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il LcTPC collaboration 6T

» Performance goals and design parameters for a
TPC with standard electronics at the ILC detector

Size @ = 3.6m, L = 4.3m outside dimensions

Momentum resolution (3.5T)  (1/ps) ~9 x 1077 /GeV /e TPC only (< 0.4 if IP incl.)
Momentum resolution (3.5T)  4(1/p) ~ 2 x 107° /GeV /e (SET+TPCH+SIT+VTX)
Solid angle coverage Up to cos 8 ~ 0.98 (10 pad rows)

TPC material budget

~ 004X B outer fieldeage in »
~ 0.16Xy fof readout endeaps in =
Number of pads /timebuckets ~ 1109 /1000 per endcap

Pad size /no.padrows ~ lmmx4—6mm/~200 (standard readout)

rerage over Lgensitive. modulo track ¢ angle)
~ (1.5 mm Tmo rack # angle) |

~ 2 min (mom Wlth MPGD
~ 6 mm (modulo track angles)

~ 5%

Performance = 07% efficiency for TPC only (py > 1GeV /¢), and
= 00% all tracking (py > 1GeV /)

Tpoint 111 10

Tpoint 11 T2
2-hit resolution in ro
2-hit resolution in rz

dE /dx resolution

Background robustness Full efficiency with 1% occupancy

Background safety factor Chamber will be prepared for 10 x worse backgrounds

at the linear collider start-up
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i TPC with MPGC

Cathode \i'tl Iggig%?é Field Cage Anode: fn&g&fé %alﬂon .
| | - MicroPatternGasDetector
};;Eétion ‘Tl?rift Readmj{b o MPG D
not limited by E x B effects

Gas Electron Multlpher GEM

T

\\ : /  fnm
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l't’ l': TPC with MPGD LY’
LCTPC ™\

A. Sugiyama
Saga Univ.

SRR sector
T

Readout electronics

Physics at the Terascale /'D“?s”\f )
Nov. 12, 2009 5 C. Rosemann -.\,‘y_..'



e -
i TPC with MPGC

MicroMeGas

GEM-+Gate

' [

:'l'll'. | Ill Ip||

I| 1|.|I'Ik|l

| ul

I|4'

- Endplate: w

D. Peterson, Cornell

II ||l
l,ll

* Aluminum
* Accommodates seven detector/
dummy modules

* d - douter,FC - 770 mm

* Modules have same shape —
interchangeable
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Radiation Length: 1.31% of X,

H Kapton

Bl Nomex
Honeycomb

H Copper

O Epoxy

O GRP (70:30)

| [ Kapton
HE Nomex
Honeycomb

Nomex HoneyComb

O Aluminum Copper:
M Copper :
TE %f’ 5m

Diameter: Inner 720 mm, 20

Quter 770 mm .

Wall thickness 25 mm o
Length 610 mm

HV to be applied: up to 20 kV oRP e

// 235mm
KE
3
= a

300 pm
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,",’,'_,‘ DESY Setup

* PCMAG:
superconducting
magnet, upto 1.25 T
* ¢ test beam @DESY

(1GeV/e<p<6GeV/c)

Cosmic Trigger
Setup

LP as half part
of a TPC

Vs /m™2

1.58
1.27
0.984
6.7a3
8.422
]

expored from
CST EM-Studio

Physics at the Terascale { DESY |
Nov. 12, 2009 8 C. Rosemann Tev



Support structures:
« TPC
« PCMAG

F. Hegner, V. Prahl, R. Volkenborn, DESY
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,',’,': MicroMeGasS Structure  “wHiiv
‘Bulk Micromegas’ panels, without ERERNNE
resistive foil and with resistive carbon- 2SumAVSIcontedmer
loaded kapton, have been produced at o i P R X
CERN (Rui de Oliveira) L
MicroMeGasS for =" % e
LP P. Cola'ls,.CEASaclay:. ‘ :f;gﬂlrr_ | fi
24 rows x 72 pads M.S.Dixit, Carleton University E:m[_ i I:IE'I:A.Il.. .n

Av. Pad size: 3.2 x 7mm?2

Module Back Frame
(D. Peterson)

Contour da massa largaur 2mm

¥ Module Mounting

Detector side Bracket (D. Peterson)

Readout electronics: AFTER (T2K trc) S

Physics at the Terascale ‘e @

Nov. 12, 2009 11 C. Rosemann \E%{



€3
-

,',’E MicroMeGa$S Structure  “leriie’

Electrons (5 GeV),
Magnetic ﬁeld (B: 1 T) * Resolution at z=0: g, = 54.8+1.6 ym with 2.7-3.2 mm pads (wpudf55)

» Effective number of electrons: N_;; = 31.8+1.4 consistent with expectations
* Fraction of the row charge

