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The Novosibirsk Super Charm-Tau CREMLIN PLUS
Factory Detector
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TPC studies CREMLIN PLUS

Number of background fracks in TPC acceptance (R=3 - 20 cm) within 6 ps
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Ar+10%CH, 125 90 0.14 1%

Ar+10%CH,+ 500 90 0.03 1% 5.0
5 10%CF,4
Ar+10%CH,+ 500 90 0.03 3% 15.1
10%CF,
Ar+15%CsHio 1000 112 0.02 1% 2.1
6 8 10 12 14 16 18 +40%CF,
Ar+15%CsHio 1000 112 0.02 3% 6.2
+40%CF,

High-voltage side
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Simulation of spatial resolution in TPC

—=—Ar+10% CH,, 125 V/cm Garfield++
—— Ar+10% CH,+10% CF, 500 V/cm
—— Ar+15% iC,H, +40% CF, 1000 V/cm

30 cm of drift

Diffusion and spread of avalanches in 4GEM

= Gases:

i * Ar+10%CH,—fastdrift at the lowest

L field, 6 cm/us at 125 V/cm

< *  Ar+10%CH,+10%CF, - the fastest at

= moderate field 500 V/cm

E *  Ar+15%iC,H,,+40%CF,—the best spatial
o resolution

O
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? 0,14

Pad size, mm

Optimal pad size is below 1 mm! We must use InGrid or GEMGrid (pixel chip lookingin gas volume with amplifying structure

7
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Field cage is ready

Design of the end-cap detector is going on Flange for the end-cap detector

The main problem that we are addressing now

is high potential at the top electrode of the

end-cap that should match the potentialat the Readout
wall of the field cage. 0.5 [y electronics

15 kV

A

Amplification structure (4- GEM)

Resistive




@ The Cylindrical u-RWELL

The two schemes under study are both based on a B2B layout (a double radial TPC
material budget and modular roof-tile shaped active device

CREMLIN PLUS
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— with a central cathode), characterized by low

“2 - B2B small drift gap” cylindrical detector

“1 - B2B large drift gap” cylindrical detector

micro-TPC readout mode allowing
space resolution of O(100 um) for
inclined tracks
(on the radial view)

N.2 small gap B2B C+layers = 1.72% X0
2 x 1 cm gas gap/B2B device

N.1 large gap B2B C+layers—> 0.86% X0
2 x 1 cm gas gap/B2B device

4 cm global sampling gas
Further material budget reduction by

using:

1.46 % X0 <€ * high module FR4

* low resistivity DLC cathode

* aluminum Faraday-Cage/shielding

10 cm global sampling gas

> 0.75 % X0
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To validatethe concept we are designing a single-layer small drift-gap (1 cm) C+RWELL prototype

* From standard micro-RWELL technology on rigid PCB supports we are
developinga full flexible detector tile

Top C r (5 :)7 7
e i 7o * Three of such flexible detector tiles will be glued on composite/foam roof-tiles,

Polyimide
DLC layer (<0.1 pm) z\ imw i ‘”’ ""” then mounted on the anode cylindrical support
p~10+100 MQ/T)
* A full cylindrical-cathode will close (externally) the detector

e

:mm%/ | >

. > flexible p-RWELL + readout (CERN)
Cathode Prototype cross section

<«——Foam root-tile (LOSON)

Structural anode

Prototype size
external diameter =20cm
globallength = 100cm
active length= 60cm
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Roof tile detector prototype (1D — readout) Tile detector (1-D)

Strips (1-D)

* Number: 256 X

* Pitch:0,680 mm
* Width: 0,200 mm

signal side
9pIs AH

Tails
* n.2 forsignals
* n.4for HV

» HV sectors : 4

Global size
* Length : 890 mm
* width: 175,8 mm

Active area
* Length : 600 mm
* width:174,8 mm

DLC area: 620 x 175,8 mm

Amplification/DLC stage circuit
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Z resolution

