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Gargamelle 
Bubble 

Chamber
3 ton sensitive mass

Heavy Freon

NOMAD 
ICARUS LAr TPC

3 ton

Resolution (mm3) 2×2×0.2
Density (g/cm3) 1.4

X0 (cm) 14.0

λT (cm) 54.8

dE/dx (MeV/cm) 2.1

Bubble ∅ (mm) 3
Density (g/cm3) 1.5

X0 (cm) 11.0

λT (cm) 49.5

dE/dx (MeV/cm) 2.3

2.7 tons drift chambers 
target

Density (g/cm3) 0.1
2% X0/chamber

0.4 T magnetic field
TRD detector

Lead glass calorimeter

νe CC
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1. Ionization process
• We = 23.6 ± 0.3 eV

2. Scintillation (luminescence)
• Wγ = 19.5 eV
• DUV “line” (λ=128 nm ⇔ 9.7 eV)

• No more ionization: Argon is 
transparent

• Only Rayleigh-scattering

3. Cerenkov light (if relativistic particle)

When a charged particle traverses 
liquid Argon:

Scintillation light (VUV)

Ionization charge

Cerenkov light (if β>1/n)

Water Liquid Argon

Density (g/cm3) 1 1.4

Radiation length (cm) 36.1 14.0

Interaction length (cm) 83.6 83.6

dE/dx (MeV/cm) 1.9 2.1

Refractive index (visible) 1.33 1.24

Cerenkov angle 42° 36°

Cerenkov d2N/dEdx 
(β=1) ≈ 160 eV−1 cm−1 ≈ 130 eV−1 cm−1

Muon Cerenkov 
threshold (p in MeV/c) 120 140

Scintillation 
(E=0 V/cm) No

Yes 
(≈ 40000 γ/MeV 

@ λ=128nm)

Long electron drift Not possible
Possible 

(µ = 500 cm2/Vs)

Boiling point 
@ 1 bar 373 K 87 K

Scintillation & Cerenkov light can be detected independently 
(hep-ph/0402110)

Liquid Argon medium properties
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Passive perlite insulation

up to Φ≈70 m

up to h =20 m
Max drift length

Electronic crates 
AR, hep-ph/0402110

Venice, Nov 2003

“possibly up to 
100 kton” 10 kton

A scalable  design:

GLACIER: Giant Liquid Ar Charge Imaging 
ExpeRiment

5
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Passive perlite insulation

up to Φ≈70 m

up to h =20 m
Max drift length

Electronic crates 

Single module cryo-tank based on 
industrial LNG technology

AR, hep-ph/0402110
Venice, Nov 2003

“possibly up to 
100 kton” 10 kton

A scalable  design:

Based on LAr LEM-TPC 
readout

GLACIER: Giant Liquid Ar Charge Imaging 
ExpeRiment

5

Modest excavation 
requirements for “megaton-

scale-physics”

Simple, scalable detector 
design, possibly up to 

100 kton
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LAr

Cathode (- HV)

E-
fie
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Charge readout plane
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E ≈ 3 kV/cm

Electronic 
racks

Field shaping 
electrodes

GAr

Greinacher voltage 
multiplier up to MV Large area DUV sensitive 

photosensors

Charge readout with 
extraction & 

amplification for long 
drifts

Baseline concept for inner detector

Low cost electronics

Medium/
Property

BP 
@ 1atm

Density 
liquid
g/cm3

W (eV)
Q0=E/

W

electron 
mobility 
(cm2/Vs)

Wγ (eV)
Scintillation 
wavelength

(nm)

Lifetime of 
scintillation

Long-lived 
metastabl
e isotope

Ar
≈$1/kg

87.3K 1.40 23.8 400 25.0 128 ≈10ns /1.6µs
39Ar
42Ar

LNG tank

LAr 
purification
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- Many large LNG tanks in service 
(≈300 worldwide in year 2003, now more due to increased use of gas instead of oil/coal/...)

- Vessel volumes typ. 70000→200000 m3 (Erection time from 2→5 years)
 - Excellent safety record (Last serious accident in 1944, Cleveland, Ohio)

- Defined by international design codes and standards (BS7777, EN1473, API std 620, 
高圧ガス保安法 LNG 地下式貯槽指針 , ...)

