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Outlook: 
�  Horizontal TPCs  
�  Technical Solutions 
◦  Light Field Cages (Aleph,ILC,HARP… ?) 
◦  New composite material ? 
◦  Evaluation of the costs (just started) 

�   Time scale & manpower 
◦       Design (simulation) 
◦       Prototyping & Test beams (Italy+ CERN(?)) 
◦       Construction (Italy) 
◦       Assembling & Test (CERN) 
◦       Shipping in Japan 

�  Resources & funding requests 
�  Contact persons (proposal) 



The baseline design for the  
upgraded ND280  
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The baseline design for the 
upgraded ND280

New Horizontal TPC Existing VTPC

We plan to surround the TPC by scintillator planes for T0 and TOF determination. 

All this inside the EM calorimeter and the UA1 magnet

ν

⊙ B

 4 new Horizontal TPCs 
* Design still under optimization 



New Horizontal TPC layout 

July 2016 Marco Zito 10

Schematic of the new TPC

B

ν

2m (x) x 0.8m (y) x 1.3m (z)

* Design till under optimization 



HTPC 
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HTPC
Parameter Value Comment

Overall dimensions 2 (x) x 0.8 (y) x 1.3 (z) 
m**3

4 identical TPC 

Volume 2.1 m**3 Each

Drift Length 90 cm Cathode in the middle

Pad area ~1 cm**2

Sensitive area tot 7.3 m**2 Tot 4 TPC

N MM ~ 66 Tot 4 TPC with MM 
~35x35 cm**2 each

N channels 7.3 10**4 Tot 4 TPC

NB indicative estimates, design still under optimization* From Marco Zito 
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E-field produced by a Field Cage 

HV 
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potential strips encircle gas 
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◦ chain of precision resistors with small current 
flowing provides uniform voltage drop in z direction 
◦ non uniformity due to finite spacing of strips falls 
exponentially into active volume 

z 
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The Aleph TPC field cage

Insulator from a thin Mylar foil winded around many times using a higly resistive glue

end flange (hard foam) 
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Figure 7: Cross section of the Large Prototype field cage wall.

insulation layer DuPont
TM

, Kapton R⃝ 500HN
aramid honeycomb Hexel, HexWeb R⃝

HRH 10/OX-3/16-1.8

hard foam end flanges SP, Corecell
TM

S-Foam

aramid paper DuPont
TM

, NomexR⃝ 410

Table 2: Materials used for the construction of the field cage.

For technical reasons, the final 61-cm wide board was split up into two
pieces. These two half-boards were produced by industry2 and afterwards
combined into one piece.

The field strip board was assembled with resistors and electrically tested
prior to the construction of the field cage. It is equipped with 1MΩ resistors
with a measured spread of ∆R ! 100Ω, or ∆R/R ! 10−4. The installation
of the field strip board into the field cage is described in Section 7.

5 Cross Section of the Field Cage Wall

The wall of the field cage consists of four main components. Figure 7 displays
the cross section in detail and Table 2 summarizes the materials used in the
wall laminate.

An electrical shielding layer on the outside of the barrel is realized by a
layer of 10µm thick copper on a polyimide carrier of 50µm thickness. The
copper layer is electrically grounded and confines the electric field of the
TPC to the inside of the field cage.

The bulk of the wall consists of the honeycomb spacer material sand-
wiched between two GRP layers. The honeycomb is 23.5mm thick and

2Optiprint, Innovative PCB Solutions, http://www.optiprint.ch
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Aleph / ILC scheme: 
Strip layers glued / embedded 
in the mechanical structure 
(typically: composite materials) 

HARP scheme: 
One strip layer is glued to the 
mechanical structure, additional 
layers as mylar strips stretched on 
light supports 



Field Cage: the Harp example 
�   Designed and constructed for the HARP 

experiment 

�   2 sets (Mylar and Cu) strips inside a Stesalit 
cylinder 

�   ca. 150 cm long 

�   ca. 80 cm diameter (uniform field ) 

