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A reminder ...

Task 5.5: Development and design of Central Tracker for the SCT detector (BINP, INFN).

TraPld (Tracking and Particle Identification), the Central Tracker proposed by the Bari and Lecce INFN groups for the detector at SCT is an ultra-light

1.

end-plate crystal calorimeter.

2. Development of a new type of field wires based on carbon monofilaments coated with a thin metal sheet to allow for ease of soldering.

3. Development of a fast digitizer coupled to a FPGA for fast filtering and pre-analysis of the signal spectra, aiming at strongly reducing the
amount of data transfer.

Deliverables

drift chamber equipped with cluster counting/timing readout techniques. The TraPld R&D program spans over three different topics.
Mechanical design of the drift chamber end plates with a novel tension recovery scheme to minimize the amount of material in front of the

D5.3 M24 (Feb. 2022). Status report on R&D work on Central Tracker for the SCT detector. This report is supposed to describe joint EU — Russia activities
around central tracker of the SCT detector

D5.8 M44 (Oct. 2023). Final report on R&D work on Central Tracker for the SCT detector. This report is supposed to describe the advanced stage of
activities of SCT collaboration related to central tracker of the SCT detector, including the construction and test of prototype.

chamber prototype for SCT detector

Mile Related Due
Milestone name Work . | Means of verification?
no. date
package(s)
5 Construction and test of the drift 5 42 Conference
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Sub-task 1:

Mechanical design of the drift chamber end plates with a novel
tension recovery scheme to minimize the amount of material in
front of the end-plate crystal calorimeter.

* The general layout of TraPld, the SCTF drift chamber, has been completed. siide

* The general layout of its prototype, the CMD-3 drift chamber, has been completed. siide

* The conceptual mechanical design of the CMD-3 drift chamber has been completed,
including the novel wire tension recovery scheme. siide

* The detailed FEA of the mechanical design has just started (long delayed because of the
pandemic) with the collaboration of the Computational Mechanics group of the Bari
Politecnico (new entry).

* Assoon as we have the results from the FEA, we intend to build a three sectors mock-up
of the mechanics to validate the computed stress-strain relations and the tension
recovery scheme.
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The INFN team TraPld: A proposal for SCTF
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CMD3 drift chamber layout

24 sectors:

A: 12 cells/sector axial

B: 4x4 cells/sector +/- stereo
C: 5x4 cells/sector +/- stereo
D: 6x8 cells/sector +/- stereo

2304 sense wires

28 layers radially

16,000 total wires
85-200 mrad stereo

20 pm sense wires
40-50-90 um field wires
50-120 pum guard wires
430 Kg total wire load
18 Kg per sector

SPIDER WEB
STRUCTURE

A:
jet cell axial-layer
12 sense per cell
1 cell per sector

B:
4 single wire cell
tstereo-layers
4 cells per sector

C:
4 single wire cell
tstereo-layers
5 cells per sector

D:
8 single wire cell
istereo-layers
6 cells per sector

15° sector A

—

15° sector B

Rey =120 mm 4 cells
AR=4mm 4 layers
hey=65mm L. Weey =
Weg=28.47mm et 8.66+10.54 mm
15° sector C
« sense wire 20 um 5 cells
e fieldwire 90 um el 4 layers
........... Wy =
o guardwire120pum  CTToTrroreTeremenet 8.94+10.46 mm
15° sector D
6 cells
heen =_6~5 mmo 8 layers
ch” =9.75mm T ch” =
""""""""""""" 9.15+12.42 mm
Ri,=21mm
AR=5mm
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CMD3 drift chamber mechanical design
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Sub-task 2:
Development of a new type of field wires based on carbon
monofilaments coated with a thin metal sheet.

 Magnetron test have continued, despite the pandemic restrictions, which have
impeded however a direct participation of INFN to the BINP efforts

* INFN has acquired a TRUMPF Huttinger TruPlasma
DC 3002 air-cooled power supply to be shipped to BINP.

* More spools of carbon monofilament and of 40 and 50 um bare (not coated)
aluminum wires to optimize coating procedures will soon be shipped to BINP.

* Silver coated 40 um wires have been successfully gold coated without affecting
the wire mechanical properties. sides

* A stable coating process with Nickel has been reached for long pieces (3 m) of
carbon monofilament. side
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. . . . fro
40 micron silver aluminum wire from CFW Pop, M
/ 8//‘/
P
Before (Ag plated) 10-15 nm of gold 20-30 nm of gold 50-60 nm of gold

It seems that surface melted
but motion was stable.

