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ATLAS ..after the Higgs boson discovery ..

ATLAS?
ATLAS in Norway
ATLAS'!
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The Standard Model’s Higgs boson

Discovered in 2012 by ATLAS and CMS Collaborations. Its mass
and interactions precisely measured by now. The strength of
interactions is indeed proportional to the mass of particles it interacts
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Particle mass (GeV)

so far in agreement with the SM from https://www.nature.com/articles/s41586-022-04893-w.pdf
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The Standard Model makes only 5% of the Universe

Dark Matter

The Higgs boson

and the rest of SM

We do not even know
Why this 5% exists.

Dark Energy It should have annihilated
Away, but did not (CPV?)
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Particle physics

Higgs field arises
(EWSB)?

Matter takes
over?
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ATLAS and CMS have similar capabilities now and in the
future
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ATLAS in
the World
3300 participants

~180 institutions

ATLAS i Norden
main activity in
Denmark

Norway
Sweden

ATLAS i Norge

~60 participants
Bergen(UiB+HVL
&Oslo
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http://www.atlas.ch/

Permanent staff, researchers, postdocs

Professors/assoc. Profs: 3 UiO0, 2 UiB, 4 HVL
Researchers/postdocs funded by RCN/NORCC/ATLAS/NG 3 UiO0, 2 UiB
Researchers/postdocs funded by RCN/NorLHC 1 UiO
Researcher/postdoc funded by University 1 UiO
Researcher/postdoc funded by NFM/EEA 1 UiB
Researcher/postdoc funded by other RCN funding 1 HVL
Engineers/technicians funded by RCN/NorLHC 4 UiO, 1 UiB
Engineers/technicians funded by Universities 2 UiO, 1.5 UiB
Engineers/technicians funded by IT-UiO/NeiC/NG 2 UiO

UiB(perm): Anna Lipniacka, Bjarne Stugu, Bertrand Martin Dit Latour

Postdoc: Simen Hellesund %
PhD: Erlend Aakvaag, Simon Huiberts, Sohaib Hassan, +1 "l’
Dag Toppe Larsen ARC

HVL (perm) Therese Sjursen, Steffen Maeland, Trygve Buanes,
Postdoc: Igor Slazyk

PhD. Tarje Solberg(UiB), Aurora Grefsrud

/- NORDUGRID
—

Grid Solution for Wide Area
Computing and Data Handling

D{li Norwegian Financial Mechanism years 2014-2021
Norway grant 2019/34/H/ST2/00707
. 0 grants
Hagskulen Forskningsradet s ST R
paveStIandet The Research Council of Norway m i T




Master and PhD students

# theses finishing each
year

06-11 12 13 14 15 12-15 16 1z 18 19 16-19 20 21 22 23

Master 30 6 1 1 4 12 9 8 8 3 28 6 7 1 8
Experiment 22 3 1 1 2 7 2 4 1 2 9 6 7 1 8
Theory 8 3 2 5 7 4 7 1 19 - - - -
PhD 15 1 4 4 4 13 3 1 2 2 8 1 1 2 6?
Experiment 12 1 3 2 2 8 2 1 2 5 1 1 2 6?
Theory 3 1 2 2 5 1 2 3 - - - -

- Note some delays, especially due to Covid
- See list of finished and current theses in backup




Direct contributions to

ATLAS

Direct contributions to

publications as editor,
analyst

Publication type

Papers

Conf. notes

Public notes

In progress

TOTAL

Authors
(incl. signing-only)

Norway

89

90

19

207

26

All ATLAS

1058

1196

479

375

3108

~3000

Ratio [%]

8.4

7.5

4.0

2.4

6.7

0.9

Positions of responsibility since 2016

Level

Executive board

CB and senior committees

Activity coordinators

Physics coordination (group conveners)

Physics coordination (sub-group conveners)

Roles held

Computing coordinator

CB Chair Advisory Group

Physics office

Speakers’ committee & computing speakers’
committee, outreach (current)

Statistics committee (current)

Software coordinator (current)

Distributed computing coordinator

Derived data production coordinator
Upgrade software coordinator (current)
Software performance coordinator

Trigger validation coordinator (current)
Trigger conditions coordinator (current)
Trigger automated tests coordinator (current)

Tau combined performance
Tau trigger

Fake Tau Task Force (current)
Lepton + X
Strong production (current)

Tracking and Vertexing for Prompt and Displaced

Particles
Muon performance working points



Direct contributions to

ATLAS

Level Roles held
Executive board Trigger coordinator (7?)
CB and senior committees committee, outreach (current)

Statistics committee (current)

Direct contributions to

publications as editor, Activity coordinators Software coordinator (current)

ana Iyst Upgrade software coordinator (current)
Trigger validation coordinator (current)
Trigger conditions coordinator (current)
Trigger automated tests coordinator (current)

Publication type Norway All ATLAS Ratio [%]

Physics coordination (sub-group conveners) Fake Tau Task Force (current)
Strong production (current)

Papers 89 1058 8.4

Conf. notes 90 1196 7.5 In Bergen (U1B+HVL):
Tau trigger and tau reconstruction with

Public notes 19 479 4.0
ML methods.

