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“IRIS-HEP is a software institute 
funded by the National Science 
Foundation. It aims to develop the 
state-of-the-art software 
cyberinfrastructure required for the 
challenges of data intensive 
scientific research at the High 
Luminosity Large Hadron Collider 
(HL-LHC) at CERN, and other 
planned HEP experiments of the 
2020’s.”

     IRIS-HEP
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Gaps:
1. Raw resource gaps
2. Scalability of the distributed 

computing cyberinfrastructure, 
3. Executing analyses at the 

HL-LHC scale
4. Sustainability of the software 

and computing system through 
the lifetime of the HL-LHC and 
beyond

IRIS-HEP
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From the Goals/Current Focus Talk Earlier…
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Very similar language when 
we talk about high level 
goals for IRIS-HEP:
● Time to insight
● Ease of use
● Solving the “gaps” 

between us an HL-LHC 
computing



Focus Areas:
● Analysis Systems - HL-LHC scale 

analyzes, high-data-rate columnar 
analysis, UX, integration of ML into 
the pipeline

● DOMA - exabyte-scale production 
dataset management and delivery to 
analysis facilities, scaling bulk data, 
modernization, and data delivery.

● Innovative Algorithms - real-time data 
processing trigger and offline, focus 
on tracking.

IRIS-HEP
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Services
● Scalable Systems Laboratory 

(SSL) - k8s devops platform for 
facilities R&D, support for 
training, summer schools, and 
development 
(coffee-casa/ServiceX)

● OSG - Services for the LHC, 
production services for LHC’s 
cyberinfrastructure

IRIS-HEP
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Intellectual Hub
● Work with other large projects 

around the world
● Host a large slack for everyone 

interested in collaborating (with 
us, or with each other on these 
matters)

● Host Blueprint Meetings
○ Building consensus in the 

community (outward)
○ Building a strategic plan 

(inward)

IRIS-HEP
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Training
● Centered around a sustainable 

workforce
● Scaling the training to reach a 

large fraction of US graduate 
students

● Work hand-in-hand with the 
HSF

● Aim for field sustainability 
through depth in software 
knowledge.

Full details during Lightning Talk by 
Villanueva later today.

IRIS-HEP
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https://indico.bnl.gov/event/22078/timetable/?view=standard#29-training-on-analysis-reprod


Community Contact(s)
● Informal: members are part of 

the community, embedded in 
experiments, etc.

● Projects mostly hosted on 
github

● Steering Board: Formal board of 
stakeholders (experiments, US 
Operations programs, etc.)

● Executive Board: Leaders of all 
the major parts of IRIS-HEP

● Peter Elmer, Brian Bockelman, 
& Myself for direct queries at 
institute level

IRIS-HEP
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Projects

Our website is an index of almost 
everything we do
● We use it ourselves to track 

progress
● We draw our reports from updates 

to the web site
● It is quite up to date as a result!

A list of all projects!

Also listings per-area
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https://iris-hep.org/projects


Analysis Grand Challenge
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The “AGC”

Goal: Show the 
analysis pipeline is 
integrated and 
scales efficiently.

Requires:
● Physicist
● Software
● Facility

To all work in concert

The integrated 
nature of this is new Scale, scale, scale…

12~Presentations at: SciPy 2024

“Time to insight”
“Efficient use of resources”

https://www.scipy2024.scipy.org/


IRIS-HEP and parts of the python stack…
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● ServiceX - data delivery
● Uproot - loading TTree, RNTuple, THist data
● Awkward array & friends - numpy for jagged data

○ Vector, etc. - 4 vector operations
○ PHYSLITE schema (w/ATLAS) - making it possible to 

use!
○ Dask-awkward - operation-level scaling (not MPI)

● Cabinetry - Fitting workspace (think TRexFitter)
● Pyhf - HistFitter, using GPU’s
● hist/boost-histogram - modern multithreaded histograms
● Scikit-hep - Community project of packages (e.g. start here)

https://iris-hep.org/projects/servicex.html
https://iris-hep.org/projects/uproot.html
https://iris-hep.org/projects/awkward.html
https://iris-hep.org/projects/cabinetry.html
https://iris-hep.org/projects/pyhf.html
https://iris-hep.org/projects/histogram.html
https://iris-hep.org/projects/scikit-hep.html


