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UK Institutes in ATLAS+CMS

15 institutions

548 members 2 11.7% of ATLAS Active members
ATLAS UK Current Collaboration Board & Publication
committee chairs

. * 5 institutions (+ several associate members)
. | - N I+ 168 members =2 4.3% of CMS Active members
5) " g v ] /| + Current L1 Trigger Coordinator & Run Coordinator

* Both UK ATLAS and CMS are founding members and have held

significant number of group and sub-group convenorships & project
management roles in the collaborations including spokespersons

 Significant contributions to Physics output
—> See CMS Briefings & ATLAS UK physics results

= —> UK provides significant impact in shaping
o) 0 =W GPD program at the LHC!
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https://cms.cern/tags/physics-briefing
https://atlas-uk.web.cern.ch/

ATLAS & CMS in LHC Era

LHC performed exceptionally during Runs 1-3

— ATLAS [] LHC Delivered
Online Luminosity [ ] ATLAS Recorded
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« Over 500 fb"data recorded per-experiment! - Total recorded: 505 fb

Total Integrated Luminosity [fb™]
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Currently 1506 (CMS), 1434 (ATLAS) publications 300~ .
. . -~ Vs=7,8TeV Vs =13 TeV
* Vast majority of papers are from Run-1 & Run-2 D00 Peverses 2o Delivered: 186 fo"
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Upgrades during LHC

Run-3 saw upgrade of the accelerator = increased COM energy to 13.6 TeV

CMS GEM muon system
144 stations installed
during LS2

UK contributions: Y

@ Hardware, firmware & software
hav4 upgrades for L1Calo and HLT&DAQ
systems Design luminosity exceeded already in Run 1

—> Higher than design PU already
—> Had to get smarter, faster!

Z‘mg L1 trigger system (GCT) = R&D +

‘ firmware

Recorded luminosity (fbo™'/1.0)
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ATLAS new Small Wheel
CMS | B 2023 (13.6 TeV): <> = 52
7 I 2022 (13.6 TeV): <p> =46

Il 2018 (13 TeV): <> =37
B 2017 (13 TeV):<p>=38
3 2016 (13 TeV): <p>=27
Bl 2015 (13 TeV): <p> =14
Il 2012 (8 TeV): <p>=21
2011 (7 TeV): <p>=10
olP(13.6 TeV) = 80.0 mb
olX (13 TeV) = 80.0 mb
o (8 TeV) =73.0 mb
olP(7 TeV) =71.5mb

Mean number of interactions per crossing




Huge range of Physics topics at the

Energy Frontier!
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are

CMSs preliminary

Overview of CMS EXO results

March 2024

ATLAS and CMS use the LHC as both a discovery
(search) machine and precision instrument!

Status: June 2024
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Many thanks to Monica D’Onofrio, Andy Pilkington, Sara
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Alderweireldt, Steve McMahon, Gavin Davies, Joel Goldstein,
Sudan Paramesvaran, Alex Tapper for various inputs




Higgs boson

CMS Supplementary

138 fo-! (13 TeV)
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-> UK-led: H>yy, H> 1T, H2inv & overall
combination & interpretations
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VBF-tag

VH-tag

iH-tag
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+ H=>inv constraints

ggH-tag

|
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CMS-HIG-21-018 (Sub to ROPP)
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Particle mass (GeV)
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Higgs boson

ATLAS

EXPERIMENT

ATLAS pushes sensitivity in K, with addition of Run-3 n: ssssss o
data! 532226932;325:‘4:7:724 cest

- B(H>up) ~ 1/5000
—> Extremely challenging to dig out Higgs signal
from Huge DY tail

First evidence of H>up
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Higgs boson

improved sensitivity with Run-3 data

CP studies of the Higgs-tau coupling in H>tt with

Hadronic t decays identified using DeepTau algorithm
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Extract CP-even & CP-odd H-t couplings from
fit = most precise CMS measurement of
CP-nature t lepton coupling to date!

af™" = 7+ 16 (stat) T3 (bbb) =+ 2 (syst)°

m
£ = -t e+ R

—2AInL
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H iggs pOtentiaI CERN-EP-2026-011 (Sub to PRL)