— — —
60MKm 3neKTPOHHOE H30BpaKene 1 BOMKm 3BnekTpoHHoE u3oBpakenue 1 B0mKm BNeKTHOHHOE 3oBpaxkenue 1 B0mKm 3BnekTpoHHOE 3oBpaKeHme 1
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f
Soldering tests A Po,,r°”'
10- 15 nm of gold - 20-30 nm of gold v 8

CnekTp 1

I 1
BOMEM 1 BnekTpoHHoe uzoBpaKeHue 1 B0MEmM 3nekTpoHHOE u3obpaxKeHue 1

It looks like that 10 nm of gold is sufficient for soldering
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Mechanical tests
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The mechanical properties do not change
significantly for a thickness of 10 nm. &%
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Test 40-um Carbon fiber coating by Nickel 4., "

1. Stable coating process with 0.3 m/min of speed gas been reached.
2. Measured linear resistivity: 100 Om/cm.
3. Copper cathode process under same conditions would give 10 Om/cm.

60-70 nm of Nickel

Before

0 2 4 6 8 10

lonHaa wkana 2028 unn. Kypcop: 0.000 k3B onHa K3l
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Sub-task 3:

Development of a fast digitizer coupled to a FPGA for fast filter, pre-
analysis of the signal spectra and reduction of the amount of data
transfer.

New hardware under test for a new

A I D A Dual channel ADC: AD9689 - 2000EBZ

innova FPGA: Xilinx Kintex UltraScale KCU105

Considering also

Dual-Channel ADC: ADC32RF45, 14-Bit, 3GSPS
from TEXAS INSTRUMENT directly compatible
with KCU105, offering
better performance in
terms of

noise,

ENOB,

channels isolation

AD9689
2000EBZ

JESD204B
Interface
. ¥

FMC

FPGA:
: N XILINX Kintex
FPGA: Xilinx Kintex UltraScale KCU105 FONCS  UltraScale KCU105
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ASOC alternative

Nalu Scientific (the SiRead Chip manufacturers) is testing a new digitizer (ASoC) with better
performance (4-channel) than SiRead and complying with our requests.

After contacts with the Nalu Scientific, we have been promised a demo board at the
conclusions of their quality tests (this summer).

ASoC Eval Card

ASoC V3 DESIGN DETAILS

Compact, high performance waveform digitizer

e High performance digitizer: 3+ Gsa/s

. Highly integrated

¢ Commercially available, low cost, patented design 1 SMA inputs

2. ASoC chip

3. FMC for FPGA card

. Smm x Smm die size

SPECIFICATION (MEASURED)

Sample rate 25-36C%ak

Number of channels 4 e  Integration/features: °

Sampling depth 6 Kk Sakhannel e  Calibration memory on chip ASoCv3
. PLL on chip

Signal range 025V e Isolate analog/digital voltage rings S/N:

Resoiution 12 bits®, 106 ENOB . Increase number of channels

. Implement serial interface Mfa: Q120
Supply Voltage 25V e Feature extraction on chip 9: Q %
RMS nolse -Tmv %
Digital Clock frequency 25MHz s ‘ 202

Timing resolution 125 ps
Power jch 50-125 mWichannel*
Analog bandwidth 950 MHz

NALU SCIENTIFIC - 2020 DOE NP Exchange Meeting. Copyright © 2020 Nalu Scientific LLC. All rights reserved. 1
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ASOC alternative

Nalu Scientific (the SiRead Chip manufacturers) is testing a new digitizer (ASoC) with better
performance (4-channel) than SiRead and complying with our requests.

After contacts with the Nalu Scientific, we have been promised a demo board at the
conclusions of their quality tests (this summer).

ASoC PARAMETERS SPECIFICATION (MEASURED)

Sample rate 2.5-3.6GSa/s ASoC Eval Card

Number of channels 4

Sampling depth 16 k Sa/channel

Signal range 0-25V ; : igﬁcinc%t;;s g‘é,!

Resolution 12 bits*, 10b ENOB S [EMoforFPeAgsn

Supply Voltage 25V §§ :

RMS noise ~TmV a

Digital Clock frequency 25 MHz

Timing resolution 1<25 ps***

Power /ch 50-125 mW/channel*

Analog bandwidth 950 MHz B h "
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A two stage amplifier for Cluster Counting/Timing: “
possible ASIC implementation

output signal

1st stage

0.0 25 5.0 75
time (ns)

Output signal parameters:

- leading edge 0.6 ns;

- width at the half of
amplitude 1.4 ns;
- width at 10% of
amplitude 2.9 ns;
-noise (RMS) 3 mV;
- S/N 30.
CREMLIN P LUS
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response to
two electrons 1:1
(same amplitude)
separated by 2.5 ns

from BINP
Aulchenko V. N

T
50 75 10
time (ns)

5:1
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Entries

PID full simulation with cluster counting

* Garfield++ (Heed) simulates in deep detail the ionization processes in the gas, but it would be

extremely cumbersome to follow an ionization particle inside the large volume of a tracking
detector.

* GEANT4 simulates the interaction of a particle with all the materials of a large detector but it
doesn't simulate the ionization clustering process which is essential for cluster counting.

* Define a model for a fast simulation of the cluster density and the cluster size distribution according
to the predictions of Heed, to be used taking into account the results of the particle interactions
calculated by GEANTA4.