)

Cryogenic storage tanks for LNG

Classified 
according to 

containment type:
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LAr vs LNG (≥ 95% Methane)
• Boiling points of LAr and CH4 are 87.3 and 111.6 °K
• Latent heat of vaporization per unit volume is the 
same for both liquids within 5%
• Main differences: 

• LNG flammable when present in air within 5 – 
15% by volume, LAr not flammable
• ρLAr = 3.3 ρCH4, tank needs to withstand 3.3 times 
higher hydrostatic pressure

More on LNG storage tanks

In-ground and underground storage 
tanks from Tokyo Gas

Tokyo Gas

8
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Large underground LAr storage tank

A feasibility study mandated to 
Technodyne Ltd (UK): Feb-Dec 2004

Full containment tank 
consisting of an inner and an 

outer tank made from 
stainless steel

1.2 m thick side insulation 
consisting of a resilient layer and 

perlite fill

Tanks construction:
6 mm thick at the base, sides 

ranging from 48 mm thick  at the 
bottom to 8 mm thick at the top

One thousand 1 m high support 
pillars arranged on a 2 m grid

Estimated boil-off 0.04%/day
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(work in progress 
performed with 

Technodyne International 
Ltd within the EU FP7 

LAGUNA DS)

Engineering of tank & detector
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Large LNG scaling parameters
Dewar φ ≈ 70 m, height ≈ 20 m, perlite insulated,  heat input ≈ 5 W/m2

Argon storage Boiling Argon, low pressure  (<100 mbar overpressure)

Argon total volume 73000 m3, ratio area/volume ≈ 15%

Argon total mass 102000 tons

Hydrostatic pressure at bottom 3 atmospheres

Inner detector dimensions Disc φ ≈70 m located in gas phase above liquid phase

Charge readout electronics 100000 channels, 100 racks on top of the dewar

Scintillation light readout Yes (also for triggering),  1000 immersed 8“ PMTs with WLS

Visible light readout Yes (Cerenkov light), 27000 immersed 8“ PMTs of 20% coverage,  single γ  counting capability

100 kton:

10 kton

near νʼs source, engineering detector, φ ≈ 12m, h ≈ 10m, near surface1 kton:

=40 m, h=20 m=30 m, h=20 m=30 m, h=10 m

20 kton 40 kton

φ ≈ 70m, 
h ≈ 20m

11
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1 kton tentative general features

12
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• More detailed concepts for a potential 1 kton detector

•! Mechanical jack 

•! Rigid Tube 

•! Bellow 

•! Internal clean tie-rod directly 

connected to the pillar top 

Detector hanging system
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Bigger dreams: magnetized GLACIER

LAr

Cathode (- HV)

E-
fie

ld

Extraction grid

Charge readout plane

UV & Cerenkov light readout  PMTs
and field shaping electrodes 

E≈ 1 kV/cm

E ≈ 3 kV/cm

Electronic 
racks

GAr

B-
fie

ld

B≈ 0.11 T

Magnet: solenoidal superconducting coil (LHe or HTS)

Two phase He
LHe

Phase 
separator

He
refrigerator

AR, hep-ph/0510131, Frascati, 2005
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10 kton LAr10 kton LAr10 kton LAr 100 kton LAr100 kton LAr100 kton LAr

Magnetic induction (T) 0.1 0.4 1.0 0.1 0.4 1.0

Magnetic volume (m3) 7700 77000

Stored magnetic energy (GJ) 0.03 0.5 3 0.3 5 30

Magnetomotive force (MAt) 0.8 3.2 8 1.6 6.4 16

Radial magnetic pressure (kPa) 4 64 400 4 64 400
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Feasibility of adequate cavern vs depth

14

Bedrock conditions in Europa

The age of the 

bedrock in Finland 

varies between

2 – 3,5 million yearsbillion

Rock mechanics of 
x-large excavations

Systematic comparison 
of different sites

e.g. rock spalling vs depth

Feasibility assessment
Risk analysis

Cost evaluation

(work in progress performed 
with several rock engineering 
companies within the EU FP7 

LAGUNA DS)
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Example of shallow site (Caso, Italy)

15

• Shallow site, overburden ≈ 900 mwe
• Small off-axis w.r.t CNGS, distance 

CERN ≈ 665 km
• Preliminary rock engineering study

AGT Ingegneria

Entrance

GLACIER 100kt

(work in progress performed with AGT 
Ingegneria within the EU FP7 LAGUNA DS)
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Steps towards GLACIER
• Small prototypes ➠ ton-scale detectors ➠ 1 kton ➠ ?

