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International Linear Collider (ILC)
Electron-positron collider of 500GeV

Physics goals of ILC : - e

fleference fesign Report e
Symmetry Breaking and Mass Generation: e P,
Detailed study of Higgs Boson .

most probably after its discovery at LHC. i"% ~

Beyond the Standard Model: > R = =
Supersymmetric particles (SUSY)

Extra dimension -
2972
N http://www.linearcollider.org/cms/?pid=1000437

31 km-long collider with two superconducting linacs

Mot to Scale

) Detector at the
ee+ DR ~6.7 Km collision point

UNDULATOR
e- Linac Pomis

(2007 reference design)

~1.33 Km 11.3 Km + ~1.25 Km ~4.45 Km

Schematic Layout of the 500 GeV' Machine




Tracking at ILC

Performance requirement for ILC trucker greatly exceeds
the achievement of existing truckers such as of LHC:

® Momentum resolution: o(1/pt) =5 x10-° GeV1
2> TPC: = 200 position measurements along each track
with the point resolution of g, ,~ 50 - 100pm at 3-4T (TPC)
- Si-tracker: 5-6 position measurements with o, ,~ 0(10)pm at 5T.
Very high (close to 100%) tracking efficiency down to low momentum
for Particle Flow Algorism (PFA) (the new type of calorimetry)

Minimum material of trucker (inside the EM calorimeter):
Stand with beam backgrounds: Occupancy, Distortion due to Ion

ete —uwu X

No. of events/1GeV
W W A
s 34 3
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180 200
Missing mass(GeV)

Recoil mass measurement of Higgs

in calorimeter with tracks




Momentum Resolution:
What We Need to Acheive?

(My Old Slide)

etee = ZH = (Z— u pulee) +X:
If SM( ppulee) << Tz,
then the beam energy spraed dominate.
— Most probabaly &(1/p,) ~1.0- 0.5 x 104

Slepton and the LSP masses though the end point measurement:
o g (Momentum Resolution) ~ o A (Parent Mass)

Only @ 1 ab’? when &8 (1/p,) ~ 0.5 x 104

Rare decay: ete — ZH — Z+(H— ppu)-
— 6 (1/p) ~ 0.5 x 104 sufficinet ?
—  Still need study one more time?




ILC TPC with Micro Pattern Gas Detectors
The traditional TPC with MWPC has the disadvantage of limited space
resolution due to the E x B effect in high (3-4T) magnetic field. Also the
structure to support many wires inevitably introduces significant dead regions

> MPGD TPC.

TPC Drnift of 1omzation electrons

Readout pads | pTrack ofacharged particle

> High voltage electrode
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Two gas amplifications

ILD TPC: 4 m in diameter and 4-5 m lon
9 with different readout schemes”’




Examples of Prototype TPCs

o —Carleton, Aachen,
_,-’“Jﬂur'nellfPur'duc, Desy(n.s.)
/ [for B=0orlT studies

i .Ili\ "f.-d_r

/ | Saclay, Victoria, Desy [fit

" | in 2-5T magnets) l!\"x
[ 1

i ——

Karlsruhe, MPIL/Asia, \

| I'_

Aachen built test TPCs tr' -
magnets (not shown), 1,. -
other groups built small |
special-study chambers :

There are more ,,




Spatial Resolution of MPGD TPC:
The point resolution of 0,,~ 50-100um at 3-5T

Demonstration for MicroMEGAS TPC with resistive anode
by Carleton TPC in DESY 5T magnet (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)
50um (constant) resolution for
the drift distance up to 16 cm
Neff (at 0.5T) = 27-29.
Still need to understand why 50
Hm but not less.

Cosmic rays : B 10 1z 14 18
= B




Spatial Resolution of MPGD TPC
The point resolution of O o™ 50 - 100um at 3-5T

Measurements for three GEM TPC with narrow pads (1.17mm) using
MP-TPC in 1T PCMAG at KEK (beam and cosmic rays (2005 ~ ).
Extrapolate the results to ILC TPC by a full analytic formula (next slide).

