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/ MicroMegas

‘/

/ Micro Mesh gaseous structure

Descrl ptlon: ‘i"Glomatanﬁlﬁﬁglgtﬁgggﬁa%l L.P Robert and G. Charpak
— Gas mix: Argon+isobutane /
— Drift and Mesh HV < 500 V priftelectiods :

3 mm

— High detection rate . R .
. ] o e — CIm
— Robust, cheap (industrial process)®
. S cromes ~500V
— Thickness: 3,2 mm § g eromess :
% 13— Strips or pads ~40 kV/cm
E
=T

— Delicate functioning: sparks

eadout: <

— Analog for characterisation | Ampiifier
GASSIPLEX + CENTAURE DAQ strip reag-out

+ Digital : .
" HARDROC or DIRAC + ’dP@ LU Crea

Detector InterFace (DIF) board + o
EUDET DAQ?2 or CrossDAQ Ry [tlﬂé aciay
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4 MicroMegas

Bulk :
*Mesh laminated on the PCB
with 1x1 cm? pads

*Industrial process

*Cheap and robust

*Part of the absorber
*Holes for X Ray tests
*Holds a 55 um thick
cathode

*Glued on a plastic

frame 3mm above mesh > .
Bulktechnology from R De Ollvelra& 0. P|22|russo
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Set-up:
— >°>Fe source

| —analog readout

Gain : up to 10 000

Energy resolution : down to 8.5 %

— Trigger on mesh

X-ray Response
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y/ Test Beam 2008

* 'From dream to reality ki akiasah M AR

. Ck‘uaracterisation of the
prototypes:
— | efficiency and multiplicity

. .+ The data
—| pads / prototypes uniformity A Espargiiérs
—| X-talk studies Results
/ - 200k Pions @ ~7 GeV >

—~ behaviour in hadronic shower
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/ Test Beam Setup

| * Trigger: 3 scintillators in coincidence

MicroMegas 6x16 pads
MicroMegas 12x32 pad

e Steel absorber
option

analog readout




Results
MIP Signal observed on every Single Channel

Single channel histogram |

E Nb of Events

lapip)

channel103
Entries 63947

all triggers

-
(=]
'y

-
(=]
3

MIP MPV ~ 45 fC

E (ADC counts)
Pedestal:

aligned online (0.2 fC RMS)
constant over time

av"grage sigma = 0.6 fC

= |Good noise conditions!

Number of Pads

platinum events
20/01/2009

MPV variation under study:
« Electronics channels disparity
« Gain homogeneity

:lllllllllllll|ll|||l||l_|lll|IIIlIIIIIIIllI'III
T Entries RhE
18: = Mean 99,6
= l RMS 11.25
16 - y* [ ndf 43.66/ 52
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o Efficiency Measurements:

Results

Efficiency Threshold : gold events
dhambero 97,05+ 0,07% 2 8 fC O 06 MIP MPV
Chamber 1 | 98,54 + 0,05% .
Chamber2 | 92,99 + 0,10% 0.9
Chamber 3 96,17 + 0,07% 08
' 0.7
0.6
ﬂ )
Maps Available for each chamber & 05
| Efficiency Chamber 1 | Entries = 72140 _| qg
—E~ 12_ 1 rI] 04
1o oot 0.3
8:7 0:92 02
s w0
) S SN EN IV NP 0 50 100 150 200 250
y {cm)
/ Threshold (fC)
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. Results
°/ Multiplicity < 1.1
.~ — 2 chambers

— ~ 75k gold events / chamber
— threshold : 2.8 fC = 0.06 MIP MPV gold events

100,00%

90,00% -

80,00% -

70,00% -

60,00%

50,00% - ¥ Chamber 0 Multiplicity

40,00% * Chamber 1 multiplicity
30,00% -

20,00%

10,00% -

0,00%
Ohit 1hit 2hits 3hits 4hits Shits 6hits 7hits
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/ MicroMegas with Digital Readout
/PCB with DIRAC1 64 channels ASIC (r. Gaglione, IPNL)

First operational Bulk MicroMegas
Digital link to DAQ  With embedded readout electronics !
(possibility to chain detectors) Bulk from R. De Oliveira & O. Pizzirusso ’3

®) (o) (o) () (0) (o) (o) (o)

®) () (@) (p) (o) (0) (o) (o

Sparks protections mask for bulk laying 8x8 pads with bulk
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/" MicroMegas with Digital Readout
'// Tested du

Beam Profile
when moving
the X-Y table

"‘:*--;fi::: Lower Threshold = 19 fC

— Future test beam: "
Need a stack
of chambers e
to check efficiencies " e
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J
/

/
/ MicroMegas with Digital Readout

+/ PCB with 4 HARDROC1 64 channels ASIC
3 layers of 8x32 cm?