In progress o are 54 Data analysis: Dark Matter and Higgs
(also ML methods)

TOTAL 207 3108 6.7 “Phase 2” upgrade: 3D silicon detectors
for upgraded inner tracker: electrical test,

Authors 26 ~3000 0.9 . . .

(nc. signing-only) Beam tests, tests with radioactive sources

11

lide 1




Famarbmanmd ~







ATLAS, situated in the largest man-made cavern.
Summer 2003
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A historical moment:

Closure of the LHC beam pipe ring
on 16" June (the last piece was the
one shown here in ATLAS side A)




Run: 449604
Event: 228336
2023-04-18 07:42:55 CEST

Slide 15
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Muon Detectors Electromagnetic Calorimeters

; Forward Calorimeters
Solenoid

End Cap Toroid

i Inner Detector h b ieldi
BARE! Hersid Hadronic Calorimeters PRI
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Accelerator-driven physics, the paradigm

1) take stable, easy available
particles and collide them at

the highest energy the tax payers
accept -> known initial state (as
much as QM allows) !

2) The final state must decay to
Standard Model particles and

Dark Matter ( as Big Bang
6800 GeV 6800 GeV  experience shows).
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3) Register all SM particles and missing energy in your detector and try to
“decipher” the final state.

4) Subtract “non interesting” part-> measure it and use enlighten
extrapolation from other experiments.
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45— their energy.

2 ~Energetic particles:
#-<r Need lots space or

9 1/ very high magnetic

\ 4 fields to bend their tracks
7, enough to measure

o
L

. their momenta.

“Contain” the small
“Big Bang”

Energetic particles:
need lots of material
to contain and measure




Collisions at LHC

Beam energy
Luminosity

Bunch Crossing rate
Proton Collisions =
Parton

(quark, gluon)

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

6.8 TeV

10 cm= s~

40 MHz

107 - 10°Hz

Particle

Selection of 1 in

10,000,000,000,000
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HLT Farms

Final size for max L1 rate (TDR)

~ 500 PCs for L2 + ~ 1800 PCs for EF

(multi-core technology)

50 PCs installed -
27 XPU racks = 35% of final

For 2008 : ?
total o
system

1 rack = 31 PCs)
XPU = can be connected to L2 or EF)

X 8 cores

CPU: 2 x Intel Harpertown quad-core 2.5 GHz

RAM: 2 GB / core, i.e. 16 GB

Final system : total of 17 L2 + 62 EF racks
Y o#nwhltch 28 (oJf 79)2rac s as XPU

Slide

11

f}
:
E =
!,
E.
E

.

&

Q‘ >

;

@ E
s

6 6
l!l!ll!




Technology www.ift.uib.no

O
i
=
3

=

Anna Lipniacka

TS

How do we see particles in ATLAS?

Another example
COSMIC muons,
software made in Bergen

Muon
Spectrometer
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1000

Hadronic
Calorimeter
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The dashed tracks
are invisible to 0
the detector

Electromagnetic
Calorimeter
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We are in the second year of Run 3 but Run 2 Data Set of the
Large Hadron Collider still

> : i

E beina exploited:

g Particle Produced in 139 fb~' at Vs = 13 TeV

6%. Higgs boson 7.7 million

;; Top quark 275 million

= Zboson 2 8 billion (- £, 290 million)

T

O W boson 12 billion (- #v, 3.7 billion)

Bottom quark ~40 trillion  (significantly reduced by acceptance)

Run 3+2 (2022- end of 2025) ~500 1/fb (factor 4)
Run 4+3+2 (2029 end of 2032 ) ~1000 1/fb (factor 7)
Run 5+4+3+2 (- end of 2041) ~3000 1/fb (factor 20)

( far future -if there is any..)

~statistical improvement factor ~2, ~2.5 , ~4.5
Member

of lde 21
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Dark Matter production in the ATLAS detector

Atlantis  Event: full_7.0.2_1_00002 Can we see it ?
example event
with missing
transverse
momentum
and two jets.
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A Black Hole in ATLAS

If our space has
more dimensions
than 3, gravity can
be stronger at the
microscopic scale of
these extra-
dimensions, than it
1S on our
macroscopic scales.
Microscopic Black
Holes

DH'T 2y pue sSSIH 1a1je SY'ILV

can be produced



“Missing transverse energy’

Momentum in the plane perpendicular to the beam is the same before and after collision,
thus has to be zero after collision. Unless we missed some particles, as they are not
interacting with the detector.

