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* Introduction : scope of this study and gain measurements in
high pressure Argon at room temperature

* First operation of a 100 um bulk-micromegas in double phase
Liquid Argon

— TPC Setup

— The bulk-micromegas design and operation

— Preliminary results : gallery of cosmic tracks and estimate
of the achieved gain

 Conclusion
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63 um pitch, 18 um wires
micro-bulk
Standard amplification gap 128 pm 50 pm
Other possible amplification gaps (64)-100-150-194 pm (12.5)-25 pm
Standard Mesh pitch 63 pm 100 pm
Standard Mesh openings 45 pm 40 pm
Standard maximum size 40x40 cm? 10x10 cm?
R&D maximum size 500x1500 cm? 30x30 cm?
Best FWHM 5.9 keV resolution 8% 6%
Currently in use in experiments T2K/TPC Axion CAST experiment,
nTOF
Current R&D programs ILC/TPC, ILC/DHCAL, NEXT, MIMAC, ...
SLHC/Muon chambers upgrade,
CLAS12 spectrometer, ...
- Large size - Low-budget material
- Large scale production - Excellent energy resolution
- <50 wm amplification gap
CEADSMIrfu —
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i r f uRobustness test of a bulk-micromegas @ 77K P =&
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Depth (mm)
e

Rough CTE @ 20°C

Material CTE (ppm/°C)
FR4 14-16
copper 17-18
304L stainless steel 14-17
Pyralux PC1025 100-130

® Reference bulk 100 microns :
1000000 - ®bulk 128 microns after 77K e 5 o . |

o buk 128 microns T2 T After drying of the detector (@ 80°C for 1 night

1 00000 ® micro-bulk 50 microns 4,5 bar
© micro-bulk 50 microns 35 b | Gain was measured in Ar+5%1C H at 1 bar
10000 : 4 10
s
8 1000 .
100 : — .
Bulk-micromegas seems to be robust enough
10 t t to be operated at cryogenic temperatures
1 1

280 300 320 340 360 380 400 420 440 460 480 500 520 540

Ref: A. Delbart ez.al., GLLA2010, proceedings of 1st International Workshop towards the Giant Liquid Argon Charge Imaging Experiment
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ir fu High Pressure Argon Gain measurements P s
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- Former Hellaz experiment chamber

saclay . ! |
® 160 mm - 35 mm diameter 25 & 50 um micro-bulk
HVdrift »—— S— - Ortec 142C preamp
| g ;fn""” - =100 Bq 2**Am alpha source
o - - 200 Hz counting rate
AN, «— 25 @ 35mm - N,=2 10° e-
N - no particular purification (Ar-60)

N, bottle Mixer

%Tefj Manometer %§gl
—

Sl O A

O Recirculation
pump

Oxisorb

Leak
Detector

TPC pressure

HP TPC

Exhaust
(Bubbler)

e o
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@ 3,5 bars at room temperature

50 um microbulk

10°

—
<

Absolute gain

-
o

*25

3.5

5.0

Absolute gain

0 40 50

60 70 80 90 100 110 120 13

Amplification field (kV/cm)

25 um microbulk

ETH

10°

-
o
X

-
o

80 100 120
Amplification field (kV/cm)

Ref: F. J. Iguaz, New results of micromegas (microbulk) detectors, Freiburg RD51 collab. Meeting, may 25% 2010

T140 160 180 200

[ High gain achieved but how does this compare to double phase very pure argon conditions ? ]
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irfu Electron transmission of micro-bulk in Argon at 3,5 bars ) Jbions
)
=D ETH

saclay 1.1

[50 um micro-bulk in Ar+5%Iso / 1 bar]

0.9
0.81

0.7

Electron transmission

é —li— Ar+5%iso / 1bar
- SR I ; ; § :
0.6 —e— 25 um | PSP £ NG T W TP s
~ microbulk : s : : :
| =& 50um \ )
0'5: ~¥— 128um | bulk ' '

0.40 0.002 0.004 0.006 0.008 0.01 0.012 0.014

Ratio of drift and amplification fields
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Ref: D. Lussi’s talk
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argon Input LAr
purification purification
system cartridge
turbo pump
power supplies
detector
vessel
charge
DAQ cryostat
system (LAr bath)
CEA DSM Irfu J <«
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Can;

| 100 um gap 1D bulk-micromegas

sier gerber prolo juin 20104june 16th version Dco2 2042130 [E[BIX)

[The double LEM 2D readout anode PCB

Goal : Operation & Gain measurements with a bulk-micromegas
In place of the double LEM 2D readout. Installation & tests during august 2010.

