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The IDEA tracking system
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The IDEA drift chamber
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The wire net created by the combination of + and — orientation
generates a more uniform equipotential surface

sense wires: 20 mm diameter W(Au) => 56448 wires

tield wires: 40 mm diameter Al(Ag) => 229056 wires

f.and g wires: 50 mm diameter Al(Ag) => 584064 wires
343968 wires in total

High wire number requires a non standard wiring procedure and needs a feed-through-less
wiring system. The novel wiring procedure developed and used for the construction of the
ultra-light MEG-II drift chamber must be used.

MEG-II: muon to e-gamma search experiment at Paul Scherrer Institut - “The design of the MEG 1II experiment”, Eur.
Phys. J. C (2018) 78:380 - https://doi.org/10.1140/epjc/s10052-018-5845-6
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The IDEA drift chamber: novel approach at construction technique
of high granularity and high transparency Drift Chambers

Based on the MEG-II DCH new construction technique the
IDEA DCH can meet these goals:

Gas containment — wire support functions separation:

wire cage

allows to reduce material to = 10~ X, for the inner
cylinder and to a few x 102 X, for the end-plates,
including FEE, HV supply and signal cables

Feed-through-less wiring:

allows to increase chamber granularity and field/sense wire
ratio to reduce multiple scattering and total tension on end
plates due to wires by using thinner wires

gas vessel.
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IDEA Drift Chamber simulation - Full detector standalone simulations

GENERATION
= The standalone code was adapted for compilation on Simple particles
Key4hep stack HepMC
= It WOFkS with the latest key4hep stack on CERN Ixplus <+ DECTOR GEOMETRY
machines (soutce /cvmfs/sw.hsf.org/key4hep/setup.sh) § Description Handle
6] G4 geometry (exported to GDML ))
The stack environment « keydhep-stack/2021-11-26: ‘
« gce8.3.0 G4 simulation
- geant4-10.7 2 Particles
SWs from the stack « clhep-2.4.4.0 Interaction hits
+ root-6.24.06 #
External package o be * genfit/02-00-00 (on the stack) e Det. Hit and Digit simulation W
installed locally <= . rome master g Data structures containets; <
g currently simplified algorithms used
&
& v
https:/ | github.com/ lialavezzi/ DriftChantberPLUS Vertex/ tree/ uptodate g RECONSTRUCTION
) PR etc. <
== Kalman Fit with GENFIT 4/
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IDEA Drift Chamber simulation - Full detector standalone simulations

A full geant4 simulation of the IDEA tracking system was
developed to test the tracking performance

= The DCH is simulated at a good level of geometry
details, including wires and detailed description of the endcaps

= SVXand Si wrapper and PSHW are simulated as simple
layer or overall equivalent material

®w  Dual Readout calorimeter simulation is included

w  KF with simple track selection criteria was used: only a quality
cut on Chi2/ nDof < 25 was applied,

= A preliminary SVX and DCH with DD4hep description was
implemented inside the FCC-sw

Morte details in: G. Tassielli: "Tracking petrformance with the updated geometry of the IDEA detector " at 11 FCC-ce
workshop, CERN, January 2019"
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IDEA Drift Chamber simulation - Full detector standalone simulations:
(one) Pattern Recognition (Local Method)
Seeding from 2 pairs of hits (each pair on same layer) pointing at the origin
2 consecutive hits in same layer

— 4=2x2(Left-Right) pairs with direction

2 pairs from nearest layers compatible:
| Acos(yp(direction)-g(position)) | <0.2,
crossing Z inside DCH

1 pair with origin — Pt estimate (averaged over 2 pairs)

Cross Point of 2 opposite stereo pairs give
Z-coordinate (with Ag correction from Pt)

Pz =0 at beginning

Red hits projection at z=0 plane
rotated according to ¢

Z measurement give additional compatibility check between 2 hits
and between 2 pairs

Combinatory low: 2 local compatibilities + 1 from
opposite stereo view, but with direction angle check

/')
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IDEA Drift Chamber simulation - Full detector standalone simulations

assumed: o4 = 100 um and (conservative for Si) oy, = pitch/ V12 um
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IDEA Drift Chamber simulation - Full detector standalone simulations

Transparency more relevant than asymptotic resolution, the particle range is far from the
asymptotic limit where MS is negligible.

Transverse Momentum Resolution
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CLD: a detector concept for FCC-ee with a full Si-tracker system, inspired by CLIC detector.

02/01/2022 G.F. Tassielli - ECFA Higgs Factories: 1st Topical Meeting on Simulation 10/23




IDEA Drift Chamber simulation — Delphes model
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Morte details in F. Bedeschi: "IDEA model in Delphes "
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IDEA Drift Chamber simulation - Migration to EDM4hep and Key4hep

Goal: port the simulation and the algorithms to a common FCC framework to develop studies,
physics analysis and algorithms in the standard/final environment

Shorter and
intermediate

path:

Longer
path:

||:l.1o.'kl heighi | 1 cm

standalone FCC framework

Geant4 Monte Carlo hits
(possible other data structures)

reconstructed tracks

convert to EDM#HEP

simulation + reconstruction

port the geometry
e = port the algorithms K@/#HEP

port the data format

Ll Aran = d30cn

Waged £ = ¢ W em
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IDEA Drift Chamber simulation - Migration to EDM4hep and Key4hep