Heed (one of the algorithms)
Number of clusters per track (Gen) Cluster size (gen) Number of clusters per track (Rec) Number of electrons per cluster Rec
G oranT ] hNClust hCISzRec
r hNClgen hCISzGenTot | ¢ Entries 200000 E Entries 2388924
F —, Enties 200000 | ool Entries 2391778 Mean 194 10k Mean 1.762
¢ [JJ H_H Mean 1196 Mean 1.705 StdDev  3.758 E StdDev_ 6.367
) StdDev 3458 | gs| StdDev  6.498 10° f
H 10* i 10° %
E. E
1 :\\ \
10° 10’
5 E\ E
Ni RN
E “\Mﬂw{w
L 10 k i,
W " “W‘"\ufﬂw
E | L | [ | WP B E | 1 A T T SR PR ST T E . , : .
0 10 20 30 40 50 60 70 80 90 50 100 150 200 250 300 350 400 450 40 50 60 70 80 90 50 100 150 200 250 300 350 400 450
# of clusters # electron per cluster # of clusters generated # of electrons per cluster
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# of sigma

PID full simulation with cluster counting

Particle separation from truncated mean dE/dx

Particle separation from truncated mean dE/dx
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PID full simulation with cluster counting

Open questions:

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 Heed model in GEANT4 reproduces reasonably well the
Heed predictions, why particle separation, both with dE/dx and with dN_/dx, in
GEANT4 is considerably worse than in Heed?

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

4.  We are still waiting for answers from Heed and Geant4 developers to try to shed
light on these questions

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

6. However, the only way to ascertain these issues is an experimental measurement!
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Motivations for a beam test

Beam test plans:

1. First of all, need to demonstrate the ability to count clusters:
at a fixed By (e.g. muons at a fixed momentum) count the clusters by
- doubling and tripling the track length and changing the track angle;
- changing the gas mixture.
2. Establish the limiting parameters for an efficient cluster counting:
- cluster density (by changing the gas mixture)
- space charge (by changing gas gain, sense wire diameter, track angle)
- gas gain saturation
3. In optimal configuration, measure the relativistic rise as a function of By, both in
dE/dx and in dN_/dx, by scanning the muon momentum from the lowest to the
highest value (from a few GeV/c to about 250 GeV/c at CERN/HS).
4. Use the experimental results to fine tune the predictions on performance of cluster
counting for flavor physics and for jet flavor tagging both in DELPHES and in full
simulation

09/07/202Jmct5End’E“?|N PLUS @ 19
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Motivations for a beam test

conceptual setup:

CREMLIN P LUS

‘Cotmecting Russian and European u
for Large-scale Research Infrastructures

test configuration:

6 drift tubes1cm x 1 cm x 30 cm

- 2 with 15 um sense wire, 2 with 20 um, 2 with 25 pum
3 drift tubes2cm x 2 cm x 30 cm

- 1 with 20 um sense wire, 1 with 25 um, 1 with 30 um
2 drift tubes 3 cm x 3 cm x 30 cm

- 1 with 20 um sense wire, 1 with 30 um

11 preamplifier cards (1 GHz, 20 db) + termin.

- more configurations to choose from

11 independent HV power supply channels

11 digitizer (2 GSa/s, 12 bit) (WDB + O-scope)

- max drift time = 2us for 3 cm drift at 45°

gas mixing, control and distribution (only He and iC,H,,)
2-3 trigger scintillators (HV, discr., coinc., TU)

Istituto Nazionale di Fisica Nucleare



Motivations for a beam test

number of clusters versus cell size and gas mixture at a fixed muon momentum: ~
 from 12 cm (gas: 90/10) to 25 cm? (gas: 70/30) for m.i.p. (x3 for the 3 cm tube)
. measure counting efficiency versus cluster density
: o . . can be done at
*  estimate the cluster size distribution both in He and in isobutene )
number of clusters versus space charge effects: = afixed muon
« different gas gain (from 1x105to 5x10°) for He/iC,H,, = 90/10 momentum
* sense wire diameters 15, 20, 25, 30 um for the same gas gain (5x10°)
. angle between track and wire: 0°, 30°, 45°, 60° for the same gas gain (5x10°) _
choose optimal operating conditions (counting efficiency): ~N
. gas mixture
: gas gain
. sense wire diameter scan the muon
. track angle >~ momentum
scan muon momentum from a few GeV/c to 250 GeV/c (By = 40 + 1800) and
measure relativistic rise: essential to predict particle separation independently of
the assumptions in Heed and Geant4 simulations. -
09/07/ ZOZJmCEE'\!E“fI MNP LUS @ 21
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Beam test availability in parasitic mode at CERN/HS8

week location main users beam
week 42 - Oct. 18-25 PPE168 LHCb and CMS MDT | muons at 180 GeV/c
week 43 — Oct 26-31 PPE158-168 LHCb and TOTEM muons and hadrons
weeks 44-45 PPE158 ATLAS TileCal _muons:
Nov. 1-12 scan in momentum
/0720 CREMLIN P LUS LI
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