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- ATLAS, CMS and FASER experiments in Run 3:
2 - status and physics highlights
&= - Towards the HL-LHC: =
- exploitation of the physics potential ~ 5900 active members
- Phase Il upgrades (2870 smentlflc authors 183 Instltutes)

Gsu with a detalled view of UK efforts and contrlbutlons
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102 active members
(27 Institutes)

LHG= 27 %t
3 The UK has also a small participation in

~ 6300 active members (2166 e SND@LHC (UCL, Imperial) - see W. Barter’s talk
scientific authors, 247 Institutes) LSS




UK Institutions

= 14 universities + STFC Rutherford Lab
= 11.7% of ATLAS active authors
»
»
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ATLAS

EXPERIMENT

261 Physicists and 108 engineer/tech/admin
p— 142 current doctoral students

PREERTY

82 Physicists and 38 engineer/tech/admin
21 current doctoral students

Sunderland

| ,3, Sy = 3 universities + STFC Rutherford Lab
,;/ A= = 3.6% of CMS active authors
~ T L o »

York

Warwick uC
Oxford
5 RHOI
RAL Essex I fQueen Maryf

Bath O =

B [ e + around 6-7 “associated” institutes (mostly CMS)
 __: - Huddm:eld Ko . e
@ Lol < e Pl = 4 universities
g oy o - d3crd . = ~6.3% of FASER authors
P aulae C g = 5(6) Physicists, 5 current doctoral students

Swansea . .
Cardiff i Imperial
Bisg P Brunel

e Project Funding: mainly from STFC

o Additional funding: EPSRC, UKRI, Royal Society, ERC,
Marie Curie, Schmidt Family Foundation, Leverhulme Trust
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UK major commitments

Run 3 Operations and performance Run 4: Phase Il upgrade
(include Phase | upgrade)

Phase I. hardware, firmware and software upgrades ITk-Pixels

for L1Calo and HLT&DAQ systems ITk-Strips

Operations: Inner Tracker (SCT), L1 trigger, , HLT & | Calorimeter Trigger (eFEX & Global)
ATLAS | | DAQ systems, data quality, alignment, forward detector | High Level Triggering & DAQ
exeerivent || physics performance: luminosity, beam Upgrade software

background, Monte Carlo generators, ely, u, t reco/ID,
flavour tagging and b/c calibration, global particle flow,
machine learning

Phase I: L1 Trigger ASICs for new tracking system

Operations: Silicon Strip tracker, ECAL, Calorimeter | Electronics and algorithms for trigger for: Tracker,
CMS _ : : .

trigger system ECAL, high granularity endcap calorimeter and L1

Physics performance: e/y and t reconstruction and | trigger

ID, statistics tools, machine learning

— Commissioning and Run 3: test beam 2021-22, scintillator veto system for trigger, ECAL, tracking
@ spectrometer, new pre-shower in preparation for 2025 - no major upgrades foreseen for Run 4
Operations and Physics performance: Run coordinators, Track reco, ely reco/ID

= Computing: underpins all our research - Tierl and Tier2 centers, core support, software development,
also through coordinated projects relevant for HL-LHC and beyond (see D. Costanzo’s talk)
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Management and coordination roles

= Major roles (management)

» ATLAS:
= Spokesperson: Dave Charlton (2013-2017, deputy 2009-2013)
= Physics Coordinator: Dan Tovey (2016-2017); Bill Murray (2014-2015); Dave Charlton (2008-2009)
= Collaboration Board Chair: UK provided 3 out of the 14 CB Chairs, latest: Max Klein (2017-2020)
= Project leaders for Inner Tracker, ITK, Trigger and Run coordinators

» CMS:
= Spokesperson: Jim Virdee (2007-2009, deputy 1993-2006)
= Collaboration Board Deputy Chair: Claire Shepherd-Themistocleous (2014), Gavin Devies (2017-2019)
= Project leaders for L1-Trigger, HLT, HGCAL, ECAL and Run coordinators

» FASER:
= Physics Coordinator: Carl Gwilliam (2022-2024)

= |[mpact on international physics and upgrade activities through coordination:

= Since 01/2021: ATLAS counts 14 Level-1 coordinators, 15 Physics and Combined Performance group
conveners (and >40 sub-group conveners) in diverse areas, ~55 Level-3 coordinators; CMS counts 2 Level-
1 coordinators and 4 operations and physics group coordinators around trigger and searches for new
physics, plus >10 L3 coordinators. In FASER, the UK counts 1 Run Coordinator, 2 Physics Analysis leads
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Engagement, ECR and PhD students

= This is a very dynamic community, engaged in developing new ideas at all levels

= Shown also through awarded European Research Council Advanced grants, individual fellowships
from UKRI (Future Leader), STFC (ERF) and Royal Society (URF)

» Early Career Researches actively participate in operations and maintenance as well
as in the physics programme: regular UK physics meetings, dedicated workshops etc.

