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Outline

1. Design of SCTF drift chamber

2. R&D within Cremlin+:;
= CMD3 drift chamber as prototype for SCTF drift chamber
= Development of a new type of field and sense wires

3. Cluster counting
= Simulation of cluster counting technique

= Test beam



TraPld

TraPld (Tracking and Particle |dentification), the Central Tracker proposed by the Bari and Lecce INFN groups for the detector

at SCTF, is an ultra-light drift chamber equipped with cluster counting/timing readout techniques.

Main peculiarities are the:
high transparency in terms of multiple scattering contribution to the momentum measurement of charged particles

very precise particle identification capabilities

Steps towards the development:

Construction and operation of the KLOE ancestor chamber at INFN LNF Dafne ¢ factory
Design studies of the CluCou Chamber proposed for the 4th-Concept at ILC (2009)
Design studies of the I-tracker chamber proposed for the Mu2e experiment at Fermilab
Design and construction of the DCH for the MEG upgrade at PSI

Design studies of the IDEA drift chamber proposal for FCC-ee and CEPC

Design of the drift chamber of the CMD3



From KLOE
Wire configuration fully stereo (no axial layers)
Light Aluminum wires
Very light gas mixture 90% He -10% iC,H,,
Mechanical structure entirely in Carbon Fiber

Largest volume drift chamber ever built (45 m3)

Tip and tricks

To SCTF
* New concept for wire tension compensation
« Larger number of thinner and lighter wires
* No feed-through
« Gas containment from wire support functions separation
» Cluster timing for improved spatial resolution

» Cluster counting for particle identification



« Separation of the wire anchoring function from the mechanical and
wire containment

Wire support Gas containment

Gas envelope can freely deform without
affecting the internal wire position and
tension.

Wire cage structure not subject to differential
pressure can be light and feed-through-less.

 Wire PCB

The high wires density (12 wires/cm?) imposes the use of wires PCBs
where the wires are accurately positioned and strung at the correct
mechanical tension.

« Wiring robot

Stringent requirements on the precision of wire position and on the
uniformity of the wire mechanical tension impose the use of an automatic
system (Wiring Robot), to operate the wiring procedures.

The MEG2 drift chamber

Food L '&
wire spool on
tensioning system:

coil, clutch

“ -t

Winding the thread
cylinder, wire PCB

laser soldering ' The Extraction System

‘The wire handing  _
system
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The IDEA drift chamber for FCC-ee and CEPC

The IDEA Central Drift Chamber (DCH) is a unique-volume, high granularity, fully stereo, low-mass cylindrical drift chamber, co-
axial with the 2 T solenoid field, operating with a helium based gas mixture.

It extends from an inner radius R;, = 0.35 m to an outer radius R, = 2 m, for a length L = 4 m and consists of 112 co-axial layers,
at alternating-sign stereo angles, arranged in 24 identical azimuthal sectors, a layout similar to the one used in MEG Il drift

chamber.

Preshower

IDctcclor height 1100 cm

CalRin = 250 cm

Cal Rout = 450 cm

Yoke 100 cm : —
Magnet z =+ 300 cm

An ultra-low mass Tracking Chamber with Particle
Identification capabilities for SCTF at BINP.
F.Grancagnolo at Workshon on future tau-charm
factory, December, 4-7 ,2018

/ DCH Rout = 200 cm

DCHRin = 35cm

020m B (+E included)
OTS’ X, 0.016X, B  ctivearea
0.050 X, | r=200m
112 layers 0=14°
12-15 mm cell width
inner wall 0,0008 X, N r=035m
z-axis
56,000 cells X o
0.016 X, 340,000 wires tracking efficiency
to barrel calorimeter (0.0008+0.0007 X,/m) e=1
0.050 X, for & > 14° (260 mrad)

to end-cap calorimeter

inner
wall

thickness

X,[%]  0.08

outer wall 0.012 X,

gas

1000

0.07

97% solid angle

2=2.00m

q outer service
LUl wall area
1000 20 250
0.13 1.2 4.5

# of layers

# of cells

average cell size

average stereo
angle

transverse
resolution

longitudinal
resolution

active volume

readout channel

max drift time

112 min 11.8 mm — max 14.9 mm

56448 192 at first layer — 816 at

last layer
13.9 mm min 11.8 mm — max 14.9 mm
n%?:d min 43 mrad — max 223 mrad
100 pym 80 um with cluster timing
750 um 600 pm with cluster timing
0.9 He-
3
50 m 0.1iC4Hy,
112,896 r.o. from both ends
800 x 8 bit
400ns at 2 GHz



The proposal for SCTF drift chamber

Ultra low mass DC with rectangular cell, 64 stereo layers, total number of very thin wires is about 100000 and gas mixture He and iC,H,,

(90/10).