 MPGD

MP-TPC in its cosmic ray set up
with 1T superconducting magnet

at the KEK cryogenic center.
induction gap + transfar gap = 14 [mml Drift distance [mm]

Extrapolation to I LC TPC from measurements at 0/1T by MP-TPC (6=¢p=0: no angular
pad effect). Ar/CF4(3%)/isobutene (2%) at 200V/cm. The number of effective electrons
Neff = 22. (R. Yonamine et. al. 2008)

8
(Measurements with DESY Midi-TPC in 5T magnet come soon but so far for P5. Also TU-TPC)




Spatial Resolution of MPGD TPC

To understand the implication of the MP-TPC beam test results (2005-2006) at KEK-PS
for different MPGDs, a full analytic formula of spatial resolution of MPGS TPC was

derived including the effect of the gas gain fluctuation.

Beam (<) lonizations
Keisuke FUJII : — Liberation of Electrons

Pr(N;N) Normal incidence
(no angle effect)

No d-ray

Drift Volume iig  Driftand Diffusion ¥
i Prlziiogq) = e
D(Tii04) o &xp( 25’5)

Tqg — Gdﬁ

Amplification and
further Diffusion

Fo(c/s0) =GN (2) e (~e+n(3))

Pad Response
I—b Coordinate

(The angular pad effect is still to be incorporated.)



Spatial Resolution of MPGD TPC:
Analvtic formula: Three components and Neff

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

increases

Dif fusion, gas gain
fluctuation & finite pad
pitch Term: scales
as 1/N.z¢, for delta-fun

like PRF asymptotically:

1 i i =
= Ny ST} “F g&&) S 1 (-i‘..“‘ i Cﬁ_‘, )

12

[C] Electronic noise term:
Z-independent, scales

as (1/N*)

if oppr < w et




Spatial Resolution of MPGD TPC
A Comparison with Measurement with MP-TPC Prototype

R 3| @ Theory reproduces the
s Global Likelilod df.':‘.'l'ﬂ WE’-”

@ Underestimation in the
data of 0, at short
drift distance due 1o

track bias

@ Global likelihood method
eliminates S-shape

Earige = 220V /fcm systematics at short
w = 2.3mm distance when possible

MP-TPC Micromegas
Arlsoi{95:5), B=1T

MP-TPC collaboration (Carleton Univ.-CDC group-DESY-MPI-LAL Orsay-CEA Saclay)




Spatial Resolution of MPGD TPC
Neff

The charge center

Subscript of i-th electron in a e-cluster

Ei— Giz; _|_Z'l-— GiAz; L = r + Az

E: G, Ea 2 G, Initial position of the e-cluster
i = Gas gain for i-th electron

Probability to measure £ at T

N

P(z;%)= Y _ Pr(N;N)]] ( / dAz; Pp(Azi;04)
N=1 T T :

Probability function to
ionize i-th electron

Probability function for i-th electron to diffuse by ﬂ:{:,:

Dispersion of the charge center

o —/d:ﬂP(iB Z)(z — &)° Ncrd<;r><(_

Neff ~20-30 while N ~70 for 6mm long pad.




Spatial Resolution of MPGD TPC
Three Candidates for ILC TPC

One of the conclusion s :

MicroMEGAS needs resistive anode

We can now analytically estimate the spatial resolution to spread charge over pads

Analytical Theory N =21.3

dr'ifT diSfﬂnCE \ ArIsoCF,(95:2:3), B=4T

/ T
0y = 0(2;10, Gy Neg 1, f5])
pad pitch pad response function

diffusion const, Effective No. track electrons

Conclusion: Three candidates
GEM + narrow pad readout:
Defocusing + narrow (1mm) pads

; : MicroMEGAS + resistive anode:
> Theoretical basis for how to With wider pads

improve the spatial resolution! | == | Digital TPC:

Possible improvement of theory: angle effects MicroMEGAS/GEM+ Timepix
Free from the gas gain fluctuation

More (+60%) primary electrons. *°




Digital TPC: Silicon Pixel Readout of MPGD TPC

Universities of Freiburg and Bonn
CEA- Saclay, CERN and NIKHEF

Silicon Pixel Detector

(Silicon pixel + CMOS pixel read chip) MicroMEGAS detector

(MicroMEGAS + Readout pads)

semiconductor
sensor chip

flip-chi
hupmp hlz)nding TN
connections . -z%

CMOS pixel =" single pixel
read-out chip vod-out cell

Timepix chip L S 2
256x256 pixels. 5 Replace the readout pad plane

Pixel: 55x55 pm? L4t i by the CMPS pixel chip
ACtivelil)j(l;.ftalc;:mz i “Digital TPC”

On/off readout.
Hit Time information.

