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Computational and Data Science Challenges of the High Luminosity Large 
Hadron Collider (HL-LHC) and other HEP experiments in the 2020s

1) Use the Higgs boson as a new tool for discovery

2) Pursue the physics associated with neutrino mass

3) Identify the new physics of dark matter

4) Understand cosmic acceleration: dark matter and inflation

5) Explore the unknown: new particles, interactions, 

and physical principles

From “Building for Discovery - Strategic Plan for U.S. Particle Physics in the Global 

Context” - Report of the Particle Physics Project Prioritization Panel (P5):
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Science Driver: Discoveries beyond the Standard
Model of Particle Physics

The HL-LHC will produce exabytes of science data 

per year, with increased complexity: an average of 

200 overlapping proton-proton collisions per event.

During the HL-LHC era, the ATLAS and CMS 

experiments will record ~10 times as much data 

from ~100 times as many collisions as were used to 

discover the Higgs boson (and at twice the energy).



The HL-LHC Challenge
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23 pile-up 
230 pile-up 

Higher probability of an interesting 
interaction, but with consequences:
detectors/electronics need to handle the 
higher rate, higher radiation dose and 
significantly more complex events

Multiple proton-proton interactions 
per beam bunch crossing 
(“pile-up”) as seen in a simulation 
of the ATLAS Inner Tracker



High Luminosity LHC

IRIS-HEP Institute



HL-LHC Detector Upgrades
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In addition to LHC accelerator 
upgrades, significant hardware 
(detector) investments are 
planned for HL-LHC to handle 
the high-rate environment and 
expected radiation dose.

This includes a proposed 
~$150M NSF MREFC to 
upgrade key elements of 
ATLAS and CMS (see figure), 
with a ~2020 start date.

A key goal of the Institute is to 
maximize the physics reach 
and impact of this detector 
investment 



Developing a Global R&D Roadmap

NSF funded the S2I2-HEP Conceptualization Project (s2i2-hep.org/) in July 2016

Community charge from the Worldwide LHC Computing Grid in July 2016:

● Anticipate a “software upgrade” in preparation for the HL-LHC
● Identify and prioritize the software research and developments investments

1. to achieve improvements in software efficiency, scalability and performance 
and to make use of the advances in CPU, storage and network 
technologies

2. to enable new approaches to computing and software that could radically  
extend the physics reach of the detectors

3. to ensure the long term sustainability of the software through the lifetime of 
the HL-LHC
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http://s2i2-hep.org/


HEP Software Foundation (HSF)

The HSF (http://hepsoftwarefoundation.org) was created in early 2015 as a means 
for organizing our community to address the software challenges of future 
projects such as the HL-HLC. The HSF has the following objectives:

● Catalyze new common projects
● Promote commonality and collaboration in new developments to make the 

most of limited resources
● Provide a framework for attracting effort and support to S&C common 

projects (new resources!)
● Provide a structure to set priorities and goals for the work
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Growing a Global Collaboration
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UCSD/SDSC
January, 2017
HSF CWP

Annecy
June, 2017
HSF CWP

Naples
March, 2017
WLCG/HSF

JLab
March, 2018

HSF/OSG/WLCG



All CWP and S2I2 Workshops
● 26-27 Apr, 2018 - Reconstruction, Trigger, and Machine Learning for 

the HL-LHC
○ Massachusetts Institute of Technology, Boston

● 26-29 Mar, 2018 - Joint WLCG/HSF Workshop 2018
○ Centro Congressi Federico II, Naples, Italy

● 14 Dec, 2017 - Mini-workshop on Building Collaborations for ML in 
HEP

○ Massachusetts Institute of Technology, Boston
● 28-29 Nov, 2017 - S2I2/DOE-lab mini-workshop on HL-LHC 

Software and Computing R&D
○ Catholic University of America, Washington DC

● 16-17 Nov, 2017 - Data Organisation, Management and Access 
(DOMA) in Astronomy, Genomics and High Energy Physics

○ Flatiron Institute (Simons Foundation), New York City
● 23-26 Aug, 2017 - S2I2-HEP Workshop 

○ University of Washington, Seattle
● 26-30 Jun, 2017 - HEP Software Foundation Workshop

○ LAPP (Annecy)
● 5-6 Jun, 2017 - CWP Event Processing Frameworks Workshop 

○ FNAL
● 22-24 May, 2017 - HEP Analysis Ecosystem Retreat

○ Amsterdam

● 8-12 May, 2017 - DS@HEP 2017 (Data Science in High 
Energy Physics)