- Mechanical & electrical interfaces of the double LEM anode PCB are kept unchanged
for direct integration in the 31 ETHZ Lar TPC

- Only 1D readout with 32 strips, 3.1 mm pitch (the 2D « GEM-COMPASS-like » readout
is not suitable for charge collection in micromegas)

-a 5 mm border surrounding the active area is used for woven-micromesh termination
- 2 bulk-micromegas were done : 128 um gap & 100 um gap
- The modified PCB & the bulk-micromegas were manufactured by CERN/EN-ICE-DEM

CEADSM Irfu

>

alain.delbart@cea.fr / First tests of Micromegas in double phase Liquid Argon (RD51 Collab. meeting, oct 8th 2010, Bari) 9



ir fu

The bulk-micromegas & TPC integration
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-
The bulk-micromegas

Is first assembled
With the signal PCB

o

~

W,

CEADSM Irfu

ETH Institute for
Particle Physics

ETH

4 N\ )
Assembly of the TPC Integration
field cage, cathode Of the TPC
& micromegas PCB In the Cryostat
g VAN /
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eSd Bulk-micromegas Strip readout

saclay mesh HV
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500 MOhm 270 pF 330

HV \VAV Preamps
Surge Arrester

Guard Ring

Strips

Signal plane
30 kV feedthrough

Bulk-micromegas up to Ea:48kV/ cm

E=250-750 v/cm

e 3 kV/em

A

5mm

Field Shapers

\ 4

500 v/cm

~1cm

Extraction
Grids ~Tem

20.5 cm
Cathode |
(Grid)
Ground
(Grid)

1



irfu Liquid Argon purity evolution D e

CegAr.... T

gon purity is monitored from the slow component scintillation time

Scintillation tine

saclay
s ' ' ' I ' ' 1,233-8.62%exp{x/2155) ——
s T3 ~1,23 us 1s the limit of scintillation time
1.e with no oxygen content e e
1.2 | PR -
T +

1,15 N i L 2
&
'; 1.1 ‘ -H- .
3 Pakd

1.85 A -

o
L ol Sensitivity down to 10 ppb O, equivalent
oo
8.95 [, 14 ¥ [ 1 week purification of liquified Ar-60 gas ] ]
#w
B 9 Y 1 1 1 1 1 1 1 1
: 8 10006 2000 3000 4000 5000 6000 7000 8000 9000 1006¢
tine {(nin)
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Cea Purity evolution m
' ' ' ' 0.95%exp(-t/2080) —— |
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8.1 .
et
o~ e ﬁ‘:}:_+++ + + ++
=S ¥ +
o S
- 10 ppb impurities level I+ N f*""‘-*-.+ +
8.01 [— — D S Y - T -1-—*—+-':_ —i-oj{#-l-— -
+ + + +
1/tfus] = l/t5[us] +0.54 (O,) [ppm] b
L +
Ref: R. Acciarti et al. (WAtP collab.), 2010 JINST 5, doi:10.1088/1748-0221/5/05/P05003 + +
. o . . +
~2 ppb O, eq. 1s estimated from charge drifting fits
8.001 | L 1 1 L 1 1 L 1 1
8 100606 2000 3000 4000 5000 6000 7000 8000 9000 10006¢

tine {nin)
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v Typical track at low gain (close to 1) D s
CSD R—

LEM EVENT VIEWER

saclay = xviewsignais (eventat) |

20

s In LAr a MIP muon releases 2.1 MeV/cm
g o @ 0.5 kV/em =>~10 fC/strip (Gain 1)
: : [EAmp= 42kV/cm  ~10 fC/strip Gain~1]

[ Stable, no spark ]

= 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 | 1 1 1 1
0 50 100 150 200 250
time (us)

xView event display (event 31)

5 .l
5 10 15 20 30

0
0 25
strip number

PMT signal (event 31)

z 20,5 cm

n
N
[
=]
T TT

time (ug)

time (us)

