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ROLES IN THE ATLAS COLLABORATION 2025-2026

Since last Jamboree

Physics & data processing

« Statistics Committee Chair: Lydia Brenner

* Derivation Coordinator: Flavia de Almeida Dias

* Derivation Production Manager: Flavia de Almeida Dias

Detector & Reconstruction Software

« HGTD Institutional Board Chair: Frank Filthaut

« HGTD Electonics Coordinator: Frank Filthaut

« |ITK Strip Global Mechanics Coordinator: Marcel Vreeswijk
« DAQ Readout Firmware Coordinator: Frans Schreuder
 Muon Software Coordinator: Peter Kluit

Collaboration & Organization

 CB Chair Advisory Group Member: Frank Filthaut
« Early Career Scientist Board: Robin Hayes

« Equity, Diversity and Inclusion Coordinator: Flavia de Almeida Dias

ATLAS Group Overview — Nikhef Jamboree 2026 Nik|[hef




PHD THESES COMPLETED 2025-2026

Since last Jamboree
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FROM DETECTOR TO PHYSICS
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Algorithms &
performance

Detector building &

L Data analyses
commissioning

Tristan’s talk Siang-Yuan's talk Robin’s talk
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NIKHEF ATLAS PHYSICS OVERVIEW
Exploring TeV scale physics at the LHC

® O 06O

Electroweak symmetry breaking Couplings New particles
h-V interaction V-V scattering rare and anomalous & interactions
h-h interaction 3V, 4V couplings resonance searches

Or. Igln of effective field theory
fermion masses

h-f interaction

Synergistic to: tracking, jet tagging, ML/AI, statistics, SMEFT

ATLAS Group Overview — Nikhef Jamboree 2026
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ATLAS UPGRADE

Royal Palace @ Dam Square, 1 May 2026

ATLAS @ Amsterdam

* Recently renovated
* 350 years
* Dirty air
* Ageing

' Hemelbol terug op Paleis op Dam
ATS

UNIVERSITY Niklhef

Tristan du Pree OF TWENTE.



ATLAS UPGRADE -

improved muon coverage new and upgraded forward EEEDX
and luminosity detectors

trigger and DAQ
increased readout rates

ATLAS @ CERN

* To be upgraded
* >15 vyears
* Radiation
* Ageing

ITk — the new all-Si tracker [ITK

new High-Granularity
LG Timing Detector (HGTD)

UNIVERSITY

Tristan du Pree OF TWENTE.



Display of a simulated
ttbar event with pileup=200
and 1600 tracks in the ATLAS ITk

ATLAS

EXPERIMENT

ATLAS Simulation
Vvs=14 TeV, HL-LHC

tt, (u)=200
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ITK: ENDCAP STRUCTURES

Made at Nikhef

* Both ITk endcaps
* 1 shipped to DESY

Large+Light+Precise+Stable
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ITK: ACTIVITIES ’ Ph studnt

Workshop & cleanroom activities
* Cooling, welding, etc

* Prepare for petal shifts
* |nsertion, commissioning, tests
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TARGET SUMMER 2026: READY FOR PETALIZATION

INSERTION
PLATFORM

DAQ, PS, PATCHPANELS
(TO DO)