Constraint

Signal maximum tails/connectors that can
be placed on each readout-tile

* n. 6 forsignals (3 each side)
* n. 4 for HV (corresponding to n.4 HV
sectors)
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Detector Readout — 2D (future R&D)
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Two 2-D options can be considered

S g

XV readout UV readout
" " | 2D readout | # APV/side | #ichs/side A #strips/side | Strip/pitch
type
XV 3 384 128X, 256V 660um
uv 3 384 192U, 192V 857um

Assuming oy / oy ~ 100 um for the single view (X or U/V), the Z-space resolution
depends on the stereo angle.
For @ ~ 13°: for XV (o; ~ 600 um) — while for UV (o; ~ 300 um)
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Boards assembly @ LNF

e Signal Interface board, from HIROSE to PANASONIC
 HV board Interface

e HV Filter board

 HV distributionboard
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The design of the prototype has been completely revised and finalized

Orders of flex-detector tiles (CERN — Rui) done - delivery by the end of November

Orders of mechanics/tools (anode/cathode, end-caps, plugs, tiles) done = construction in progress (@LOSON):

anode mould DONE
cathode mould DONE
end-caps/plugs in peek 2> DONE
tiles (still) under test - DONE
HV, signal interface boards - DONE

Detector assembly > Nov - Dec 2021
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* Inserted 2 small gap back-to-back C+RWELL in DD4HEP framework for SCT detector
simulation

* Soft pions studies: momentum threshold for hits in C+RWELL

* Detector response parametrizationto be refined with data from recent test beam
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Conclusions INFN

* The super Charm-tau farm detector will be equipped with an Inner Tracker based
on TPC or cylindrical micro-Resistive WELL technology

* The simulations done by the Budker team suggest that the use of Titanium could
sensibly reduce the background

* The TCP prototype construction has started and the field cage is ready

* The micro-RWELL technology is another good candidate for the Inner Tracker due
to its low X,

* The envelope of the prototype will be ready around the end of November

* Expected progress in detector simulation due to recent experimental data



@ Task sharing

C REMLlN P LUS
D d Mechanics
etector design construction Mechanics and
detectors
integration
INEN Technical Teams ¢ LOSOoOM
X INFN Techmcal Teams \
Detector test
Lo | __5 | Detector e
detector/mechanics INEN Teams
components

Be Sputter CERN PCB-Workshop
' R INFN Technical Teams
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L. Lavezzi - c+rwell simulation - WP5 General Meeting, 8-9/7/2021

Geometry - materials updated

2 SETS OF 2 CHAMBERS BACK-TO-BACK

CAD mechanical drawing

Sensitive material
e Ar-CO2-CF4(45% -15% - 40%)
Passive materials
copper
Kapton
lue
R4 — vetronite
MILLIFOAM
Diamond Like Carbon
Pre-preg (106)
— 70% glue + 30% fiberglass

#1 Cyl. Support Anode 3328
. #2 Amplif. 103.
w #3 Anode 2D 106
@ #4 Tile Baseline 3175
=
Y R L R b L b L L
XL #5 Gas 1 cm 10000
J // .................................

#6 Cyl Support + 2 Cathode 3406

e
~N #7 Gas 1 cm 10000
G [[ ~nnereememeemeeeesaeiiaeaea
o #8 Tile Baseline 3175
= #9 Anode 2D 106
T #10 Amplif. 103.
“ #11 cyl. Support Anode 3328

v, :// //(,'
Screenshot from GeoDisplay.py CmuRWELL CmuRWELLGeom_geo.xml

GEANT4 MC points registered in

Up

each gas gap =1cm
— 4 cm global sampling gas
— readout with uTPC reconstruction

date
Inserted FR4 and HONEYCOMB new materials in

micron
micron
micron
micron

micron
micron
micron
micron

DetectorDescription/DetBase/xml/Materials/material_mixture.xm

correct material « layer description
MILLIFOAM still missing (need chemical formula), for now
replaced with HONEYCOMB
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