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High-priority future
Initiatives

A. An electron-positron Higgs factory is the highest-priority next collider. For the
longer term, the European particle physics community has the ambition to operate a
proton-proton collider at the highest achievable energy. Accomplishing these compelling
goals will require innovation and cutting-edge technology: link
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https://europeanstrategyupdate.web.cern.ch/

Major candidates for the future Higgs factories
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Major candidates for the future Higgs factories
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All candidates aim for precision physics.
Particle identification is crucial!
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Particle identification with time-of-flight

ILD example

* 1804 mm
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ILD example

TPC 5\ P

* 1804 mm
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ILD example

TPC ‘V(

* momentum

|+ track length

& 7|+ time-of-flight
3\

Do we know how to measure:

* 1804 mm
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Particle identification with time-of-flight

barrel / tof_closest /0 ps

~ requires extremely precise time-of-flight
measurement (~10 ps)

e.g. with LGADs drawbacks:

— = expensive

T . require cooling
, —not radiation hard
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Particle identification with time-of-flight

barrel / tof_closest /0 ps

~ requires extremely precise time-of-flight
measurement (~10 ps)

e.g. with LGADs drawbacks:

— = expensive

i “‘“‘ L — require cooling

a8 "~ not radiation hard

Long-term goal is to understand:
How beneficial TOF pID would be?
|s it worth the investment?
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Momentum calculation

We calculate momentum from the curvature Q:

|B-

| 5
p=ce \/1—|—tan)\
€|
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Momentum calculation

We calculate momentum from the curvature Q:

p=¢

BUT curvature may significantly change
due to energy loss along the track!
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Momentum calculation

We calculate momentum from the curvature Q:

_ |BZ’ 2 |
p—e|m \/1—|—tan)\ /Q\

BUT curvature may significantly change

due to energy loss along the track!
- IMPROVED: calculate momentum at every

tracker hit and use harmonic mean for particle ID

B,
Di = €‘|Q“ \/1 —I—tan2 )\Z

p=+VPHam = Z@/Zﬁ
1=0 =0 ~

credit goes to Winfried A. Mitaroff | link

More info on track paramters Q, @, tanA, z ' link
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http://arxiv.org/abs/2107.02031
https://flc.desy.de/lcnotes/notes/localfsExplorer_read?currentPath=/afs/desy.de/group/flc/lcnotes/LC-DET-2006-004.pdf

Track length calculation

Simple assumption: track is a helix

ftrack _ |SOend - Sostart| \/1 + tan2 )\

]
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Track length calculation

Simple assumption: track is a helix

gtrack _ |SOend ’;”@stard \/1 + tan2 )\

BUT has similar limitations:

* Relies on constant momentum along the track
* Does not work for curly tracks
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Track length calculation

Simple assumption: track is a helix

Etrack |Spend ’QTOstart| \/1 + tan2 )\

BUT has similar limitations:

* Relies on constant momentum along the track
* Does not work for curly tracks

IMPROVED. iterate hit-by-hit and
sum lengths between neighbor hits:

2
Cirack = Zf = Z <¢Z+1 ) + (2141 — 21)°

credit goes to Winfried A. Mitaroff = link

More info on track paramters Q, @, tanA, z ' link
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http://arxiv.org/abs/2107.02031
https://flc.desy.de/lcnotes/notes/localfsExplorer_read?currentPath=/afs/desy.de/group/flc/lcnotes/LC-DET-2006-004.pdf

Significant improvement in the endcap:

OLD track length / 0 ps / endcap

mass (GeV)
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*plots assume perfect time resolution
in the first ECAL layer
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Results of improved mass reconstruction

Mild improvement in the barrel:

OLD track length / 0 ps/ barrel NEW track length / 0 ps / barrt

mass (GeV)

*plots assume perfect time resolution
in the first ECAL layer
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Time-of-flight measurement

ECAL shower
[ ]

Each hit has:
X, ¥,z t, E
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Time-of-flight measurement @

TOF estimator #4

Fit TOF it (|7track,entry — Thit.center|])  TOF = TOFpit(0)
Fit of hits TOF

Each hit has:
X, Yzt E

82 /
81 3
8 TOF~8.039ns El

20 40 60

80 100 120
Fecas = Ful » [mm]

Yuzhi Che, Mangi Ruan ' link Mami Kuhara, Taikan Suehara | link

6. Conclusion

Flavor tagging

3 Flavor Tagging
+ Jets are bundles of hadrons originated by quarks and gluons.
« Flavor tagging is the algorithm which classify the quarks (b/c/q).
Reduced Layer + In the LCFIPlus, the flavor tagging algorithm is based on the

nu::e,. M an! [ an al yses are o n g o i n g . T o:zﬁisste;izecisionTrees,which is traditional ML.

