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WA105 in a nutshell…

2

WA105 DLAr detector

9

6m

• Insulated membrane tank
Æ inner volume 8.3x8.3x8.1 m3

• Active area 36 m2

• Drift length 6 m
• Total LAr mass 705 ton (~300 ton active)
• Hanging field cage & readout plane
• # of signal channels: 7680 in 12 signal FT
• # of PMTs: 36

e-
dr

ift

Some detector 
parameters: 

CERN-SPSC-2014-013 ; 
SPSC-TDR-004 (April 2014)

• A 1:20-scale “demonstrator” & industrial solutions

• Technical proof-of-principle: 

• Purity in non-evacuated tank
• Large hanging field cage structure
• Very high voltage generation
• Large area charge readout
• Accessible cold front-end electronics
• Long term stability of UV scintillation light readout

11/2/2014 V. Galymov - NNN2014 10

Compared to LAGUNA/LBNO 20 kton DLAr

Modular independent 
detectors

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Build and operate a large scale prototype to demonstrate 
the feasibility and performance of the DLAr TPC design 

for O(10) kton detectors

• SPSC Technical Design Report submitted in April 2014
• Approved in June 2014
• 6x6x6m3 demonstrator in the CERN North Area (2016)
• Exposed to charged particle beam (2018)
• Now: construction/operation of 3x1x1m3 proto (2015)

3x1x1 m3

6x6x6 m3

to scale

25 ton  LAr
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The groups presently involved
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Sebastien Murphy ETHZ                                                                                                                                    LBNO collaboration meeting May 20141

22 institutes, 130 physicists
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Double Phase LAr LEM TPC 

Overview

4
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Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

Double phase LAr-TPC 

13

E drift

E extraction 
e- multiplier

collection anode

Liquid

Gas

signal readout on 2 view collection anode
Signal amplified in the gas 

PMTs (trigger and t0)

E amplification

cathode

e-

2003: the GLACIER concept.
•  A. Rubbia, Experiments for CP-violation: A giant liquid 

argon scintillation, Cherenkov and Charge imaging 
experiment? hep-ph/0402110.

2008-2011: Proof of principle with 10x10 cm2 
double phase LAr LEM-TPC prototype:
• A. Badertscher et al., Construction and operation of a Double 

Phase LAr Large Electron Multiplier Time Projection Chamber  
arXiv:0811.3384

• A. Badertscher et al., “First operation of a double phase LAr 
Large Electron Multiplier Time Projection Chamber with a two-
dimensional projective readout anode” NIM A641 (2011) p.
48-57

2011: First successful operation of a 40x80 cm2 
device
• First operation and drift field performance of a large area 

double phase LAr Electron Multiplier Time Projection Chamber 
with an immersed Greinacher high-voltage multiplier JINST 7 
(2012) P08026 

• First operation and performance of a 200 lt double phase LAr 
LEM-TPC with a 40x76 cm^2 readout, JINST 8 (2013) P04012 

2012-2013: further R&D towards final, simplified 
charge readout for GLACIER:
• first results presented TPC-symposium, Paris Dec. 

2011
• Long-term operation of a double phase LAr LEM Time 

Projection Chamber with a simplified anode and 
extraction-grid design C Cantini et al 2014 JINST 9 
P03017

Double Phase LEM TPC

5

4Shuoxing Wu ETHZ

➢ 2003: the GLACIER concept 
•   A. Rubbia, Experiments for CP-violation: A giant liquid argon scintillation, Cherenkov and Charge imaging 
experiment?    arXiv:hep-ph/0402110 !
➢ Proof of principle with 10x10 cm2 double phase LAr LEM-TPC prototype: 
•   A. Badertscher et al., “Operation of a double-phase pure argon Large Electron Multiplier Time    
    Projection Chamber: Comparison of single and double phase operation ”NIM A617 (2010) p.188-192 
•   A. Badertscher et al., “First operation of a double phase LAr Large Electron Multiplier Time Projection 
    Chamber with a two-dimensional projective readout anode” NIM A641 (2011) p.48-57 
  
➢ First successful operation of a 40x76 cm2 device in November 2011: 
•   A. Badertscher et al., “First operation and drift field performance of a large area double phase LAr   
    Electron Multiplier Time Projection Chamber with an immersed Greinacher high-voltage multiplier ” 
    JINST 7 (2012) P08026 
•   A. Badertscher et al., “First operation and performance of a 200 lt double phase LAr LEM-TPC with a   
    40x76 cm2 readout”, JINST 8 (2013)P04012 !
➢ 10x10 cm2 double phase LAr LEM-TPC prototype: further R&D towards final, simplified charge readout         
for GLACIER: 
•  Long-term operation of a double phase LAr LEM Time Projection Chamber with a simplified anode      
   and extraction-grid design, JINST 9 P03017 
•  Performance study of the effective gain of Large Electron Multipliers in LAr-LEM TPCs, paper on arXiv soon 
Future 
•   3x1x1m3 pre-prototype  to be put in B182@CERN 
•   6x6x6m3 prototype  (WA105) to be operated at CERN NA approved by CERN SPSC.  

Milestones towards GLACIER

Final goal: Giant LAr LEM TPC as far detector for a Long Baseline 
Neutrino Oscillation (LBNO) experiment (SPSC-EOI-007)

TPC symposium, Paris, 2014

• Fully active, fully homogeneous
• Tuneable charge amplification
• Threshold < 100 keV on single 

channel
• S/N>100 for m.i.p.
• Symmetric collection views
• Diffusion tolerant (→long drift)
• No microphonic noise

Sebastien Murphy ETHZ                                                                                                              LBNO collaboration meeting CERN Feb. 10-13  2014

Top 3x1 m2 Charge Readout Plane

!9

Liquid 

Anode: 0V

Gas 
1 cm

2 mm
LEM:  -1 kV!
!   -4 kV

Grid: -7 kV

1 mm

✴Extraction grid, LEM  (large electron multiplier) and anode all constructed as single 
readout module of 1x3 m2.

~2kV/cm to efficiently !
extract the charges !
from the liquid

anode

LEMsupporting frame (G10)

frame for extraction grid

~3 kV/cm across !
the LEM

anode at groundHighest effective gain over 90!

LAGUNA-LBNO CERN 11-Feb-2014

Anode @0V
Anode-LEM 2mm

LEM-Grid 10 mm

LEM

Grid

Induction field 5 kV/cm
LEM field 27 – 36 kV/cm

extraction field 2 kV/cm

Eff. gain and resolution vs. LEM field Landau curves vs. LEM field

Shuoxing Wu ETHZ 12

Eff. Gain = 
mipdxdQ

dxdQdxdQ
/

// 10 !��!�

3.) Charge multiplication in the holes of the 
Large Electron Multiplier (LEM)

4.) Charge collection on a multilayer 2D anode 
readout (symmetric unipolar signals with two  
orthogonal views)

2.) Drift electrons are efficiently extracted 
into the gas phase

1.) Ionization electrons drift towards the 
liquid argon surface

Shuoxing Wu ETHZ

The novel double phase readout

LAr level

For MIPs: 
• 10 fC/cm — ~10 k e- for each strip (3 mm 

pitch,2 views) — SNR of 10 (noise of 1000 e-) 
• SNR of 100 — gain of 20 is needed

0.5 kV/cm

2 kV/cm

2.5 kV/cm

30-35 kV/cm

5 kV/cm

5TPC symposium, Paris, 2014

Fully active LAr volume
No dead regions

*LEM or ThickGEM

arXiv:1412.4402, JINST

http://arxiv.org/abs/arXiv:1412.4402
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Outcome of many years of R&D
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Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 201412

O(106) holes!

