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R&D PhaseR&D Phase

1. Demonstration Phase: Provide a basic evaluation of the 
properties of an MPGD TPC  and demonstrate that the 
requirements (at ILC ) can be met using small prototypes.

2. Consolidation Phase: Design, build and operate a 
“Large Prototype” (of large number of measured points) at 
the EUDET facility in DESY.the EUDET facility in DESY.

3. Design Phase: Start working on an engineering design 
for aspects of the TPC at ILC.

We are mostly in the phase 2 However there are stillWe are mostly in the phase 2.   However,  there are still 
important studies of the phase 1 left,   and the  phase 3 

is now starting together with the new ILD group.



From Alexei Raspereza 10/6/2008





Spatial Resolution of MPGD TPCSpatial Resolution of MPGD TPC

The performance requirements for an ILC TPC greatly exceed the 
achievements of existing TPCs, in particular, in the momentum 
resolution;   σ(1/pt) ～ 5 × 10−5 GeV−1：

> 200 position measurements 
with the point resolution σrφ< 100 μm.

(From ILC RDR Vol. 4)

A demonstration by MicroMEGAS TPC with resistive anode
In the DESY 5T magnet with Carleton TPC (M. Dixit et al., 2007)

2 mm x 6mm pads + resistive 
anode

In DESY 5T solenoid

The small diffusion constant (20 
μm/cm1/2 ) of Ar-CF4-Isobutene 
(95:3:2) .
50 μm (constant) resolution in50 μm (constant) resolution in 
the drift distance (max. 16 cm) .
Neff (at 0.5T) = 27-29.
Still need to understand why 50 

50μm

μm but not less.

DESY PRC presentation 1st April 2008 (Takeshi Matsuda)



• Similar results obtained for both 3-GEM and 
Mi lifi ti t t ith dMicromegas amplification structures with pad 
(analog) readout
B th th ti k b i d• Both these options keep being pursued

• In addition: working hard on (digital) pixel 
readout 

B = 0.2 T



Syst error due to B field distortionsSyst. error due to B-field distortions

• Allow max. 5% increase momentum error 
→ hit measurement syst. error < 30 μmy μ

• “old” requirement: ∫Br /Bz dz < 2 mm, but 
with anti DID is already ~20 mmwith anti-DID is already ~20 mm

• “abandon” old requirement;
but B field must be mapped to sufficient 
accuracy to have syst error < σaccuracy to have syst. error < σ0

• This implies δBr (or φ) / Bz ≈ 1x10-4



MDI/integration at/after SendaiMDI/integration at/after Sendai
• with anti-DID:     ∆Bz/Bz < 4.10-4  within 50 cm around 

central electrode 

• The thickness of the TPC end plate is the responsibility 
of LCTPC currently 10cm seems OKof LCTPC, currently 10cm seems OK. 

• The end cap tracker thickness depends on SilC The• The end cap tracker thickness depends on SilC. The 
distance between the two is taken as being 10cm. 



Current estimate endplate materialCurrent estimate endplate material

• 15% X0

• More precise numbers, depending on p , p g
different electronics options and cooling, to 
be worked on in next monthsbe worked on in next months





Consolidation PhaseConsolidation Phase
TPC Large Prototype Beam Test at DESYTPC Large Prototype Beam Test at DESYTPC Large Prototype Beam Test at DESYTPC Large Prototype Beam Test at DESY

Magnet: PCMAG 
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Magnet (PCMAG)Magnet (PCMAG)

PCMAG i P i t t C t d ti MAG t ith thi (0 2X0) il d ll It

KEK

PCMAG is a Persistent Current, superconducting MAGnet with thin (0.2X0) coil and wall.   It 
has no yoke. PCMAG was used in MP-TPC beam tests at KEK PS in 2004-200, and moved to 
DESY in Dec 2006 for LP1 beam test.  The magnet has been tested and mapped at DESY in 
2006-2007 under the cooperation of DESY, KEK and CERN groups. A new transfer tube is2006 2007 under the cooperation of DESY, KEK and CERN groups. A new transfer tube is 
expected in April for safer operation,  but PCMAG is essentially ready.

