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Why Cluster counting?

> We deal with a Poissonian physics process: Analytical Results :
Particle Separation (dE/dx vs dN/dx)

dN/dx performance is 2
times better than dE/dx in a

wide transverse momentum
range with He:IsoB 90/10

» jndependent from cluster size fluctuations "

» jnsensitive to highly ionizing &-rays
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» jndependent from gas gain fluctuations
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» The choice of a He-based gas mixture implies:’ ’
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= Jow primary ionization density = large time separation. A cluster counting efficiency

» Jow drift velocity = even larger time separation (Vg ~ 2.5 cm/us)
» Jow average cluster size (< Ngjgctrons/Cluster> ~ 1.6)

» Jow single electron diffusion (< 110 um for 0.5 cm drift, or < 4.5 ns)
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The simulation of the cluster counting

We have developed an algorithm, which uses the energy deposit information provided by Geant4, to reproduce, in a
fast and convenient way, the clusters density and the cluster size distributions predicted by Garfield++.

Particle separation from truncated mean dE/dx Particle separation dN/dx
Fof Garfield |© £ Garfield |3 Garfield++ in reasonable agreement
o £ N with analytical calculations up to 20
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Beam test motivation

1. Lack of experimental data on cluster density and cluster population for He based gas.
Particularly in the relativistic rise region to compare predictions.

2. Despite the fact that the Garfield++ model in GEANT4 reproduces reasonably well the
Garfield++ predictions, why particle separation, both with dE/dx and with dNcl/dx, in
GEANTA4 is considerably worse than in Garfield++?

3. Despite a higher value of the dNcl/dx Fermi plateau with respect to dE/dx, why this is
reached at lower values of By with a steeper slope?

» These questions are crucial for establishing the particle identification performance at
FCCee, CEPC and SCTF.

» The only way to ascertain these issues is an experimental measurement!
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Beam test goals

Need to demonstrate the ability to count clusters at a fixed By (e.g. muons at a fixed

momentum — 165 GeV, 180 GeV) by changing:

* track length (different cell size - 1 cm, 1.5 cm and 2 cm) and changing the track
angle (0° to 60°);
e gas mixture (He:lsoB 90/10, 80/20, 85/15).

Establish the limiting parameters for an efficient cluster counting:

e cluster density (by changing the gas mixture)
* space charge (by changing gas gain, sense wire diameter, track angle)
* gas gain saturation

For the Future data taking campaigns: In optimal configuration, measure the
relativistic rise as a function of By, both in dE/dx and in dNcuster/dX, by scanning
the muon momentum from the lowest to the highest value (from a few GeV/c to
about 250 GeV/c).
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Beam Tests in 2021 & 2022

Beam tests to experimentally asses and optimize the performance of the cluster
counting/timing techniques in strict collaboration with the IHEP Beijing group:

e Two muon beam tests performed at CERNH8(y > 400) in Nov. 2021 and July

2022. /
More muon beam tests planned in 2023 at CERN and PSI (By = 1-4) in N\a— s -
2023 (not foreseen). e By = %\ e
H 1 ; /' Ie . & upstream 3 ;»",‘fj
e Another test is planed to be done at FNAL-MT6 with r and K (By = 10—140) R o
\ to fully exploit the relativitic rise. J | | |
natPS| 1, at CERNPS Y. 30cm He:lsoB 90/10, -] .
150450 MeV/c 212 GeVic oo iy 80/20 Track Angle: 0°
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i beam 02 _
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E RelatiViStiC rise \\ 0 200 400 600 800 1000
® L2022 5 Kat FNAL —
o 1997 2 570 GeVie o He:lsoB 80/20,
T ten [[o]<]]+]] 85/15,90/10
e Minimum  beam .
(40,80, 180 GeV) Trigger 1.5 cm ol ol o o 15 um (Mo+Au)
_E> coverag 2 um (W + Au)
. Fign 25 um (W+Au)
: ! : \nooon
1 10 100 1000

W. Elmetenawee CEPC day Jun 2023



Find Electron peaks Algorithms (Bari & Lecce)

Derivative Algorithm (DERIV) Running Template Algorithm (RTA)

_ . . _ » Define an electron pulse template based on experimental
Find good electron peak candidates at position bin n and data

amplitude A, :

= Raising and falling exponential over a fixed number of bins
(Ktot).

