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Introduction

* ToF traditionally widely used eg in heavy ion experiments (STAR, NA61/SHINE, ALICE)
* significant hardware progress: 10ps timing and better in reach, e.g. LGADs & Co

« HL-LHC: ATLAS & CMS implement fast timing layers for pile-up mitigation, LGADs and crystals with
SiPMs (30-40ps)

 Can Higgs Factories profit?
* reject hits from other BX or backscatter ~ O(ns) sufficient, foreseen already (eg CLICdp)

* integrate time information into ParticleFlow(5D) => work starting, probably O(100ps) can already
achieve a lot

* This talk: ToF for Kaon and proton identification (PID)?
 What can we gain?

 with TPC, i.e. dE/dx

e without TPC
* Today:

o State-of-the-Art ToF reconstruction in ILD

 Benefit for PID
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State-of-the-Art ToF



Working principle

The basic ingredients

ILD full reconstruction
Derfct time resolution

= ISR 10*

21200

=,

| %1 000 103

= 300

the master formula:
600 107
n c2']'?
' T — 400
\\(s\ 0 L?
< 200 "
| I | I | I l | ] [ | | | I | | I .| | | I | | ][R | | | 1
< 1804 mm > O 2 4 6 8 10 12 14

momentum [GeV]

DESY. Fast Timing for PID | J. List | LCWS2024 | July 10 2024 4



Working principle

The basic ingredients

measure Tarrival Of particle:
Calo? Algorithm?
Outer tracker?

the master formula:

C

S
|
S

1804 mm
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Working principle

The basic ingredients

measure Lpath
and p from track:
Algorithm?

1804 mm
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ILD full reconstruction

perfect time resolution g
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Track Length

e precise track length very important for
AT < 100ps!

e rule of thumb: AT=10ps ~ AL =3 mm 0

e which track parameters?
e from which track state?
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Track Length

The first surprise....

e precise track length very important for

AT < 100ps!

e rule of thumb: AT=10ps ~ AL =3 mm

e which track parameters?
from which track state?
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Note: AL/L = 0.002 serves as an example
and can be an under/over-estimation
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https://arxiv.org/abs/2107.02031

ToF Implementation A

ECAL

First ECAL layer Two external

Placement: . 7
dedicated for timing tracker layers
Assumed
hit time resolution: 50 ps oV ps
Expected 00
. ~ 30 ~ —
TOF resolution: b V2 .

+ Hit time reconstruction is very simplified
(no digitization effects, only Gaussian smear of MC true time)

+ Central question: what Is the best way for TOF reconstruction?
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10 ECAL layers

(conservative timing)

~ 100 ps

100
~n — pS

V10

Fast timing in the whole
ECAL is likely not feasible:
- high power consumption
— requires active cooling

- space&material budget
- affects the particle flow



ToF Implementation .

Additional considerations

for the future

synchronisation
across detector /
with beam

clock jitter

dependence on size
of signal

ECAL

First ECAL layer Two external

Placement: | lye
dedicated for timing tracker layers
Assumed
hit time resolution: 30 ps o0 ps
Expected 50
- ~ 30 ~N —
TOF resolution: s /o P

+ Hit time reconstruction is very simplified
(no digitization effects, only Gaussian smear of MC true time)

+ Central question: what Is the best way for TOF reconstruction?
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ToF Implementation A

Additional considerations
for the future

e synchronisation
across detector /
with beam

* clock jitter

 dependence on size
of signal

et ECAL

Placement: First ECAL layer Two external
dedicated for timing tracker layers

Assumed

hit time resolution: SV ps o0 ps

Expected ~ 20

TOF resolution: SV ps V2 b

+ Hit time reconstruction is very simplified
(no digitization effects, only Gaussian smear of MC true time)

+ Central question: what Is the best way for TOF reconstruction?

