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ATLAS Status

" LHC/HL-LHC Plan

. Weare here:
Run3 about to start!

13- 1aTev 14TV

13 TeV ———— eNergy
Diodes Consolida f
e At ‘ cryolimit LIU Installatio
7 TeV _8 Tev bul !t II imato inyeraction er triplet HL-LHC
— R2Ep ojgct ~ regions Civil Eng. P1-P5 d t n limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 II"II

510 7.5 x nominal Lumi

ATLAS - CMS }//—1 g I g
experiment upgrade phase 1 ATLAS - CMS
beam pipes 2 x nominal Lumi HL upgrade

nominal Lumi ;/4 ALICE - LHCb | 2 x nominal Lumi |
— Insta e | n . Mmore
7 Wiy ¥ % luminosity O] e inl®

HL-LHC TECHNICAL EQUIPMENT: __ RS bty I SN Pre Pa rl ng for LS3
DESIGN STUDY €¢ PROTOTYPES _— CONSTRUCTION |insTaLLATION & comm[||  vsics

—

»

o
|

- ATLAS
- Preliminary

Vs=13TeV

—
N
o

- . Delivered: 156 fb
— . LHC Delivered Recorded: 147 fo”!

I f . -1
- [ ]ATLAS Recorded Fnsics: 139
|:| Good for Physics
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mined for discovery!
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source

The New Small Wheels are the hlghllght
of ATLAS’s LS2 upgrades:

Two enormous new muon detectors

being inserted in the detector now &
_(Huge TRICTHE SO S .o B
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| New and |mproved reconstruction | AL B
-and trigger algorithms, especially with S AV = |
~Machine Learnlng SR

Tremendous progress on hardware
upgrades: new inner tracker system,
calorimeter read-out, il | g
and more in preparation for 2025 .Y

Dozens of new results this summer: some}
~ highlights today! |



https://atlas.cern/updates/news/summary-eps-2021
https://atlas.cern/updates/news/NSW-final-slice
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Higgs Boson Measurements v

ATLAS CONF 202I OI4

We only discovered the Higgs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

D New searches for long-lived
BSM particles

-
-
-
~ — ) M- 1GIG, 1€]e,u,1] SUSY-2018-14
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E G 'E' - ATLAS - - - - Expected limits .
E Vs=13 TeV. 139 b —— Observed limits
q) J
p = 3L Alllimits at 95% CL co-NLSP, o |

! 102

Set limits based on slepton
flavor, lifetime, mass 10°

First limits since LEP on
these models!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
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h"ﬂ The Higgs is the center of the
‘“ Standard Model!

The Higgs is unique:
Originates from “Electroweak
Symmetry Breaking” of the
Higgs potential

V(¢) — = lﬂ2¢2 T 1/1¢4 a — — 246 GeV
2 4 W
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https://www.quantumdiaries.org/2013/08/19/a-fresh-look-for-the-standard-model/

The potential isn’t static: it had a
different shape in the early universe

. Electroweak Baryogenesis |
‘ \ More from D. Morrissey “

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!
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https://arxiv.org/abs/1206.2942

1 1 Taylor expand 1 2
Pt = 55| T om .

V(@)

HHH

¢
We can measure these di-Higgs events at the LHC!

How often these di-Higgs happen
& 76000000 ~- + H lets us measure the Higgs potential
LA by measuring k,

If we see something
g 66600601 Ny from the SM prediction, we
know k;, # 1!
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ATL-PHYS-PUB-2021-031 _ ATLAS-CONEF-2021-016

Searching for nggs Pairs e~

T l l AL ! — 10077777 7—"7——r+ 7+ ——m——m—m—m—m—— — — —— .
ATLAS Prellmlna Observed 1 £ : —— Observed limit (95% CL) |
VS =13 TeV, 27.5— 139f:)y1 """"" Expected = - ATLAS Preliminary { ---- Expected limit ((957 CL)) :
Expected + 2 0 { L | V5=13TeV, 13910 SN
W Expected + 1 0 i L 4| HH—bbyy [ Expected limit 1o
P o 107F [ Expected limit +2¢
?r 3 E== Theory prediction
Obs.  Exp w S’¢  SM prediction
>
Combined — BI\IEJ?naIi oooooo 1 9 - b
27.5—36.1fb ! Lett. B 800 (2020)
bb—l+\)l_\) — l\l4(;9nali ssssss 2 Fg . T e
139 fp~1 Lt oot o0y 135t | § e NTTTesl
139 fp~1 F 205101 - Observed: ; e [-1.5,6.7]

bbtrt- er.nzisedM&Q | ‘, : Expected: k) € [-2.4,7.7]