16

proof of principle 
double-phase LAr LEM-

TPC  on 0.1x0.1 m2 
scale

LEM readout on 1x1 m2 
scale UHV, cryogenic system at 

ton scale, cryogenic pump for 
recirculation, PMT operation in 

cold, light reflector and collection, 
very high-voltage systems, feed-

throughs, industrial readout 
electronics, safety (in Collab. with 

CERN)

Application of LAr LEM 
TPC to neutrino physics:  

particle reconstruction & 
identification (e.g. 1 GeV e/µ/π), 

optimization of readout and 
electronics, possibility of neutrino 

beam exposure

full engineering 
demonstrator for larger 

detectors, acting as near 
detector for neutrino fluxes and 
cross-sections measurements, …

➠

➠

➠

direct 
proof of 

long 
drift 

path up 
to 5 m

➠

LEM test

ArDM ton-scale

A
rg

on
Tu

be
: l

on
g 

dr
if

t,
 t

on
-s

ca
le

Test beam 
1 to 10 ton-scale

1 kton

B-field test 

➠

12m

10m

ICARUS T300
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On-going R&D efforts
• Since 2004, several critical issues have been identified and are subject to 

intense R&D efforts

• LAr tank → design with Technodyne in LAGUNA DS
• Readout system → novel techniques, other than wires, with charge 

multiplications (double phase) developed. Proof of principle is 
achieved.

• Very long drift → dedicated test
• HV system → small scale tests successful
• Readout electronics → new modern solution developed in 

Collaboration with industry, in addition R&D on warm/cold solutions, 
ASIC preamplifier working in cold, Ethernet based readout chain + 
network time distribution

• LAr purification systems → in Collab. with industry
• Safety → dedicated Workpackage in LAGUNA DS
• Test beams → under consideration
• Detector prototyping

17
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Small setups and 
proof of principle
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First operation of a LAr TPC with a B-field
New J. Phys. 7 (2005) 63
NIM A 555 (2005) 294

First events in B-field  
(B=0.55T): 150 mm

150 m
m

19

Analysis: correlation between track curvature and energy deposited by Michel e– 

M. Laffranchi,  PhD Diss. ETH No. 16002 
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Small test solenoid built wit HTS wire

Pancacke

Iron ring Cu spacer

Iron yoke
Iron 
yoke

Consists of 4 pancakes, total HTS wire length: 80m 
BSSCO from American Superconductor

Temperature LN2 (77K) LAr (87K)

Max. applied current 145 A 80 A

On-axis B-field 0.2 T 0.11 T

Coil resistance at 4A 6 μΩ 6 μΩ

Similar tests performed with YBCO from 
Superpower Inc

➙ must operate at LN2 (or below) temperature
(solenoid to be thermally insulated from LAr but 

still immersed in tank)

20

T. Strauss,  ETH Master’s thesis 
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 LEM concept based on 
pionieering successes of 

GEM technology

Cathode

Charge 
extraction grids

LAr level

LEM1

LEM2

Anode
(with strips) The top 

Electrode
of the LEM2
(with strips)

    Double phase LAr LEM-TPC
A novel kind of double phase LAr TPC 

based on a Large Electron Multiplier (LEM)
(arXiv:0811.3384)

LEM 2 

LEM 1 

LAr level 

Grids 

Drift Field 
~0.9 kV/cm 

1 kV/cm 

1 kV/cm 

1.3 kV/cm 

3.8 kV/cm 

5.7 kV/cm 

up to 30 kV/cm 

up to 30 kV/cm 

Typical Electric Fields for 
double-phase operation 

Anode 

Gain=GLEM1•GLEM2=G
2=e2!x 

x: effective LEM hole length (~0.8 mm) 
!: 1st Townsend coefficient"A#e-B#/E 

P. Otyougova,  PhD Diss. 
ETH No. 17704 
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Electron extraction in double phase
• Based on the extraction of the quasi-

free electrons from liquid into vapor 
phase (B.A. Dolgoshein et al., Sov. J. 
Part. Nucl. 4 (1973) 70. )

• Classical potential barrier at interface 
of two media with different dielectric 
constants >> kT

• Time to traverse the barrier given by 
Shottky model of electric-field-
enhanced thermionic emission

2. We achieve higher signal rates with new electronics in double 

     stage conditions because it has higher sensitivity then the fast

     electronics. Co60 r/a source was used.

     New electronics

3. We have advanced with the developing of a VME DAQ system

     with the CAEN digitizer V550. 

Liquid level-3mm

Vlem=5233V

Old fast electronics
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FIG. 21: Illustration of the potential felt by quasi-free elec-
trons as a function of the position x in Å across the liquid-
vapor interface in the presence of an external drift field. The
potential is given in units of kT where T = 87 K is the tem-
perature of the liquid Argon at normal pressure.
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V
/k

T

Liquid εl Vapor εv

!
"El

!
"Ev

FIG. 22: Same as Figure 21 but for positive ions.

vapor) [107]. The external drift field and the repulsive
potential at the interface generate a minimum potential
in the liquid phase at a distance dl

m = (Al/eEl)1/2 from
the interface with a value V l

m = 2(AleEl)1/2 and similarly
in the gas phase. The barrier height as seen from the min-
imum in the liquid at x = −dm is therefore ∆V (E) =

V0 − V l
m − V v

m = V0 − 2e1/2
(

A1/2

l E1/2

l + A1/2
v E1/2

v

)

.