= PhD students: a healthy profile overall

= Number of PhD students enrolled in ATLAS-UK each year since 2005 - considering length of
PhD of 3.5 yr, this corresponds to ~ 650 students awarded PhD in the past decade

= More than 110 PhD students enrolled
In CMS in the past decade

= 6 PhD enrolled in FASER students
since 2020 (1 graduated, 1 finishing)

N PhD/year - ATLAS

200

150

100

Supported also through partnerships (e.g. RAL, 50
DESY, industry) and STFC-CDT programmes

0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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New ideas and cutting-edge technologies

= Amazing results achieved thanks to deployment of new ideas of UK members, e.g.:

Data Scouting/Trigger Level Analysis CM% Flavour tagging: b and c jets ATLAS
= EXPERIMENT
) rE]SggnSE ?re]\r/]fjllt\ll\gi?'/] gztpUShlng threShOIdS - ® NOVGl Graph Neu ral Network Track inputs Combined Inputs
g : approaches - optimised all the et inputs
rRe%Supfgé Z?/r;?qv:'géhn It'g::is by only storing discriminating information for b-/c- €20 —
: N . jets !
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| N - arv = ' and vertex association
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https://cms.cern/news/same-lhc-same-cms-more-physics
http://arxiv.org/abs/2403.16134
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Physics strengths and highlights: ATLAS

» ATLAS-UK contributes to all areas of the physics programme, from SM precision
measurements to Higgs studies and searches for new physics:

= \Within the period 01/2021-12/2023, out of the 255 papers released by ATLAS, 50% had UK members
contributing, and 25% had UK leadership (source: glance).

= Strong support to tasks crucial for optimising and measuring physics object performance and dedicated
involvement in computing and software

- - Multi-boson measurements
SM precision measurements |
; - Evidence of longitudinally Same-sign WWjj in VBF
W boson mass, indLll—lrSé widt polarised vector bosons (ZZ to 4l) i L e
measurement at the S 10°k ATLAS | e oma | mmwwiew
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https://arxiv.org/abs/2403.15085
https://link.springer.com/article/10.1007/JHEP04(2024)026
https://link.springer.com/article/10.1007/JHEP12(2023)107

Highlights: ATLAS B and Top physics

ATLAS ATLAS
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https://link.springer.com/article/10.1140/epjc/s10052-024-12439-9
https://link.springer.com/article/10.1007/JHEP09(2023)199
https://www.sciencedirect.com/science/article/pii/S0370269323007104

Highlights: ATLAS B and Top physics

ATLAS ATLAS
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» Top physics: 4-top ~ Entanglement in tt

100 :

% 90; ?TLAiS' ¢ Dala .t‘l_tf E 5 jA,-,_A;mlmlqu‘lﬁalj‘al‘ o A %
. > F /s =13TeV, 140" CJtiw miz (& 60000 ; Pow+Py (hva) 1 | ] b
= Observation of 4-top process U owogweos o mi - omso oD ot M
3 o E 0= mas SUEEY o Pow+Py (bbd) | 10148
EUI‘ PhVS J C 83 (2023) 496 ;Zg =t)(:hersr E:%Fu g 50000; -Backgrzund o
E 7 Uncertainty E 40000 Total uncertainty || @ 1018
Manchester g C TS
. 30000 i 108
= Observation of quantum entanglement W T L.
20000[ s
in top-quark pairs | oz
arxiv:2311.07288 B N T TR TIATTIA o
o s T e 15 g
Birmingham, Glasgow, Manchester s N . {1 S
o 08 u o
o 2 NCber of b-tagzte djets 5 7080604020 02040608 1 05 5

Detector-level cos ¢

11 Energy Frontier: ATLAS and CMS (+FASER) and their upgrade 13/09/2024



https://link.springer.com/article/10.1140/epjc/s10052-024-12439-9
https://link.springer.com/article/10.1007/JHEP09(2023)199
https://arxiv.org/abs/2311.07288
https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0