76 cm

40 cm

60
 c

m

76 cm

40 cm

40x80cm2

stable operation of large area readouts

10x10cm2

LEM/anode R&D

Continuation of the supporting R&D activities on smaller prototypes

ArDM 1ton 
-light readout 
-Operating underground

LEM field [kV/cm]
24 26 28 30 32 34 36

ef
fe

ct
iv

e 
ga

in

0

20

40

60

80

100

re
so

lu
tio

n

0

0.1

0.2

0.3

0.4

0.5

resolution

effective gain

In parallel: many years of  R&D on double phase

2014 JINST 9 P03017

Table 2. Data taking periods for each anode.

data taking period number of triggers number of discharges
start stop days running

anode A 11-Apr 16-May 20 7.5 M 6
anode B 16-July 29-July 12 4.2 M 2
anode C 27-Aug 02-Sept 7 1.4 M 0
anode D 15-Oct 21-Oct 7 1.5 M 0

Table 3. Electric field configuration for the long-term operation.

distance [mm] nominal electric field [kV/cm]
Induction (anode-LEM) 2 5
Amplification (LEM) 1 33
Extraction (LEM-grid) 10 2
Drift field (grid-cathode) 210 0.5

is retrieved by fitting the average measured energy loss of the reconstructed tracks as a function of
the drift time (tdri f t) with the exponential law e�tdri f t/te .

The same offline procedure is applied to each set of data listed in table 2, and allows for a di-
rect comparison of the anode performance. A typical cosmic track event collected with the electric
fields listed in table 3, is shown in figure 5. The channel number and the drift time are plotted on
the x and y axis respectively and the gray scale is proportional to the signal level at a given instant.
The 3D reconstruction of the muon tracks from the digitised raw waveforms is accomplished with
the Qscan software package [18]. A set of algorithms is consecutively applied to filter coherent
pick up noise that could not be removed online, remove discrete noise frequencies and perform
pedestal subtraction. Physical hits are subsequently extracted from the signal waveforms by means
of a standard threshold discrimination algorithm. Once calibrated, the hit integral is a direct mea-
surement of the local energy deposition of the ionisation track in the liquid Argon medium. The
next step consists in identifying tracks by clustering and fitting neighbouring hits. A tree finding
algorithm [19] efficiently finds tracks by searching for the longest consecutive set of hits. The con-
nected hits are then fitted with a straight line and the z coordinate of the 3D track is computed by
matching the end point drift times of the tracks from both views. The 3D reconstruction allows to
retrieve the length of the track on each strip of view 0 and view 1 (Ds0 and Ds1), along with the
charge collected on the corresponding channels (DQ0 and DQ1), corrected for the electron lifetime.
The ratios DQ0/Ds0 and DQ1/Ds1 which are proportional to the energy locally deposited by the
track in liquid Argon per unit length, are the relevant quantities used to estimate the gain of the
chamber (see eq. (3.1)). In addition to making a selection on the goodness of the linear fit, only
tracks that cross the entire detector were retained by applying a selection criteria on the endpoints
of the reconstructed 3D tracks. Examples of 3D reconstructed hits and corresponding tracks are

– 8 –

Long term operation in 3 lt setup:  
>15 millions cosmic events collected   

very stable conditions
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80cm

Double phase: event gallery

7

With “nominal” gain ≈ 15 —> S/N >≈ 100 for m.i.p !

Collection Collection
S/N≈100S/N≈100
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80cm

Double phase: event gallery

7
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With “nominal” gain ≈ 15 —> S/N >≈ 100 for m.i.p !

Collection Collection
S/N≈100S/N≈100
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Adjustable gain

8

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

6

Cosmic event at effective gain~20

View X View Y SNR>100

Shuoxing Wu ETHZ TPC symposium, Paris, 2014

“Nominal” gain ≈ 20 (x10 per view)

7

Cosmic event at effective gain~160

saturation !
of the pre-amp

Shuoxing Wu ETHZ TPC symposium, Paris, 2014

Max gain reached ≈ 180 !!!

Opens possibilities:
- very low energy threshold in the 10’s keV 

range
- very small pitch < 3mm
- very long drift path (compensates for 

diffusion and charge attenuation)
- only charge collection, no induction
-…

Gain brings enough ionisation charge 
to “share” it among views collecting 
identical waveforms  
(for two views: 50%-50%).

SNR(m.i.p) = 800 !



A. Rubbia ELBNF-Proto Collaboration meeting, January 2015

Double phase readout: detail

9Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

Double phase readout

14

e- (1)  charges extracted 
to vapor phase E 
field of ~2 kV/cm

(2) charges amplified 
in Large Electron 
Multiplier E field of 
~30 kV/cm

(3) charges collected on specially designed two 
view anode. Both views see the same 
amount of charge and have identical signals

data collected on a 40x80 cm2 DLAr TPC at CERN

Drift in liquid
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Double phase readout: detail
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LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

Double phase readout

14

e- (1)  charges extracted 
to vapor phase E 
field of ~2 kV/cm

(2) charges amplified 
in Large Electron 
Multiplier E field of 
~30 kV/cm

(3) charges collected on specially designed two 
view anode. Both views see the same 
amount of charge and have identical signals

data collected on a 40x80 cm2 DLAr TPC at CERN

Extraction
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Double phase readout: detail
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LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

Double phase readout

14

e- (1)  charges extracted 
to vapor phase E 
field of ~2 kV/cm

(2) charges amplified 
in Large Electron 
Multiplier E field of 
~30 kV/cm

(3) charges collected on specially designed two 
view anode. Both views see the same 
amount of charge and have identical signals

data collected on a 40x80 cm2 DLAr TPC at CERN

Drift in vapor
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Double phase readout: detail
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LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

Double phase readout

14

e- (1)  charges extracted 
to vapor phase E 
field of ~2 kV/cm

(2) charges amplified 
in Large Electron 
Multiplier E field of 
~30 kV/cm

(3) charges collected on specially designed two 
view anode. Both views see the same 
amount of charge and have identical signals

data collected on a 40x80 cm2 DLAr TPC at CERN

Amplification
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Double phase readout: detail

13Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

Double phase readout

14

e- (1)  charges extracted 
to vapor phase E 
field of ~2 kV/cm

(2) charges amplified 
in Large Electron 
Multiplier E field of 
~30 kV/cm

(3) charges collected on specially designed two 
view anode. Both views see the same 
amount of charge and have identical signals

data collected on a 40x80 cm2 DLAr TPC at CERN

Collection on anode strips

two 
perpendicular 

collection views
(anode)
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Optimisation of anode

14

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

R&D towards large area anodes

21

Detector inside the 
vessel
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anode pattern too corse. Low capacitance but 
charge collection not uniform

dC/dl ~ 100 pF/m

dC/dl ~ 150 pF/m

3 liter chamber. Small detector with rapid turnaround
ideal for testing readouts
anode: compromise between resolution on charge 
measurement and capacitance

C Cantini et al 2014 JINST 9 P03017

Shuoxing Wu ETHZ

To reach basic GLACIER 4x4m2 CRP (2m readout length) design: 
• reduce capacitance: have long readout strips while keeping minimum noise 
     (upper limit for ~1000 e- ENC noise ~ 350 pF) 
• simplify production: integrate two views on same PCB layer 
• symmetric X-Y charge sharing 