○ FNAL
● 1-3 May, 2017 - 2nd S2I2 HEP/CS Workshop

○ Princeton University
● 28-30 Mar, 2017 - CWP Visualization Workshop

○ CERN (and Vidyo)
● 23 Mar, 2017 - Community White Paper Follow-up at FNAL

○ FNAL
● 20-22 Mar, 2017 - IML Topical Machine Learning Workshop

○ CERN, The workshop includes a CWP session on 
Machine Learning

● 9 Mar, 2017 - Software Triggers and Event Reconstruction 
WG meeting

○ LAL/Orsay, session at Connecting The Dots 
workshop

● 8 Mar, 2017 - S2I2-HEP/OSG/USCMS/USAtlas Panel at 
OSG All Hands Meeting

○ SDSC/UCSD
● 23-26 Jan, 2017 - HEP Software Foundation Workshop

○ University of California at San Diego / San Diego 
Supercomputer Center

● 7-9 Dec, 2016 - S2I2 HEP/CS Workshop 
○ University of Illinois at Urbana-Champaign

http://web.mit.edu/
http://web.mit.edu/
https://www.catholic.edu/index.html
https://www.simonsfoundation.org/flatiron/
https://ctdwit2017.lal.in2p3.fr/
https://ctdwit2017.lal.in2p3.fr/


arXiv 1712.06982

https://arxiv.org/abs/1712.06982


Community White Paper (CWP)
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Many of our collaborators and colleagues at U.S. CMS 
universities and laboratories have contributed to the CWP 
process and papers



Impact - Physics: Will efforts in this area enable new 
approaches to computing and software that 
maximize, and potentially radically extend, the 
physics reach of the detectors?

Impact - Cost/Resources: Will efforts in this area 
lead to improvements in software efficiency, 
scalability and performance and make use of the 
advances in CPU, storage and network 
technologies, that allow the experiments to 
maximize their physics reach within their computing 
budgets?

Impact - Sustainability: Will efforts in this area 
significantly improve the long term sustainability of 
the software through the lifetime of the HL-LHC?

Interest/Expertise: Does the U.S. university 
community have strong interest and expertise in 
the area?

Leadership: Are the proposed focus areas 
complementary to efforts funded by the US-LHC 
Operations programs, the DOE, and international 
partners?

Value: Is there potential to provide value to more 
than one HL-LHC experiment and to the wider 
HEP community?

Research/Innovation: Are there opportunities for 
combining research and innovation as part of 
partnerships between the HEP and Computer 
Science/Software Engineering/Data Science 
communities?

U.S. S2I2-HEP Conceptualization: Additional Criteria
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arXiv 1712.06592
Dec. 2017

US-ATLAS and US-CMS Ops were integral 
partners in developing this strategic plan
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https://arxiv.org/abs/1712.06592


S2I2-HEP Strategic Plan - Priority Areas
● Development of advanced algorithms for data reconstruction and triggering, 

including those that take advantage of new, powerful computing 
architectures, such as GPUs, FPGAs, etc.

● Development of highly performant analysis computing systems, potentially 
with specialized hardware, that reduces "time-to-insight" and maximizes the 
HL-LHC physics potential

● Development of data organization, management and access systems for the 
exabyte-scale datasets of the HL-LHC

● Leveraging the recent advances in machine learning and data science and 
taking advantage of industry developments in "big data" to make more 
efficient use of computing resources

● Sustaining the investments in the fabric for distributed high-throughput 
computing
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IRIS-HEP
Sustainable Software R&D objectives

1) Development of innovative algorithms for data 
reconstruction and triggering;

2) Development of highly performant analysis 
systems that reduce “time-to-insight” and maximize 
the HL-LHC physics potential; and

3) Development of data organization, management 
and access systems for the community’s upcoming 
Exabyte era.

4) Integration of software and scalability for use by 
the LHC community on the Open Science Grid, 
the  Distributed High Throughput Computing 
infrastructure in the U.S.

The plan for IRIS-HEP reflects a community vision 
developed by an international community process 
organized by the HEP Software Foundation 
(https://hepsoftwarefoundation.org). The S2I2-HEP 
conceptualization project (http://s2i2-hep.org) derived a 
Strategic Plan from the community roadmap which 
would leverage the strengths of the U.S. university 
community. IRIS-HEP aims to function as an intellectual 
hub for the national and international HEP community, 
through training, community workshops and the 
development of wider collaborations with the larger 
computer and data science communities.

