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Introductions.... Who am |?

| am an experimental particle physicist (Princeton Physics since 2001, but based
in Geneva, Switzerland) focused on computational and data science problems in
my field, along with the software/computing systems to solve them.

Researchers in experimental particle physics tend to introduce
themselves to each other with reference to the series of experiments
with which they have collaborated. So here is my own version of that:
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BaBaR Computing Model 2 (CM2) Implementation Workshop (RAL, Jan. 2003)
Agenda

Tim Adye
Stephen Gowd
Alvise Dorigo
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"Plan to throw one aw®)'
You will, anyhow:



https://babar.heprc.uvic.ca/BFROOT/www/Computing/Distributed/workshops/Jan2003/
https://babar.heprc.uvic.ca/BFROOT/www/Computing/Distributed/workshops/Jan2003/Photos/tim/
https://babar.heprc.uvic.ca/BFROOT/www/Computing/Distributed/workshops/Jan2003/Photos/stephen/
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RAL CM2 Workshop (Jan. 2003)




RAL CM2 Workshop (Jan. 2003)
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Information Laboratory?

Laboratory: a place providing opportunity for experimentation, observation, or practice
in a field of study - Merriam Webster Dictionary

Laboratory: Originally: a room or building for the practice of alchemy and the
preparation of medicines. Later: one equipped for carrying out scientific experiments or
procedures, esp. for the purposes of research, teaching, or analysis; (also) one in which
chemicals or drugs are manufactured; an establishment in which such work is carried
out. - Oxford English Dictionary

A laboratory is a facility that provides controlled conditions in which scientific or
technological research, experiments, and measurement may be performed. - Wikipedia



Information Laboratory?

Laboratory: a place providing opportunity for experimentation, observation, or practice
in a field of study - Merriam Webster Dictionary

Laboratory: Originally: a room or building for the practice of alchemy and the
preparation of medicines. Later: one equipped for carrying out scientific experiments or
procedures, esp. for the purposes of research, teaching, or analysis; (also) one in which
chemicals or drugs are manufactured; an establishment in which such work is carried
out. - Oxford English Dictionary

A laboratory is a facility that provides controlled conditions in which scientific or
technological research, experiments, and measurement may be performed. - Wikipedia

“Al labs extend this further: the ‘experiments’ run on cloud compute, the ‘equipment’ is
gradient descent and GPU clusters, and the ‘bench’ is a Jupyter notebook. The word has
fully detached from its physical origins.” - Claude, asked why we speak of “Al Labs”




The Quest to Understand the Nature of Matter

Molecule Atc:[)ns Nucleus
10° m = 0.000 000 001 m 107" m =0.000000000 1 m 10" m = 0.000 000 000 000 01 M

Composed of:
Protons and
neutrons

<"~ Delphinidin Molecule Composed of:
- Gl } (blue pigment of flowers and grapes) Nucleus and electrons

The modern era of particle physics began with the discoveries of radioactivity by Henri Becquerel
in 1896, the electron by J.J. Thomson in 1897 and the atomic nucleus by Ernest Rutherford,
Hans Geiger and Ernest Marsden in 1911.



Fundamental Particles of Matter?
1917: Discovery of the proton (Rutherford) using alpha particles

1932: Discovery of the neutron (Chadwick) using alpha particles

1932: Discovery of the positron (Anderson) in cosmic rays with a cloud chamber A first surprise - Muons
“Who ordered that?” (Rabi)
1937: Discovery of the muon (Anderson and Neddermeyer) with a cloud chamber l : «le I('

1947: Charged pion discovery (Powell) and Kaon discovery (Rochester), both in
cosmic rays and using photographic emulsions

1949: Neutral pion discovery at the Berkeley 184 inch Cyclotron (Bjorklund et al)
1955: Discovery of the antiproton, at the Bevatron accelerator (in Berkeley)
1956: Discovery of the neutrino (Cowan, Reines, et al), using nuclear reactor

1950s-1960s: Particle zoo explosion - “Had | foreseen this, | would have gone into
botany” (Pauli)

1960s: Quark Model and Deep Inelastic Scattering Experiments (SLAC)




November 1974 “Charm” Revolution: Two families of fermions?

Symposium on the 50t Anniversary
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(i.e. copies of opposite charge)



Fast forward....



Three complete families of fermions
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Interactions occur through exchange of bosons

Y 0

. +1 or -1 1

Charge

Spin
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Beta decay:
n>pev,

Strong force

Electromagnetic force

Weak force

The weak nuclear force has a very small range

(10718 m) so its force carriers (W and Z boson)
have to be massive

It is impossible to build a consistent theory for
massive bosons like the W and Z without an
additional particle.




The Higgs Boson

Solution proposed by several theorists in 1964

Higgs, Brout, Englert, Hagen, Guralnick and Kibble

A new fundamental particle with spin O
(the only one in the Standard Model)
could make the theory consistent again!
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Higgs Particle Me'fbllip

Discovery™  :#»-
Announcement
July 4th, 2012

ne -

CERN, Geneva

Something that Iooks I|ke the Standard Model Higgs

boson was d|scovered in 2012, Mass ~ 125 GeV



Experimental Development of the Standard Model
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How did we get here?
(As experimentalists)

Let’s talk about “facilities”



Tools «—— Discoveries

1895 - Roentgen discovers x-rays using cathode ray tubes

1896 - Bequerel accidentally discovers radioactivity in
uranium, trying to explain x-rays

1898+ - Marie and Pierre'Curie discover and explore
radioactivity in other elements (polonium, thorium,
radium)