Goal: port the simulation and the algorithms to a common FCC framework to develop studies,
physics analysis and algorithms in the standard/final environment

Shorter and intermediate path (thanks to L. Lavezzi):

present only the tracker hits: silicon vertex tracker, drift chamber, pre-shower

2000

Example of simulation

particle geometry 1000~
« 1090 events Beam pipe T I
* 1 muon/event + SVX Eor
« thetain [88.5,90.5]deg + DCH >0
« energy = 1 GeV + PSHW - 1000~
» magnetic field = 2.0 T C

-2000 1000 X [r%m 1000 2000

I. Vivarelli and L. Pezzotti is porting the DR calo hits to EDM format
I.Grazia is adding the geometry of the muon chambers
W. Elmwntenawee is merging some updates to release an base common version

More details in: L. Lavezzi: "Lesson learned when migrating the IDEA drift chamber softwate to EDM4hep"
at 5" FCC Physics wotkshop, Liverpool, February 2022"

02/01/2022 G.F. Tassielli - ECFA Higgs Factories: 1st Topical Meeting on Simulation 13/23




IDEA Drift Chamber simulation - Migration to EDM4hep and Key4hep

Goal: port the simulation and the algorithms to a common FCC framework to develop studies,
physics analysis and algorithms in the standard/final environment

Longer path:

A preliminary simplified implementation of the
Drift Chamber simulation with DD4HEP, a
preliminary PR based on Hough transformation and
some preliminary studies was done by

N. A. Tehrani: http://cds.cern.ch/record /2670936

Tungsten Shielding

Solenoid Shielding

Beam Pipe
An implementation of the Drift Chamber (similar to the l P
IDEA one) simulation with DD4HEP is under '

development for Super Tan Charm factory studies

Vertex Detector

Lumninosity Calorimeter

To do (it will in few months):

the right DD4HEP Drift Chamber geometry description (~ 4-6 months)

= implement the segmentation and the (reco-)hits (~ 2 months)

Port/implement the reconstruction (at least 6 months)

More details in: N. A. Tehrani: “Simulation and tracking studies for a drift chamber at the FCC-ee experiment”
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IDEA Drift Chamber simulation — with old FCCsw implementation

Preliminary study of the machine background induced occupancy on the DCH, indicate that, it will
be not an issue

Background Average occupancy
vs=912GeV /s =365 GeV
eTe™ pair background 1.1% 2.9%
v~ — hadrons 0.001% 0.035%
Beamstrahlung Synchrotron radiation negligible 0.2%
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IDEA Drift Chamber simulation - Cluster Counting/Timing

In He based gas mixtures the signals from each ionization act can be spread in time to few ns. With the
help of a fast read-out electronics they can be efficiently identify.

Counting the number of ionization acts per unit length (dN/dx) is possible to identify the particles (P.Id.)
with a better resolution than dE/dx method.

T T T T T

ik . acquired signal ' identified
: ' ; peaks
drift tube
| j I,
é : W : *'-".
i i i i i - \_-.;\I.‘C_ Neh et
-1 o 1 mn; ) 3
dE/dx dN_/dx
truncated mean cut (70-80%) reduces the amount of d,= 12.5/cm for He/iC,H,,=90/10 and a 2m
collected information. n = 112 and a 2m track at 1 track give
atm give 6= 4.3% o = 2.0%

Moreover, C.C. may improve the spatial resolution < 100 pm for 8 mm drift cells in He based gas mixtures
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IDEA Drift Chamber simulation - Cluster Counting/Timing

Particle Separation (dE/dx vs dN/dx)
#of
sigma
3 |
= Expected excellent K/ separation over 10 - N /dx e/
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. 7 th —— K
= Could recover with timing layer . i /p
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analytic evaluation, to be checked with 3 =
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1 Tre-
IR M W CJuR T R A ————— L LT
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Particle separation vs cluster counting efficiency p[Gevic) 4.3% dE/dx resolution
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Number of Cluster

Drift Chamber simulation - Cluster Counting/Timing simulation

Studying the results from Garfield++ simulations, we can interpret correctly the results obtained from
Geant4 simulations with the goal of reconstruct the number of clusters and the cluster size generated from
different particles with different momenta passing through the tracker detector.

The goal is to extract from Garfield++ the relevant parameters to create models to convert the energy
loss to cluster and then extract them as function of the primary particle By.