The mean life time to traverse the interface (or trapping
time) can be analyzed with the aid of the Smoluchowski
equation [104], predicting τe ∝ exp(∆V/kT ). Experi-
mental data however indicate that the above-calculated
thermionic current is increased by a rate ∝ µE/λ1 where

λ1 is the momentum-transfer mean free path, as pre-
dicted by the Shottky model of electric field enhanced
thermionic emission [106], giving τe ∝ exp (∆V/kT ) /E,
with a stronger influence of the drift field.

In the case of the ions, the potential for a positive
charge is illustrated in Figure 22. The ion is attracted
very near the interface and must tunnel through the re-
pulsive potential existing on the liquid side of the in-
terface in order to enter the liquid. A semi-classical
approach is not justified. The transport of T l positive
ions from xenon vapor to liquid was successfully reported
with a # 10% efficiency in Ref. [108]. There appears
to be a difference in the behavior of positive ions be-
tween the liquid-to-gas and gas-to-liquid transition [103].
While electrons could traverse the liquid-vapor interface
the positive ions could not. This is consistent with the
fact that the ion mobility in the liquid is too small to al-
low for the external field to enhance the thermionic emis-
sion. However, the transmission of negative ions through
the liquid-vapor interface of neon has been observed with
trapping time of the order of 10–100 s at fields of 0.1–
1 kV/cm [105]. This is explained by the type of clustering
around the different species of particles. If a sort of bub-
ble surrounds negative charges then the breaking of the
bubble at the surface could let them escape. In conclu-
sion, the phenomenon of transfer of the ions through the
interface is expected to be rather complicated, not well
understood and has not been measured. In the case rel-
evant to this paper, it is likely that some fraction of the
Argon ions will cross into the liquid, although possibly
with long trapping times, and experimental studies are
needed to assess how much. For safety, we will conserva-
tively assume full transmission of Argon ions across the
interface.

We note that competing with the process of transfer
from the gas to liquid is the radial drifting of ions at the
surface of the liquid-gas interface towards the edges of
the volume, until they reach the field shaping electrodes.
There they are neutralized by the external power supply.

We now compute the free electron lifetime due to the
recombination with the accumulating ions. In the worst

case considered in this paper corresponding to the “un-
der the hill location” (see Table III), we contemplate
# 1000 muons crossing the detector per second. We con-
servatively assume that each of these muons will verti-
cally cross the entire drift region, hence x # h = 20 m,
that the average charge gain is G # 150 (see Ref. [63]),
very conservatively that εfeedback # 0.5, ηv−l # 1 al-
though we expect this to be a pessimistic assumption,
εgrid # 0.3 and that the ion mobility in the range
(0.2 ÷ 1) × 10−3 cm2/V/s [71]. These assumptions yield
ρi # (0.7 ÷ 3.7)× 105 ions/cm3. Assuming a recombina-
tion rate kr = 1 × 10−4 cm3/s, consistent with measure-
ments at the relevant electric drift fields [109], implies
that the electron lifetime due to ion accumulation in the
medium is τe > 30÷140 ms, to be compared with a max-
imum electron drift time ∼ 10 ms. We stress that actual
values of εfeedback and ηv−l are expected to increase these

Classical potential as a function of distance from interface 

Measured extraction rate plateau from 
LAr as a function of electric field

➟ ≈3kV/cm for fast (µs) extraction

Rate Fe55
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P. Otyougova,  PhD Diss. ETH 
No. 17704 
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Amplification in pure Argon vapor

• Available flexibility in the amount of multiplication of the primary 
ionization electrons, thus adapting to a wide range of physics 
requirements.

• Our measurements are consistent
with the numerical estimations 
obtained with MAGBOLTZ

23

Electric field (V/cm)

C
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cu
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d 
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in

Ar 100%, T=87K, 
p=1 bar

GLEM1

GLEM1xGLEM2

10

100

1000
Ar 100%, T=300K, 

p=1 bar

GLEM1xGLEM2

Gain=GLEM1×GLEM2 = G2 = e2αx

x: effective LEM hole length (x=1 mm)
α: 1st Townsend coefficient ≈ Aρe-Bρ/E

GLEM1

Electric field (V/cm)
Calculated 

Townsend(/cm)

x=1 mm
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Bottom LEM

Top LEM

10 x 10 cm
2

16 strips 6 m
m

 w
ide

Signal collection plane

 Produced by standard PCB 
technique
 Double-sided copper-clad 
(18 μm layer) FR4 plates, 
1.6 mm thick
 Precision holes  made by 
drilling
 Gold deposition on Cu (<~ 1 
μm layer) to avoid oxidization
 HV decoupling (cryo-) 
capacitors & surge arrestors 
embedded

