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LHC Scientific Program Tools

Powerful Particle Accelerator Sophisticated Detectors

Swiss / France border
27 km circumference

-
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Collision modes: p-p, p-Pb, Pb-Pb

0’ Worldwide LHC Computing Grid



WLCG: global collaboration & effort

+ Coordinated resource sharing across multiple v
organizations WLCG

Worldwide LHC Computing Grid

« 164 sites in 42 countries (tiered structure)

- MoU's between parties participating in the
project

* CERN (Tier-0), Tier-1 centres, Tier-2 centres
- Baseline services & roles

« Service levels & up-times

« Management structure & Grid operations

. Pledg_ed resources updated yearly based on 2024 pledge: ~2 EB tape, 1 EB disk, 550 kcores
experiments requirements.

I*I Tier-1: TRIUMF / SFU < TRIUMF SINMON FRASER

Tier-2: Alliance sites (Victoria, SFU,
Waterloo)

65 MoU’s
164 sites
42 countries

Digital Research
Alliance of Canada 3



WLCG: many key components

QEIGTF

. . International Grid Trust Federation
« Middleware services AP|EU|TAG

« Information system (sites configuration)

«  Security & authentication: IGTF (CA's) c R I 3 @T F T S

VO management service S

* File transfer service & network provisioning I-rlconM Tﬁ“

High Throughput Computing
Workload management

 Data management

- Accounting & monitoring GGUS

® PanDA

« Constant evolution while ensuring continuity

SCIENTIFIC DATA MANAGEMENT
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A lot of data
needed

SM
measurements

BSM searches
Large-scale

simulations
needed

Standard Model Total Production Cross Section Measurements
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Status: June 2024
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ATLAS TDAQ Chain

Calorimeter detectors

LAr TileCal

Muon detectors (including NSW)

Level-1 Calo

A 4

Pre-processor TileCal
nMCM| | TREX via TREX

!

CP (e,y,1)
[ cmx |

l

JEP (jet, E)
[ cmX |

+ v Level-1 Muon §

Barrel
sector logic

Endcap
sector logic

MUCTPI

o L1Topo
;Legacy L1Topo R
CTP
1
| > [CTPCORE]
> [ cTPoOUT

Level-1 Trigger

Detector

Read-Out"

Level-1 Accept

Rol

A\ J

High Level Trigger

(HLD) |Accept

| Processors

Read-Out System
(ROS / Software ROD)

DataFlow
Y A 4

Data Collection Network

Data Storage

Tier-0

LHC collision rate & event size
40 MHz 3.0MB

Level-1 accept rate

100 kHz 300 GBIs

HLT output to storage

3 kHz 6 GBIs

* From 40 MHz beam crossing to ~3 kHz (storage at TO)
« HLT farm scale: ~100,000 cores (dedicated)

Recorded Luminosity [pb "/0.1]
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ATLAS Computlng Model

- Raw data (1°* copy) — - Calibration
- Mass storage | - First pass processing

- Raw data (2 copy) — - Reprocessing

- Mass storage T'E[ Tier-l ) - Group prod.
(data + MC) ’
- Simulation | (:’_T",-E,._;;. Tier-2. @Er_'i:; (Tier-2)
- User Analysis — | R o (70x)
G;er_z(* ------ »> (Tier2) {HTier-Ef:}
S — —_
(ATLAS wide resources / MoU)
- Code development l l 1 (Private/local resources,
- Grid Ul f’leer- 3 '\___TIEI' 3 es ( Tier3 )  Clouds, HPCs)

- Small scale analysis & Dppurtunlstlc productlun - (~1000x)

chaotic scale




LHC Optical Private Network (LHCOPN)

CN-IHEP KR-KISTI RRC JINR PL-NCB)

AS 1'-rE4

AS53460 A5 17579 A5 287

CH CERN

US-FNAL FR'&EEEEH

A5 3152

IT-INFN-CNAF

T3R8

Scandinavia AS 39590 CH-LHEP AS 216467 A5 43475 A5 137-203

Line speeds: Experiments:
20Ghps B = niice [J=Adlas
e 100Gbps I =CM5 =LHCh
f— igﬂgzpi Last update:
EMGhES 20240308 _
edoardo.martelii@cern.ch




LHC Open Network Environment (LHCONE)
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WLCG: global data transfers

Monthly data transfer throughput between WLCG sites (GB/s) — 3 years

200 GB/s = LHCB == ATLAS Data Challenge 2024 WLCG
supports +40%
- e more transfers
150 GB/s é since LS-2
2021 Data 2023 Run <
ChaIIenge O 8 Further
100 Ges 2022 Run 260 PB/month_ scalability (x5)
F demonstrated
i in the Data
I Challenge
50 GB/s
I No strain to
I I I I I the services

