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ATLAS: What Is It

3

ATLAS is 44 x 25 x 25 m3 of high-speed,

ultra-precise, detector components


and electronics

TRIUMF, along with Canadian universities,

built large portions— including the calorimeter


system seen here!
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Run 2 dataset is being fully
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139 fb-1 of data: huge dataset

for measurement and discovery
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The New Small Wheel

6

The New Small Wheels are the highlight

of ATLAS’s LS2 upgrades:


Two enormous new muon detectors

being inserted in the detector now


(Huge TRIUMF contributions!)

Dozens of new results this summer: some

highlights today!

Tremendous progress on hardware 
upgrades: new inner tracker system, 


calorimeter read-out,

and more in preparation for 2025

~10 m in diameter!

source 

New and improved reconstruction 
and trigger algorithms, especially with 

Machine Learning

https://atlas.cern/updates/news/summary-eps-2021
https://atlas.cern/updates/news/NSW-final-slice
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ATLAS-CONF-2021-014 We only discovered the Higgs

a few years ago, but we are moving

into the precision measurement era

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
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Neural networks are increasing our

sensitivity to levels never before seen!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/


M. Swiatlowski (TRIUMF) August 17, 2021

Higgs Boson Measurements

7

1−10

1

10

210

310

410

510

610

Ev
en

ts
 / 

bi
n

Data Uncertainty

VBFH ggFH

HOther Wt/tt

WW *γ/Z

Mis-Id VVOther 

 -1 = 13 TeV, 139 fbs
νµνe →* WW → H
 2 SR≥jetNVBF-enriched 

ATLAS     Preliminary

[0, 0.25] [0.25, 0.59] [0.59, 0.73] [0.73, 0.83] [0.83, 0.89] [0.89, 0.93] [0.93, 1]
0.6

0.8

1

1.2

1.4

D
at

a 
/ P

re
d.

[0, 0.25]
[0.25, 0.59]

[0.59, 0.73]
[0.73, 0.83]

[0.83, 0.89]
[0.89, 0.93]

[0.93, 1]
0

1

2

3

4

 B
kg

.) 
/ B

kg
.

−
(T

ot
. 

DNN output

ATLAS-CONF-2021-014 

1− 0 1 2 3 4 5 6 7 8

SMσ / σ

 0.41−
 0.47+1.13    ,  0.38−

 0.43+                                 0.15−
 0.18+                                                 (                      )          0.09± 200 GeV≥ H

T
p 350 GeV, ≥ jjm, j-2qqHEW 

 0.34−
 0.37+0.96    ,  0.31−

 0.34+                                 0.13−
 0.14+                                                 (                      )          0.08± < 200 GeVH

T
p 1500 GeV, ≥ jjm, j-2qqHEW 

 0.47−
 0.51+1.07    ,  0.41−

 0.45+                                 0.23−
 0.25+                                                 (                      )          0.10± < 200 GeVH

T
p < 1500 GeV, jjm ≤, 1000 j-2qqHEW 

 0.53−
 0.59+0.50    ,  0.44−

 0.49+                                 0.30−
 0.32+                                                 (                      )          0.11± < 200 GeVH

T
p < 1000 GeV, jjm ≤, 700 j-2qqHEW 

 0.56−
 0.55+0.20   −  ,  0.35−

 0.40+                                 0.43−
 0.38+                                                 (                      )          0.13± < 200 GeVH

T
p < 700 GeV, jjm ≤, 350 j-2qqHEW 

 0.78−
 0.81+2.17    ,  0.63−

 0.65+                                 0.46−
 0.49+                                                 (                      )          0.28± 200 GeV≥ H

T
p, ggH

 0.79−
 0.79+1.53    ,  0.41−

 0.41+                                 0.67−
 0.67+                                                 (                      )          0.21± < 200 GeVH

T
p, j-2ggH

 0.78−
 0.81+1.46    ,  0.62−

 0.64+                                 0.47−
 0.49+                                                 (                      )          0.21± < 200 GeVH

T
p ≤, 120 j-1ggH

 0.52−
 0.53+0.73    ,  0.32−

 0.32+                                 0.41−
 0.42+                                                 (                      )          0.16± < 120 GeVH

T
p ≤, 60 j-1ggH

 0.60−
 0.59+0.85    ,  0.30−

 0.30+                                 0.52−
 0.50+                                                 (                      )          0.14± < 60 GeVH

T
p, j-1ggH

 0.15−
 0.16+1.20    ,  0.08−

 0.08+                                 0.13−
 0.14+                                                 (                      )          0.06± < 200 GeVH

T
p, j-0ggH

Total ( Stat.  Syst. ) SM Unc.

