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We would like to dedicate this talk to
Late Vincent Lapeltier

Vincent made invaluable
contributions to the DELPHI-TPC
and more recently to the R&D for

the LC-TPC.

It was only two months ago when
we discussed together in Japan
/ the basic research on the gas
multiplication processes and the
future of the LC-TPC

~
i developments.




Introduction




Performance Goals

for the LC-TPC

@ >200 sampling points along a track with a spatial resolution
better than ~100 microns in the XY plane over the full drift
length of >200 cm

@ 2-track separation better than ~2mm to assure essentially
100% tracking efficiency for jetty events

@ High tracking efficiency also requires minimization of dead
spaces near the boundaries of readout modules




Why MPGD readout?

& We need high (>3 T) B field MicroMEGAS GEM

to confine e+e- pair BG
from beam-beam
interactions, then ExB too
big for conventional MWPC
readout
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@ 2mm 2-track separation is
difficult with MWPC
readout

@ Thick frames are
unavoidable for MWPC
readout Micro-Pattern

Gas Detectors




The Three R&D Phases
for the ILC TPC




R&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.

. 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.




The LC-TPC Collaboration
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Activities

-- The past (about) one year --




@ K. Fujii participated in a TPC analysis “Jamboree” in Aix-la-
Chapelle in March 2007

@ P. Colas participated in FJPPL and did some work at KEK in May
2007

@ T. Matsuda visited Saclay as an LC-TPC coordinator in May
2007

@ P. Colas visited KEK and did some work on MPPCs for the
trigger system in Nov. 2007

@ P. Colas, M. Chefdeville, T. Matsuda, T. Fusayasu, H. Tsuji,
R. Yonamine and K.Fujii participated in Tsinghua TPC School
in Jan. 2008

@ V. Lapeltier participated in TILO8 in March 2008

@ T. Matsuda visited Saclay and summarized LC-TPC activity at
DESY PRC in April 2008



Tsinghua TPC School
Jan. 2008 in Beijing

2 French, 5 Japanese,
and >40 Chinese

TU-TPC Test at
KEK Cryo-
: center with a
e - PC-MGQ
?ww o P Dec. 2007
I't's now becoming the F-J-C team !




Small Prototype Tests

There have been many small prototype tests
of which the KEK beam test of a micromegas TPC was
worth special mention since
an analytic formula was born from the beam test
that clarified fundamental limitations to spatial resolution
and decided the R&D directions for the LC-TPC.




Two Mysteries

Generic behaviors of resolution with an MPGD endplate when
the lateral avalanche spread is smaller than or comparable to
the pad width

,w2

E ifO'PRF < w

hodoscope limit ‘ O‘i = 0'3 1B ng/Neff

® Why Nepr < (V) ?

diffusion
dominant
asymptotic
region It's there even if electronic
noise is negligiblel

® What is the origin
of 0g = 0,(2 =10) ?




Tonization Statistics

Ideal Readout Plane: Coordinate = Simple C.0.6.

PDF for Center of gravity of N electrons

P(z) = ij: P (N: N)H (/ dCL‘iPD(ZUz';O'd)> 0 (:1: - %ﬁ;mf)
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Ideal readout plane
Gaussian diffusion

Pl a0 e Vo




Gas Gain Fluctuation

Coordinate = Gain-Weighted Mean
PDF for Gain-Weighted Mean of N electrons

P(z) = i P;(N;N) ﬁ (/ dZCZ'PD(IEi;CTd)/d(Gi/G) Pa(G;/G; 9)) 0 <x ik 2 e xz>
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Gaussian diffusion as before Gain-weighted mean

Gas gain fluctuation (Polya) 4— { 20
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Finite Size Pads

Coordinate = Charge Centroid track position
Charge on Pad | Electronic noise /
<AQ2> S Ay
ZG fi(# + Az)) + AQ; diffusion
e (Az?y = 6% = C2z

Normalized response fun. for pad |

Pad pitch
Charge Centroid /a #5
T = ZQ]‘ (w])/ZQ]
J J
PDF for Charge Centroid
P(%3) = Y%, PN N)ITY, (f dAz:Pp(Azi;00) ) [ d(G1/G) Po(G1/G0)
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Full Analytic Formula

o [0 forientat= 0 (E) [ o]

@ Purely geometric term

Al = (Z(jw) (f;(T 4 Az)) — fﬁ)

J

@ Diffusion, gas gain fluctuation & finite pad pitch term
[B] = ) jkw® (f;(& + Az)fi(Z + Az)) — (Z Jw (f5(T + M)))

J

(£(F + A) fi(@ + Az)) = / dATPp(Av;00) f3(3 + Az) fili + Ac)
G (TS ATy = / dAzPp(Az;oq) f;(T + Ax)
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@ Electronic noise term
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Interpretation

if OpRrrF < W

[A] Purely geometric term
(S-shape systematics
from finite pad pitch):
rapidly disappears as Z
Increases

[B] Diffusion, gas gain
fluctuation & finite pad
pitch term: scales
as 1/N.yy, for delta-fun
like PRF asymptotically:

1 w* 3
g E\feff ( 12} Cdz)

[C] Electronic noise term:
Z-independent, scales
as (1/N?)