3 lt LAr LEM-TPC prototype
first operation of a 0.1 x 0.1 m2 test setup

10cm

24

F. Resnati,  PhD Diss. ETH
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Technical 
details l

HV connections to 
LEM planes (~8 kV)

HV feedthrough

HV connections to 
cathode and grids 

(up to ~30 kV)

LEMO 30 kV  HV connector

All materials must be 
compatible with UHV and 

cryogenic application

Voltage divider for 
field shapers

Miniaturized kapton cables
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Technical details ll

Capacitor-based Levelmeters

kapton flex-prints
32 channels/cable

to ZIF connectors

To preamplifiers

vacuum tight, epoxy-sealed 
feedthrough 

ZIF connectors

Surge arrestors

HV cryo-
capacitors

HV resistors
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ETHZ Preamplifier development

Custom-made front-end charge 
preamp + shaper  Inspired from C. Boiano et al.

IEEE Trans. Nucl. Sci. 52(2004)1931

2 channels on 
one hybrid

4 different shaping constants
Measured values

ICARUS electronics
        (τf=1.6 μs)

 S/N=10 @ 2 fC, Ci=350 pF
  equivalent to 
  S/N=7 @ 1 fC, Ci=200 pF 
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18

✴ In collaboration with CAEN, developed A/D conversion and F/E DAQ system

Data Acquisition System development

A/D + DAQ
section

  12 bit 2.5 MS/s flash ADCs + programmable FPGA 
with trigger logic

  Global trigger and channel-by-channel trigger,switch 
to ʼlow thresholdʼ when a ʻtrigger alertʼ is present

  1 MB circular buffer, zero suppression capability, 80 
MB/s chainable optical link to PC

ETHZ preamps

CAEN SY2791 
prototype

Commercially available

256 channels

SY2791

32 preamplifier 
channels

CAEN A2792 
prototype

28
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Top LEM
view

Anode
view

E (V/cm)

Anode‐LEM2 760

LEM2 ~14 103 (*)

LEM2‐LEM1 590

LEM1 ~14 103 (*)

Dri? 420

(*) Electric field is defined as ΔV/d

Typical electric field values

Gain ~ 1000 (see next slides)

Ar gas (Ar-60) at 
room temperature 

@ 1.2 bar

LEM-TPC operation in pure GAr at 300K

29
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55Fe (Full Peak) 

~5.9 keV

29.3% FWHM

6.9 kBq

55Fe (Escape Peak) 
~2.9 keV

42% FWHM

109Cd  ~22.3 keV

24.7% FWHM

0.5 kBq

55Fe and 109Cd sources positioned 
2cm below the cathode grid

    55Fe and 109Cd LEM electrode 
spectrum

Pure GAr 1.2bar room 
temp

The device gain (G) depends on the electric 
field in the LEM holes, on the thickness of the 
LEM and on the gas density:
G = GLEM1GLEM2= G2

LEM= e(2αx); x ≈1mm

α≈ Ape(-Bp/E)-Townsend coefficient
A = 5.8 104 cm-1 bar-1 ± 30%
B = 9 104 V cm-1 bar-1 ±4%
Gains (and α coefficient) consistent with 
values estimated with MAGBOLTZ

Radioactive source Events in GAr

30
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Linearity of detector

31
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Stability with time

32

Further tests ongoing
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Anode Proof of operation 
of double phase LAr 

LEM Time 
Projection Chamber 
as a tracking device.

LAr LEM TPC operation in double-phase at 87K
Top LEM

Top LEM

Anode

6 mm readout pitch

Typical cosmic 
ray tracks 

(unprocessed 
images) 

Triggered on 
PMT or 

charge signals
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Vapor

Liquid 

E-field

e-

ion+
Scintillation

Electroluminence

Proportional light: SC & EL signals
• The proportional light produced in the gas (vapor) phase is a measure of the 

charge drifted to the interface and extracted from the liquid.
• SC & EL signals can be detected by the same set of photodetectors

Scintillation SC is 
a result of:
1.Direct excitation 
2.Recombination

Electroluminescence EL 
(proportional scintillation) is a 
result of electron acceleration in 
the gas

SC

EL

G   E / p  thresh( )  x  p

EL

x

E=field, εthresh=threshold field, p=equiv. pressure, 
x=path, α=constant

SC

 LAr = 87  / e     thresh
LAr = 0.7kV / cm / bar

 LXe = 70  / e     thresh
LXe = 1.3kV / cm / atm

35
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Primary
Ionization
electrons