DRYAIR

TO EC
FEW PETAL S
STORAGE IN | ”j - . f;“““"( | R ._,.-a“-m
CLEANROOM - o LTS al] { [T—

 PETAL STORAGE

PETAL BOX

PEAL RECEPTION COLD-BOX

~~~~~~~~ }4”. ..//\/ OUTSIDE CR
________ < (BEING COMMISSIONED) e CLE et Sl T

- (BEING COMMI N &

2026-28: Petal Insertion
2028: Transport to CERN
GREEN COOLER" 2029: Installation in ATLAS

FOR PETAL RECEPTION

THERMAL
ENCLOSURE
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FrontEnd Link eXchange
Readout system of the ATLAS experiment



FELIX INTRO

FE FE | [ FE FE FE
N\ N N N\ N
HL-LHC: more data ~10,000 lirks
: A Y ~200 systens
* x10 trigger rate FELIX
* 1TMHz HPC N etwork 4.6TB/s
* X3 Iinteractions
! / Data Data Data Data Data
e 200 pileup neR \ Handler | | Handler | | Handler | | Handler | | Handler
Felix & Frans @ CERN A A
* x20 readout rate
406 TB/s
New readout chain v |
e Trigger, clock, I — L —
Hrpu | 1 kereu | aereu | ] Rereu | Hereu

data acquisition

UNIVERSITY

Tristan du Pree OF TWENTE.



FELIX STATUS

Timeline
* 22 Aprll
° FDR!

e 2026
* Pre-production

e 2027-2028
* Full installation

Procurement ongoing

* FPGA, FireFly, PCB
* Assembly & Servers

Tristan du Pree

Q1

B Schematics of

I

Pre-production PCB
procurement after

this review

SW development for PP

PP FireFly procurement

Il Awarding of Assembly Contract

Final Design Review

FPGA procurement -priming-
Call for Tender -Formal Procedure-

Crucial Milestone was on April 22 2026: Final Design Review!

2027 2028
Q1 Q2 Q3 Q4 Q1 Q2 Q3
/O card
Readout Integration
I/O card procurement process

Server Procurement

I Frocurement of PP Servers

Il PP PCB procurement
/ PP materials at CERN

| PP materials shipping to Assembly Firm

Installation for

I Delivery of PP Prototypes by Assembly Firm

J Acceptance of PP Prototypes by CERN

LOCalo, LOGlobal

PP assembly i i

Il PP validation and testing LAr LTDB, TTC Full installation
I?PP 'n;;g:m:;e:ﬁgw_ as per installation
@ Production readiness review schedule
Il Production PCB procurement

Pre-production done
by the end of 2026

Production procurement
I P rocurement of Production Servers
[l Production validation and testing
I/O card Production completed

] Haraware preparation before installation

@ Production complete

@ Installation readiness review

Readout Ready for Installation
Readout Required for Installation

UNIVERSITY

Nik|hef

OF TWENTE.
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HGTD INTRO

High Granularity Timing Detector

* Forward region
e 24<|n|<4
* Timing information
* 30-50 ps
Handle pileup=200 in HL-LHC!

Nikhef ‘Fasttrack’
D511s




HGTD STATUS

Testbeam with Nikhef PhD students
S— : / » /

g

Simulate sensor response
* Compare with testbeam
Characterize clock contributions ~\ ‘
* Effect on timing resolution N~ %
« Interplay with FELIX ' Ny Gl ~

Tao Clock phase difference over time
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ATLAS

EXPERIMENT

Run: 281411
Event: 312608026
2015-10-11 18:40:58 CEST

H-2u*u- candidate event
with hits in the BOL and SW chambers._
//

/
//
\
/
//
T
T D
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MUON DETECTOR

New barrel BIS chambers

* Granularity + Trigger
* ~100 chambers
to be Iinstalled

DCS & Services
* Cabling
* Alignment

* Electronics
* ~1000 chambers

Tristan du Pree

Completed BIS production

UNIVERSITY

OF TWENTE.




THE ATLAS UPGRADE FOR HL-LHC "from teohnicians,

Major ATLAS activity at CERN
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Tracking @ ATLAS



Tracking?

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin

Nik]hef



https://en.wikipedia.org/wiki/Tracking_(hunting)

Cloud chamber

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin




Cloud chamber

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin




Cloud chamber

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin




Hardware - leaps and strides

ATLASID ==

“" End-cap semiconductor fracker

Tracking @ ATLAS (@ Nikhef) Niklhef

Nikhef Jamboree 12/May/2026, S. Lin


https://cds.cern.ch/record/1262789/plots

Hardware - leaps and strides

A_TLA% IDTR-2023-01

ITk Strip
Endcap

n=25

n=3.2
n=40

ot T A

(=]

u/
N

o » '
o™ mepe — ADEOR _ Tk Pixel
12 Outer Endcap 1Tk Pixel ((\(9 g \Y ey Inner Barrel
Inner Endoep bb('o/ Outer Barrel &
S & £\
1.7 AV | Outer Barrel
)
4,
A,

" End-cap semiconductor tracker

Wider |n| coverage 2.5 — 4.0

More readout channels: ~108 — ~5X109

Tracking @ ATLAS (@ Nikhef) Niklhef

Nikhef Jamboree 12/May/2026, S. Lin


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2023-01/
https://cds.cern.ch/record/1262789/plots

Challenges in the High Luminosity LHC era
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http://cds.cern.ch/record/2928798

Challenges in the High Luminosity LHC era

Pile-up = 23 arxiv:1201.5469 Pile-up = 230