* Improve the performance of the flavor tagging by introducing deep-learning techniques.
* Combine vertex finding and flavor tagging in single DNN structure.
All ECAL * Incorporate hadron charge ID to enhance the separation
channels DNN (Deep Neural Network) ” = _lNex( step
* Input :4 million events data | 4 GTN
from ILD simulation |
* Output : 3 categories N

Scaling hit time

¢ Arbor clustering module improves the resolution
EM (hadronic) cluster time resolution by
a factor of ~1.2 (1.4)

Arbor c\USterinQ
* The cluster time resolution is proportional

to the intrinsic time resolution.

 Cluster time resolution is inversely
proportional to the | /N,

(Graph Transformer Network)

A arXiv:1911.06455v2
* Network
4 fully-connected layer with

¢ Alternative strategy: OSV estimator
could improve the EM cluster TOF

resolution by a factor of ~3.

-> Can be deal with multiple kinds node
batch normalization and

MEE = | Node:Tracks / Vertex
ReLU activation i Lot Edge: The connection
| between nodes °
i mm] o
* The total accuracy of DNN @ verex
2 s aboe 8. Ll e @
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https://agenda.linearcollider.org/event/9512/contributions/49921/attachments/37772/59235/clus_timing_0119.pdf
https://agenda.linearcollider.org/event/9211/contributions/49382/attachments/37503/58754/ILCX_kuhara_20211028.pdf
https://indico.cern.ch/event/995633/contributions/4259659/attachments/2209010/3738157/Bohdan_TOF_LCWS2021.pdf

Time-of-flight measurement

BUT we have very simplified simulation of time measurement.
* no digitization

* =0

* Only earliest MC contribution is considered
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Time-of-flight measurement

BUT we have very simplified simulation of time measurement.
* no digitization

* =0

* Only earliest MC contribution is considered

FOR NOW use effective time-of-flight resolution:
* Take only closest ECAL hit to the track
* smear its time with a Gaussian
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Particle identification: separation power

barrel / tof_closest / sep. powers comparison

. 10 7T o
S b LA i R
S b ||\ lops
g 7E! AN ~50ps =
& gE LI AN ~100ps
& 5E VLN ;
~~ 4% \\\\ \\\\ Very hard to identify %
+| = with the realistic >10 ps time | 3
) 2 5 \\\ \\\resolution | E
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Particle identification: efficiency & purity
0 ps 10 ps 30 ps

barrel / tof_closest /0 ps/p - (0, 6) GeV barrel / tof_closest /10 ps/p - (0, 6) GeV barrel / tof_closest /30 ps / p - (0, 6) GeV

©cooooooo0o0o0~
= N Whrh oo N ®©®O

©coooooo0o0o0o0~
= N WhHh oo N OO

©coooooo0o0o0o0~
= N WhHh oI N OO

50 ps 100 ps

Kaon ID efficiency degrades
from 95% to 51% with
worsening TOF resolution

©coooooo0o0o0O0 =
N W HOOILO N OO

©coooooo0o0o0O0 =
NN W H OO N OO

DESY. | pID with fast timing detectors | Bohdan Dudar 22 March 2022 23



Summary

* We have improved momentum and track length estimations that
are crucial for particle identification with the time-of-flight

* We can achieve K* ID efficiency > 92% and mis-tag rate < 8% up to 6 GeV momentum
using only single ECAL hit with 10 ps hit time resolution

 Take away for the hardware: get below 30 ps TOF resolution (as close to 10 ps as possible)
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Summary

* We have improved momentum and track length estimations that
are crucial for particle identification with the time-of-flight

* We can achieve K* ID efficiency > 92% and mis-tag rate < 8% up to 6 GeV momentum
using only single ECAL hit with 10 ps hit time resolution

 Take away for the hardware: get below 30 ps TOF resolution (as close to 10 ps as possible)

TODOs

Flavour tag

Higgs couplings

Ars

Kaon mass (see next talk by Uli)
Vertex position

Track refitting

Long-term goal is to understand:
How beneficial TOF pID would be?
|s it worth the investment?
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