MO 10%

15 j
JE aq_,
o tt, V-V
WX,}X

10

A DM proc‘ifucﬁﬂrkmodel
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Look for very high E% events ‘
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Pixels of image fed as input
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Pixels of image fed as input

Input Layer
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Can we distinguish sphalerons from micro black holes with ML?
Apply ML computer vision techniques on LHC data.

Machine Learning
computer vision
techniques widely
used for picture
recognition

We treat the detector as
a camera and

energy deposits

as pixels. Some
promising results

in distinguishing

SPH from BH



ATLA

EXPERIME

HL-LHC tt event in ATLAS
at <p>=200



Detector upgrade

LHC HL-LHC

EYETS 136Tev  1AEAE LS3 13.6- 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation limit LIU Installati J
7 TeV 3 TeV  putton collimators ﬁﬂ?eor;r::]tlion e inner triplet A1
R2E project regmns Civil Eng. P1-P5 pliot beam rad|ahon limit installation

2011 2012 2013 2014 | 2015 2017 2018 2019 2020 2022 | 2023 2024 2025 2026 2027 2028 2029 |||I|||

510 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

beam pipes HL upgrade

75% nominal Lumi / upgrade
- #FTEinITk‘40‘25‘45‘65‘69‘ m \ :
’ : * . : integrated

nominal Lumi ﬂi_”m ALICE - LHCb . 2xnominal Lumi

luminosity EENVITE{VE

Past involvement in SCT, IBL (AFP) detector construction, online sw. g 1400'—ATLAIS Simmaﬁon ‘Prelimi‘nary ‘ Lo
= - ITk Layout: 23-00-03 : ]

Major effort from Norway in construction of new all-Si tee n=t0  Strips E
tracker ITk (pixels) that will replace current tracker during 1000 =}
LS3: n=20
- design and deliver 3D Si pixel sensors 800 -
- design and test readout frontend ASIC sool B
- design and deliver 3 types of flex PCB for inner system .
- assemble and test pixel modules (innermost endcap rings) 400 pixels:
- wire-bonding of strip modules .
inner 200 n=40 -

system{ B | .

500 1000 1500 2000 2500 3000 3500
ba‘FFe'I endcap z[mm] 29



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
https://hilumilhc.web.cern.ch/content/hl-lhc-project

Detector upgrade
(Norway)

Norway has actively participated in the R&D of
3D silicon pixel sensors together with SINTEF.

Developing module building tools and
instrumentation was an important R&D effort.

Strong support of NFR and universities was
vital, esp. in Oslo where state-of-the art
laboratories have been equipped, now ready
for ITk module production.

Sites ongoing qualification process.

Norway is very well positioned in terms of
competences and laboratory facilities (UiO) to
do important R&D on future detectors, e.g. DRD
collaborations. Clean-room facilities at UiB needs to
be upgraded.

Testbeam activities before covid very successful,
and have just resumed.
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Physics exploitation (Norway)

Higgs boson properties Supersymmetry Exotic physics
H(yy) squarks/gluinos heavy resonances
S non-resonant searches
H(zr i
(t7) sleptons/EWinos . X + Dark Matter
180 T e e - I.lij — : . T | ][j“'_-l
> Insmbil,i[y"- a-ad . "Meta—'stability e 4
o] o i it . : ; Qbservations " cmhyd“’gen
8 175§ T e R e ‘ H H o
s ; PUEY. | CE R [ S
& 170
o e 127 s
K 0 Stability /7N
165; I L L . 1 L . L L 1 . 1 | L L | - H t(\ /)t H . o
115 120 125 130 By mmemmmmes e m———— Pl TRETRR L R (x 10001)
ref e
Higgs mass M, in GeV
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https://link.springer.com/article/10.1007/JHEP08(2012)098
https://link.springer.com/article/10.1007/s00159-018-0113-1