Signal spread of Micro-
Available Nov 2006 (one pixel)




Silicon Pixel Readout for TPC

From Medipix to Timepix chip in 2006
(CERN): 256x256 pixels of 55x55um?2
with a preamp, a discriminator and a
counter to measure hit time.

Robust operation with triple GEM in
2006. Detailed beam test at DESY in
2007. GEM-+Timepix sees “bubbles”
which show the size of signal spread of

GEM and may contain more than one
primary electrons.

Detection efficiency of primary electrons

P- 7. annl|' =~ TDOM I- 'l'l QN ([Tha
ID all IDDUC (80 ) CI|J|J y WV I CI N = \l 1S

rapid deterioration of the position
resolution as drift distance increases.)

It is very attractive with its powerful
graphic capability.

With a triple GEM [¥/" 382978

T66.6 + 9,226

4 ]
Drift distance y [mm]

TimePix Chip:
14 mm

S0 100 150 200 250

22 0 2007 20-Z5-07-218 Zams

Results of DESY beam test 15
of Triple GEM +Timepix (Freiberg + Bonn)




Silicon Pixel Readout for a TPC

Ingrid MicroMEGAS Timepix: Integrated
grid, i.e., MicroMEGAS mesh on the top
of the CMOS chip.

To prevent discharge (in particular in
Ar-based gases) to kill the chip, a
discharge protection of high-resistive
(~1011) Q-cm amorphous Si layer (3>
20 pm thick) on top of CMOS chip was
processed. Now also SiN protection.

Good energy resolution of Ingrid devices

Ion backflow of a few per-mil level at
high field ratio.

Still need a higher gain (a few 1,000?).

MicroMEGAS + TimePix can be a true
digital TPC avoiding the effect of the
gain fluctuation, possibly improving the
spatial resolution by a few 10 %.

Need silicon trough hole and 3D chip
technology to implement high speed
DAQ.

XKEEB  SBmm i@ SE I

“Ingrid” + a-Si protection

5 cm?3 Digital TPC with MicroMEGAS
Two electron tracks from 20Sr source




DIGITAL TPC : The Ultimate Resolution

(1) Detect all drift electrons individually with microscopic
pixels, and

(2) Measure position of each primary electron digitally, so
that there is no deterioration due to the gas gain f
luctuation, with the necessary precision (50 micron)

- With Narrow signal spread O(10micron) of
MicroMEGAS, "“MicroMEGAS + Timepix”
seems to be preferable:

To beat out the analog readout Of MPGD TPC in term of position
resolution, need high single electron detection efficiency:

- High detection efficiency at the chip level (shown: next slide)
- No geometrical dead space in the real TPC application
- the silicon through hole to route the signal to the back of
TimePix, and 3D chip technology for high speed data
readout.
- Need demonstration of tracking!




DIGITAL TPC : The Ultimate Resolution
MicroMEGAS + Timepx

Measure electrons from an X-ray
conversion and count them and study
the fluctuations (Nikhef-Saclay)

- Single electron efficiency is
in fact very high.

__. htem .-’\,-.-Frame Browser Preview
m_n H Its‘lnpad P File Options “iew Service Frames

Entries 3834
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Silicon Pixel Readout for TPC: Many Plans

Small TPC to test triple GEM+Timepix (Bonn)
(Beta rays)

RELAXD Quad Board Project

with through-Si via & 5Gb
readout (NIKHEF)

A mini TPC at Saclay-NIKHEF
(Fe55 Source)

(Also LP1 detector modules with Timepix chips)




Of Course, There Are Other, Ordinary Issues of TPC

TPC gas: (Under study at a few places such as DESY, KEK,,)

Ar/CF4(3%)/Isobutene (T2K cocktail)

No attachment, ok both for Micromegas and GEM
P5
May be more ?