—
I~
=

on a pad vs Xpad = Xtpack = [ o o
(normalized to central pad charge) = I 4.3 1.6 1
= - Ny 31.8+14
eclmr‘ly shows Char.ge spr‘mdlng _g Iﬂ“ __ ........ ........................................... . ............................................ ........................................... . .......................................... ....................................... . ...............................
over 2-3 pads e -
(data with 500 ns shaping) T, EE R St RS S S —
: Preliminary
g 1:_ ' ' ! 60 _ ........................................... e
E [ % Padpitch=> i g
o ! ; B
: 4“ — | Cz .........
06— — |
- : : -z
» o g, = I|I Uﬂz + —d
0.4 :— 20— ........................................... ............................................ ......................................... ‘\| NE-'f'F ...........................
e 2:_ : : :
0 B - e 5 “ 1 | 1 1 1 | | 1 1 | 1 | 1 | 1 1 | 1 1 1 | | 1 1 | 1 | 1 1 1

th

10 15 20 25 30

] 4
X = *¥trac {mm) i i
ool = Xruck Drift Distance (cm)

P. Colas, CEA Saclay
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GEMs
mounting(stretch) mechanism
Cu screw to adjust
'y stretching
M LCP ¥ transfer gap
Cu  100um
readout pad support post
Transfer gap ~ 4mm : enlarge signal distribution

(+2mm) width > 0.3* pad pifch

frame : top & bottom frame.
no side frame

A. Sugiyama, Saga Univ.

Physics at the Terascale
Nov. 12, 2009 13

Double GEM Structure

28 pad raws (176/192 pads/raw)
| ~1.2(w) x 5.4(h) mm?®
staggered every each layer

: Total 5,152 ch/module

0.5 mm
| 6 layers PCB

one GMD layer

C. Rosemann Fev



About 3200 channels readout
electronics

Readout electronics: :
Based on ALTRO (ALICE tec) =

L. Joensson, LUND University
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Resolution as a function of drift distance

/'*\

Double GEM Structure e

R. Yonanime, KEK

_Geometric M | '
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—

eff~22+1

Physics at the Terascale
Nov. 12,2009

Result of MP-TPC
Neff = 21+2

_’Neff ~20+1
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,-',’,'_,‘ 3-GEM Structure & TimePix Lo

anode plane

GEMs
readout plane

quad-boards

Readout:

reinforcement of : 2 quadboards
anode plane N (4 TimePix
— : :; Chips each)

J. Kaminski, Univ. of Bonn

T
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3-GEM Structure & TimePix 13‘::'3

Largest amount of readout channels
on one anode for a TPC so far: # ch [1500 k

B 29 rovivm for bk Comfpst © drmres (07 - WM S) g.« p—— ‘4"0\1 s Costral O pmuras 07 . WORE9]

J. Kaminiski, Univ. of Bonn
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P. Conley
Victoria Univ.
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Laser Calibration Setup  “wHi

— [ .
— % ® —a—a .

Pattern seen with Micromegas

C.R “D“E’S&
. Rosemann -
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in Si Envelope

Magnet

Silicon Detectors

Electron Beam

SiLC Support

TPC
TPC Support

S. Haensel HEPHY
Vienna

.
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IOXIOcm 10 20 30 40 50 &0 TO 80 90 100 10 20 30 40 50 60 70 80 90 100

CERNGEM: Fisyre: cem 7 (A% 355 um) - GEM 17 (Az: 500 um) - CRP frames

Flatness study ¢ -

10 20 30 40 50 60 70 BO 90 100 0" 20 30 40 50 60 70 80 80 100

. X [mm] ¥ [mm]
L. Hallermann, DESY Figure: GEM 18 (Az: 733 um) - GEM 26 (Az: 922 um) - GRP frames
Physics at the Terascale T
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,',’,’: Standard CERN-GEM lﬂvTI"ﬂ

i ‘ ; S

‘| m
region mean value RMS w3 “t E
left-|eft 1.001 0.36 % L T R S s it ;:;a'.;aea;a'aﬁe"'mﬂﬁ%ﬁm
left-mid 1.005  0.12% ;s '
left-right 1.007  0.05% :
mid-left 1.005 0.10%
mid-mid 1.006 0.06 %
mid-right 1.006 0.12%

right-left 1.006 0.07%

- . & 380995 D990 996 1 1.006 1091016 102 39 E396 0930996 1 1046 LO019.046 1.02
rlght_mld 1.004 0.14 U/E} \gain mean walus s of bracks gain mean values of tracke
right-right 1.000 0.30 % : 3 i =

Table: Mean values and root mean squares of averaged track gains in =
different regions. The RMS represents the fluctuation of the effective =
gain corresponding to tracks within one region. =t

L

‘E 203G 099076 1 1006 101 15102 990995 0990396 1 1006 1LO11.0M6 102 9909960990996 1 1096 LO11.076 1.02
gain mean vaksea of racks gain mean walue o of tracks gain mean values of trackn
L. Hallermann, DESY
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ilr standard CERN-GEM

o triple grid GEM

sensitive volume
10 x 10 x 66cm?