Number of cluster for different particles vs momentum

Number of cluster from Garfield++

6000 Particle
- @ electron
5500 T
c ¥ muon . . .
so00F - 2 plon Here the distribution of number of cluster produced by
wob. 4 different particle at different momenta, obtained with Garfield++
= u Number of cluster for different particles vs By
4000[— 5 6000 Farticle
E A E @ electron
3500F- S sso0 = proton
@® cccsemmmen ¢ o ¢ o o9 Dg s ¥ rucn
3000f ., & y ¥ A = £ 5000 = ~plon
= A A u 2
00 4 e E . & " 4500 A
£ N L
20007 1 I L L IR ] L 1
1 10 10° 4000

Momentum [GeV]
3500
',F,‘.lk‘.!_.. e o @098

3000

. 2!
Test beams are on going to measure B | | |
the relativistic plateau starting position 1 10 10 10 10 10,

/)
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IDEA Drift Chamber simulation - Cluster Counting/Timing

Particle separation from truncated mean dE/dx

Particle separation dN/dx

¢ me Farici . raris
A simulation of the ionization process in : z: Garfield E"-E m: '-;‘:' Garfield x&
1 cm long side cell of 90% He and 10% ‘oo e oS -
iC,H,, has been performed in Garfield++ 2* I :_ 0,
and Geant4. . e i3 -
Geant4 software can simulate in details a ; - 24 : j; o
full-scale detector, but the fundamental E- T Y S - ‘ ‘ : |
properties and the performances of the ‘ e od] ‘ © wenempodlf
sensible elements have to be parameterized partle ssparaton rom truncated mecn dEld Pariice separation dN/dx
or an “ad hoc” physics model has to be EE I S
implemented. s Geantd |12 s © Geantd i
Three different algorithms have been £ o “:2: .
implemented to simulate in Geant4, i a fast i i3 SN
and convenient way, the number of clusters I o et
and clusters size distributions, using the :g T — ﬂ o :: . £ : : .
energy deposit provided by Geant4. = o Mom:mumfeevf i i - - [eel;‘
We are assuming a cluster counting efficiency of 100%.
To be ported inside the full detector simulation
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IDEA Drift Chamber simulation - Signal generation

m  Generate the clusters

Indf 0.683 /1614
5948 £0.0313

1.003 +0.0002087

owa 0.5709 +0.00388
» 0.1236 £ 0.001097
fraction  0.4766 £ 0.001634
Tionn-2 4,435 +0.06989
offset  0.05689 + 0.001469

Bt

=1

i
U RARRRRRANRRAARRARAERARRN ARRANRRRNRARE (MM

= Smearing the time drift using the diffusion coefficient

St

= Simulate the gas gain for each electrons of the clusters
®  method-1:

| sign @ 800 MHz (mV)
&
G

&=

= Transform each cluster collected charge to a signal by applying a
parametric formula

|
o
&

!
&

|
@
&

= Superimpose each single signal avalanche in the acquisition time window

I
Iy

= Add noise and digitizing S RS Tas

time in ns

a(t) = WIDLETUP (1 —(t—to)/rory | B —t—to)/ror 4 L= B —(t—to) /700
k tup+ Tp2 D1 TD2

the acquisition time window _so

—100

= Apply the drift cell and electronics Transfer
Function (using the FFT). 1a0

—120

= method-2: e “W“WMWVWWM ,M]( st o e e
= Superimpose each single charge avalanchein =~ *°

4] H‘H\ H\‘\H‘\H‘ T ‘H\‘Hm T

| L
0.35 o.4

Q

To be ported inside the full detector simulation
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IDEA Drift Chamber simulation - A Peak finder algorithm

A simple peak finder algorithm, based on the first and second derivative of the digitized signal
function f, is defined for each time bin i, Ab being the number of bins (signal rise time) over which
the average value of f is calculated:

A peak (assumed to be an ionization electron) is found when Af, f' and " are above a threshold level,
defined according to the r.m.s. noise of the signal function f, and when the time difference with a
contiguous peak is larger than the time bin resolution.

mV o
50

100

150

200

IHHFH“HH'HHPHIH

250

I

A A A R A A A A A A
200 240 280 320 340 380 420 460 500

ns

i A A F—. A A A A A A F— A A F— A A

To be ported inside the full detector simulation
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IDEA Drift Chamber simulation - A Peak finder algorithm

Hypothesis: an e- is recognized when its peak amplitude is over the noise threshold and the time difference
with the followed is greater than time bin resolution

6000—
E ? % Number of peaks found
s000l— % S Number of e- recognizable
E r’//é Total Charge
r ]
4000 fg}' Nr of peaks
: ;’%‘%E‘ T oo =%
r ! r e recogn.
So00r= grli/ & mean
3
20001~ i“’ Total chatge 14.86
Nr e- recogn 12.37
10002
Nr of peaks 10.52
ol | [T
0 {0 20 30 40 50 60 70 80 90

nrof e-

Theoretical calculation and preliminary simulation on C.C. indicates that the 80% efficiency is enough

Application of the Cluster Counting/Timing techniques to improve the performances of high
transparency Drift Chamber for modern HEP experiments

Journal of Instrumentation, Volume 12 n.7 C07021
doi: 10.1088/1748-0221/12/07 /C07021

To be ported inside the full detector simulation
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Summary

A Geant4 simulation of the Drift Chamber and tracking system is set and working,

The track fitting performance of the whole system (SVX+DCH+SWR+PSHW) are compatible with
the preliminary estimations

Data output conversion to EDM4Hep has been developed

Reasonable algorithms to simulate the Ionization Clusters by using the Geant4 data have been

developed

Some Cluster Finder algorithm are under developed (one was proved to be implemented on an FPGA
and tested on a test bench)

Plans

Updates the full IDEA simulation (SVX+DCH+SWR+PSHW+DRCALO) and deliver a base version
(few weeks) to:

Update performance studies

start studies with full IDEA description
Import the Cluster Counting simulation inside the Drift Chamber simulation (~1 month)
Import the full waveform simulation (not a priority)