@

HARDROC1

sparks protections

bulk

’d@ 20/01/2000 T Ambroise Espargiliere 13



//
/" MicroMegas with Digital Readout

board

— Readout : DIF board
« Separated from the SLAB

 For large number of ASICs
HARDROC, DIRAC and also
SPIROC and SKYROC

» DIF task force interface : USB or EUDET DAQ — Difficulties to get
— Excellent work from Guillaume Vouters (DIF) the bulk stable
and Christophe Combaret (CrossDaQ) — Data currently

under study
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Simulation

« Simulation tools
— SLIC full simulation of SID concept (Geant 4)
— Analysis using JAS3

| = 2008 Test beam setup (A. Espargiliére)

-+ DHCAL with yMegas (J. Blaha)
= Comparison between analog and digital
» Thresholds & absorber studies

/ ’d@ 20/01/2009 Ambroise Espargiliere
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Simulation

2008 Test beam setup is being simulated

— Comparison with real data
— Better understanding of our detector
— Preparation for next test beam

Signal from 200GeV Pions Showers |

£ [ Channel38
2500 — Entries 62695
L C Mean 267.6
s . . |RMS 193.3
200l | Simulatio

Test beam

300|-
200

100

\II|III\|III\lIIII|\III|IIII|II\I|IIII II"I"“I..‘I
100 200 300 400 500 600 700 800 9200

30 cm iron absorber in front E (ADC counts)
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Simulation

DHCAL with pMegas
e Full m? geometry implemented

e Readout: from 0.5 x 0.5 cm? to 4x4
cm? pads

e 3mm active volume: Gas mixture _/

(95 %Argon + 5 % Isobutane) 15 m“";tee' - , 2 m steel
] mm stee mm epo

e 1.9 cm thick absorber 0.007mm o 0.9 mm PCB P

e Different absorber materials

e 40 or 80 layers (~4, 5 or ~9 A)

e Thickness of active layer: 6 mm

e |[deal MicroMegas, digitization not
yet fully implemented

4
5 a FRs ©Cb s
S @oB b rafac o0 g
| . a SRR TR o @ B LW
\—(/
\ s

’CP@ 100 GeV Pions




/ Simulation
/ Number of hits in calorimeter vs total deposited

energy
N1 100+ M 10MIP 150 GeV
= _ M 10 MR 120 GeV
El,cmo—— bt {0 1.0 MIP 100 Gev
O gpo4 & EyEd. 1. 1.0 MIP 50 Gev
% BOOT P : 1.0 MIP 10 GeV
oot 7R e el Significant correlation between
500 i Number of hits and deposited
20T i energy
400
30T &8 \,
2004 g .
ool fi‘_ Digital Threshold =1 MIP
l:l__ | .I | | | | | |

I I I I I I I I
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007

E(GeV)
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Simulation

[
,/
{/ Comparison between analog and digital
T YELRE M totEnergy 160 M nbHitsTH_2
€10t — g jminuit fit .,g leod — g jminuit fit
Lot Q oT
o q>) 130
,_SIOCI“ "'5 1204
907 . ..
9 ! S oo Digital:
o analog 901 Threshold = 1 MIP
B0
G607 70
S0 50
:2 10 GeV Pions oo 10 GeV Pions
50- 207
207
101 107
0- 0- | |
0.000 0.0002 0.0004 0.0006 0.0008 0 100 200 200
E(GeV) Nb of Hits

First glimpse : Digital signal seem more gaussian and more narrow

/ lapp) ...
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/Energy resolution vs pion energy

E 0.457 e Analog
o w Digital 0.0 MIP
© out, . Digital 0.5 MIP
0.35- Digital 1.0 MIP
| Analog: 0.054 + 58%,/\JE |=Fitanalog
ox0t || Digital: 0.040 + 52%/\VE |—F9o

0.25

0.20

015

010

0.0a t 1 f t 1 i |
0 20 a0 &0 80 100 120 140

E (GeV)

