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WP5: Overview

This project has received funding from the European Union's Horizon 2020 e u r I , 0 n
research and innovation programme under grant agreement No. 871072
European network
for developing new harizons for Rls

* WP5 was aimed to support developments for a Super Charm-Tau (SCT)
Factory, to be build at BINP, Novosibirsk
* Task 5.1: Internationalization and outreach for Super Charm Tau (BINP)
Task 5.2: Accelerator Developments for SCT (BINP, 1JCLab, CERN)

Task 5.3: Software Developments for SCT Simulation, Reconstruction, Analysis (BINP,
CERN)

Tasks 5.4, 5.5, 5.6: Sub-detector developments for SCT

Developments of different sub-detectors: Inner Tracker (BINP, INFN), Central Tracker
(BINP, INFN), Cherenkov Detector (BINP, JLU)

* With the removal of BINP and the loss of focus on the (Russian) SCT, we

pivoted the work package towards developments for Lepton Colliders: SCT

also under development in China, FCCee, CLIC, ILC (partially aiming at much
higher centre-of-mass energies)
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About EURIZON p

The EU funded project EURIZON supports scientific and technical collaboration inthe field of research infrastructures.

TPC Cylindrical micro-RWELL

Operatedin uTPC mode:

By an analog readout the delay time of
the signals is recorded and, knowing the
electrons vg,«(Eq/is), the z coordinate of
the clustersis reconstructed.

Outer radius 20 cm

Beam pipe, inner radius 1.5 cm

Inner radius 3 cm

u-RWELL planarchamber 400 um strips pitch
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For more details: https://www.eurizon-project.eu/about/




The micro-Resistive
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L4=80,85pm

M- 12.34um

L5=78,16pm
—_— = L1=50,05um
Top Copper (5 pm) s
Cathode PCB =46,57um
Polyimide 70 ym
Pitch 140 ym 50 pm L2=52,20um
DLC layer (<0.1 um) L7=29,7pm o
p~10+100 MQ/O
P 4
Pre-preg —

The micro-RWELL technology can be «easily» adapted to any geometry, since the base materialis Kapton
This latter can be:

* Shaped according the wanted geometry
e Realizedon a flexible PCB and then even bent

The compactness and the ductility of this very important part of the detector make this technology suitable for many
applications, especiallythe ones needing a low material budget detector




A low material budget

Two options for the Inner Tracker have been proposed, both exploiting the possibility to introduce a double-faced
cathode between two cylindrical anodes

Option A Option B:

Global 10 cm gas sampling Global 4 cm gas sampling

0.75+0.86% X, 1.46 +1.72% X,

Lower material budget but longer track Larger material budget but smaller tracks
segment reconstructiondue to a larger segments

diffusion




The prototype

The prototype has been built thanks to the joined efforts of CERN, Loson S.r.l, INFN-Fe and INFN-LNF. In particular:
* mechanics drawn by LNF and INFN-Fe and realized by LOSON

 FEE drawn by INFN-LNF

* Flexible circuitsrealized by CERN

The detectoris composed of two coaxial electrodes, where the anode is the innermost one

The detector exhibits two very interesting features: the anode is segmented in three modules and the sealingis
performed by O-rings so that, in case of malfunctioning, the device can be re-opened and the bad module can be
substituted saving the rest of the detector.

Here follow the main geometrical parameters of the detector
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The Anode

The active area is divided in three modules fixed by screws to a rectified support in Millifoam®
Each module is a cylindrical shell (“rooftile”) covering approximately an angle of 120°in the r-¢ plane

Flexible n-RWELL

Millifoam root-tile

N/ Structural anode cylinder ‘ 2 ‘ S - e £ WA = —~ .
ﬂ dead area is about 1% due to the separation
between the tiles.

One-dimensional readout: axial strips with 0.68 mm
pitch

We need a good compromise between the rigidity of the tile, to fit the shape of the structure, and the request for
a low material budget detector.
Severaltests have been carried out at LOSON S.r.l. to find the good recipe




The Roof Tile

The roof tile is composed of a Structural Adhesive Film (30 um) coupled to a layer of Millifoam® (2 mm) where the flexible
PCB is glued, under vacuum, with epoxy.

Flexible Micro-RWELL PCB produced at CERN-
i EP-DT MPTWorkshop. Each foilis divided in
The roof tile Millifoam® support four HV sectors

Epoxy curing cycle under vacuum The final roof tile coupled to the

anode support
T



The Cathode

The cathode is the outermost electrode and itis made in different steps, starting from a rectified Aluminum mould.
Differently from anode, itis composed of a unique foil.

ST

Fiberglass lamination

...............

Kapton-copper foil Structure reinforcement
disposition around the with Millifoam®
mould

The cathode is then completed with an external kapton-copper foil, part of the Faraday cage



The final assemb

The final assembly didn’t need any very sofisticated sliding machine, thanks to the large distance (10 mm) between the
roof tiles and the internal surface of the cathode. It took 10 days for the realization of the tiles and the assembly.
Anyway, to avoid any possible dangerous movement, a systembased on aluminum profiles has been quickly assembled.
An internal Aluminum tube led the insertion of the anode without any risk.