07/2021 01/2022 07/2022 01/2023 07/2023 01/2024

10



WLCG: cpu delivered globally

« Growing number of computing resources provided to the LHC
experiments (+20% since LS2)

CPU delivered: HS23 hours/month
(2010 - present)

XE10

L0 A

* Drop in winter 2022/23:
energy crisis in Europe with
high natural gas costs
(supply issue from Russia)

0.8

0.6

« Back to "normal” now

« HEPScore 2023 (H523) is a common cpu benchmark unit
(used in WLCG pledges & accounting) 11



Annual CPU Consumption [MHSO08years]

501~' ATLAS Preliminary
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02020 2022 2024 2026 2028 2030 2032 2034 2036

ATLAS Distributed Computing Needs & HL-

~10x data rate increase in Run-4

Flat budget model "problematic"
Significant development effort is

required:

= |Improve software
performance

= Leverage modern
architectures

Data challenges planned
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ATLAS Software & Computing Roadmap for the HL-LHC

« Roadmap has several components dealing with various topics:
ACTS - ACommon

* Network infrastructure ready for Run 4 Tracking Software,
« Detector Description, Simulation and Digitization projects
« HL-LHC datasets replicas and versions management a 'tS
+ Core Software and Heterogeneous Computing / Accelerators
* efc.

« ATLAS Heterogeneous Computing & Accelerators Forum
established recently

tracce

full scale demenstrater of an
ATLAS-like track reconstruction
chain for CPU/GPU

 To tackle the combinatorics in a high luminosity environment,

investigate tracking on GPU. For this to succeed:
 define a suitable Event Data Model, algebra-plugins veamem
« develop a toolchain that supports e.g. CUDA kernels encopoton o lgebr - gnerc v

 provide GPU friendly implementations of the geometry and
magnetic field.

13



Dynamic network provisioning lab  SATLAS

« Demonstration of software defined networks and
dynamic circuit provisioning based on demand
(Supercomputing 2023 conference)

« Collaboration between TRIUMF, CERN, FNAL, KIT
and network providers

AutoGOLE
SENSE

_ A)
qd

« Also work on network packets marking (scientific % s Sl
tags) in collaboration with HEPNet Canada

SKELETON AND ELEMENTS OF NOTED

oo Canadian Tier-1 aggregate NOTED
H B 'Y Transfer Network Network
traff I C m e : Broker _— Intelligence - Monitoring
e i

‘W
‘

= b et *i‘ i WW 'WMWLM i

J ' Wi

I/ 1
' 17 00:00
M-~.-u Last * Ma
— N 47.9 Gb/s 12.8 Gb/s 141 G/ S 6
Out 21.6 Gb/s 26.0 Gb/s 200 Gb/s

?E/RW (L\)r TRIUMF N(IT Q Esnet STM'?LI?HT 4= Fermllab canarie GEANT t : DFN 14




ARM CPUs & GPUs

m Derivation ® Reconstruction ® Simulation

230
arm 3.24
ARM CPUs process more events/\Watt wrt x86 2 55
« Studies done with hardware Glasgow S e ==
 Differences between workflows oo |
L 23
« Modern AMDs perform similarly to ARM
0.00 050 1.00 1.50 2,00 250 3.00 350
) HEPScore23/Watt (NEW: Uses Quantile Power) H E pS co re/wa tt
iy " GPUs (in HPCs): massive parallelization,
o | ez Machine Learning toolkits
Older e, Newer I v
CUDA grid size 8192
. T MES ITOT = IMad + IMEs Nevents/tT0T | Nevents/tMEs
Experiment workflows ported to ARM 4 S precision [sec] fevents/sec] | [MEs/sec]
MC-Full(Rec) Fortran double | 1228.2=5.0+1223.2 | 7.34El (=1.0) | 7.37El (=1.0)
i - . - Hceaite) | CUDA double | 19.6=7.4+ 12.1| 4.61E3[(x63)] | 7.44E3 (x100)
+ ATLAS, ALICE: validation successful e T
° CMS LHCb |n progl’eSS m= Data Deriv CUDA mixed 165=7.0+ 9.6 | 5.45E3 (x74) | 9.43E3 (x128)
! ) = 1% = r:alt;;"sv NVidia V100, Cuda 11.7, gcc 11.2
« WLCG discussing about pledging ARM CPUs.
Resources already available at various sites 15




