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Analysis Systems Focus Area

Develop sustainable analysis tools to extend the physics reach of the 

HL-LHC experiments

• Creating greater functionality

• Reudcing time-to-insight

• Lowering the barriers for smaller teams

• Streamlining analysis preservation, reproducibility, and reuse.

“Realize the maximum scientific potential in the least time”
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Analysis Systems Data Flow & 

Projects

Production 

System Analysis 

Files

Scan data, 

explore with 

histograms, 

making final 

plots.

Fitting, 

manipulation, 

limit 

extrapolation

Capture & Reuse

- scikit-hep

- awkward array

- ServiceX

- Func-adl

- pyhf

- HistFactory v2

- GooFit

- Decay Language

- Analysis Database

- Recast
- CAP/INSPIRE/HEPDATA

Analysis Systems, analysis & declarative languages

(underlying framework)

- Leverage & align 

with industry

- Training & workforce 

development

DOMA
SSL

SSL

Partner Focus Area
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Archiving, 

publication, 

Reinterpretation,

etc.
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Where would we like to be?
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Files
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And preserve that workflow for future reuse
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Context 8

HEP Publishes lots of papers!

Yet this focus area is green!

• Heterogeneous set of use-cases

• Lots of components not designed with a single 

view in mind

• New advances in compute and ML mean new 

opportunities

Many Analysis Systems tasks will be exploratory



Initial Focus

 Establish declarative specifications for analysis tasks and workflows.

 Enable the technical development of analysis systems to be decoupled 

from the user-facing semantics of physics analysis.

 Leverage and align developments from industry and the broader 

software community

 This should enhance the sustainability of the systems and libraries we 

have to develop

 And avoid developing things that are already out there

 Develop high-throughput, low latency systems for analysis for HEP.

 Integrate analysis capture and reuse as first-class concepts and 

capabilities
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The Team 10

Meetings every other week

Slack channel (open to everyone)

https://indico.cern.ch/category/10889/
https://iris-hep.slack.com/messages/CFEK2FECR


Tools for Handling Data 11

ROOT on Conda

urpoot

Awkward Array

Func-adl

ServiceX

Make ROOT as easy to install as any python package

Low level high speed support for hierarchical data: 

operates at the same level as numpy. And adaptors 

for loading data from ROOT Ttree’s.

Functional declarative language for querying and 

reducing data to histograms or tables

Tight integration between DOMA, SSL, and Analysis 

Systems. A service to generate column-wise ntuples

from binary formats.

https://iris-hep.org/projects/rootconda.html
https://iris-hep.org/projects/uproot.html
https://iris-hep.org/projects/awkward.html
https://iris-hep.org/projects/func-adl.html


Infrastructure Tools 12

Histogram

Projects

Scikit-HEP

Particle

Decay Language

awesome-hep

Python interfaces to high performance histogram 

packages (e.g. boost.histogram) as well as a format 

converter.

Collection of python packages that together can 

make up an analysis environment for HEP analyses

PDG tools and format converters for particles and 

decays – with pythonic interfaces for all that 

information

Awesome list of python packages any HEP analyzer 

might want in their toolbox.

https://iris-hep.org/projects/histogram.html
https://iris-hep.org/projects/histogram.html
https://iris-hep.org/projects/scikit-hep.html
https://iris-hep.org/projects/particle.html
https://iris-hep.org/projects/decaylanguage.html
https://iris-hep.org/projects/awesome-hep.html


Fitting Tools 13

AMPGEN

MadMiner

PPX

pyhf

Fitting and generation of multibody decays.

Instrumenting MC generation and simulation to 

derive likelihoods for final state configurations given 

model parameters.

Common model description language for inference 

engines

Python implementation of the common HEP tool 

HistFactory, used to build PDF’s from a model and 

data. Will use modern tools (Tensorflow/pytorch

backend to use GPUs) to speed calculation.

https://iris-hep.org/projects/ampgen.html
https://iris-hep.org/projects/madminer.html
https://iris-hep.org/projects/ppx.html
https://iris-hep.org/projects/pyhf.html


Awkward Array & Friends 14

From the CoDaS School last month

Student interest in processing HEP 

data with these python tools

Full Analysis 

Benchmarks have 

shown where we 

can have 

improvements. 

V.Next planning 

well underway.

Large interest in the community 

(presentations at all the conferences)



Testing On Larger Datasets 15

func-adl Backend Server

• 57 xAOD MC Datasets (2.7 TB)

• Extract columns for training in 

ATLAS Analysis

• Using python tools to plot…

Quick check of MC quality and parameters with only small number of lines of python

(see on github)

https://github.com/gordonwatts/calratio-perjet-training/blob/master/notebooks/Input%20Variable%20Plots.ipynb
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arxiv:1908.06980

Uses MadMiner to instrument Madgraph+Pythia and Delphes

[Is the Higgs really the SM Higgs?]

ℒ = ℒ𝑆𝑀 + ℒ𝐵𝑆𝑀

What kinematic distributions are most 

sensitive to new physics (operators)?

Use MadMiner to compare the 

sensitivity of the various distributions.

• Matrix Element + ML to calculate 

likelihood

• Can take into account all final 

states, including ones involving 

neutrinos, etc.

• Automated framework

https://arxiv.org/abs/1908.06980


Impact 17

Presentations range from internal, to 

trainings, to seminars, conference talks, 

and colloquia.

Publications are just getting started. Most in journals, some 

conference proceedings as well.



Some of the mliestones 18

G2.1 Organize topical meetings, Analysis System group meetings, etc.

G2.2

List publicly-accessible repositories and other relevant doc-

umentation on the iris-hep.org website

G2.3

Collect and curate example analysis use cases with some existing 

reference implementation

G2.4

Survey of analysis systems efforts in the field to aid in planning for 

topical workshop

G2.5

Blueprint workshop coordinating resource needs for evaluating 

analysis systems coordinated by SSL with participation of 

operations program

G2.6

Develop initial specifications for user-facing interface to analysis 

system components

G2.7

Prototype awkward-array analyses in the scientific Python 

ecosystem



Coming Up 19

G2.8 Initial roadmap for ecosystem coherency

G2.9

Develop initial design for interface of analysis query 

system to the IDDS

G2.10

Translate analysis examples into new specifications, 

provide feedback, iterating as necessary

G2.11

Initial roadmap for high-level cyberinfrastructure 

components of analysis system

G2.12

Benchmarking and assessment of existing analysis 

systems



Conclusions & Observations

 Many packages are now actively worked on by IRIS-HEP Analysis System 
Members

 Some have wide adoption (e..g uproot and awkward array)

 Everything is open source and almost all of it is on github

 Will allow use and adoption no matter what direction IRIS-HEP chooses in the 
future

 Even the services we are working on are designed in the same vein

 E.g. helm charts or similar

 Analysis Systems is now planning for the transition from Development to 
Implementation phase

 We still have a significant amount of development and design work to do

 This will likely continue in parallel with implementation
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