed yields as
a function of the number of jets.
e The fitis performed simultaneously to the signal region and all control regions.

3 % . .
x10 34.8 b (13.6 TeV | i | ) i
3 1
C T —TT L — T T r - x10 i 34.8 b (136TeV & ><11000 i 348" (13|6TeV_ & x10 i i i 34.8 fb (13|.STeV
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[%)] vy Top quark 2 2 4 2 =4
L - sl i
e 401~ ww SR H|ggs boson [ Drell-Yan w w I R
5 . - Wz ]
Lﬁ | Y74 o e i
\\\\\\ By -
s .. —— 5 L
20 . 21 : 2 1 -
g 7 AR \&\ \N\\ B s »\\\&\\\A\\\M\\\\\ g 1
15 ] 0.9 z 09 F 3
....... yeT— 0 - 0 0 ] 2 SN
= - N ) a3
i x10° 34.8 b (13.6 TeV, x10° 34.8 7 (13.6 TeV.
; ------ ra— S [cms  Flewomsl +ow E [eMS  EV e o
. ——— | e VW 2 Total unc. Higgs boson x\\TolaI unc.
— — > -(Vx ww % wz ]
= - - - - = T K
% E = £ [ ™ebuscr Hags boson = nf?u“x'r‘:.'. 1 £ W22z CRs = Nonprams
2 11 ) 1 ._% my L%J ]
sl . o * =
c 1F . . ¢ 3
o) E E ]
09F = 20 I
0 1 2 3
N.
] = =
% 11F E % 1.1F
5 TRNNRAY 5 1
. a E 8. oF
O, = 125.7+ 2.3 (stat) * 4.8 (syst) + 1.8 (lumi) pb oa
WW 7 2 EN -05 0
i Wz 2z
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WW cross section measurements - PLB. 861 (2025) 139231

o Compared to alternative predictions. 14

e In addition to the inclusive cross section, fiducial _ CMs 34.8 1" (136 TeV)
and inclusive and normalized cross sections are S s ‘ Y ]
tad > © [ %Fﬂ(})\\_/l_VHEG+PYTHIA i
reported. ® B = MINNLO+PYTHIA ’
= 06 .
Observable Expected Observed — .
Cross section (fb) 812 +34(31,15) 813 +35(32,15) 0.4 — ]
0-jet fraction 0.648 +0.015(0.012,0.009)  0.640 + 0.016 (0.013,0.009) L ]
1-jet fraction 0.256 +0.013(0.008,0.010)  0.243 +0.013 (0.009,0.010) w5 [ ¥ N
>2-jet fraction 0.096 +0.011 (0.008,0.008)  0.119 +0.011 (0.008,0.008) wl \ NN
Fiducial definition in backup | | | i
o 14 = \\\ Theoretical uncertainty —E
%l‘j 1.2 = ¢ Theoretical predlchon/measureme\r;g\ \W\W

. . 2B 1 R AR AR R R e
e Differential measurements also performed. A os . \} =

llllll[ [II|III TTT]

- N I:eorezlca: unc‘;rt‘amt;;I : +
° ° o o © eoretical prediction / measuremen AR
o First ever comparison with MiNNLO+PS gg | T Nimnosert chumeeinmmmsimecn NI
: 08 - ' N
generator in WW! CE ‘ , 3
. 14 F . el : -
e Good agreement is observed ;lg 1.2 E5 Theomstical preciotion” sessisremont 1 =
0.8 , .

0 1 =2
Number of jets
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A quick word onCMS & ATLAS inRun 3

e Both ATLAS and CMS have released several results (not covered in this talk) showing great

