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The 4th Concept
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CHEP 2024 Highlight (Track 3)

dN/dx PID with ML Tk
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Summary talk by Davide Valsecchi

DC for c/usz‘er counting for the CEPC 47" concept, IAS program 2024, Jan 8-26, Hong Kong (talk)
* Drift chamber developments for CEPC, 15 DRD1 Collaboration Meeting, Jan 29-Feb 2, online (talk)
*  dN/dx reconstruction with machine learning for drift chamber, CEPC Workshop (EU) 2024, April 8-11, Marseille (talk)
*  Drift chamber option for CEPC, LCTPC Collaboration Meeting, May 12-13, online (talk)
*  Dnift chamber with cluster counting techniques for CEPC, International Workshop on Future Linear Colliders, July 8-11, online (talk)

*  dN/dx reconstruction with machine learning for cluster counting, the 42" International Conference on High Energy Physics
(ICHEP 2024), July 18-24, Prague, Czech (poster)

* Drift chamber with cluster counting techniques for CEPC, Quantum Computing and Machine Learning Workshop 2024, Aug 2-8,
Changchun (talk)

© ETUE SIS IR HERAS FEANBS LR BY LN ARSERTHBEREN 2020, Acg 12-
singdao (ta

* dN/dx reconstruction with supervised learning and transfer learning, Conference on Computer in High Energy and Nuclear
Physics (CHEP 2024), Oct 21-25, Krakow, Poland (talk)

— A

Efr&1E
* DRD1: CERN DRD1-WG2-WP2 “Inner and central tracking with PID capabilities with Drift Chambers” 5 8E T Ex 25 A
« EEIH#: F Grancagnolo/Nicola De Filippis INFNHIRA, &5 S & A 534 Muhammad Numan Anwar
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* Peak finding algorithm for cluster counting with domain adaptation, Computer Physics
Communications 300 (2004) 109208 (% —{E&, BII{EZE, IF=7.2)

* Cluster counting algorithm for the CEPC drift chamber using LSTM and DGCNN, Nuclear Science and
Techniques (BIL{E5, 2%, IF=3.6)

* High granularity readout TPC R&D for tera-z at the future e+e- collider, Proceedings of Science (5 {E{EE)

 Offline data processing system of the BESIII experiment, European Physical Journal C (5 {E{EZE)

 Time calibration of barrel TOF system at BESIII, Radiation Detection Technology and Methods (5 {E{EZ&)
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Peak finding results

— B/5 peaks detected
Primary electrons (MC truth)
4 —— Secondary electrons (MC truth)
e Detected electrons

Table 2. The purity and efficiency comparison between LSTM-based
ML algorithm and traditional D2 algorithm for peak-finding.

Purity Efficiency
LSTM algorithm 0.8986  0.8820
D2 algorithm 0.8986 0.6827

Amplitude (a.u.)

100 200 300 400 500 600
Index

2/5 Peaks detected Primary electrons (MC truth)
+ —— Secondary electrons (MC truth)
e Detected electrons

33 Trad ® The LSTM-based model is more powerful than
5| . the traditional derivative-based algorithm,
= especially for the pileup recovery
£

0_

100 200 300 400 500 600

Index 17
Traditional peak-finding: second derivative



Clusterization results

— 1 fake peak detected )
Primary electrons (MC truth)
4 —— Secondary electrons (MC truth) ROC Curve
o Detected primary electrons 104 — mL
~ 31 —— Trad
;; | [Jb ML
§ 5] 0.8
g o
< 4] © 061
01 g 0.4 -
100 200 300 400 500 600 a
Index
0.2 -
— 4 fake peaks detected :
Primary electrons (MC truth)
+ ' —— Secondary electrons (MC truth) 0.0
e Detected primary electrons 0_'0 0_'2 0_'4 0.|6 O.IB l.lﬂ
3 False positive rate
3 Trad.
32 ' .
ER \I ® The DGCNN-based model is more powerful than the
g, traditional peak-merge algorithm, as it can remove
‘ ‘ the secondary electrons more accurate
0_
100 200 300 400 500 600

Index 18
Traditional clusterization: adjacent-peak merge



* Challenges for real data Solution: Domain adaptation

* Imperfect simulation * Transfer knowledge between simulation and real

* Incomplete labels in real data data via optimal transport

Optimal Transport Domain adaptation
= T(x)
Dataset Optimal transport Classification on transported samples
y R /
(R P
+ + t Qo g
+ Ono [ oo
v e o0 B s
-t ‘ Rt >3e
- + -‘:-“-:.,_;_ --------- - ..___;"_I___ -------------
+++ /
- . 4+ Class1 /
+ O % OO Class2 f 40 Samples T, (xf)

. [e) o s / amples T, (x§
Kantorovich AR i / 5 Samples !
(Econ0m|c . /= Classifier onx? ! — Classifier on T, (x])
Nobelist 1975) Figures from Flamary’s slides

Align data/MC samples with Optimal Transport
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