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Why Argon for DM-Search?

e Long experience with noble elements (Ar & Xe) as detector medium by many groups

e Argon and Xenon provide different signature due to different recoil spectra
--> Verification in case of a positive DM signal.

e High scintillation (Ar: 128 nm; Xe: 175 nm) and ionization yields (Ar: 15.75 eV; Xe: 12.13 eV)

e Scintillation via atomic excimer states
--> good discrimination between nuclear and electron recoil by pulse shape discrimination
and S$1/52

e Self shielding medium

e Good purity can be achieved by filtering out oxygen
--> long drift of several meters possible
--> detectors are scalable

e Event rejection with imaging TPC (multiple scattering, ...)

e Argon is a byproduct from air liquification
--> Cheap ~1.5 $/I

BUT: 39Ar is a B-emitter with Q = 565 keV and a half-life of T=269 yrs. It's concentration in natural
Ar is ~10-> what leads to a rate of ~1 Hz/kg

» Rejection of 108 is needed.
» Depleted argon from underground wells can be used
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What is the goal of sensitivity for ArDM?

1 0-39

Expected signal for a
threshold of ~30 keVr

DAMA/I Assumptions for calculations:
¢ Cross-section normalized to nucleon
— 0 =10-42 cm2 =10-6 pb
- MWIMP = 100 GeV

1 0-40

CoGeNT

10-41

¢ Halo Model
— WIMP Density = 0.5 GeV/cm3
— vesc = 600 km/s

IR DL

eInteraction
— Spin independent
— Engel Form factor
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WIMP-Nucleon Cross Section [cm?]
=

~1 event/ day/ton
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E. Aprile et al. (XENON100), arXiv:1104.2549v1
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Backgrounds:

Gamma and Electrons: Neutrons:

Originating from: Originating from:

e U, TH, ... contamination in detector material e U, TH, ... contamination in detector material

and surrounding rock

o ® Muon induced neutron background
® Natural 3°Ar contamination in the detector

Rejection:

Rejection: _
® \WIMPs have such a small cross section that they

® Ratio of light coming from fast and slow decay will scatter at most 1 time in the detector.

of excited Ar molecule. (~ 5 ns vs. ~1.6 ps)
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Expected Backgrounds in ArDM

We assume:

® 500 kg active mass after fiducialization.

® Background rejection: 107 (104 from PSD and 103 from $1/52)
for beta/gamma background

® Signal efficiency: 50%

® Neutrons from materials and neutron shield in place
® \WIMP mass 100 GeV and xsec 1044 cm?
® Region of interest 30-100 keV

O

39Ar gamma neutrons background | WIMP rate
[evt / day] [evt / day] [evt / day] [evt / day] [evt / day]
1.5*10¢6 47'500 0.07 0.22 0.25
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Light Readout System

® 14 x 8 inch cryogenic low
radioactivity PMT from
Hamamatsu located at the
bottom of the detector

Lukas Epprecht

Amsler et al. 2010 JINST 5 P11003

e Scintillation light in argon has
128 nm

® Glass is not transparent in
VUV range

—Wavelength shifter is
needed

® \Wavelength shifter: TPB (Tetra-
phenyl-butadien)
128 nm — 430 nm

® Coating of the PMTs in order
to detect the direct light

® Coated reflector foil around
fiducial volume to guide
indirect light to the readout

system
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& New 3" low back ground PMTs with
' QE >30% @ 420 nm (Hamamatsu R11065)
~ R currently tested at CERN
--> |f positive up to 70 PMTs for ArDM
\ light readout arra
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Results, achieved in Run on Surface @CERN
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Measurements in Gas Argon with Final Light Readout (14 PMT)
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Actual Charge Readout System

Temporary charge readout system, e Segmented anode ~
constructed as a single unit, containing an e Standard PCB technique S e ssoe T e e

anode (32 channels) and 2 extraction grids. ® 32 channels, capacitively read out ® Adjusting to the liquid level by 3