N
[~
=]
T T T

Scintillation light due ;
to muon crossing LAr "%

amplitude (ADC cou

20
15
101

5

0
0
0
0
0

NN I AP B |
810 820 830 840 850 860
amplitude (ADC counts)

(@) [@ rerminal [ LEM EVENT VIEWER
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irfu  Typical track at middle gain (close to 3) P
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LEM EVENT VIEWER

el |

saclay = xviewsignais (event19) |

140

tior

120

100

80

[EAmp= 46 kV/cm ~25fC/strip Gain~3]

amplitude (ADC counts)

60

40

20

[ Stable, no spark best achieved operation conditions

1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250
time (us)

xView event display (event 19) PMT signal (event 19)

@50 1202 Z2 [
) 3 250
E 100 8 g 50
2

200f

150 -
1501

amplitude (ADC

100 100:

A R PR T |
820 825 830 835 840
amplitude (ADC counts)

15 20 25 30
strip number

(@) (& Termina (O emevent viewer | CEENRmE =
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irfu  Typical track at higher gain (close to 4) P&

el |

coocc —

LEM EVENT VIEWER

saclay = xviewsignais (event8d) |

§ 1503— \ [EAm =47 kV/icm ~40fC/strip Gain~4]
2 b, | =

- VSR

s

1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250
time (us)

[ Limit before unstable operation (some sparks) ]

xView event display (event 88) PMT signal (event 88)
@50 1208 o
£ 100 8 g250-
1-'2 -

200

150

amplitude (ADC co

150

100 100:_

50

o
T

PP PRI AR EPRTR PRI B
840 860 880 900 920
amplitude (ADC counts)

15 20 25 30
strip number

(@) (& Termina (O emevent viewer | CEENRmE =
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Typical track in unstable (close to 5)

™) ETH Institute for
‘\ Particle Physics

'stem % D

o]

®

£420 °C [ | |

LEM EVENT VIEWER

- ||

xView signals (event 0)

200

150

amplitude (ADC counts)

100

50

250
time (us)

Eamp= 48 kV/cm

~50fC/strip

Gain~5

~Noise

€ No noise reduction

' Minimum subtraction
 average subtraction

© Improved average subtraction
& test noise reduction

- Drawing options
[~ show fits of anode signals
I~ Show 3D reconstruction
[~ Show clustering
I~ Show light analysis
[~ Subtract offset

unstable operation because of Sparks

Steep transition from stable to unstable sparking

Q/dx)

25 30
strip number

amplitude (ADC counts)

PMT signal (event 0)

N
[
[=]

LI I I I L L O L B

time (us) —

200

150

100

50

==

—

et oo Lo L |

810 815 820 825 830 835
amplitude (ADC counts)

apply |

Event number: I—Uﬂ uen(cut)l &I ﬁeluadl ﬂ'

@ % [ B Terminal

|3 LEM EVENT VIEWER

J
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[ xView event display (event 523) |

xView event display (event 88)

xView event display (event 26) |

1208 50 1208 F o 120 2
37 Ea 3
1008 E 100 3 £ 10038
= O 200
80 gi 200 gi !g
@ o
60 2 g E
a 150 = 150 ¥
40 € g £
o H] o

(%]
(=]

100 100

L % 10 15 20 25 30
5 10 15 20 25 30
° 10 e 2 auzi: nun?l?or strip number strip number
| xView event display (event 449) | | xView event display (event 39) | | xView event display (event 32) |
50 1208 50 120 2
g 1608 5 100 8
200
2 - § %
@ °
© 3
60 % 150 =
a0 € §
m
100
15 20 25 30 15 20 25 30
o strip number strip number
15 20 25 30
c strip number J
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i Collected charge Vs Egt/Emp D e

Nicromegas gain in pure deLble phase argon

E~750 V/cm

saclay

50
&5
40

E=500V/cm

35

collected charge femteCoLlomb

E=250V/cm

30
25
20
15

10

L L rrrrprrrrrprrrryrred rrrrprrrrrprred
I [ [ I I [ [ I I

35 38 &G £2 g +6 L8
anode—masah alactrical fisld KV cm

The collected charge does not seem to depend on the electric field ratio E /E,

CEADSM Irfu
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=] (same gas density as 87K at 1 bar) ETH