Physics highlights: Higgs physics

= Simultaneous measurement of WH/ZH with Higgs to cc/bb £ 17 ATLAS Prlmiary v e
Y . . . e 10° 5= o = Expected || Theo. unc.
- legacy of Run 2 results exploiting new tagging techniques: ": - ew o
] 2 102 by 0 =1Ji 0J =211 00 =1J,
= H—bb improved by 15%, H—cc by a factor of 3. & 1100 P S ]
X * L= : T
= Cross section measurements in bins of p; boson N - | T_fqﬁ
! B
) ) ) Birmingham, Glasgow, Liverpool, S TlT < = 3 ot | 3 - B
ATLAS-CONF-2024-010 OMUL. Oxford, Sheffield, UCL A 7 1 - e gt T
"% - _25 Tsy 95, %, QY — 75 EN o B
: : * %%Q,zv‘ffﬁov‘;‘ﬁ?’i; Vo Br B %, B 0g
= UK leadership also in ttH; H — 17, rare H decays 2oy e ey et Sy Gy, Pay, Pyt
= EWSB and Higgs-self coupling: a flagship analysis, with ATLAS T oenesimit oo ol
. . . . . V=13 TeV, 126—140fb-" (1 =0 hypothesis)
strong commitment from UK institutes in Run 2 and now In o el -coaty 2 Bt st
xpected limit +2¢
Run 3 = Focus mostly on Run-3 bb and tt decays (4b, bbztr) Obs.  Exp.
Birmingham, Cambridge, bbIL +EF'**|- * 04
Liverpool, Oxford, RHUL, UCL Valtieptonl { 71
‘_“H N Self-coupling bbb} } 53 8.1
L, = lmz H? + + W H? ---H - * R E[_12’72](KA E[_16’72]) bbyy|~ * | 40 >0
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https://cds.cern.ch/record/2905263

Highlights: ATLAS Searches for new physics

= \ast programme of BSM searches for supersymmetry, leptoquarks, exotic Higgs boson decays, long-lived
particles (LLP) and other unconventional signatures (‘dark jets’ or ‘lepton-jets’) predicted in dark-sectors.

» SUSY:

Events / 100 GeV

10" g
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108
10°
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10%

1071t

10

= Since Run-1, several UK-led

searches for top and bottom
squarks, charginos and
neutralinos, and sleptons

Cambridge, Edinburgh, Liverpool, 100
Oxford, QMUL, Sheffield, Sussex 50,

JHEP 02 (2024) 128

ATLAS Preliminary
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https://www.sciencedirect.com/science/article/pii/S0370269323005063
https://link.springer.com/article/10.1007/JHEP02(2024)128
https://link.springer.com/article/10.1140/epjc/s10052-024-12902-7?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240722&utm_content=10.1140/epjc/s10052-024-12902-7

Physics strengths and highlights: CMS

» UK-CMS is strongly engaged in top physics (Brunel, Bristol, RAL), Higgs physics (Imperial),
and searches for new physics (Bristol, Imperial, RAL) including SUSY, dark matter, extended
Higgs-sectors, long-lived particles and new resonances

= Thanks also to huge advancement in techniques and close collaboration with UK phenomenologists

Top physics: long-standing contributions on top-pair
and single-top cross sections, top MC modelling etc.

= Recent highlight — 4-top process

= UK-led first evidence of this important process (later
superseded by observation)

PLB.2023.138076

138 b (13 TeV)

Events / bin

Bristol, Brunel
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17+4(stat)+ 3(syst) fb
0
91.4
&Ll s WML 1L LI
g. T }Il!li 111 IT*‘ Jll p 1! 131 11
0.6 : ' : : g

1
BDT bin

Higgs physics: strongly engaged in H>vy, 11, e*e’,
the UK has also led every single-Higgs combination
effort since Higgs discovery
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https://doi.org/10.1016/j.physletb.2023.138076
https://www.nature.com/articles/s41586-022-04892-x

Physics strengths and highlights: CMS

= Among searches for new physics, the UK led recent report on dark sectors = huge effort to map

over 40 results and produce new interpretations
i Include Higgs decaying in WIMP-like DM (Higgs-portal)

Higgs
4.9 1" (7 TeV), 19.7 fb™ (8 TeV), 140 fb™' (13 TeV
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= QOther searches include e.g. Heavy neutrinos (HNL)
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http://arxiv.org/abs/2405.13778
http://dx.doi.org/10.1007/JHEP03(2024)105

Physics highlights: FASER

= Built in 2021, in operation since 2022 Run 3 start, FASER targets new light, weakly interactive particles
and high-energy neutrinos produced at the ATLAS collision point

* high-rate: forward-peaked meson production

* LHC magnets and 100 m of rock shielding Built with left-over, e.g. ATLAS

SCT modules for tracker

Strong UK contributions

7 VeV V 480 M « STFC-funding PhDs
« UK institutes also on ATLAS
= Search for dark photon (A’) in efe- = Search for axion-like » First direct observation of v and v, and
Phys. Lett. B 848 (2024) 138378 particles (ALPs) in yy v, interaction measurements
Liverpool, L o Liverpool CERN-FASER-CONF-2024-001 PRL 131 (2023) 3, 031801 Liverpool, Manchester,
Manchester, £ ‘ g PRL. 133, 021802 (2024) RHUL, Sussex
s LASed_ e ’ & @' el
Slissex Py | 5" o i —
510‘ /L:27.01b"' , § e LASER
S e ] | T Sy
— ::r:;::-rm, a0t ‘; i_ ia g bt _-:'wmé;i,&fa -
First constraint in 10 S o
DM thermal relic s lERE R
region @ low ) - : T SRR T :
coupling for 30 yrs! oo _ o Lt . e
PAng Y M Access very challenging region 4v, and 8v, candidates observed in TeV range
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https://doi.org/10.1016/j.physletb.2023.138378
https://cds.cern.ch/record/2892328/files/CERN-FASER-CONF-2024-001.pdf
https://arxiv.org/abs/2303.14185
https://arxiv.org/abs/2403.12520
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Pushing towards the energy frontier: HL-LHC