Basic idea: decrease as much as possible the impact to momentum resolution from Coulomb multiple scattering of particles in materials of the

chamber.

Ri, — Rout [mm] 200 - 800 cell
active L — service area [mm] 1800 — 200 shape square
inner cylindrical wall size [mm] 7.265-9.135
s Ev O Field to sense ratio 5:1
| 2x80pm/5mm | 0.036 glom? - 8x10 X/Xq > more field wires
— 8 super-layers 8 layer each implies better E-field
outer cylindrical wall 64 layer total isotropy and smaller
C-fiber/C-foam 0.512 g/lcm?2 — 1.2x102 stereo angles 66 — 220 mrad ExB asymmetries
' 2x5 mm /10 mm Q Thi field wires:
bl XX n. sense wires [20pm W] 23,040 NNST TSI VIres:
m— ' H i > less multiple scattering
end plate n. field wires [40/50um Al] 116,640 > less tension on end
gas envelope 160 um C-fiber 0.021 g/cm? — 6x104 X/X, n. total (incl. guard) 141,120 plates
wire PCB, gas + wires [600 mm]
spacers, 2_ 2
instrumented HV distr. and 0-8551E] C)T/x ST 90%He — 10%iC,Hyq 4.6%104 X/X,
wire cage cables, limiting R, g
decoup'iMgiSIEEy wires (W=539%, Al=47%) 13.1%104X/X,
signal cables




Spatial resolution

Spatial resolution depends on the longitudinal diffusion, primary ionization and electronics.
The primary ionization contribution can be modelled as

oy =0y +a/N—> Number of clusters
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The contribution from multiple scattering is added in quadrature
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http://inspirehep.net/author/profile/Baldini,%20A.M.?recid=1465651&ln=en
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Tracking performance

Track parameters resolutions
=08m,L=2.0m, Oyy = 100 ym, 0, = 0.8 mm

Number of layers = 64, B=1.5T, R,
measurement multiple scattering (gas + wires + inner wall)
Dp. _ 8x/2§s b= 7.8x10" p.[GeV /] Dp. _ 0.0523[GeV /c] [L _1.8x10°[GeV/(]
p. 3BR,n " bBL X, b
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OdE ldx

(dE/ dx)

Particle identification performance

SdE/ dx

=8.1%

(dE / dx)

6.9% for Ly, =1m

stcl /dx

=3.6%

—041-n7%%. (Llrack [m] 'P[atm])_o'n LtracE =0.6m
P=1atm
from Walenta parameterization (1980) n =64
OdN‘ﬂdx = (61 e k )-”2 Ltrack =0.6m
(dN,/dx) *° ™ &, = 12.5/cm
from Poisson distribution
PP, 100 | atp =1cev | 9E /AN
Py dx/ dx
KLOE 05p, @26 | 267107 5%
BaBar 13p®45| 47710° 7.5%
Belle 28p,®35| 45710° | 6.9%
Bellell 19p,®29 | 35710 6.4%
BESIII 27p®47| 517100 | 6-7%
Cleo3 1.0p,®9.0 | 91710° 5%
(Tosdgl-srlfev) 26p,®51| 577107 7%
(thisT Barlgllagsal) 0.78p, ®1.8| 20710 3.6% | with cluster counting (dE/dx = 8.1%)
(this bepidsal) [0.66p, ®1.4| 167107 | 28% | Yincustertmngand T+ C wires

(dN, / dx)
2.8% for L, =1m



R&D within Cremlin+ : CMD3, the SCTF
drift chamber prototype

The mechanical design for CMD3 drift chamber
haslbeen developed traying to combine two main
goals:

* the high transparency
« the mechanical stability of the whole structure

Simulations of mechanical tension recovery
Three stays loaded with:

« 145N at =10°

« 240 N at =14°

« 200N at =21°

max deflection obtained < £25 ym

The simulations prove the feasibility of the
project. =
Optimization in progress .