> SLTEURNY [V LT [ LR UNE I E R IR
(0] = o
H h N g s D ATLAS 1
< 600 ...... Background i
Iggs p ySICS( Orway) ref o) - — Signal + Background (s =13 TeV, 36.1 0" .
3 e s e % 500 — Signal In(1+S/B) weighted sum
¥ : ] 2 9 El
3 (5= 7TV, 4547 1" 3 Wk = -
« Hi C V5=8TeV,203f" . C ]
Run 1: Higgs boson 2L e 253001 < 300 =
discovery, ;- N TSI 7
: 1= = = -8
H(yy) couplings - E 200 ]
measurement. - E - .
u 1001~ 9
- Co = B ]
Run 2: H(yy) mass 15 /—> ] o : Z
L ' H i ) = =
measurement, | _2/ gng 1 3 #F =
background modeling studies. . QHoww 3= 1o =
H(ZZ*-4l) mass and couplings. Sf e ol Hoto B 0f g
p,poait et : q(.)omb.'m?d.: Ao 8 .
<704 08 08 1 12 1.8 BT R R R T | R T
Thei 202 g J K\/ myy [GeV]
. ATLAS —— Observed limit
HIGES _ HH =y + Iep_ton_s.. ) Vs=13TeV,126—139fp" . Expectedlimit
iy P - HL-LHC projection in hph)-2Th g:lctg:ﬁm?:)
progress ] ref [ Expected limit £20
- Run 3 analysis: focus on
1"_-. . 5 = BSM
inphysics | b - Obs.  Exp.
8§ QA H
// b5T+T_ 47 3.9
K/l ///
A > 'Y bbbb 54 84
\\\\ Combined}- l 24 29
gdmﬂmw&, H G 3 ||\1I0||||1I5|||\2I0|||\2Is||1130

95% CL upper limit on HH signal strength Ly



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/

Supersymmetry (strong)

~~ : ~ 0 0 ~0
gg production, g — qawvy, / qauey, / qavvy,

S‘ 7I | [ | | T ‘ L L [ v | III | : T A | I T T SLS; T I7 ﬂ
f M a ATLAS k4 combination _2552353 ||i'mmi'1t((f11§e‘::j”) B
e T 2v expected limit ]
: : - e e i =
Run2+Run3 search with simplified ¢ 1 Ve [T & T g Tev, 361" NUSa2 0 ocon ]
m Od el 1200 C Alllimits at 95% CL 5
Improved low-p; taus reconstruction 1000 - .
beneficial for compressed mass e =
tra. B ]
spectra o E
Use tau triggers developed inhouse. 400 =
ML to separate sig/bkg. " - B
1 | J—e—y. | (== I | | | ] R I ol | J—d=; | ; I ) | I1I 1":!I IEI 1
600 800 1000 1200 1400 1600 1800 2000 2200
m; [GeV]
51 51 production; 5‘4 b i: —bh i“'; Am(z:,i")ﬂao GeV
S‘ O_I T ‘ T T T | T T T | T T T I T T ] | T T I_ ﬂ
3 C ATLAS Vs=13 TeV, 139 fb™, all limits at 95% CL 2l
?5“ 900:_ sUS _:
o o ST 3 b - - Expected limit (+16,,) = Observed limit (+16°°>) .
. E = theory -
Search with unique s.en5|t|V|ty.. G B FERE E
- low SM background with 2z + 2 b-jets P - B e oo 4 :
. 700— y —
- 7—71,,4v provides extra MET - ;
600 —
Complementary to multi-bjet search . @ i
. 500— o s}
that requires large MET. E & :
wE 3
p - -
300: —
b 200 ) =

LAY /I e e e [ =
400 600 800 1000 1200 1400
mb)[Gev] 33



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-40/

Exotics and Dark Matter

= 1600_
8 | ATLAS Preliminary ~ 2HDM+amodel, sin(@) = 0.35, tan(B) = 1
& 100k =13 TeV, 139 16"
Limits at 95% CL - - - - Expected Limit (£10,,,)
1200 —— Observed limit
1000F—===

H+MET searches with Dirac fermion Dark - ref
Matter y. 8 X 800

i H(z7)
light DM (few GeV). _ o I e
Participating in ATLAS-wide combination. m, [GeV]

g

;‘1200: T T T | T T T T | T I ...... L T | T j T .I ll T T T T :
& Hoof- ATLAS — Observed limit (1o, ) 3
oo fe=13Tev, 139450 Expected limit 16,
E™F Limitsat95%CL P 10%,)
900:— tanf = 1.0, sind = 0.35,m, = 10 GeV h(YY) ; E.rrniss, 2HDM+a, Dirac DM
Z'(I+MET 2D-search, DM-aware Z' models ] ref

-
------

Z’' models, 2 Higgs Doublet Model + pseudoscalar

d. 600
t

Searches in H(zr) and H(yy). { Pl 400

Limits competitive with direct DM experiments for afEre a :