139 fb~1 NF-2021-031 . [
L1 ] ] Lol | 3 101 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
10 20 50 100 200 | '10 8 6 -4 2 0 2 4 6 8 10

95% CL upper limit on o (pp = HH) normalised to ogpv

| . . . Kh
Here, show what factor of the SM | Here, show sensitivity to k;:
X-SeC we can exclude i the aCtuaI deVIatlon N the

Two Higgs bosons means two decays: Higgs seli-coupling

bbyy and bbtz channels each | \ijyes below -1.5 and above 6.7
exclude around 4x the SM |  excluded: even full HL-LHC

More channels and more data mean |dataset will critical to tighten this!
the SM x-sec is in sight! |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-031/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/

\;

Searching for Higgs Pairs ’(‘@,

ATLAS-CONF-2021-035 g 9999009999000 H
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g
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\ Boosted expected imit | Also important to search
: for resonances, which
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_ actually cause the change
| in the potential
10 3
| Here, search in the bbbb
oL
e | - channel: most common
250 500 1000 2000 3000

m(X) [GeV] decay mode

M. Swiatlowski (TRIUMF) August 17,2021


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-035/
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ATLAS was hugely productive in the past years:]
. preparing for run 3, installing upgrades, |
building new detectors, and analyzing

| all of our data! Run: 351223
. j// N o, ‘ R Event: 1338580001

- s 2018-05-26 17:36:20 CEST

ATLAS

EXPERIMENT

¢

| Lots more results than | could possibly =\
- talk about: read more here or our 4
new “‘briefings” page -

Stay tuned for more upgrades, more data,
- and more measurements that elucidate
our biggest questions!

8 ATLAS-CONF-2021-016


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://atlas.cern/updates/briefing
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/

M. Swiatlowski (TRIUMF) August 17,2021



higgs 2 decay

| |
bb WW 99 TT CC ZZ vy Zy MU
higgs | decay
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http://hep.uchicago.edu/~johnda/work/DiHiggsFall2016.pdf

HH4b Results

> ' ' ' ' ' ' ' ' ' ' I ] T T T T | T T 171 | T T 11 | T T T 1 | T T 171 | T T 11 | T T 171 T T T 1 T
® - ATLAS Preliminary _ = 106 = _
G 105[Vs= 13 TeV, 126 fb t Data -5 S E ATLAS Preliminary ¢+ Data 5
™ - Background-only fit 3 Background : S 105 Vs=13TeV, 139 fb’ [ Multijet _
= 4g4| Resolved channel Uncertainty T E Background-only fit I it 5
O e, T m(X) = 280 GeV ] -'cg 10* = Boosted channel, 2b Uncertainty =
§ 103 - m(X) 400 GeV 3 L%J 3 ] m(x) =1 TeV -
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HH4b VBF

HDBS-2018-18
§ :EI: T | T T T | T T T T T T | T T T | T T T | T :IE:
5 - ATLAS = Theory prediction . q
% 10° g_ Vs =13 TeV, 126 o' — Observed limit (95% CL) _§
T " HH—bbbb e Expected limit (95% CL) ]
e = - Expected+ 1o =

= = =
S - Expected+ 26 :
10 E
10g E
1 -Er_ | | | | | | | | | | | | | | | | | | | | | | | _15'

—4 —2 0 2 4 6
Koy

Can also measure
other effects!

Here, search for
4-point VVhh coupling

First world limits!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-18/

HH4b Background

e Background estimate uses 2b

events to model 4b events

e | earn correction factors
from 2b to 4b using CR,

and derive systematics in
the VR
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Estimating Backgrounds ?z\),

2 b-tag events are
background enhanced,
signal depleted

Learn how to
‘correct’ 2-b events to
mimic 4-b

(tag)

(tag)
A A

o | 2 b-tag events [ 2 4 b-tag events
é 5 e Step liuse CRto T &
" derive NN which can "
8 reweight events s
I L
00 0.0
= : =
9 Step 2:use NN corrections ©
K w. _On 2b events with Higgs- 0
3 e N like masses =
7 o P 7