10 ECAL layers

(conservative timing)

~ 100 ps

100
~n — pS

V10

Fast timing in the whole
ECAL is likely not feasible:
- high power consumption
— requires active cooling

- space&material budget
- affects the particle flow
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ECAL

ToF Implementation

Placement: . 2
» _ _ dedicated for timing
Additional considerations
Assumed
for the future . . ~ 30 ps
- hit time resolution:
e synchronisation
across detector / Expected ~ 30 ps

with beam TOF resolution:

* clock jitter

 dependence on size
of signal

d Closest hit to the track

T = Ty — - at the Em<urface E CAL

Extrapolated track position
at the ECAL surface
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Two external
tracker layers

First ECAL layer
~ 90 ps

N, ———

+ Hit time reconstruction is very simplified
(no digitization effects, only Gaussian smear of MC true time)

+ Central question: what Is the best way for TOF reconstruction?

10 ECAL layers

(conservative timing)

~ 100 ps

100
~n — pS

V10

Fast timing in the whole
ECAL is likely not feasible:
- high power consumption
- requires active cooling

- space&material budget
- affects the particle flow




Methods for Calo ToF Reconstruction |

 Baseline ILD IDR: take closest hit to extrapolated track in each layer
 New: “Cylinder” - optimised outlier rejection in terms of

e radius from track

* median hit time
« for 50 ps hit time resolution achieve AT = 17 ps ToF
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Methods for Calo ToF Reconstruction |

 Baseline ILD IDR: take closest hit to extrapolated track in each layer
 New: “Cylinder” - optimised outlier rejection in terms of

e radius from track

* median hit time
« for 50 ps hit time resolution achieve AT = 17 ps ToF
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Methods for Calo ToF Reconstruction |

 Baseline ILD IDR: take closest hit to extrapolated track in each layer
 New: “Cylinder” - optimised outlier rejection in terms of

e radius from track

* median hit time
« for 50 ps hit time resolution achieve AT = 17 ps ToF

D 20
=
= 220 119.5
- 19
18.5
18
17.5
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AT In ps
(50ps hit time resolution)



Methods for Calo ToF Reconstruction |

 Baseline ILD IDR: take closest hit to extrapolated track in each layer
 New: “Cylinder” - optimised outlier rejection in terms of
e radius from track
* median hit time
for 50 ps hit time resolution achieve AT = 17 ps ToF

x10°
U)1 00 : ; Prevuous : N Previous:
Q - — Prewous method RMS. = 157 3 ps| D1 05 |~ Previous. method... ... RMSg; =..1.7..3....ps_
'S [— Previous method fith| Rmar. - 2421 ps 'S [—— Previous method fitf | RMSee = 2421ps
= n | total c - Novel method : RMS90 = 24 9 ps ]
80 _Navelmetl'wd ................ RM590—24.9 ..... pS_ B ?Ve me 0 :
D N— Ngve| method fit | : - O | —— Novel method fit New :
= : New : ] RMSg = 17 1 ps
Z i RMSﬁt = 17 1 ps- Z1 04 — A— — - o\ RMS oo =. 2204 ps._| 1 9 8
) s T — RMS;O{ p—— 2204 ps— - RM.SQO = 17 0 ps - :
<
40 1 03 ol 1 8
20 17.5
i ' | ' : : ] 1 02 2t I AN NUR. S — ' _ 1 7
0 | — I | - — . Ll l Ll : . L1 1 1 - L1 1 1l . 1 Ll . L1 1l . L1 1 1l - | - "
-300-200-100 O 100 200 300 -300-200-100 O 100 200 300

Treco B Ttrue (pS) Treco B Ttrue (ps)

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

(50ps hit time resolution)



Methods for Calo ToF Reconstruction |

 Baseline ILD IDR: take closest hit to extrapolated track in each layer

 New: “Cylinder” - optimised outlier rejection in terms of

e radius from track
e median hit time

« for 50 ps hit time resolution achieve AT = 17 ps ToF

AT(ToF) = AT(hit) / / (Nnit) holds !
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Methods for Calo ToF Reconstruction |

 Baseline ILD IDR: take closest hit to extrapolated track in each layer
 New: “Cylinder” - optimised outlier rejection in terms of

* radius from track Strong hint that timing will|
* median hit time also help PFlow? ' @