» HL-LHC prospect studies, done also to understand the impact of the detectors' performance -
strong engagement of UK-ATLAS and UK-CMS for the Yellow Book reports (2017-19)

= From SM precision measurements to di-Higgs and new physics searches, huge potential
CMS FPex=geetcr i winayy

. ) +H > R ~0
Report on the Physics at the HL-LHC, tb L & 1200( PP > EIETITIE, EIoWHE], B2 )
. s | e HL-LHC Expected 95% CL Upper Limit (14 TeV, 3000 fb ™
and Perspectives for the HE-LHC . H_ g © S ettt LLRE s Ter 000y
’ K/t,b \ S 1000 == === 5sDiscovery HL-LHC Expected (14 TeV, 3000 fb ")
N eeeaaas Run 2 Expected 95% CL Upper Limit (13 TeV, 137 fb ™)
g t,b \\ H 800 Run 2 Observed 95% CL Upper Limit (13 TeV, 137 fb ) For NP’ increase
— 20 T T T . [ Wino-like E g° ] .
2 _f imulati imi - i E . 1 the present reach in
) £ ATLAS Simulation Prel ] Lemt TN
$ AT 14Té§r/1,u<ilf1 2re iminary = ATLAS and CMS HL-LHC prospects 3ab1(14 TeV) 600 JUEL Y P q l
ERN S orl <4 Il stat. © PDF 200 po* ] 1 e . % 1 mass and coupling
= romm; &p., n| < 4 5 . . et sy ]
S imw T &P, [ stat. ® PDF 1 1! E ?_:1/ - SM HH significance: 4o — Combination  00F R 1 4 by 20-50%
- I PoF ] a0l 0.1<!<23[95% CL] - B ke CON P
121 E S 05<!+<1.5[68% CL] bbgg 200~ o Lo b
10¢ = - vy [ i L.
B . 0 8- bbtt N/ AT W TN W A T
85 4 994%CL bk ' 200 400 600 800 1000 1200 1400 1600
5 r E B bbbb (c e ) [GeV]
| E 61
4; = - bBZZ*(‘”) _ 7CMS‘ W 3000 fb (14 TeV e‘e + mmz
25 - - 2 li -------- Exp. 95% CL I|m|t median B
= ] BNCL g -\ o] bbVV(Inn) N I Exp. (68%)
ot - - — 1L [ Exp. (95%) 4
cTio CT14  MMHT2014  HL-LHC  LHeC i 3 107 \s, e Exp.95% CL limit, median (Run 2) =
I ~ 0L .. ] Exp.(68%) (Run2) A
i T . NG 1 Exp. (95%) (Run 2) E
At least a factor of 2 expected in eswc. [\ /[ Stk Nl Zss. =
A = -IIIIIIIIIIIII I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I, E’ .................. - y E
precision for W mass e R NG Z'ssy (13 TeV) =
Nk e, L'y (13 TEV) T
— 107 T N\ =
. T F e N\ E
Contribution of many UK EWKS and Higgs-self S0l iy —— .
institutes... coupllng evidence 107 N -
1000 2000 3000 4000 5000 6000 7000 8000
m [GeV]
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https://cds.cern.ch/record/2703572

The Phase Il upgrades timeline

HL-LHC
2021 2022 2023 2024 2025 2026 2027 2028 2029
J|F[MAM|][]1|A|S|O|NIDYI|FIMIAIM| ]| J[A|SION|D{ ] |FIMIAIM I J|A|S AM]|]|AISIONDY ] |FIMAIM I [J|A|S AM[]]|]|AIS|OIN|DY ] | FIMAM 1 [J]A[S|O|NID{I|FMAM|]|]|A|S D{J|FMA[M §1|A|S|O|N|DY
» | S3 (2025-2029) — could shift |
\ Long Shutdown 3 (LS3)
by 6-9 months
= Run 4 and beyond (HL-LHC):

. 2030 2031 2032 2033 2034 2035 2036 2037 2038
~10 years programme Wlth an J[FMaM]a[3]A]s[oINID [FIMAM] 3 ]3]AlS[OIND] I [FIMAIM I [ 2 ]A]S AM 3[3]ASJOIND{3[FMAM]3]A]s AM 3] 3]A[S[oN[D{ 3 [FIMAM [ 3 ]Als[o[NID| ] FIMAIM] 3 [ [A]s[o]NID{ 3 [FIMAML I [ 3 [A]S[OND
LS4 shutdown in 2033+ Rund 154 Runs |