—> —>

leading Higgs mass leading Higgs mass

M. Swiatlowski (TRIUMF) August 17,2021



HH4b NN

[E—

. log(py) of the selected jet with the 2"%-highest pr,

log(py) of the selected jet with the 4™-highest pr,

log(AR) between the two selected jets with the smallest AR,
log(AR) between the other two selected jets,

the average || of selected jets,

log(py) of the HH system,

AR between the two H candidates,

A¢ between the jets making up H,

o X 3N N BE LD

A¢ between the jets making up H,,

[—
<

log(min(Xy,,)), and

[E—
[S—

. the number of jets in the event with pp > 40 GeV and || < 2.5, including jets that are not selected.
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Interference

Kt
E 76606600 > — — ————- H
Y
E 76666000 & — — . H
Kt
This coulling is what we want
to measure This process has the same final state,
, but K, doesn’t appear: no information
This tells us about the shape about the Higgs potential

of the Higgs potential

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

M. Swiatlowski (TRIUMF) 26 August 17,2021



Higgs More simply: we do not know
potential | if the Higgs potential, and our
vacuum, is stable!

Measuring the potential
can tell us about the
fate of the universe

source
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https://physics.aps.org/articles/v8/108

cvents / bin

Ratio

Dark Matter via Higgs

ATLAS-CONF-2021-004/

ATLAS Prellmlnary |

Post-fit .
-@- Data
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7 By et
ey
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1 P jet—e
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----- H500(8,, =0.01)
OUUPOUON, N
1.2
] Y -y \\\\\ """ s \\\
I et bl k\“\}\‘“““‘}““‘““ Q
0.6
-@- Data/Post-fit >\ Uncertainty - - : Pre-/Post-fit
v 1 W 2}0 90 130 200 320 infl0- 90 T30 200 350 nt. Mt [GeV]
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New searches

for Higgs decaying
to Dark Matter

New methods push
sensitivity to strongest
levels yet!

November 21,2018

x|


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-004/

DNN for HWW

Variable VBF V(had)H ttHvstt ttHvs Z — 77

Invariant mass of 2 leading jets
pr(iJ)

7 Product of n of 2 leading jets
g Sub-leading jet pr
2 Leading jet n °
5, Sub-leading jet n o
£ Scalar sum of all jets pr ° °
- Scalar sum of all b-tagged jets pr °
Best W-candidate dijet invariant mass °
Best t-quark-candidate three-jet invariant mass °
@ A¢(jet 0, jet 1)
= [ Anfet 0,jet 1)) .
% AR(jet 0, jet 1) o
T AR(r7.jj) .
L; AR(T, T) o
2 Smallest AR (any 2 jets) o
< |An(r,7)| ° o
% pr(7T) ¢
= Sub-leading 7 pt
S Sub-leading 7 n
= Fg pr(Hjj) B ¢
© pr(H)/pr(jj)
é Missing transverse energy Emp'™s o o o
Ty Smallest Ag (1, Ep ™) .
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AHbbTT BD T

Variable Thad Thad TlepThad SLT TlepThad LTT

Mo
MMC

Mpp

AR(T,T)

AR(D,b)

ApT (67 7_)

Sub-leading b-tagged jet pr
mr

EFIPHISS

miss

pT @ centrality
Ao(TT, bb)
Ag(l,pr)

A¢ (LT, pt™™)
St

AN N NN
SN SN S

SN SNSNSNSNSNSNASNSNNS

NSNS S
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HHbbyy BDT

M. Swiatlowski (TRIUMF)

Variable

Definition

Photon-related kinematic variables

pr/myy

n and ¢

Transverse momentum of the two photons scaled by their
invariant mass 1.,
Pseudo-rapidity and azimuthal angle of the leading and
sub-leading photon

Jet-related kinematic variables

b-tag status

pT, 1 and ¢
PR’ pp and ¢y

myp
Ht

Single topness

Highest fixed b-tag working point that the jet passes

Transverse momentum, pseudo-rapidity and azimuthal
angle of the two jets with the highest b-tagging score
Transverse momentum, pseudo-rapidity and azimuthal
angle of b-tagged jets system

Invariant mass built with the two jets with the highest
b-tagging score

Scalar sum of the pt of the jets in the event

For the definition, see Eq. (1)

Missing transverse momentum-related variables

E%IISS and ¢mISS

Missing transverse momentum and its azimuthal angle
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100 1
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standard tracking, standard ID alg. —
standard tracking, modified ID alg. |
extended tracking, standard ID alg. -
extended tracking, modified ID alg. |
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