ATLAS and CMS —e— Observed
In the SM, the Higgs potential includes H3terms LHC Run 2 ~~- Expected (K™ =0)
[ Expected 10
Vs =13 TeV [ Expected +20
1 1 <0.001X GggF 0%?_:: + O-\H/EF -32.81b -+-- Expected (uffim®" =1)
V(H) = =m?% +|MH?|+ =\H* + const Exp. Exp.
(H) o "H t T 4 T ObS: (ufisimov _ 0) (uhgimov = 1)
“self-coupling” generates CMSH I 3.5 26 3.6
Higgs-Higgs interactions o
70000} Sy ATLASH e 4 2.9 2.4 3.5
| D c . i i
KA . Combined|- i o1:r 25 17 2.8
IIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Search for di-Higgs requires Combination of final states t 2 3 4 5 6 7 8 9 10 11 12

. ege o . 95% CL upper limit on HH signal strength
& experiments for best sensitivity to self-coupling PP J I Hiw



https://arxiv.org/abs/2602.23991
https://arxiv.org/abs/2602.23991
https://arxiv.org/abs/2602.23991
https://arxiv.org/abs/2602.23991
https://arxiv.org/abs/2602.23991
https://arxiv.org/abs/2602.23991
https://arxiv.org/abs/2602.23991

Higgs potential e
i

UK focusing on complimentary approaches when
contributing to this monumental task
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Work on additional decay channels)
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Interpretations of single Higgs cross-

sections
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W, W, Scattering

Higgs boson acts to regularise high energy behaviour of W, W, scattering in Standard Model
—> Studying W W, scattering provides a sensitive probe of EWSB
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Evidence (3.36) of W, in EWK production of
SS W-boson pairs with ATLAS Run-2 data!

Events

Data/ SM

Phys. Rev. Lett. 135 (2025) 111802
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@ 95% CL

SM expectation
0.19 + 0.05 fb
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Direct searches for exotic signatures

Run-2/3 has seen a huge range of g Y —
new signatures emerge in our S | " N
searches L ¢ |
W scalar Sealar s .
-> Sensitivity to many BSM -
mOdeIS With Cha”enging ‘E‘ " . - En}:{ging M CMS _ 359-101 fb™' (13 TeV)
. . e ol Neutral
final states B T "
Axial- :
vector
[l Hidden N
valleys ma [GeV]

Fermion

Vector portal Hidden

Abelian
5 vmcus nggs
f 5 Inelastic
£= M Dark Matter
= : Extended
w‘ Simplified i dark sectors
dark sectors ) 2HDM+a
Neutrino .
portal L T R e . s
—> ATLAS & CMS pushing capabilities Dark sector o
o e o ' models in “F 4
well beyond original designs! CMS searches f

1" 1 10 10° 10° 10° 10°
Cty [mm]

Phys. Rept. 1115 (2025) 448
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https://arxiv.org/abs/2405.13778

Hidden-valley models

o/ Di-muon final states search from
CMS = non-prompt muon
triggers in B-parking dataset

Extended
dark sectors

Simplified

dark sectors |

CMS simulation (13 TeV)
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‘“Dark QCD” dark partons undergo showering & hadronization = long-lived dark mesons
that decay to SM particles gives rise to “emerging jet” signatures

Dijet search by ATLAS—> two pass tracking approach
recovers high IP tracks from displaced signatures
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https://arxiv.org/abs/2505.02429
https://arxiv.org/abs/2511.11888

Disappearing tracks

E 18Z*ATILAS |Simu‘latior: I T‘otal yielld (Scalledx2>I<10")
Search for heavy, long-lived charged particle that travels a very short = g f=isteviorn? o crasespion o iy
. . . . 2 F Higgsino (250 GeV, 0.04 ns) -x Ace. (3-layer
distance in the innermost layers of the ATLAS experiment before 5 1 g
- . D 4pf 1§ i,
decaying into undetectable particles : o +§°-8‘§ Simpiea sk sodrs
8; 1 * + ;06 § dark sectors
3 L e b 1z =
Several DM/SUSY models provide signatures with disappearing tracks S Lty * e g S
4 ] + ................ i © CMmSm::Iasrg:es
. . - £ Pag
* Improvements in tracklet reconstruction improves efficiency T .
%+ b2 04 06 08 1 12 14 16 18 2

when there are spurious SCT hits _
Pion truth P, in lab. frame [GeV]

* BDT used to identify presence of soft-pion expected in signal
signature
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Inert Doublet Model

CMS Run-2 + Early Run-3 search for the Inert Doublet Model
—> First ever search @ LHC for this model!