Start the implementation of the Drift Chamber in DD4Hep and in KEY4Hep (in a few months)

/)
02/01/2022 G.F. Tassielli - ECFA Higgs Factories: 1st Topical Meeting on Simulation 23/23 INFN



Backup
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Expected simulated performance

Transparency more relevant than asymptotic resolution

Fast simulation studies

Higgs recoil mass e Di-muon invariant mass

900 Entries 9566 Minv_id

E Detectors: Mean 126.4 Detectors: smfles s‘m:

= —— Beam onl RMS 2341) | ean 124,
0E — IDEA g RMS 2372] 200 IDEA RMS 1543
700 = - CLD - —CLD
600 E— C

3 800|—
500p— -

- -

E N
400 =— 600 |—
300 = C

= 00—
200~ B

E 2001
100 fmm -

o P | i e C

q«.ﬂ 122 124 126 128 130 132 134 ¢ 116
GeV

Beam only: assuming 0.136% beam spread and an ideal detector.
Event generate with Pythia8: e+e- — ZH.

DELPHES model under test
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‘ A Peak finder algorithm

25

E T+
= +1?
.o . . ——
The association of electrons in clusters is based on the 20| psonvalus
time difference between consecutive electrons. C
Electrons belonging to same cluster are separated by 15 .
C W -
time differences which are compatible with single st L
. . vt -
electron diffusion. 10p= =
: Ll
L 5l
sC
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. . o P N A RN M " " I
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cluster and reconstructed cluster
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Cluster counting for particle identification: TEST BEAM

. protons
BINP algorithm ' p=250 MeVic

Goals

o o
T

Iound peaks

E esumated |
11! peak basehne b

Amplitude, a.u.
=
T

2y
T

* Demonstrate the ability to count clusters:

at a fixed By (e.g muons at a fixed momentum) count the clusters k 2 ©

- the cell size (1 — 3 cm) o;.l

- the track angle (1- 6 cm)

- the gas mixture (90/10: 12 cl/cm, 80/20: 20 cl/cm) 1w

[ Ly

| LECCE algorithm

* Establish the limiting parameters for an efficient cluster counting: i

200 240 280 320 340 380 420 460 500

- cluster density as a function of impact parameter . N T

- space charge (by changing gas gain, sense wire diameter, track angle)

~ gas gain stability ‘ f \.\\,&w

* In optimal configuration, measure the relativistic rise as a function of By, both in
dE/dx and in dNcl/dx, by scanning the muon momentum from the lowest to the A
highest value (from a few GeV/c to about 250 GeV/c at CERN/HS). ” ‘ algorithm

* Use the experimental results to fine tune the predictions on performance of clustet iy
counting for flavor physics and for jet flavor tagging both in fast and in full o AN »
simulation. -
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Novel approach at construction technique of high granularity and
high transparency Drift Chambers

wire cage

Based on the MEG-II DCH new construction technique the IDEA
DCH can meet these goals:

Gas containment — wire support functions separation:
allows to reduce material to = 107 X, for the inner
cylinder and to a few x 102 X, for the end-plates,
including FEE, HV supply and signal cables gas vessel,

Feed-through-less wiring: :
allows to increase chamber granularity and field/sense wire ratio to reduce multiple scattering and total
tension on end plates due to wires by using thinner wires

Cluster timing:
allows to reach spatial resolution < 100 pm for 8 mm drift cells in He based gas mixtures (such a
technique is going to be implemented in the MEG-II drift chamber under commissioning)

Cluster counting:

allows to reach dN ;/dx resolution < 3% for particle identification (a factor 2 better than dE/dx as
measured in a beam test)
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Track finding - current IDEA PR (Local Method) (DCH only)

Seeding from 3 hits in different layers with origin constraint
Take any 2 free hits from different stereo layers with a gap
(4 or 6 layers)
Cross Point of 2 wires give Z-coordinate (must be inside DCH volume)
Select nearest free hits at middle (+-1) layer Sceding with beam constraig
2 hits from same stereo layer give initial angle in Rphi )
origin added with sigma Rphi~ Imm Z ~ 1mm
Seeds constructed for all 2x2x2=8 combination of Left-Right
possibilities
Checked that at -4 (+-1) layer are available free hits with
2 <16

Extrapolate and assign any compatible hits (by y?) from last to first hits

Refit segment to reduce beam constraint

Check quality of track segment: Combinatory high:
a ¥?/NDF < 4 local compatibility over
a number of hits found (>=7) different layers,
o number of shared hits (<0.4Nfound) + 1 from different stereo view

/')
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Conceptual design of SCTF DCH
CREMLIN P.LUS - .
SCTF drift chamber e @F?\l

Connecting Russian and European Measures _\

for Large-scale Research Infrastructures Istituto Nazionale di Fisica Nucleare

Riemann Fit PR.
Fit result on
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multiple tracks / /\ /,\ \ /\\ N %
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Front-end ASIC: a two stage amplifier for cluster counting/timing

CREMLINP.LUS _3 drift cha
CMD-3 drift chamber . @:?\l

Connecting Russian and European Measures
for Large-scale Research Infrastructures 180 n \

