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The ldea

Make science using LHC Open data FAIR
What is the target group? What do we want to offer?

You: Transformed, unified data
e Unified approach to ATLAS & CMS data analysis

* Handle data the same way on an event basis
* Reduced storage requirements
* Minimized runtime for analyses

* Want to do research using LHC data

e Are aresearcher or an advanced Student Computation resources
e Storage
* Processing

Analysis demonstrator
* Showcase feasibility
* Provide entry point

[ PUNCHA4NFDI }
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What is PUNCHA4NFDI?

\
Particle, Universe, NuClei and Hadrons

for

National research data infrastructure

The main Goal of PUNCHA4NEDI

Essence

Create a "FAIR" science data platform
=  Findability
= Accessibility
= |nteroperability
= Reusable

M{:S\

interact, (rejuse,
share, create,

ina co/mrrm ublish
environment

directly on the

Offer the infrastructures /’_\

' Collaboration

= Computing NG

= Storage

From and For the involved communities and beyond
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Analysis Demonstrator

What Analysis would we like to showcase?

Standard Model of Elementary Particles

interactions / force carriers
(bosons)

three generations of matter

(fermions)
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https://commons.wikimedia.org/w/index.php?curid=4286964

The 4 Lepton Channel

One of the main discovery channel
Precise reconstruction

High signal to background ratio
* Irreducible ZZ background

* Reducible Background “Z+X”
I/
" tt
VA,
= WZ
= WW
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https://arxiv.org/pdf/1706.09936

CMS Workflow ATLAS

CMS legacy research data Unlfled data Non-public Atlas legacy data
E Transformed 7}‘9’7st 3
Q . . /'/77 9]
Filesin S4P / oo =
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~2 hours,
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Multi Experiment Higgs = 4Lepton

Create the 4Lepton mass spectrum:
Using 2010, 2011, 2012 CMS and 2012, 2016 ATLAS open data.

Four complexity levels are implemented:

1. Observe and compare the final output plot
2. Reproduce the final plot from predefined histograms
3. Produce aroot data input from parts of the full analysis

4. Produce the full analysis

mmm) Ready to be run, by PUNCH user!
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Level 1: Compare

CMS: Higgs discovery PUNCHA4NFDI: Open Data
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https://arxiv.org/pdf/1207.7235

CMS: Vs=7TeV,L=51fb" \s=8TeV,L=116f"
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§ © CMS+ATLAS ¢ Data
W45t open Data E%YBarx
40 ZZ -> 4l
o [m, =125 GeV
35F
. CMS:Vs=7TeV,L=51f" {s=8TeV,L=11.6fb" a0k
Normalise the MC to the Data: 50 ATLAS: fs=8TeV,L=1.0fb" Vys=13TeV,L=10.2fb" :
S OVE it -
5 [ CMS+ATLAS = .. ¢Daa i
o 45 = @ Z/y* + X 20F
- Open Data O TTBar -
20F- 0Zz-> 4l 15E]
 The Drell Yan background to the 2l : [m, =125 GeV 10-| + u |
35 o
Z-peak s Punch very preliminary 5': } t “ﬁ A
30 O¥00 750 500 250 300 350 400 450 500
C / m,, (GeV)
25F ]
. - ~”5250°T1OCMS+ATLAS
* The ZZ background to fit the whole 200 g | OpenData
r | ¢ Data
Mass Spectrum 15:_ 2000+ [JZZ-> 4l
- T @zt + X
- L [m, =125 GeV
10:_ 1500:—
* The Higgs sample to the signal region : soof
080 100 120 140 160 180
m,, (GeV) r
500_
q_ 110 120

e m,, (GeV)
Lucas Karwatzki | DPG Spring Meeting | 04.04.2025 10/13




CMS RUN 1 CMS RUN 2
| |

What about you?

cMs: s =7 TeV,L=51fb" Vs=8TeV,L=11.6 fb'1;' Vs=13TeV,L=16.4 iy

= |
Access to the transformed files on S4P is limited to PUNCH users & 70: CMS Open Data
S ) ‘E 5 0:_ ¢ Data
' Multi run analysis with data from EOSPUBLIC 5 L E'ﬁii ‘;
1 ! L N
oo ’ 50— [Jm, = 125 GeV
B Punch preliminary