Talk at CREMLINplus WP5 General Meeting:
Task 5.5-Drift Chamber Prototyping, 28-29 September 2020

Talk at CREMLINplus WP5 General Meeting:
Task 5.5-Drift Chamber Prototyping, 17-18 February 2021



SPECIALTY MATERIALS, INC.

Manufacturers of Boron and SCS Silicon Carbide Fibers and Boron Nanopowder

CARBON MONOFILAMENT

Mole Comc.
Come.

Comprorert  Type

[u] Calc 3592 7248 wmtih
C Cale 93265 91340 @t
g Calc 0543 1412 =it
100000 100000 _T Total

TYPICAL PROPERTIES
Diameter: 0.00136 +/- 0.0001" (34.5 +/- 2.5 pm) Elt. Lime Atomic Conc
Tensile Strength: 125 ksi (0.86 GPa) e
Tensile Modulus: 6 msi (41.5 GPa) C Ea QIG5 91340 wmri
Electrical Resistivity: 3.6 x 10™ ohm cm 0 Ea 5592 T3 wt.%lz
Density: 1.8 gice E Ea 0542 1412 wti
Specialty Materials, Inc. e et ,3017 100 000 100000 w35 Total
1449 Middlesex Street Pt a Rt 200
Lowell, Massachusetts 01851 Qi fr L : Taleodf 3507

CARBON MONOPILAMENT vilisa 15 om Es £ ey
Phone: 978-322-1900 sonmor
Fax: 978-322-1970 [ Sum Peak: O

40 ym and 50 um "bare" (uncoated) AI5056 as new solution for field wires, to be coated by
BINP magnetron.

35 um Carbon monofilament, to be coated by BINP magnetron, to be used either as field.
small single cell drift chamber prototypes are being designed to test operatively new wire
proposals.

10 um and 15 ym Molybdenum wires as sense wires (instead of Tungsten) to be used in
conjunction with 35 ym Carbon as field.
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Cluster counting for particle identification

Using the information about energy deposit by a track in a gaseous detector, particle identification can be performed.
The large and inherent uncertainties in total energy deposition represent a limit to the particle separation capabilities.

Cluster counting technique can improve the particle separation capabilities.

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 (dN/dx).

drift tube

sense "hn

P,
s

wnreﬂ‘\ ote,

dE/dx

Truncated mean cut (70-80%) reduces

the amount of collected information

n = 100 and a 2m track at 1 atm give
o= 4.3%

dN_/dx

0,= 12.5/cm for
He/iC,H,,=90/10 and a

2m track give ol s
o= 2.0% -

reconstructed
signal
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Particle Separation (dE/dx vs dN/dx)
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Cluster counting for particle identification: expected performance

80% cluster counting efficiency.

Expected excellent K/t separation
over the entire range except
0.85<p<1.05 GeV (blue lines)

Could recover with timing layer

Particle separation vs cluster counting efficiency
(2 m track)
10
®* mu/pidE/dx at 1.0 GeV/c
R B e —
s /K dN/fix at 3.0 GeV/c ]
© Z ©eee K/pdE/dxat6.0 GeV/c /,
En . K/pdNfdxat 6.0 uev/u//
"
5, r/ —
E-3 eccogfecccmoccopocccmoence eecopoccomoence
3 ,/ °
2 -
1 ecspmmwwtTTi.cemccccmscccmtcccccscsccmaccamanns
0
0 0.2 0.4 0.6 0.8 1
cluster counting efficiency

Analytic evaluation, prof F.Grancagnolo
To be checked with test beam and simulations




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.

Geant4 software can simulate in details a full-
scale detector, but the fundamental properties
and the performances of the sensible elements
have to be parameterized or an “ad hoc” physics
model has to be implemented.

Three different algorithms have been
implemented to simulate in Geant4, in a fast and
convenient way, the number of clusters and
clusters size distributions, using the energy
deposit provided by Geant4.

The simulations confirm the prediction!
But...
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Cluster counting for particle identification: simulation results
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Cluster counting for particle identification: TEST BEAM

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

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

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?

Energy loss Number of cluster for different particles vs By
= 03 5 5500_ Particle
g C u g - @ muon
b 0.28_— 3] C W electron
2 = 5 5000— | | i kao
> 028 A 5 F - Ppio
2 C m .E E i
& 0.24— 3 4500~ A
E F [ ]
0221 . 40002—
E A& - [
0‘2:— .. - =
F 3500—
0.18:— i B ‘ '_...:-:.-.'.I.'.Il EEEE EEE
0.16 PrACYwA " EEN Ean -
16F o 3000 w»
- -' - L]
0.14]— o C ’.
E 2500—
012 C
oAE el vl il i v il 20000l il vl cnvd el el 1l
1 10 107 10 10 10 mm 1 10 107 10 10 10° 10‘3'”

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!