It covers all the fiducial volume with a  Movable in z-direction capacitive level meters

diameter of 80 cm. \_ BUT: no amplification )

. B A —— |

d Support structure
(movable) Top flange
A A
Moveable hangin
1004/-25 | In9
e | _sas
o per grid ~
- ! . e — . | Y 1 ¢ .
- R : - . \\\A\ ///—
. Levelmeter Lower gl’ld e e ‘1 \\I—L//Threaded rod
e ——————— = — .
: : . — . | with spacer
Field shaping rings | —_— —. 25¢ 225 (Nylon)

L

7 Anode (32 §egménts) y
. f | |
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Charge Readout System

LEM (Large Electron Multiplier) [

Badertscher et al., NIM A617 (2010) 188-192
Badertscher et al: NIM A 641 (2011) 48-57

anode The charge readout system is developed at smaller scale with
a 10 x 10 cm test setup, called "3l setup”.
eleuci'::;es Goal of this R&D is to build large, mechanically robust
charge multipliers in order to get an amplification of about
iz a_factor 1000, working in cold pure argon gas.
electrodes Principle of operation
ARV ® Electrons drift up in liquid
35 kV/em

® 2 grids squeeze the field lines
1.5 kV/cm and electrons can pass the LEM avalanche
surface potential of the liquid e [ T R

® In the high field of the LEM |
planes, an electron avalanche oss}

45 KV/em occurs. (multiplication factor:
102-103)

3.0 kV/em
® Multiplied charge induces a
signal in the anode

extraction

grids 05 MWien ® Anode is read out in x and y
direction

Lukas Epprecht June 11th 2011
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Details from the "3L Setup”

purification cartridge
(home-made)

Signal plane

Decoupling capacitors
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Cathode grid

complete DAQ
system for LAr TPC's
(ETHZ/CAEN)

PMT
(Hamamatsu R11065)
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Details Charge Readout

Manufacturer: CERN TS/DEM group

LEM 2D-Anode

(10 x 10 x1 mm)
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Performance of LEM

30 . . . .
i Effective gainvs Crossing of a muon
25 electric field over . Effective gain ~ 26
. single LEM :
20 — ]
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Next Step in Charge Readout R&D

Manufacturer: Anode: CERN TS/DEM group; LEM: ELTOS

250! detector @ KEK (J-Parc P32)

ETHZ-KEK-Iwate-Waseda

® Experiment with a double phase LAr TPCon a ‘ T : ® Biggest LEM and 2D
charged particle beam anode ever built

e Drift cage 80 x 60 x 40 cm (80 x 40 cm)
» ~ half the size of final

- ﬂ{f #J 7[ 37[ 7"‘"‘1 A X & g]raDrl\g/Ie readout of

f.,fﬂf f;ﬂ [[:n i " Jl 1 ~ | ®LEM segmented in 8
£ — SRR — - x | partsto decrease
] »‘ capacitance
= ¥ ° Anode views 45° to
,j-:——. ; incoming beam
,. & ——f—‘ ® 512 channels
 — e [
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DAQ

Charge readout

DAQ-System

A* =3

Readout Cards

e 2 x CAEN A3818 PCl Express

® 4 optical links each, 95 MB/s per
optical link

DAQ Computer
® 2 x DELL R510, 6 cores, 12 GB

RAM
Storage
® LaCie 12Big,

12 TB scalable to 60 TB |

 htemp

Entries 152580 |
~ = Mean 1.305e+09
5 - RMS 483.2
£1200—
1000[-
AL TR R lﬂwﬂ{umﬂw’ﬁ Ly
800—
GOOf—
| CAEN V1720 woor
—— — ® VME based -
CAEN SY2791 e 3 boards currently available 200~
® CAEN, in collaboration with ETHZ (24 ADC channels) - 1 1 :
® 4 crates - 1024 channels ® 250MS/s 12bit 1.25MS/Ch O gemoo  1om00 . 41m00
® 12 bit 2.5 MS/s flash ADCs + FPGA

up to 10MS/Ch available Performance: ~ 900 Hz! unixTime
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The High Voltage System of ArDM