Anode requirements for large area readout

X pitch: 3 mm

Y pitch:  
3 mm

Best solution to optimize capacitance and resolution

ϕ

10

dC/dl~150 pF/m

TPC symposium, Paris, 2014

Shuoxing Wu ETHZ

To reach basic GLACIER 4x4m2 CRP (2m readout length) design: 
• reduce capacitance: have long readout strips while keeping minimum noise 
     (upper limit for ~1000 e- ENC noise ~ 350 pF) 
• simplify production: integrate two views on same PCB layer 
• symmetric X-Y charge sharing 

Anode requirements for large area readout

X pitch: 3 mm

Y pitch:  
3 mm

Best solution to optimize capacitance and resolution

ϕ

10

dC/dl~150 pF/m

TPC symposium, Paris, 2014
Shuoxing Wu ETHZ

To reach basic GLACIER 4x4m2 CRP (2m readout length) design: 
• reduce capacitance: have long readout strips while keeping minimum noise 
     (upper limit for ~1000 e- ENC noise ~ 350 pF) 
• simplify production: integrate two views on same PCB layer 
• symmetric X-Y charge sharing 

Anode requirements for large area readout

X pitch: 3 mm

Y pitch:  
3 mm

Best solution to optimize capacitance and resolution

ϕ

10

dC/dl~150 pF/m

TPC symposium, Paris, 2014

arXiv:1412.4402

Optimise the layout of the strips
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Optimisation of LEM

15

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014
RD51 collaboration meeting

26

Fitting function:

LEM gain curves

Max Gain 180 
= MIP S/N ~800!

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014
RD51 collaboration meeting

27

LEM gain stability

the LEMs have different 
charging up 
characteristics but all 
could be operated 
stably at gains of at 
least 20.
Paper in preparation

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

Further R&D on the LEM

25

                      Hole diameter: 
300 µm                 400 µm               500 µm

                  Hole layout: 
          square              hexagonal

Many runs in the 3 liter chamber with different LEMs. 
Checked the impact of LEM rim size, hole diameter, hole layout, LEM 
thickness on the maximal gain and long term evolution of the gain.

10 cm

10 cm

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

Further R&D on the LEM

25

                      Hole diameter: 
300 µm                 400 µm               500 µm

                  Hole layout: 
          square              hexagonal

Many runs in the 3 liter chamber with different LEMs. 
Checked the impact of LEM rim size, hole diameter, hole layout, LEM 
thickness on the maximal gain and long term evolution of the gain.

10 cm

10 cm

arXiv:1412.4402

Gain stability & charge up
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Delta-rays 250 lt DLAr prototype
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Figure 21. The reconstructed energy of d -rays that are longer than 0.5 cm from the collected cosmic muon
sample, as well as from the MC generated muon events with a momentum uniformly distributed between 1
and 10 GeV/c.

d2N/(dT dx) µ b�2(1�b 2 T
Tmax

)T�2, where T is the kinetic energy of the d -ray, b its velocity, and
Tmax is defined in Ref. [19], is also shown as dashed line below 10 MeV, showing that with the
present algorithm, the efficiency for reconstructing the d -rays drops below 5 MeV. The discrep-
ancy between data and MC simulations below 3 MeV shows that the efficiency for reconstruction
is slightly under-estimated in the simulation.

5. Conclusions

We have produced and successfully operated the largest LAr LEM-TPC with 2D readout anode of
an area of 40⇥76 cm2 (⇠ 0.5 m2) and 60 cm drift. During a very successful run with double phase
ultra-pure argon at 87 K, the detector was exposed to cosmic rays and recorded a large number of
events during a long-term data-taking period. A stable effective gain 14 was reached, giving an
excellent signal to noise ratio of > 30 for a MIP. The detector performance has been studied and a
sample of d -rays was measured and compared to a MC simulation. The exact performance with a
gain of ⇠30 reached with the 10⇥10 cm2 area chamber [5] could not be reproduced in this first test
of a detector of ⇠0.5 m2-scale. The observed limitations such as this apparently lower maximum
gain, the introduced dead space by the segmentation of the LEM, the large anode capacitance and
the long signal cables, are presently being addressed and will be further treated and hopefully
corrected in the near future.

– 20 –

102 CHAPTER 6. THE LARGE AREA DOUBLE PHASE LEM-TPC

Figure 6.14: Three dimensional view of the reconstructed through-going muon track with an
identified �-ray from Figure 6.13.

in Section 4.3.

An example of a single event is presented in Figures 6.13 and 6.14. Figure 6.13 shows

on the top the filtered waveforms and at the bottom the identified through-going muon hits

(red) as well as identified �-ray hits (green). Finally, the three dimensionally reconstructed

event can be seen in Figure 6.14. After reconstructing all the events from di↵erent runs

we have required that the particle produces a straight track and that it crosses the anode.

The resulting angular distribution of all accepted and reconstructed through-going tracks are

presented in Figure 6.15. In the left histogram, which shows the polar angle ✓ with respect

to the z-axis (drift direction), can be seen that vertical tracks along the drift field are not

reconstructed (✓ = 2⇡). Obviously we have assumed that all particles travel downwards, i.e.

✓ > ⇡/2. The histogram on the right of Figure 6.15 shows the distribution of the azimuthal

angle �. The reconstruction e�ciency drops when the (x, y) projection of the track is parallel

to the one view, i.e. � 2 {⇡/4, 3⇡/4, 5⇡/4, 7⇡/4}).

The most relevant reconstructed variables that are used in the following sections are the

hit integrals�I ⇡ dI together with the three dimensional track length�x ⇡ dx. Finally, after

applying the calibration of the readout electronics (see following section), the reconstructed

charge per unit length dQ/dx of the through-going mips for both views (0 and 1) was used

to study the performance of the readout.

Event recorded in 200 lt. 
double phase chamber 
exposed to cosmic rays

6.3. RECONSTRUCTION OF COSMIC RAY EVENTS 101

Figure 6.13: Fully reconstructed cosmic ray event. Top: digitally filtered waveforms of all
the readout channels for view 0 (left) and view 1 (right). Bottom: identified hits are shown in
the drift time versus strip number plane. Identified through-going muon hits are shown in red;
identified �-ray hits, seen as attachments to the main track, are shown in green.

6.3 Reconstruction of cosmic ray events

The reconstruction of crossing cosmic muon events, producing straight tracks, was described

in Chapter 4. In this section we only give a brief overview of the basic steps in the reconstruc-

tion procedure, pointing out some detector specific nuances form the generic case. Due to

the presence of coherent pick up noise, which could not be eliminated during the data taking,

the events had to be first digitally filtered (see Section 4.3.1). This was done in two steps:

first, the coherent noise filter, an algorithm to subtract common noise on all channels, second

the FFT filter have been applied. Di↵erently from the T32 beam test data from Chapter 5,

only very dominant discrete frequencies were suppressed in the frequency space. Finally, the

common subtraction of the pedestal value was performed. After the digital signal processing

of the waveforms, straight muon tracks with �-rays have been identified and reconstructed

using the standard Hough-transform and �-ray finding alrgorithms, which are both described

Automatic reconstruction of δ-rays

3D reconstruction

Automatic 3D track reco fully 
efficient above 4 MeV

JINST 8 (2013) P04012 
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

3D reconstruction of events

17

Double phase uses collection views only (thx to gain).
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Induction-1

Induction-2

ICARUS T600: charge collection 
provides best imaging. Induction 

views necessary for 3D.

