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Since the last USLUA Meeting…
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Run II by the numbers
• Proton-proton @ 13 TeV:


• 156 fb-1 delivered, 147 fb-1
 recorded (94%), 

139 fb-1 good for physics (95%)

• Luminosity uncertainty: 1.7%
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• Other datasets:

• 1.80 (1.76) nb-1 delivered (collected) of Pb-Pb  

in 2018

• Pb-p and Pb-Pb datasets in 2016 and 2015

• High β* and other dedicated runs for soft 

QCD measurements

• Rich datasets going into Long Shutdown!

http://cdsweb.cern.ch/record/2677054


The nitty gritty work
• Full Run II results deserve the best calibrations and smallest uncertainties…


• Sub-percent electron & photon energy uncertainties, <~10% efficiency uncertainty 
over wide η, pT range [ ].


• Few % uncertainty on b-tagging efficiency [� ].

• Jet energy scale uncertainty of a few percent

• Muon reconstruction efficiency known to few per-mille


arXiv:1908.00005

arXiv: 1907.05120
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arXiv:1908.00005
arXiv: 1907.05120

https://arxiv.org/abs/1908.00005
https://arxiv.org/abs/1907.05120
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Preliminary 
Results 

&  
Publications

Image credit

https://inventionland.com/wp-content/uploads/2018/04/theater-stage.jpg


Higgs Headliner
• Major effort to assemble unified picture 

of Run II Higgs measurements with up 
to 80 fb-1 of data [ ]arXiv:1909.02845
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arXiv:1909.02845

https://arxiv.org/abs/1909.02845


Full Run II Higgs Measurements
• Full dataset used in γγ,ZZ channels for differential measurements, good 

agreement with state-of-the-art QCD calculations within uncertainties
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�(pp ! H) = 56.7
+6.4
�6.2(��), 54.4

+5.6
�5.4(4l), 55.4

+4.3
�4.2(comb.) pb

�(pp ! H) = 55.6± 2.5 pb (NLO�N3LO QCD,NLO EW)
<latexit sha1_base64="69qIJto4tEGNcR0cCMsaZxqwGcE="></latexit>

ATLAS-CONF-2019-032

http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf


Lepton Flavor Violating Higgs Decays
• Full Run-II searches for H→eμ [ � ]


• Br( H→eμ) < 6.1x10-5 ; 

• (Also limits on Br( H→ee) < 3.4x10-4)


• New tau results with 36 fb-1:

• Br( H→eτ, H→μτ) < 4.7 x10-3

 , 2.8 x10-3  [ ] 

arXiv:1909.10235

arXiv:1907.06131
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arXiv:1909.10235

https://arxiv.org/abs/1909.10235
https://arxiv.org/abs/1909.10235


Di-Higgs Searches

• Di-Higgs searches provide powerful 
constraints on BSM physics 

• Initial Run II searches combined to put 

6.9xSM limit on non-resonant HH 
production [� ]


• bbWW channel updated to full Run II 
dataset

• Upper limit of 1.2+0.4-0.3 pb (40xSM) for this 

single channel [� ]

arXiv:1906.02025

arXiv:1908.06765
�9

arXiv:1906.02025

arXiv:1908.06765

https://arxiv.org/abs/1906.02025
https://arxiv.org/abs/1908.06765


Investigating the Aleph mμμ fluctuation
• Aleph data found 5(2.6)σ local(global) sig. for a 30 GeV 

mμμ resonance in events with b-jets

• CMS analysis shows 1.4σ deficit to 4.2σ local excess @ 

28 GeV  
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• ATLAS analyzed full Run II data and finds no excess 
[� ]ATLAS-CONF-2019-036

ATLAS-CONF-2019-036

http://cdsweb.cern.ch/record/2684853/files/ATLAS-CONF-2019-036.pdf


Many more Higgs results! 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults


Electroweak Sector: Vector Boson Scattering  in ZZjj

• Observed ZZjj EWK production! 

• σ(obs) = 0.82±0.21 fb

• σ(pred) = 0.61±0.03 fb


• All VVjj channels have > 5σ 
significance (V = W,Z)

• 13 TeV Z𝜸jj result and full Run II 

differential  Z𝜸 also available [ATLAS-

CONF-2019-034, ATLAS-CONF-2019-039]

�12ATLAS-CONF-2019-033

http://cdsweb.cern.ch/record/2682845/files/ATLAS-CONF-2019-033.pdf


Measurements Sensitive to pQCD
• Measurement of inclusive photon production up to EγT ~1 TeV with < 10% 

experimental & theoretical uncertainties [ � ]

• Excellent NLO & NNLO agreement with data; NNLO uncertainties 

comparable to data uncertainties

arXiv:1908.02746
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|ηγ|<0.6 0.6<|ηγ|<1.37

1.56<|ηγ|<1.81 1.81<|ηγ|<2.37

arXiv:1908.02746

https://arxiv.org/abs/1908.02746


Multiscale Dynamics: Lund Plane
• New proposal to represent 

internal structure of jets*: 

• Lund Plane: ln(1/z) vs ln(1/θ) 


• Recluster jet using Cambridge/
Aachen alg, plot history


• Utilize tracks associated to anti-
kT (R = 0.4) jets, recluster with 
C/A, plot history


• Powerful test of MCs against 
shower and hadronization 
history

• Can distinguish perturbative and 

non-perturbative effects in same 
measurement


• Can be used in ML-based jet 
discriminants 

�14* J. High Energ. Phys. (2018) 2018

ATLAS-CONF-2019-035

https://arxiv.org/abs/1807.04758
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-035/


Many more Standard Model results! 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults


Precision Top Physics
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arXiv:1908.07305

• Lepton + jets 13 TeV dataset used to measure 
precise top quark differential distributions in wide 
phase space (including boosted!)[� ]


• eμ dilepton 13 TeV dataset used to measure σtt to 
2.4%!