Yo
¥ AT e Rl o RN 3
ikl AP L] A
' R

The cathode in place on hé ‘systfem - The assembly



Flanges and equip

The flanges and the end-caps of the detectors are all realised in PEEK, much better than FR4 for manufacturing and
cleaning.

The flanges glued on the anode host the transition boards for the HV and for the front-end electronics, so that all the
connections are done on the internal surface of the detector.

These boards have been glued and an extensive gastightnesstesthas been performed with a «specialtool» (rectified

Aluminum disks and threaded rods).

At an overpressure of 20 mbar the
systemlost 1 mbar after 2 hours

From drawings... ... toreality




End-caps and ser

The end-caps are made in PEEK and have three main tasks:
* Sealingthe detector, hosting two O-rings
* Maintainingthe radial distance between the two flanges

* Hostingthe gas connectors

Gas connector

The HV distribution is provided by a circular PCB.
We need just four HV channels (cathode + three u-RWELL foils)
Each micro-sectoris then powered in parallel.




Cosmic-raystesta

The detector has beenthen tested with cosmic-ray muons Preliminary CWELL analysis - Drift Scan
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Cosmic-raystesta

The detector has been then tested with cosmic-ray muons Erelmniniry CWELL pmalysis Drifs Scan
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Cosmic-ra

Preliminary CWELL analysis - HV Scan

Ed = 2kV/cm, Ar:CO,:CF, 45:15:40

We also performed a preliminary study of the efficiency ?12003 eurizon
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Software framework based on Gaudi

Firstdescription of 4-gaps-detector geometry implemented using DD4HEP
Detectorresponse parametrisation based on the Parsifalcode (arXiv:2005.04452), developed
for the BESIII CGEM detector

Simulation integrated with resistive stage modelling describing the charge spread on the
resistive layer

Validation with DATA/MC matching of known planar detector configuration studied at test
beams
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Conclusions

* Inthe Working Package 5 of the EU funded project EURIZON (grant agreement n°871072) we
validated the idea of a low-mass, modular, re-openable Cylindrical RWELL

* The construction validated the proof of concept

* The assemblyhas been simple and smooth w.r.t. other MPGD technologies

* The first tests confirmed the construction quality of the cylindrical u-RWELL

* Simulations studies are ongoing, but a promising model for the charge sperad onthe DLC
already implemented.

* «Emergency operation» still to be verified: detector opening, replacement of a «roof tile» and re-
sealing to be done (data taking ended in December 2023)
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Different Lepton Collider Proposals
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Applications

The micro-Resistive WELL is involved in
LHCb RUN 5-6 muon upgrade: partialreplacement of MWPC of the LHCb muon system to cope with higher rates
FCC_ee: the muon system of the IDEA apparatus for a Future Collider

CLAS12 @ JLAB: the upgrade of the muon spectrometer

X17 @ n_TOF EAR2: for the amplification stage of a TPC dedicated to the detection of the X17 boson

URANIA-V: a project funded by CSN5 for neutron detection, an ideal spin-off of the EU-founded ATTRACT-URANIA
TACTIC @ YORK Univ.: radial TPC for detection of nuclear reactions with astrophysical significnace
UKRI: neutron detection with pressurized *He-based gas mixtures

Muon collider: hadron calorimeter

PN RON =

& strips *» top layer




Millifoam®

MILLIFOAM® RHC71RI is a closed-cell rigid foam based on polymetha- E:F E
crylimide (PMI) chemistry and contains no CFC's. The fine cell structure i -
ensures a minimum resin uptake behaviour of approx. 50g/m?, which all-

ows the end weight of the component to remain extremely low. The foam

is used for infusion components in aeronautic and aerospace applications, E

in sports equipment and in automotive constructions.

Polymer PMI Compressive Strength 1.7 MPa
Density 75 kg/m®  Shear Modulus 42 MPa
Thickness range 0.12-1.5mm  Sheet Size 2500 x 625 mm
Thermoform Temperature 205°C  Supplier Evonik GmbH

Featuring an extremely fine cell structure, MILLIFOAM® RHC7 1Rl is well suited for vacuum
infusion and RTM processes where the cell fine-cell foam can also be used purely as a fly-
away tool. Processing is possible at temperatures up to 130°C (266°F) and pressures up to
0.7 MPa (102 psi). The foam can be easily thermoformed or CNC machined to meet customi-
zed application requirements.

4a manufacturing GmbH
Industriepark 1 // A-8772 Traboch
office@4a-manufacturing.at // +43 664 80106-600

B MANUFACTURING www.4a-manufacturing.at




Roof tile validation
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3D optical measurement (GOM technique) and report of the discrepancy between the
expectedvalues and the measured ones
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Simulations

B [ 100 MeV pions w theta 75-105 and phi 0-360 deg
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