Conclusion & outlook

« WLCG: global infrastructure developed and operated over the last
two decades
* Notable achievement: needs of LHC experiments successfully met
 Recent WLCG strategy document developed to tackle key areas:
« Technical evolution
« Financial sustainability
* Heterogeneous grid infrastructure
» Interaction with other communities with similar challenges
« The HL-LHC era will be a challenging computing environment
* Need to ensure sustained innovation and development while

ensuring continuing operations

e wWLCG

V’ Worldwide LHC Computing Grid

16
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Canadian ATLAS Tier-1 Centre

Dedicated facility operated 24/7 (per WLCG MoU)
Key player and contributor within ATLAS Distributed
Computing Operations:
 Availability, Reliability, Scalability & Performance
 Critical user support for the entire ATLAS collaboration
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Data storage, data processing, simulations and user analysis
In a highly secure environment

Initially located at TRIUMF since 2007

Transitioned to SFU in 2018, co-located with Cedar/Alliance;
continues to be under the perview of TRIUMF

Operated as federation (new + old site) since 2017
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Energy efficiency

The electricity costs have been an unexpected development

in the last couple of years. Environmental impact needs
proper addressing!

What to do:

» Improve software performance
» Leverage modern architectures
» Invest in the facilities

There is no magic wand, however.

The peak of energy need happens in 2036 (start of
Run-5): 400% higherthan 2022 in the pessimistic

scenario and 50% higher in the optimistic
scenario.
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2018 2019 2021 2022
min max avg current

== Power efficiency 1.33 1.96 1.44 1.39

CPU Energy needs in WLCG for ATLAS and CMS (GWh/year)

2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039

=B-Pessimistic =@=Optimistic
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RNTuple

RNTuple is the successor of TTree, the ROOT columnar
storage technology

Examples of recent commissioning progress:

ATLAS now capable to read/write all data formats in
RNTuple, 20% saving in size for DAOD_PHYS.
Substantial progress also for the other experiments

* Expected RNTuple speed-up improvements
measured in a real environment at CERN using a
community standard analysis benchmark

Take home message: RNTuple progress well on
schedule thanks to a very good collaboration between
experiments, CERN EP-SFT and IT

File Size (MB)
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Event Generators

A very good candidate for GPU acceleration with benefits for many experiments

CPU + GPU
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Sherpa gg->tt+ng

Matrix Element event throughput:
up to x10 gain when using GPUs
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No Vectorisation
Madgraph gg->tt+ng (n=2)
GPU-enabled Leading Order: being released to production.
By-product: enabling of CPU vectorisation: up to x8 gain in
ME event throughput (x6 global). Note: all CPUs in WLCG