1.1
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50 um micro-bulk in Ar+5%lso / 1 bar

- — s e e s S S

1 —
_ Explored region

1|7/ S - .................. ................... .................... ............. in double phase

0.8[ N - — — S

%4 NS N WO > N B S S

—il— Ar+5%iso / 1bar '

0.6 | —— 25 um .................... .................. ................ ......... 50% drop

microbulk | :

Electron transmission

0.5

~¥— 128 um bulk :

0.4 0.002 0.004 0.006 0.008 0.01 0.012 0.014
Ratio of drift and amplification fields

o

[ Why is this 50% loss of electrons not seen in cryogenic conditions (87K, 1 bar) ? ]

CEADSM Irfu > o
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Irtu Summary of Gain measurements in Argon
e @ ETH
For Argon: A =43 (cm Torr) !, B =27.5 [V/(cm Torr)]"?, C = 2.5 10~* (cm Torr)/V
1000 S A. N. Tkachev et al., Z ,/ ; |
Technical Physics, Vol. 52, // / / ,,’A'
N°6. pp. 699—704 (2007) LAY L |
Gain=e¢®* G ,/ 7 A )
a(E,p)=p&(E/p) ATV i 1 e
/ 1
12 / / 1 s -
— _ B = / / v o Bl |
100 /- &P Aexp| _B(E) H== z | P e
/" First measurement in ) e 12 2k . L7
| double phase LAr (87K) // i s //: et
-g N2 ppb 02&<1 ppmN2 /// ,” ) = //‘ ‘ - //,’ .////
| Whatis gas purity ? |/ o / T Ianed
& m |7 Tt
,A'/ o " ,.’ - . e 128 microns T2K/TPC module at 1 bar| |
/,/ | ERIPS i I . — - 128 microns at 3.5 bars (Townsend)

48 kV/em 58
100 um / 87 K

alain.delbart@cea.fr / First tests of Micromegas in double phase Liquid Argon (RD51 Collab.

38

” -
e _-
o

68

E.smp-tk¥icm)

-

- P °
e —
-, -

-

= =100 microns at 3.5 bars (Townsend)

® 100 microns bulk in Double Phase LAr| |

~— 64 microns at 3.5 bars (Townsend)

A 50 microns micro-bulk at 3.5 bars

B 50 microns micro-bulk at 4.5 bars

108

21

78 88 98
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irfu Gain limits in pure Argon : a possible explanation ? P e

g2) e 0 Getter=OFF, N2=0.27%, 02=0.03%, H20=1.1% Em
100 4 o Getter=350C for 3 hr, N2=0.035%, 02=0.0095%, H20=0.35%
Getter=350C for 27 hr, N2=0.026%, 02=0.011%, H20=0.83% .
v Getter=350C for 49hr, N2=0.013%, 02=0.0084%, H20=0.71%
Getter=350C for 73 hr, N2= 0.02%, 02=0.0088%, H20=0.85% U

saclay

- 0

1 [The purer the Argon is, the lower is the gain !] O

| O

m
Argon [ 0,4 mm THGEM B

= ®
. e N
e 3 ® [ Does this observation at room
© ) <25kViem o @ temperature and 1 bar with

] ! o F 100 ppm impurity levels still

| 100-200 ppm N, ¥ conditions with ppb impurities ?
b 4

- & /

|
100 ppm O, v Q O apply in double phase cryogenic
I
|
|
|
|
|

l
800 1000 1200

THGEM (V)
Ref: J. Miyamoto, A. Breskin and V. Peskov, JINST 2010, doi:10.1088/1748-0221/5/05/P05008
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SS9 A.1OO um gap bulk-micromegas was successfully ETH
saclay operated in the 3l double phase Liquid Argon ETH-TPC

— Stable operation in cryogenic environment at ~5 gain

— ~2 ppb O, Liquid Argon purity achieved

— First cosmic tracks observed

— Maximum gain achieved of the order of ~5

— A simple fit of the gain with a townsend law is
consistent with the measured gain

* The maximum gain is low and may be due to the very high
purity of Argon (which is demanded for charge drift in liquid)

e Such a low gain could be suitable for neutrino applications
but higher gains (>100) are needed for dark matter search

» But these are the first tests and further improvements and
studies are planned (thinner bulk gaps, micro-bulk, ...)

