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Transverse energy-energy correlations and as extraction

ATLAS-CONF-2020-025

O Event shape observables can be used to precisely test pQCD calculations and to

extract the value of as

© Transverse energy-energy correlations (TEEC) and their associated azimuthal
asymmetries (ATEEC) used for hadron collider experiments
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-025/

Transverse energy-energy correlations and as extraction
ATLAS-CONF-2020-025

O Data binned in ten intervals of Hy, (scalar pr sum of the two leading jets) to
study the scale dependence of the TEEC and ATEEC observables

© o, determined from fits to the TEEC and ATEEC functions
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Measurement of diphoton production cross section

ATLAS-CONF-2020-024

© The main challenge and source of uncertainty in the experimental side is the

estimation of the background from non-prompt photons in jet events

I

O The measured integrated cross section compatible with the NNLO predictions

Direct photons

Single and double fragmentation photons
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Non-prompt photons
oo -O=g,
sy

Comparisons to the MC predictions:

O Sherpa [SciPost Phys. 7 (2019) 034]

Comparisons to the fixed-order predictions:
O Fixed-order NNLO with NNLOJET

[PoS RADCOR2017 (2018) 074]

O Fixed-order NLO with Diphox
[Eur. Phys. J. C16 (2000) 311]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-024/
https://doi.org/10.21468/SciPostPhys.7.3.034
https://doi.org/10.22323/1.290.0074
https://doi.org/10.1007/s100520050024

Measurement of diphoton production cross section
ATLAS-CONF-2020-024

© Agreement between measured differential cross sections and the most accurate
predictions is generally good where expected
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Measurement of diphoton production cross section
ATLAS-CONF-2020-024

© Agreement between measured differential cross sections and the most accurate
predictions is generally good where expected
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Collinear Z boson emission
CMS-PAS-SMP-19-010

Z boson angular distributions in events where the Z is emitted collinear to a high-pr jet

pr(leading jet) > 300 GeV pr(leading jet) > 500 GeV
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https://cds.cern.ch/record/2718824

BR(W— 7v)/BR(W— uv)in e-u ttevents
arXiv:2007.14040 [hep-ex]

o Testing Lepton-Flavour Universality (LFU) £ was  epam
O Probing universality of W coupling to % E;;SRLZYO: o Ef 'fmlf"(;;;””
charged leptons: 5 2;2£_§ﬁ<p:<250 Gev E; (hairon decay)
R(T/[.L) = BR(W — TVT)/BR(W — [J,V#) . @ Other SM processes
_ 77 Uncertainty
O Using dileptonic tt events as a sample of
probe W bosons, tag(e, it)-and-probe(u)
O In agreement with SM expectation:
R(t/p) = 0.992 + 0.013 R SN
= 095
© Flavour anomalies observed at LHCb: § 0% 505 01 015 02 025 03 035 04 045 05
[JHEP 08 (2017) 055] Il fmm]
[PRL 122 (2019) 191801] ATLAS e Lep hys e 522119)
O Long-standing 2.7 deviation from LEP V5= 13TeV, 139 16" ATLASs}Q::'an?\ﬂ‘ncenain;y
[Phys. Rept. 532 119]: bt
] R(t/p) = 1.070 = 0.026 \ ——
O Factor two in precision compared to LEP, "

best precision achieved up to now .98 702104 108 108 Td
R(t/u)=B(W—1tv)/B(W—-uv)
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https://arxiv.org/abs/2007.14040
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1103/PhysRevLett.122.191801

Search for W— ny in ttevents
CMS-PAS-SMP-20-008

O First LHC search of the rare exclusive hadronic decay W — &y: isolated photon
plus isolated track compatible with a pion (dedicated variable developed)

O Select tt events with W — ¢v (¢ = u, e), signal discrimination with a Boosted
Decision Tree (BDT)

© Upper limits extracted from a fit to the my, distribution:
B(W — my) < 1.51 x 1075 (theoretical calculations in the range 10~° — 107°)

Pion isolation variable BDT score in electron channel Fitted my, distribution
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-008/index.html

Observation of photon-induced WW production
ATLAS-CONF-2020-038

O Test of the electroweak (EW) sector of the Standard Model
o Direct access to triple YWW and quartic yyWW interactions, O(a,)