Primary scintillation

Proportional scintillation 
In the drift gap

Scintillation due to
the multiplication
 in the LEM holes

The primary, proportional and 
LEM-produced lights are well 

identifiable

The light signal from the PMT installed in the bottom of the LEM-TPC
Associated light signals in double phase

36
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Associated light signals in double phase

Drift time

Extraction

Multiplication

direct
luminescence

proporLonal 
scinLllaLon

scinLllaLon
in LEM holes

Typical event with finite drift time

Tuesday, March 24, 2009

https://www.ids-nf.org/wiki/CERN-2009-03-23
https://www.ids-nf.org/wiki/CERN-2009-03-23


A. Rubbia 3rd IDS Plenary Meeting

R&D on electronics integrated on the detector 

• R&D on an analog ASIC preamplifier working at cryogenic temperature 
• very large scale integration
• low cost
• reduction of cable capacitances

• R&D on a Gigabit Ethernet readout chain + network time distribution 
system PTP
• further development of the OPERA DAQ, with larger integration, 
gigabit ethernet, reduced costs
• implementation in just one inexpensive FPGA of the capabilities 
provided by the OPERA ʻmezzanineʼ card
• continuous and auto-triggerable readout
• synchronization and event time stamp on each sensor with an 
accuracy of 1 ns

IPNL Lyon in collaboration with ETHZ

38
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0.35µm CMOS 
charge amplifier

First test (characterization of 
the components,…)

PA

PA shaper buffer

E. Bechetoille , H. Mathez, IPNL Lyon
Proceedings of Wolte-08, June 2008

to be tested on the 
LEM-TPC setup integrated  

with IPNL DAQ

delivered in July 2008

selectable feedback 
capacitance (500 fF-1 pf) 
and resistor (2 – 10 MΩ)
selectable shaping times
(0.5 – 4 μs range)

39
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Single phase LAr TPC (Bern)

40

Biagio Rossi - University of Bern! 3rd CHIPP Swiss Neutrino Workshop - Zürich - 17-18Nov 08! 8!

TPC is installed in a tube in 
thermal contact with a bath 
of argon.!

Wire planes dimension 
20x20cm2!

64 wires per plane!

Drift lenght = 0.5-90cm!
Lenght of the vessel = 
120cm!

Prototype ARGONTUBE: schematic view!

Active volume= 0.5÷36 
liters.!
Actual configuration= 12 

liters!

Biagio Rossi - University of Bern! 3rd CHIPP Swiss Neutrino Workshop - Zürich - 17-18Nov 08! 11!

TPC pictures!

Cathode!

Pillars!

Wire 

planes!

Resistor 

chain!

Field-

shaper 

rings!

Decoupling 

capacitors!

HV 
feedtrough!

Single phase LAr TPC based on wires
Wire plane 20x20 cm2, 128 wires, 

up to 90cm drift length
Active volume: up to 36 liters (50kg)

Biagio Rossi - University of Bern! 3rd CHIPP Swiss Neutrino Workshop - Zürich - 17-18Nov 08! 12!

Set-up details: phototube!

Immersed 8” PMT
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Single phase LAr TPC
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Biagio Rossi - University of Bern! 3rd CHIPP Swiss Neutrino Workshop - Zürich - 17-18Nov 08! 39!

LAr ionization potential!

LHEP Nd-YAG pulsed laser!

4th armonic wavelenght =  266 nm!
4th armonic energy E!=4.67eV!

Intensity up to 107W/cm2!

gas! liquid!

Calibration with Laser
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Liquid Argon R&D stand @ KEK

44

Liquid Argon TPC R&D (KEK)

O2 < 0.2ppm

G
a

s
 A

r

Vacuum 
pump L

iq
u

id
 

A
r

Oxygen!
Hydrogen
filter

Test 
chamber

Cosmic from

Scintillation 

counters

Signal of LAr

(1Mohm)

Charge

dist.Scinti 2
(2cmx30cm

5mm(t))

Scinti 1
(2cmx30cm

5mm(t))

Simple ion chamber

Inside test vessel 

LAr signal

w/ preamp

 Operation of a 10L test chamber
 Successfully observed cosmic muons for ~20 hours 

without major degradation of the signal
 Comparison of the signal charge between data and 

MC prediction consistent with good liquid Argon 
purity (<10 ppb)
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Towards ton-scale double phase 
LAr LEM-TPCs

Tuesday, March 24, 2009
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The ArDM project

A. Badertscher, U. Degunda, L. Epprecht, S. Horikawa, L. Kaufmann, L. Knecht,
M. Laffranchi, D. Lussi, C. Lazzaro, A. Marchionni, G. Natterer, F. Resnati, A. Rubbia*, T. 