Difficultly to match 3D (white spots)
Rely on redundancy on several views

ICARUS

ICARUS

ICARUS
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Tracking at low energies…

18

 ( 1490 keV )

 ( 800 keV )

  ( 6700 keV )e -

e -

e -

  ( 300 keV )

  ( 420 keV )

e -   ( 1420 keV )

E primary electron track = 6700 keV 
 
Associated Compton energy= 2140 KeV 
 
Multiplicity of secondary tracks= 3 

An example of beautiful event at 
low energy: e.g. supernovae, solar 

neutrinos
νe + 40Ar  →  e- + 40K* 

-  In principle can tag modes with  
-   deexcitation gammas (or lack thereof)... 
 

νe,x + e-  → νe,x +  e-   

νx + 40Ar  → νx  + 40Ar* 

Charged-current absorption 

Neutral-current excitation 

Elastic scattering 

Low energy neutrino interactions in argon 

νe + 40Ar  →  e+ + 40Cl* 
_ 

Dominant 

Not much 
information 
in literature 

Can use for 
pointing 

6 

100 keV hit (i.e. S/N > 100 for mip) and 3mm wire pitch needed !

Double phase allows for very low thresholds

Simulation without noise
3 mm pitch

2 hits

1 hit

1 hit

7 hits

Track length !
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Potential implication for the  
big picture 

(based on LAGUNA/LBNO 
design study and collaboration 

with LBNE project)
19



Jim Strait | Long-Baseline Neutrino Facility

Initial discussions: LBNE vs. LBNO design

20

LBNE	
  Design: 
Rectangular,	
  rock-­‐supported	
  cryostat

• Current	
  reference	
  design	
  for	
  LBNF	
  
• Rectangular	
  geometry	
  makes	
  maximum	
  
use	
  of	
  excavated	
  volume	
  

• Concept	
  requires	
  rock	
  contact	
  /	
  support	
  
–	
  are	
  the	
  risks	
  acceptable	
  ?

• Follows	
  proven	
  industry	
  standard	
  design	
  
and	
  construction	
  methods	
  

• Requires	
  larger	
  span	
  cavern	
  –	
  is	
  a	
  large	
  
enough	
  cavern	
  feasible/affordable	
  at	
  
SURF	
  ?

LBNO	
  Design: 
Cylindrical,	
  free-­‐standing	
  cryostat

15	
  Jan	
  2015

Fully active LAr volume
No dead regions



Cryostat Design & Configuration

•  Reference design of rock-supported cryostat is at early 
preliminary design level 
–  Not advanced by LBNE further at this point due to need to 

engage cryostat vendor for design, and fiscal responsibility for 
the vendor not yet settled

–  Risk review of rock-supported design approach will be reviewed 
in meeting at BNL 2-4 February with former LBNO & LBNE 
engineers, as well as CERN engineers.

–  Also under consideration is steel as an alternate structural 
support material.

•  Goal is to make a “generic” cryostat design suitable for either 
one or two-phase detector.

•  Need collaboration confirmation of staged detector strategy 
and input into proportions and detector module sizes.

1/22/2015McCluskey |Challenges to get LBNF ready for FD Install6

21

To be continued within 

the new Collaboration 
and iEFIG
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Double phase LAr 20 kton unit

22

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

• Described	
  in	
  Section	
  3.2.1	
  of	
  LOI	
  submitted	
  
to	
  PAC	
  (December	
  2014)	
  	
  

• Example:	
  20m(w)x16m(drift)x52m(l)	
  
instrumented	
  argon	
  volume	
  	
  

• 23.3	
  kt	
  active	
  mass,	
  fully	
  homogenous	
  
• ≈20	
  kton	
  fiducial	
  for	
  LBL	
  beam	
  events	
  

• Parallel	
  production	
  of	
  65	
  independent	
  4x4	
  m2	
  
readout	
  units,	
  to	
  be	
  assembled	
  and	
  tested	
  
offsite	
  before	
  installation	
  at	
  SURF	
  	
  

• Drift	
  length	
  16m	
  (Cathode	
  800	
  kV	
  @	
    
500	
  V/cm	
  drift	
  field	
  or	
  600kV	
  for	
  400V/cm)	
  

• 332’800	
  readout	
  channels	
  (each	
  4x4m2	
  has	
  
two	
  views	
  with	
  2560	
  channels/view	
  )

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 2014

Charge Readout Plane Details

15

• 3.125 mm readout pitch
• 3.4 mm thick

• 500 μm holes, 800 μm pitch
• 1 mm thick FR4

• 100 μm stainless wires
• 3mm pitch in x and y

LEMmultilayer PCB anode Extraction grid

4 m

4 m

Modules of 50x50 cm2

LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

Double phase option
for rock embedded cryostat

Design to evolve within 

new Collaboration

Independent 4x4m2 CRP module

CRP

cathode

drift cage

PMT

Consistent with “distributed” construction model (Lissauer)
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Double phase in non-cylindrical tank

23

Concept for parallepipedic geometry already studied in LAGUNA-LBNO

Sebastien Murphy ETHZ                                                                                          NNN                                                         APC Paris Nov 4th 20146

scaffoldings

cathode 

field cage

charge readout

One of the most challenging part of the Detector Installation was addressing the 
logistics and Installation sequences in the underground confined space taking into 
account the demands set especially on cleanliness, tolerances and overall fit inside 
the tank.

extensive rock engineering 

first time a membrane tank will be installed below ground!

And the underground construction sequence well defined 
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scaffoldings

cathode 

field cage

charge readout

One of the most challenging part of the Detector Installation was addressing the 
logistics and Installation sequences in the underground confined space taking into 
account the demands set especially on cleanliness, tolerances and overall fit inside 
the tank.

extensive rock engineering 

first time a membrane tank will be installed below ground!

And the underground construction sequence well defined 

CRP

cathode

drift cage

PMT

Deck

Membrane
tank

Lots of material available on engineering, 
installation plan, safety aspects, … 
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WA105 on-going  
activities

24
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

WA105 measurement goals

LBNO-DEMO:Technical demonstrator:!
Active vol.: 6 x 6 x 6 m3 (0.3 kt)!

28 3 DLAR DETECTOR OVERVIEW

3 DLAr Detector overview

3.1 Design concept of the 6 × 6 × 6m3 prototype

The 6 × 6 × 6m3 prototype is illustrated in Figure 12. Following the GLACIER concept, the LAr

detector has the shape of a vertically standing volume, where electrons are drifted vertically towards

the liquid-vapor interface, extracted from the liquid into the gas phase, amplified and collected at a

segmented anode [23–25]. The main parameters are summarised in Table I. The horizontal and vertical

sections are shown in Figures 13 and 14.

FIG. 12: Illustration of the 6 × 6 × 6m3 with the inner detector inside the cryostat.

The uniform drift field is created by a field cage composed of several equally-spaced stainless-steel

tubes, held in place by insulating mechanical structures which are hanged from the top cap of the

vessel. The anode deck is also suspended with stainless-steel ropes linked to the top roof. The bottom

field is closed by a transparent cathode and the top field by an anode, which also serves as the charge

readout. The light readout consists of PMTs uniformly distributed below the cathode.

Sebastien Murphy ETHZ                                                                                                                                    LBNO collaboration meeting May 20146

Physics goals

5 GeV π-

5 GeV νμ

pions, electrons/positrons, protons, muons

test reconstruction on data from charged particle beam (well defined 
primary particles and energies)

Some goals!
✴Development of automatic 

event reconstruction !
✴test NC background 

rejection algorithms on “νe 
free” events!