Benchmarks To Software and Facilities

L. Gray’s talk at 
ACAT/SB last Week

Internal Benchmark Analyses
(Defined by ATLAS/CMS, LHCC)

(future)

tt CMS Open Data 
Benchmark Analyses
(Prelim by IRIS-HEP)

Software Repo
(docs)

Bottlenecks in 
Software and 

Hardware

Private version for ATLAS 
internal use? Sure!

Distributed (gross via coffea 
processors)

Distributed (dask)*

ML (local)

ML (triton & similar)

Systematic Errors

ServiceX * near future

Future future
● Differentiable programmings
● GPU’s (etc.) - pyhf now
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“Time to insight”

https://indico.cern.ch/event/1330797/contributions/5776107/
https://indico.cern.ch/event/1330797/contributions/5776107/
https://github.com/iris-hep/analysis-grand-challenge
https://agc.readthedocs.io/en/latest/?badge=latest


Analysis Facilities
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What is an Analysis Facility?

White Paper (from HSF)
● Good survey of capabilities currents 

ones have
○ And what new ones might be 

beneficial
● Community is feeling its ways

Question:
● Document lays out many possible 

paths forward
● E.g. Silo’d services or integrated 

services? Both? 16

“Efficient use of resources”

https://docs.google.com/document/d/1Pn9KWG-tGQ20OaNFUVlXLQddC7vFsQnu2EHR4DBfTjo/edit#heading=h.f6yuqd26m1ts


IRIS-HEP’s Coffea-Casa
coffea-casa

Integrated solution
● Modular design that can share 

dependencies with other 
projects

● Log in once, access to 
everything (auth)

● JupyterHub is the main access
● k8s deployment, configurable for 

different sized facilities
● Deployed at UChicago (ATLAS) 

and Nebraska (CMS)
○ ATLAS IAM sign in is fully functional, but 

there is still on-going work to enable access 
to ATLAS specific datasets
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“Efficient use of resources”

https://iris-hep.org/projects/coffea-casa.html


ServiceX ServiceX

● 10 TB
● ~1000 Cores
● 30% of file read
● 100 columns
● 30 minutes

Columnar Data Delivery System
● ROOT files or parquet files
● Over the web, cached
● Inside AF no need to 

download
● k8s based, moving to OKD

Current Backend Work
● Preparing for next push
● Cross-facility integration
● Scaling and sharing resources 

on cluster with other services
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“Time to insight”

https://iris-hep.org/projects/servicex.html


Scalable Systems Lab (SSL) UChicago SSL Effort

● Platform for IRIS-HEP service 
development (DOMA, Analysis 
Facilities) and integration with 
LHC production environments

● R&D on evolving computing 
facilities based on flexible 
foundation with cloud-native 
tools (K8s)

● Effort aligned with US ATLAS 
Facilities R&D program 
○ Example: Joint ATLAS / IRIS-HEP 

Kubernetes Hackathon (24-26 April 2024)
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“Efficient use of resources”

https://iris-hep.org/ssl.html
https://docs.google.com/presentation/d/1cDTa5Oy-xiRR1YYYj5vq7QuJFmq9QIJ8-r35zSZkcy8/edit?usp=sharing
https://docs.google.com/presentation/d/1cDTa5Oy-xiRR1YYYj5vq7QuJFmq9QIJ8-r35zSZkcy8/edit?usp=sharing
https://indico.cern.ch/event/1384683/
https://indico.cern.ch/event/1384683/


Training
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Non-HSF Efforts

Full details during Lightning 
Talk by Villanueva later today.