Beam background: (Recently by A. Vogel/DESY)

Beam beamstrahlung (photon and electron pairs).
But the occupancy in TPC much les than 1% (A. Vogel)

Tracking in non-uniform magnetic field: (Settles & Wiedenmann)

Correction can be done when the field is mapped
down to O(1G) as in the case of ALEF.

Ion back-drift and ion disks:

A detailed simulation underway (Bonn)
GEM gating (Saga/CCD group)

144440444




Gas for ILC TPC

Low diffusion at high magnetic field (large ®T).
Sufficient primary electrons.
Small electron attachment.

(the drift region and the amplification region)
Reasonable drift velocity at an acceptable drift field.
Gating condition (when we use the GEM gating).
Neutron background with less or no hydrogen (quencher)
Stable operation of MPGD.

Long term stability of TPC (aging and corrosion)

Some works underway
The intensive gas (gain) study for MicroMEGAS (Saclay)
Ar/CF, gas study for GEM (the LC TPC group)
PS study by DESY group with ST magnet.




TPC Gas: Ar-CF4 Gas Mixture

Small transverse diffusion with the large
ot@ high magnetic field

Large electron attachment for E > a several
100V/em -> The question if GEM
works?

Need some quencher (Isobutene) both for
MicroMEGAS (unstable operation) and
GEM (very low gain)

75 10 125 15 175 20
E/P,y, (kV/cm/atm)
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(1) MicroMEGAS: Nice result@ST . 75 10 125 15 175 20
(M. Dixit et. al. 2007) E/P,y, (kV/cm/atm)
(2) GEM: Known to work with Isobutene
(T2K 2006)

(em/\(cm))

o o . — Ar:CF495:5
This measurement with MP-TPC g _ L ARCF4 96:4

is to confirm (2) and measure Neff. — Ar:CF497:3
— Ar:CF498:2

— Ar:CF4 99:1

o
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E/P,y, (KV/em/atm)




N DriftVelocity - E field PLOT
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Result Summary
Gas: Ar-CF4-isoC4H10(95:3:2)
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Attachment

amplification region

NSRS OHOFY vyFALFERSIORELVWOT,. NoffEROHT. PSEORREEEBERTS.
NoffiEResolutionDERET v T I TEZEIKE>TRAGBNI S,

i"“"* """"" T h'Eﬁl"ji’é"ﬁn?E """"""""

2 250

Drift distance [mm]

Ar-CF4-isoC4H10(95:3:2) E=200[V/ecm] B=0[T]

MEF—5  Cp=303+5 :
Co } Neff ~ 21 + 2 (%P5 ~22)
N,




Beam Backgrounds for TPC at ILC

® The ILC has the novel problem of beamstrahlung.

® High luminosity is essential for measurements.

® tiny bunch size is required (x: 500 nm, y: 5 nm) bunches have a very high
® electric space charge

® particles are deflected and can emit photons (“beamstrahlung”).

® Beamstrahlung photons can scatter to e+e— pairs.

® 105 particles per BX for ILC beam parameters energies in the GeV range.
® Strongly focused in the forward direction but sometimes also large polar
® angles.

® Pairs: a major source of detector backgrounds!

+ — ;
e e Pairs

-

ey
.‘-"- -
m -I.-_' —

Beamstrahlung




Beam Backgrounds for TPC at ILC

TPC - Spatial Distribution of Hits

Mokka hits in the TPC (overlay of 100 BX)

2000
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g I g
= Fu
- X s

20 A B B R A R B
E—’g{lﬂ[] -1000 0 1000 2000 1000 2000
x-Position (mm) z-Position (mm)

Front view Side view

Adnan Vogel ILD Meeting, Cambridge, 2008-09-11




Beam Backgrounds for TPC at ILC

TPC — Occupancy

m highest occupancies
at small radii

overall value stays
very well below 1%

—_—
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outside-in tracking
always possible
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h-p scattering gives
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negligible contribution 3|
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10 | 1 ] L
backgrounds will be

no problem for the TPC

Adnan Vogel ILD Meeting, Cambridge, 2008-09-11
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) V. Lepeltier,
Ion Feedback and Gating TILCO8 March 2008
Sendai

Ions in the TPC drift volume, if its density is high, introduce the distortion.
Two sources of ions; primarily ions and feed back ions from the amplification
region.