1911 - Rutherford, Geiger, Marsden use radioactivity to
explore atomic structure and discover the nucleus




Big Science and Accelerators - larger and larger facilities

ol

The birth of the “National Accelerator
Laboratory” in the US (now Fermilab)

E.O. Lawrence and the cyclotron
at U.C. Berkeley

The Large Hadron Collider and
CERN first as a European laboratory
Milton White 1964 Physics Today 17(8): 27 and then as a “world laboratory”




VoLuME 13, NUMBER 4 PHYSICAL REVIEW LETTERS 27 Jury 1964

EVIDENCE FOR THE 27 DECAY OF THE K,° MESON*

J. H. Christenson, J. W. Cronin,1 V. L. Fitch,I and R. Turlay§
Princeton University, Princeton, New Jersey
(Received 10 July 1964)
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AGS at BNL delivering protons
on a fixed target
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Protons at FNAL on a
Uranium fixed target

e28¢
(AnI STEEL
g%g_ ABSORBER
STEEIC MAGNET
ANALYSING
MAGNET

TARGET
BOX

BERYLLIUM

TLJNGSTENX
BEAM
DUMP

Spear e+e- collider at SLAC
and Mark 1 detector

EXPERIMENTAL PIT, \
E

ELECTRIC QUAD-._ SF OF
-

- \ QF
* Q?ARD GIRV’OER

/
NO. 3 RF CAVITY

NO. 4 RF CAVITY

NO. | RF
CAVITY,

/
] CONTROL ¢
o BUILDING L _ FAST FEED BACK
S 8.7m~
= H -
5 —_—— - —— 4 —‘—TQ_ e i — -
2 POWER SUPPLY
q KICKER SHELTER
= KICKER
o
\ Y SUBSTATION o
\ SEPTUM T
S _1‘ SEPTUM (INFLECE
KICKER >
EXPERIMENTAL PIT

QF2 A "~ INJECTION BEAM

\‘ A OCTUPOLE "
N i? q © KICKER
BoF, Bs >

INJECTION BEAM. \
~ —~ - A /
“T--—-INSERTION CELL

\

e\ /et

1. Schematic of the SPEAR storage ring.

Bottom and Tau discoveries
in 1977 and 1975
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High Energy Physics is a facilities driven science

Symposium on the 50 Anniversary
of the November Revolution

https://indico.slac.stanford.edu/event/9040/
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HEP Laboratories
CERN

CERN’s New Accelerator: Germans
Insist on a Site in Germany

London. Western Europe has en-
tered upon its own replay of the 1963
pork-barrel politicking that enveloped
the high-energy accelerator that the
U.S. Atomic Energy Commission (AEC)
was forced to locate in Batavia, Illi-
nois. And, to the chagrin of advocates
of European cooperation in big sci-
ence and technology, it is happening
at the European Center for Nuclear
Research (CERN), which has long
stood out as a model of smooth-run-
ning, unselfish multinational endeavor.

The Batavia machine, it will be re-
called, was designed at Berkeley's
Lawrence Radiation Laboratory, with
all involved assuming that it would be
built in the vicinity of the design
group, which was the pattern that had
prevailed with all previous acceler-
ators, However, midwestern legisla-
tors, scientists, and an assortment of
allies drawn from industry and higher
education rebelled at the prospect of
R & D-rich California receiving still
another major federal facility. Citing
the alleged paucity of such govern-

Science, 23 Jan 1970

clear that, if the machine does not go
to Germany, German money will not
go to the machine. Without Germany's
36 percent contribution to the $340-
million venture, the project will be
dead, since the original designs were
redrawn to a stripped down, economy
level after Britain dropped out for fi-
nancial reasons in 1968.

Germany's demand for the ma-
chine turns out, upon examination,
to be based on fairly plausible grounds,
The fact is that, because of her
wealth, she puts the most money intd
Europe’s cooperative endeavors but,
because of her past, very little of this
contribution ends up on German soil.
Barred during the occupation from
conducting research related to atomic
energy, rocketry, electronics, and var-
ious other fields, the Germans kept
alive in these areas by becoming
great international cooperators, even
at the cost of their money and talent
going abroad. When the occupation
restrictions were lifted, many institu-
tions and patterns of cooperation were

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIREL
CERN EUROPEAN ORGANIZATION TFOR NUCLEAR RESEARCH

—

CONYENTION

FOR THE ESTABLISHMENT OF A LEUROPEAN ORGANSZATION
FOR NUCLEAR RESEARCH

PARIS, lat TULY, 2951

As amended

CERN was a collaborative decision taken in Europe in 1953, but
key decisions that eventually made CERN a world laboratory for
particle physics also came later, e.g. the SPS site choice in 1971
to build on the existing laboratory infrastructure.

Site of the CERN SPS Machine

It was finally decided to locate the SPS machine adjacent to the
existing laboratory of CERN. This enabled the CERN 28 GeV protoun synchrotron
to be used as the injector for the new machine, and the existing West Experimen-
tal Area, together with the large bubble chambers and spectrometers, to be used
as its first experimental area. The use of these existing facilities of CERN,
and the infrastructure and services of the laboratory, reduced the original cost
of the project by a factor of two, and considerably speeded up the construction

of the new machine.

THE CERN 400 GeV PROTON SYNCHROTRON (CERN SPS) - J.B. Adams (1977) 24



https://cds.cern.ch/record/2048898/
https://www.science.org/doi/10.1126/science.167.3917.358

HEP Laboratories

FNAL and SSC

The US has struggled more with the competing regional politics of
multiple large laboratories and large projects, e.g. as seen with the

SSC history. See also “The Site Context for Fermilab” (Physics

Today (Jan 1989).