® |nst lumi: 5-7.5 x 10%*cm=2 s | |
5039 5040 041 Ihc-commissioning.web.cern.ch
1 . i

- 3 ab /exp' Of Integrated |Um| J[FMAM]3[3]A]S[OINID 3 [FIMAM] 3 [3[A[S[OIN[D] I [FIMAMI[J]A]S Shutdown/Technical st
@ /s =14 TeV expected Protons physics

LS5 ‘ Run 6 | Ions (tbe after |_s_4r1lJ
THIITT Hardware commissioning

, CMS Experiment at the LHC, CERN .
SRR Challenges and solutions

» High instantaneous lumi (pileup) = improve granularity and timing
information

« High integrated lumi = high radiation environment - replacement of
tracker and endcap calorimeter

* Huge amount of data (computing, storage) = new trigger & DAQ
systems

Run 4-5

up to ~200 proton collisions
every 25 nanoseconds
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GPDs upgrade programs at glance

ATLASdetector COM Sdetector |
Trigger/ DAQ Trigger/ DAQ
L1/ HLT - IMhz/ 1kHz L1/ HLT - 750kHz / 7.5kHz
improved coverage Luminosity & Upgraded electronics _
forward detectors g/ HAD calorimeters : - Upgraded electronics

& muon system

calorimeter barrel

Improved
muon detector
», coverage

i - calorimeter endcap
Inner tracker **
Timing detector new, all-silicon,

Inner tracker
high-granularity timing detector, ~ CoVerageupto|n| <4 new, coverage up to [ n| <338
pile-up mitigation

= Funding: mainly STFC, capital contribution to upgrade in line with fair share. Current (being extended):

= ATLAS: £128M for 12 years (2014-2026) =» CMS: £13.6M for 6 years (2019-2025)
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ATLAS upgrade: Inner Tracking Detector (ITk)

= One of the main UK deliverables for ATLAS . 14°°ﬁ[f;jjt§;f;‘0“;§t'°“ Preliminary

: 1200 i, =

= Complete replacement of the current inner detector - n=19 ]
= | arger angular coverage (n: 2.5 =2 4) 1000 n=2-02

= High radiation tolerance (up to 1 x 1016 neg/cm?) 800 1 E

= Reduced material budget 600 -

= \ery large total surface for Pixel and Strip sensors 400 N~
200 n=14.0 i

T S BREE LT e R IR B .

O 500 1000 1500 2000 2500 3000 3500

Tk z [mm]

« UK is responsible to build 40% of the strip
modules and 50% of the strip local supports

\\ (cores) + strip service modules
\\ « UK deliverables in pixel include assemble and
\\ test 20% of ATLAS Pixel modules and build
\ one endcap
} « UK providing a lot of the leadership in the ITk

I I
1066 563 514 299 122 33 39 279 405 1000 [mm]
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Inner Tracking Detector (ITk): status

= Schedule remains challenging, but lot of good progress has been made

. . Birmingham, Cambridge, Glasgow, Lancaster, Liverpool,
= |TK strips: Oxford, QMUL, RAL PP, RAL TD, Sheffield, UCL, Warwick

= huge work to understand and solve module cracking problems in collaboration with US and other institutes
» UK Institutes ready for production — now on track to start bulk production before the end of 2024

“Interposer” solution, module design modified
Interposers fabricated in the UK 14 interposed modules on stave under Cold tests in UK (-70°C)

hybrids

Lightning recap: SE4445+kapton cut & roll method

7777777
= - - -

adhesive

Uniform ~100 ym i
SE4445 thickness g Ly
| ) . |

» |TK Di s Edinburgh, Glasgow, Lancaster, Liverpool, Manchester, Oxford, QMUL,
PIXEIS. RAL PP, RAL TD, Sheffield, UCL, Warwick

= Assembly site, construction processes and quality insurance tests in place at all sites - PRR November
= Joint task force ATLAS-CMS expert for ASICs to study challenges in hybridization process and ASICs

= Preparation in SR1 in full progress with deliverables from UK getting to CERN...
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Preparation for 1&C in SR1

Left Cylinders made in US
dressed in UK, sent to CERN
B W = ™ Above stave loading into
w ' 3 WP -~ cylinders in the UK
Sent to CERN end of 2024
Loading starts in Q1-2025
UK provide service modules
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ATLAS upgrade: Trigger and DAQ

DAQ: FELIX prototype testing on-going

» Another major UK deliverable

= Phase Il TDAQ specifications are challenging: Event filter: demonstrators progressing well
= |0 rate 1 MHz with 10us latency and on track, very good progress on GPU
and FPGA support in ATLAS software