“““““ CMS 172 fb~" (13 + 13.6 TeV)
/-\1107“"|H“|““|"“|"“|"“\"“7g
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Heavy |Ong-|iVEd partiCIES ~ increasing mass

Level-1 demonstrator deployed in the CMS Level-1 Trigger (L1T) during Run-3
* Allows for triggerless analysis = explore correlations between BXs
* First search performed using L1 muon tracks > set limits on several CMS 3.7fb™" (13.6 TeV)
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https://arxiv.org/abs/2601.20063

Looking to the (near) future

“The full exploitation of the physics potential of the LHC and
the HL-LHC and the completion of the high-luminosity upgrade
remain the highest priorities of European particle physics.
Every effort must be made to complete the HL-LHC upgrade
within the current schedule”

HL-LHC promises

* Unprecedented pile-
up conditions and
track density

* Challenging radiation
doses

* Huge volume of data
to handle

ATLAS and CMS have ambitious upgrades well underway
to meet the challenges of the HL-LHC

* UK leading mission critical systems

* Alot of work to do!

Nicholas Wardle
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ATLAS and CMS upgrade overview

Muon detector

. . Track info at L1
Luminosity &
improved coverage

Upgraded electronics )
forward detectors ¢\, /4AD calorimeters : - Upgraded electronics
‘ & muon system calorimeter barrel

Improved
muon detector
coverage

Inner tracker .@»
Timing detector new, all-silicon, S Inner tracker

high-granularity timing detector, cOVe€rase up to|n| <4 new, coverage up to || <3.8 ¢
pile-up mitigation

Funding : ATLAS & CMS reduction of ~30%* - hopefully runs up until 2030

—> UK is committed to delivering key upgrades and mitigating impact on deliverables where possible but shortfall in terms of
length & depth of funding severely impacts our ability to complete MoU deliverables & potential delays to Run-4

Trigger/DAQ @ Trigger/DAQ co,
LI/HIT - 1Mhz / 1kHz B 48] L1/HLT - 750kHz / 7.5kHz Z‘

Nicholas Wardle *actual figure depends on experiment/project and specific year
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Highlight: Inner Tracking Detector (ITk)

One of the main UK deliverables for ATLAS

* Complete replacement of the current inner detector

* Larger angular coverage (n: 2.5 = 4)
 High radiation tolerance (up to 1 x 10'® neqg/cm?)
* Reduced material budget

* Very large total surface for Pixel and Strip sensors

ITk Strips Detector Overview

!
1066 563 514 299 122 33 39 279 405 1000 [mm]

[ Chips v ] Sensors v/ . ij
233,856 25,536 17,904 [ Modules ] 24,000 L
|l Hamarmatsu Sensors ATLAS UK
roadll IR Endcap 320 um thick
g . 2x2,352 mod w/ ® n-in-pSi . . . .
B o . 7 | * UKisresponsible to build 40% of the strip modules
SR Eé; = o 2P and 50% of the strip local supports (cores) + strip
“““““ - .r service modules
* UK deliverables in pixel include assemble and test
o 20% of ATLAS Pixel modules and build one endcap
392 & e ge o o
* UK providing a lot of the leadership in the ITk
IpGBT VTRx+ ; itla;;

Nicholas Wardle
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Highlight: Inner Tracking Detector (ITk)

()

ATLAS

EXPERIMENT

'.?l A\
A (R

Endcap system tests @DESY Barrel system tests @CERN (SR1)

Strips: In bulk production and going well
Integration into the outer cylinder has started at CERN