AT LAST, CONGRESS AGREES TO BUILD SSC,
| AFTER TEXAS-TYPE WHEELING AND DEALING

The political barriers that stood in
the way of the Superconducting Super
Collider were overcome at last on 7
September. That morning a House-
Senate conference committee assem-
bled in a small room adorned with
bucolic murals on the Senate side of
the Capitol and agreed to allocate the
down payment for what will certainly
be one of the technological wonders of
the 21st century—a mammoth accel-
erator operating underground in a 53-
mile racetrack-shaped tunnel, where
two countercirculating beams of pro-
tons will collide at 40 TeV in the
center of mass. Of the $225 million
the committee cleared for the SSC in
the fiscal year beginning 1 October,
$135 million will go for the first year
of construction. That is $25 million
more than the House voted in June to
start building the machine, but $25
million less than the Bush Adminis-
tration sought.

Congressional support for the SSC
was much stronger than any of its
scientific proponents dared hope. The
House vote on 28 June came after an
emotional 1-hour 20-minute debate in
which critics argued that it was a
“quark-barrel” project that would
drain funds away from more impor-
tant priorities for science and society.
But at the end the House paid little
heed to such gloomy warnings and
wnted donicivalyr 221 ¢4 Q9 amninet an

site was chosen. He and many other
members believed that a project so
expensive and esoteric would have
little appeal on Capitol Hill. Just
because he is so influential as a power
broker, Bevill was lobbied by Presi-
dent Bush, Southern colleagues, and
university presidents and scientists.
Roy Schwitters, the Harvard physi-
cist who has been the SSC's director
since January, called on Bevill with
other prominent physicists to con-
vince him that the project was the
right choice for the country at the
right time. Even while embattled in
an ethics scandal, Jim Wright, then
House Speaker, lobbied Bevill and
other lawmakers to vote for building
the SS8C in his home state of Texas.

Within the "All-American’ bill

When Bevill finally agreed to back
SSC construction, the action did not
go unnoticed. Bevill is the key figure
in unlocking pet projects for many
members through energy and water
appropriations legislation, known on
Capitol Hill as the “All-American”
bill because it often seems that every
district in the country needs a new
water project or research grant. This
year the bill includes more than $200
million for 40 new water projects that
were not requested by the Adminis-
tration but were proposed by individ-

1nal mamhare af Canarvace nenalle ac

Physics Today (Oct 1989)

committee. His cosponsors were Eck-
art and another Democrat, Howard
Wolpe of Michigan, and Republican
Sherwood Boehlert of upstate New
York. They attacked the merits of the
project, the cost, even the decision to
locate it in Texas. Eckart called it
“more pork for the plains of Texas."
Obey argued: “All we ask is that we
stop making spending promises we
can't pay for... It's one of the largest
public works projects in the history of
this country.”

Hyperbole also pervaded the rhe-
toric of the supercollider’s defenders.
“If we can be successful with the
SSC.” said Robert A. Roe, the New
Jersey Democrat who heads the
House Committee on Science, Space
and Technology, “we can revolution-
ize knowledge in the world.” Roe
spoke of investing in the technology of
the future and protecting the nation's
scientific preeminence. Only a week
before, at a meeting to devise strategy
for the impending floor vote, Roe had
threatened to oppose the SSC unless
more money was restored for a New
Jersey project—magnetic fusion re-
search at the Princeton University
Plasma Physics Laboratory. Roe's
resistance was averted by some last-
minute maneuvering by Jim Chap-
man, the Texas Democrat who Wright
had placed on the appmprmuons

rammittos ta staar tha QQO thea

CONGRESS CANCELS SSC AND ALLOCATES
HIGH BUDGETS FOR TECHNOLOGY IN 1994

When fiscal 1994 began on 1 October,
Congress still had not appropriated
funds for any of the R&D agencies;
in the weeks that followed, a series
of bills, each known as a “continuing
resolution” had to be passed for the
government to operate at no more
than fiscal 1993 budget levels. But
by the end of October, all the R&D
budgets were in place except for those
in Defense and Interior. The results,
on balance, were only sort of good.
Unarguably the wurst result was the
i e S ducting Su-
per Cnlllderwwnunlly a death knell
for high-energy physics in the US.
While many of the research agen-
cies received increases, varying from
a paltry 2% for NASA to a prodigious
35% for the National Institute of
Standards and Technology, the allo-
cations were almost always less lhun
the Administration had req
(see table). What's worse, some im-
portant basic science projects were
abruptly canceled—among these, the
SSC, almost 20% completed under
the gentle rolling prairie around
Waxahachie, Texas, and the second
of two Advanced X-ray Astrophysics
Facilities, a single spectrometer mis-
sion bearing the appellation AXAF-S
that Senate appropriators “reluc-
tantly” considered less than cost-ef-
fective.

