
Inner Tracker for SCTF: status and 
perspectives

1- Budker Institute of Nuclear Physics Novosibirsk State University
2- INFN Ferrara
3- Laboratori Nazionali di Frascati – INFN
4- INFN Torino

I. Balossino2, G. Bencivenni3, M. Bertani3, G. Cibinetto2, E. De Lucia3, D. Di Bari3, D. Domenici3, R. Farinelli2,
G. Felici3, I. Garzia2, M. Gatta3, M. Giovannetti3, S. Gramigna2, L. Lavezzi2-4, T. Maltsev1, M. Melchiorri2, G. Mezzadri2, G. Morello3, 

V. Kudryavtsev1, E. Paoletti3, G. Papalino3, M. Poli Lener3, M. Scodeggio2, L. Shekhtman1, A. Sokolov1, V. K. Vadakeppattu1



2

The Novosibirsk Super Charm-Tau 
Factory Detector
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TPC studies

Beam pipe, inner radius 1.5 cm

Outer radius 30 cm
Inner radius 3 cm

-30 cm < Z < 30 cm

Steel flanges and cones

Particles scattered from flanges and cones



TPC studies
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Particle density per second

X, cm

Y,
 c

m

Y, cm

X, cm

Input for ion space 
charge calculations 

Maximum flux at R=4cm is ~105 particles/cm2s
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TPC studies



Simulations of ion space charge effects in TPC

Gas mixture E, 
V/cm

dne/dx, 
cm-1

tdrift, s IBF Max 
deviation, 
mm

Ar+10%CH4 125 90 0.14 1% 94

Ar+10%CH4+
10%CF4

500 90 0.03 1% 5.0

Ar+10%CH4+
10%CF4

500 90 0.03 3% 15.1

Ar+15%C4H10

+40%CF4

1000 112 0.02 1% 2.1

Ar+15%C4H10

+40%CF4

1000 112 0.02 3% 6.2

Ar+15%C4H10+40%CF4

Gain=10000, IBF=1%Readout side

High-voltage side

• Distribution of ion charge density is calculated according to 
background track density (see previous slides)

• Electric field is calculated with COMSOL
• Gas gain = 10 000 for all mixtures and IBF
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TPC studies



Simulation of spatial resolution in TPC

Garfield++

30 cm of drift

Diffusion and spread of avalanches in 4GEM

Gases:

• Ar+10%CH4 – fast drift at the lowest 
field, 6 cm/ms at 125 V/cm

• Ar+10%CH4+10%CF4 - the fastest at 
moderate field 500 V/cm

• Ar+15%iC4H10+40%CF4 – the best spatial 
resolution

Optimal pad size is below 1 mm! We must use InGrid or GEMGrid (pixel chip looking in gas volume with amplifying structure 
on top)
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TPC studies



Field cage is ready

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

Resistive divider

37
 c

m

The main problem that we are addressing now 
is high potential at the top electrode of the 
end-cap that should match the potential at the 
wall of the field cage.

15 kV

0.5 kV

~3 kV

Amplification structure (4- GEM)

Readout 
electronics
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Status of the TPC prototype
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The two schemes under study are both based on a  B2B layout (a double radial TPC – with a central cathode), characterized by low 
material budget and modular roof-tile shaped active device

“1 - B2B large drift gap” cylindrical detector

N.2 small gap  B2B C+layers → 1.72% X0
2  1 cm gas gap/B2B device
4 cm global sampling gas

• N.1 large gap  B2B C+layers→ 0.86% X0
• 2  1 cm gas gap/B2B device
• 10 cm global sampling gas

“2 - B2B small  drift gap” cylindrical detector

Further material budget reduction by 
using:
• high module FR4
• low resistivity DLC cathode
• aluminum Faraday-Cage/shielding

micro-TPC readout mode allowing 
space resolution of O(100 mm) for 

inclined tracks  
(on the radial view)

1.46 % X0 0.75 % X0

The Cylindrical u-RWELL



flexible μ-RWELL + readout (CERN)

Foam root-tile (LOSON)

Structural anode
cylinder
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The C+RWELL prototype

To validate the concept we are designing a single-layer small drift-gap (1 cm) C+RWELL prototype

Prototype cross sectionCathode

μ-RWELL

• From standard micro-RWELL technology on rigid PCB supports we are 
developing a full flexible detector tile

• Three of such flexible detector tiles will be  glued on composite/foam roof-tiles, 
then mounted on the anode cylindrical support

• A full cylindrical-cathode will close (externally) the detector

Prototype size

• external diameter ≈20cm
• global length ≈ 100cm

• active length≈ 60cm



Tile detector (1-D)

Strips (1-D)
• Number : 256 X
• Pitch : 0,680 mm
• Width : 0,200 mm

Tails
• n. 2 for signals
• n. 4 for 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  175,8 mm
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Roof tile detector prototype (1D – readout)

Detector Readout  - 1D (present)

Amplification/DLC stage circuit
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Detector Readout – 2D (future R&D)

Constraint

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

• n. 6 for signals (3 each side)

• n. 4 for HV (corresponding to n.4 HV 
sectors)

2D readout 
type

# APV/side #chs/side #strips/side Strip/pitch 

XV 3 384 128X, 256V 660um

UV 3 384 192U, 192V 857um

Two 2-D options can be considered

Assuming σX / σU-V ~ 100 mm for the single view (X or U/V),  the Z-space resolution
depends on the stereo angle. 
For  ~ 13°: for XV (σZ ~ 600 mm) – while for UV (σZ ~ 300 mm)

𝜎𝑍 =
100𝜇𝑚

sin𝜃
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Cremlin+ → the C+RWELL progress (I)

Boards assembly @ LNF

• Signal Interface board, from HIROSE to PANASONIC
• HV board Interface
• HV Filter board
• HV distribution board



Cremlin+ → the C+RWELL progress (II)

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 → DONE
• tiles (still) under test  → DONE

• HV, signal interface boards → DONE
• Detector assembly  → Nov – Dec 2021
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The C+RWELL simulations
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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 parametrization to be refined with data from recent test beam

GEANT4

IONIZATION

DETECTOR GAIN

ELECTRON DRIFT

RESISTIVE

INDUCTION

ELECTRONICS

RECONSTRUCTION

ANAYSIS

From BESIII 
Parsifal sim. 
Tool

Development 
ongoing



Conclusions

• 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 X0

• 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

Detector design

INFN Technical Teams

Mechanics 

construction

Detector tile 

construction 

CERN PCB-Workshop

Mechanics and 

detectors 

integration

INFN Technical Teams

DLC foil coating QC 

detector/mechanics 

components

INFN Technical Teams

Detector test

INFN Teams
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