Coil diameter: 1.0 m,  length: 1.3 m, weight: 460 kg,  central magnetic filed: up to 
1 2T liq He capacity and life time: 240L and max 10 days Operational current:1.2T,  liq. He capacity and life time: 240L and max. 10 days, Operational current: 

430A (1T), filed decay time: > 1 year, Transparency: 0.2X.





LP endplate ready



Single point resolution:
three possible options forthree possible options for 

gasmultiplication + readoutg p

Need to reduce pad size relative to pad• Need to reduce pad size relative to pad 
response function:
– Resistive anode with Micromegas

– Defocusing + narrow pads (1 mm) with GEMs

– Digital pixel readout; avoids effects due to 
fgain fluctuations



Detector Module:  MicroMEGAS with Resistive AnodeDetector Module:  MicroMEGAS with Resistive Anode

(1) MicroMEGAS detector by the “bulk” technology (2004):

Mesh fixed by the pillars themselves :Mesh fixed by the pillars themselves :
No frame needed : 

fully efficient surface
Very robust : closed for > 20 µ dust
Used by the T2K TPC under constructionUsed by the T2K TPC under construction

Bulk Micromegas is 
cut with a 2 mm border



Detector Module: MicroMEGAS with Resistive AnodeDetector Module: MicroMEGAS with Resistive Anode

(2) Resistive anode (RA) 
for the “bulk” detector:

3 techniques for the resistive coating:
The standard thick kapton foil laminated and   

covered with a resistive layer (Carleton)covered with a resistive layer (Carleton)
The application of amorphous silicon and  

doped a-Si by thin layer techniques 
(Neuchatel)

S i h f i ti t (CERN)Serigraphy of resistive pastes (CERN)

(3) LP1 detector module

24 rows x 72 pads
Av. Pad size: 3.2 x 7mm2

Layout of pad plane ready.Layout of pad plane ready.
To be submitted this week.

Depending on (2),  deliver 
ith t i ti done without resistive anode 

at the beginning.



Detector Module:  Double GEM with a gating GEMDetector Module:  Double GEM with a gating GEM

(1) Double thick (100 μm） GEM with a (thin) gating GEM:

(Gating GEM is not drawn)( g )



Detector Module:   Double GEM with a gating GEMDetector Module:   Double GEM with a gating GEM

28 pad-rows x 176(192) pads  for inner (outer) 14 rows
Pad si e 1 2 5 4 mm2 pads

(2) Pad PCB board: 8 layers

Pad size: ~1.2 x 5.4 mm2 pads

PCB layout being completed at Tsinghua Univ.
Routing of GEM HV is a issue. g

(3) GEM:
Thick GEMs are ready. The thin gating GEMs are still under work
at the company (Si-energy).p y ( gy)



Detector Modules with Timepix Chips

With MicroMEGAS (Saclay-NIKHEF) 8 chips  (16 cm2 )

With triple GEM (Bonn)



Design Phase: Advanced EndplateDesign Phase:        Advanced Endplate

To prove our crude estimations of 15% Xo for the TPCTo prove our crude estimations of 15% Xo for the TPC 
endplate thickness and about 170W/m2 for an 
improved ALTRO-type electronics with power p yp p

switching, we need to start a design study of the 
whole readout electronics chain including data transfer, 

d h d i d d R&D f h d PCBand then a  design study and  R&D of the pad PCB 
plane with the flip-chip assembly. The R&D may 

includes simulations of power delivery cooling andincludes simulations of power delivery, cooling and 
thermo mechanical features, and a test of pad PCB 

plane models mounted with dummy chips.p y p

This also holds for the pixel readout option.

.