O
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Importance of the
Analytic Formula

® We can now analytically estimate the spatial resolution

drift distance

/
F, = O'm(Z;’LU, CdaNeffa [f]])

pad pi‘rch// \\pad response function
diffusion const. Effective No. track electrons

== Theoretical basis for how to

improve the spatial resolution
Possible improvement of theory: angle effects




Extrapolation to LC TPC

@ Need to reduce pad size
relative to PRF

Analytical Theory N =21.3
ArlIsoCF,(95:2:3), B=4T

@ MM + resistive anode

@ MM + digital pixel readout,
ideal to avoid effect of
gain fluctuation if feasible

2.3 mm pitch

@ GEM with defocusing +
1.0 mm pitch narrow (~1mm) pads

The 3 Solutions

The three solutions have been tested with small prototypes.
--> demonstration phase

We now need to test them with a larger prototype.
--> consolidation phase



Micro-TPC: MM+ TimePix

Saclay/NIKHEF

Cosmic ray
He/Iso (80:20)

m_nHitsinPad | _htemp |
Entries 3834
Fe 55

Mean 214.3
RMS 44.79

TimePix + 15 um SiProt + I

5.9 keV ~ 228 e-
Ar/Iso (95:5) Re

I > Very powerful tool to study
preliminary basic gas properties

300

m_nHitsInPad D AT‘l'le @ LPNHE/ MGI" 2008



Large Prototype Tests




Cosmic ray ftrigger counters

with MPPC readout system Endplate to house
7 Interchangeable readout modules

GEM+Imm pads, MM+RA, MM+TimePix

Field cage : 75 cm phi & 61 cm long
Thin (0.2X0) superconducting magnet (PCMAG from KEK) : B_max=1.25 T



Consolidation Phase
TPC Large Prototype Beam Test at DESY

Pixel beam telescope Si strip detector Magnet: PCMAG
(EUDET) (EUDET/SILC) (LC TPC/EUDET)
: \ Endplate
T ==
(- -

All Mechanics
(EUDET)
MPGD Detector
-— Modules
Gas system
(EUDET) L (LCTPC) |

itori Test beam (DESY) Cosmic trigger
D
Nevoen, (LC TPC)
Software development
(EUDET & LC TPC) Time

Readout electronics
(EUDET & LC TPC)




GEM Solution




Detector Module: Double GEM with a gating GEM
Saga, Tsinghua

(1) Double thick (100 «m) GEM with a (thin) gating GEM.:

GEMs

Cu
M LCP
Cu 100um

frame : top & bottom frame.
no side frame

(Gating GEM is not drawn)
Can we stretch GEM ?

mounting(stretch) mechanism

screw to adjus

stretching
transfer gap

readout pad support post

Transfer gap ~4mm : enlarge signal distribution
(+2mm) width > 0.3* pad pitch

pod size ~1.1mm x 5.6mm

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




Micromegas
with Resistive Anode




Micromegas with R.A.

3 techniques to make resistive anode for the bulk MM

Saclay, Carleton

@ Kapton foil laminated and
covered with a resistive
layer (Carleton)

® 2 deposited layers of
amorphous Si doped to
adjust conductivity: 1074
ohm cm on 10711 ohm cm
(Neuchatel)

@ Screen printing of resistive
pastes: 2-8M ohm/square
(CERN)




A

ITh'R

LP1 detector module

Micromegas w

@ 24 rows x /2 pads

pad size ~ 3.2x7 mm~2

Av.



Micromegas
with TimePix




Micromegas with TimePix

Saclay/NIKHEF

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




Readout Electronics




TPC Readout Electronics: After Electronics

- i
In 2008 with one detector module

This version is essentially ' —
ready by now except the mounting In 2009 with 7 detector modules.

-

Structure on the endplate. There is an option of the surface mounting
of chips.



Cosmic Ray Trigger
Counters with MPPCs




Cosmic Ray Trigger Counters with MPPC for LP1

Scintillator Slabs( from INR Moscow),
MPPC (KEK)

Preamp, Temp. control by Pelletier device and assembly (Saclay)
Ready in May




summary

@ We are busy preparing for the large prototype (LP1)
beam test at DESY starting late this year.

@ The LP1 data will be invaluable to prepare ourselves for
the design phase.

@ Hope we can show some LP1 data at the next FJPPL WS.
@ We continue small prototype tests for

@ understanding of gas multiplication processes

@ optimization of gas mixtures

@ gating, ....

@ We continue more R&D for MM+TimePix since it is
theoretically the best choice.