pad size: 1,27 x 7 mm?

o

12 rows, 48 pads

cosmics
95% Argon, 5% CHgy
magnetic field up to 4 T

¢ © © ¢ ¢

L. Hallermann, DESY
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ilr | pDESY-GEM Module  -L&TM%-

Design studies started

* Complete area coverage for LP
module
* Standard CERN GEM:
d="70 um
p = 140 pm
50 pum thick Kapton, each side
covered with 5 pm Cu
* Ceramic frame
* Readout pads:
(1.1/1.25)x(5.6/5.8) mm’
28 Tows
* Gating GEM / wires optional

S. Caiazza, DESY
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,',’,': Summary & Outlook Lgre-

e A Large Prototype of a TPC has been built and is being
assembled/tested/commissioned by the LCTPC collaboration
* Two MPGD technologies (with three electronics techniques)
are being tested
e Infrastructure for Large Prototype has been constructed
e ¢ test beam (DESY) in conjunction with PCMAG (/7 magnet)
® Preliminary results are looking very promising
e Further test beam campaigns in the next year:

% Backplane integrated 10,000 channel readout system, based

on ALTRO electronics
+ Seven Micromegas modules with AFTER electronics

attached to the modules
+ DESY GEM w/ ceramic grid

Physics at the Terascale "{%Es{\"
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ilp
o
Backup Slides
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Summary & Outlook
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D. Peterson, Cornell
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)
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JTADA
in 154ng-

" TimePix W

PRINCIPLE & OPERATION

IONIZING
PARTICLE

* High field created by Gas Gain Grids
* Most popular: GEM and Micromegas

flip-chip )
bump bonding .77}
connections P ]

Use 'naked' CMOS pixel
readout chip as anode

CMOS pixel

single pixel
read-out chip

read-out cell

J. Timmermans
NIKHEF

Physics at the Terascale ‘e @

Nov. 12, 2009 28 C. Rosemann \»"”Ef{



5/

,-,"’: Readout Electronics "-3 ’

™

Three-fold readout electronics:

« ALICE based:
new PCA16 amplifier chip + ALTRO chip (EUDET &
LCTPC)

« T2K based:
AFTER electronics for T2K TPC (CEA Saclay)

« TDC based:
ASDQ chip + TDC (EUDET & Uni Rostock)

AFTER electronics for MicroMeGAS (resistive anode readout)
ALTRO and TDC based electronics will be hooked to the GEM detector modules
(connector compatibility)

Physics at the Terascale 'DKI?S{‘
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Readout Electronics: ALTRO 611

PCA16:

1.5 V supply; power consumption <8 mW/channel
16 channel charge amplifier + anti-aliasing filter
Fully differential output amplifier
Programmable features

signal polarity

Power down mode (wake-up time = 1 ms)
Peaking time (30 — 120 ns)

Gain in 4 steps (12 — 27 mV/fC)

Preamp out mode (bypass shaper or not)
Tunable time constant of the preamplifier
Basically pin-compatible with PASA

The test set up with a fully equipped front end board . 2048ch,16 FEC

Physics at the Terascale
Nov. 12,2009

Data infout
200MB/s

meters
away
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,',’,': Readout Electronics: AFTER ”'wmilﬁ

AFTER Main Features

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

120fCe O &O0FC

2R f2aturaes: = Slow Control

* Input Current Polarity: positive or negative - Power on reset

= T2 Analog 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 meeting Oct. 10, 2007 E. DELAGNES 4
Physics at the Terascale £ %l?s§>\
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,',’,‘_,‘ Readout Electronics: TDC LT

024y e ., Front-End Electronics

ASDQ-boards (“Barcelona™) Cable Plt{:h

adapter

Flexible Flat Cables Twisted-pair cables

32 channels
Board size: 30 mm x 100mm?*

Boards will be installed directly LV Distribution box
onto the endplate. (power pulsing 7)
TPC signal processing with Time-to-Digit Converter
Amplitude [ .'.

o1 Ao et
[N , Power
i AN Test-beam area E
Time Time - -
- g supplies Q=
L m H— :
t coe timing t Time t leading edge timing f Time "
¢ The time of arrival is derived using the leading edge discriminator.
* The charge of the input signal is encoded into the width of output digital pulse. A Kaukher’ UniV, ROStOCk
. Py
Physics at the Terascale /0@
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,',’,': Si Envelope

1-Sensor Module 2-Sensor Module

Wire
Bonds

Carbon Fibre

TEC-R2

Hybrid .
Intermediate
Pitch Adapter

Sensors TEC-R2 Pitch Adapter
« first setup: only 768 channels can be read out

» the readout sensitive area is reduced to 38.4 x 38.4 mm?
(only the intersecting readout area of the two modules on top of each
other is interesting)

Ceramic | HV Kaptori.
Support | Foil

Physics at the Terascale /%?S,f\
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