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Introduction

* Need for ILC: measure 200 track points with a transverse resolution ~ 100 pm

— example of track separation with 1 mm x 6 mm pad size:

* Spatial resolution o,

- 1,2 10° channels of electronics

= 0,_,> 250 um amplification avalanche over one pad

yI

— limited by the pad size (6, ~ width/\12)

— charge distribution narrow (RMS

avalanche

~ 15 pum)
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- ArlsoCF,(95:2:3), B=4T

Calculation for the ILC-TPC

D.C. Arogancia et al., NIMA 602 (2009) 403
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* Installation of Micromegas module + electronics in the LP1 in one hour
* Smooth operation

* Premixed bottle of Ar/CF,/Iso-C,H,,; 97/3/2 (T2K gas)

* S1IPM cosmic trigger (Saclay contribution) very stable (0.65 Hz)

* Three periods of data taking:
— November-December 2008: Standard, Resistive Kapton

e Cosmic runs: 3 days
* Beam runs at B=0T: 10 days
* Beam runs at B=1T: 7 days

— May-June 2009: Resistive Ink, Resistive Kapton
* Beam runs at B=1T: 2.5 days

— August 2009: Standard
* Laser runs at B=1T: 3 days
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Monitoring history

* 1to 2 days at 45 L./h to reach

operation values:
- H,0O: 140 ppm
- O,: 30 ppm

104_
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* Water content (ppm):
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* AFTER-based electronics (72 channels/chip) from T2K experiment:

— low-noise (700 e-) pre-amplifier-shaper — frequency tunable from 1 to 100 MHz
(most data at 25 MHz)

— 12 bit ADC (rms pedestals 4 to 6 channels)

— 100 ns to 2 ps tunable peaking time
— tull wave sampling by SCA

— Zero Suppression capability — pulser for calibration

— November 2008: AFTER 06’
— May-June 2009: AF'TER 08’ with possibility to by-pass the shaping

e Bulk Micromegas detector: 1726 (24x72) pads of ~3x7 mm?
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* Three panels were successively mounted and tested in the Large Prototype and 1T magnet:

- standard anode } Nov.-Dec. 2008

- resistive anode (Carbon-loaded Kapton) with a resistivity ~ 4-8 MQ/

.o May-June 2009
- resistive ink (~1-2 MQ/ ) } y

Standard bulk Micromegas module Carbon loaded kapton Micromegas module
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Resistive Kapton Resistive Ink
Resistive Kapton } Resistive Ink
Glue Prepreg Prepreg / Glue
1-2 hm 1-2 hm
PCB PCB
. . o Resistivity
Detector Dielectric layer Resistive layer
Y Y (MQ/ )
.. -o] -1 R
Resistive Kapton Epoxy-glass (-loaded Kapton ~4-8
75 Um 25 um
L. -o] Ink (81
Resistive Ink Epoxy-glass o (3 ayers) ~1-2
75 Um ~50 um
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DAQ: ¢ Maximum rate: 14 Hz (Zero Suppression mode)

* Triggered by beam (no TLU)

* Fasy to use (GUI)

!

) _ Back-end
T2K electronics Optical : :
1795 ch : Fhre electronic 1-hour automatic
channets (ML405) rsync backup
TCP/IP via ethenet
S PC

T2K DAQ oooo oooo --
on Linux — |
ILC_DATA_o1 ILC_BCKP_o1 |
Grld | | oooo oooo -_:.
7/ \ ILC_DATA_o2 ILC_BCKP_02 :
: | |
: - I
NativeToLCIO (Yun-Ha Shin) oooo SEEEEET TR ;

Transfert done by K. Dehmelt Saclay
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S GeV beam data summary (B=1T)

e November-December 2008: AFTER 06’

Standard E4i¢=230 V/cm Low diffusion Egi=140 V/cm
Peaking time (ns) Peaking time (ns)

100 200 500 | 1000 | 2000 | 100 200 500 | 1000 | 2000

5.4 311 309 310 287 288 308 307 304 305

11.1 395 396 397 398 399 407 408 409 410 411

Z 21.1 353 354 3565 356 357 363 364 365 366 367
(cm) 31.1 329 333 334 335 336 330 343 344 345 346
41.1 373 374 377 378 379 385 386 387 388 389