Trial'Stave insertion
into the'Quter
Cylinder in SR1

Wafer probing
at Glasgow

Pixels: In bulk production
and going well

Pixel module
production

Nicholas Wardle




Highlight: Trigger & DAQ

A
1

LT3

Barrel NSW Trigger
Sector Logic | | Processor

Endcap MDT Trigger
Sector Logic) | Processor

e
"""""""""" » Event P
Processor
YiVY, Y '
FELIX %' e CTP VARmmm—
y
Data Handlers <+ L0 trigger data (40 MHz)
<= = L0 accept signal
Y <«— Readout data (1 MHz)
Dataflow <~ - EF accept signal
x Q:. Output data (10 kHz)
I
y!
Event Filter Permanent
Processor Farm Storage

EF Tracking

Phase-lIl TDAQ composed of:
1. Lo Trigger, 2. DAQ, 3. Event Filter

UK contributions to Lo Trigger:
* Lo Calo:
* Overall coordination
¢ eFEX and ROD software and firmware
* Update readout to 1IMHz
*  Realtime path changes
* Global Trigger:
* Hardware (Global Common Module) design
and test
Overall coordination
Global Firmware System Engineer
Software development and management
*  General infrastructure
*  Online/offline software for LoCalo and coordination
¢  Algorithmic
e Simulation
gCTPi (aka GCI)
* Event Filter
*  Hardware testbeds: FPGA, GPU
*  Novel algorithms for CPU, GPU, FPGA
*  Validation, Monitoring & Coordination roles
* Investigation of alternative technologies (e.g. Intel and AMD

ATLAS UK

Nicholas Wardle

2\

GPUs)

GCM integration at

CERN test rig
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Highlight: HGCal Endcap Calorimeter

The harsh environment of HL-LHC necessitates new ideas in
Calorimetry to ensure excellent Physics performance

* Improve jet energy resolution, maintain e/y performance,
cope with high-multiplicity, jet-substructure as a tool

* Need a highly segmented sampling calorimeter with timing

information

C.H
L m

26 layers
25 X,

N
\

~2.2 [m]

Primarily software & firmware related
to trigger path

Clustering algorithm firmware, DAQ
firmware, Timing and control
integration

Serenity - backend processing card
for multiple sub-detectors (including

HGCal)

Nicholas Wardle
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Highlight: L1 Trigger

CMS UK Involved in system B URS iR L6

design, testing, algorithm systems
development in GTT and CTL2

Involvement of UK in many of
the upstream TP subsystems
huge benefit to L1T

36 432

Important tasks for coming year: GCT Endcap
. . 2n, 3¢
Online SW developments & more Serenity 6 APx

S1.Xs to facilitate complex slice tests

Correlator:

* Jet finding : Integrating link mapping,
testing, more complex slice tests

* ML algorithms : Jet tagging and ensuring
robustness of NN to varying detector
conditions

GTT:
 Full demonstration of vertexing and track-based object
reconstruction on Serenity Including multiboard test

with Correlator, GT, and track finder
* Development and characterisation of NN based vertex &
track-to-vertex reco