Istituto Nazionale di Fisica Nucleare

trans-impedance  differentiating output buffer
amplifier Z; << Z, circuit

one electron signal |

response to
from

two electrons 1:1
(same amplitude)
separated by 2.5 ns

output signal

1% stage

tim o) s
Output signal parameters: : :
- leading edge 0.6 ns; . 1:5 »
- width at the half of amplitude 1.4 ns; - o
- width at 10% of amplitude 2.9 ns; ” -
- noise (RMS) 3mV; . .
-S/N 30. -
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Front-end ASIC: a two stage amplifier for cluster counting/timing

CREMLINPLUS  cMD-3 drift chamber (NFN

Connecting Russian and European Measures
for Large-scale Research Infrastructures Itituto Nazionale di Fisica Nucleare

Fragment of the schematic diagram of the amplifier

/)
02/01/2022 G.F. Tassielli - ECFA Higgs Factories: 1st Topical Meeting on Simulation 32/23 INFN \
L/ sl



Front-end ASIC: a two stage amplifier for cluster counting/timing

CREMLIN P.LUS

Connecting Russian and European Measures
for Large-scale Research Infrastructures

SCTF drift chamber
simulation
(directly derived from IDEA
drift chamber)

« The waveform for all wires is scanned with 2 GHz frequency (for cluster counting)

« The signal shape is provided by the V.M. Aulchenko, signal/noise ratio is estimated to be ~1/8

»

w

IN

Amplitude, a.u.

-

w
HH‘H\\I\‘H\\H‘H\‘\
= ——— - .

Time shift due to the left-right |

Muon, p =1 GeV/c
Measured wire amplitude, z>0
Measured wire amplitude, z<0

propagation time difference
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V4. Monitoring chamber

Vg 15 the most sensitive parameter for the operation of a drift chamber
with respect to even tiny variations of the gas mixture.

The goal of the vy, monitor chamber is to have a prompt response
(within a minute) to drift velocity trends in the gas mixture, at the 103

level.

AVyie/ Vs = £ 1% 107

at 1 KV/cm/bar
(Vyuge = 2.3 cm/ps with He/iC H,, =
90/10) is equivalent to:

+ 0.4% in iC,H,, content (from 10.0%
to 10.4%)
- 0.2% in iC,H,, content (from 10.0%
to 9.8%)
=+ 0.4% in E/p (= 6% in gas gain) at
gain = 5% 10°
*+4Vatp=1lbar, T=25 C
— 4 mbaratV=1500V, T =25° C
—-0.3° Catp=1bar,V=1500V
+ 2% increase in H,O vapor content at
(3500 ppm)

"S5 sources

Freme

HV edapter
wine

I - Seintillater tile
o

5r B souree

Fe collimator

Trigger Scintillators

Monitor chamber
gas envelope

Manitor drift cell

~ Thin windows

Trigger Scintillators
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- oo *l S0 T . .| .
- * . Oy - : \ o, o, / : 2o
- : \ D‘ D‘ / :/_L
- . - -1 - -
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Expected performance

Machine background will be not an issue

* average machine background occupancy of the DCH is ~ 0.3% (3%) per bunch
crossing at 91:2 (365) GeV, in the innermost layers.

*  The maximum drift time (400ns) will impose an overlap of some (20 at Z pole)
bunch crossings bringing the hit occupancy to ~ 10% in the inner-most drift cells.
Based on MEG-II experience, this occupancy, which allows over 100 hits to be
recorded per track on average in the DCH, is deemed manageable.

* However, signals from photons can therefore be effectively suppressed at the data
acquisition level by requiring that at least three ionization clusters appear within a
time window of 50 ns.

* In addition, cluster signals separated by more than 100 ns are not from the same
signals, this effectively bring the BXs pile-up from 20 to 4

/)
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The MEG-II Drift Chamber Performance

Intagrated on all impact parameters
P

¥ 7 1y 0077812 0.00010

o/ \  6=106um
w [ \(He/iCH,, =85/15)

single cellrate per cm along wire from Michel Evenls al 767

michel
tracks

68
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The IDEA drift chamber

tracking efficiency € = 1 0.016 X, to barrel calorimeter
fOF ﬂ > 140 (260 mrad) 0_050 XO to end_cap calorlmeter ] He based gaS miXture
97% solid angle (90% He — 10% i-C,H,,)

service area = Full stereo configuration

0.20 m B (Fcc.included)

with alternating sign stereo

0.045 X, oI — angles ranging from 50 to
X r=2.00m 250 mrad
0.050 X, ! _ ,
112 layers , = 12145 mm wide square
Front Plate 2-15 m\\ cell width 9=14 cells 5:1 field to sense
r=0.35m wires ratio
inner wall 0.0008 X, — = 56,448 cells
56,000 cells = 14 co-axial super-layers, 8
340,000 wires layers each (112 total) in 24
(0.0013+0.0007 Xo/m) equal azimuthal (15°)
sectors
outer wall|0.012 XO (Ni =192 + (1 _ 1) X 48)

z=2.00m
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Drift Chamber simulation - Cluster Counting/Timing simulation

To investigate the potential of the Cluster Counting technique (for He based drift chamber) on physics events
a reasonable simulation/parametetization of the ionization clusters generation in Geant4 is needed.