« for 50 ps hit time resolution achieve AT = 17 ps ToF

AT(ToF) = AT(hit) / / (Nnit) holds !
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Methods for Calo ToF Reconstruction li

Transformer Network
* hit position (3D)
e hit time
e hit energy
e dist(3D) to ECal entry point
* dist(2D) to track extrapolation
e dist(1D) from median time
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Methods for Calo ToF Reconstruction li

40000 A

frequency

10000 -

Transformer Network
* hit position (3D)
e hit time
e hit energy
e dist(3D) to ECal entry point
* dist(2D) to track extrapolation
e dist(1D) from median time

30000 ~

20000 +

Transformer vs. Cylinder 7, K,p mix:
—— transformer
l“a.IlS oriner Sllghtly better
Cylinder i
resolution,
much less
bias!

100 50 0 50 100
pred. TOF - true TOF [ps|
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Methods for Calo ToF Reconstruction li

e hit time
e hit energy

e dist(1D) from

Transformer vs. Cylinder

Transformer
40000 A Cylinder
_ 30000 1
)
=
D)
-
=
£ 20000 -

10000 -

100 50 0 50 100
pred. TOF - true TOF [ps|
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Transformer Network
* hit position (3D)

e dist(3D) to ECal entry point
» dist(2D) to track extrapolation

median time

7, K,p mix:

transformer
slightly better
resolution,
much less
bias!
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7,K,p separately:
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dependent on hadron type!
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Methods for Calo ToF Reconstruction li

Transformer Network

Transformer

0.05 -

0.04 -

7,K,p separately:

* hit position (3D) transformer ?ﬁi J;f,
e hit time performance less 4 %
e hit energy dependent on hadron type! £ ¥
: : i H
 dist(3D) to ECal entry point 0.01 - F, LS
» dist(2D) to track extrapolation #_____...-f B
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Transformer vs. Cylinder T,K,p mix: - | e P
— transformer Cylinder
10000 - i Cr?],ﬂsdormer slightly better & 00 | o D
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much less | Iﬂ%s LT
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Impact on pi/K/p ID



Definition of Separation Power
: . - -3 ice: 3.14 - 3. :
between different particle species ? x10—_ mom W G
= 30 | _
e thin slices inp 225 5 .
e define T 20 S I 1 S A S W
- — efficiency — E _ correctly .identiﬁed signals c_(—g 15E
So all signal events g
- | d B B - Wrongly accepted backtground 2 10 ..................................................................
PmislD = HHSTE = g@ B all background events 5

0—6.4 02 0 02 0;4 0;6 0 56 7 89 0
Mass® (GeV°/c’) Momentum (GeV/c)
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Definition of Separation Power

between different particle species mom. slice: 3.14 - 3.43 (GeV/q

—h
<
T ||||||!
] |||||1i

I
1

* thinslicesinp

i

—
<
N

* define
e = efﬁcieney _ E _ Correctly 1dent1ﬁed Signals 10—3 ;_ 4 R SN S, _;
So all signal events - E

i B wrongly accepted backtground
Tmisip = Mis-idd = — =
b By all background events

Normalised N entries

—
<
5N

® " " ' E : i;:.:f;.-ﬁ_;.i:‘.:;_.. : 3 i
not neccessarily Gaussian! 1o-> L 0123456788910

e separation power Z: Mass? (GeV2/c?) Momentum (GeV/c)
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Definition of Separation Power

between different particle species

* thinslicesinp

e define

Fo S correctly identified signals
e = efficiency = — =
Y So all signal events

i B wrongly accepted backtground
Tmisip = Mis-idd = — =
b By all background events

* not neccessarily Gaussian!
e separation power Z:

7 =297 (e)

1 g 2
d(x) = / e " 2dy
2T J — oo

e accounts for non-Gaussian tails
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Definition of Separation Power

between different particle species

7))
210"

. . . I=

* thinslicesinp ©
. Z 1072

* define 5
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* not neccessarily Gaussian! I

e separation power Z:
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e accounts for non-Gaussian tails
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n/K separation power
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Definition of Separation Power