✴Charged pions and proton 
cross-section on Argon 
nuclei. Rate of pion 
production is important!!

✴What is the achievable 
energy resolution?!

✴Development and proof-
check of industrial solutions

CERN WA105 R&D programme 
(SPSC-TDR-004-2014).!

Measurement of hadronic showers

• LAr TPC provide a fully active homogeneous medium
• High granularity 3x3 mm2Å two orders of 

magnitude better than most granular calorimeters
• e.g., CALICE AHCAL prototype has 3x3 cm2

• Additional handle from dE/dx

Opportunity to provide unprecedented measurements 
of hadronic shower development to HEP community

11/2/2014 V. Galymov - NNN2014 7

25

Purity and diffusion in LAr

25

Readout with 3mm pitch can be used
Fields 0.5-1.5 kV/cm up to 20m drift are acceptable

Basic detector 
parameters: diffusion, 

double track resolution, 

dE/dx resolution, angular 

effects, charge effects, 
noise, …

Performance of 
reconstruction 

algorithm(s) with 
known input particles

neutrinos

pions
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Developing analyses

26

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

1/20/2015 WA105 Meeting @ CERN 17

Some key assumptions for LBNE sensitivity studies with GLoBES
(General Long Baseline Experiment Simulator)

1/20/2015 WA105 Meeting @ CERN 21

Electron selection efficiency

Ar
nucleus

𝜈𝑒

CC

𝑒

Hadrons

Excellent electron selection efficiency is required in future 
LBN program
Deliverables:

x Efficiency for electron identification as a function of 𝐸𝑙𝑒𝑝
x Probability for separation from 𝜋0, low energy 𝜇
x Need analyses more complex than simply looking at beam 

electrons
x Associated systematic uncertainties

Big task!
Electron selection efficiency has to be understood at a level of 1% (or better)
Æ Directly translates into the signal normalization uncertainty in LBN experiments 1/20/2015 22

Hadron showers

Ar
nucleus

𝜈𝑙

CC

𝑙

Hadrons

• Reconstruction efficiencies for 𝜋±, 𝜋0, 𝐾±, 𝑝
• Measurement of energy and momentum resolution Calibrate energy scale and 

estimate 𝜈 energy resolution 
from calorimetric measurement

𝐸𝜈𝑒 = 1 GeV

GENIE predicted hadron multiplicities in final state of 𝜈𝑒CC + Ar

𝐸𝜈𝑒 = 3 GeV

𝐸𝜈𝑒 = 5 GeV

• WA105 provides key information on the key assumptions for physics sensitivity

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014
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Argon 

No quenching 

TMG-doped Argon 

No quenching 

Calorimetry:

- No quenching
- Quenching

- TMG doping

Detector performance 

and systematics for LBN + 

non-beam physics analyses 

to be formulated in 
synergy with new 
Collaboration.



A. Rubbia ELBNF-Proto Collaboration meeting, January 2015

WA105 6x6x6m3 DLAr

27

28 3 DLAR DETECTOR OVERVIEW

3 DLAr Detector overview

3.1 Design concept of the 6 × 6 × 6m3 prototype

The 6 × 6 × 6m3 prototype is illustrated in Figure 12. Following the GLACIER concept, the LAr

detector has the shape of a vertically standing volume, where electrons are drifted vertically towards

the liquid-vapor interface, extracted from the liquid into the gas phase, amplified and collected at a

segmented anode [23–25]. The main parameters are summarised in Table I. The horizontal and vertical

sections are shown in Figures 13 and 14.

FIG. 12: Illustration of the 6 × 6 × 6m3 with the inner detector inside the cryostat.

The uniform drift field is created by a field cage composed of several equally-spaced stainless-steel

tubes, held in place by insulating mechanical structures which are hanged from the top cap of the

vessel. The anode deck is also suspended with stainless-steel ropes linked to the top roof. The bottom

field is closed by a transparent cathode and the top field by an anode, which also serves as the charge

readout. The light readout consists of PMTs uniformly distributed below the cathode.

3.1 Design concept of the 6 × 6 × 6m3 prototype 29

Liquid argon density T/m3 1.38
Liquid argon volume height m 7.6
Active liquid argon height m 5.99
Hydrostatic pressure at the bottom bar 1.03
Inner vessel size (WxLxH) m3 8.3 × 8.3 × 8.1
Inner vessel base surface m2 67.6
Total liquid argon volume m3 509.6
Total liquid argon mass t 705
Active LAr area m2 36
Charge readout module (0.5 x0.5 m2) 36
N of signal feedthrough 12
N of readout channels 7680
N of PMT 36

TABLE I: Main parameters of the LBNO prototype.

FIG. 13: Plan view section of the 6 × 6 × 6m3.

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Timescale: 2016-2018• Membrane GTT® tank with 
passive insulation w/ top deck 
with chimneys and insulation

• 6x6m2 anode large readout 
area, 6m long drift length  
(300 kV HV for 500 V/cm –  
R&D towards 600 kV)

• Charged particle beam window

• 300 ton LAr active, fully 
homogenous

• 7680 charge readout channels, 
36 PMTs  
(baseline layout)

• Accessible cold F/E electronics
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6x6x6m3 DLAr design work in progress

28

HV (LPNHE, ETHZ)

Electronics and DAQ for charge 
readout (IPNL)

PMT light readout (APC, Barcelona, CIEMAT, KEK,LAPP)

membrane tank (ETHZ, CERN)

Anode deck suspension (LAPP)

charge readout sensors (ETHZ, Saclay)

all groups involved in software and data analysis

SiPM light readout (INR+Genève)

Field cage (CEA, Romania)

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014
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Membrane tank

9

corrugated membrane tank

1 m thick insulation 
(plywood + polyurethane)

Steel outer-structure

3m3 DLAr TPC

1m20 thick top-cap.

chimneys and feedthroughs

3x1x1m3 prototype

29

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

7.3m

20 ton prototype to be exposed to cosmic rays

4.9m

4.7m

3x1x1m3 DLAr TPC  
(5 ton active)
1280 r/o channels

light readout

drift cage 

CRP & hanging system
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Membrane tank

9

corrugated membrane tank

1 m thick insulation 
(plywood + polyurethane)

Steel outer-structure

3m3 DLAr TPC

1m20 thick top-cap.

chimneys and feedthroughs

3x1x1m3 prototype

29

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

7.3m

20 ton prototype to be exposed to cosmic rays

4.9m

4.7m

3x1x1m3 DLAr TPC  
(5 ton active)
1280 r/o channels

light readout

drift cage 

CRP & hanging system

✴Serves as tool to prepare and speed up the technical 
implementation work needed for the 6x6x6 m3. For example:

• Routine procedure for mass production, QA tests and calibration of 
the LEMs.

• Similar considerations for cryogenic installation, feedthroughs, 
thermodynamic conditions of the membrane tank, …

✴ Has been very useful to anticipate all the legal and technical aspects 
related to the contracts for the realisation of a membrane cryostat at 
CERN under the GTT license.  Paving the way for a much easier 
and smoother tendering procedure for the future membrane 
vessels 
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Membrane tank
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corrugated membrane tank

1 m thick insulation 
(plywood + polyurethane)

Steel outer-structure

3m3 DLAr TPC

1m20 thick top-cap.

chimneys and feedthroughs

3x1x1m3 prototype
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

7.3m

20 ton prototype to be exposed to cosmic rays

4.9m

4.7m

3x1x1m3 DLAr TPC  
(5 ton active)
1280 r/o channels

light readout

drift cage 

CRP & hanging system

✴Serves as tool to prepare and speed up the technical 
implementation work needed for the 6x6x6 m3. For example:

• Routine procedure for mass production, QA tests and calibration of 
the LEMs.