The collection time of ions is slow: 600ms for the drift filed of 200V/cm
compared to the electron drift time of about 40 micro sec.

If the ion feedback ration is height, the feed back ions build up the a few ion
slices in the TPC drift volume.

G x B is the key factor for the secondary ions. If > 1, we need an ion gating
device.

mean charge density in the slice: p. = p, x G x P x 3/8 x 200
otal secondary ioncharge Q,=Q, @ 4.-’?.] *\

f

f u - -
primary © MPSD MPSD ion Pile-up  fime ratio
ionisation  oain  backflow foctor intertrain/trai

slice Trom
frainn
still growing

slice fram  <lice fra slice from
trainn-3  trainn-g train n-1

E ~200V/cm vij= IE ]
— secondary low density
lon source inside the MPGD

primary lons from pritaary ions B ons |
frains n+ (n-1) from train n

L —

d

Detailed simulation underway using Marlin TPC (Bonn)




lons in the ILC-TPC

trlple EM is O(O. 1) %

MPGD system is < 1,000, the total amount of
the feed back ions is in the same order of the
primary ions but still the mean charge density in
the slices may be 200 times of that of primary
ions.

Urgently need to study the level of distortion by
a full simulation such as Marlin TPC.

The wire gating is very efficient but introduces a
mechanical complication and a small distortion
around the wires.

GEM gating can stop the feed back ions but the

electron transmission may be 70 % at the best,
and thus introduces a degradation of the spatial
resolution.

A questions: operate the MPGD with low gas
gain (500), or, install a gating device?

We has been working on a simulation and
measurements of electron transmission of

gating GEM. Soon also on the GEM gating itself.

\ Micromegas 1500 Ipi, gap 100um

aclay-Orsay

=

1on backflow p

Ion feedback ratio MicroMREGAS

—
ks

Simulation
Ar-CF4-isoC4H10

(94:5:1), 3T, Thin
GEM
4 (12 5um ) with large
2 hgles (100 pm)

e
T 11

L=
lh TT

§
E 0g
5
f;
B

=
-

=
b

Electron transmission of
gating GEM (Saga/CDC group)




Goals

Study, in practice, design and fabrication of all
components of MPGD TPC in larger scale; field
cage, endplate, detector modules, front-end
electronics and field mapping of non uniform
magnetic field. (But not yet the engineering
stage.)

Demonstrate full-volume trucking in non-uniform
magnetic field, trying to provide a proof for the
momentum resoiution at LC TPC.

Demonstrate dE/dX capability of MPGD TPC.
Study effects of detector boundaries.

Develop methods and software for alignment,
calibration, and corrections.

(Beijing tracker review, Jan 2007)

Design Study of the

Magnetmovementtable




LC TPC Large Prototype Beam Test at DESY

LC TPC Collaboration with EUDET Facility

Pixel beam telescope
(EUDET)

Field cage &
All Mechanics
(EUDET: DESY)

Gas system |
(EUDET:DESY)

DAQ & Monitoring
(EUDET)

Si strip detector

(EUDET/SILC)

Test beam (DESY)

Two types of Readout electronics
(EUDET:CERN, Lund & LC TPC: CDC group, Saclay)

)

Magnet: PCMAG
(LC TPC/KEK,CERN)

T

Endplate
(LC TPC/Cornell)

Different MPGD
Detector
Modules

(LC TPC: CDC
group; Saciay &
Carleton; NIKEHF
Bonn etc)

Cosmic trigger
(LC TPC/KEK, Saclay)

Software development
(EUDET & LC TPC)
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KEK

Superconducting Magnet: PCMAG

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.

nnomaogenous” B-Held = Scan [PC at vanous region

,_. ii‘ J;"—

=gy [ ]
—
R

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.