Worse resolution at High energy

oc/E

/ Simulation

Energy resolution vs hit threshold

0.65T e 3.0GeV
0,60+ m 10.0GeV
1 L 50.0 Gelg
e ﬂuuueev
0.50T g '
% 120.0 GeV
045+ e
¢ o 150.0 GeV
0.40+ ®
035T @ ’ L ®
030+ [ [
m ® N
0.25+ -
1 |
0.207F - -
0151
A A
® A -
010 R % & 4 8 & =2 = %
0.05-+ : | I : t : l ' i
00 05 10 15 20 25 30 35 40 45
Threshold (MIP)

Threshold range with

— Need more than 1 threshold ? constant energy resolution
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Simulation

100 GeV muons

Deposited energy in all planes
for different gas volume

Energy deposited in a pad for all the layers (1 mm gas), muons 100 GeV

Entries 672517
Mean: 2.6793E-7
Rms:  2.1045E-7
OutDfRange | 29899

42,000

1 mm Gas

0.0 0.1 02 03 0.4 05 0.6 0.7 0.8 09 10 _E
x10
Energy deposited in a pad for all the layers (3 mm gas), muons 100 GeV Energy deposited in a pad for all the layers (6 mm gas), muons 100 GeV
. Entries 711685 _ Entries : 702548
20,000 Mean: 8 1058E-7 24,000 Mean: 1.6778E-6
19,000T Rms : 5 2647E-7 23 o004 Rms @ 9.4582E-7
18,000 QutOfRange - 29037 4 QutOfRange : 26806
17,000 20,0004
16,0001
15,0007 18,0001
14,000 1
3 mm Gas mm
12,0007 14,0001 aS
11,0007
10,000 12,0001
10,0001
8,000+
6,000
4,000+
2,000
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 o 0.0 0.5 10 L5 2.0 2.5 3.0 3.5 4.0 4.2 5.0 5.5 6.0  10-€

A lot more is under study ...
’d@ , ,gsee Next Calice Analysis Meeting on 9 feb )
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Future m? Design

Stainless steel Frame

plate
T~~~ /-9 216 channels
*96 X 96 cm? active area
Gaz pipe *6 ASU = 6 independent

bulks
*3 DIF + interDIF boards

\ ASU = Active Sensor Unit
(Readout PCB with 1cm?2
DIF & pads)

interDIF

G111 Stainless
Mask steel
plate

/ ’d@ 20/01/2009 Ambroise Espargiliere 22



Future m? Status

* DIF & DAQ almost ready
« ASU .
» 24 HARDROC?2
* Design and routing done
* single ASU test box under conception

 Clean room ready for m? assembly

* Mechanical prototype under construction

/ ’d@ 20/01/2009 Ambroise Espargiliere
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Conclusion

* MicroMegas R&D for DHCAL very active!

— ASIC developments

— Innovative prototypes, first uMegas with embedded digital
readout

— Tests Beam: very promising results (still a lot to analyse)
— Future Test Beam in 2009 ...

 Towards
— 1m? prototype
— Calorimeter of 1m3
« In parallel : work on simulation

— 2008 TB prototypes, future 1m3 and leakageless 8m3
— Different absorber material, active medium, pads size...
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Thank you
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Bonus
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| Efficiency Chamber 0 |

/ Efficiency maps for All chambers

Entries = 67259 |

| Efficiency Chamber 1 |

Entries = 72140

x 12_ 1 x 12_ 1
B 0.98 - 0.98
10— 0.96 10— 0.96
sl 0.94 Nl 0.94
B 0.92 C 0.92
6 0.9 6 :— 0.9
B 0.88 - 0.88
- 0.86 o 0.86
- 0.84 - 0.84
20— 21—
C 0.82 C 0.82
Cnnnnfl nnnonflnnnnflnnononl nn oo L1 1 T v b b e
0% 10 15 25 y 30 0.8 0% 5 10 15 20 25 y 30 0.8

| Efficiency Chamber 2 | Entries = 69516 | | Efficiency Chamber 3 |

x 12r 1 x 12r 1
- 0.98 - 0.98
10— 0.96 10— 0.96
Nl l 0.94 Nl 0.94
- 0.92 - 0.92
6— - 0.9 6— 0.9
- l 0.88 - l 0.88
- 0.86 - l 0.86
- 0.84 - 0.84
21— 21—
- 0.82 - 0.82
Co nnollannoll aonan ol ana ol L T Co nnolannoll aonn ol annolloonnoslnnonoll s
O 5 10 15 20 25 30 0.8 O 5 10 15 20 25 y 30 0.8
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X (cm)

/ MPV Maps for all chambers

| Landau MPV map ch0 |

Gmap0
[Emes 98]

| Landau MPV map ch1 |
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