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin

Nik]hef


https://arxiv.org/abs/1201.5469

Challenges in the High Lum|n03|ty LHC era

ATLAS Preliminary

RUN 3 RECONSTRUCTION

CPU TIME [A.U] 018
17%

INDET
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= MUON 0%

EGAMMA
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» PFO
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ATL-PHYS-PUB-2021-012
Tracking @ ATLAS (@ Nikhef)

HS06 x Seconds per Event

400
350
300
250
200
150
100

50
0

TLAS Slmulatlon Prellmlnary

IIIIIIII

- ITk LayOUt’ tt events E]' ID Run-2 Reconstruction g
— ««fll--- Default ITk Reconstruction ]
- —@— Fast Track Reconstruction (ITk}
- 8 :
= -
3 . .m 3
= B m .__’_______—.—f
S — | | —
0 50 100 150 200
<Hh>

ATL-PHYS-PUB-2019-041

Nik]hef

Nikhef Jamboree 12/May/2026, S. Lin


http://cds.cern.ch/record/2766886
http://cds.cern.ch/record/2693670

ATLAS Physics

@ Seeding \\

Ky Track ﬁndng\\

7 Track fitting \\

Tracking @ ATLAS (@ Nikhef) NikThef

Nikhef Jamboree 12/May/2026, S. Lin



ATLAS Physics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-006/

ATLAS Physics

Tr:ack Input Track inputs

Jet flavour
— prediction

Jet pr
= regression

traces X fop

Jetinputs
nIBLHits
nBLIts
nIBLShared
nIBLSplit
nPixShared
nPixSplit
nSCTShared
leptonID
muonQuality

— Track origin
prediction

Irack particle 1D
* B prediction

] Entity | | Entity I | Comextl IContext]

- o
35 preciction 3

s \
\

\

@Seadl A\

"\
\

K Track ﬁnding\

7 Track fitting

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-001/

ATLAS Physics

Space point formation
Clustering

J

¥
Track Seeding ]
J

\

[
[ Track F‘invding &
[

Fitting
¥
Ambiguity Solving ]f «

Tracking @ ATLAS (@ Nikhef) N{ETE of

Nikhef Jamboree 12/May/2026, S. Lin



ATLAS Tracking a

Space point formation e’
Clustering

¥
[ Track Seeding ]

Y

[ Track Finding & ]
Fitting
Y

[ Ambiguity Solving ]

Tracking @ ATLAS (@ Nikhef) Niklhef

Nikhef Jamboree 12/May/2026, S. Lin



ATLAS Tracking

Space point formation
Clustering

¥

Track Seeding

¥

[ Track Finding & ]
Fitting
¥

[ Ambiguity Solving ]

Tracking @ ATLAS (@ Nikhef) Niklhef

Nikhef Jamboree 12/May/2026, S. Lin



ATLAS Tracking

Space point formation
Clustering

¥

[ Track Seeding ]
¥

Track Finding &
Fitting

¥
[ Ambiguity Solving ]

Tracking @ ATLAS (@ Nikhef) Niklhef

Nikhef Jamboree 12/May/2026, S. Lin



ATLAS Tracking

[ Spacecpigisl:: :ﬁ‘r;nation ] ﬂ a N4
s ﬂ

[ Track Seeding ] t
¥

[ Track Finding & ] \
Fitting
¥
Ambiguity Solving

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin

Nik]hef



/.-;
ATLAS Tracking a‘
[ Space point formation ] ~. =/
Clustering

¥
[ Track Seeding ]

¥
[ Track Finding & ]

Fitting

¥

Ambiguity Solving

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin
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: : : : | samkpil ArXiv:2304.02643
Tracking with machine learning T '7Z' arXiv:2411.07149

Space point formation
Clustering
¥

Inference

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin

Nik]hef


https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

: : : : l samkpil ArXiv:2304.02643
Tracking with machine learning T '71' arXiv:2411.07149

Space point formation
Clustering

¥

Tracking @ ATLAS (@ Nikhef)
Nikhef Jamboree 12/May/2026, S. Lin



https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

‘1\r-n-:l-:|)zlf arXiv:2304.02643

Tracking with machine learning arXiv:2411.07149

Space point formation
Clustering

¥

M hits
A

4 \
AN

N tricks
|
L
L
|
L
L
L
L
|
|
|
L

Inference

«

Tracking @ ATLAS (@ Nikhef)

Nikhef Jamboree 12/May/2026, S. Lin Nik|hef
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https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

M Inputs

Tracking with machine learning

N Output Objects

TTTTT

Object Decoder —

TIIY

N Object Queries

NxR

Class
Nx(C+1)

Masks
NxM

Tracking @ ATLAS (@ Nikhef)

Regression

I .'-:.-:I-:

v arXiv:2304.02643
arXiv:2411.07149

Nik]hef

Nikhef Jamboree 12/May/2026, S. Lin


https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

M Inputs

: : : : ra=kpAL arXiv:2304.02643
Tracking with machine learning |1\ '72' arXiv:2411.07149

N hits

N Output Objects

Regression
12} .
% % , f ! '§ NxR

— e

Object Decoder —

TTTT R -

N Object Queries

|
N hits

Sliding window attention

Tracking @ ATLAS (@ Nikhef) N{ETE of

Nikhef Jamboree 12/May/2026, S. Lin


https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

‘1\.'-:.-:I-:I7Z|{ arXiv:2304.02643

Tracking with machine learning arXiv:2411.07149
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https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

‘1\.'-:.-:I-:I7Z|{ arXiv:2304.02643
arXiv:2411.07149

Tracking with machine learning