provide vectorisation

GPU-related work brings immediate benefits also on CPUs
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: March 2023 f-[: dt = (3.6 - 139) fb! Vs=13TeV
Model {,y Jetst ET™ [t Limit Reference
T —TTT T —T
ADD Gkk + g/q Oeur,y 1-4]  Yes 139 n=2 2102.10874
ADD non-resonant yy 2y - - 36.7 n =3 HLZ NLO 170704147
ADD QBH - 2j - 139 n=6 1910.08447
ADD BH multijet - >3] - 3.6 n =6, Mp = 3TeV, rot BH 1512.02586
RS1 Gk — vy 2y - - 139 k/Mp = 0.1 2102.13405
Bulk RS Gy — WW/ZZ multi-channel 36.1 kMg =1.0 1808.02380
Bulk RS gy — tt le,u >1b,>10/2) Yes  36.1 r/m=15% 1804.10823
2UED/ RPP le,u  22b,23] Yes 361 Tier (1,1), BAMY = ) =1 1803.09678
SSM 2’ — ¢t 2epu - - 139 1903.06248
SSMZ' — 17 27 - - 36.1 1709.07242
Leptophobic Z’ — bb - 2b - 361 1805.09299
Leptophobic Z’ — tt Oeu  21b22J Yes 139 Mm=12% 2005.05138
SSM W’ — v Teu - Yes 139 1906.05609
SSM W' — 1v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - 21b21J - 139 ATLAS-CONF-2021-043
HVT W — WZ model B 0-2ep 2j/1J  Yes 139 gy =3 2004.14636
HVT W’ — WZ = év ¢ modelC 3e,u 2j(VBF) Yes 139 gven=1,8=0 2207.03925
HVT Z’ — WW model B 1eu 2j/1d Yes 139 gv=3 2004.14636
LRSM Wg — uNg 2pu 14 - 80 m(Ng) = 05TeV, g, = gr 1904.12679
Cl qqqq - 2j - 37.0 1703.08127
Clttqq 2eu - - 139 im 2006.12946
Cl eebs 2e 1b - 139 g =1 2105.13847
Cl uubs 2u 1b - 139 g =1 2105.13847
Cl tttt 2lep 21b21] Yes 361 |Cael = 4n 1811.02305
S e a r C e S Axial-vector med. (Dirac DM) - 2 - 139 £4=0.25, g,=1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4]  Yes 139 gq=1, g=1, m(x)=1 GeV 2102.10874
Vector med. Z’-2HDM (Dirac DM) 0O e, u 2b Yes 139 tanf=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 tanf=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1% gen 2e >2j Yes 139 p=1 2006.05872
Scalar LQ 2" gen 2p >2j Yes 139 B=1 2006.05872
Scalar LQ 3 gen 17 2b Yes 139 B(LQY — br) =1 2303.01294
Scalar LQ 3™ gen Oeu  22j,22b  Yes 139 BLQY - tv) =1 2004.14060
Scalar LQ 3™ gen >2eu,z17t21j,21b - 139 BLQE > tr) =1 2101.11582
Scalar LQ 3" gen Oepu,>17 0-2j,2b Yes 139 BLQ! = by) =1 2101.12527
Vector LQ mix gen multi-channel =1j, 21b  Yes 139 B(Uh — tu) =1, ¥-M coupl. ATLAS-CONF-2022-052
Vector LQ 3™ gen 2epu1 >1b Yes 139 B(LQY — br) =1, Y-M coupl. 2303.01294
VLQTT = Zt + X 2ef2u/>3eu 21 b, 21j - 139 SU(2) doublet 2210.15413
VLQ BB — Wt/Zb+ X multi-channel 36.1 SU(2) doublet 1808.02343
VLQ Ts/3Tsy3|Tsys = We+ X 2(SS)/23epu=1b21] Yes  36.1 B(Tey3 — Wi)=1, c( TosWe)=1 1807.11883
VLQ T — Ht/Zt leu  21b23] Yes 139 SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
vLQ Y — Wb leu 21b21] VYes 36.1 B(Y — Wb)=1, cp(Wb)=1 1812.07343
VLQ B — Hb Oepu =22b 21j,210 - 139 SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
VLL T — Z1/HT multi-channel  >1]j Yes 139 SU(2) doublet 2303.05441
Excited quark ¢* — qgg - 2j - 139 only u”and d", A = m(q") 1910.08447
Excited quark ¢* — gy 1y 1j - 36.7 only u* and d*, A = m(g") 1709.10440
Excited quark b® — bg - 1b,1] - 139 1910.08447
Excited lepton 7* 27 22 - 139 A =4.6TeV 2303.09444
Type lll Seesaw 234epu >2]j Yes 139 2202.02039
LRSM Majorana v 2u 2j - 36.1 m(Wg) =4.1TeV, g1 =gr 1809.11105
Higgs triplet H** — W*W* 2,34 e,u (SS) various  Yes 139 DY production 2101.11961
Higgs triplet H** — ¢ 234ep(8S) - - 139 DY production 2211.07505
Multi-charged particles - - - 139 DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 DY production, |g| = 1gp, spin 1/2 1905.10130
M raal L .
-1
- - 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
‘+Small-radius (large-radius) jets are denoted by the letter j (J).



Data Challenge 2024 - Highlights

DC24 WLCG data transfers (Gbps) — 15 days: all targets achieved
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New technologies (e.g.
authentication tokens)
introduced and validated
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WLCG services successfully
supports DUNE and Belle-2
computing models
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Hardware Cost Evolution

The WLCG "flat budget model” assumption: +15% CPU, disk and tape every year with

the same level of funding

We now monitor the HW trends in many countires. Last 5 years average is compatible

with the 15% assumption but look at the first derivative ...

CPU average variation (5 years): +14%

DISK average variation (5 years): +15%
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IRIS-HEP: analysis 200Gbps (Grand) Challenge

Launched by IRIS-HEP to commission analysis capabilities for HL-LHC

 Commission services at increasing scale + introduce innovative
aspects

= Show readiness at 25% of HL-LHC scale (same as for data challenge)

Analysis models evolving => metrics of success hard to quantify (25% of?)
Network monitoring

250 Gb/s

S hhﬂ%_fwﬂ&_r Based on the IRIS-HEP toolkit

— 200 Gbps

150 Gb/s e ) ( Kubernetes Core \ ( HTCondor Pool

125Gb/s e

00 cs J}LANM.I A ( HTCondor Job HTCondor Job
S|

75 Gb/s L i User JupyterLab
50 Gb/s
Dask Worker Dask Worker

— - ——e as|
l Notebook i
25 Gb/s F l
0b/s B
12:30 12:40 12:50 13:00 1310 13:20 i i

k\ﬁjj




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