RCT
2n, 12¢
24 APx

192

GCT Barrel

3¢
3 APx

CTL1 Barrel

18T

18 APx

GTT TSA

6T

6 APx

18‘

1 Endcap |

18 APx + 12 Serenity

};\

RECF
i 2n, 49 5n, 6@
30 BMT

EMTF

2n, 69
12 X20

Nicholas Wardle

BMT Filter
12¢
12 BMT

GMT ( + BMTF )
18T
18 X20

Data Scouting
7 DAQ800

GT Final OR
1 Serenity
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HL-LHC Potential for Physics S| AT G, rlectons Eorey 2026
J ATLAS+CMS 3 ab™! per experiment S Lol V5 =14TeV, 3 ab™! per experiment
Projections ESPPU 2026 "é SM HH production (ky = 1)
180.0 o
7]
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. o 54 from tt+jet B s bbyy .
} ' s my k] 0 '
Physics output potential at the HL-LHC! = e 8 TeV (202 1) 2 of bbrT projected!
U, Metastability —— 13 TeV (36.3 b)) [ Bmm Combined
£ 175.0 . . L
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) T T T [ T T T T T T e e S2 without profiling
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c .
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3 ] LosCMS _ Projection 3ab ! (136TeV) ]
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Integrated luminosity per experiment([ab] ¢ F i \ / 1 1 i i
1_. T _é 51— 95.5% N 0 § B
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After upgrades complete, people for operations & analysis will be vital to make this happen 2o a3 s 8T
-> CG effort has dropped dramatically since LHC startup > will need increased CG support
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No Free Lunch oyrs 0"
y ~ 25yrs?
L,
Improvements in measurements & searches require more than just CMS = > ”
more data = Improvements in reconstruction techniques & calibrations :‘2‘ [ |2
will be needed for few % precision couplings @HL-LHC 1.0E- - - - - - - Lo - -4l -- - {ﬂ] _____ Lo -4 B
08 .j[ {I] -0.95 H0.95 _; g
) 10 year  os6f | 3 g
. 0.4 3
Discovery anniversary ' ' ' S
l 2.0 :— ] ' Y' gI _E 5
15F -1.05 1.05 3 |=
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>, A |  em | o Lo M >
|9 ® Tau energy scale 1.0 - ﬁ '{l]' 1.00° Il} [T I:ﬂ E
é:) ® Luminosity uncertainty 05 Z_ m] ﬂ] _Z
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4= 3 e Jet Energy Scale (low pt) 0.0t . A . \
qq_) ® Jet Energy Scale (high pt) 20F ' f ' 6 =
— bTag efficiency @1% mistag r ﬂ] L 05 105 E
o Tau tagging efficiency @0.5% mistag 1.5 E_ _:
.S 2 Jet energy resolution @30 GeV, PU=25 1.0 :_ _______________ 41- - Hoo lﬂ I I | {I]. - Hi.00- I‘_ _:
-'S 05F -0.95 ﬂ] 0.95 =
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U CMS 4 S {ﬂ] """ ool I}]:
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html

Experience from the LHC Run-3 has brought innovative ideas to
improve the performance and exploit the data to its maximum

potential!

b-jet

Innovative Ideas to get us there

Level-1 trigger scouting 2024 (110 6 pb', 13.6 TeV)

950-7¢0¢-dd-SWD

> —— ]
o | Ee/V>ZOGeV, In®/¥| < 1.44,1S0°Y = 1|3 |
light jet S ,('r_) 12000~ I(:’:rlevlliginary { Data (2.57e+05) N
88 - | Simulation DY -2 |
i -3 -0 g | = aat e +poi2 - OB
& Initial track Conditional track g 10000 o —— pol2+CB Resonant fit component |
s Secondary vertex representation represe““’m" 3 I d - / y CB Norm = 25248.41 + 427.77
QQ? - © I I e mass H(Data) = 90.68 + 0.14 GeV
x 8 xc3 8000} Ay(MC,Data) = 0.24 + 0.07 GeV |
Primary vertex g 3 =t § %E == > o(Data) = 3.51 + 0.04 GeV 1
Impact i = U |
parameter - 6000 oo > e -
Transformer I et \
/ —[E5}— More results expected using “*°
Track inputs Combined inputs K E ‘E Su p u g i
o
setnputs ely and jets @ Level-1 2000}
e c LA L L L L L L L | [ |
! : : S 10° [ ATLAS Simulation ene J[Z IR o T ]
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Innovative Ideas to get us there

Enhancing traditional calibration
methods with novel approaches!

Choose jets for fitting
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hadronic top decays

Parametric ML-based
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Greatly improved
estimation of t>j fakes in
H->tT analyses using
multivariate distributions
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Summary

LHC run has finished with ATLAS and CMS recording over 500 fb™ each!

* ATLAS and CMS are physics generating facilities = new ideas are constantly
explored that are dynamic and innovative

* Many UK-lead contributions not mentioned here: B-physics, forward physics,
Heavy-ion, entanglement (tt, Higgs)!