__mom. s/i_ce: 3..14 - 3.43 (GeV/c)

e thin slicesinp

e define

Fo S correctly identified signals
e = efficiency = — =
Y So all signal events

Normalised N entries

i B wrongly accepted backtground
Tmisip = Mis-idd = — =
b By all background events

—
<
5N

* not neccessarily Gaussian! I
e separation power Z:

7 =297 (e)

E~|3
(\V)
~—
(\)
=
=

o]

e accounts for non-Gaussian tails

10 ps / particle
2 30 ps / hit for 10 ECal layers

=>> 30 for 1-5GeV /K
> 30 for1-8 GeV K /p

n/K separation power

o
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ToF & dE/dx Separation Power

* 30 ps / particle
2100 ps / hit for 10 ECal layers

e dE/dx res. ~4.5%

=>> 30 for 0.5-18 GeV n / K
> 30 for 0.5-5GeVK/p

7/K separation power
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ToF & dE/dx Separatlon Power

* 10 ps / particle
2 30 ps / hit for 10 ECal layers

e dE/dXx res. ~4.5%

=>> 30 for 0.5-18 GeV n / K
> 30 for 0.5-8 GeVK/p

7/K separation power
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ToF & dE/dx Separatlon Power

* 10 ps / particle
2 30 ps / hit for 10 ECal layers

e dE/dXx res. ~4.5%

=>> 30 for 0.5-18 GeV n / K
> 30 for 0.5-8 GeVK/p

7/K separation power
oOP MY PITO
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193.32
184.13
169.15

Momentum (GeV/c)

199.98

(%) Aouaro3
K/p separation power

g 5O 00
S5 1 2 34 10 20

ToF covers low-momentum dips in dE/dx at > 3o level

large part of the momentum range even > 4¢

contributes up to ~10 GeV (K/p even up to 20 GeV)

5 1 234 10 20
Momentum (GeV/c)

superseeds IDR plot!
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pi/K/p momentum spectra

SIAS X0
- —Z—)bb(overﬂow 18.0 %) - P
 —Z - ct (overflow: 27.4 %) -
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L\ —Z ~—>dd (overflow 150%)
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W — Z — s5 (overflow: 23.8 %) -
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A — Z > dd (overﬂow 10 0 %) :

er event

 most particles actually are ToF-
relevant momentum range

N kaons per event

N pions p
N protons per event

— o 0
ENNS I SRS, A RS

° but Often Not the Iead|ng K, p 0.05-, .........
etc => ML-based taggers use
PID infor for alll particles

decay in tracker => if kink is WVE(>’ ) ’ '33 < 532{5;
identified in TPC, could still do : '

ToF with more complex

algorithm 0.1

=

WW (overﬂow 109 /)
gg (overﬂow 11 6 %)
cc (overflow 15.5%) |
2z (overflow 10. 3 %) T
s(overflow -20.0: /8)

=

o
.
T
l
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“a "’<§|
<| <| <| : <|

<J *<| -
<| <|

O .
w
N
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ss (overflow 287 /)
3 sS (overflow 6 3 %) : ~ :

A
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=

O
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N pions per event
N kaons per event
o

N protons per event
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pi/K/p momentum spectra

X1 0_3 2<1 0—3 |

- —Z—)bb(overﬂow 18.0 %) - P
 —~Z > ct (overflow: 27.4 %)
\ Y\ —-Z — s§ (overflow: 30.8 %) -
X — Z. =l (overﬂow 17 7 /o)_

O
(V)

', +—2Z - bb (overflow: 16.0 %) -
. o 2. CC (OVETTlOW:. 21.1.%).