Intellectual Hub for the HEP Community

IRIS-HEP funded as a 5 year project from 1 Sep, 2018

https://iris-hep.org/ia.html
https://iris-hep.org/as.html
https://iris-hep.org/as.html
https://iris-hep.org/doma.html
https://iris-hep.org/doma.html
https://hepsoftwarefoundation.org
http://s2i2-hep.org


IRIS-HEP Structure and Executive Board



IRIS-HEP Team
http://iris-hep.org/about/team

About 28 FTEs of funded 
effort spread over a larger 
number of people from 18 
universities/institutions 

http://iris-hep.org/about/team


Management and Coordination



Blueprint Activity - Maintaining a Common Vision
● Small "blueprint" workshops 3-4 times per 

year with key personnel and experts

● Facilitate effective collaborations by 

building and maintaining a common vision 

● Answer specific questions within the scope 

of the Institute’s activities or within the 

wider scope of HEP software & computing.

● 21 Jun - 22 Jun, 2019 - Blueprint: Analysis 

Systems R&D on Scalable Platforms (NYU)

● 10 Sep - 11 Sep, 2019 - Blueprint: 

Accelerated Machine Learning and 

Inference (Fermilab)
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● 23 Oct - 25 Oct, 2019 - Blueprint: A 

Coordinated Ecosystem for HL-LHC 

Computing R&D (Catholic University of 

America, Washington DC)

● Others (e.g. Training) in planning

https://indico.cern.ch/event/820946/
https://indico.cern.ch/event/820946/
https://indico.cern.ch/event/822126
https://indico.cern.ch/event/822126
https://indico.cern.ch/event/822126
https://indico.cern.ch/event/834880/
https://indico.cern.ch/event/834880/
https://indico.cern.ch/event/834880/


Training and Education - Sustainability/Scalability

This is a general framework for training, but from the NSF we have funds from both IRIS-HEP (OAC-183665) and a separate 
project FIRST-HEP (OAC-1829707, OAC-1829729, http://first-hep.org) which can work towards implementing this model.

http://first-hep.org


Training, Education and Outreach Events
Upcoming events:

● 27-29 Nov, 2019 - Software Carpentry at CERN
○ CERN, Geneva, Switzerland
○ Indico page

Past events:

● 9-21 Aug, 2019 - ATLAS Software Carpentries Training 
○ Lawrence Berkeley National Laboratory
○ Indico page

● 22-26 Jul, 2019 - Computational and Data Science for High Energy 
Physics (CoDaS-HEP) 2019 School 

○ Princeton University
○ Webpage

● 10 Jun, 2019 - FIRST-HEP/ATLAS Software Training 
○ Argonne National Laboratory
○ Indico page

● 3-4 Jun, 2019 - An introduction to 
programming for STEM teachers 

○ University of Puerto Rico at Mayaguez
○ Indico page

● 24-26 Apr, 2019 - Machine Learning 
Hackathon for UPRM Students 

○ University of Puerto Rico at Mayaguez
○ Indico page

● 1-2 Apr, 2019 - Software Carpentry Workshop 
○ Fermi National Accelerator Laboratory
○ Indico page

In collaboration with FIRST-HEP (http://first-hep.org), the Carpentries (https://carpentries.org) and others

https://indico.cern.ch/event/834411/
https://indico.cern.ch/event/816946/
http://codas-hep.org/
https://indico.cern.ch/event/827231/
https://indico.cern.ch/event/817539/
https://indico.cern.ch/event/809812/
https://indico.fnal.gov/event/20233
http://first-hep.org
https://carpentries.org


CoDaS-HEP 2017

CoDaS-HEP 2018

http://codas-hep.org

ML Hackathon UPRM 
2019

CoDaS-HEP 2019



IRIS-HEP Community Activities and Events



IRIS-HEP Topical Meeting Series

https://indico.cern.ch/category/10570/

Meetings are announced on the 
announcements@iris-hep.org mailing 
list

Recorded videos are available in 
Youtube (see links on the individual 
agenda pages)

https://indico.cern.ch/category/10570/
mailto:announcements@iris-hep.org


Connecting with IRIS-HEP
Website: http://iris-hep.org

Public announcement mailing list: announcements@iris-hep.org [Subscribe]

Topical meetings: https://indico.cern.ch/category/10570/

We will be continuing to organize, co-organize and host various events going 
forward, see the main project website above.

    

http://iris-hep.org
mailto:announcements@iris-hep.org
https://groups.google.com/a/iris-hep.org/forum/#!forum/announcements
https://indico.cern.ch/category/10570/