Garfield/Garfield++:

(Heed) simulates the ionization process in the gasses (not only) in a detailed way. wack

(Magboltz) computes the gas properties (drift and diffusion coefficients as function of the fields
value)

drift tube

solves the electrostatic planar configuration and simulates the free charges movements and
collections on the electrodes.

So Gartield can study and characterize the properties and performance of single cell or drift chamber
with simple geometry, but is not designed to simulate a full detector neither study collider events.

ionization
clusters

Tonization
act

Geant4:
Simulates the elementary particle interaction with material of a full detector
Studies colliders events
It doesn’t simulate (normally) the ionization clustering process

It doesn’t simulate (normally) the free charges movements and collections on the
electrodes.

It is very useful to simulate a the elementary particle interaction with the material of a full
(complex) detector and to study collider events. The fundamental properties and performance
of the sensible elements (drift cells) have to be parametrized or ad-hoc physics models have to
be defined.

/)
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‘ Drift Chamber simulation - Cluster Counting/Timing simulation

Particle separation from truncated mean dE/dx

Particle separation from truncated mean dE/dx

% = Particle g 20 Particle
2 e Garfield++ iy z s Geant4 - ofn
Py C = /K ° = n /K
16, « piK 16 . . plK
14— . 14
1o Truncated IS
o mean at 70% wE  *
C%ee® Eow, =
8~ 1. 8- Cene,
51 s ™ ﬁi L e
= . C = a -
4= [ : . a= .
E = u E “ ] L H
2= ._ “ . e ‘ @ . 2= = o . A H .
b, (um 4 i . * . e ob T L%
! 10 Mementum [Ge\ﬂz ! 10 Momentum [Ge\}?
Particle separation dN/dx We are simulating 2m long tracks which pass through a 1 cm long
EF :a'“':'e side box of 90% He and 10% iC4H10 , with Garfield++ and Geant4
B 18— . eiu
s L Garfield++ = K
e . pK
14} .:. AA - AB < : f l :
S Ng = —F——— 0, > is the average of the two resolutions.
12— * >
Eo, (UA.B>
10=
s - . Cluster counting leads to an improvement on particle
6?‘ - . . separation powet.
4w 4 X . s N As example, around 5 GeV the power separation of a pion from
e T : B ‘ kaon obtained with traditional method is about 4, the one
. ‘ " ‘ e obtained with cluster counting is around 8.
Momentum [Gevf
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Drift Chamber simulation - Cluster Counting/Timing simulation

We implemented seven different algorithms trying to reproduce the number of cluster and the cluster size.
The first step common to all algorithm is the evaluation of the total kinetic energy for cluster with cluster size higher than
one (maxExFEcl) event by event.

1) The first algorithm uses a reference value of the ratio between clusters containing a single electron and clusters
containing more than one electron (Rt). Using the Rt value, the algorithm chooses to create cluster with cluster size one or
higher. Then, it assigns the kinetic energy to each cluster by using the proper distributions. If the cluster has more than one
electron, a check on the total kinetic energy is performed and its cluster size is evaluated. The procedure is repeated until
the sum of primary ionization energy and kinetic energy per cluster saturate the energy loss of the event.

2) The second algorithm, if maxExEcl is higher than zero, generates the kinetic energy for clusters with cluster
size higher than one by using its distribution and evaluates cluster size. This procedure is repeated until the sum
of primary ionization energy and kinetic energy per cluster saturate the maxExFEcl of the event.

Then, using the remaining energy (Eloss-maxExEdcl), the algorithm creates clusters with cluster size equal to
one by assigning their kinetic energy according to the proper distribution.

The reconstruction of clusters with cluster size equal to one remains the same for all next algorithms.

3) The third algorithm (similar to the previous), during the generation of cluster with cluster size higher than
one, assigns the kinetic energy to them, choosing the best over five extractions that makes the total kinetic
energy for cluster with cluster size higher than one approximating better the maxExEcl.

To correct a systematic underestimation of the mean number of clusters, an additional correction to the residual
energy for generating cluster with cluster size equal to one can be used.

More details in Federica’s talk:
https://indico.ihep.ac.cn/event/13845/contribution/8 /material/slides/0.pdf

/)
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Drift Chamber simulation - Cluster Counting/Timing simulation

4 The fourth algorithm (similar to the previous), during the generation of cluster with cluster size higher than one,
assigns (by extracting from the proper distribution) the kinetic energy to them, until the total kinetic energy better
approximates the maxExEcl.

5)The fifth algorithm is similar to the fourth with almost differences in the technical implementation.

6)The sixth algorithm follows a different methodology. Indeed it uses the total kinetic energy of the event
to evaluate a priori the number of cluster, applying the most likelihood criterium.

7)The last algorithm is similar to the second algorithm but generates the kinetic energy for cluster with cluster size
higher than one by using the fit of kinetic energy distribution.