= Digitize it (A(k)) according to the data sampling rate.

* The algorithm scan the wave form and run over Ktot bins
by comparing it to the subtracted and normalized data

» Compute the first and second derivative from the amplitude
average over two times the timing resolution and require
that, at the peak candidate position, they are less than a r.m.s.
signal-related small quantity and they increase (decrease) :
before (after) the peak candidate position of a r.m.s. signal- (build a sort of ).

related small quantity. Define a cut on x2.
Subtract the found peak to the signal spectrum.

Iterate the search.
Stop when no new peak is found.

A(k)
0.0

» Require that the amplitude at the peak candidate position is
greater than a r.m.s. signal-related small quantity and the
amplitude difference among the peak candidate and the
previous (next) signal amplitude is greater (less) than a r.m.s.
signal-related small quantity.

Krise =3
Kfall =9
Ktot =11
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Gas gain (Test Beam Nov 2021)

measured gas gain vs HV (normal incidence)
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Gas gain (Test Beam Jul 2022)

measured gas gain vs HV (45°)

® He/iC;H;0 = 90/10 blue 15 um wire (Mo) 1.0 cm drift tube
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Gas gain (Test Beam Jul 2022)

measured gas gain vs HV (45°)

® He/iC4H;o=90/10 blue 15 pm wire (Mo) 1.5 cm drift tube

B He/iC,H,, = 85/15 red 20 um wire (W)

@ He/iC,H,, = 80/20 green 25 pm wire (W) P =725%5 Torr
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Reconstruction of Electron Peaks (RTA Algorithm)

[Sense Wire Diameter 15 ym; Cell Size 1.0 cm; Track Angle 45; Sampling rate 2 GSa/s; Gas Mixture He:lsoB 80/20 ]
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Expected number of electron =
0 cluster/cm (M.I.P.) * drift tube size [cm] * 1.3 (relativistic rise)*
1.6 electrons/cluster * 1/cos(a)

40

W. Elmetenawee
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time [ns] o = angle of the muon track w.r.t. normal direction to the sense wire.

0 cluster/cm (mip) changes from 12, 15, 18 respectively for He:IsoB 90/10, 85/15 and
80/20 gas mixtures.
drift tube size are 0.8, 1.2, and 1.8 respectively for 1 cm, 1.5 cm, and 2 cm cell size tubes.
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Reconstruction of Primary lonization Clusters

[Sense Wire Diameter 15 ym; Cell Size 1.0 cm; Track Angle 45; Sampling rate 2 GSa/s; Gas Mixture He:lsoB 80/20 ]

Waveform signal Ch3 - Event 58 - Sense Wire Diameter 15 um - Cell Size 1.0 cm - Track Angle 45.0 - run_41 - 2.0 GSa/s - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0

> Merging of electron peaks in consecutive bins in a = T
single electron to reduce fake electrons counting. S oosl —+— Wavoiom

» Contiguous electrons peaks which are compatible with N S ———
the electrons’ diffusion time (it has @ ~Vsrsrompoar %] Etectrans found: 44
dependence, different for each gas mixture) must be i Clusersfound:25.
considered belonging to the same ionization cluster. R Track Angle: 450
For them, a counter for electrons per each cluster is _
incremented. 0.02”

> Position and amplitude of the clusters corresponds to o
the position and height of the electron having the -
maXimum amplitUde in the CIUSter' -0.02 40I | I6|0I | I8|0I | I1(|)0I | I12|0I | I14|10I | I1€|50I | I15;0I | I2(|)0I | I22|OI | I24|10I

time [ns]

> Poissonian distribution for the number of clusters!
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Reconstruction of Primary lonization Clusters

[Sense Wire Diameter 15 ym; Cell Size 1.0 cm; Track Angle 45; Sampling rate 2 GSa/s; Gas Mixture He:lsoB 80/20 ]

Poissonian distribution for the number of clusters Electrons per cluster distribution
= Expected Clusters: 26.5 - Track Angle (deg) 45.0 v u g T T T T T T T T T T T T epedted Elections pér Cluster: 15+ Track angle (def) 4507 | Entres 13003
- b o L mE Mean 1788 |
= Consan w528 = Std Dev 0.8446 |
= Vean 219202 -
0l Sigma 46334 0.176 E
% mn;—
= HHS«)WH S — mnf_

