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Software, Reconstruction, Computing

e 3 sessions
* 9 presentations

 Ample time for discussions



Day 1

o Streamlined jet tagging network assisted by jet prong structure
(Ahmed Hammad)

» Jet origin identification: Al enhanced reconstruction for Higgs factory
(Mangi Ruan)

* Application of Particle Transformer to Quark Flavor Tagging in the ILC Project

(Risako Tagami)


https://agenda.linearcollider.org/event/10134/contributions/54558/attachments/39601/62609/LCWS2024_Hammad.pdf
https://agenda.linearcollider.org/event/10134/contributions/54575/attachments/39596/62629/Jet%20Origin%20id%20-%20LCWS%20-%20v2.pdf
https://agenda.linearcollider.org/event/10134/contributions/54564/attachments/39666/62637/20240709LCWS.pdf

Mixer layer has two MLP that mix both features and Particle tokens
(similar to the transformer) which allow for fast extraction of the global

Mixer network

features of the event. Local information is extracted from the subjects
via Cross-attention layer.

C';ss : Mixer layer
s )/ ’| - s Spoomecton e
| I | | | | | ] I ey | Particles - . ) Particlegr . Particles i Paﬁideit :
p . ) ' lellE| . — SOy — [ w2
— IGlobalnl MaxIPooI|n|g A = T, Emmm (> S T, =:§ =__) ! I% |
N x (Mixer layer) . 1 SRS Curo S ERacE | o
y . T |
T T \ Global information extraction ( Subjets ) o
@adrons inputg (Subjets inputs>
Jet tagging task can be divided into fwo main parts:
O Global information extraction O Local information extraction
The network learns how important each jet constituent to all other The network learns how important each jet constituent to
constituents via two MLPs. the sub-jet it belongs to
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Particle Net: |10

I J— Variable Definition
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R P 11-dim migration behavior
* Input: measurable information of all reconstructed jet particles
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Particle Transformer (ParT)

; - Encoder Decoder
- ParT is a modified Transformer e Y -

model for Jet research (published
in 2022.) e

- Considerin% the nature of Jet,
Input the physical quantity
calculated from the quaternion
momentum of two particles to

Gimbcdding) Gimbcdding)

Multihead attention.
- ParT has surpassed the

performance of ParticleNet, which
has been the highest-performing
(arXiv: 2202.03772)

Performance of ParT
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Day 2

Part 1

o (Classifying Importance Regions in Monte Carlo Simulations with Machine Learning
(Raymundo Ramos)

* Development of Particle Flow Algorithm with GNN for Higgs Factories
(Tatsuki Murata)

* Impact of NLO QCD on Key Physics Processes at Future Higgs Factories
(Zhijie Zhao)



https://agenda.linearcollider.org/event/10134/contributions/54563/attachments/39730/62759/Ramos-slides-1.1.pdf
https://agenda.linearcollider.org/event/10134/contributions/54574/attachments/39729/62737/LCWS2024.pdf
https://agenda.linearcollider.org/event/10134/contributions/54559/attachments/39736/62745/LCWS2024zzj.pdf

Learn divisions of a function with multiple peaks

20 regions with similar contribution to value of integral
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P Sample each region until
enough events are
accumulated.

NN can tell which
regions points belong to.

P Select points using correct
result.
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GravNet and object condensation

» GravNet arxiv:1902.07987

» The virtual coordinate (S) 1s derived from

inputs with simple multilayer-
perceptron(MLP)

» Convolution using “distance” at S
(bigger convolution with nearer hits)

» Concatenate the output with MLP
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Object condensation (lo§\s
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L =Ly +sc(Lg + Ly)

: : S
Condensation point : the hit with

largest [ at each MC cluster \\
\

Ly attractive potential to the |
condensation point of the same cluster
and repulsive potential to the

condensation point of different clusters

Lg: pulling up 8 of the condensatio po""/
(upto 1)
(Ly: regression to output features
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Status and Goals

> Present events for analysis of eTe™ colliders: Physics Model
Leading order matrix elements are calculated by |
Whizard 1.95. Hard Process
Parton shower and hadronization are performed by l
Pythiab.
OPAL tune for LEP is used. Parton Snower

> Our goals: I
Upgrade the simulation chain to Whizard3+Pythias. Hadronization
Get agreement with LEP data, especially the I
neutral hadrons. Detector
Include NLO matching because of the requirement >imulation
of high precision. I

Analysis
DESY. | Impact of NLO QCD on Key Physics Processes at Future Higgs Factories | Zhijie Zhao | July 10, 2024 Summary

> The MC simulation chain is necessary to upgrade to modern generators with NLO
precision.

> We test the NLO mode of Whizard.

> We get good agreement between LO and NLO events at reconstruction level for
ete” — qq.

> The NLO corrections play an important role in ete~ — ut .~ bb.

> Further checks are necessary. _
Zhijie Zhao




Day 2

Part 2

* Finding Kink Signatures of LL Ps in TPC at ILC
(Jurina Nakajima)

 Towards Production Readiness with th Key4HEP Software Stack for Future Colliders
(Thomas Madlener)

 Fast Timing for Particle |ID
(Jenny List)



https://agenda.linearcollider.org/event/10134/contributions/54560/attachments/39646/62597/jurina_kinkstudy_lcws2024_ver2.pdf
https://agenda.linearcollider.org/event/10134/contributions/54576/attachments/39705/62703/key4hep_lcws2024_tmadlener.pdf
https://agenda.linearcollider.org/event/10134/contributions/54577/attachments/39718/62722/jlist_lcws24_ToF4PID_240710.pdf

Efficiency dependence on the kink angle

Precut made from MCparticles

~ b

- Endpoint(MC) inside TPC.: 1770 mm 1T'PC
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J.Nakajima - jurina@post.kek.jp LCWS 2024 @UTokyo Jurina Nak ajima



Key4hep (simplified) overview

: @ LC FI PlUS .27
0 podio - g
0

X Pandora :
| [ |

(HEP) SW Tools
uproot

Geant4

Generators
Whizard ...
Pythia8

root
numpy

.~ D R LA *Some testbeam related
@ .
S teccccccaas=="" SW not yet included

Jul 10, 2024 T.Madlener | LCWS 2024 Thomas Madlener




Towards application in analysis

CPID
gp 0.76 §1°‘
g K 0.70 -102
Tt
10°

10

e outlook:

All this not available on
mc-2020 250GeV ILD

r hits! DST mass production
—Cal hits! — can only use IDR ToF

ad for

CPID on single particles,
1-100 GeV, with

dE/dx 4.5%

IDR ToF, 50ps /hit
Pandora PID
LeptoniD in jets

* new track length in master, could be used in a next ILD MC production

Momentum (GeV/c)

* hit -> PFO time algorithms not yet committed, but could live with effective smearing of true Geant time

DESY. Fast Timing for PID | J. List | LCWS2024 | July 10 2024

Jenny List




Conclusion/Summary

* Diverse set of contributions

 Many fruitful discussions

 Many thanks to all participants

 Many thanks to the students helping with the setup

 Many thanks to LCWS organizers