• Similar considerations for cryogenic installation, feedthroughs, 
thermodynamic conditions of the membrane tank, …

✴ Has been very useful to anticipate all the legal and technical aspects 
related to the contracts for the realisation of a membrane cryostat at 
CERN under the GTT license.  Paving the way for a much easier 
and smoother tendering procedure for the future membrane 
vessels 

Timescale for 
construction: 2015
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OUTER STRUCTURE STATUS:

4

GTT membrane vessel

30

outer-structure-construction-time-lapse

OUTER STRUCTURE STATUS:

4

Panoramic view from inside the outer structure

• CERN-ETHZ project 
Agreement with GTT → Paving 
the way to future membrane tanks 
(GTT press release)

• Assembly by “outfitter” company

23/01/15 11:59 News | GTT

Page 5 of 8http://www.gtt.fr/media-center/news_/

PRINT  SEND TO A FRIEND

24-11-2014 GTT UPDATES MARKET ON ITS NEW ORDER INTAKE FOR 2014

PRINT  SEND TO A FRIEND

20-11-2014
GTT RECEIVES ORDER FROM HYUNDAI HEAVY INDUSTRIES FOR A FSRU OWNED BY HÖEGH
LNG

PRINT  SEND TO A FRIEND

17-11-2014 GTT APPROVES PALUMBO MALTA SHIPYARD

Lisa Finas, Head of Communication and Investor Relations +33 1 30 23 48 40
Cécile Arson, Chief Financial Officer +33 1 30 23 42 06

Paris – November 24, 2014. GTT (Gaztransport &
Technigaz) (ISIN FR0011726835 Euronext Paris: GTT),
world leader in the design of membrane containment
systems for the maritime transportation and storage of
LNG (Liquefied Natural Gas) provided the market with an
update to its order book.

GTT has received orders for four new LNGCs and one
FSRU so far in the fourth quarter. The LNGCs orders are
from the same shipyard but for different customers.  They
are expected to be delivered starting in 2017, as well as
the new FSRU, which will be built by another shipyard.

At September 30, 2014, new orders for the first 9 months
stood at 38.  The five new orders received so far in the

fourth quarter 2014 bring the count of new orders received this year to 43 including:

33 LNG Carriers (Liquefied Natural Gas Carriers)
6 VLE Carriers (Very Large Ethane Carriers)
3 FSRUs (Floating Storage and Regasification Unit)
1 FLNG (Floating LNG)

GTT will publish its full year 2014 results on February 12, 2015, with its revised short term and mid term outlook after
the close of the market.  This revised outlook will take into account the stronger than expected current order flow.

Contacts:
Lisa Finas, Head of Communication and Investor Relations +33 1 30 23 48 40
Cécile Arson, Chief Financial Officer +33 1 30 23 42 06

Paris – November 20, 2014. GTT (Gaztransport &
Technigaz) (ISIN FR0011726835 Euronext Paris: GTT),
world leader in the design of membrane containment
systems for the maritime transportation and storage of
LNG (Liquefied Natural Gas) announced the order of a
new FSRU (Floating Storage and Regasification Unit)
which will be built by the Korean shipbuilding Company
Hyundai Heavy Industries (HHI).

The regasification unit is expected to be delivered in
2017 and will be built with the proven Mark III technology.
The cargo tanks will be equipped with an optimized
containment system configuration to allow all partial filling
ability.

This FSRU will be the fifth one in the series at HHI and the seventh one in total owned by the Norwegian Company
Höegh LNG, and equipped with GTT membrane.

The order, received in November, highlights the importance of the partnership between HHI and GTT and the Höegh
LNG’s trust in membrane technologies.

Commenting on this latest notification, Philippe Berterottière, Chairman and CEO of GTT declared “We are pleased to
further strengthen our relations with our Korean partner HHI and with Höegh LNG while noting that our technologies
are once more recognized by the LNG industry.”

Press contact
+33 130 234 789 / press@gtt.fr
www.gtt.fr

Paris – November 17, 2014. GTT (Gaztransport & Technigaz) (ISIN FR0011726835 Euronext Paris: GTT), world
leader in the design of membrane containment systems for the maritime transportation and storage of LNG (Liquefied
Natural Gas) and Palumbo Malta have signed a TSA (Technical Service Agreement) on 10  November 2014.

 This shipyard (Palumbo Malta) is part of the Italian Palumbo Group, who owns 5 repair-yards in the Mediterranean

th

th

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Procurement and assembly of 
vessel on track for Spring 2015

https://dl.dropboxusercontent.com/u/66703310/timelapse_outer_str.gif
http://www.gtt.fr/media-center/news_/
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Detector hanging system

31

light readout

drift cage 

CRP & hanging system

21/01/2015         B. Aimard                7 

SPFT - lower part overview 

Conflat flanges  
(DN125 type with copper ring) 

Suspension cable 

Bellow  
(welded diaphragms) 

Over-stroke 
limiter 

Air purge 

Mechanical 
stop 

21/01/2015         B. Aimard                13 

Drive automation 

!  Common architecture for 3x1x1 and 6x6x6 

CRP suspension feedthrough

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

• All detector 
components hanging 
from roof  
(no contact to floor of 
vessel)

• Level precisely 
dynamically adjusted to 
liquid argon level
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Charge Readout Plane (CRP)

14

LEM

Multilayer PCB anode

Extraction grid

liquid

Vapor

3 m

1 m

extraction grid-LEM and anode all in one single module

50x50 cm2 LEM+anodes mounted in readout modules of 1m2 on a 1x3 m2 frame

2 mm

10 mm

3 individual 1m2 
modules for 
anode+LEM

Aluminium frame

wire holders for extraction grid

wire holders
1m2 modules

Charge Readout Plane (CRP)
WA105 experiment

Vyacheslav Galymov
on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014
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CRP mechanical structure

33

±1mm planarity over the 3m2.

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014
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The anodes

34

50 cm

50 cm

C Cantini et al 2014 JINST 9 P03017

✓ “simple” multilayer PCB. 3.4 mm 
thick.

✓ 3 mm readout pitch

✓ Equal charge sharing on both 
collection views.

✓ low capacitance per unit length 
(~150 pF/m)

✓ design is a result of ~1 year R&D. 

✓ relatively easy, cheap and fast to 
produce. All channels electrically 
tested by the company.

✓ soldering of the 20 KEL connectors 
at SMD CERN workshop. Takes 
about 2hrs for one board.

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014



A. Rubbia ELBNF-Proto Collaboration meeting, January 2015

The LEMs

35

50 cm

50 cm

o(500’000) holes

✓ PCB CNC drilled with o(150) holes 
per cm2. 1 mm thick.

✓ 500 um hole diameter 800 um pitch.

✓ 40 um dielectric rim around the 
holes to avoid edge-induced 
discharges

✓ powered at around 30 kV/cm

✓ design is the result of many years of 
R&D on smaller scale prototypes.