(dark Higgs, light vector, inelastic EFT). ref

IIIIIIIIII]IIIIIIIIlII\IJIIIIIIIIIII\IIIIIII

i
Results interpreted in bins of m, and MET. 1 o - \
(PhD thesis and conf. note summer 2023, 7 5005_
followed by Z“+X publication) h - “ H(yy)
wE wE
q EX 3002— """"""
L 'ulao' o '2(|)0' i '2é0' . '3(|)0' T
m, [GeV]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.035007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-069/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-02/

Computing

Norway has played a major and long-standing role in the development and management of
distributed computing, both for ATLAS and more widely

NorduGrid’'s Advanced Resources Connector (ARC) middleware
Contributions to the data management layer (DQ?2, latterly Rucio)
Development of the distributed Nordic Tier-1
Development of ATLAS@Home
Personnel from Norway coordinated the overall ATLAS computing and software project from
2018-2020, and the distributed computing activity from 2020 until 2023
O Hugely experienced and key member of personnel left in 2023, personpower to be replaced
but serious loss of experience
Significant collaboration and synergies with UiO IT and NelC on hardware provision and also
applications

35




Trigger and offline software for run 3

Significant Norwegian involvement in ATLAS trigger and offline software, both in development and coordination

Trigger coordination and management
Norwegian personnel:
@® coordinate physics validation of the high level high
level trigger
@® coordinate trigger conditions data
® are members of the trigger management board

Software coordination
® One of the ATLAS software coordinators, and one of
the upgrade software coordinators, are Norway-based
@® The panel responsible for developing and monitoring
the roadmap and milestones for HL-LHC computing
contains a member of Norwegian personnel

Tau trigger
Norwegian personnel:
@® coordinate the tau trigger group
@® are responsible for tau trigger algorithm tuning (tau
energy calibration, NN Tau ID)

Production of analysis data

Norwegian personnel develop and maintain the software
framework for producing analysis data, and developed the
new compact data types for run 3 and run 4

Tau reconstruction
Norwegian personnel:
@® coordinate the tau combined performance group and
the fake tau subgroup
@® are responsible for liaising for tau energy
calibration
® re-optimised tau reconstruction during wider
migration to multi-threaded software
Many ongoing tasks undertaken by students relevant to tau
reconstruction in run 3 (efficiency, boosted di-tau (had-had)
reconstruction algorithm, NN TES calibration)

36




Tau trigger and reconstruction highlights

§ ” ATLAS Simulation Preliminary {s=13TeV § - ATLAS Simulation Preliminary {s=13TeV
o — ek . . : o — . ” ;
R e ————— § T o
i B aaie o o S o = — 0 i g . ]
. “ b +
Continued . 5 08~ L 4 8 08 e a ... and three prong
improvements in tau > | 1 e Lo | decays
. . . = & =
trigger efficiency for = 0sC * 1 F o5k b
one-prong decays... Ol i R .
i 1-prong tau ] —_— 3-prong tau ]
i il Lo, i
04 # Level1 j 04 * Level1 i
i 4 HLT tau25 medium RNN (0-3 precision tracks) | " 4 HLT tau25 medium RNN (0-3 precision tracks) |
02— : ® LT tau25 medium BDT (1-3 precision tracks) | 02~ 3 ® HLT tau25 medium BDT (1-3 precision tracks) |
= ¢ HLT tau25 medium BDT (1-3 fast tracks) R r ¢ HLT tau25 medium BDT (1-3 fast tracks) 1
i | ‘ | ‘ | | ‘ | ‘ | ‘ | | ] 0_ | ‘ L | ‘ | ‘ L1 1 | ‘ | | | ‘ | | ]
o0 50 100 150 200 250 300 0 50 100 150 200 250 300
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DeepSets Merge Output o
>\ VII\IIHll\|I\III\||\|I\‘||\I|\|I\‘II\I|HI!‘IIH > \Illlll‘\\!llllll‘\\II|IIII
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£ figk =TT a2’ _ 2 gt 13T 321 i PLL ¢(Thag tracks)] =) g A Parameter Value
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[ Decay mode 1 | Decay mode 1 . =it © : Epochs 100*
1 9 i f g | 7 ot
EEEEE ettty 1 (AaSs s ot aat o4 ¥ neutral PFOs 3 S 7 _
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[ ] [ e e, i ; § — |::> E E1> % Optimizer Adam
0.6 =!‘-"'-'-"""'"-V-V—'V—V—"'-V—-v—v—v—-V—v-'-v«v—v—v—_'_-'-ui 06" s 2 e p [Z (p( ShOt PFOS)] Z ‘b‘ &
i ] ] 2B Al : "
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Conclusions

ATLAS Experiment and ATLAS in Norway, we do lots
of interesting thing- join us !
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