See talk later today 
for HSF related work

Fellows Program

● Similar to Google Summer of Code
● We have funds for undergraduates 

over the summer
● Have a project aligned with 

IRIS-HEP goals? Need an 
undergraduate? We might be able 
to help

● Currently have open a large number 
of projects.
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Early work on pulling new people into the field/pipeline.

https://indico.bnl.gov/event/22078/timetable/?view=standard#29-training-on-analysis-reprod
https://indico.bnl.gov/event/22078/timetable/?view=standard#29-training-on-analysis-reprod
https://iris-hep.org/fellows.html
https://research-software-collaborations.org/projects_irishep


Training Events

● 2-day training programs associated 
with the summer meetings (US 
ATLAS, US CMS)

● Occur after the meetings
● Supply funds to get students 

on-location and board for the 2 
nights

● Advanced topic range 
(programming on GPU’s, columnar 
analysis, statistical models)

● In addition to experiment specific 
training that occurs during summer 
meeting 22

US ATLAS and US CMS Summer Meetings

SSL Binder (River, Flatiron, National Research 
Platform) https://binderhub.ssl-hep.org and 
K8s stretched cluster resources at US ATLAS 
Tier2s and at UVictoria 

https://indico.cern.ch/event/1376945/
https://indico.cern.ch/event/1376945/
https://indico.cern.ch/event/1383972/
https://binderhub.ssl-hep.org


OSG
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Overview of OSG-LHC

OSG-LHC provides:

■ An integrated software stack, coordinated with the global community.
– Software lifecycle management, including ingestion, releases, “orphanage”, and retirement 

process. 
■ A cybersecurity context

– From policies to operational security
■ Operations

– Accounting and Runtime environment
■ Network performance monitoring
■ Various coordination functions with the Worldwide LHC Computing Grid (WLCG), the US LHC 

Operations program, and other science communities.
■ OSG-LHC staff works closely with WBS 2.3:

– Reports regularly on OSG and HTCondor software updates at bi-weekly US ATLAS Computing Facilities meetings
– Security operations: participates in CERN SOC hackathons, cybersecurity threat intelligence sharing
– Network data collection and analytics with the community (weeky R&D meetings chaired by Shawn)
– Currently working o:n K8s WLCG accounting for UTA, NET2 and Google projects; Token enabled Xrootd for SWT2 (UTA 

and OU)

24

“Efficient use of resources”



Production enabled by the OSG

US LHC Operations Programs are the primary hardware providers, and thus customer of OSG. 
Lots of coordination activities, at many levels.

■ Annual workshop of US LHC facilities programs co-located with OSG AHM
■ OSG-LHC staff attending relevant ATLAS and CMS meetings in US & CERN
■ US LHC Ops program management part of OSG management
■ …. and many more ….

Weekly Core Hours last year

~230,000 cores on average,  24x7
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An integration example with OSG - ePIC/EIC

The Electron-Proton/Ion Collider (ePIC) Collaboration was formed to design, build, and operate 
the first experiment at the Electron-Ion Collider (EIC). Currently there are two main computational 
efforts and cyberinfrastructure integrations to BNL.
First:

● An EIC submitter at BNL to the JLab gWMS pool and OSPool 
● An ePIC/EIC submitter to JLab and OSPool gWMS pools from JLab.
● Both submitters - Access Points - leverage the JLab FE to request pilots from the OSG 

gWMS factory and use two gWMS collectors deployed by JLab (one in HA mode). ePIC/EIC 
jobs run on both BNL and JLab (gracc)

Second: 
● An investigation to deploy Harvester/PaNDA at BNL for EIC and send Harvester jobs to the 

JLab farm and the EIC pool. 
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Conclusions
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Presentations and Publications
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Presentations Papers

https://iris-hep.org/presentations/bymonth
https://iris-hep.org/publications/all


Conclusions

● With ~30 FTE’s we have a lot of on-going projects!
○ And many places to collaborate
○ Nothing to stop new efforts from starting

● Lots of projects with possible synergies in Analysis Systems and DOMA
● Not mentioned: Innovative Algorithms

○ Work on tracking (ACTS for ATLAS)
○ With some intersection with ML

● Talk to me and anyone else who is part of IRIS-HEP: we can direct you to the 
appropriate contact points

● This is v2 of IRIS-HEP and we are focused on delivery more than R&D
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