Strauss, J. Ulbricht, T. Viant
ETH Zurich, Switzerland

C. Amsler, V. Boccone, H. Cabrera, W. Creus, P. Otyugova, C. Regenfus, J. Rochet
Zurich University, Switzerland

A. Bueno, M.C. Carmona-Benitez, J. Lozano, A. J. Melgarejo, S. Navas-Concha
University of Granada, Spain

M. Daniel, M. De Padro, L. Romero
CIEMAT, Spain

P. Mijakowski, P. Przewlocki, E. Rondio
Soltan Institute Warszawa, Poland 

E.J. Daw, P. Lightfoot, K. Mavrokoridis, M. Robinson, N. Spooner
University of Sheffield, England

* Contact person

Ar

DM(CERN RE18)

Tuesday, March 24, 2009

https://www.ids-nf.org/wiki/CERN-2009-03-23
https://www.ids-nf.org/wiki/CERN-2009-03-23


A. Rubbia 3rd IDS Plenary Meeting

Purification

circuit

LAr Cooling

circuit

Vacuum

insulation

Ionization readout

Light readout
A.Rubbia, “ArDM: a Ton-scale liquid Argon experiment for

 direct detectionof dark matter in the universe”, J. Phys. Conf. Ser. 39 
(2006) 129

General layout of ArDM
• Cylindrical volume, drift length ≈ 120 cm
• 850 kg target
• Drift field ≈ 1 to 4 kV/cm

Ar

DM
Gain ➡ 103

1-2% collection

47
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Target

48

ArDM-1t in operation at CERN
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Light readout: wave-length shifters
!"#$%&'()*'"&
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arXiv:0708.2621

α source

Scintillation light (128nm)

Gas inGas out

z

430 nm

WLS

3” PMT

!"#$%&'#(')"&'*&+&%)#*'),-&'
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8 mounted PMTs

The ArDM-1t assembly at CERN

Field shapers

HV 
system

Detector

50

Forced LAr with bellow pump
Flux ≈ 20 lt LAr/hr (measured)

!"#$%&'($)*+)+$

!"#$%&"'()*&(+%,(-(./(012&(

In collaboration with BIERI 
engineering 

Winterthur, Switzerland 

3/(453(

670%5"(

Figure 39: The flux through the cartridge is a linear function of the pressure
difference. The elevation of the slope is the impedance.

Figure 40: The impedance doesn’t depend on the absolute pressure bevore the
cartridge.

has to be adjusted to get the maximum possible rate. It depends on the level and no
absolute values can be given.

53

8%59(4:40"(;$<((

Atmosphere

Vacuum

blocked
LAr blockedLAr

Figure 28: The liquid argon circuit is not in contact with the atmosphere. It is
thermally insulated.
Left: Piston moves down, argon flows into the chamber.
Right: Piston moves up, argon is pressed out towards the cartridge.

temperature would be exactly the same as the one of the argon circuit.

5.2.2 Pneumatic drive and control of the pump

To move the piston, a pneumatic drive is installed. It is operated at a pressure of about
3 bar. It is regulated by a pressure regulator, connected to the air compression system
of the experiment (See fig. 29).Several valves are between the regulator and the inlet of
the pump. this reduces the pressure at the pump to about 2.2 ± 1 bar. The compressed

Figure 29: The operating pressure of the membrane pump is regulated down to
around 2 bar.

air drives the piston up and down. Both parts of the cycle are operated by overpressure.
The actual behavior of the piston, how fast it should move is controlled by a bleed valve.

42

8=>?:%@76#(;ABCDE<(

CuO cartridge
(inside)
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The assembled light readout system

Hamamatsu R5912

Successfully tested at warm & 
LAr temperature

51
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Detector volume evacuation

52
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To ensure leak tightness (also in cold) and evacuate 
outgassing from detector elements

Tuesday, March 24, 2009

https://www.ids-nf.org/wiki/CERN-2009-03-23
https://www.ids-nf.org/wiki/CERN-2009-03-23


A. Rubbia 3rd IDS Plenary Meeting

ArDM test in warm & cold GAr

53

Cold Gas test of the LR 
20th October 2008 Vittorio Boccone 4 

The system was precooled (LAr in the external bath) while pumping the vessel First cooldown (stay cold during 20 hours)
Fill by condensating warm Ar-60 grade gas from bottle
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Preliminary light Yield in ArDM

54

20th October 2008 Vittorio Boccone 3 

Measurement setup 

photomultipliers 

cathode 
e-shield 

movable 
241Am  

source -30 

0 

+30 

UHV magnetic 

actuator 
blue LEDs 

fiber 

re
fl
e
c
to

rs
 w

it
h
 w

a
v
e
le

n
g
th

 s
h
if
te

r 
 

!! Only 6/8 PMTs working in GAr, (2 sparking); 

!! 2 blue LEDs for calibration: 

•! Mounted on a fiber and fixed near the Am source; 

•! Mounted on the flange; 

!! Source/Fiber output can be moved by ±30cm from 

the central position; sufficient to see the decrease 
of the UV light detection for uncoated PMTs; 

!! Verify Light Yield dependence                            . 

on the position of the event; 

!! Prepare measurement in                              .    

liquid argon (1ton); 
X 

V X 

V 

V 

V 

V 

V 

20th October 2008 Vittorio Boccone 5 

LY vs. position for 5.3MeV !"