✓ Latest paper on hole/rim size 
optimisation for stable gain in LAr:

ø dead areas for 
pillars= 3.8 mm

ø hole= 2.2 mm

LEM + anode 
mounted together

arxiv 1412.4402 Dec. 2014

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

http://arxiv.org/abs/1412.4402
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The extraction grid
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        Extraction grid
✓100 micron stainless wire with 3 mm 

pitch in x and y directions
✓effect on gain uniformity tested in LAr 

on 10x10 cm2 readout
✓design has been extensively tested 

on a 1 m2 prototype.

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014
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Accessible cold F/E electronics
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Sebastien Murphy ETHZ                                                                                                   ELBNF meeting                                     CERN Jan. 13th 2015

Accessible cold Front End electronics

24

WA105-311 serves as test bench for double phase cold FE electronics.

voltage protection and amplification in cold 
(~110K). ASIC preamps as close as possible to 
the anodes (~50 cm cable). fixed on insertable 
cards thus can be accessed without opening 
the detector. 1 chimney has 5 cards and reads 
320 channels.

Digitisation in micro-TCA crates 
located on top of the chimneys.

Replacement/repair of cold front-end electronics 
without emptying main detector vessel
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Detector slow control and safety
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Sebastien Murphy ETHZ                                                                                                   ELBNF meeting                                     CERN Jan. 13th 2015

Detector slow control

22

Since the WA105 311 is a first prototype the slow control will play a fundamental role. 
We want to understand e.g precision on LAr level, pressure inside vessel, temperatures, 
material deformations etc.. 

cryo camera +LED to 
visualise LAr surface

NI Compact RIO system. First tests planned in Feb.

coax and parallel plates capacitor for LAr level

Based on successful developments 
for ArDM by CERN
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HV feedthrough for drift in the 3x1x1m3

ETH
E idgenöss i sche  Techn i sche  Hochschu le  Zür i ch
Swiss  Federa l   In s t i tu te  of  Techno logy Franco Sergiampietri 21/01/2015  13

1. Main purposes: 

1.1 Generate the drift field for the 3x1x1m3 (50-100 kV/m) with 100kV power 
supply (possible with existing FT).

1.2 Possible electrical rigidity test of LAr at higher voltages with the 300 kV power 
supply (new FT required).

2. Requirements:

2.1 Length ≥ 2.5m, to cross the top cap thickness (1.2m), the Ar gas thickness 
(0.5m), plus 0.5m immersed in LAr and  0.3m over the top cap plate. Valid for 
the 3x1x1m3 and for the 6x6x6m3.

3. Next steps:

3.1 Executive drawings (mainly extrapolated by the existing feedthrough 
drawings) for the producing company. Required time: ~1week.

3.2 Assembling and test at the producing company (*). Required time (confirmed 
by CINEL) : ≤2 weeks.

3.3 Test at CERN-WA105. Adapt the existing test setup and test up to 300 kV.

(*) Availability verified at CINEL of long (4m) travel lathe, with ≥ 3m distance to the tailstock 
lathe and of cryogenic/vacuum facilities.

High voltage feedthrough

39

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

Rogowski profile electrodes for LAr electrical rigidity tests at 100kV 

ETH
E idgenöss i sche  Techn i sche  Hochschu le  Zür i ch
Swiss  Federa l   In s t i tu te  of  Techno logy Franco Sergiampietri 21/01/2015  8

Positive results (100.0kV - 0.000mA) 
when the LAr is quite

W. Rogowski, Arch. Electrotech., 12(1923), 1

NEXT STEPS: Adapt the present HVFT to the 300kV cable 
and test in the range 100-300kV

Build a new HVFT suitable for the 6x6x6m3

and adapt it for the 3x1x1m3

Evidence of electric breakdown 
induced by bubbles in liquid 
argon

F. Bay, C. Cantini, S. Murphy, 
F. Resnati, A. Rubbia, 
F. Sergiampietri, S. Wu
http://arxiv.org/abs/1401.2777

-300kV High Voltage Power Supply
(from HEINZINGER)

Residual ripple: ≤0.001% UNOM ± 50mV
Residual Ripple at -300kV ≤3V ± 50mV

Can be reduced by the RC filter in the load:
with a fieldcage-to-GND capacitance of 5.5nF and a switching 
frequency of 34kHz, a series resistor of ~1kΩ is required.
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Can be reduced by the RC filter in the load:
with a fieldcage-to-GND capacitance of 5.5nF and a switching 
frequency of 34kHz, a series resistor of ~1kΩ is required.

ETH
E idgenöss i sche  Techn i sche  Hochschu le  Zür i ch
Swiss  Federa l   In s t i tu te  of  Techno logy Franco Sergiampietri 21/01/2015  7

300 kV test by summer 2015

5

liquid argon temperature. The shrinkage of the materials in cold is computed to a↵ect the distance

between the electrodes less than 1%.
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FIG. 3. Left: Computed electric field. The cross sections of the electrodes are shown in grey, and the colour

pattern is proportional to the absolute value of the electric field. The electric field is essentially uniform in

the central region. Right: Computed electric field on the profile of the top electrode as a function of the

radius. The largest field is attained between the electrodes.

III. RESULTS

In December 2013 the setup was operated for the first time. The goal of the first test was to

commission the setup, and to check if a field of 100 kV/cm can be reached in stable conditions.

The operation with the high voltage power supply switched on lasted about 4 hours.

With the liquid argon temperature below the boiling point at a given pressure, a voltage of

-100 kV was applied to the top electrode. This value was limited by the maximum voltage of the

power supply. This configuration corresponds to a uniform electric field of 100 kV/cm in a region

of about 20 cm2 area between the electrodes. Several cycles of discharging and charging up of the

power supply were performed. The system could also be stressed several times by ramping up the

voltage from 0 V to -100 kV in about 20 s without provoking any breakdown.

A completely di↵erent behaviour was observed with boiling argon. We could cause several

breakdowns between the electrodes at fields as low as 40 kV/cm. The stillness of the liquid argon

was controlled by varying the pressure of the argon vapour and was monitored visually by looking

through the viewport. The pressure was regulated by acting on the flow of the liquid nitrogen

passing through the heat exchanger. In fact, the thermal inertia of the liquid argon bulk makes

temperature variations very slow, hence increasing the cooling power translates in an rapid decrease

4

voltages larger than 150 kV.

FIG. 2. Left: Image of the High voltage feedthrough. Right: figure of the electrodes structure.

High electric fields can be achieved with low potentials and electrodes with small curvature radii,

but, since the breakdown is a random process, we believe it is important to test a sizeable region

of the electrodes. For these reasons, we designed a system that provides a uniform electric field

over 20 cm2 area. A picture of the electrodes structure is shown in figure 2 right. The two 10 cm

diameter electrodes have the same shape and are facing each other at a distance of 1 cm. The top

electrode is connected to the live contact of the HV feedthrough, and the bottom one is connected

to ground through the vessel. The electrodes, made out of mechanically polished stainless steel,

are shaped according to the Rogowski profile13 that guarantees that the highest electric field is

almost uniform (in a region of about 5 cm in diameter), and confined in between the two electrodes,

as shown in figure 3. The left image shows, in cylindrical coordinates, the absolute value of the

electric field in the vicinity of the electrodes, computed with COMSOL14. On the right the electric

field along the profile of the top electrode as a function of the radius is shown.

The two electrodes form a standalone structure, that is assembled first and then mounted.

By construction, the structure ensures the parallelism of the electrodes when cooled down to the
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Matching plans
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

• 3x1x1m3 prototype now under construction → warm gas operation in Q4 2015 
→ full LAr operation in 2016 ?