Total
Statistical Unc.
Systematic Unc.
SM Prediction

ATLAS   Preliminary
 1− = 13 TeV, 139 fbs

νµνe →* WW → H
-value = 52%p

We only discovered the Higgs

a few years ago, but we are moving

into the precision measurement era

Neural networks are increasing our

sensitivity to levels never before seen!

Huge datasets enable hugely 

differential measurements

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
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First limits since LEP on 

these models!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
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Electroweak Baryogenesis
More from D. Morrissey 

The potential isn’t static: it had a 

different shape in the early universe 

If the potential had the right shape

as it cools after the Big Bang, this

phase transition might explain the 


universe’s matter/anti-matter 
asymmetry!

https://arxiv.org/abs/1206.2942
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This coupling is what we want 

to measure

This tells us about the shape 

of the Higgs potential

This process has the same final state,

but  doesn’t appear: no information 


about the Higgs potential
κλ

These two processes destructively interfere in the SM,

leading to very low cross section: 500x rarer than single Higgs

Di-Higgs production is a rare process
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source 

More simply: we do not know

if the Higgs potential, and our


vacuum, is stable!

Measuring the potential

can tell us about the 

fate of the universe

https://physics.aps.org/articles/v8/108
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Scalar sum of all b-tagged jets pT •
Best W -candidate dijet invariant mass • •
Best t-quark-candidate three-jet invariant mass • •

A
n
g
u
la
r
d
is
t
a
n
c
e
s ��(jet 0, jet 1) •

|�⌘(jet 0, jet 1)| • •
�R(jet 0, jet 1) •
�R(⌧⌧, jj) •
�R(⌧, ⌧) • •
Smallest �R (any 2 jets) •
|�⌘(⌧, ⌧)| • •

⌧
p
r
o
p
.

pT(⌧⌧) •
Sub-leading ⌧ pT •
Sub-leading ⌧ ⌘ •

H

c
a
n
d
. pT(Hjj) • •

pT(H)/pT(jj) •

~ E
m
is
s

T

Missing transverse energy E
miss
T • • •

Smallest �� (⌧, ~E
miss
T ) •
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HHbbττ BDT
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Variable ⌧had⌧had ⌧lep⌧had SLT ⌧lep⌧had LTT

mHH 3 3 3

mMMC
⌧⌧ 3 3 3

mbb 3 3 3
�R(⌧, ⌧) 3 3 3
�R(b, b) 3 3
�pT(`, ⌧) 3 3
Sub-leading b-tagged jet pT 3

mW

T 3

Emiss
T 3

pmiss
T � centrality 3

��(⌧⌧, bb) 3

��(`,pmiss
T ) 3

��(`⌧,pmiss
T ) 3

ST 3
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ΗΗbbγγ BDT
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Variable Definition

Photon-related kinematic variables

?T/<WW
Transverse momentum of the two photons scaled by their
invariant mass <WW

[ and q
Pseudo-rapidity and azimuthal angle of the leading and
sub-leading photon

Jet-related kinematic variables

1-tag status Highest fixed 1-tag working point that the jet passes

?T, [ and q
Transverse momentum, pseudo-rapidity and azimuthal
angle of the two jets with the highest 1-tagging score

?11̄T , [11̄ and q11̄
Transverse momentum, pseudo-rapidity and azimuthal
angle of 1-tagged jets system

<11̄
Invariant mass built with the two jets with the highest
1-tagging score

�T Scalar sum of the ?T of the jets in the event

Single topness For the definition, see Eq. (1)

Missing transverse momentum-related variables

⇢miss
T and qmiss Missing transverse momentum and its azimuthal angle

1
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Large Radius Tracking
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