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STANDARD MODEL OF ELEMENTARY PARTICLES
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ATLAS Run-lI € > 40K CPU cores dedicated to process HLT,

v' 1G Hz interaction rate (pp) with input decision from level-1
v" ~100 M readout channels ) Detectors | ¢ Close-to-offline software reconstruction
v' 25ns bunch crossing rate, total Event rate of |—<—|:| Digitizers v" Flexibility to look for complex topology
40M Hz — for physics purpose (delayed muon
m 1PB/sec LV1 — gggltlrfgsd trigger, VBF/VBS trigger, ...)
m >> affordable storage s | _l
.;.3000 - : —
v’ s first-level trigger decision, rate reduces to — Readout 5 2500| AT PG Raes Gt overips) == S = 120
<100k HZ E buffers ;2000 pp Data June 2017, v5=13 TeV = Jbejet — g;ﬁzis:::d
m Limited by detector signal speed (e.g., Calo.) 1 £
. 4 Switchi ;1500
m Reduction rate 10 Switching -
v" ms-s higher-level trigger decision, rate down 500
to 1000Hz HLT S— 1:Processcr .
.. . — Tarms 08:25  09:15 10:05 10:55 11:45 12:35  13:25
m Limited by HLT processing and DAQ . — Time [him]
deadtime For data taking:
m Reduction rate 10°® Trigger Menu -collection of all HLT triggers,
driven by physics ~3000 triggers
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Group Channel Conditions CPV, LFV, Dark Matter, ......
Endcap Charged  CHO1 NEClus.GE.1 && NETOF.GE.1 && STrk_BB Faster-than-Light |
Perpetual Motion Machine
- JEH02  NBClus .GE. 1 && NBTOF .GE. 2 && NLtrk .GE. 2 »
27 CHog BTOF_BB && LTrk BB
Barrel Charged
\ | CHO5 Etot_L && NBTOF .GE. 1 && NLtrk .GE. 1
Q\%’/& CHO6  NBClus.GE. 1 && NBTOF .GE. 1 && NLtrk .GE. 2
g2 Neutral CHO09 NClus .GE. 1 && BEtot H
CH12 NClus. .GE. 2 && Etot_ M

- A BirESIELBHANYIESS, FERESNAKERZIBIERNASZATURZNIEER
« REMARNEHIKEELRT - L WMEMRXME FHRENEARTITESE
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fih R SR A R g: 1i=01,....,47
N(sel, trig.conditions/channel) ik A TE R ¢: j=1245,6,912
&= Ne,, YIRS AE  gie k=123
CHj O Chi AR L P(il))
M. Ablikim et al. (BESIII Collaboration) , Chin. Phys. C45(2021)023002 N. Berger et al Chin. Phys. C 34 (2010)1779-1784
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Applications usually rely on large number of libraries, where some depend on others

Applications
m Interfaces to tracking and reconstruction Iibraries/"/T —— 1| o
(PandoraPFA, ACTS) EDM el |13
m (More or less) experiment specific event data mndel/'_-’ 7]
libraries /FE—*'PEriment Framework :
m Experiment core orchestration layer, which controls - :
everything else: Marlin, Gaudi, CMSSW, AliRoot / DetSim i‘ EvGen - :
m Packages used by many experiments: DD4hep, Pythia, '%
m Usual core libraries (ROOT, Geant4, CLHEP, ...) ©
W . OS Kernel and Li
m Non-HEP libraries: boost, python, cmake . ..
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« E-FGDML (Geometry Description Markup Language) , FHGEANT42EH %
« §F3FBESIHIFRNZEFARE T GEANT4 Schema, FHFF%& TROOT Schema
s RIERHRZEFR—H 1, GOML XHHATHRMFZEI, BHEEZEMSFEHER
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package description
LHEP GHEISHA ported from Geant3
LHEP_BERT E<3GeV Bertini cascade
E>3GeV GHEISHA
LHEP_BIC E<3GeV Binary cascade
E>3GeV GHEISHA
LHEP_GN GHEISHA + gamma nuclear processes
LHEP_HP e evalited oosssection dt
E<25GeV GHEISHA
QGSP
E>25GeV quark-gluon string model
E<3GeV Bertini cascade
QGSP_BERT 3<E<25GeV GHEISHA
E>25GeV quark-gluon string model
E<3GeV Bertini cascade
QGSP_BIC 3<E<25GeV GHEISHA
E>25GeV quark-gluon string model
QGSC same as QGSP ,but use chiral invgriant
phase space decay for fragmentation
E<25GeV GHEISHA
FTFP

E>25GeV quark-gluon string model
with fragmentation ala FRITJOF
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'

i 10 January 2020
') 1‘
f e Physics Briefing Book

s
I > D3 -

NDe3 fo 6yl 4 _‘r:: Ficle Phvsics 20 e ) ) Input for the European Strategy for Particle Physics Update 2020
v
Eleclm“eak Physics: Ru.hard Keith E"l\ Bedle Hememdnn { Conveners)
Jorge de Blas*®, Maria Cepedd Christophe Gro_]e.m 7, Fabio Maltom , Aleandro Nisati'”,