• Also used to extract pole mass, differential distributions 

[� ]

arXiv:1908.07305

ATLAS-CONF-2019-041

 

https://arxiv.org/abs/1908.07305
http://cdsweb.cern.ch/record/2686255/files/ATLAS-CONF-2019-041.pdf


• Used very pure dilepton sample to directly measure 
top width                    , in agreement with 1.322 GeV 
SM prediction 

• Sensitive to BSM contributions, relatively model 

independent                    

Full Run II Top Results
• Measured charge asymmetry, defined as


• Good agreement with NNLO pred, puts tight 
limits on dim 6 BSM operators [� ]                                     ATLAS-CONF-2019-026
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ATLAS-CONF-2019-038

http://cdsweb.cern.ch/record/2682109/files/ATLAS-CONF-2019-026.pdf
http://cdsweb.cern.ch/record/2684952/files/ATLAS-CONF-2019-038.pdf
http://cdsweb.cern.ch/record/2684952/files/ATLAS-CONF-2019-038.pdf


Many more Top results! 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults


SUSY
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SUSY Strong Production
• Comprehensive search for all hadronic final states of 

squarks & gluinos in R-parity conserving simplified 
scenarios 

• Cut-based and BDT approaches combined for 

maximum sensitivity 

• Model independent results also presented
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SUSY EWK Production
• If squarks and gluinos are very heavy then may only have access to charginos and 

neutralinos

• Low cross-section final states dominated by leptons + MET, sometimes “extras” like Higgs 
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arXiv:1909.09226

https://arxiv.org/abs/1909.09226


Many more SUSY results! 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults


Exotics Summary
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Dark Matter Searches
• Simple assumptions on leptophilic and leptophobic dark matter scenarios 

narrowing parameter space for DM at LHC

• Axial-vector mediators exclude to 2.6(3.6) TeV for leptophobic(philic) DM

• Vector mediators exclude to 2.6 TeV for leptophobic DM
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Dark Sectors: Displaced Lepton Jets
• If there exists a complex dark sector it could couple to the 

higgs and mix with the SM through a dark photon

• Search for displaced lepton jets from dark photon decays

• Set limits based on dark photon cτ, mass and mixing parameter 

to the SM [� ]arXiv:1909.01246
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arXiv:1909.01246

https://arxiv.org/abs/1909.01246
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Many more Exotics results! 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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LS2 Work
• Large program of consolidation: fixing leaks, replacing 

old parts, etc.

• E.g., TRT gas change due to leakage, replacement of pixel 

opto-boards, cooling connections replaced for calorimeters, 
muon gas leak repairs


• Significant maintenance to technical networks and general 
infrastructure


• Phase II Upgrades demonstrator & prep work:

• Tile calorimeter electronics demonstrator installed 

• MDT replacement options studied 
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Phase I Upgrades
• Liquid Argon Calorimeter Electronics improved to 

provide higher granularity information to trigger 
system


• Level 1 Calorimeter trigger completely redesigned 
to exploit LAr granularity and new muon electronics


• TDAQ Readout System completely redesigned: 
FELIX


• Planned installation of New Small Wheel: 
completely new muon inner endcap 
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Conclusions 
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Thank you!

Highest mass central dijet event (8 TeV) 
found in resonance search
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Back-up



Jet Energy Scale: ATLAS 
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JETM-2018-006
ATLAS-CONF-2017-063

 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2018-006/
http://arxiv.org/abs/1310.8197


STXS Cross-Sections
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arXiv:1909.02845

arXiv:1909.02845

https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/1909.02845


Multiscale Dynamics: Gluon splitting
• Select sample rich in g➛bb by large radius 

jet with 2 small radius sub-jets, at least 1 
b-tag

• Probe quantities related to b-b system


• Data shows significant deviation from models 
in angle related to gluon polarization (largely 
unconstrained from prior data)
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Phys. Rev. D 99 (2019) 052004

Large R

Small R

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052004


Multiscale Dynamics: Jet Constituent Characteristics
• By exploiting the fact that forward jets tend to 

be quark dominated, can extract in situ quark 
& gluon distributions

• Utilize ML technique, topic modeling, to extract 

distributions without dependence on MC models


• Paper has detailed comparisons of jet 
fragmentation quantities in forward and central 
regions, compares q/g distributions extracted 
with MC fractions to N3LO predictions 
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arXiv:1906.09254 

Phys. Rev. Lett. 120, 241602 (2018)

Data topic 2 (gluon-like) matches 

topic 2 extracted from MC, but 

not parton matched MC due to 

some quark contamination 

https://arxiv.org/abs/1802.00008
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/


Q/G Jet Extraction
• Topics  converge to quark/gluon 

definitions  in the case that  there 
are some bins in the dataset 
which are  purely quark or purely  
gluon

• Basically true for quarks,  not 

quite true for  gluons, but 
converges  at high pT


• Only true for Nch

• Extraction relying on MC 

fractions shows good agreement 
with N3LO at low pT, diverges at 
high pT 

• Used for Nch & fragmentation  

variables
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arXiv:1906.09254 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/


Top Charge Asymmetry 
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ATLAS-CONF-2019-026

http://cdsweb.cern.ch/record/2682109/files/ATLAS-CONF-2019-026.pdf


Multi-scale: Jet production

• ATLAS selects hadronic top, W and dijet events and compares jet 
substructure variables for data and standard generators
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C2 ref

Dijet  
Selection

Top 
Selection

W 
Selection

arXiv:1903.02942

https://arxiv.org/abs/1903.02942