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https://arxiv.org/abs/2304.02643
https://arxiv.org/pdf/2411.07149

Summary

» Tracks — objects — analysis — discovery / measurement

* HL-LHC era — more data — computationally challenging

» Tracking ~ iterative (mostly analytical) process of spatial pattern recognition
» Opportunity for SOTA image segmentation techniques (scalable)

 [Not covered today] Muon tracking (geometry modeling, acts integration)

Tracking @ ATLAS (@ Nikhef) Niklhef

Nikhef Jamboree 12/May/2026, S. Lin
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ANTIMATTER ASYMMETRY



Why is the Universe Mostly Matter?

Following the Big Bang:
for every 108 matter particles, there
were 10% — 1 anti-matter particles.

The Standard Model (SM) can’t

account for this asymmetry!

For answers: the Higgs
boson’?
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For Answers: the Higgs Boson?

Predicted by the SM: i Predicted by alternate theories:
particle anti-particle particle anti-particle
* Higgs interacts § * Higgs interacts

identically with particles g differently with particles

and antiparticles and antiparticles

No matter-antimatter i Matter-antimatter

* i sk
dsymm etry *actually just very small | d>ymm etry *if some other conditions are also satisfied
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For Answers: the Higgs Boson?

Predicted by the SM: i Predicted by alternate theories:
particle anti-particle particle anti-particle
* Higgs interacts ~* Higgs interacts Charge-
identically with particles differently with particles = parity
and antiparticles and antiparticles 1 (CP)
No matter-antimatter Matter-antimatter violation
* i %
dsymm etry *actually just very small | dsymm etry *if some other conditions are also satisfied
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Looking for CP Violation at the Large Hadron Collider

1. High-energy proton beams
accelerated at the LHC.

3. Proton collisions

2. ATLAS detector records ||\ T produce new particles...
collision products. including Higgs bosons!
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Looking for CP Violation at the Large Hadron Collider

Time flows this way

Higgs produced by interaction of

guarks and gluons in the proton. ¢ q
\ 7
Quarks from H
colliding - TTTEEEEEES
protons

One mechanism: / ~ W/Z

vector boson fusion (VBF). q q

collimated cones

CP violation would change angular distributions of the jets./ of hadrons
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CP Violation in Vector Boson Fusion

Variable sensitive to CP violation: Adj;.
 Azimuthal angle difference b/w the two jets, ordered by their angle wrt the beamline.

arxiv: hep-ph/0703203v1

%107

'g=45: pP—iiH | — SM
E 40:_ "‘|~|=15OGe\: \ — Other BSM
o ... — CP violation

LHC beamline

AD;; is: symmetric for SM
symmetric for non-CP-violating beyond SM
asymmetric for CP violation
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https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202

Measurement Strategy

* Four distinct bins capture the major shape effects.
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https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202

Measurement Strategy

* The Higgs boson lives for 1022 s = look for its decay to
W bosons, then to leptons (e/u) and neutrinos.

Detect:

* 2 Jets

* two leptons (e/u)

* mIsSing energy
from neutrinos
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Typical event in the ATLAS detector:

Jet 1

Collision e i G
happens here /il
Muon track

EXPERIMENT

Run: 351969 Event: 3097459390 2018-06-05 12:57:24 CEST
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Results Eur. Phys. J. C 85 (2025) 1403

Three main categories for sensitivity

8 — \ ~.
g% -1 EW ggH 2 2-ets | EW ggH > 2-jets | EW ggH > 2-jets 1 ATLAS .
S | pi<200GeV | pH <200GeV | P >200GeV | Vs=13TeV, 140fb
61 350<m;<700GeV ' m;>700GeV | m; > 350GeV H— WW* = vl
:: : : i ® Observed (p-value = 91%)
—: : : - === SM prediction
45 | | cuw = -2 (A =1 TeV)
N | | i criy = -1 (A =1 TeV)
- I | _
2 |
I [ I T A I RN NN - “r—e - v 1 I 1 11 1 @
"—** + g : i I ¢ 1T
O—: : :
_i i i _ Measurement is
/\& /\& Q & /\& /\& QX /\& /\& ©Q 4 symmetric In ACI)]] -

2 2 . .

Four Ad; binsin - 2o, Y Y % %y 2 Y T, %y 72 Y "%, no CPviolation ®
/

each category Ag* [rad]
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https://link.springer.com/article/10.1140/epjc/s10052-025-14761-2

Conclusion

* First time probing CP I
violation in VBF H->WW'".

* Measurement strategy o e - e !
enables combination

with others for stronger
results [arxiv:2603.20117].

* No sign of CP violation
here vet!

EXPERIMENT

Run: 351969 Event: 3097459390 2018-06-05 12:57:24 CEST
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-26/