The HL-LHC upgrade of both experiments is well advanced but still plenty to do!

* Challenges are also opportunities, understanding the complexity of
new detectors and technologies is key for future facilities and can
become a joined effort!
 Different focus in technologies/projects for ATLAS & CMS is strength of UK GPD community
* Physics prospects for HL-LHC offer incredible opportunities:
* Higgs-self couplings, New physics models, precision measurements
* Probably conservative, given constant improvements but will need more innovation to
make the most of the HL-LHC
* ATLAS and CMS UK will contribute to overall goals in complementary ways
* Funding is a serious issue to meet commitments and exploit physics potential
* None of the above will happen without people to do it! ATLAS UK

UK collaborations remain excited for preparations for & data-taking in Run-4!
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Entanglement studies

Studies of fundamental Quantum Physics property (entanglement) in H>ZZ and tt final states by ATLAS
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Measuring the Higgs width I';

Sensitivity to Higgs boson width through interference effects in H>yy analysis L
* Differential cross-section of signal (+interference)

proportional to CgCry = \/MFFH/FISLIM

* Interference causes deviation in Higgs line shape that can

be measured in the data!
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Slepton production in the compressed range
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Dark Higgs Searches

JHEP 09 (2025) 067

Target final states with at least three b-tagged jets, produced by
the pair of Higgs boson decays, in events with significant py™ss
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Scouting & data parking

Data flow for a typical 2018 data-taking scenario

Standard data stream:

Prompt offline
reconstruction

Scouting & parking
review paper : Phys.
Rept. 1115 (2025) 678
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More use of scouting going forward

Smaller coupling and lighter mass scales = need different trigger strategies to collect data

Search for low mass resonances decaying to

TuTh in scouting stream

* TauNet for low-ptth

* First ever inclusive limit in the final state
below 60 GeV

Events / 0.5 GeV

Standard Candles Z/Y = tt in scouting data!

Expansion of scouting (@ HL-LHC a natural
route for exploratory searches!
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Higgs timeline

Marina Kolosova (LHCP 2026)
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Higgs boson self-coupling

Constraining the Higgs boson self-coupling
requires more than just di-Higgs searches
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Precision (single) Higgs boson measurements also sensitive to
Higgs self-coupling! Lift degeneracies with other Higgs couplings
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STXS Higgs cross-sections
CMS
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CMS Taggers (Global ParT)

CMS Preliminary 60 fb~1, 2018 (13 TeV)
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New constraints on CPV in multiboson

Differential cross-section measurements of pp2>Wy

Wilson

95% CL [TeV~?]

ffici Observable Includes |[Mgs|*> k-factor

EOSICICIN Expected Observed
no no  [-0.37,0.38] [-0.42,0.36]
5 y yes no  [-0.12,0.11] [-0.06,0.06]
cw/A 9% Pr no yes  [-0.23,0.25] [-0.28,0.21]
yes yes [-0.09,0.09] [-0.05,0.05]
no no [-0.53,0.54] [-0.74,0.23]
e A2 oW yes no [-0.61,0.36] [-0.67,0.19]
o NN no yes [-0.32,0.32] [-0.45,0.14]
yes yes [-0.43,0.25] [-0.54,0.11]
no no  [-1.21,0.90] [-0.67,1.21]
2 y yes no [-0.97,0.82] [-0.47,0.67]
cuws/A° ¢ Xpy no yes  [-0.84,0.62] [~1.09,0.50]
yes yes [-0.76,0.60] [-0.58,0.38]
no no  [-0.39,0.39] [-0.59,0.13]
Corirn /A2 OHWE yes no [-0.39,0.39] [-0.60,0.13]
HWB NN no yes  [-0.20,0.21] [-0.31,0.07]
yes yes [-0.20,0.21] [-0.31,0.07]
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Low PU run 2026

2026 low pileup pp runs

e Special run(s): low pileup 13.6 TeV, collected
2.24 fb~1(95% eff.), and for 2.4 TeV collected
3.3 pb~! (94% eff.)