= EF output rate 10 kHz Birmingham, RHUL, UCL, RAL,
QMUL

=» Estimate event size of 4.6 MB

[ Inn:rTncker ] [ Calorin'letgr: ][ l:uonSymm ]

LO Trigger: prototyping
e and testing

Barrel NSW Trigger
Sector Logic Processor

Endcap MDT Trigger
Sector Logic Processor

Jorees
------ v_v

L
'

Data Handlers -

| USA15 (Underground)

| <200m

| SDX1 (Surface) CDR link

Routers and Fibres (Dataflow)

[ Data Handlers ] <€---- LO trigger data (40 MHz) 2 \ »
l <~ = L0 accept signal ¥ y Q 7 P
<— Readout data (1 MHz o | "
i : S (R -(PVIC _ = Plcontainers _glem =
[ Dataflow ] <~ - EF accept signal J g o 1 b
— @ Output data (10 kHz) , | A HLIEh ! 21 eFaccess
l : l é = switches T
-1 25 Gbps
Event Filter S Event
Per £ g
| Processor Farm I x Fitter wmemen Long Ronge T Routers and Fitres
= <32 51 | —Link aggres. W 100 of-Rack switches
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ATLAS upgrade: Trigger and DAQ

= Another major UK deliverable DAQ: FELIX prototype testing on-going

= Phase Il TDAQ specifications are challenging: Event filter: demonstrators progressing well
and on track, very good progress on GPU

= | O rate 1 MHz with 10us latenc
4 and FPGA support in ATLAS software

= CC Attt vrata 1N I L1- Rirminnham RHIII 1ICI RAI

= QOverall: ALTAS-Phase Il upgrade work Is also relevant for

= training of qualified personnel: 55 PhD students have graduated in the
past 5 years with activities on upgrade, apprenticeship programs for
technical staff, research and development spin-off..

= |ndustry engagement: collaborations with national and international
partners, mcludmg Micron Superconductor ZOT, Graphic, INTEL ..

i < 200m

2 SDX1 (Surface)

[ Data Handlers ] 4 - LO trigger data (40 MHz)
= L0 accept signal

l <— Readout data (1 MHz)

EF accept signal

[ Dataflow ] b
= @ Output data (10 kHz)
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CMS upgrade UK contributions

= The CMS detector upgrade for HL-LHC comprises a totally new tracking system with hardware trigger
capability and a new High-granularity calorimetry (HGCAL)

= Main UK-deliverable: common electronics platform contributing to tracker, barrel electromagnetic
calorimeter, and endcap calorimeter(s), and to L1 trigger

On-detector front end Off-detector readout  Trigger primitive generation Trigger

-~ Muons
| 1 A
| Optalinks EB/HBTPG
% W
- Barrel calo I : < Correlator
. [ | | h Puvarm W

Based on 8 years of R&D activities

Successfully UK-delivered “building-blocks”

. gl e 7 « MP7 processor board (Phase I)
. 'Nmm C i : * New time-multiplexed trigger Architecture
vy ol i - FPGA-based track finding
S, [ DAQ |
— JINST 12 P12019 ﬁ;'ste‘i:i“gﬂ’
oha |

Outer tracker
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https://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12019

CMS upgrade UK contributions: ASICs and board

» ASICs successfully delivered by UK
= QA of all wafers completed

production yields meet
expectation

= Common technology: off-detector electronics board
Founded Serenity Collaboration (UK-led)

Serenity board can be used in different capacities across many sub-detectors
Produced 27 prototypes with partners, currently in pre-production

Used in test-beam for tracker and HGCAL

Being integrated with detector components

Large UK involvement including students

https://serenity.web.cern.ch/serenity/
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CMS upgrade UK contributions: work ahead

= Complete delivery of common off-detector electronic board Serenity

= [or Tracker:

» |nstall back-end system, complete development and validation for the
Trigger Primitive Generator systems

= Complete development and validation of the online software needed to
coordinate, commission and operate the systems

® Testing and commissionning before/after installation

= For ECAL

» Algorithm firmware - key UK-deliverables to reject APD spikes at L1
= |nstallation of new readout electronics and associated service (2026-27)

» |nstallation and commissioning of optical fibre router to transmit crystal data
between off-detector boards

= For HGCAL
= |nstall the Trigger Primitive Generator system in final location
® Test and commission the full system thoroughly

= For L1 Trigger

» [Fully test, install and commission the 36 Serenity boards for the Global
Track Trigger and Correlator L1T subsystems

® (Operate and commission system and algorithms ready for beam

Muon figger Track trigger

Barrel OMTF
Layar-1 I

Global Muc i

Phase-2 trigger project
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FASER @ HL-LHC

= FASER has been recently approved to run in Run 4 as is. Great additional physics potential in studies
of hidden sectors and measurements of high-energy neutrino. No major upgrades foreseen BUT:

= New pre-shower system would have been operational since 2025 by then Liverpool supporting Geneva (Lead)
6 planes in total (silicon detector + tungsten plate)

Signal: decays ¢

into 2 photons ===~ 44

(0.1-5TeV)

6 ASICs per module, 208x128 pixels each

* Resolve diphoton events
» Improve sensitivity for searches of LLP->yy

Planned upgrade ,
C urrent (YETS 2024 ) 12 modules per plane, on cooling plate

preshower

= FASERv emulsion detector not as efficient — discussions about replacements/alternatives in progress

FASERy detoctor, T e

TR Several ideas from UK groups, in particular the
~ possibility of a silicon/tungsten emulsion detector
(Ce:rl:]rurlesri](t)n ey SRR using uninstalled SCT modules  (being studied by Manchester)
detector ‘ : . : e
l"""‘“’“’ A different scenario if the Forward Physics Facility
o ) | (FPF) will be supported > FASER-2 (see back-up)
P R Liverpool, Manchester, Oxford, RAL, RHUL, Sussex
29

Energy Frontier: ATLAS and CMS (+FASER) and their upgrade 13/09/2024



(]
Ph a S e-II C O mp utln g rc]-;thESD: E///éiél;\sl._va:tC).C(iczr(')nz.zc_%gét/las/GROUPS/PHYSICS/UP

Run 3 (u=55) Run 4 (1=88-140) Run 5 (u=165-200)
T L

= The HL-LHC presents significant computing challenge ; S0 AT ASPreliminaly T
= A |ot of work on-going to address this - manageable, exploiting 2 40F . comeomvative ReD =
rapidly changing technology landscape (see Davide’s talk) ] 305 T . et /S
= —  (+10% +20% capacity/year) ) -
= |n UK, coordinated efforts (i.e. within the SWIFT-HEP project) to O - B
address challenges from various perspectives > efficient MC 5 A =
production, efficient analysis software etc. ; 1ob E
o 80r ' y . C ]
ja - ATLAS Simulation | MC23 (u=1.83k, 0=151) o) P N N RN PN EPUPN PPN B
«— 70|~ 1000 jobs, 100 f events each e MC21 (u=2.22k, 0'=282) — 2020 2022 2024 2026 2028 2030 2032 2034 2036
Eg MC § of s MC20 (u=3.2k, 0=261) _f Voar
simulation S b 1| Butalso: extensive use of GPUs needed for
improvement 5 : development and deployment of new Al-based
(for Run 3) *E E approaches for trigger and analysis
CERN courier article 30__ E
20 71 + e.g.: CMS: improved computing capabilities
10F- 3 of the HLT system exploiting GPUs =
< PO ... J crucial for UK-led data scouting approach

HS23 sec / event

Computing (infrastructure/software) is essential to exploit future experiments and UK play a key

30

role within the international LHC community
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/
https://cerncourier.com/a/atlas-turbocharges-event-simulation/

EEEEEEEEEE

-
-

H;

Summary & Outlook

. UK community contributes crucially to ATLAS, CMS and FASER, in operations and
maintenance, and producing many results key to understand the SM and explore beyond

—-—-———

« The UK is a very dynamic community, with ECR fora and initiatives, exploitation of cutting-
edge techniques

 [not discussed here] Scientific outcomes can be ‘enriched’ with additional small
experiments ‘using’ GPDs, with UK-initiatives such as ANUBIS

* Physics prospects for HL-LHC offer incredible opportunities:

« Upgrades of the ATLAS and CMS detectors progressing, UK-deliverables substantial but well
on-track; strong engagement of UK institutes also on FASER @ HL-LHC

. Computing IS a challenge which the UK is targeting through collaborative efforts

L4 ﬁ| DL o)
M, Huge thanks to (alphabetic order) Joel Goldstein, Steve McMahon, Claire
Shepherd-Themistocleous, Alex Tapper, Pedro Teixeira-Dias, Sarah Williams

II'.
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Physics highlights: FASER searches

» Search for Dark Photon (A’) in e+e- .
" o
Phys. Lett. B 848 (2024) 138378 . ___Ei:"H :]F L2580 | f tanema :
: ! - F 2 tracks | o wuma ome
Liverpool, Manchester, Sussex oy | e
0 X I + noveto 5 ¥
n* production 4 ot . L
Vetow st sontiilae Pre-shower 1' |
;'u jon (2 lay ‘,.4 on (3 Lyers ¢ Magnets : Is;:ly::::anuum I? E 3 E
2 o (750 " — e L !
[ gt O
it _' R S Caladimster Ensray 1VI
FASERD tungst Decay Volume 100" ¢ ' '

wratinn

First constraint in thermal relic region @ low coupling for 30 yrs!