Tragedy of the 55C

Tn dslatine tha SQO Oancresa alla.

troweak symmetry and to reveal the
ultimate origin of particle masses.
Without the SSC those scientific
problems may remain unsolved—at
least until another proton collider is
built, most probably the Large
Hadron Collider that is now proposed
for an existing underground tunnel
at CERN, the large European accel-
erator center outside Geneva. Still,
without an SSC, the continued vital-
ity of the US high—energy program
is in grave peril. To answer whether
the 60-year history of American con-
tributions to particle physics is ap-

cal 1994, the research budgets fared
better than might be expected. Ironi-
cally, the $640 million allocated for
the SSC's funeral is the largest
amount the project ever received
from Congress,

The final budgets included a few
surprises: The largest big-ticket item,
NASA's space station, squeaked
through the appropriations process in
the House by one vote, after a great
deal of jawboning by the White House
and by the lobbyists for the aerospace
industry who made the arguments for
retaining jobs and maintaining foreign

proaching an end and to the

In the end, the station

options available to the community,
Energy Secretary Hazel R. O'Leary
directed her High-Energy Physics
Advisory Panel to describe the field’s
future a decade hence. HEPAP was
asked explicitly to weigh the possi-
bility of international collaboration
with CERN. The panel’s schedule
calls for submitting an initial report
by 28 February and a final report by
30 April.

The fatal blow dealt the SSC in
the House is usually attributed to its
ascending cost, now estimated at
nearly $11 billion, in a period when
Congress is emphasizing deficit re-
duction and balanced budgets. To be
sure, the SSC was a prominent target
in a time of scarcity, though allega-
tions of mismanagement didn’t win
friends in Congress (see PHYSICS 10-
NAV Aunemst naoa 421 Tha nraiect’s

Physics Today (Nov 1993)

got the full $2.1 billion that the Ad-
ministration had asked for.

DOE's two new projects

Though it lost the SSC, the Energy
Department gained two new projects:
$36 million was allocated to begin
work on the asymmetric B-meson
accelerator at the Stanford Linear
Accelerator Center and 817 million
of the requested $39 million was ap-
propriated to continue designing the
Advanced Neutron Source, which
would be constructed at the Oak
Ridge National Laboratory. Al-
though the House-Senate conference
report accompanying DOE’s bill pro-
poses that ground for the ANS will
be broken in 1995, the facility’s $2.7
billion price tag is bound to provoke
the nitpicking scrutiny by the depart-

mont and Oanovoce that santeihatad
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https://pubs.aip.org/physicstoday/article-abstract/42/10/51/387225/At-Last-Congress-Agrees-to-Build-SSC-after-Texas?redirectedFrom=fulltext
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https://pubs.aip.org/physicstoday/article/42/1/44/405425/The-Site-Contest-for-FermilabMore-than-20-years
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"New directions in science are launched by
new tools much more often than by new
concepts. The effect of a concept-driven
revolution is to explain old things in new
ways. The effect of a tool-driven revolution
is to discover new things that have to be
explained." - Freeman Dyson




Physics Nobel Prizes — Tools open doors to new research avenues

* 2024 (Hopfield, Hinton) - foundational discoveries and inventions that enable machine learning with artificial neural networks

* 2023 (Agostini, Krausz, L'Huillier) - development of experimental methods that generate attosecond pulses of light for the study of
electron dynamics in matter

* 2018 (Ashkin) - invention of optical tweezers and their application to biological systems

* 2018 (Mourou, Strickland) - invention of a method of generating high-intensity ultra-short optical pulses

* 2014 (Isamu, Hiroshi, Nakamura) - invention of efficient blue light-emitting diodes, which has enabled bright and energy-saving white
light sources

* 2012 (Haroche, Winelar) - development of methods that enable measuring and manipulation of individual quantum systems

* 2009 (Boyle, Smith) - invention of the CCD sensor, an imaging semiconductor circuit

* 2009 (Kao) - achievements concerning the transmission of light in fibres for optical communication

* 2005 (Glauber) - contributions to the field of optics

* 2005 (Hall, Hansch) - contributions to the development of laser spectroscopy

* 2000 (Kilby) - development of the integrated circuit (microchip)

* 2000 (Alferov, Kroemer) - development of fast semiconductors for use in microelectronics

* 1997 (Chu, Cohen-Tannoudji, Phillips) - process of trapping atoms with laser cooling

* 1992 (Charpak) - invention of a detector that traces subatomic particles

* 1989 (Dehmelt, Paul) - development of methods to isolate atoms and subatomic particles for study

* 1989 (Ramsey) - development of the atomic clock



Experimental Observation of a Heavy Particle J¥

J. J. Aubert, U. Becker, P. J. Biggs, J. Burger, M. Chen, G. Everhart, P. Goldhagen,
J. Leong, T. McCorriston, T. G. Rhoades, M. Rohde, Samuel C. C. Ting, and Sau Lan Wu
Labovatory for Nuclear Science and Depaviment of Physics, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139

and

Y. Y. Lee
Bvookhaven National Labovatovy, Upton, New Yovk 11973
(Received 12 November 1974)

We report the observation of a heavy particle J, with mass m =3.1 GeV and width ap-
proximately zero, The observation was made from the reactionp +Be—e*+ e~ + x by
measuring the e *¢™ mass spectrum with a precise pair spectrometer at the Brookhaven
National Laboratory’s 30-GeV alternating-gradient synchrotron,



Discovery of a Narrow Resonance in e¢* ¢~ Annihilation*

J.-E. Augustin,{ A, M. Boyarski, M. Breidenbach, F, Bulos, J. T. Dakin, G. J. Feldman,
G. E. Fischer, D, Fryberger, G. Hanson, B, Jean-Marie,T R. R. Larsen, V., Liith,
H. L. Lynch, D. Lyon, C. C, Morehouse, J. M. Paterson, M. L. Perl,
B. Richter, P, Rapidis, R. F. Schwitters, W, M. Tanenbaum,
and F, Vannuccii
Stanford Linear Accelevator Center, Stanford University, Stanford, Califovnia 94305

and

G. S. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Goldhaber, R. J. Hollebeek,
J. A. Kadyk, B. Lulu, F. Pierre,§ G. H. Trilling, J. S. Whitaker,
J. Wiss, and J. E. Zipse

Lawrence Berkeley Labovatory and Department of Physics, University of California, Bevkeley, Califovnia 94720
(Received 13 November 1974)

We have observed a very sharp peak in the cross section for e *e~ —hadrons, e*e”, and

possibly p*u® at a center-of-mass energy of 3.105+0.003 GeV. The upper limit to the
full width at half-maximum is 1.3 MeV.