e Physics motivation:

o W mass using transverse mass ()

o B physics with low-pt muon triggers,
low combinatorics

o Diffractive & small-x physics program

Out-of-the-box understandlng in low PU mode
Z - ut
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UK CMS upgrade contributions

Based (largely) on common
electronics platform (Serenity)
contribute to tracker, calorimetry and

trigger
On-detector front end Off-detector readout  Trigger primitive generation Trigger
_ 1 A oCommon platform
/ Muons
AN gl ] EBETPG oTracker
. Barrel calo : Correlator
P Platform /FW
HGCAL r/o .| HGCTPG oECAL barrel
Platform Platform / FW DAQ
Endcap calo
25 modules _| Tracker DTC l | Track finder o H G C AL
CBC ASIC | Pt W I
| DAQ 1
oLevel-1 Trigger
Pixels

Y,

Dﬁ«Ql
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Serenity

* Scope

— Providing a back-end processing card to multiple
sub-detectors
* TK, MTD, HGC, L1T, RPC, DT & PPS

— Almost 800 cards

— AMD VU13P with 124 optical links at up to 25Gb/s
each.

— Much more complex than previous cards due to
size, on board CPU and mechanical aspects.

— Not just the hardware but the full firmware &
software stack.

e UK involvement

— Involved in all aspects of the card from design,
firmware, software, test & procurement

— Single Technical dev with input from whole of
CMS UK
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CMS Phase-Il tracker CMS.

Phase-2 Tracker will have the same general envelope as the
Phase 1. Divided into two regions:

e Inner Tracker (r < 20cm)

e  Outer Tracker (r >20cm) — UK focus

But some differences obvious at first glance 7
e  Highm pixel tracking — improved forward jet reco /i
(eg: for VBF Higgs) H
. o !
e  Tilted Inner Barrel — fewer modules despite high PU !
(lower material) !
) Outer Tracker instrumented with “pT-modules” — !
*new* will provide tracking information to L1 trigger £
AR Pass f Fail —
CMS Phase-2 Simulation s=14TeV, Muons, 0 PU
L >
4 Sa——— Upper sensor §
v .9
0 4 I I O P R i adiadamas ettt i i
:Ioolrm Lower sensor 2 *g
n0.8 o]
> & @ .
(o]
0.6 &
]
- ®
- O TEDD double-disc 1
0.4 ZE ® TEDD double-disc 2
L 0 TEDD double-disc 3
F + TEDD double-disc 4
0.2 & TEDD double-disc 5
= I9I I I10 &
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S .
Particle P, (GeV)
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CMS bPOL strategy (local power converter)

» The bPOL converter has issues after radiation (total ionizing dose, TID), enhanced by cold temperatures

* There is a clear risk, some V6 will stop working along the way
» Al V6 issues have been fixed in FX1, but there is a clear risk, FX1, a new ASIC, may not work

» CMS is following an adaptable hybrid strategy, respecting schedule

+ using v6/FX at all low/high TID volumes (as in the table)

O

» We are adapting all systems to minimize the risk of using V6, in case FX1 fails

,//

s\

1

\

\
1

MS

N\

Cristian Baldenegro

ATLAS

EXPERIMENT

m bPOL DC-DC voltage regulators used in ITk (pixel and strips), HGTD, LAr calorimeter
m Total ~70,000 bPOLs needed (majority in ITk strips and LAr)

Status of bPOL Problems

Radiation Step in Accessible after
System Quantity [MRad] production installation USE Schedule Mitigation
Tracker PS 5600 12 to 80 1st - module NO FX1 Assemble bare modules add bPOL later
Tracker 2S 7600 2to12 1st - module NO FX1 Assemble modules replace bPOL later
HGCAL Si 54000 1to 25 2nd - cassette NO V6 & FX1  Small boards, TID boundary set to respect schedule
Endcap Timing 15000 3to 100 2nd - dee Difficult (LS4) FX1 Needs bPOL only in 2027
IT (Pixels) 1400 68t0o135 2nd - structure Difficult (EYETS) FX1 Needs bPOL only in 2027 +
Barrel Timing 3000 3.2 2nd - Tray NO Vé Assembling with v6
MEO 2200 0.5 1st - module NO Vé Assembling with v6
Barrel Calorimeter 10000 0.8 1st - electronics NO Vé Assembling with v6
HGCAL Tile 8500 0.25 1st - tileboard NO Vé Assembling with v6

bPOL: V6 current ASIC, FX1 next chip coming back mid June TID: Total lonizing Dose