9 [
Number of Electrons per Each Cluster found

[Expected number of cluster = 0 cluster/cm (M.LP.) * drift tube size [cm] * 1.3 (relativistic rise)* 1/cos(a) ]

a = angle of the muon track w.r.t. normal direction to the sense wire.
0 cluster/cm (mip) changes from 12, 15, 18 respectively for He:IsoB 90/10, 85/15 and 80/20 gas mixtures.
drift tube size are 0.8, 1.2, and 1.8 respectively for 1 cm, 1.5 cm, and 2 cm cell size tubes.
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Comparison between DERV and RTA algorithm

1 cm drift tubes

Volt [V]
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Nominal Sampling rate= 2 Gsa/s

e

[ RTA Algorithm ]

Waveform signal Ch3 - Event 58 - Sense Wire Diameter 15 um - Cell Size 1.0 cm - Track Angle 45.0 - run_41 - 2.0 GSals - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0

= ——+——  waveform

— —W—— Electron Peaks from Primary lonization Clusters

- —W—— Primary lonization Clusters

= Electrons found: 44

L Expected Electrons: 42.4
Clusters found: 25
Expected Clusters: 26.5

X Track Angle: 45.0

,,,,,

40 60 80 100 120 140 160 180 200 220 240

time [ns]
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Comparison between DERV and RTA algorithm

| 1.5 cm drift tubes I

Run: 41; Track angle:45°; Gas mixture:80% He 20% iC4H;; ; HV = Nominal Sampling rate= 2 Gsa/s

[ DERIV Algorithm } [ RTA Algorithm ]

Waveform signal Ch7 - Event 0 - Sense Wire Diameter 15 um - Cell Size 1.5 cm - Track Angle 45.0 - run_41 - 2.0 GSa/s - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0 Waveform signal Ch7 - Event 0 - Sense Wire Diameter 15 um - Cell Size 1.5 cm - Track Angle 45.0 - run_41 - 2.0 GSa/s - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0
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Measured Average Number of Clusters / Expected Number of Clusters
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0.6

04

0.2
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Comparison between DERV and RTA algorithm

[ 1 cm drift tubes ]

Clusters Finding Efficiency 1 cm cell size Drift Tubes 180 GeV

RTA Algorlthm
- .................... .................... ......................... D .E‘R‘,.Al.ge.rl,thm ...........

10 5 0 5 10 15 20
HV Configuration (Nom - 10V) to (Nom + 20V)

[ HV scan }

Measured Average Number of Clusters / Expected Number of Clusters

[ 1.5 cm drift tubes ]

Clusters Finding Efficiency 1.5 cm cell size Drift Tubes 180 GeV
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RTA Templates scan

Clusters Finding Efficiency 1 cm cell size Drift Tubes 180 GeV

T 1 | T T T T [ T T T T [ T T T T T T T T T T T 11 | T T 11 | T 1
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Measured Average Number of Clusters / Expected Number of Clusters

HV Configuration (Nom - 10V) to (Nom + 20V) , \
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RTA Templates scan

Clusters Finding Efficiency 1.5 cm cell size Drift Tubes 180 GeV

14 -_[ 15 cm drlft tUbeS ...........
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RTA scan ratio (1.5/1 cm tupes)

] Ratio of drift tube size (1.2/0.8)

[Electronsratio
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RTA scan ratio (1.5/1 cm tupes)

Ratio of drift tube size (1.2/0.8)

[Clusters ratio ]
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Enties

Entres

Time of the last electron peak

Track Angle 45; Sampling rate 2 GSa/s; Gas Mixture He:lsoB 80/20

Time of the last electron peak 1 cm tupes ]

Time of Last Electron Peak found - Run 41 - Ch 1 - Sense Wire Diameter 20 um - Cell Size 1.0 om - Track Angle 45.0 - 2.0 GSals - Gas Mixture 80/20 1 - 80/10
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Enties

Enties

Time of Last Electron Peak found - Run 41 - Ch 2 - Sense Wire Diameter 15 um - Cell Size 1.0 cm - Track Angle 45.0 - 2.0 GSals - Gas Mixture 80/20 1 - 80/10 0 - 85/15 0
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Std Dev
- > - ol

Time of Last Electron Peak found - Run 41 - Ch & - Sense Wire Diameter 20 um - Cell Size 1.0 cm - Track Angle 45.0 - 2.0 GSals - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0
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Mean
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Time of the last electron peak

Time of the last electron peak 1.5 cm tupes
Track Angle 45; Sampling rate 2 GSa/s; Gas Mixture He:lsoB 80/20

Issue in 1.5 cm tubes due to 512 ns don’t cover the full range.