Field Cage

Field cage: 750 mm in diameter
610mm long.
Cu (35 pm thick) strips and its
mirror strips on one Kapton film.
The light weight composite
structure of Nomex hone-
comb with glass fiber layers.
Max. drift field: 320V/cm (21kV)
Field uniformity: 6E/E 104
Divider chain with SMD
resistors inside the field cage.

Mirror strips
{bottom layer)

Kapton foll

Soldering pad
T SMDO FESESTON

SMD Besisto

Interrmediate
cofmRciion

Feedthraugh

(Wial

DESY

Univ. Hamburg

Freld sirips

(Lo layer)

Field strips

Elirror
strips




LP TPC Field Cage s e

Material budget of field cage. Two
layers of Cu strips (35um ) contribute.

Radiation Length: 1.31% of X,

B Kapton
B Nomex
Honeycomb

B Copper
@ Epoxy
O GRP (70:30)

Field cage is also
the gas container: Deformation for
“100mb"” gas pressure & 5kg point load.
Nominal operation pressure: 6mb.

mm
1.10E-3

After Initial inspection at DESY, filed cage
is to be assembled with the endplates and

cathode plane for pressure 30




TPC Endplate Cornell University

LP1 endplate made of Al, accommodates 7 detector modules. The diameter
of the endplate is about 770 mm.

The shape and size of the detector module was decided to simulate one at LC TPC of
the size of GEM widely available. All 7 detector modules have the same outer shape so
that they are interchangeable on the endplate. However, we do not plan to mix the
detector modules of different MPGD since they are normally in different operation
conditions (such as the voltage applied to their front face). The endplate is designed at
Cornell Univ. The endplate has arrived at DESY. Need design R&D for a light structure.




Detector Modules

Three types of MPGD detector modules are being prepared:

(1) MicroMEGAS with resistive anode: one module without
resistive anode is already at DESY for the LP beam test
commissioning in November. The second module has been
fabricated with a resistive foil at CERN. A few fabrication
methods of resistive anode are under trial.

(2) Double GEM (100 um thick) with a gating GEM readout by
narrow (1 mm wide) pads: 4 modules should be ready at the
beginning of 2008.

(3) Detector modules with 4 - 8 Timepix chips with
MicroMEGAS/GEM (three GEM):

® Triple GEM modules (being discussed at Bonn):

® Dummy detector modules:




Detector Module: MicroMEGAS with Resistive Anode  Saclay; Carleton

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

Mesh fixed by the pillars themselves : =2
No frame needed :

fully efficient surface VA
Very robust : closed for > 20 p dust e CPEL SEEHERee
Used by the T2K TPC under construction Bose Hoterkl

anode

—TR4

Sb cm

*_
4w Photo-imageable

HEEIEE Micromegas is \5" Lomatian of vacrel (T ITTTEETTFL L polyimide film

cut with a 2 mm border  Staless see
Fositlonkg of Mesh
= 1726 pads

&9x5. 7 mm?

Encopadation of
Mesh

Develophent of

Contacts ord Spocers !Wmmm “wfprtact 10 Mesh




The First Module of Bulk MicroMEGAS Detector

for LP Commissioning (without resistive foil)

The second module with a resistive carbon-loaded kapton foil
have been produced at CERN. (Rui de Oliveira)

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

HT
ST
b ﬂﬁllﬁﬁl i II%III

Tests in gas were performed at Saclay. One
faulty pad had to be disconnected.




TPC Readout Electronics: After Electronics

AFTER Main Features

+- No zero suppress.
+- No auto triggering.
+ No selective readout.

120fC e CF ¢ &00FC

Mzin Teaturas: = Slow Control
* Input Current Polarity: positive or negative = Power on reset
= 72 Analeg Channels + Test mode:
= 4 Gains: 120fC, 240fC, 360fC & 600fC calibration or test [channel/channel]
= 16 Peaking Time values: (100ns to 2us) functional [72 channels in one step]
« 511 analog memory cells / Channel: = Spy mode on channel 1:

Fwrite: 1MHz-50MHz; Fread: 20MHz CsA, CR or filter out

LCTPC mesting Oct. 10, 2007 E. DELAGNES

The amplifier is quite similar to PCA16. A good system for prototype tests. ai
Need idea and work for the long drift for LC TPC, i.e., the long capacitor array.