J Greinacher- / Cockcroft-Walton HV multiplier immersed in liquid argon (good insulator)
o 210 stages (1520 HV capacitors & 1260 avalanche diods)
J Low alternating input current (50 Hz; maximum Vpp(n) ~ 2.5 kV)
. Ideally: Vout(n)=n X Vin
. Starting voltage has to be ) R
negative 600 V/cm o= "- |
8 DC shift up to - 8 kV possible TeS'ted up to 70 kV ( harge readout
Thu 10.12.09 Z==f
12000
to reach “plateau
10000
>
g 8000
§ o
3 P
§ o 3
ArDM-It measurements N 1 h
. % shapers
10:00 11:12 12:24 13:36 14:48 16:00 1712 18:24 N 7
Time in the day . ¢
AC inout 4 P charging Capacitors 3 in series) apacitors
b I ce2 ca3 ccoeb Cc210 (82 nF each
(2.5 kVmax) | I I | f |
| |l 1 1 | )7 e
Cel \2 [ WX ";.f, - red: measurement
. || . || || || Z | [ S 8 plack: linear fit
L [ I [ [ I Y I l I l ¥
- Csl Cs2 Cs3 Cs209 Cs210 6
V1 V2 V3 V209 V210
DC-shift \_ in LAr "storage Capacitors” ) 3
2 [
o v b by by I B
o 5 10 15 20 25 30
Field shaper number
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Cryogenics

. 350 300
ArDM is upgraded to a zero loss system neating power
J All cryogenic processes (Insulation, cooling, 300 ! n
recirculation, ...) controlled by PLC (Programmable Logic
Controller) 250 4
) I .
. S X0 1M 260 __
J 2 Cryocooler with 300 W @ LAr temperature each % / | - <
(Cryomech AL300) : 200 [ 1] ipobenen;: £
) g w240 ®
. Recondensation on cold heads 8 aes g
= e o £
o Cooling power controlled by PID-controller in PLC system 2 N [ el 290 &
(pressure variations in cryostat < 5 mbar!) i 200 o B Y oy M rr S ump slopped
J Cryostat and regeneration system insulated by . iy i v A 200
independent vacuum insulations | ‘ 2 d
?‘ ©
s °g |
e 0 5 10 15 20 25 30 35 40 45
[ ’ & time (d)
2 1- ARDM_BAT182_HealerIPID Regulation PWM Heater 1 R ] 3|
Status | Trends | ARDM_BAT182_HeaterlPID [ N
Operation Modes PID Param Acto—.
mmm RE 2L :ﬂ.
Ao Postion AT | oes0 |
ManuaiPostion M [ | T | 0000 [
ForcedPostion  F [ | Te8 o000 [
Tracking T [ |SetPoints Limits =
o R | i g%
P wl ummnox u
e e | i
avo DTN Varnings
werusl  [RIEA | 1o Error [
eventmasted [ Active [ENEGEN | VO Smuisted | |
| SetPoint | Output | PID I Limits
Auto Mode Manual Mode Forced Mode Regulation Deselect
PLC-System (incl. racks for DAQ and HV) LArCARTRIDGE — Cold head for recondensing argon PID-Controller

(under responsibility of CERN PH-DT group) (Recondenser built by Criotec SA)
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Purity, a big issue for noble gas TPCs!

Drift of charge, as also the lifetime of excited states in argon, are strongly dependent on the amount of

electro negative impurities in the noble gas.