List of variables

maxExEcl : total kinetic energy spent to create clusters with cluster size higher than 1
ExECI : kinetic energy generated per cluster

Ncll : number of clusters with cluster size equal to one

Nclp : number of clusters with cluster size higher than one

maxCut : energy value equivalent to the range cut set in Geant4

totExECI : total kinetic energy reconstructed to create clusters with cluster size higher than one
Eloss : energy loss from a track passing through the cell

CISz : cluster size

Eizp : primary ionization energy, 15.8 eV

Eizs : secondary ionization energy, 25.6 eV

/)
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Drift Chamber simulation - Cluster Counting/Timing simulation

MC Truth

Case of study:
muon at 300 MeV

3t algorithm

6t algorithm

Number of clusters per track (Gen)

2 hNClgen
= r Entries 200000
Yot Mean 11.96
£ StdDev 3458
10°
10°E
10
1
| |
70 20 30 40 50 60 70 80 _ 90
#of clusters
" hNClust
g F Entiies 200000
S Mean 11.94
w0t StdDev _3.758
10°
10°
10
1
TN | TN TN T T R T
10 20 30 40 50 60 7
# of clusters generated
" hNClust
g F Entries 200000
2 Mean 11.35
W oot StdDev 3522

T

10 20 30 40 50 60

70 80 90
# of clusters generated

Entries.

Entries

Entries.

Cluster size (gen)

- hCISzGenTot

10° Entries 2391778
Mean 1.705

10° Std Dev 6.498

50 100 150 200 250 300 350 400 450
# electron per cluster

hCISzRec
Entries 2388924
10°k Mean 1.762
StdDev _6.367

50 100 150 200 250 300 350 400 450
#of electrons per cluster

hCISzRec
Entries 2270758
10° ) Mean 1.787
StdDev 6592

50 100 150 200 250 300 350 400 450
#of electrons per cluster

02/01/2022

G.F. Tassielli - ECFA Higgs Factories: 1st Topical Meeting on Simulation

42/23




Drift Chamber simulation - Cluster Counting/Timing simulation
Nel | oNel | Nell | oNell | Nelp | oNelp | maxNelp | effNelp | ClSz | oClsz
MC.T. | 11.96 | 3.458 | 10.44 | 3.228 | 1912 | 1.04 | 10.05 1705 | 6.498
1 1469 | 6959 | 12.85 | 6426 | 2157 | 125 135 1082 | 1424 | 5569
2 1153 | 3.612 | 9.225 | 3.633 | 3.448 | 2.602 | 25.5 0899 | 1775 | 6.483
3mocorr) | 1099 | 372 | 9339 | 3.608 | 2428 | 1321 | 145 0886 | 1.828 | 6.695
3(+corr) | 1194 | 3758 | 1025 | 3.69 | 2429 | 1317 | 125 0.889 | 1762 | 6.367
4 11.63 | 3.642 | 9388 | 3.633 | 3.349 | 2675 | 245 0889 | 1753 | 6.434
5 1211 | 3.808 | 9533 | 3.935 | 4186 | 2972 | 245 0820 | 1.698 | 6.231
6 11.36 | 3.525 | 9.501 | 3.511 | 2724 | 1311 | 125 0.886 | 1787 | 6.67
7 7012 | 4026 | 7593 | 3.862 | 2286 | 1258 | 125 1295 | 2485 | 9.012

The second and third algorithms produce a number of cluster distribution, which follows the Poissonian shape and
gives a mean value compatible with the one expected.

The sixth algorithm produces a number of cluster distribution, which follows the Poissonian shape and gives a mean
value compatible with the one expected and also reconstructs a cluster size distribution whose shape is similar to the
one expected.

The other algorithms do not well reproduce the Poissonian shape expected for number of clusters distribution.
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‘ Drift Chamber simulation - Cluster Counting/Timing simulation
Case of study: muon at 300 MeV
Geant4 result

The algorithm is tested with Geant4 simulations and the results obtained are compatible with the ones
obtained with Garfield++.

Number of clusters per track (Rec) Number of clusters per track
" hNClust " hNClust
2 [ Entries 200000 2 Entries 139304
= | Mean 11.94 2 10t Mean 11.42
R = SidDev  3.758 W E StdDev  3.805
ok Garfield++ 10k Geant4
10 10° El
10 10gr
15 15
T T || P P T SRR Bt e L
0 10 20 30 40 S50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
# of clusters generated # of clusters generated
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Drift Chamber simulation - Cluster Counting/Timing simulation

MC Truth

6™ algorithm

Entries.

Entries

Case of study: pion at 10 GeV

Number of clusters per track (Gen)

Total CISz generated

hNClgen hCISzGenTot
r Entries 200000 e Entries 3202340
o' lg/lean 16.01 10 Mean 1.567
E td Dev_ 4.005 3 StdDev  5.194
10° E
10° =
10
1
TR FEET R | FTEEY N N PN ST B PP PRI ISP ANSPAATEN WA P | S
0 50 60 100 150 200 250 300 350 400 450
# of clusters
Number of clusters per track (Rec) Number of electrons per cluster Rec
hNClust hCISzRec
L Entries 200000 E E Entries 3068437
L Mean 15.34 2 100 Mean 1.632
10°E Std Dev _4.083 E StdDev _ 5.271
E [
F 10°}
10° = i
E 100
0 10°
10°
10
10
1
T T T | N T T PO I T (v e Wi g
0 1 2 40 50 60 80 90 0 50 100 150 200 250 300 350 400 450
# of clusters generated # of electrons per cluster
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Drift Chamber simulation - Cluster Counting/Timing simulation

Extra energy with CISz=1

N hExtraClT
2 k Entiies 2088735
s = Mean 9.125
107 = Std Dev 8.403
. . . . . . . E i { ndf 1287 /40
Kinetic energy distribution for cluster with cluster size E const  4.3620406:= 1.3880+04
: . . 1o E frac 0.2249 + 0.0060
equal to 1. The fit is the sum of an exponential function E ear 9919 2020
plus a Gaussian function. 0 E slope 8.049=0.015
ok
10 ;—
1% ! ! |
0 20 a0 80 80 i0 =0 1e0

140
Extra energy [eV]

Kinetic energy distribution for cluster with cluster size higher than 1 (left) and up to 1keV cut (right).
The fits are performed with a Landau functions.