R wt oy w+
w
w7 w-

© Protons radiate ISR photons and stay intact or dissociate

24% 73% 2%

© Run 1 evidence of this process has turned into observation in Run 2:
ATLAS [Phys. Rev. D 94 (2016) 032011] and CMS [JHEP 08 (2016) 119]
A. Ruiz (IFIC Valencia) ICPPA-2020, 5 October 2020 11


https://cds.cern.ch/record/2727859
https://doi.org/10.1103/PhysRevD.94.032011
https://doi.org/10.1007/JHEP08(2016)119

Observation of photon-induced WW production
ATLAS-CONF-2020-038

Ayy— WTW~ — utv,e ve candidate event recorded in pp collisions in 2018

Run: 357620
TL S Event: 653219636
3

XPERIMENT 2018-08-06 01:08:33 CEST
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Observation of photon-induced WW production

ATLAS-CONF-2020-038
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https://cds.cern.ch/record/2727859

Observation of photon-induced dilepton production

arXiv:2009.14537 [hep-ex]

0 2017 dataset with the ATLAS Forward Proton (AFP) detector inserted, 14.6 fb~!
O Observation with significances of 9.7¢ (130) for ee (uu)

O The first cross section measurement using proton tagging at the LHC

Fractional proton energy loss

of the scattered proton:

‘:AFP =1- Escatlered/Ebeam
Fractional proton energy loss

from lepton kinematics:

& = (mu//s)etve
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https://arxiv.org/abs/2009.14537

Electroweak Zjj differential cross sections
arXiv:2006.15458 [hep-ex]

O Sensitive to the Vector Boson Fusion (VBF) production mechanism

O Measured data are sufficiently precise to distinguish between different
state-of-the-art theoretical predictions calculated using POWHEG+PYTHIAS,
HERWIG7+VBFNLO and SHERPA 2.2

q q q z
EW Zjj z q
! (a) o () !
q z q g
Strong Zjj q z
q (c) q g (d) q
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https://arxiv.org/abs/2006.15458

Electroweak Zjj differential cross sections
arXiv:2006.15458 [hep-ex]

Dressed muons | pp. > 25GeV and |n| < 2.4
Dressed electrons | pp. > 25 GeV and || < 2.37 (excluding 1.37 < || < 1.52)
Jets | pp >25GeV and |y| < 4.4
'VBF topology | N¢ = 2 (same flavour, opposite charge), m¢, € (81,101) GeV
ARnmin(€1, ) > 0.4, ARnin(£2,j) > 0.4
N 22, pl! > 85Gev, pl? > 80 Gev
prec > 20 GeV, p.ll’.a‘ <0.15
mjj > 1000 GeV, |Ay;;| >2, £z <1
CRa | VBF topology & Nﬁf >land &7 <0.5
CRb | VBF topology @ Nii? > 1 and &7 > 0.5

CRc | VBF topology ® N5 = 0 and é7 > 0.5 = &z =|yu— 0-5(}’1'1 +)’;2)‘/|Ay,u‘
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SR | VBF topology & N&" = 0 and &7 < 0.5
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https://arxiv.org/abs/2006.15458

Electroweak Zjj differential cross sections
arXiv:2006.15458 [hep-ex]

Differential cross sections as a function of four observables: mj;, |Ay;;|,

Inclusive Zjj production
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https://arxiv.org/abs/2006.15458

Electroweak WZjj and W* W+jj production
Phys. Lett. B 809 (2020) 135710

O Vector Boson Scattering (VBS) contributing to the EW-induced production:

© QCD-induced production:

O Observation of electroweak production of WZ at 6.8c (5.30 exp) significance
© Differential cross sections measured as a function of several observables
O Constrain anomalous Quartic Gauge Couplings (aQGCs) in the EFT framework
A. Ruiz (IFIC Valencia) ICPPA-2020, 5 October 2020 18


https://doi.org/10.1016/j.physletb.2020.135710

Electroweak WZjj and W* W+jj production
Phys. Lett. B 809 (2020) 135710
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Polarization in electroweak W* W<jj production
arXiv:2009.09429 [hep-ex]

O Deviations in VBS production of longitudinally polarized gauge bosons predicted
in many BSM models

© First measurements of production cross sections for polarized W+ W=

© Two different BDTs used to separate either the W=W;* and W;{ W5 processes
or the Wi Wi and Wi W3 processes

o EW W=* W= production with at least one longitudinally polarized W boson
measured at 2.3c (3.10 exp) significance
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https://arxiv.org/abs/2009.09429

Evidence/Observation of electroweak ZZjj production
ATLAS: arXiv:2004.10612 [hep-ex], CMS: arXiv:2008.07013 [hep-ex]