�  extremely	  compact:	  <	  2cm	  total	  thickness	  
dead	  space	  

Some 
TPC
Components

TPC(LNL,
BA,TS)
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Field cage: ALEPH example 
Dimensions 

cylinder 4.7 x 1.8 m 
Drift length 

2x2.2 m 
Electric field 

110 V/cm 
E-field tolerance 
ΔV < 6V 

Electrodes 
copper strips (35 µm & 19 
µm thickness, 10.1 mm pitch, 
1.5 mm gap) on Kapton 

Insulator 
wound Mylar foil (75µm)  

Resistor chains 
2.004 MΩ (±0.2%) 

Nucl. Instr. and Meth. A294 (1990) 121 



Goals: 
�  Find the best compromise in term of  
◦  Acceptance 
◦  Uniform field region 
◦  HV insulation 
◦  Amount and choice of material (including composites) 
◦  Rigidity 
◦  Easy integration, … 
◦  ? 

�  Technical design needs discussion and information exchange 
for 
◦  Cycle different configurations through simulation 
◦  Integration of readout modules 
◦  Position of gas inlets/outlets 
◦  Surrounding support structure 
◦  Accessibility in basket 
◦  Etc etc 



First stage? 

◦  AxBx100cm 
◦  Can host 2 MM chambers  
◦  Realistic drift length 
◦  Integration tests @ CERN (?) 

100 cm 

A=2 
modules  

B=1 
module 

TO BE DISCUSSED 
•  Prototype with final 

technical choices 
•  Smaller size but large 

enough to fit 2 
readout modules 

•  To be used as 
verification of the 
construction 
technique 

•  And also useful for 
integration tests 

•  Timeline: 2018? 



Timeline (t.b.d.) 

� 2017 baseline design & TDR 
◦  Simulations, first evaluations of the costs 

� 2018  prototype, test à then start of 
construction 

� 2019-2020 construction / assembly  

* Under optimistic budget/timing 
assumptions 



Organisation 
�  Resources & funding requests 
◦  The Padova and Bari INFN workshops are 

confirmed to be available to do the construction 
◦ We have also man power resources (in the same 

labs) for the design (and simulations) 
◦  Preliminary contacts with the INFN management 

(funding) are promising: 
�  First request July 2017 à budget available beginning 

2018 

� Contact persons (proposal): E. Radicioni, G. 
Collazuol (deputy) 



Backup 
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Field cage: NA49 (MTPC) 
Dimensions 

box 3.9x3.9x1.8 m3 

Drift length 
1.1 m 

Electric field 
175 V/cm 

Tolerances 
< 100 µm geometrical precision 

Electrodes 
aluminized Mylar strips (25 µm 
thickness, 0.5 in width, 2 mm gap) 
suspended on ceramic tubes  

Insulator 
Gas envelope  

Nucl. Instr. and Meth. A430 (1999) 210 
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Figure 7: Cross section of the Large Prototype field cage wall.

insulation layer DuPont
TM

, Kapton R⃝ 500HN
aramid honeycomb Hexel, HexWeb R⃝

HRH 10/OX-3/16-1.8

hard foam end flanges SP, Corecell
TM

S-Foam

aramid paper DuPont
TM

, NomexR⃝ 410

Table 2: Materials used for the construction of the field cage.

For technical reasons, the final 61-cm wide board was split up into two
pieces. These two half-boards were produced by industry2 and afterwards
combined into one piece.

The field strip board was assembled with resistors and electrically tested
prior to the construction of the field cage. It is equipped with 1MΩ resistors
with a measured spread of ∆R ! 100Ω, or ∆R/R ! 10−4. The installation
of the field strip board into the field cage is described in Section 7.

5 Cross Section of the Field Cage Wall

The wall of the field cage consists of four main components. Figure 7 displays
the cross section in detail and Table 2 summarizes the materials used in the
wall laminate.

An electrical shielding layer on the outside of the barrel is realized by a
layer of 10µm thick copper on a polyimide carrier of 50µm thickness. The
copper layer is electrically grounded and confines the electric field of the
TPC to the inside of the field cage.

The bulk of the wall consists of the honeycomb spacer material sand-
wiched between two GRP layers. The honeycomb is 23.5mm thick and

2Optiprint, Innovative PCB Solutions, http://www.optiprint.ch
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