Extra energy (CISz>1) Extra energy CI>1 first Cluster (Gen)
« o hExtra
£ 10t - hExtraCl e r Entries 154455
i F Entries 303054 s L Mean 117.4
Mean 1780 L Std Dev 143.6
- R ¥/ ndlf 1860 / 92
Std Dev 4904 B po 15572406 + 4.009¢+03
%2/ ndf 400.5 / 294 H p1 0.8973 +0.0013
I 4272+ 0.06
162 Constant  1.862e+06 + 4.650e+04 ' 9.931+ 0.044
g MPV 65.61+1.89 b 3109213
C H 511 .
10k 27.27 £0.22 f 1keV cut is
B ol equivalent to the
i3 single interaction
8 (bl N H R E R R range cut set (by
10000 20000 30000 40000 50000 60000 70000 80000 S0000 ] 200 400 600 800 1000 1200
Extra energy [eV] Extra energy [eV] defﬂult) lﬂ Geant4
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‘ Drift Chamber simulation - Cluster Counting/Timing simulation

Total extra energy vs total energy loss for CISz>1 (Gen) Profile Y
< 0.005 s F
2 hEtotCorrGen 2 FoCC e
=0.0045 Eniries 154455 500 = 0.01— | Envies 154455
5 =l L Mean 0.0002241
3 Mean x 0.000515 frif L Mean y 0.000515
b 0.004 Meany  0.0002241 L Std Dev 0.0002334
- Std Dev x 0.0002589 100 0.008 Sud D:I“Y ?—39;79/?5%
g . — Pty 1
£0.0035 Std Devy 0.0002334 L Prob 0
= po 0.0002829 + 0.0000003
0.003 L p1 1.034 + 0.001
300 0.008(—
0.0025 =
0.002 r
200 0.004—
0.0015 r
0.001 100 0.002—
0.0005 L
[ I W I A W A N 0 ol b b Lo b b b bevn o beaa Lo
0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005 o"~~'0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0,009 001
Etot [MeV] Extra tot Gen [MeV]

g T N =2 maxExEcl=(Etot-maxFEx0+gRandom—Gaus(0,ExSgm))/maxExSlp
& [ e vos| MaxExO is the first parameter of the linear fit
. MaxExSIp is the second parameter of linear fit

ExSgm is the average of the sigma of each point in the correlation trend.

(Etot — maxEx0 + gRandom — Gaus(0, ExSgm))

10 —
E maxExECl =
F maxExSlp
= ﬂ H H The figure shows an example of distribution of total energy loss for extra
B X T BB YT SN, TR oTiTo Y P v energy between 90 and 100 eV for cluster with cluster size higher than one.
Etot [MeV]
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Drift Chamber simulation - Cluster Counting/Timing simulation
Case of study: muon at 300 MeV

Entries

MC Truth

Entries

1%t algorithm
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Cluster size (gen)
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IDEA DCH geometry (simulation)
Electronics boards: 12 cm x 6 cm x 3mm G10 (FR4);

signal cables:
2.032 cm x 25 pm Kapton
+ 40 um 16 pairs of Copper wires;

HYV cables:
500 um Copper wire
+ 500 um Teflon insulation;

Wire anchoring (see next slide);

Carbon fiber wire support.

\ \ / ——
\ /
\\ . ; 5

N

s / 4

|

Connecting ring is described as a circular layer:
0.5 cm x 1.5 cm Carbon fiber
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IDEA DCH geometry (simulation)

FWboard

The wire anchoring system:

= Field wire board: 4 mm x 200 um G10(FR4);

u  Spacer: made of polycarbonate,

Spacer

instead of holes it is drawn with spokes but with SWhoard
the same area ratio.

m  Sense wire board: 1 cm x 200 pm G10(FR4) plus
components:
1) termination resistance: 1.6 mm x 800 pm x 450
um Aluminum;
2) HV Capacitance: 3.17 mm x 1.57 mm x 1.7 mm

Aluminum;

3) HV resistance (only downstream): 5 mm x 2.5
mm x 550 pm Aluminum.

Spacer
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IDEA — layout vl — Expected tracking performance

BARREL: FORWARD:
Reconstructed Tracks Chi2 over nDof Reconstructed Tracks Chi2 over nDof
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IDEA — layout vl — Expected tracking performance
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IDEA — layout vl — Expected tracking performance
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IDEA — layout vl — Expected tracking performance
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IDEA tracking system — Expected tracking performance

(single muon as function of 9)
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