You can reproduce this analysis within hours! 40(—

. . 30__
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« No token required 20— + +
* No affiliation required 1oF- + - +%++_+_M
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* You only need a working root (CVMFS) installation m,, (GeV)

m) Ready to be run, by YOU

https://gitlab-p4n.aip.de/lucas.karwatzki/DPG_HEP_HiggsTo4L_PUNCH
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https://gitlab-p4n.aip.de/lucas.karwatzki/DPG_HEP_HiggsTo4L_PUNCH

Data driven background normalization 2.0

Many issues with the background: L go¥S=13TeV. L =16.4fb"
 Background samples missing on EOS public g [ CMSOpen Data: 2016
° I 1 60 SIS ¢ Data
Double.countlng in the Z peak I e D724
 Non uniform Background o T @z X

[ Imy =125 GeV

. . § Punch very preliminary
» Improve our background implementation 40r- H

30:
Perform a Landau fit -
20
Adjust empirically to fit the whole irreducibly -
background o
R
Adjust ZZ background based on the whole distribution » | 160m4| GeV)
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Data driven background normalization 2.0

Many issues with the background:
* Background samples missing on EOS public
* Double counting in the Z peak

MS: 's=7TeV,L=51fb"% Vs=8TeV,L=11.6fb" Vs=13TeV,L=16.4fb"

CMS Open Data
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Conclusion

We aim to provide:

* Aunified framework to LHC open data | E R

* Fully implemented and well-documented use case examples oo

* A FAIR way for everybody to perform analysis
To scientist, who want to

internal remark:
ners] (https

 Conduct research in particle physics
* Combine data from multiple experiments

idresses people wit
institutions. T

but has system
e

Have a look at the examples and any feedback is very welcome! '

diate histogram f
acal CPU, or the de
t, and migl k

version of

level 3: read

superseds part
Run the script
computedpunch

nich

 the precompited
produce the plot

https://gitlab-p4n.aip.de/lucas.karwatzki/DPG_HEP_HiggsTo4L PUNCH

Thank you for your Attention!
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https://gitlab-p4n.aip.de/lucas.karwatzki/DPG_HEP_HiggsTo4L_PUNCH

BACKUP
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Resource usage: Higgs = 4Lepton

All tests are run on DESY naf-cms24.

Level Storage4dpunch Eospublic Local ReAna

(Read only) (Read only) Real time CPU time Storage Real time CPU time Storage

1 / / / / / / / /

2 - Local 1.9 MB / 6 min* 30 sec™ 3.2 MB / / /
2 - ReAna 1.9 MB / >10 sec* >10 sec* 3.2 MB 19 min* 12 sec* 120 KB

3 - Local 1.3 GB / 7 min* 1 min 15 sec* 3.4 MB / / /
3 - ReAna 1.3 GB / >10 sec* >10 sec* 3.2 MB 20 min® 55 sec” 340 KB

4 - Local 206 GB 668 GB 2h 35 min* 1 h 30 min* 7.1 MB / / /
4 - ReAna 206 GB 668 GB >10 sec* >10 sec* 3.2 MB 1 h 37 min* 53 min* 5.9 MB

*: Local times are only approximate and will vary from system to system.
*: ReAna times are approximate only and will vary depending on cluster occupancy.
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Cuts for H>4L analysis

Quality Cuts:

e Muon_isGlobal = true

e Muon_isPFcand = true

e Electron_isPFcand = true

Event Selection:
e QL1 +QL2+QL3+QL4=0

Selection and Kinematic Cuts:

* pr >7 GeV and |n|<2.5 for electrons

* pr >5GeV and |n|<2.4 for muons

*| Dyy |<0.5and| D, [<1.0 for electrons+muons
e Rel. Iso < 0.4 for electrons and muons

e | ost Hits <=1 for electrons

Electron/muon pairs must arise from same
primary vertex: | SIP3p |<4.0

For the final event selection two pairs of same flavour, opposite charge leptons are formed.
Possible combination: 4p and 4e and 2p2e

For the pair (£, > 2L) with invariant mass
closestto Zboson mass:

° QLi+ Q] =0
*pr,; > 20.0 GeVand Pr.L;> 10.0 GeV

© 40.0 GeV < M_<120.0 GeV

For the other pair (£, > 2L), we require:

* QLL'+ Q] =0
* pr,; > 20.0 GeV and Pr.L;> 10.0 GeV

*12.0 GeV <My, <120.0 GeV
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