- 2
3 ; : :
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Amsler et al. 2010 JINST 5 P11003

Lifetime of free charge in liquid argon: 7 =

June 11th 2011

Collection efficiency
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Results for cleaning Ar

Purging of non evacuated vessel with GAr Purification of the LAr in ArDM

-7 0,48 T
bottom PMT
14 |- \‘ * — " -%#
middle PMT M.?f* g
Al 0,46 | ’ s
top PMT ﬁ, 559
12 L 3 7l
8.44
—_ 10 +§;_¥ g |
& ¥ % y > -
S 5 . i 0.42 | PISSh (4 17%)
= w 160 us
S a 1 (0) :4.5 s
= 8 — I W 071 ps
5 %Y ‘ S e
: ! 3
S 6 8 —
J
e +& 0.38 |
- W
4 |- -
09.36 | 4
slope: 1. Ix10* ysih ( +/. 5%) j
0.34 | M",
0 | I IR T B S R BRI | ] |
0.8 b ———————
02/23 02/23 02/24 02/24 02/24 02/24 02/25 02/25 02/25 02/25 09/84 18/04 12/04 14/94 16/04 18/84 20/04 22/04 24/84 26/04 28/04 39/84 02/0% 04/80%
12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 tine
time & date

Curioni et al. arXiv:1009.4073v2 . . . . . .
srom e e e ' ® For the first time the liquid recirculation of

ArDM has been tested.

® Pump was running for several days with a
constant flux of ~ 15 I/hr.

® This was done in a cryogenic test and the
initial purity of the liquid was bad.

® Even though a lifetime of 1.6 pys was found for
the scintillation light.

Purities down to a few ppm can be reached.

This test was performed in a 6 m”3 vessel with the
background of building even bigger vessels that can't be
evacuated.

(ETHZ, University of Liverpool)

June 11th 2011
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Liquid Gas Purification

In collaboration with Bieri Engineering

~ Checkvalve _’,-U;Iwg
Aghe
AN — !
_\.\_" $  LAr-volume !
O Bellows a
Piston '

=

Pneumatic chambers

Bellow pump for LAr (up to 20 1/ hr)

~

® No recirculation
of GAr

® |Limited lifetime
due to membrane
bellow

® Upto201/hr

® Pneumatic
actuation

® No abrasion

Lukas Epprecht

LAr cylinder containing
copper cartridge
(vacuum insulation removed)

June 11th 2011

Purification process:

® LAr floats through reduced copper oxide.
® Oxygen impurities oxidize copper and stay
in the cartridge

‘\.1,»/' v

.
L - :
activated copper after a few seconds
(reddish) exposed to air

Sintered copper "pellet”
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Next steps for purification

After good experiences with gas purification in the 3l setup, we decided to install a similar system on ArDM.
— Independent system from liquid recirculation
— ~ 150 I/min of GAr @ 300 K --> ~10 | LAr

Advantages: Disadvantages:
® Purification during cool down possible ® Additional cooling power needed to cool
e "Boil off" from argon doesn't only get down gas from room temperature to 80 K
recondensed but also purified ® Much higher flux needed (1 | LAr = 800 |
e Commercial SAES purification cartridge GAr)
® Possibility to attach gas analysis instruments
® \Well known and less challenging technology
flow direction
5.°)
= 7‘, SH)— = i..

KNF double All metal MKS SAES 4500
membrane pump  flow meter purification
(up to 250 I/min @ cartridge

300 K & 1 bara)
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What's Coming Up?

LSC Scientific Committee
7™ Meeting
October 7™ and 8™, 2010
Canfranc Estacion, Spain

Summary, Conclusions and Recommendations

CONCLUSIONS AND RECOMMENDATIONS

Lol -02-2005 (ArDM)

The Committee was pleased to receive the letter of intent (Lol) from the
ArDM Collaboration. Large scale liquid Xe and liquid Ar dark matter experiments
are running or being constructed at various underground laboratories worldwide. The
ArDM one-ton liquid argon two-phase TPC can be competitive if deployed in time

The Committee recommends the approval of the ArDM experiment for a
period of four years. We also recommend that the Laboratory supply the requested
platform and utilities (electrical power, cryogenics, gas lines, etc.) required for the
experiment.

The Committee recommends that at the next meeting the Collaboration
present results of the expected neutron background and sensitivity reach, for the
different proposed phases.

