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Future Circular Collider and the IDEA Detector

Inovative Detector for Electron-positron Collider (IDEA)

Preshower

Future
- Circular
'_,:Collider 2

Geneya-

DCH Rout =200 cm

DCHRin = 35cm

|Detector height 1100 cm

>
= Next-generation particle collider. [ =
= Circumference of 100 km IR aguetz= 3000
= Purpose: To collide particle with extremely high = Silicon Pixel Vertex Detector
energy = Large volume, ultra-light Drift Chamber
" Runing Phases: = Silicon micro-strip detectors
1. FCC-ee: uses electrons positrons for collision = Thin low mass Superconducting Solenoid coil
2. FCC-hh: uses protons-protons collision for = Preshower Detector
much higher energies. » Dua-Readout Calorimeter
= Requires new detector technologies. = Muon system
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The IDEA Drift Chamber

The Drift chamber is a unique volume, high granularity, fully stereo, low mass cylinder

Purpose: 343968 wires in total

= Precise tracking of the charged particles = Sense vires: 20 um diameter W(Au) = 56448 wires
= Particle Identification " Field wires: 40 um diameter Al(Ag) = 229056 wires
Gas Mixture: = f and g. wires: 50 um diameter Al(Ag) = > 58464
He 90% - iC,H,, 10% wires

Geometry:

" |nnerradius R, =0.35m

= Quter radius R ,;=2m

" lengthL=4m

= 112 co-axial layers arranged in 14 superlayers

Fig: Drift Chamber of the MEG Il Experiment

Thin wires = increase the chamber granularity - reducing both multiple scattering and the overall
tension on the endplates
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Digitization in the IDEA Drift Chamber

Converts simulated energy deposits from Geant4 into realistic detector signals.

: . . 2. The # of clusters can be described by the Poisson distribution
1.Particle—Cell intersection : : e
and the cluster spacing will follow the exponential distribution

Ncl Per Step
hNcl_perStep
Entries 123348

£ E Mean 15.65
i & 14000 SidDev  3.963

12000
Tonized

10000
path length r

Ng=pois(k) .

t\ Cluster GQO‘E Wetf = 41 eV,
/ . 40002 <Ne> = 1.4/C|
Sens v wire Ref: F. Sauli
(] 5 0 15 20 25 30 35 40 45 niu
/$ng particle

Inter Cluster Spacing

(For demonstration)

Information:

= |onized Path length £

= By from the MC particle
= u=dNcl/dx (By)x @

Ref: Principles of Operation of Multiwire Chamber by F. Sauli
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Digitization in the IDEA Drift Chamber

3. For each number of cluster, assign the
number of electrons ne according to the

probabilities ref: 1.

N, per sim-step

=

hNe_perStep

1600

Mean
Std Dev

entries

Entrigs 2022540

1.386
1.04

1400

1200

1000

800

600

400

200

Ll TTT 4 . | I

9 10
Cluster size

=
[*]
L
-
wn
o
-
o

4. Transport each of these electrons to the sense wire.

@ Cluster

Each ionization electron is transported individually to the sense wire.

The electron drift time is obtained from a tabulated distance-to-time (x—t)
relation.

The lookup table (LUT) is generated using Garfield++ simulations.

Cell size (9 * 9) mm

XT Relation

hXT
F Entries 5151624
1600 — Mean 0.518
E Mean y 573.8

s)

Drift time (n

Std Dev 0.2029

14001 StdDevy  472.2

1200 f—
1000 ;
800 ;
600 ;

400—

2001~

(For demonstration)

1. The Probabilities are given in the ref: H. Fischle, J. Heintzeand B. Schmidt, Experimentaldeterminationof ionizationcluster
size distributionsin countinggases, NIMA 301 (1991)
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Digitization in the IDEA Drift Chamber

5. Define the amplitude of the signal generated by 6. Single-Electron Pulse Generation:
each of these electrons. For each electron, an individual pulse is generated at its
* For each drifted electron, the avalanche charge is arrival time.
sampled from a Polya distribution. The pulse shape includes rise and fall times using arbitrary
* The sampled charge defines the signal amplitude values.
associated with the electron.
* The electron contributes to the signal with a given Scale factor: 5 X 10_6, Rise time: 1.0 ns, Fall time: 7.0 ns

amplitude and drift time.

Avalanche Charge Distribution Single Electron Pulse Shape
%10 hAvalancheQ . o02 hSignalPulse
8 F Entries 5151624 g Entries 2000
1= = Mean 2e+05 5 ooisb- Mean 229.1
Y e Std Dev  1.63e+05 s Tk StdDev  7.053
[} ] —
O - 0016
° [
3 =
G = 2 X 105 200 £ o014
= g -
0 0 5 0.012—
= V. 150 0.01—
Ref: Walaa u 0.008—
100(— B
C 0.006 [
50 0.004 | —
. 0.002[—
D L L 1 | L 1 1 ‘ L 1 1 ‘ L L . I - L L l - L L ‘ - X103 :\ ‘ 11 1 1 | L1 L1 | ) N I T} ‘ L L1 1 Ly —— ‘ L1111 | 11 1 1 |
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Ref: Enhancing Particle Identification in Helium-Based Drift Chambers Using Cluster Counting: Insights from Beam Test Studies
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Digitization in the IDEA Drift Chamber

Build the analog wave form by summing up the individual contributions of all single electrons