DESIGN REPORT
FOR THE
FERMILAB COLLIDER DETECTOR FACILITY
(CDF)
AUGUST, |98l

August, 1981

For the Fermilab Collider D

tector Facility (CDF)

Argonne National Laboratory - D. Ayres, R. Diebold, E. May,
B. Musgrave, L. Nodulman, J. Sauer, R. Wagner, A.B. Wicklund

University of Chicago - H. Frisch, C. Grosso-Pilcher,
M. Shochet
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8. High level computer complex: These computers run the whole
system. The complex will contain one or more powerful
32-bit processors together with additional CPU's to act as
front ends. Its jobs include data logging onto magnetic
tape, overall performance monitoring, overall system
control, event analysis, event display, data base
management, etc.

As many as possible of these components will be assembled
from commercially available CPUs and standard software so that
our limited resources can be focused on the pieces of the
problem that cannot be solved with commercially available
equipment.

9.3 SETTLED ISSUES

Several important decisions have already been made about
the implementation of certain pieces of the data acquisition
system. These are:

1. VAX: The high level CPU will be a VAX.

2. FASTBUS: The various processors in the system will be
linked via the FASTBUS, and most data transfers in the
system will be block transfers from one FASTBUS memory to
another.

3. Front End Modules: There is an overall requirement on the
Front-End Modules that they deliver their data into FASTBUS
memories within 0.5-1.0 milliseconds.

CDF CDR

And there was a similar evolution towards collider detectors,
larger (international) collaborations at PETRA with 4 fixed
experiments, UA1 and UA2 at the SppS, at LEP with 4 fixed
experiments. And also non-collider collaborations such as
EMC were building long running (evolving) facilities.

29 JUNE 1978

UA1 experiment approved




Technical Design Report

The BaBar Collaboration

March, 1995

March, 1995

11

Computing

here are a number of computing challenges for the proposed BaBar detector. The

data rates are high for an e*e™ collider, and there is a large quantity of useful data
which must be stored and analyzed. Convenient interactive access must be available for the
efficient extraction of physics results. In addition, the wide geographical distribution of the
collaboration implies significant issues for remote access to the data and code, collaboration
communication, and for remote computing.

The BaBar Computing System, as defined here, includes several aspects: (1) the online
data acquisition, control, and monitoring hardware and software; (2) the offline computing
hardware—CPUs (“farm” and desktop), storage, X servers, and networking—whether local
to SLAC or at remote locations; (3) the software environment in which the computing work
is done; and (4) the code itself used by the collaboration. All of these are important items
for BaBar computing, although parts of these, including most of (2), are properly considered
institutional infrastructure.

The next section reviews the computing requirements, and Section 11.2 gives an overview of
the proposed computing system. Following these are more detailed discussions of the com-
puting model, software environment, online system, reconstruction and analysis framework,
computing support plan, integration issues, system responsibilities and management, and
cost and schedule.

11.1 Requirements

In this section, the basic computing requirements for BaBar are summarized. These are
divided into operational requirements and technical requirements. Operational requirements
are broad capabilities that must be present in order for the em to respond adequately
to the environment within which it must operate. Technical requirements are specific
capabilities that the system must exhibit in order to meet the operational requirements,
for example, the CPU power and bandwidth. Estimates are given for the early years of
the experiment. It is recognized that the requirements may increase as the experiment
progresses; hence, a general further requirement exists that the system be scalable to meet
future needs.

50 pages on Computing
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CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m> ~9.6M channels

Magneticfield :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

PRESHOWER

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels
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Large Hadron Collider Experiments Are Massive Data Generators

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m
Overall length ~ :28.7m
Magneticfield  :3.8T

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Detector

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

tector characteristics
Brass + Plastic scintillator ~7,000 channels
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Computing in High Energy Physics
Conference Series

Every 18 months since 1985.

1wy Wes awaps aparraeans | rnan A e

COMPUTING IN HIGH ENERGY PHYSICS Initial conference was heavily focused on topics highly
e 2525, 1985 - Amoterda (Nethrtnds) connected to computing hardware, data acquisition and

Organized by the National Institute for Nuclear Physics and High Energy Physics, section H (NIKHEF-H) and
the Computer Science Dept. (FVI), University of Amsterdam

networking. (I am not going to do justice to these the

FINAL PROGRAM involvement of HEP in the development of computing in

AND this talk due to lack of time, but it was an important part of
GENERAL INFORMATION the history.)
Software became an ever present topic as things involved.

* Exhibition
* General Information
* List of Participants per 06-21-1985

http://www.chep2013.org/assets/doc/CHEP1985-final-program.pdf
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Just as with facilities, HEP scientists rely on large computing
infrastructures to do their science
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Cyberinfrastructure?




Conceptual motivations behind the HEP Software Foundation

Computer hardware is a
consumable. Software is the
actual "cyberinfrastructure" in
the long run.

More importantly software is
also an intellectual product of
our research, not just a tool.