Kinetic Mixing €

1045

10° 5

LASeA_
Preliminary
-1

o L=2701b

Expected Lt (=10, 5% CL)

T ——

“=== Observed Limit (3% CL
Exsting Limes
etm— M«rTmoMm_-@fm, a1

10

- - - - mA. {MeV]
» Search for axion-like particles (ALPs) inyy
-
é: 10° Z g
CERN-FASER-CONF-2024-001 ey a2 Profminary
: Preshower Region / Signal Region 8 L=5771b
Liverpool 0 g my-140MeV, g 2 x10%/ GeV O
[ charm m, =120 MeV, g::: =1x 10"/ GeV 5
'blllll's tll"lfll'rtul' S,I'ld W syst@stat— = m,=300MeV, g =2x10°/GeV < 104 —
-. - - —e— data + stat.
.H'r(\_"t{_f Enpeoed L | £14,_ 90% CL)
_rlrulll"u |.1 = — - |0 3 _-__
a . - N o 5 : . CRSmOrRRS Ll (90, CL)
. E 1.5 ! Exmatrg Lires
B-meson production N ;%%////%/// %/ / // /
0 800 1000 1200 1400 1600 1800 2000 10 ,6:
Calorimeter EM Energy [GeV] m, [MeV]
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https://doi.org/10.1016/j.physletb.2023.138378
https://cds.cern.ch/record/2892328/files/CERN-FASER-CONF-2024-001.pdf

Physics highlights: FASER (2)

= First direct observation of neutrinos and measurement of v, and v, interactions

PRL 131 (2023) 3, 031801 LT : : .
ha «  Liverpool, Interactions in emulsion detectors (FASERv)
Neutral ha rons _ ..r'g-’“’-'.' _____ _— Manchester, |
- & .'gna.rflon RHUL, Sussex Vv routedview IS~ ol —
K . —— N Ell .ll o e —
- m"*-_ﬁ. 3 ._ "_-_. y . Pika-v event : o~
- o= §
. 8 g "'1-.5-':._ “s  PRL.133
g L - 021802 (2024)
Large- e . F . .",1' g
angle p FASERY .

10! 10? 10°

P, [GeV]

Observed: 153+12-13 v, interactions 4v, and 8y, candidates observed, also in TeV range

10— 101 —
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] L ASeER AScn
(=)

= Ve -
| v | ! v
3 10°— . T 10°— ; :
O = (G) 2
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A e a—— $ 7 Ianbbydnpan e irst cross section
o il ¥ - )
® ) \4 B0 0080505 A
" Jd m » o'ﬂ’ ° E“‘D’E’”u Mo L2 a2 h
L] _ ] T P measurements in the
— v — v
) W
S g TeV range
w = J FASERv 0y, W |
o | FASERv stat.+syst. unc. . ~

- Bl FASERv stat. unc. - A

4 - ®MINOS 10 O CCFR97 ¥ IHEP-JINR 96 ++ Bodek-Yang, weighted average F\

+E53 0. -- Bodek-Yang, ve A NOMAD 088 GGM-SPS 81 # NuTeV 06 T FASERV Oy, IceCube 17
1 +E53 0, —- Bodek-Yang, Ve | OBEBC 79 V¥ IHEP-ITEP 79@® SKAT 79 FASERv stat.+syst. unc. * IC HESE showers 17 (avg. of v, V)
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https://arxiv.org/abs/2303.14185
https://arxiv.org/abs/2403.12520

CMS ECAL upgrade

~
3
—

L . . - |
—=- APD spike [

-o-Signal

<« ECAL Barrel upgrade for Phase 2
<« New on-detector and off-detector electronics
<« shorter pulse shaping and faster sampling

< improved pileup suppression and precise timing
measurements, targeting ot~ 30ps for HOyy

amplitude (a.u.)

—_
— T T T

0.5

photons 7
< much improved rejection of APD spikes ol
< finer granularity information available at L1 T
< allows for improved algorithms in more powerful APD spike and EM signal
FPGA boards oulse shapes
| SMS £oAL C3,p crystal matrix, 160 MHz
<« UK contributions © TIERIEER,  Daafomana |
< Algorithm firmware to reject APD spikes at L1 |
< using improved pulse shape discrimination sl APD-sp =
<« Optical fibre router to transmit crystal data between ool 5
off-detector boards
< to allow for the computation of more advanced shower- e .
shape/cluster variables at L1 e e oa 0 e T s

linear discriminant
Spike rejection via pulse shape
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FASER @ HL-LHC: a totally different scenario

» FASER has been recently approved to run in Run 4 as is. Nonetheless:

= |n the assumption that a totally new facility, the Forward Physics Facility, is supported and goes
ahead, a totally new, different scenario of opportunities arise

FASER-2

FASER-2 as part of a suite of experiments host at the FPF

neutnnos

Feasibility and potential detector layout studies carried out by

o ﬂ /\ N /,_,,,,_ . UK-FASER institutes, Oxford, RAL.
I
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