51.1 312 313 314 3156 316 326 430 431 432 4383

* May-June 2009:

AFTER 08" with possibility
to by-pass the shaping

Resistive Kapton

run numbers

Standard conditions (25 MHz)
230 V/cm
Peaking time (ns)
. 500 +

2 (cm) 100 no Shaping Shaping
7S No ZS 7S
4.3 575/576 588 571
10 586 587/588 584
15 606 607 604
20 600 601/602 599
25 608 609 610
30 591 592 590
40 597 598 596
50 594 595 593
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e Cosmic run at 25 MHz of sampling frequency = time bin = 40 ns

* TPC length = 56.7 cm agreement with survey

hMaxHitTimeBin

70 — hMaxHitTimeBin
- Entries 9093
L Mean 137.8
60 — RMS 62.41
50—
40— [
30—
20—
10 ___ 190 time bins
0 ””‘JIMN""UJ S B BRI ¥ | A1 MMMMMHM
0 100 200 400 500
Time bin
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20 N =t
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* Peaking time: 100 ns
20 i
* Frequency: 256 MHz
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eB=0T
* T2K gas
* Peaking time: 100 ns

* Frequency: 256 MHz

¢
*7z=5cm
r
[

1200 1200 - 1200 |

mn:_ I mnf_ I:l mnf_ I
au-u:_

amf_

.muf_

muf_

n-_'_'_‘!'1""'2n'ﬁ""fdii""4ﬂii' T0
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e B=1T data Resistive Kapton

* For several peaking time settings: 200 ns, 500 ns, , 2 US

" E . = 230 V/em " E . = 140 V/cm

Magboltz Magboltz

lVd

= 76 um/ns "V, = 59 um/ns

®  73.59 +1.45 (STD 200) ] i L] 58.06 = 0.19 (LOW 200)

= 76.69 £0.16 (STD 500) ¥
76.43 + 0.18 (STD 1000)

v 76.25 + 0.15 (STD 2000)

m  58.84 +0.24 (LOW 500) v
58.62 = 0.23 (LOW 1000) | {

220
200
180 : | : . :

v 58.54 +0.24 (LOW 2000)

Time bins
Time bins
N
o
<)

140

120 150/~

60

P2 WS WS S S—

L]
|

(- | 1 1 1 | I 11 1 1 | 1 I | 1 1 1 | I 1 1 1 1 | 1 1 1 1 | 11 1 | I 1 1 1 1 | 1 11 | I 1

10 20 30 40 50 10 20 30 40 50
Z (cm) Z (cm)

lII]II]|lll|III[IlI[IIIIIIIIIII]III]IIIIII
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& arietonceq Spatial resolution [eIre
* Resolution at z=0: 6, = 54.8%1.6 pm with 2.7-8.2 mm pads (w,4/55)
e Effective number of electrons: N 4 = 31.8% 1.4 consistent with expectations
~ 120 =
E I |% 548%16 }
= |Nar 318+ 1.4
:‘% 100 L ..........................................................................................................................................................................................................
=
= u
S
o o | T
60 O OO SO0 OO PO OOOOOOOOOOO OO F OO SOOI
40 e £ —————————————————————— L
- Resistive Rapton 2 Cj 'z
| P | o= U+
20 L et e ............................................ Neff ...............................
0 ] | | ] | ] ] ] | ] ] ] | | ] | ] ] ] ] | ] ]
S 10 15 20 25 30
Drift Distance (cm)
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Resistive Kapton Resistive Ink
e RUN 310 * RUN 549
* Vgire = 230 cm/ s * Ve = 230 cm/ s
® Viesh = 380V ® Viesh = 360V