Large scale collaborative
software development

in HEP - CMSSW Example

250

In addition to software codes useful
for many experiments, each
experiment usually has its own
customized software, often with
millions of lines of code.

200

150 ~

For example, CMS has “CMSSW”: manli

https://qithub.com/cms-sw/cmssw

50 -

These are also highly collaborative
software development projects, with

Number of authors per month

0 4

many physicist developers contributing —_—— e ————

along with (typically) a handful of core 102:02.:01102:02:30 A AL A3 X494 0 W1 (4249 10 Ml B XD 0

47


https://github.com/cms-sw/cmssw

Software in High Energy Physics
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SIMULATION PROGRAM
FOR
PARTICLE PHYSICS EXPERIMENTS,
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USER GUIDE

AND
REFERENCE MANUAL

GEometry ANd Tracking
(GEANT) Software

FORTRAN

MC Simulation of the “passage
of particles through matter”
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* * [ SRR, >* GUINIT * special user initialisation
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* * *
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' b . GEOM define detector parameters
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2.3 REFERENCE SYSTEM

The master reference system is determined according to the way the

user represents the kinematical quantxtles

will also be referred to as the user

If the axes are labelled 1,2,3,
represented by

Consequently this system
syst

then the point Q(A,B,C) is

A on axis 1
B on axis 2
C on axis 3
21
1 * Q(a,B,C)
1 * 1
1 *
1 *
1 *
1 *
1 *
*
E *
p % *
p *
>
3

media, the magnetic field, and some of the detector parameters

he
are de!‘lned in this system.
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A SIMULATION TOOLKIT
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Data Organization,
Management and Access

ALEPH 86-62
F. Ranjard
14.5.1986
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—DRAFT——-
The BOS System

Dynamic memory management

FORTRANT77 Version

Volker Blobel
II. Institut fir Experimentalphysik
Universitat Hamburg
Luruper Chaussee 149
2000 Hamburg 50

April 1, 1986

Abstract

BOS is a program system for the dynamic management of data areas and for the input/output of sets
of data areas. The system supports a modular structure of the application program and portability for
both the software and the data sets. The main application is in the data analysis of high-energy-physics

experiments. This manual describes the use of the FORTRAN77 version.

(And ZEBRA at CERN, etc.)

SOFTWR

2= Fermilab

CDF Note No. 156

YBOS
PROGRAMMERS REFERENCE MANUAL
Version 4.00

18 May 1995

David Quarrie
Brian Troemel

CDF Computing Group
Fermilab MS318
Batavia IL 60510
Tel: (312) 840-3975

DECnet Address: BOHOST::QUARRIE
BOHOST: : TROEMEL
BITNET Address: "QUARRIE@FNALBO"
"TROEMEL@FNALBO"

1 PREFACE

YBOS is based on two previous memory management systems,
BOS and ZBOOK, developed at DESY and CERN, respectively.
Version 1.00 was designed and implemented by:-

V. Blobel

II. Institute fuer Experimentalphysik
University of Hamburg

Notkestrasse 85

2000 HAMBURG 52

WEST GERMANY

This Reference Manual describes the CDF implementation of
YBOS which has been modified to run on a VAX or IBM and has
several extensions added.
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Experimental timescales span decades
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Experiment designs start far before data taking. CMS was formed in 1992 (more than 30
years ago!), expects to run through 2040 with continued data analysis beyond that date.
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Community Structures Reflect Our Community Evolution/Needs

The Worldwide LHC Computing Grid (WLCG) project is a

‘5 T \WwWLCG global collaboration of around 170 computing centres in
".» Worldwide LHC Computing Grid more than 40 countries, linking up national and international
grid infrastructures. The mission of the WLCG project is to
provide global computing resources ...  [2000’s and 2010’s era]

H F The HEP Software Foundation facilitates cooperation and common [2010’s and
efforts in High Energy Physics software and computing internationally. 2020’s era]

5-9 May 2025
IJCLab, Paris

Europe/Paris timezone

WLCG/HSF 2025 (5-9 May) - https://indico.cern.ch/event/1484669/



https://hepsoftwarefoundation.org/activities/cwp.html
https://hepsoftwarefoundation.org/activities/cwp.html
https://indico.cern.ch/event/1484669/

Building different types
of collaborations

ROOT

Data Analysis Framework

Collaborate With Us

We warmly welcome your contribution to ROOT!

There are two ways in which you can contribute:

Many community contributors.
Large CERN team, with many

smaller partnerships at other
institutions.
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Collaboration

Geant4 team and documents

(As of 2003)



21st Century HEP: A Growing Ecosystem of Software Tools, Teams and Collaborations

EvtGen

/' A Monte Carlo Generator for B-Physics
®
‘ Anders Ryd (ryd@hep.caltech.edu)
s David Lange (lange@charm.physics.ucsb.edu)
)\ P DELPH E$ Natalia Kuznetsova (natalia@charm.physics.ucsb.edu)
fast simulation Sophie Versille (versille@in2p3.fr)
Marcello Rotondo (Marcello.Rotondo@romal.infn.it)
m David Kirkby (davidk@slac.stanford.edu)

Frank Wuerthwein (fkw@fnal.gov)

| d Gau di Akimasa Ishikawa %zlﬁxﬁa}t]%lje;&(.ﬁhys.nagoya—u.ac.jp)
o ik

SHERPA

CernVM
File system

DD4hep

h|S 4 ml These are just some

examples, there are
many more...
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) $ Institute for Research and Innovation in
X j&tWar@for High Energy Physics
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IRIS-HEP is a software institute funded by the National Science Foundation. It IRl=sRERMACEDemoDavEES g y y . y .
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Leveraging data science for HEP analysis

Scientific Python / PyData vision/ecosystem

(and
many,
many

astropy more)
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PyHEP development

A HSF # Activities v & Meetings~ ‘Wl Communication~ A Projects & Support ~

PyHEP - Python in HEP

The PyHEP working group brings together a community of developers and users of Python in Particle Physics, with the aim of
improving the sharing of knowledge and expertise. It embraces the broad community, from HEP to the Astroparticle and Intensity
Frontier communities.