Cluster counting for particle identification: TEST BEAM

rotons
BINP algorithm P = 250 MoV

found peaks

Goals

Amplitude, a.u.

=T R - N T -]

* | lestimated | |
| .|/ peak baseline

« Demonstrate the ability to count clusters: Mg

at a fixed By (e.g. muons at a fixed momentum) count the clusters by changing

40 60 80 100 120 140 .
t,ns

- thecell size(1-3cm —_ - —
( ) T
- thetrack angle (1- 6 cm) oE M
=t | LECCEalgorithm
- the gas mixture (90/10: 12 cl/cm, 80/20: 20 cl/cm) L A A e e T
« Establish the limiting parameters for an efficient cluster counting: ;IHEP algorithm

- cluster density as a function of impact parameter

- space charge (by changing gas gain, sense wire diameter, track angle) \’\
- gas gain stability BT R Pt

* In optimal configuration, measure the relativistic rise as a function of By, both in dE/dx and in W
dNcl/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).

» Use the experimental results to fine tune the predictions on performance of cluster counting for
flavor physics and for jet flavor tagging both in fast and in full simulation.



Cluster counting for particle identification: TEST BEAM

Set up
30cm
The set up consists of:
® 10cm e 6 drifttubes 1cm x1cm x 30cm
lcm o | @ oo ® 15cm o 1with 10 ym sense wire, 1 with 15, 2 with 20
Beam R Mm, 2 with 25 pym
" 3cm o o 20 cm « 3drift tubes 2cm x 2 cm x 30 cm
® 25cm o 1 with 20 ym sense wire, 1 with 25 pm, 1 with
30 pm
2em ° 40cm + 2 drift tubes 3 cm x 3 cm x 30 cm
o 1 with 20 ym sense wire, 1 with 30 pm
B - DRS for data acquisition

- [ » Gas mixing, control and distribution (only He and
Iy IC4H;)
% + 2trigger scintillators




CAEN

SY 1527 1535P AQ9G
Mainframe 24ch Radiall
691803004

Trigger scintillator

Two scintillator tiles (12 cm x 4
cm), placed upstream and
downstream of the drift tubes
pack, instrumented with SiPM.

24 leads  HV distribution  connecting
HV cable board '

pin

Portable gas system

The gas system :

- sets the needed gas mixture

- checks the gas pressure at the
entrance and at the exit of the
tubes

- maintains constant the gas
pressure inside the tubes, by
using a proportional valve and a

pump.

Connecting scheme

plastic (PEEK)
end cap

drift tube
end cap pin board

connecting  HV decoupling

Barometer
for inlet
pressure

5 Barometer
for outlet
pressure



Data acquisition system: DRS

Data acquisition has been driven by the DRS.

Analog switched capacitor array: analog memory with a depth of 1024 sampling cells developed at PSI, perform a “sliding
window” sampling.

500MSPS « 5GSPS sampling speed with 11.5 bit signal-noise ratio
8 analog channels + 1 clock-dedicated channel for sub 50ps time alignment

Selectable frontend gain

Server software using Mongoose _\ e ——
C/C++ Framework } HHE—BE
_ Easy low level calls for fast DAQ " S INEE el
8- . ) 12 Type: Gnormal auto -
_%: OperatlonS . ,‘ * required : e o 0:99::.»«-. !
i Single executable with no need x © X veto e s o
: of dedicated http server T @ oy L
l: Input range: [GEv_saEv 1]
- . DD G |1
l: : “ C";:’:" T:: :wzr(allh.suun'_z
; , pe: WTBING 0 mv

Sampling Spesd

12 GSPS Actuali 1.205 GSPS

DRS interface is similar to the
interface of an oscilloscope
with 16 channels

oupiny
Waveform persistency: [t 3]