Time of Last Electron Peak found - Run 41 - Ch 0 - Sense Wire Diameter 20 um - Cell Size 1.5 cm - Track Sals - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0 Time of Last Electron Peak found - Run 41 - Ch 4 - Sense Wire Diameter 25 um - Cell Size 1.5 cm - Track Angle 45. X 1-90/1
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2 25 £ 120
i Mean 413.7 it Mean 399.3

Std Dev 58.58 Std Dev 61.4
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Time of the last electron peak

[ Time of the last electron peak 1.5 cm tupes, Track Angle 45; Gas Mixture He:lsoB 80/20 ]
[ Sampling rate 1 GSa/s; ] [ Sampling rate 2 GSa/s; ]
Time of Last Electron Peak found - Run 25 - Ch 7 - Sense Wire Diameter 15 um - Cell Size 1.5 cm - Track Angle 0.0 - 1.0 GSa/s - Gas Mixture 80/20 0 - 90/10 0 - 85/15 0 § - LN DL L L L DL L AL L DL AL AL AL A DL AL AL LA L AL AL AL L AL EntrIeS 2672
§ A T T T 1 T T 1 11— Entries 587 E 250:_ Mean 404
g 165_ Mean 488.9 2003_ Std Dev 74.32
JE Std Dev  83.04 -
125— 150:—
105— C
s- 100 [—
o s
4:_ 50:—
E_. PRI .“, PR I .IMMM“’III'I PPN TR PR | M OU_ .1(I)O._.4 LZ(;O .S(I)O. = .4(I)O. = .5(I)0. — .B(I)O. — .7(I)0. — .8()0
OO 100 200 300 400 500 600 700 Time [nz;]oo Time [ns]
We have 1024 bins, We have 1024 bins,
@ 1GSa = 1 ns/bin = 1024 ns. @ 2GSa = 1/2 ns/bin = 512

Issue in 1.5 cm tubes when using sampling rate 2GSa/s due to S&Shs don’t
cover the full range.
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Comparison between DERV and RTA algorithm

[ 1 cm drift tubes ] [Sampling rate 1 GSa/s; ] [1.5 cm drift tubes ]

Clusters Finding Efficiency 1 cm cell size Drift Tubes 180 GeV Clusters Finding Efficiency 1.5 cm cell size Drift Tubes 180 GeV
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06 _ .................... ....................................... .................. M.

045 RTA Algorithm ..................... ............

- DER Algorithm
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Measured Average Number of Clusters / Expected Number of Clusters
Measured Average Number of Clusters / Expected Number of Clusters

Track Angle (deg)
» Undercounting at a > 45" due to high electron peaks density.

Track Angle (deg)
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Comparison between DERV and RTA algorithm

[1cm drift tubes ] [ sampling rate 1 GSa/s; |

[ 1.5 cm drift tubes ]
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HV Configuration (Nom - 10V) to (Nom + 20V) HV Configuration (Nom - 10V) to (Nom + 20V)

:asured Average Number of Electrons Found Ratio 1.5 cm/1 cm cell size Drift Tubes
easured Average Number of Clusters Found Ratio 1.5 cm/1 cm cell size Drift Tubes
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Summary

» We studied the counting efficiency, electron peaks and cluster density as a function of gas We
studied mixture, gain, geometrical configuration (cell size, sense wires size), sampling rate, and

track angle.

» Two different promising algorithms have been developed and used for finding the electron peaks.
> There is a good agreement between the results from the two algorithms and the expectation.

» The application of the two different algorithms will be very useful for understanding the
pathologies of both algorithms, therefore, it will be extremely useful to have a third algorithm like

the one being developed at IHEP with NN.

Thanke You!