Approval for Underground Operation @ LSC
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LSC (Laboratorio Subterraneo de Canfranc)

ol LsC

J . . . ; . A ot /A - J . P., - g
Laboratorio Subterrdneo de Canfranc

LSC (Laboratorio Subterraneo de e 850 m deep under the Mount

Canfranc) Tobazo (~ 2500 m.w.e;
U flux = 2x10-7 p/cmA2/s)
e Location: Somport tunnel * Gamma flux =~ 2x10-2 y/cm”2/s
between France and Spain * Neutron flux = 10-6 n/cm”2/s
e Size of main hall: 40 x 15 x e Radon ~ 50-100 Bq/mA3 -
10.5 m p\ﬁ kg
‘ Shag: : £ (¢
. ) LSRRI
 Geneva 7
R > ~ | ‘ Canfranc = /h

e | ded )

'(/":J"
el AT
¥ | (Q 3
Ih— "y:(_ E - 'iu%
e PONE
R '; ~ <3
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Installation at LSC

In collaboration with LSC

PLC & DAQ

...................

Safety pool for
argon spills

Lukas Epprecht June 11th 2011
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Screening of Polyethylene

e Gamma activity was measured in two
polyethylene samples. i Cromal

e No radioactive contamination was found in RESULTADOS DE LAS DETERMINACIONES
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Conclusion and Outlook

e ArDM has been commissioned successfully at CERN in several runs of up to 2 month
—  First results with light readout system (Amsler et al. 2010 JINST 5 P11003)
— Analysis on nuclear recoil with Am-source ongoing
—  HV system tested up to 70 kV
—  $1/S2 discrimination with temporary anode (no amplification)
—  Prove of principle for liquid purification
—  Cryogenic system commissioned as "zero loss system"
— DAQ upgraded

e R&D for light and charge readout on-going
— Hamamatsu R11065 3" PMTs currently tested in different setups
—  Charge readout: Prove of principle with gain up to 30 (1 LEM only) in "3l setup”
—  Test with P32-chamber (40 x 80 cm2readout sandwich) next month @ CERN

| ArDM @ LSC
—  Platform under construction
—  Neutron shield designed and under construction @ CIEMAT

First run under ground and first measurements on
39Ar background planned in the begin of 2012

Lukas Epprecht June 11th 2011
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BACKUP SLIDES
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Dynamic Analysis of Earth Quakes

Static stress in case of an EQ with horizontal
acceleration of 4 m/s2

Acceleration response in all directions

INEFN-I.NGS-Spettro di progetto (MCE)

0.7

e\

0.6 vanil . \

0.5 4 N

/] AN
0.4
0.3 / N

0.2

0.1
/
0.0

0.1 1 10 1 00
frequenza (Hz)
Acceleration Response Spectrum corresponds to the
Maximum Credible Earthquake (MCE) used for the
seismic analysis of LNGS (Gran Sasso)

mode f [hz]
1 10.477
by el g 2 s
Type: Total Deformation 4316 3 18.855
Unit mm o
Tine: 1 || 37.765
16.03.2011 11:31 LA 323? 4 20.601
f;mm | 26.975 3 20.913
42115 — 21.58 5
36098 L 1 61 85 o 22.816
30082
i 101 Eigen freq. modes of
12033 5.395 platform
060164 1.4433e-19 Mi
0 Min

max. deformation: 5.5 mm

max. stress: 145 MPa

y allowable stress: 235 MPa
\] Maximum is in y-direction (48.6 MPa)
(x: 24 MPa; z: 5 MPa)

- 224003 (mm b msafety factor 1.62
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Alternative charge readout systems:

LEM / THGEM

By
s

"\ |\ ™
N .
/

21 ' Y

B \"?‘!"l/" 34> (o \
iR o 70
L ]

i

W

Badertscher et al., NIM
A617 (2010) 188-192
Badertscher et al: NIM A
641 (2011) 48-57

Lukas Epprecht
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In collaboration with CERN RD51