CEADSM Irfu », -
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| Charge Max | hHitChargeMax
r fuT2K/TPC module in Ar @ STP !
Gain versus Voltage Mesh of T2K Micromegas Argon P=1 bar - Entrles 71 7
@ B 40 Mean 603.7
. RMS 134.2
Sk r 35
S = _6620\‘/’/ e : %2/ ndf 39.48 /34
saclay = ¢=00 Vicm 5 301 Constant 32.79 = 1.87
600 | %0 '\i‘ 25:_ Mean 647.6 + 3.0
0 | S S - Sigma 66.94 + 2.72
>420v 2% 20k | —
400 S .E r
N — ® 3 3 o(E)/E=10,3%
g S g 24,2% FWHM
g % 10—
200 f -
S 5F Vv -410V
S S . ) mesh —
= I | |
< g 500 7600 1500 2000
100 |- Charge in ADC
e e e e Ses 0 aos a0
|GainVSV___ | ~ 100% Ar Energy resolution VSV
3121 o ! - ) 40 T ‘ \
GE m A 100% Ar
- - 35 (]
S 1 $ - " ]
30— -
oo é : 25 E.=30,5 kV/ :
A E_=30,5 kV/cm a=—9Y, cm
0.6/ 205 .
B A i , A ]
15 A
.44 » = 3 A
oA E <70 V/em | 10 4 & E<70V/iem I
o2 — - 5 ]
0 L vy Y | L1 | I 0 - | ! | - | I
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Field Ratio E,/E Field Ratio E,/E
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irfu 2D readout Micro-bulk manufacturing proce8g==
e ®

Bw/a’mg a Microbulk S

saclay
» Kapton foil (50 pm), both side Cu-coated
» Construction of readout strips/pads E
(photolithography)
» Attachment of a single-side Cu-coated _—— e =
kapton foil (25/5 pm) -
» Construction of readout lines B R
> Etching of kapton ﬁ
— = I
» Vias construction
» 2" Layer of Cu-coated kapton E
» Photochemical production of mesh holes E ========= 1
» Kapton etching
» Cleaning T T
cenvsuin () [ CERN/EN-ICE-DEM workshop (R. de Oliveira)] y
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[ Xenon ]
2000— \ o 6000 = 10?2
1800 5 [z i
- Xenon a 4 bar r o3
1600/ 10 5000
1400+ - 3 2,
2 Rk Y 04000 > = 10
12001 ¥/ £ K .
P — RN - e
E1000] AR/ ] - 3000/ ¢ i
% 800f — ‘j S &
m — ¢ M + . : . hv2 I
600 .. R, i & 2000} % 1
"~ ‘0 > Ay s * Y * & :{ :'\ = A5 A
400 » .4 B b7 R | 7 10‘ 1000 _?‘ :
200 -
O«I 111 L1 11 L1 11 L1 11 L1 11 L1 |- L1 11 L1 11 L1 11 _I | | | | | | | | | . | | | ! \ ) \ | | \ | | \ | | | | | |
0 01 02 03 ?&4 I2-5d ‘{}6 07 08 09 1 % ~0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
mplitude (V) Amplitude (V)
T. Dafni et al. NIM A 608 259-266, 2009
CEADSMIrfu »
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CAST 2D readout

saclay AR A A LA LA LL L
A LA LL L] Lo
A LA LA L] lel L
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irfu 3 liters Liquid Argon Setup el

e ETH

saclay For a 10 cm drift at 1 kV/cm, contaminations better than 10 ppb (O,
equivalent) are needed.

To purify argon we use two purification stages:

2.10° mbar

pumping before Input LAr purification:
llquld ﬁllll'lg ass flow meté / ° Custom made Cal'trldge for LAI-

' -vaumsuge | pUrification at detector iput.

Recifulaton —— GAr purification circuit:

argon dewar
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Diffusion @ 293K / 3,5 bar = Diffusion @ 87K / 1 bar
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Diffusion @ 293K / 3,5 bar = Diffusion @ 87K / 1 bar

saclay  Transverse and longitudinal diffusions in Argon based mixtures @ latm
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