Mechanical support of the electronics

Shielding
gasbox...




In-situ TEST of the First Module with Cosmic Rays

NRECY TYA /4
VULEOT 1 &4/ L

ADC for each pad |

Cosmic trigger counters |
readout by MPPCs.

70
column




Surface resistivity ~1 MO/0

(1) Carbon-loaded kapton: I ——
An old technique first tested in Carleton, using a .
Dupont film 1 MOhm/sq. Improvements of the
resistive foil and apply to bulk. First results
promising. One panel has recently produced.

(2) Prepreg+ screen printing:
This has been tried at CERN. Two prototypes of
10x10 cm2 (2 and 8 M Ohm/sq) have been tried
at Saclay. There is not clear evidence that they
are spark protected. Will be applied to the CERN
panel.

(3) Plasma deposition of thin layer of SiO2/SiN
(N. Wyrsch, Neuchatel) :

Used for SiTPC. Preliminary tests underway. Will
make two small bulk detectors 12x14 cm2 with
different resistively. Then make one bulk module

with this resistive layer.

(3) Initially difficult but now 44
improved.




Schedule for MicroMEGAS Module

Take beam data with the first MicroMEGAS module in PCMAG starting
November 2008.

Then other detector modules (different PCBs) in 2009.

Start R&D for electronics on a mezzanine PCB to be ready in early 2010:
R&D to optimize protection & compactness
Development to test AFTER chips at the wafer level
New card design
Start cooling and integration studies

Make 7 fully equipped modules (250 Watts) in 2010.
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Double GEM with a Gating GEM gzgggl:t?:p,

(4 Modules Expected at the Beginning of Year at DESY)
Double thick (100pm ) GEM with a (thin 25um) gating GEM:

pad size ~1.1mm x 5.6mm

(Gating GEM is not drawn) ~3 times wider than diff@GEMs
20 pad rows ( 3680 pads )

Can we strefch GEM 2 staggered pad geom.

mounting(stretch) mechanism

screw to adjus

stretching
fransfer gap

readout pad support post

Transfer gap ~ 4mm : enlarge signal distribution

frame : top & bottom frame. (+2mm) width > 0.3* pad pitch 6 layers PCB
no side frame one GND layer

_

Pre-prototype




Double GEM Module with a gating GEM

Pad PCB board: 8-9 layers

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

PCB layout is being modified at Tsinghua Univ. Smaller pad size
and routing of GEM HV are issues.

GEMs:

Thick GEMs and thin gating GEMs have been fabricated by
a company (SiEnergy).




ALTRO GEM Electronics: S-ALTRO CERN/Lund

Based on the existing PASA + ALTRO electronics designed for the Alice TPC
PASA is replaced by PCA16 for MPGD readout.

EUDET readout FEC

Front End Electronics Architecture

FEC (Front End Card) - 128 CHANNELS
(CLOSE TO THE READOUT PLANE)

Power
consumption:
8 CHIPS 8 CHIPS < 40 mW / channel

b
16 CZH)Tr CHIP 16 CH/CHIP

More or less | L2: < 100 s
¢ 200 Hz
any readout l

chamber ﬂ — o .
Circuit -
DDL

(3200 CH / DDL)

CUSTOM IC (CMOS 0.25um )

CMOS ASIC R

I 0.43p 1
Programmable:
1MIP=48fC P°|arity 10 BIT - BASELINE CORR.
SIN =30:1 . . = TAIL CANCELL.
DYNAMIC = 30 MIP ghaplng time < 10MHz - ZERO SUPPR.
ain

20-40MHz 100ps drift @ 10MHz
SEtiel) 25 pus drift @ 40MHz

Gerd Trampitsch, Hugo Franca Santos, Luciano Musa




ALTRO GEM Electronics

ALTRO Digitizer + Drift storage

- Differential input from PCA 16

- 16 channels per chip

- 10 bit resolution, 1mV per ADC channel
- 1k samples per event

- 10MHz sampling in ALICE : 100microsecs drift
- 20MHz : 50microsecs drift
- Ca 125 chips with enhanced sampling freq. 40MHz