Ellsdbeth Pelll , Riccardo Rdtl.lm Wouler Verkerke 3 fConmbumrv}

Strong Interactions: Jorgen D*Hondt'* . Krzysztof Redlich” (Conveners)
Anton Andmniclé, Ferenc Siklér” (Scientific Secnemries)
Nestor Armestom, Danigl Boer ,David &7 Enterria’ Tel)rdna Gdldlvuk Thurnds Gehrrndnn ',

H H : Klaus Kirch®, Uta Klein™, Jean- Phlllppe Lansberg™, Gavm P. Salam™ Gunar Schnell”
The Eu ropea n St rategy for Pa rtICIe Physlcs IS the cornerStone Of Johanna SlachellS,Tanguy Plemg Hartmut Wllllg . Urs Wledem.mn fComnbumrv}
Flavour Physics: Belen Gavela®! , Antonio ZOLLUII rCo-m eners)

Europe’s dECiSion-making process for the Iong-term future Of SdndraMdlvezzl“ AnaM Telxelra JureZupdn (Suem{ﬁcSer_rP.ranesJ

Daniel Aloni®®, Augusto Ceccucei’, Avital D{:‘l’}f Michael Dine®’, Svetlana Fd_]fer Stefania Gori®’,
t h e fi e I d Gudrun Hiller”, Gino Isidori>, Yoshikata Kuno*, Alberto Lusiani*', Yosef Nir™®,
Marie-Helene Schune42, Marco Suzzi'B, Stephan Paul‘”. Carlos Pena™! {Contributors)

Neutrino Physics & Cosmic Messengers: Stan Bentvelsen®, Marco Zito*®" (Conveners)

Mandated by the CERN Council, it is formed through a broad AlertDe Roeck " Thomas Schwet (Scienifc ecretaics) .

Bonnie Flermng Francis Halzen . Andreas Hdung\ M.]rek Kowalski™, Susanne Mertens™

. . . . . Mauro MELZCT.IUS Silvia Pdsu.)ll Ban alore Sathya rakdsh , Nicola S(-:rm22 (Contributors)
consultation of the grass-roots particle physics community, it ot te Sttt Mod, o i, St

actively solicits the opinions of physicists from around the world, e Giﬁ;:;?“g';';?;lpg?{ﬁ.z.%;"f:;‘:;?:,mS;’f,_“mj:;r::“\iz:’w; ,

Andrea Wulzer* {Contributors)

and it is developed in close coordination with similar processes Dark Matter and Dark Sector: _Shoji Asi®, Marela Carena” (Comeners

Babette D(‘jbri(:h2 Calermd Doghom Juerg ]a(-:(.ltu-:lz’3 Gordan K_r1'1_].1u,s Juu:lvn Monroe™,

in the US and Japan in order to ensure coordination between Konstantinos Peids™, Christoph Wendger™ (Sienific Secretaries Contrivtor)

Accelerator Science and Technolag_v: Caterina BiscariﬁJ , Leonid Rivkin® (Conveners)

20 52
(Ci rmveners}

Phlllp Burrows>® Fr.mk Zimmermann® (.S'c ientific Secretaries)

regl O n S a n d O ptl m a I u Se Of reso u rces gl O ba I Iy Michael Benedikt™” P‘Ierlmgl C.]m ana”? . Edda Gschwendtner 20 Erk Jensenj], Mike Larnonlm.
Wim Leemans Lucio Rossi™, Daniel Schulte™ . Mike Seldelﬁz, Vladimir Shi llse\rm,
Steinar Stapnesm. Akira ‘I'ama.l'noli_rm'64 (Contributors)

Instrumentation and Computing: Xinchou Luuﬁs. Brigitte Vachon® (Conveners)

The latest input is a newly published 250-page physics briefing
. Roger ]onesﬂ, Emilia Leogrande™ (Scientific Secretaries)
book, the result of an intense year-long effort to capture the i, e Compans . vl Cot . i Comars” i n Vi FpesenFor”

status and prospects for experiment, theory, accelerators and Bditors:  Halina Abrumowice™, Roger Fory™, and the Conveners
computing for high-energy physics.
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4. Input for the European Strategy for Particle Physics Update 2020

- Electroweak Physics: Richard Keith Ellisj. Beate Heinemann™® {Conveners)
N ‘\:-:::: — Jorge de BI;154'5, Maria Cepeduﬁ, Christophe Grojeung'?, Fabio Maltonis'qf Aleandro Nisutim.
N Elisabeth Petit'!, Riccardo Rattazzi'”, Wouter Verkerke'? (Contributors)

Strong Interactions: Jorgen D’Hondl”, Krzysztof Redlich” (Conveners)
Anton Andmnicm, Ferenc Siklérl]r (Scientific Secretaries)
2 2 22
Nestor Armestom, Danigl Boerw. David d’Enlen‘ia'o, Tetyana Gululyuk'l, Thomas Gehrmann =,

-l .. e e a2 £ nn_ 2 1 L. __°__ °_ a2l o e Beee K Klans Kirch®. Tlia Klein®. Tean-Philinne Tanshere™. Gavin P. Salam>®. Gunar Schnell””.