Typical diagrams for the production of ZZjj: EW VBS diagrams

Typical diagrams for the production of ZZjj: QCD diagrams

q 9 g q 9 q 9
z z z
Z z z

q g q g g q g S
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https://arxiv.org/abs/2004.10612
https://arxiv.org/abs/2008.07013

Evidence/Observation of electroweak ZZjj production
ATLAS: arXiv:2004.10612 [hep-ex], CMS: arXiv:2008.07013 [hep-ex]

O ZZjj analysis performed exploiting leptonic decays:
O ATLAS: ¢¢¢¢jj and £¢vvjj channels
o CMS: ¢¢e¢jj channel
© All VVjj channels have been observed now
O ATLAS observation: 5.5¢ (4.35), CMS evidence: 4.00 (3.50)

ATLAS ceeejj ATLAS 2evvjj CMS ¢eeejj
Multivariate discriminant Multivariate discriminant Matrix element discriminant
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https://arxiv.org/abs/2004.10612
https://arxiv.org/abs/2008.07013

Observation of electroweak Wyjj production
arXiv:2008.10521 [hep-ex]

O VBS processes comprise an independent and complementary method to study
EW symmetry breaking

VBS EW contribution EW contribution QCD production
triple gauge couplings quartic gauge couplings

35.9 fb™ (13 TeV)
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O Observed (expected) significance is 4.90 (4.60)

O Observed (expected) significance is 5.30 (4.80)
after combining with 8 TeV data
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https://arxiv.org/abs/2008.10521

Evidence of electroweak Zyjj production
JHEP 06 (2020) 076

o Zyjj measurement with 36 fb~1: 3.96 (5.2 exp) significance (4.7c obtained if
combined with 8 TeV data)

© Signal extracted from a m;; and Anj; two-dimensional fit
O Fiducial cross-section in agreement with the SM

O Constraints on aQGCs

35.9 o (13 TeV) 3597 (13 Tev) 35.9 b (13 TeV)
£ T T T T T < T T T £ [ T T T !
a a = r ]
2 ¢ Daa Nonprompt 250 Nonprompt 7 CMS $ bata Nonprompt
2 statOsyst. w P 2102 -
= Ewzy 153 3 E VBS Zy Other bkgd. E|

o E E
< B ooy Other 240 k!
w : w 10 . QCDZy T Fyy=-0.50e-12
: 30 : 3
an,0[25, 4 L0056 ian>6 ,0@s.6] ian>6 3
20

i
1)

L L 0 L fr— L L
050,608 342:2,750,4%81 ;122275 ;122 0540,408 5125200505083 5122051 ;422 0 400 600 800 1000 1200 1400
m [Tev] m, [Tev] my, [Gev]

o [T
SE

A. Ruiz (IFIC Valencia) ICPPA-2020, 5 October 2020


https://doi.org/10.1007/JHEP06(2020)076

Observation of the production of three massive gauge bosons

arXiv:2006.11191 [hep-ex]

X . . . CMS 137 fb™ (13 TeV
O First observation of the combined production of ‘ < ot ¢ )
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Backgrounds in 4/5/6 leptons
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https://arxiv.org/abs/2006.11191

Inclusive four-lepton differential cross sections
ATLAS-CONF-2020-042

O The 4/ final state has contributions from interesting Standard Model processes:
single Z boson production, Higgs boson production and on-shell ZZ production
Sensitive to New Physics / BSM contributions: modifications to the couplings of
the Higgs or gauge boson, possible four-fermion interactions, models with
leptonic decays of Z bosons or new particles
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https://cds.cern.ch/record/2728051

Conclusions

© Many new results with the latest and greatest Run 2 dataset by ATLAS and CMS,
legacy Run 2 measurements being finalized

O Comprehensive tests of the Standard Model over 15 orders of magnitude in
cross section and going more differential, results compared to theory predictions
from state-of-the-art MC and fixed-order calculations.

O LFU test in agreement with SM with the best precision achieved up to now
O First LHC search of the rare exclusive hadronic decay W — &y

o First measurements of production cross sections for polarized W* W=

O Evidence/Observation of rare processes:

o Observation of photon-induced processes: yy — WW and yy — ¢

o Observation of electroweak production of Wryjj, WZjj and ZZjj

o Evidence of electroweak production of Zyjj

o Observation of production of VVV (with V = W, Z)

© More information:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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