1) ZD0051 - Evap - Side 

2) ZD0045 - TPB/PRL - Center 

3) ZD0038 - Clean - Center 

4) ZD0046 - TPB/PRL - Side 

5) ZD0050 - Evap - Center 

6) ZD0049 - Clean - Side 

•!GAr P=1.1bar 

•!T=300K 

•!#2~2.8µs 
•!LY values extrapolated to max 

known purity #2=3.2µs 

•!GAr P=1.1bar 

•!T=88K 

•!#2~3.7µs 
•!Value are not extrapolated 

Cold Warm 

Very good cold GAr purity (τtriplet≈3.5-3.7µs)

Light yield from α source

Confirms effect of liquid phase trapping impurities
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Recent cooldown (March 2009)

55

• Purification cartridge impedance + below pump successfully tested
• Cleaniness of LAr purification cartridge proven
• PMT data in cold GAr being analysed
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Total heat losses =
≈200W @ LAr

Automatic refill of bath boiloffArDM cooldown

Waiting for CERN SC approval to fill 1-ton LAr (April 09)
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Next steps towards very large 
detectors
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Steps towards GLACIER
• Small prototypes ➠ ton-scale detectors ➠ 1 kton ➠ ?

57

proof of principle 
double-phase LAr LEM-

TPC  on 0.1x0.1 m2 
scale

LEM readout on 1x1 m2 
scale UHV, cryogenic system at 

ton scale, cryogenic pump for 
recirculation, PMT operation in 

cold, light reflector and collection, 
very high-voltage systems, feed-

throughs, industrial readout 
electronics, safety (in Collab. with 

CERN)

Application of LAr LEM 
TPC to neutrino physics:  

particle reconstruction & 
identification (e.g. 1 GeV e/µ/π), 

optimization of readout and 
electronics, possibility of neutrino 

beam exposure

full engineering 
demonstrator for larger 

detectors, acting as near 
detector for neutrino fluxes and 
cross-sections measurements, …

➠

➠

➠

direct 
proof of 

long 
drift 

path up 
to 5 m

➠

LEM-TPC ETHZ

ArDM CERN RE18

A
rg

on
Tu

be
: l

on
g 

dr
if

t,
 t

on
-s

ca
le

Test beam 
1 to 10 ton-scale

1 kton

B-field ETHZ 

➠

12m

10m

ICARUS T300

KEK

Biagio Rossi - University of Bern! 3rd CHIPP Swiss Neutrino Workshop - Zürich - 17-18Nov 08! 11!

TPC pictures!

Cathode!

Pillars!

Wire 

planes!

Resistor 

chain!

Field-

shaper 

rings!

Decoupling 

capacitors!

HV 
feedtrough!

Bern
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• Full scale measurement of long drift (5 m), 
signal attenuation and multiplication, effect of 
charge diffusion

• Simulate ‘very long’ drift (10-20 m) by 
reduced E field & LAr purity

• High voltage test (up to 500 kV)

ARGONTUBE - 5 meter drift

58

• Measurement 
Rayleigh scattering 
length and attenuation 
length vs purity

• Charge readout and 
electronics 
optimization after long 
drift

Infrastructure ready
 External dewar delivered
 Detector vessel, inner detector, readout system, … in design 

procurement phase
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Conclusion
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• On-going collaborative effort towards very large liquid Argon TPCs to 
provide “bubble-chamber” quality physics at the relevant mass scale of next 
generation undergroud detectors.

• The GLACIER design, based on the LAr LEM-TPC concept, represents a 
scalable, cost-effective LAr detector up to possibly 100 kton, demanding 
concrete R&D.

• The LAr LEM-TPC concept has been successfully established on small scale.

• ArDM-1t is a real 1-ton scale prototype of the GLACIER concepts.

• ArgonTube will be a dedicated measurement of long drifts (→5m).

• Aggressive R&D on integrated readout electronics (warm/cold options, 
detector integration…) aimed at potentially reducing costs for large 
detectors.

• Physics performance of detectors need to be understood with test beam 
campaings (charged particle and neutrinos).

• After a successful completion of these steps we want to proceed to a 
proposal for a 100 kton-scale underground device, which would include the 
discussion of a 1 kton full engineering prototype.
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