Elisabeth Schopf

Elisabeth Schopf

= Problem: combination of radiation and operation in cold temperature led to failures
after increased amount of stress time

= Strategy:

m | Tk strips and LAr: use current bPOLs but with redesigned module wire-bonding (strips) or
redesigned front board PCB (LAr) to reduce stress load

m | Tk pixel and HGTD: move to new redesigned bPOLs if schedule allows

Red circles = bPOLs
(ITk strips endcap petal)

Nicholas Wardle
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Level-1 trigger and High-level trigger

Phase-2 L1T/HLT preparations continue:

e New Al-based jet p; calibration, improved low-p; tau

reconstruction for scouting, and studies of CPU/GPU
acceleration for real-time event processing

e L1T hardware entering production phase;
the new Versal FPGA for Global Muon Trigger has
been ordered

New Phase-2 HLT tracking:

e Combines modern tracking algorithms to maintain
good performance at HL-LHC conditions while
significantly reducing computing time and increasing
processing throughput

Nicholas Wardle

Efficiency

Ratio

New Phase-2 tracking at HLT

CMS Simulation Preliminary tt, PU 200 (14 TeV)
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+ Production and Assembly I

m Strong progress across all systems - timeline remains tight but robust plans put into

place to accelerate production Elisabeth Schopf

m Some highlights:

= ITk: module production ramping up in all sites with optimised distribution system for parts

m HGTD: readout ASICs fully delivered, LGADs production at advanced stage, achieved ~50ps resolution
m Calo: electronics production progressing, performance of multiple front-end boards in a single crate tested
= Muons: new sMDT chambers fully delivered, RPC resolved technical issues with performance instabilities

Setup for cosmics with new muon chambers ITk strips stave HGTD demonstrator

Nicholas Wardle 52



ATLAS Event Filter Technology Choice

on?ﬁw

Technology Choice: study leading to decision on processors for Run-4 Event Filter: EF Tracking
+ CPUs, GPUs, FPGAs
« ~500ms latency available to reject events m L& Lo
« Dominated by ITk tracking
-Significant UK effort (20+ staff and students) across all three technologies _ .,
* Hardware testbeds: FPGA, GPU § | ,of ATLAS Simulation Preiiminary 00 opy) 7
* Novel algorithms for CPU, GPU, FPGA g F T Lyour 64.50.01 = G-080 GPU 3
« Validation and monitoring 5 115§, <> = 200, Truth p,>1GeV G-130 =
« Coordination roles £ 105 =
* Investigation of alternative technologies (e.g. Intel and AMD GPUs) § = 3
)| e o ]
e ee—ee,  nereEs
— o 1 0.951— *¢:+H+;H E
=N\ \W/ _ \% , 09f E
Lo - ) {44 ? S //( \ 7 ' \ 0.85[— E
Clustering B Seeding —p  Track Finding =—p Fati\cgﬂf)('egsuc;lltzti%n —)p  Track Fitting 8 1; -— B o non .E
o e ARSI - =
k- n +++—I* a- . 7
. - . 3 - =
*Final decision: CPU + GPU with CPU-only backup g 0% :
*Big effort to get everything ready for Run-4 S T L R R . B!

Truth particle n

Will Panduro & Steve McMahon
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https://cds.cern.ch/record/2962869/files/ATL-DAQ-SLIDE-2026-206.pdf
https://cds.cern.ch/record/2962869/files/ATL-DAQ-SLIDE-2026-206.pdf
https://indico.cern.ch/event/1523080/contributions/6523657/attachments/3069567/5430143/GBTS-GPU%20traccc%20intergration.pdf
https://indico.cern.ch/event/1523080/contributions/6523657/attachments/3069567/5430143/GBTS-GPU%20traccc%20intergration.pdf