L —Z — s§ (overflow: 23.8 %)
| Z — uu (overﬂow 275 %)
e Z - dd (overﬂow 20 4 / )

A ;2 — bb (overflow: 6.1 %)
—_— Z — cc (overﬂow 8. 2 %)
0.15H o —Z—>SS(0verf|0W ..... 8...1...%). ............

| — Z > ul (overﬂow 10.5 %) :
\ Z — dd (overﬂow 10 0 %) :

 most particles actually are ToF-
relevant momentum range

N pions per event

N kaons per event

N protons per event
— N w
- O DD O W O

e but often not the leadin 9 K, D 0.05-,
etc => ML-based taggers use e
PID infor for alll particles

® many TC / K With p <1 Gev %018— ........ —T:?gg‘::':;:"*‘* ............... ............... .......... _

decay in tracker => if kink is sotafhl ............... .......
identified in TPC, could still do SN
ToF with more complex S0.08]
algorithm "os

Kaons from Z-5s5

E = 250 Ge V/c E = 250 Ge V/c

lons p
M
N kaons per event
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pi/K/p momentum spectra

><10‘3 x10~°
1ol m,  —Z Db (overflow: 18.0 %) | e
-y —Z > cC (overflow: 27.4 %) -

ALY —Z > s5 (overflow: 30.8 %) -

ah — Z. =l (overflow 17 7 /o)_

O
(V)

4 +—2Z — bb (overflow: 16.0 %) -

. o 2. CC (OVETTlOW:. 21.1.%).
L —Z — s§ (overflow: 23.8 %)

| Z - uu (overﬂow 275 %)

" Z - dd (overﬂow 20 q / )

A ;2 — bb (overflow: 6.1 %)
—_— Z — cc (overﬂow 8. 2 %)
0.15H- 1 —Z—>SS(0verf|0W ..... 8...1...%). ............

| — Z > ul (overﬂow 10.5 %) :
, —Z —dd (overﬂow 10.0 %) -

 most particles actually are ToF-
relevant momentum range

N pions per event

N kaons per event

N protons per event
— N w
- O DD O W O

* but often not the leading K, p 0-05" : AR N
etc => ML-based taggers use e — my R
PID infor for alll particles

4 56 7 8 910 0 12 3 45 8
omentum (GeV/c) Momentum (GeV/c)

o many TC / K With p <1 Gev *GC—J'O_-IB _ ........ _Tﬂﬁf:c'a’“ ............... ............... .......... _

decay in tracker => if kink is S014l ............... .......
identified in TPC, could still do SN
ToF with more complex S0.08]
algorithm "os

Kaons from Z-5s5

E = 250 Ge V/c E = 250 Ge V/c

lons p
M
N kaons per event
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30 o T e e s
- : ' s .

Kaon u rit - é—KtotaI (e-100%) -
p y i 1 g— K |dent|f|ed TQF 30 ps i
25 :_....I ...... """"'"""""'é";"“it"MI'SI'd'en'tlfled .._TOF 10 F;‘S
Z—>ss at EC,,, - 250 Ge V/c
« for same working point as before, i.e. effi = 1-misID (actual analyses ) SIS S S .

might use other choice!)
* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

Particles / event/ 0.1 GeV/c

0 2 4 6 8 10 12 14
Momentum (GeV/c)
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 —Ktotal (e=100%) -
1y —Kidentified | --TOF 30 ps -
25 :_....I ...... —ﬂMISIdentlﬁed—TOF"OpS—_

Z->sS atE,, = 250 GeV/c?

20 -4 .................... _— — e =

Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses
might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

6 8 10 12 14
Momentum (GeV/c)

Particles / event/ 0.1 GeV/c

il
0 2 4
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 —Ktotal (e=100%) -
1y —Kidentified | --TOF 30 ps -
25 :_....I ...... —ﬂMISIdentlﬁed—TOF"OpS—_

Z->sS atE,, = 250 GeV/c?

20 -4 .................... _— — e =

Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses
might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

6 8 10 12 14
Momentum (GeV/c)

Particles / event/ 0.1 GeV/c

il
0 2 4
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Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses

might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

* with dE/dx only, overwhelmed by &t below 2 GeV

* adding ToF-30ps, K useful down to 1 GeV
 ToF-10ps improves purity a lot in 2-7 GeV!
=> with TPC, 30ps is enough to cover “hole” at low
momenta, however 10ps significantly improves

purity at higher momental!
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Particles / event / 0.1 GeV/c

30

25

20
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30

25 ;

—K total (e-1 00%)

Y g— K identified
l.. —nmISIGentmed—TOFWps

TOF30ps

Z—>ss at Ecm = 250 GeV/c

Particles / event / 0.1 GeV/c

. —K total (e_mo /) dE/dx only
W —Kidentified - dE/dx + TOF 30 ps

............................................................................................