Analog Waveform

. hWaveform
2 — Entries 8000
T 0.35—
5 - Mean 584.6
g - Std Dev 2451
< 03
m —
'G —
E —
= -
S 0251
< -
0.2
0.15—
0.1 :— x
0.05—
0 : | | | | | | | \ | | Ikl \I | | | | | | | | | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (ns)

Pag. 6 — PhD Candidate: Muhammad Saiel (email: m.saiel@phd.poliba.it)



Digitization in the IDEA Drift Chamber

Propagate the Analog Waveform at both ends of the wire

[0 Get distance to each end along the wire.

d =L/2 + z_hit_mm
dr =L/2 - z_hit_mm "

0 Convert distance to propagation delay.
Vs =200 mm/ns =5 ns/m
Att(d) = exp(-d/A), 1.0
O VR += singleElectronPulse(t, t0 + tpropR_ns, q * attR);

O VL +=singleElectronPulse(t, t0 + tpropL_ns, q * attL);

Amplitude (arb. units)

Amplitude (arb. units)

Analog Waveform left End

hWaveformL
0.35— Entries 4000
T Mean 586.9
C Std Dev 2451
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Digitizatio of the Analog waveform




Digitization in the IDEA Drift Chamber

Applying the pre amplifier transfer functions

Apply impedance-mismatch amplitude scaling and electronics shaping (convolution) to the analog waveform to get the

final readout signal.
0 Front-end gain:

Apply an overall scale to the output of the A.Waveform (L, R)

0 Impedance mismatch scaling:

1. Compute a simple reflection coefficient (gamma):
2. Then rescale amplitude with 1-gamma

O Electronics transfer function:

1. Build impulse-response by

2. Shape:rise * fall followed by a normalization factor
O Discrete Convolution:

Parameters:

R: MatchingRes =50 ohm -> 330 ohm
Z:Tubelmpedance = 50 ohm

TauRise = 3.0 ns, TauFalll = 9.0 ns, TauFall2 = 25 ns

R—-Z

I =
R+ Z

2(t) < a(t) x (1-T)

k(t) (1 - e_t/'”") [f

e

Tfl

+(1- )

e tr2

ng

} (t >0)

yli] = Aty ali - 5] klj]
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Preliminary

Digitization in the IDEA Drift Chamber

Adding proper noise according to frequency response determined Experimentally

We add noise so the digitized waveform realistically includes the baseline fluctuations of the real readout electronics, making
the simulated signal look and behave like measured data.

O Input (frequency-domain template)

1.
2.
3.

Frequency bins
Magnitude Template
Normalization

0 Match to waveform sampling:
Making the generated noise waveform compatible with

1.

2.
3.
4.

our waveform
Waveform bin width, dt = 0.5 ns (2 Gsa/s)

Waveform sampling frequency:

Nyquist frequency:

[ Build random complex spectrum

1.
2.

Apply a random phase to every bin (0, 2n)
Builds the real and imaginary part

0 Noise waveform into time Domin

Appy inverse fast Fourier transform to convert it time domain.

fs =1/dt,
fNyquist = fs/2

Amplitude (arb. u

arb. units)

Amplitude (

Digitized Waveform right End

hWaveformElecL
0.12 — Entries 8000

lh

Lo b bo Lo b Lo Lo Lo Lo Laag
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (ns)

Std Dev 238.4

Digitized Waveform right End
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Digitization in the IDEA Drift Chamber
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Digitized Waveform Left End

hWaveformDigiL
Entries 4000
Mean 914.8
Std Dev 548.1

Time (ns)
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hWaveformDigiR

Entries 4000
Mean 915.7
Std Dev 548.3
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CEPC Drift Chamber
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CEPC Drift Chamber

40-Ch High Speed Digitizer
an)l A fana) e
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Thank you for your attention!




Digitization in the IDEA Drift Chamber

Back Up slides

x-t relation Analog Waveform
— 300 hXT hWaveform
@ - Entries 5151624 %:’ 1= Entries 4000
= C Mean x 0.5184 = [ Mean 137.6
- Meany 1235 g I Std Dev  6.731
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Digitization in the IDEA Drift Chamber
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x-t relation

Back Up slides

Py

hXT

5151624
Mean x 0.518
Mean y 392.4
Std Dev x  0.2029
Std Devy 191.3
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Digitized waveform at wire end 1

hWaveformDigiL
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Digitization in the IDEA Drift Chamber

Back Up slides

Drift distances in x and y
» Problem: low statistics

a_x e_y
htemp htemp
C Entries 17816 2200 — Enlries 17818
3p00 — Mean 0.01939 C Mean — —0.001235
- Std Dev  0.2339 oo Std Dev 0.2575
2500 — 00
E 1600 —
2000 — 1400
C 1200
1500 — 000 —
- BOO —
1000 [— c
- 600 —
500 — 400 |—
= 200
0_ IIIIIII IIIIIIIIIIIIIIIIIII”IIIIIIIIIIIII ﬂ:|||||||||||||| |||]-||II L1 (81 11
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8 X ey
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Digitization in the IDEA Drift Chamber

Back Up slides

Hit to Wire Distance

hDpw
3 = Entries 123348
T asnp_ ) I Mean 0.3689
t - -[ StdDev  0.2481
3000 —
25003}1 1
2000 [
1500 H
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Thank you for your attention!
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