Conveners

« Eduardo Rodrigues (LHCb, University of Liverpool)

« Jim Pivarski (CMS and IRIS-HEP, Princeton)

« Matthew Feickert (ATLAS and IRIS-HEP, University of Wisconsin-Madison)
« Nikolai Hartmann (Belle I, LMU Munich)

All coordinators can be reached at hsf-pyhep-organisation@googlegroups.com.

Getting Involved

Everyone is welcome to join the community and participate, contribute, to the organised meetings and by means of the following
communication channels:

« Gitter channel PyHEP for any informal exchanges.
o GitHub repository of resources, e.g., Python libraries of interest to Particle Physics.
« PyHEP Workshop Twitter handle: @PyHEPConf

Extra Gitter channels have been created by and for the benefit of the community:

s PyHEP-newcomers for newcomers support (very low entry threshold).
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Building “systems” rather than just tools:
Analysis tool chains and facilities

Analysis Tools Analysis Facilities

t ::' S er Vi c ex 777777 | @ Coffea-:.;afa In(?rar:tive An:lys-is Fa:ilitly
RI’OO { Remote data ﬁ ¥ 1 ' ' '

eading and writing func-adl

ROOT files (just /O) %  Remote quenes SSL® |
A Oy e e e e eeeee L oot BB Deskscheduler B [ HTCondor scheduler }
i Pt lmmult ZQFEC ¥
- NanoEvents, Raw minimization ~ Curve fits HTCondor workers

" Lorentz vectors,
Histogramming,

: stats
so Correction functions, ' L N -
Manipulating arraysy hep-tab'es Dm" bum Wi y f Statnstlcal tools 0ok D C] B
with nested structure ~ DataFrame for : th HistFactory-style fits _ Y ol s B e B gss
(not HEP-specific) nested structure - ey *seoanoocacocccansad soaana (=)
---------- ) & WL? ¥ i
. Boost * .8 e R s
vector | " e e e Cor) e
H . < ~  access ;
VeC Or ". & hISt' ﬂrt'cle :I.; e "3 5 1+ -~ — N\ Per-user resources
2D, 3D, & Lorentz vectors | Histogramming ," Pythonic PDG .. @ s 2/3. SR E Shared resources between users
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Science Drivers - Beyond the Standard Model of Particle Physics

While the Standard Model of Particle Physics ;
describes, often with incredible precision, the vast 2 atter
majority of experimental observations, it is known to be e s

incomplete. It does not (for example) include gravity, Ry
and it does not explain neutrino masses, the
matter-antimatter asymmetry or dark matter/energy.

From “Building for Discovery - Strategic Plan for U.S. Particle Physics in the Global
Context” - Report of the Particle Physics Project Prioritization Panel (P5):
1) Use the Higgs boson as a new tool for discovery
2) Pursue the physics associated with neutrino mass
3) ldentify the new physics of dark matter
4) Understand cosmic acceleration: dark energy and inflation
5) Explore the unknown: new particles, interactions,
and physical principles



And the Future for HEP?

The Worldwide LHC Computing Grid (WLCG) project is a

‘f \VAVA I o = global collaboration of around 170 computing centres in
‘,’ Worldwide LHC Computing Grid more than 40 countries, linking up national and international
grid infrastructures. The mission of the WLCG project is to
provide global computing resources ...  [2000’s and 2010’s era]
H F The HEP Software Foundation facilitates cooperation and common eff0|[l;g;o10’s and
? in High Energy Physics software and computing internationally. 2020’s era]

What collaborative research efforts will the rest of the 2020’s

and the 2030’s produce for the future “facilities” for the HEP
community?



https://hepsoftwarefoundation.org/activities/cwp.html

And the Future for HEP?

What collaborative research efforts will the rest of the 2020’s
and the 2030’s produce for the future “facilities” for the HEP

community?

For clarity, | also don’t consider myself an “Al evangelist” as such, but instead (perhaps like many of
you?) recognize that the technology can have a potentially transformative impact on our science and
thus we need to embrace it and see just how far we can take it. How we do science in the 2030s is
likely to be very, very different from from the past 3 decades and everything that preceded it.

Aleph@CERN BaBar@SLAC CMS@CERN

BABAR DETECTOR FOR THE PEP-1l B FACTORY




An Al-Native Research Ecosystem and a corresponding collaboration?