.

r\) —
- - =
- -y a
- B —
- )
- - I
-
X -
-
v -
= - 1
- .
1 -
-
-

ool e b b
6 8 10 12 14
Momentum (GeV/c)

-_,—Ktotal(g:100/¢)----dE/dxonIy ......... .............. _—

- il —Kidentified j - dE/dx + TOF 30 pS -

__éé_nmisidentified ......... g dE/dx-i-TOF'fO ps
Z—>ss at EC,,, = 250 Ge V/ic?

fuII scale

0O 1 2 3 4 5 6 7 8

Momentum (GeV/c)
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Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses

might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

* with dE/dx only, overwhelmed by &t below 2 GeV

* adding ToF-30ps, K useful down to 1 GeV
 ToF-10ps improves purity a lot in 2-7 GeV!
=> with TPC, 30ps is enough to cover “hole” at low
momenta, however 10ps significantly improves

purity at higher momental!
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Particles / event / 0.1 GeV/c
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g— K identified TOF 30 ps

I ...... | —ﬂM]Sldentlﬂed—TOF‘lopS

Z—>ss at Ecm = 250 GeV/c

- : : e
C C C : y
| | | 1 | I | I | l L 1 1 | l—

Particles / event/ 0.1 GeV/c

—K total (5-100/) dE/dx only
b —Kidentified - dE/dx + TOF 30 ps

............................................................................................
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-
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-
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= - 1
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-
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R
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Momentum (GeV/c)

__,—Ktotal(g:100/¢,)----dE/dxonIy ......... .............. _—

- i —Kidentified  --'dE/dx + TOF 30 ps -

__éé_nmisidentified ......... ... dE/dXJ-TOFiOpS
Z—>ss at EC,,, = 250 GeV/c
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Momentum (GeV/c)

19



Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses

might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

* with dE/dx only, overwhelmed by &t below 2 GeV

* adding ToF-30ps, K useful down to 1 GeV
 ToF-10ps improves purity a lot in 2-7 GeV!
=> with TPC, 30ps is enough to cover “hole” at low
momenta, however 10ps significantly improves

purity at higher momental!
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Particles / event / 0.1 GeV/c
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25 ;
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—K total (£-1 00%)

g— K identified TOF 30 ps

I ...... | —ﬂM]Sldentlﬂed—TOF‘lopS

Z—>ss at Ecm = 250 GeV/c

- : : e
C C C : y
| | | 1 | I | I | l L 1 1 | l—

Particles / event/ 0.1 GeV/c

D =K total (8_100 /) dE/dx only :
b —Kidentified - dE/dx + TOF 30 ps ]
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-
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-
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-
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-
-

R
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- i —Kidentified  --'dE/dx + TOF 30 ps -

__éé_nmisidentified ......... ... dE/dXJ-TOFiOpS
Z—>ss at EC,,, = 250 GeV/c
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Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses

might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV
=> without TPC, 10ps or better required to make ToF useful for Kaon ID

* with dE/dx only, overwhelmed by &t below 2 GeV

* adding ToF-30ps, K useful down to 1 GeV
 ToF-10ps improves purity a lot in 2-7 GeV!
=> with TPC, 30ps is enough to cover “hole” at low
momenta, however 10ps significantly improves

purity at higher momental!
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—K total (e=100%} | ;
g— K identified TOF 30 ps

__.... I ...... | —ﬂM]Sldentlﬂed—TOF‘lopS
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- : : e
C C C : y
| | | 1 | I | I | l L 1 1 | l—

Particles / event/ 0.1 GeV/c

- -y a
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-
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-
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dE/dx only
dE/dx + TOF. 30 ps |

__,—Ktotal(g:100/¢,)----dE/dxonIy ......... .............. _—

- i —Kidentified  --'dE/dx + TOF 30 ps -
__éé_nmisidentified ......... ... dE/dXJ-TOFiOpS
Z—>ss at EC,,, = 250 GeV/c

fuII scale

Particles / event / 0.1 GeV/c

Momentum (GeV/c)
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Kaon purity

e for same working point as before, i.e. effi = 1-misID (actual analyses

might use other choice!)