- Pedestal subtraction, common to all samples
- Advanced zero suppression - good data is sequence
(selectable)
of non-zero samples.
- Pulse data + pre and postsamples
- 4 event buffering. (multievent buffering not used here)
- several other ALICE features for MWPC pulses are disabled




ALTRO GEM Electronics

T e e O Both for MPGD & MWPC
T o Wioy st cat Vrty Covecity Cpons g feon Mo MPOK ® 1.5V Supply, power consumption
® < 8 mW/channel
® 16 channel charge amplifier + anti-
aliasing filter
Single ended preamplifier
Fully differential output amplifier
Both signal polarities
Power down mode (wake-up time = 1
ms )
Programmable peaking time
(30 ns — 120 ns) — 3" order semi
Gaussian pulse shape
Programmable gain in 4 steps (12 — 27
mV/fC)
. Pre-amp-out mode (by pass shaper)
T Tunable time constant of the
= preamplifier
A 22 Pitch 190.26um, Channel length
ETHH ; H@Inﬂi Hnﬁ HHH:'M LA,
Chip dimensions = 1.5mm x 4mm

mouse L: mouseSingleSelectBt M: leHiMousePopUp ()




ALTRO GEM Electronics

2048ch (16 FEC) (EUDET) - 10,000ch (LC TPC LP test)

Other subsys da

close

Distr )
box

40MHz
clk

Data in/out
200MB/s

2 fibres

ethernet r

+event #

cl B
Ll tITrlgger
Kl IS

Trigger

+event

* busy TLU

ck | Main
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Detector Module of Digital TPC Saclay/NIKHEF
MicroMEGAS/GEM + Up to 8 TimePix

Ingrid MicroMEGAS TimePix: 8 chips




Conclusions

MPGD provides a new TPC with large number of space
points and the excellent point resolution of 50 — 100
microns; A truly-visual 3D tracker works in high magnetic
filed.

There are three options of MPGD TPC for ILC: (a) Digital TPC
with Ingrid TimePix, (b) Bulk MicroMEGAS and resistive
anode readout and (c) GEM + narrow pad readout.

Digital TPC with Ingrid TimePix can be the ultimate TPC with
really diffusion-limited resolution. We need, however, carry
out necessary R&D and prove that it is.

LC TPC collaboration performs the TPC Large Prototype test
at DESY from this fall using the EUDET facility.




Extra slides




1P 1 PC Prototype with Cosmic Rays

TPC: MP-TPC
MDPGD:
3 lavers of CERN GEM

10cm x 10em

1.17 x 6 mm pads
7 pad-rows readout
Inter-GEM and GEM-pad
gap: 1mm (so far)
Vgap = Vgem (50 far)
Electronics: ALEPH
Gas: Ar-CF4(3%p)-Isobutene
Magnet: Max. 1T

KEK Cryvogenic Center
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Spatial Resolution of MPGD TPC
A Full Analytic Formula: Three terms

D.C Arogancia et at., arXiv: 0705.2210v1 [hep-ex] 15 May 2007.
Talks at ILC TPC School at Beijing, Jan. 2008:

1/2 = 1/2
o2 = i rf('—) fd.-?.-.P{;‘.i'-::i-] (—x)% = + ( ) [ ]+[F]
—1/2 Lt 1;2

@ Purely geometric term

[A] = | D _(w) {fi(E+ Ax)) — &

@ Diffusion, gas gain fluctuation & finite pad pitch term
[B] = jkw? (fi(Z + Az) fi(Z + Ax)) — (Z;u (fi(z + ar}})

ik J

(fi(ZE + Ax)ful(Z + Hx)) = fri.;lx'f‘pl,‘r_‘u;emlfj{i' + &x) fu(E + Ax)
(fi(x+ Ax)) = frfi.rf‘p{i.r;mt} fylx + Ax)
@ Electronic noise term
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