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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.

. Consolidation Phase: Design, build and operate a

“Large Prototype” (of large number of measured points) at
the EUDET facility in DESY.

. 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 still
important studies of the phase 1 left, and the phase 3
is now starting together with the new ILD group.



ILD Tracking System
Mokka Model LDCPrime 025c

Exterral traciang detector (SET)
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Digitization Procedure &
Spatial Point Resolutions

* Simple digitization : Gaussian smearing of
SimTrackerHits positions = TrackerHits

« TPC

Realistic parametrization
of the TPC resolutions
provided by LCTPC
group (Ron Settles)
[implemented by Steve]
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Spatial Resolution of MPGD TPC

The performance requirements for an ILC TPC greatly exceed the
achievements of existing TPCs, in particular, in the momentum
resolution; o(1/p) ~ 5 X 10-3GeV~!:

- > 200 position measurements

with_the point resolution o,,< 100 pm.
(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)

In DESY 5T solenoid

® 2 mm x 6mm pads + resistive
anode
The small diffusion constant (20
Hm/cmi/2) of Ar-CF4-Isobutene
(95:3:2).
50 pum (constant) resolution in
the drift distance (max. 16 cm) .
Neff (at 0.5T) = 27-29.
Still need to understand why 50
pm but not less.

DESY PRC presentation 15t April 2008 (Takeshi Matsuda)




« Similar results obtained for both 3-GEM and
Micromegas amplification structures with pad
(analog) readout

« Both these options keep being pursued

* In addition: working hard on (digital) pixel
readout
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Syst. error due to B-field distortions

» Allow max. 5% increase momentum error
— hit measurement syst. error < 30 um

» “old” requirement: |B./B, dz < 2 mm, but
with anti-DID is already ~20 mm

* “abandon” old requirement;

but B field must be mapped to sufficient
accuracy to have syst. error < g,

+ This implies 8B, o, / B, = 110




MDI/integration at/after Sendai

 with anti-DID: ABz/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 OK.

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



Current estimate endplate material

. 15% X,

* More precise numbers, depending on
different electronics options and cooling, to
be worked on in next months
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» DESY, Peter Schade Large T PC-Prototyp

Sample pieces of the wall

o different possible cross sections of the
investigated with sample pieces .y
~— high voltage tests up to 30kV nwm|

— no breakdown in 48h e
— mechanical tests
— d-point bending tests :

o final layout has 1.39 of an -~

radiation length

O GRP {70:30)

ECFA 2008, Warsaw /8



Consolidation Phase
TPC Large Prototype Beam Test

Pixel beam telescope Si strip detector Magnet: PCMAG
(EUDET) (EUDET/SILC) (LC TPC)

Field cage & \ B R\ Endplate

All Mechanics 1 T TGy (LC TPC)
(EUDET) : &>

MPGD Detector
[\ Lo T [T] (XS
(LC TPC)

Gas system
(EUDET)

Test beam (DESY) ——
DAQ & Monitoring | " Cosmic trigger

(EUDET) / \ (LC TPC)

Readout electronics Software development
(EUDET & LC TPC) (EUDET & LC TPC)




Magnet (PCMAG) KEK

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 is
expected in April for safer operation, but PCMAG is essentially ready.
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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:
430A (17), filed decay time: > 1 year, Transparency: 0.2X.




#* DESY, Petar Schade —arge TPC-Prototyp

Status of the construction

o mandrel made of aluminium
— dameter: Ad == 0.5 mm
s position of slot corrected

o held strip foil mounted

s repndl |ir11-:'I slol <2 005

g i wly gy SRR
ek E ks ek Rk

. i
" — alignment worked well

o Kapton gued onto the foil
= hrst GRP |:.'|]|.-'Er' attached

s air inclusions reduced oy
under pressure treatment
o epoxy 15 temperad at 60 °C
o tlange machined and glued
onto the GREP layer

= censtructicn is H}:pa::tad te be finished this wee

field cage will be available at DESY end of Juns

ECFA M08, Warsaw 7/0



LP endplate ready




Single point resolution:
three possible options for
gasmultiplication + readout

* 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
gain fluctuations



Detector Module: MicroMEGAS with Resistive Anhode

WIIIIR ISP IV

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

Mesh fixed by the pillars themselves : Qpper segmenied
No frame needed : anode

fully efficient surface Buse Moderhl L

Very robust : closed for > 20 p dust \—rm
Used by the T2K TPC under construction
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Waoven mesh

Bulh/i\/\lcr'ome as is Positlonkg of Mesh

X wrototy
cut with a yorder
i : = 1726 j_..-ad'?; |
&9x5. 7 mm*

i '_ § | ‘ Encopsdation of
v b - Mesh

Border frame

Tpogers

Jevelopnent of

Lerfacts ond Spocers antact 1o Mesh




Detector 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)

® The application of amorphous silicon and
doped a-Si by thin layer techniques
(Neuchatel)

® Serigraphy of resistive pastes (CERN)

(3) LP1 detector module

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

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

Depending on (2), deliver
one without resistive anode __
at the begil‘lning- Detector side

-
Contaur de massae largeur 2mm

surface resistivity ~1 MO/O

..--'-'-" --.h
25 pm Al/Si coated mylar

Module Back Frame
(D. Peterson)

# Wodule Mounting
Bracket (D. Peterson)




Detector Module: Double GEM with a gating GEM

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

(Gating GEM is not drawn)

Can we stretch GEM ?

mounting(stretch) mechanism

screw o adjus
stretching

readout pad support post

Transfer gap ~ 4mm : enlarge signal distribution

frame : top & bottom frame. (+2mm) width > 0.3* pad pitch
no side frame

readout pad

pad size ~1.Imm x 5.6mm

~3 times wider than diff@GEMs
20 pad rows ( 3680 pads )
staggered pad geom.

6 layers PCB
one GMND layer




Detector Module: Double GEM with a gating GEM

(2) Pad PCB board: 8 layers

28 pad-rows x 176(192) pads for inner (outer) 14 rows
Pad size: ~1.2 x 5.4 mm2 pads

PCB layout being completed at Tsinghua Univ.
Routing of GEM HV is a issue.
(3) GEM:
Thick GEMs are ready. The thin gating GEMs are still under work
at the company (Si-energy).




Detector Modules with Timepix Chips
8 chips (16 cm?)

With MicroMEGAS (Saclay-NIKHEF)

To be inserted
in place of a
standard panel
inthe LC-TPC
Large Prototype

With triple GEM (Bonn)

LF Module with 3GEM + TimePix

.xf'.—

o 3 standard GEMs 10 = 10 cm?
@ 1 mm transfer gaps and induction

Eap anode plane
o Two quad-boards (NIKHEF)

with 4 TimePix chips each GEMs

readout plane

quad-boards

reinforcement of
anode plane

redframe

@ Currently testing quad-board '1
universitatbonn

Martn Kilknbsrg [Universiest Bonn) TPC witth 3CEM 4 TimaPh




Design Phase: Advanced Endplate

qll I1TCAD L., \"J 1 11

To prove our crude estimations of 15% Xo for the TPC
endplate thickness and about 170W/m? for an
Improved ALTRO-type electronics with power

switching, we need to start a design study of the
whole readout electronics chain including data transfer,
and then a design study and R&D of the pad PCB
plane With the flip-chip assembly. The R&D may

~rhhidn ilatin nf nwinr Aalivwiarmvy A~rAnlin NnA
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thermo mechanical features, and a test of pad PCB
plane models mounted with dummy chips.

This also holds for the pixel readout option.