* with ToF-30ps only, more K than = for 1-3 GeV

* with ToF-10ps, improve to 1-6 GeV

=> without TPC, 10ps or better required to make ToF useful for Kaon ID

* with dE/dx only, overwhelmed by &t below 2 GeV

* adding ToF-30ps, K useful down to 1 GeV
 ToF-10ps improves purity a lot in 2-7 GeV!

=> with TPC, 30ps is enough to cover “hole” at low
momenta, however 10ps significantly improves

purity at higher momental!

10ps vs 30ps makes a difference!

10 ps = 2 outer tracker 2 hits with 15ps —
or 10 layers ECal with 30ps
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Overview on Applications

Just a few brief comments

-3 -3
F. B I I I I I I I I I I I I I I I I I I I I I _
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Overview on Applications

Just a few brief comments track refitting with correct

N —— 103 mass reduces bias in
0.1f e momentum measurement

|| Refitted Tracks Standard Tracks | —%ﬂ - :’f'i @p;r{_?‘
T Wyar -r-L

~
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3 .. A _.*- :. L,,_ . "-.’. | .. _."'_'_ .:}.. - = ¥ - : by .:"E:-
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Overview on Applications

Just a few brief comments track refitting with correct

mass reduces bias in

-3
— I L, L L L NN O S B S B
o _ | Refitted Tracks Standard Tracks | | /é\ 0.1 X1 O L T DRI W =
—~ i 2035705 Entries 2035705 | I b L rI: i
8 0.03H Constant  0.0306 + 0.0000 Constant0.008314 = 0.000016 | | E E*-E' = 1 02
LL - T [ e =
. D_ | | Mean -0.05436 = 0.00159 Mean -1.563 = 0.00 | | > 0-05 __ \‘-.;" E
correCt mass draStlca"y + - | sigma 1.205 = 0.003 Sigma 1.927 = 0.008 |- ~ ]
_ ) ge; i . . ] ® .
improves PFO-level covariance | & o.oz—LLD fU(”Kﬁl)mU'at'O i = ol
- - = aons ( K* u
matrix (Y.Radkhorrami), g | el - 10
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Overview on Applications

1_. B | I I I I | I I I I I I I I I | I I I I | _
o _ | Refitted Tracks Standard Tracks |.
—~ i 2035705 Entries 2035705 |
8 003_ Constant 0.0306 + 0.0000 Constant0.008314 + 0.000016 ]

LL -
. D_ | | Mean -0.05436 = 0.00159 Mean -1.53 £ 0.00 | |
corrGCt mass draStlca"y '=hCI; - | sigma 1.205 = 0.003 Sigma 1.927 = 0.008 |
improves PFO-level covariance | & (ol /LD full simulatio i

g g = 7| Kaons ( K*)
matrix (Y.Radkhorrami), ©

* Z and W hadronic decay branching fractions via flavour tagging

Q. (1/mm)

0.05}

— make connection between quark flavour and jet composition

https://ediss.sub.uni-hamburg.de/handle/ediss/9634 , htips://ediss.sub.uni-hamburg.de/handle/ediss/9928

0 ' 1 _><1 0 J_"'-" ) .-Z-i;_:_.';',_:

track refitting with correct
mass reduces bias In

I, =
- e

» Forward-backward asymmetry in e*e- — qq

— study asymmetry in each flavour channel exclusively

overview: https://tel.archives-ouvertes.fr/tel-01826535
ete- — tt, bb: https://agenda.linearcollider.org/event/8147

ete- — bb/cc: hitps://arxiv.org/abs/2002.05805 |,
https://agenda.linearcollider.org/event/9211/contributions/49358/

ete- — bb/cc, ss: https://agenda.linearcollider.org/event/9440 |

https://agenda.linearcollider.org/event/9285

« H — ss with s-tagging

— identify high-momentum kaons to tag ss events

https://arxiv.org/abs/2203.07/535

« Kaon mass with TOF
https.//pos.sissa.it/380/115/

* Track refit with correct particle mass for better momentum and \;enéx

https://agenda.linearcollider.org/event/8498/
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e gignal ¢ CN. COIY. + BOCRP. COIT
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§ ) E ope = nodEdx ]
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- 4107
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l_o -