AI-NATIVE RESEARCH ECOSYSTEM - PARTICLE PHYSICS

ar \/lV > hep-ex > arXiv:2602.17582 Help | Advai

GC 1: ACCELERATED GC 2: INTELLIGENT SENSING
High Energy Physics - Experiment EXPERIMENT DESIGN AND INSTRUMENTATION
[Submitted on 19 Feb 2026] iff X o il
Building an Al-native Research Ecosystem for Experimental Particle Physics: A 2'0“";?:2:?,:;:"2‘;Z';f]";.ze
Community Vision Detectors, Triggers,

Beams and Costs
Thea Klaeboe Aarrestad, Alaa Abdelhamid, Haider Abidi, Jahred Adelman, Jennifer Adelman-McCarthy, Shuchin Aeron, Garvita On-detector Inference,
Agarwal, Usman Ali, Cristiano Alpigiani, Omar Alterkait, Mohamed Aly, Oz Amram, Saeed Ansari Fard, Aram Apyan, John Arrington, Physics-Aware Compression,

Marvin Ascencio-Sosa, Mohammad Atif, Aneesha Avasthi, Muhammad Bilal Azam, Bhim Bam, Joshua Barrow, Rainer Bartoldus, Amit Capture Rare Signals
Bashyal, Aashwin Basnet, Ayse Bat, Lothar A. T. Bauerdick, John Beacom, Chris Bee, Michael Begel, Matthew Bellis, Rene Bellwied,
Rakitha Beminiwattha, Gabriele Benelli, Douglas Benjamin, Catrin Bernius, Binod Bhandari, Avinay Bhat, Meghna Bhattacharya,
Saptaparna Bhattacharya, Prajita Bhattarai, Sudip Bhattarai, Wahid Bhimji, Jianming Bian, Burak Bilki, Mary Bishai, Kevin Black, Al-NATIVE
Kenneth Bloom, Brian Bockelman, Johan Sebastian Bonilla Castro, Tulika Bose, Nilay Bostan, Othmane Bouhali, Dimitri Bourilkov, EXPERIMENTAL
Dominic Brailsford, Gustaaf Brooijmans, Elizabeth Brost, Maria Brigida Brunetti, Quentin Buat, Brendon Bullard, Jackson Burzynski, LIFECYCLE
Paolo Calafiura, Rodolfo Capdevilla, Fabian Andres Castafio Usuga, Raquel Castillo Fernandez, Fabio Catalano, Viviana Cavaliere,
Flavio Cavanna, Giuseppe Cerati, Aidan Chambers, Maria Chamizo-Llatas, Philip Chang, Andrew Chappell, Arghya Chattopadhyay,

Sergei Chekanov, Jian-ping Chen, Yi Chen, Zhengyang Chen, ). Taylor Childers, Hector Chinchay, Yuan-Tang Chou, Tasnuva Agent-Orchestrated
Chowdhury, Neil Christensen, Wonyong Chung, Rafael Coelho Lopes de Sa, Simon Corrodi, Kyle Cranmer, Matteo Cremonesi, Roy Systems, Fast Al Simulation,
Cruz, Mate Csanad, Mariarosaria D'Alfonso, Carlo Dallapiccola, Daine Danielson, Sridhara Dasu, Gavin Davies, Kaushik De, Patrick de E?\l;:?t?ilr?tn mii?Lsinference
Perio, Klaus Dehmelt, Marco Del Tutto, Carlos Ruben Dell'Aquila, Sarah Demers et al. (359 additional authors not shown) 4 Al-Driven Monitoring, Diagnosis,
Operational Decision Support,
Experimental particle physics seeks to understand the universe by probing its fundamental particles and forces and exploring how they govern the Reduce Downtime & Calibration

large-scale processes that shape cosmic evolution. This whitepaper presents a vision for how Artificial Intelligence (Al) can accelerate discovery in
this field. We outline grand challenges that must be addressed to enable transformative breakthroughs and describe how current and planned
experimental facilities can implement this vision to advance our understanding of the vast and complex physical world from the smallest to the GC 4: FROM DATA GC 3: AUTONOMOUS
largest scales. We show how facilities currently under construction, such as the HL-LHC, DUNE and soon EIC, can both benefit from and serve as TO DISCOVERY EXPERIMENTS
proving grounds for this vision, while also enabling a longer-term goal for how future experiments -- like FCC-ee at CERN, IceCube-Gen2, a Muon
Collider in the U.S., and smaller to mid-scale projects -- can be fully Al-native. We describe how a truly national-scale collaboration, jointly
managed across large funding partners, and involving both DOE laboratories and universities, can make this happen.

https://arxiv.org/abs/2602.17582



https://arxiv.org/abs/2602.17582

Also in the whitepaper, and US
specific: A pitch for a national
scale collaboration.

However our experiments are
global, and much like we built
the WLCG, we need to
understand how the
international collaboration will
work to build an Al-native
ecosystem in the global
“information laboratory”
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Figure 7: U.S. Institutions (blue and green dots = universities, red dots = DOE labs) that are currently part of large national-scale
funded projects: U.S. ATLAS Operations (DOE/NSF, 33 institutions), U.S. CMS Operations (DOE/NSF, 44 institutions), DUNE
Operations (DOE, 16 institutions), HEP-CCE (DOE, 4 labs), IRIS-HEP (NSF, 16 universities), A3D3 (NSF, 12 universities). Additional
universities that are part of the U.S. ALICE, U.S. ATLAS, U.S. CMS and (U.S.) DUNE scientific collaborations are shown in green. Taken

together, these overlapping experiments and projects tightly connect 9 DOE labs and 124 different universities and colleges.



21st century “Facilities” and The “Information Laboratory”

AI-NATIVE RESEARCH ECOSYSTEM - PARTICLE PHYSICS

GC 1: ACCELERATED GC 2: INTELLIGENT SENSING
EXPERIMENT DESIGN AND INSTRUMENTATION

Differentiable Simulations,
Active Learning, Co-optimize
Detectors, Triggers,

Beams and Costs

On-detector Inference,
Physics-Aware Compression,
Capture Rare Signals
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