mesh mesh

Peaking time: 500 ns Peaking time: 500 ns

* Frequency Sampling: 25 MHz * Frequency Sampling: 25 MHz
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Resistive Kapton Resistive Ink
AmpiNorm:DeltaX (AmplNorm<=1.1 && AmpINorm=>=0 && abs|PhiFi)<5*3.1415927180.} AmpiNorm:DeitaX {(AmpiNorm<=1.1 && AmpiNorm>=0 && abs{PhiFiy<5*3.1415927/150.}
E C g 12
] L s C
) L
s 1 g L
E C £ 1
C <L E
08— ~
- 08—
0.6 _— B
L 06—
04— 04
0.2 — 0.2 C
% i 5 0 —— rpm— ——— i
- - -2 ] 2 4
- - M X
><pad Xtrack (mm) xpad Xtrack ( t)’
AmpiNorm:DeltaX {Amplh A && Ampl && abs(PhiFit)<5"3.1415027180.} | ﬁ AmpiMarm:Delak {Ampilorme=1.2 && AmplNorm==0 A& abs{XOFitj3 A& abs[PhiFif}<5*3.1415827180.} | o hPRF T
Mean 0.0213% M:::= o.0i6E4
Mean y 0.3583 Mean y 0.3%52
- RMS 2.429 - RMS 3
11— RMSy 03321 11— RS y 03107
- 1=1rn¢| 568.910 L 1 ndf 151410
C R Cinserase C pe 1927 0
[~ = 2T 2 0.
0.8— pd 0.15 £ 0.08 0.8 — [ 004574 1 0.00000
06 r: mim B r: 11 mm
61— 06—
C 0 = 10 mm C = 13 mm
0.4 — 0.4 —
02— 0.2—
P I oo 0
6 4 _ 2 0 2 S 4 6 3 4 2 0 Z 4 [
- Xoog = Xirack (MM)
pad track | Xpad = Xtrack (mm)
20, .. =68Um > = Hm
Z=5 cm u GZ:JCHI 130 :
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Momentum (GeVi/c)

70— Momentum
— Entries 366
— q Mean 2.903
— RMS 1.295
60 — 22 1 ndf 202210
= Constant 380.2 + 30.0
— MPV 2.206 + 0.045
50 — Sigma  0.3784 + 0.0235
40—
30—
- Resistive Kapton
20—
10—
0 - o l s o | L ! | ! ! ! -.-T--T'=|i_ — =
-2 0 2 4 6 8 10

P (Gevic)
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A better way to analyze charge dispersion data:

* The original PRF “amplitude” dependent on TPC operational parameters

* Develop a standard way not requiring fine tuning

* Tested several new 1deas with simulated data

* Apply and test new algorithm to reanalyze DESY 5 T magnetic field results

* Criteria: PRF can be applied consistently and easily over a wide range of
TPC operating conditions

* Observed resolution function is Gaussian.
* New measured resolution is as good or better then obtained previously

* A simple fixed window integration works the best!
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Resolution comparison: old method vs. “average (700ns)”

* Old method: 3652/17669 * New method: 5663/17669
Flat 50 pum resolution Flat 40 pm resolution
independent of z over 15 cm independent of z

020 _I T T LI L T | T T | | | | | T T ] E 0'2_
- Py 1 E i
0.18 [ Ar/CF4/lso (95:3:2) 3 =oasf s S
- B=5T 1 0 B : ; ;
0.16 [ 1 5046 (Sum[Ai]_700ns) I |
- 1 @0k
0.14 = EO.M_— i : B = 5T5 : o
= n ] N | | :
é 012 N ] u-12__ ................... .......... ........ ....................
5 - : :
g 010 u ] 0.1__ ................... .......... FRR ....................
= N N - s
2 008 - . 0,081 b o —— e T
L : : i
o - ] . o
0.06 i 0.06 s et T M
— F F ! I—i— ] R
Sana il naiil e b -
0.04 7 0.041 s e T e e e
0.02 Y7 SR S R . S . —
0.00 _IIIIIIIIIIIIIIIIIIIIIIII_ %:Illilllilllilllilllilllilllillli

2 4 6 8 10 12 14 16
z/cm

Z (cm)
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Resistive technology choice
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Reduce the electronics

David.Attie@cea.fr LCTPC Collaboration Meeting - DESY — September 21, 2009



o Carleton oeq Conclusions n_Ton

@’ UNIVERSITY i

* Two Micromegas with resistive anode have been tested within the EUDET
facility using 1T magnet to reduce the transverse diffusion

* C-loaded Rapton technology gives better result than resistive ink technology

* First analysis results confirm excellent resolution at small distance with the

resistive C-loaded Kapton: 55 ym for 3 mm pads
* New method (fixed windows integration) analysis very promising

* Plans are to test another resistive Kapton with lower resistivity (~1 M€/ ), then
go to 7 modules with integrated electronics in 2010
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