2 —0.05F R
1 “qz ; b = By 1

0 0.5 1 1.5 2

Momentum (GeV/c)

Many ILD analyses use Kaon-ID
=> all would profit from ToF
—in particular in combination

with advanced flavour taggers
using PID for all PFOs, not only
the leading PFO
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Towards application in analysis
CPID

e state-of-the-art ToF requires
* new track length calculation => tracker hits!
* new hit time -> PFO time method => ECal hits!

=> this cannot be post-fixed on DST, REC saved for
only few % of data Momentum (GeV/c)
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Towards application in analysis o |
| All this not available on N, 06 ,
e gstate-of-the-art ToF requires mc-2020 250GeV ILD @ 0.48 10
* new track length calculation => tracker hits! DST mass production = 02} 0
* new hit time -> PFO time method => ECal hits! | — ¢an only use IDR ToF -og o
=> this cannot be post-fixed on DST, REC saved for 012345678010
only few % of data Momentum (GeV/c)
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Towards application in analysis

CPID

e state-of-the-art ToF requires
* new track length calculation => tracker hits!
* new hit time -> PFO time method => ECal hits!
=> this cannot be post-fixed on DST, REC saved for

only few % of data
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All this not available on
mc-2020 250GeV ILD

DST mass production
— can only use IDR ToF
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Towards application in analysis
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All this not available on
mc-2020 250GeV ILD

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

2d for

CPID on single particles,
1-100 GeV, with

 dE/dx 4.5%

 IDR ToF, 50ps /hit
« Pandora PID
e LeptonlD in jets

Momentum (GeV/c)

15


https://github.com/iLCSoft/MarlinReco/tree/master/Analysis/PIDTools

Towards application in analysis
CPID

All this not available on

10 mc-2020 250GeV ILD
1 i hits! DST mass production
1  =Cal hits! — can only use IDR ToF
2d for
10°

CPID on single particles,
10F 1-100 GeV, with

« dE/dx 4.5%
 IDR ToF, 50ps /hit
 Pandora PID

e LeptonlID in jets

10

Momentum (GeV/c)

e outlook:

* new track length in master, could be used in a next ILD MC production
* hit -> PFO time algorithms not yet committed, but could live with effective smearing of true Geant time
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https://github.com/iLCSoft/MarlinReco/tree/master/Analysis/PIDTools

Conclusions

* over the last years lot of progress on reconstructing ToF for PID S
track length => 220 TPC hits v/ —all Si tracker ? ~, OO

* including endcaps (multiple turns!) G e
* how to estimate ToF from ECal hits => AT(ToF) = AT(hit) / y/ (Nnit) holds =

* detector optimisation _
. 30 ps / particle — 100ps / ECal hit ~ 50ps / SET hit: 0.2
 all Si tracker: not very useful..?
« with TPC: enough to cover dE/dx “gaps” at low momentum
10 ps/ particle — 30ps / ECal hit ~ 15ps / SET hit:
 all Sitracker: Kaon ID ~1-6 GeV
« with TPC: significant improvement of Kaon purity 2-7 GeV!

e real-life problems not yet evaluated: synchronisation, clock jitter, power
budget.... => needs ECal experts’ input!

 physics applications:
* many...
* full exploitation of PID information only starting
« stay tuned for ongoing ML flavour tagging

i —Ktotal (£=100%) - dE/dxonly @ ]
- | K —Kidentified -~ dE/dx + TOF 30 ps
25 __* ........... : —nmlsidenﬁfled ........ '—dE/dx+TOF10ps__
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A N I N nnnnnnnnnns g
M : N : g
- ' : . H : _
v
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201

: p ik ZosSatE,, = 250 GeV/c? -
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Particles / event / 0.1 GeV/c
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