It is of utmost importance that both instrumentation and computing development -

activities be recognized correctly as fundamental research areas bearing a large
impact on the final physics results.

“Physics Briefing Book Input for the European Strategy for Particle Physics Update 20207,
CERN-ESU-004, Chapter 11 Instrumentation and Computing, p205

reg i O n S a n d O pti m a I u Se Of reso u rces gl O ba I Iy Philip Burmws%, Frank Zimmermann>" {Scientific Secretaries)

Michael Benediktzo, Pierluigi Camy iil'lii54. Edda Gschwendtnergn, Erk Jensenm, Mike L;irnonlm.
Wim Leemans, Lucio Rossi”, Daniel Schulte™, Mike Seidel®, Vladimir Shiltsev®,

The latest input is a newly published 250-page physics briefing et A s ey

Instrumentation and Computing: Xinchou Luuﬁs. Brigitte Vachon® (Conveners)

Roger J onesm, Emilia Leograndem (Scientific Secretaries)

book, the result of an intense year-long effort to capture the tan Bira”. Signone Campana™, Arila Catti”. Didige Contardo”™. Ginzia Da Vs, Fegncesco Fort ™,
status and prospects for experiment, theory, accelerators and
computing for high-energy physics.
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0
2023 P5 SN &5 WMASS

P5 (Particle Physics Projects Prioritization Panel) reports to HEPAP adli A e | July 17-26 2022, Seattle
(High-Energy Physics Advisory Panel) that advises High-Energy :

Physics of DOE Office of Science and Division of Physics of NSF. We
will build on thg “Snowmass” community study fo hash out priorities The Future of HEP Software and

for the next 10 years within 20-year context. Computing - the Snowmass report

https://www.usparticle

V. Daniel Elvira (Fermilab) - CHEP 2023

Representing my co-conveners, Ben Nachman (LBNL) and Steven Gottlieb (Indiana University), and all participants

Summary & Cosmic Rare Processes
Frontmatter Frontier Frontier

Final thoughts

+ The Snowmass CompF process was a successful participative experience
The conveners hope the report represents the community faithfully
Theory + Computing plays a fundamental role in the execution of current and future HEP
theoretical, experimental, observational programs
Not a "service” but an “element” of the “scientific apparatus” in HEP experiments/surveys
*+ Modern computing architectures, newly established and emerging technologies are
changing the way we do particle physics but also bringing transitional challenges
Balanced and timely support for software, from prototype all the way to deployment
Education, training, career paths in an inclusive, diverse and welcoming environment
+ Strike a balance between R&D and improvement/maintenance of existing tools
Simulation common tools are underfunded
» Coordinating panel (CPSC) would play a critical role in achieving coordinated, timely,
Computational Neutrino Snowmass balanced, effective, sustainable investments in S&C for HEP

Frontier Frontier Early Career The DPF leadership plans to establish a task force with broad community representation to write a report
on a proposed CPSC creation process

Accelerator Energy

Frontier Frontier

Frontier

Community Underground
Engagement

Frontier

Instrumentation
Frontier

Facilities

Frontier

2= Fermilab

VDE - 6/13/2023 - CHEP2023 The future of HEP computing - the Snowmass report 26
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@ U.S. Particle Physics

Community Summer Study

About Particle Physics Resources for Physicists Particle Physics in the United States

SN %2 WMASS

P5 (Particle Physics PrOJects Prioritization Panel) reports to HEPAP adli  Fe July 17-26 2022, Seattle

oy Ph =lal= 3t 3 s Hign-Energ

2023 P5

Computing plays a fundamental role in the execution of current and future HEP
theoretical, experimental, observational programs.

— Not a “service” but an “element” of the “scientific apparatus” in HEP
experiments/surveys

“The Future of HEP Software and Computing — the Snowmass report”,
V.Daniel Elvira (Fermilab), Ben Nachman (LBNL), and Steven Gottlieb (Indiana University) and all participants,
26" International Conference on Computing in High Energy & Nuclear Physics, May 8-12, 2023, Norfolk, USA
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1 - Simulation common tools are underfunded

» Coordinating panel (CPSC) would play a critical role in achieving coordinated, timely,
Computational Neutrino Snowmass balanced, effective, sustainable investments in S&C for HEP
Frontier Frontier Ear]y Career = The DPF leadership plans to establish a task force with broad community representation to write a report
q on a proposed CPSC creation process

2= Fermilab

VDE - 5/13/2023 - CHEP2023 The future of HEP computing - the Snowmass report 26
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