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Analysis Grand Challenge

e Executes a High Energy Physics analysis that scales to the data volumes
and complexity expected from the High Luminosity Large Hadron Collider

e The High-Luminosity LHC, projected to be operational in 2029, will start a
search for discoveries that test the standard model and ask questions about
what we know about dark matter

e Higher luminosity could present multiple problems

e IRIS-HEP collaboration is producing software and computlng tools meant to
help address these challenges ) g A

https://news.fnal.gov/2021/02/hl-Ihc-accelerator-upgrade-project-receives-approval-to-move-full-spee
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IRIS-HEP

e Has analysis tools and facilities
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CNIS,

> 1 Coffea-Casa

e (Can execute columnar data extraction, statistical inference, and turning
data into histograms

[ st
processing

astropy 4
@ d‘/ PYMCS Plugins = Plugins I oata access
b i Sore ‘ [:] Data storage
2 DIPY @ir e ( xcache || YIRS 1 ServiceX |
i g scikit-image riRr %7(; W 5 B fronesesns J
LR Y e T\ =
p ] Web-based
y NetworkX . . ' Sl
¥ e e g L e e SR
B S e umba nd ;

/'\/'\ xarray S [f Dask-scheduler

nany I € ()
@ learn matpltlib pandas [ iig DASK scac:;w‘tx _ interface — CVMFS ‘

ma\ﬂ )
NumPy - Ky scipy — a0 ;
. P pL:]thOﬂ > Speo‘a\‘led Base image(s)
core n ( ) External
fan guage BinderHub \ )/ authentication workqueue
https://jupytearth.org/jupyter-resources/introduction/ecosystem.html https://iris-hep.org/projects/coffea-casa.html

5 9 August 2023 Christina Mondelli | Analysis Grand Challenge



Standard Processor

e Executes instructions from an operating system
- Events in this high energy physics research is the information that is
read out by the detector that is associated with a single LHC beam
crossing

e Processes rows and columns of data

https://www.gearnuke.com/what-is-a-cpu
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CMIS,

e Has scale-out built into it which
allows for an easier process

e Scale-out allows you to utilize
larger CPU resources

e FEach subset of events will be
worked on by itself
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CMIS,

Columnar Analysis

e Uses the basics of array programming

e Calculates quantities and statistics on entire rows of events simultaneously

e Ending result of an interactive environment and fast results while still being
able to “scale to the entire dataset”

e There are powerful python libraries that implement array programming

é % |
Columnar Event loop
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CMS, . .
2 Objective and Purpose
e Objective: Convert an AGC open data analysis into one using CMS Run2
data and recipes
e Create a more “CMS-like” example analysis for people to be able to
reference when they are trying to take over AGC/IRIS-HEP tools

How can we create a more “CMS-like” example analysis?
-> Improve CMS recipes for making corrections

. ; ServiceX
. fproot erviceX
Eacabinetry uproot L func-ad Femess &k

Modularity & g ROOT files (just VO) A Remote queries SS L@

¢ gfﬁ% Jmlnult i 15

Raw minimization ~ Curve fits

https://indico.cern.ch/event/1126109/contributi

Ar Y : L f S ons/4788591 /attachments/2430323/4162323/
| Analysis%20Grand%20Challenge%20Tools%20
e hep-tables e p_y Statistical tools Workshop%202022.pdf
with nested structure  DataFrame for “, HistFactory-stylefits
(not HEP-specific) nested structure 4 SRR
___________ 7 % o O
7 L“ —‘,' §
s e T H I| sto ogram Plott ng <
iceX HIE iR P s gy 3
ervice! VeC Or i & hlst' Partlcle 4‘ . tCG
2D, 3D, & Lorentz vectors % Histogramming ,-' PythonicPDG .. @ 2/

https://iris-hep.org/as.html

9 9 August 2023 Christina Mondelli | Analysis Grand Challenge



10

CMIS,

9 August 2023

Timeline

Weeks 1 and | Computer programming training

2

Weeks 3 and | Account setup and preliminary research

4

Week 5 Obtain SingleMuon NanoAOD files for
Run2018A and turn them into text files

Weeks 6 Start the creation of the python script and
check to make sure ttbar-analysis-
pipeline executes

Week 7 Build up the script, debug the AGC CMS
ttbar notebook and get it running with
CMS Run2 data on Coffea-Casa

Week 8 Modify script, fix the histogram output
issue

Week 9 Create a new repo in Github, poster due

Week 10 Presentation
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Completed Tasks

1. Wrote a python script to convert the text files into a json file that looks like
what Coffea-Casa would be expecting to see

2. Got acquainted with the AGC CMS ttbar notebook
3. Debugged and got it running on CMS Run2 data

4. Created a new repo in GitHub and put it in Coffea-casa
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- Results

e Once the AGC CMS ttbar notebook was running with CMS Run2 data, it
produced two histograms
e These histograms are two MC samples

= 4 jets, = 2 b-tags = 4 jets, 1 b-tag
2304 BN TTjets_UL2018 . TTjets_UL2018
B Wets_UL2018 600 . Wets_UL2018

100 200 300 400 500 100 200 300 400 500
myj [GeV] Hr [GeV]
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Next Steps for the Future

e Add performance tests

-> Only read a subset of branches
-> Timing and event throughout metrics
-> Benchmark performance of xcache
- Efficient run workbook at different analysis
facilities (LPC)
-  Enlarge the portability of AGC tools/setup < 'Performance
- Test the portability of AGC tools/setup Testing
e This allows for benchmarking £] Process

-> Comparison of performances
e The goalis to implement each of these

tests and see how efficiently they
would be able to work
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