MicroMegas

Saclay group
A. Delbart et al.,
GLA2010 workshop

June 11th 2011

Secondary scintillation
from THGEM
(optical readout)

Support rods

SiPM PT1000
device thermocouple

[LAVRATLE Ty

[
THGEM
Capacitance
level meter 20mm
drift region
[ J
cathode .
45mm
65mm

Sheffield group P K
Lightfoot et al.,
JINST 4:P04002,2009

see also
A. Bondar et al.,
arXiv: 1005.5216
(May 28th 2010)

ETH Institute for
Particle Physics
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The R&D path to Giant LAr detectors
Giant LAr » High drift velocity

(A. Rubbia)
Very high voltége
TPC ' systems
\ Very long drift length /
/ \ RED = Detector R&D

 Very large area Elastronclsid Ultra-high purity By Engineering
detctors diffusion liquid argon in non . development
1 evacuated vessels
Methods of ' ‘ |
Argon purification
charge readout iechnaues:and
\ huge cryogenic systems
Embedded (cold) R - |
}tronics l
' | - Tank & detector engineering, . LA
Large' readout safety, risk analysis, underground § < S 5
i electronics systems, vessel

construction & operation
feed-throughs ——— it
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LAr-TPCs: Scale up

e e

2 ol A ArDM @ CERN s CERN
- m
||| IMM i 31 Setup > 15¢
* §  lember . @ CERN (~1t LAr; (R&D toward non
o | Greinacher HV- evacuated vessels,
(R&D charge Devise, large | charged particle
readout) area readout, 4| test beam exposure
purification, ...) in 2012)
1 kton @ CERN
ArgonTube | . :
P32 @ JParc @ Bern It Eiie (full engineering
| demonstrator
(~0.4 t LAr; (long drift up | - towards very large
Pi-K test to5m, r F LAr-detectors with
beam) HV-system, ' El 4 stand alone short
purity) | E 2 baseline physics
Nl EER program)
Il F

Lukas Epprecht June 11th 2011




m ETH Institute for
Eidgendssische Technische Hochschule Zirich Particle PhySiCS

Swiss Federal Institute of Technology Zurich

GLACIER: Giant Liquid Ar Charge Imaging ExpeRiment

AR, hep-ph/0402110 (Venice 2003)

* Single module non-evacuable cryo-tank based on industrial
LNG technology

» Cylindrical shape with excellent surface / volume ratio

» Simple, scalable detector design, possibly up to 100 kton

» Single very long vertical drift with full active mass

» Avery large area LAr LEM-TPC for long drift paths

» Possibly immersed visible light readout for Cerenkov imaging

 Possibly immersed (high Tc) superconducting solenoid to
obtain magnetized detector

« Reasonable excavation requirements (<250°000 m?2)

Design technical issues:

* Tank with passive insulation heat loss = 80kW@LAr : :

ut plane - o,
* Very large area (=3500m2) LEM/THGEM+anode with \ GAr \ﬁ
3mm readout pitch, modular readout, strip length I:
modulable, >=2.5x10% channels ! = _— e -;5:3:'\,,;,— PLOPLRTAnISOUnEInNY  (OCanong ante
» Purification to < 10 ppt (O; equiv.) of bulk argon in f;’"-*—_"“ s ..............g
large non-evacuable vessel, but excellent S/V ratio = § o
in vessel and time to purify before filling ! cg’ o §
* Immersed HV Cockcroft-Walton for drift field o z?,:’ : LAI’ §j
(1 kV/cm) up to 2 MV — 10ms max drift time! § o ' ’ SRR
« Readout electronics (F/E; DAQ: network data flow § CEmCEkRVEm §
& time stamp distrib.) 2 ‘ o
« WLS-coated 1000x 8" PMT and reflectors for DUV — ' z/ '
linht dateartion /
T T S s Cathods (- HV) UV & Cerenkov light

readout photosensors

(Green: less challenging, Red: challenging)
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