1+1 H — 1000 g+
performance — Really critical for proper Run 3 analysis! g 000G T e
CMS,/ | aﬂd = 900 ATLAS Online EXPERIMENT
x| e reSU\tS S 800- Vs=13.6TeV, 18310
Luminosity calibration | wal hes Z 700E 202G, = 4250
% " o E Bl 2023:(wy/p, =51/58
Sou'rce ] Correction (%) Uncertainty (%) C_hec' more P\S E 6005* 2024 (p)/u:::=58/63
T 34 02 S & & 2 DO TR -
Ghost and satellite charges 0.4 0.2 “Toms CMS ; = asston a7 [ 10 -\ C» g 400
Orbit drift 0.1 0.1 , \ i a S 300 ATLAS lumi
Residual beam positions 0.0 03 s° e 2 E g
Beam-beam effects 1.0 04 3 200 :
Length scale -1.0 0.1 ze 8 100 g
Factorization bias 1.0 0.8 H E 3
Scan-to-scan variation @ 0.5 3 Fuoema-one 14 00 10 20 30 40 50 60 70 80
Bunch-to-bunch variation - 0.1 8 e
Cross-detector consistency - 04 © 2 2 Mean Number of Interactions per Crossing
Integration L
HFET OOT pileup corrections 0.2 oS o S ® = 5 Muon Derformance EXPERTMENT
Cross-detector stability 0.5 Mean numberof meractons per crossing. § 1= - - 4 @ ST
Cross-detector linearity 0.5 o e e Lo S o, 40F ATLAS Preliminary
Calibration 12 § 0.9950 . < - T . e - 8 E  —&— Rel 22MT:54GB+ 0.3 GB/Thread
: 995 o i =
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WZ cross section measurements

— Arxiv. 2412.02477 Accepted by JHEP

All results are compared to latest theoretical
predictions computed with MATRIX.
Total region results
34.7 b1 (13.6 TeV)
CMS
MATRIX JHEP 2002 (2020) 087
~—— NNLO QCD x NLOEW —t—e——1
— NLOQCD total stat
Oy (PP = WZ) £ (stat) £ (syst) + (lumi) £ (theo)
|
eee |—'—0——|—| 534+30+33+08+03pb
|
eep |H——H 548+26+23+08+03pb
|
e M 529+21+14+07+03pb
|
m { He— 559+19+11+08+03pb
Inclusive I HHe-H 552+12+12+08+0.3pb L —
i M
| ent with S
| gxcellent agreem
[
IIIIII[IIIIIlIIIIIIII|IIII
40 50 60 70 80 90
Ototal (PP — WZ) (pb)

Fiducial region results
Category Accuracy

Fiducial cross section (fb)

POWHEG, NLO QCD
MATRIX, NLO QCD
MATRIX, NNLO QCD
MATRIX, NNLO QCD x NLO EW
Measured

POWHEG, NLO QCD
MATRIX, NLO QCD
MATRIX, NNLO QCD
MATRIX, NNLO QCD x NLO EW
Measured

eee

eep

POWHEG, NLO QCD
MATRIX, NLO QCD
MATRIX, NNLO QCD
MATRIX, NNLO QCD x NLO EW
Measured

upe

POWHEG, NLO QCD
MATRIX, NLO QCD
MATRIX, NNLO QCD
MATRIX, NNLO QCD x NLO EW

' Measured

HHp

POWHEG, NLO QCD
MATRIX, NLO QCD
MATRIX, NNLO QCD
MATRIX, NNLO QCD x NLO EW
Measured

Inclusive

68.0 727 (scale) + 1.0 (PDF)
69.9 137 (scale)
77.0 *18 (scale)
75.4 ﬂ:g (scale)
72.0 £ 4.0 (stat) & 4.5 (syst) & 1.0 (lumi) = 0.4 (theo)

68.0 723 (scale) + 1.0 (PDF)
68.7 135 (scale)
75.0 T18 (scale)
73.4 17 (scale)
73.9 + 3.5 (stat) = 3.1 (syst) & 1.1 (lumi) = 0.4 (theo)

68.0 733 (scale) + 1.0 (PDF)
68.7 138 (scale)
75.0 71 (scale)
73.4 17 (scale)
71.2 2.9 (stat) £ 2.0 (syst) £ 1.0 (lumi) = 0.4 (theo)

68.0 723 (scale) + 1.0 (PDF)
69.9 137 (scale)
77.0 718 (scale)
754717 (scale)
75.3 £ 2.5 (stat) = 1.5 (syst) & 1.1 (lumi) = 0.4 (theo)

271.9 139 (scale) + 3.8 (PDF)
2771153 (scale)
304.0 jz:}, (scale)
297.7 784 (scale)
297.6 + 6.4 (stat) £ 6.4 (syst) = 4.2 (lumi) = 1.5 (theo)
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