Shaw hardware scalers
Tnvert colers

Ciock Channels

External trigger as well

Eictra Channale




DRS: Examples event screen

4 trigger
channels

6 tubes 1 cm Y
cell size with a
typical event <
3 tubes 2 cm
cell size

Config Measure

Channels

Help Info

2 tubes 3 cm

Teneral
Apply changes to all boards

Trigger
Level: | —— -39 mV
Delay: ] 725 ns
§Shaping: 25 ns

Channel
selection

<
Holdoff: 0 ms
Enable zero suppression

Type: ©normal —auto
Source: @int.aaxt -E_

Trigger Pattern

Amntoc Eraploand
Gain: (0% PZC (1 %)
ricd=2: 2OKS. - ADC ~TDC

Readout enable:
@mDRS ~ ADC " TDC ' TRG

Input range:
Enable calibration clock
Connect inputs to calib. source
Power calib. source
Power amplifiers

DC:

450 mV

Sampling Speed

1.2 GSPS Actual: 1.205 GSPS

cell size

WD033
Stop Single

| E
| (+]/s @ 7]
B HW
12 [i8 @ 15

All Off

v
A
A
v
>

Config Measure

Channels

Help Info

typical event

3442/10000 events iogged to 11Nov_60angle_HVnominalPlus20_1p2GSPS_10k ]

General

Apply changes to all boards

Trigger

Level: | == -39 mV

Delay: — 725 ns

Shaping: 25 ns
Holdoff: 0 ms

Enable zero suppression

Type: ©normal auto E}‘
Source: @int ext

Trigger Pattern
Analog Front-end
Gain: PzZC
Mode: ©DRS ADC TDC

Readout enable:
@mDRS ADC TDC TRG

Input range:
Enable calibration clock
Connect inputs to calib. source
Power calib. source
Power amplifiers

DC:

450 mV
Sampling Speed

1.2 GSPS Actual: 1.205 GSPS

b |

panel

Trigger
selection
pattern

Gain
selection

Each data file has been saved
in binary format and then
converted in root files



BEAM

luster counting for particle identification: TEST

Some preliminary results

Data have been taken performing scan
in angle: 0°, 15°, 30°, 45°, 60°

in HV
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Signal on the 3 tubes 2 cm cell
size, 60°, 90/10 gas
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Signal on the 2 tubes 3 cm cell
size, 60°, 90/10 gas
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The slow drift velocity of the 90/10 gas mixture gives a maximum drift time larger than the DRS scale.



Conclusion

» An ultra-low mass drift chamber for SCTF with a material budget <1.5x10-2 X/X, in the radial direction and <5x10-?
XIX, in the forward and backward directions (including HV and FEE services) can be built today with the novel technique
adopted for the successful construction of the MEG2 drift chamber

» Ap/p, = 2.0x103, A8 = 0.70 mrad, A¢p = 0.78 mrad at p = 1 GeV/c.

> Particle identification at the level of 3.6% with cluster counting allowing for Tr/K separation 2 3o over a wide range of
momenta.
» Further gain (>25%) in momentum and angular resolutions can be obtained by
= applying cluster timing techniques,
= exploiting the possibilities of large scale production of metal coated C wires,
= operating the chamber at lower pressures, with moderate degradation of Pld performance

» The test beam provides us the possibility to study the:

« counting efficiency as a function of gas mixture, gain, geometrical configuration (cell size, sense wires size), arrival time
of the first cluster

» cluster density as a function of ionization length and angle
» cluster dimension as a function of gain and cell size

« definition of the optimal condition for the next test whose goal will be the measurement of the relativistic rise of dN/dx
and dE/dx



BACKUP



he CMD3 tracker mechanical design (inspired by the Mu2e I-tracker)

Wire support Gas containment

A structural multivariate analysis
to find the optimal shape for the
end plates profile by minimizing
the total maximum stress and the
stress on the inner cylinder.

compression!

Feed-through-less chamber
allows for reducing wire e
spacing, thus increasing cell Safety fctor 0783 aas
granularity: :
» smaller cells
» larger ratios of field to
sense wires, which allows
for thinner field wires, thus
reducing :
o wire contribution to
multiple scattering
o total wire tension

A proper unidirectional pre-preg
to form ply draping of the
laminates and flat-wrap of the
optimized model.

Reduce inner cylinder buckling
by increasing the moment of
inertia with proper light core
composite sandwich.

¥ / end-plate
g/ membrane /

= oo
inner cylinder

Instrumented end-plate: (wire PCB, spacers, HV distrib. End plate: 4-ply x 38um/ply orthotropic Inner cylinder: 2 C-fiber skins, 2-ply, + 5
and cables): (0/90/90/0) : mm C-foam core
1x102 X0 6x104 X0 8x104 X0



