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The IDEA drift chamber: an innovative tracker with high particle identification potential

The cluster counting technique: a promising method for the particle identification

The simulations results with Garfield++ and Geant4: first hint of great results

Beam tests for the validation of the great expectations



The IDEA drift chamber

= He based gas mixture

= Full stereo configuration with alternating
sign stereo angles ranging from 50 to 25
mrad

The IDEA drift chamber (DCH) is the
tracker of FCC-ee and CEPC. It is
designed to provide efficient tracking,

high precision momentum measurement = 12-+14.5 mm wide square cells 5: 1 field

to sense wires ratio
m 56,448 cells

= 14 co-axial super-layers, 8 layers each (112
total) in 24 equal azimuthal (15°) sectors

and excellent particle identification by

exploiting the application of the cluster

counting technique.

=\ Gas containment — wire support functions separation:

the total amount of material in radial direction, towards the barrel calorimeter, is of the order of 1.6% XO, whereas in the forward
nd backward directions it is equivalent to about 5.0% XO, including the endplates instrumented with front end electronics.

to reach spatial resolution < 100 pm for 8 mm drift cells in He based gas mixtures (such a technique is going to be
nted in the MEG-II drift chamber under construction)

s Cluster co
allows to reacth\dN/dx resolution < 3% for particle identification (a factor 2 better than dE/dx )



The cluster counting technique

The traditional technique: dE/dx
Using the information about energy deposit by a track in a gaseous detector, particle identification can
be performed.

The large and intrinsic uncertainties in the total energy deposition represent a limit to the particle
separation capabilities.

The cluster counting technique : dN/dx
The method consists in singling out, in ever recorded detector signal, the isolated structures related to
the arrival on the anode wire of the electrons belonging to a single ionization act.
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Simulation results with Garfield++ and Geant4

A simulation of the ionization process in 1 cm
long side cell of 90% He and 10% iC,H, has

been performed in Garfield++ and Geant4.

Three different algorithms have been implemented
to simulate in Geant4, /n a fast and convenient
ay, the number of clusters and clusters size

distributions, using the energy deposit provided

ions confirm the predictions: a factor 2

better than d
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Beam tests to validate the simulations results
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The DAQ system: WDB wave dream boa rd Special thanks to the MEG collaboration
16 ch Drs4 REAdout Module

16 channels data acquisition board designed and used by the MEG2 experiment at PSI (u = e + )

02-2ns Inverter “Domino” ring chain
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Analog switched capacitor array: analog memory with a depth of 1024 sampling cells, perform a “sliding window” sampling.

500MSPS «— 5GSPS sampling speed with 11.5 bit signal-noise ratio

O 8 analog channels + 1 clock-dedicated channel for sub 50ps time alighment The dataifiles haye bepmconverted ook fonmat

to accomplish the data analysis.

Pile-up tejection 0(~10 ns) Data at different configuration have been

Time measurement 0(10 ps) collected:

Charge measurement 0(0.1%) *  90%He-10%iC4H,q
*  80%He-20%iC,H;q

HV nominal (+10,+20,+30,-10,-20,-30)
Details at: Application of the DRS chip for fast waveform digitizing, Stefan Ritt, Roberto Dinapoli, . S —
Ueli Hartmann, Nuclear Instruments and Methods in Physics Research A 623 (2010) 486488 Angle 0°,30 °,45 °,60




4 trigger
channels

6 tubes 1 cm cell
size with typical
event

3 tubes 2 cm cell
size

2 tubes 3 cm cell
size

typical event

The DAQ system: an oscilloscope interface
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Preliminary results: an efficient algorithm to count electrons

The first and second derivative algorithm (DERIV)
0°, nominal HV+20, 90%He-10%iC,H,,
Tube with 1 cm cell size and 20 um diameter
Requirements for a good peak candidate in the bin position [ip]: .
1. Amplitude constraint: 007t
*  Amplitude[ip]>4*rms :
*  Amplitude[ip]- Amplitude[ip-1]=rms | | Amplitude[ip+1]-
Amplitude[ip-1]>rms
2. First deriuative constraint:

0.06f

0.05f

140 “m?ns]'

Expected number of electrons peaks:
Npeak=6cluster/cm(M.1.P.)*drift tube size[cm]*1.3(relativistic rise)*1.6 electron/cluster*1/cos()

-




The first and second derivative algorithm: results

N Peaks found - Ch & )
- { hNPeaks_ch5
=1 cm cell size _ e Eqr:;ﬁs 41312;
Std Dev 9.463

90%He-10%iC,H,
60°

nominal HV+20
| Expected eletrons: 39.9

Alpha angle (deg): 60.0

b &0

N Peaks found - Ch 10
hNPeaks_ch10
Entries 1262
Mean 74.71
Std Dev  17.37

2 cm cell size

The mean values are compatible
with the ones expected!

Expected elecrons: 89.9

Alpha angle deg): 60.0
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N Peaks




The running template algorithm (RTA)

Define an electron pulse template based on experimental data.

Define a cut on x2.

Subtract the found peak to the signal spectrum.
lterate the search.

Stop when no new peak is found.

Alk)
0.0
Krise=3 - Normalized pulse

. Kfall = 9
1.0 Ktot = 11

0.269

tl =1 bin
12 = 4 bins

30°, nominal HV+20, 90%He-10%iC,H,

Tube with 1 cm cell size and 20 pm diameter

VAL

250
time [ns]




The running template algorithm (RTA): results

M Peaks found - Ch 7

i . hNPeaks ch7
i : Entries 266
1 cm cell size N Mean 51.96
T | Std Dev _11.81
10
90%He-10%iC,H,
Expected elecrons: 23.1 o
=4 . 30
8 U 1 SO 1 0 1 I ka1 nominal HV+20
o [ 2 3 o £ & 70 (] e

M Peaks found - Ch 10

3 hNPeaks_ch10
5 2 cm cell size Entries 609

Mean 51.35

_ StdDev  17.77
The mean values are compatible '

with the ones expected!

Expected elecrons: 51.9

Alpha angle (deg): 30.0
o 20 an 50 B0 100 120 140

160 180 200
M Poaks




A single clusterization algorithm
e — — —

1) Association of electron peaks consisting in consecutive bins (difference in time == 1 bin) electrons to a single electron in

order to eliminate fake electrons.

) 2) Contiguous electrons peaks which are compatible with the electrons diffusion time (2.5 ns or 3 bins) must be considered

belonging to the same ionization cluster.

3) Position of the clusters is taken as the position of the last electron in the cluster.
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