• 6x6x6m3 cryogenic vessel available in 2016 → detector subcomponents 
installation planned in 2017 → beam operation in North Area in 2018 ?Timescale

11/2/2014 V. Galymov - NNN2014 20

Construction of EHN1 extension on the critical path
Optimization of construction schedule
Currently aim to start data taking by mid 2018

?

Decisions to be defined 

within new Collaboration

3x1x1m3 6x6x6m3Milestones for operation:

10 kton

30 kton
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How to join WA105 ?

41

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

1. Many hardware and software tasks to do !!
2. Contact spokesperson
3. Discuss contribution (HW/SW/…)
4. Triggers decision at the WA105 Institution Board
5. Approve admission

• General meetings: every two or three months
• October 16th-17th 2015 Kickoff meeting@ CERN
• January 21st-22nd 2015 @ CERN 

http://laguna.ethz.ch/indico/conferenceOtherViews.py?
view=standard&confId=89

• Next one: 25-26th MARCH 2015 @ CERN  
(For Sergio: if not again overlapping with ELBNF GM !)

• Weekly meetings:
• 3x1x1m3 weekly meetings (Chair: Sebastien Murphy)

➡ construction of 3x1x1m3 prototype
• Technical Board meetings (Chair: Dario Autiero)
• Science/Analysis Board meetings (Chair: Takuya Hasegawa)

http://laguna.ethz.ch/indico/conferenceOtherViews.py?view=standard&confId=89
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Conclusions
• WA105 is an approved CERN experiment which can provide vital input for 

ELBNF. We have a set of well defined technical and physics goals to deliver which will 
have implications for the long baseline neutrino programs being developed.

• It’s not only about liquid argon mass: In order to meet the challenges, we must 
build the far detector with best possible performance (pitch, threshold, resolution, 
…) to best exploit the ELBNF physics opportunities.

• From the several years of R&D and successful operation of several prototypes and 
supported by the 6 years LAGUNA/LBNO studies, we have a large amount of 
expertise, conceptual designs, etc… that can form the basis for a “double phase” for 
ELBNF CDR: we are confident that we can develop a “double phase option” for 
the summer 2015 CDR.

• We are committed to an overall WA105 time schedule, which foresees the 
operation of the 6x6x6m3 in 2018, matched to inform the ELBNF TDR process. 

• WA105 is a unique opportunity for young PhD/postdoc to learn how to design, build 
and commission large liquid argon detectors, which represents a fundamental training 
for those who will want to lead the deployment and startup of the underground 
detectors. With more people on board, we can move faster towards the final goal.

42
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Backup slides
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Single phase gallery
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WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014 “An S/N > 10 was obtained during the whole LNGS run”,  
ICARUS T600, 13/1/2015

Induction vs collection signals 

z Based on the T600 experience, the 
induction2 front end still require further 
optimization, addressing mainly: 
¾ The signal pulse height affected 

 by the preamp rise-time  
 (presently set  at ~2us peaking  time) 

¾ The residual undershoot of the 
electronic chain degrading in 
particular the reconstruction of 
complex event topologies in the 
induction2 view. 

z Improvement of induction1 signals 
presently read in “current” mode are also 
being investigated. 
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“Warm” 
electronics

Warm	
  

Cold	
  

Cathode	
  
@	
  4.76m	
  

S/N	
  (mip)	
  =	
  	
  15.7	
  ±	
  3.8	
  	
  

Experimental	
  results	
  

 “S/N = 15.7±3.8”, ArgonTube, 13/1/2015 

“Cold” 
electronics

S/N < 10 for 
drift > 1m

S/N = ?

Collection Induction-1 Induction-2

S/N = ?

S/N for induction view ?
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slow control chimney

45

last month: significant progress on slow control chimney
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Feed-throughs

46

Charge readout chimneys – Vacuum test of the SFT pcb

ETH
E idgenöss i sche  Techn i sche  Hochschu le  Zür i ch
Swiss  Federa l   In s t i tu te  of  Techno logy Franco Sergiampietri 21/01/2015  4

Vacuum tightness tested with He leak 
detector: <10-12 Atm·cm3/s (end od scale)
(Helicoflex gasket + indium to compensate the 0.1mm 
non planarity of the multilayer PCB)
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Signal Feed-through

47

ETH
Eidgenössische  Technische  Hochschule  Zürich
Swiss  Federal  Institute  of  Technology Franco Sergiampietri 15/10/2014, 9

Connector	types	for	each	320‐channels	SFT	chimney
➀ Plug Through Hole 90° N. 5 KEL 8931E-080-178L-F

N. 5 KEL 8931E-068-178L-F 
Rec. Twisted Pair N. 5 KEL 8925E-080-179-F

N. 5 KEL 8925E-068-179-F

➁ Rec. Twisted Pair N. 5 KEL 8925E-080-179-F
N. 5 KEL 8925E-068-179-F

Plug SMT N. 5 KEL 8930E-080-178MS-F
N. 5 KEL 8930E-068-178MS-F 

➂ Plug SMT N. 5 KEL 8930E-080-178MS-F
N. 5 KEL 8930E-068-178MS-F 

Rec. Twisted Pair N. 5 KEL 8925E-080-179-F
N. 5 KEL 8925E-068-179-F

➃ Rec. Twisted Pair N. 5 KEL 8925E-080-179-F
N. 5 KEL 8925E-068-179-F

Plug Through Hole 90° N. 5 KEL 8931E-080-178L-F
N. 5 KEL 8931E-068-178L-F 

➄ Rec. Through Hole 90° N. 10 KEL 8901-068-177L-F 
Plug SMT N. 10 KEL 8913-068-178MS-AF

➅ Plug SMT N. 10 KEL 8930E-068-178MS-F
Rec. Twisted Pair N. 10 KEL 8925E-068-179-F 

➆ Rec. Twisted Pair N. 10 KEL 8925E-068-179-F
Plug SMT N. 10 KEL 8930E-068-178MS-F
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Liquid infrastructure

48

see slides from S. Wu and J. Bremer
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Top Cap

49

6 signal feedthroughs

3 slow control feedthroughs

1 HV feedthrough

1 Manhole

1 Cryo-pump Chimney

2 Liquid handling
 chimneys

3 anode suspension feedthroughs
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The drift cage

50

✓Following similar design to 
ArDM’s drift-cage.
✓Assembled off-site and 

delivered to CERN.
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The PMT-based light readout

51

 R5912-02MOD

Baseline design: 3 Hamamatsu 8’’ R5912 PMTs. Same installation as ArDM.

✓PMT ordered and bases are 
fabricated at KEK following design 
from ArDM.
✓WLS coating and testing at CERN 

planned in April.
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CERN Contribution to the Future ν Programs!

 !
!!

!
!

FNAL, September 23th, 2014!
Sergio Bertolucci !

CERN!

North Area Extension (EHN1-X)

52

Nord$Area$EHN1$extension$

19$

Photo taken on October 29th, 2014

 
CENF – Civil Engineering Extension B887 

Status – 23 October 2014 
 Preparatory Works: Tasks to be completed before the start of the works 

 

 
 
 

23 October 2014 
2 

Extension of Building 887 - Neutrino Platform General Meetings 
N.Lopez – M.Manfredi 

-EL: 
• Worksite Power Supply 

• Earthing Design for the EHN1 extension and 
coordination during construction works 

-CV: 
• Firefighting network work (North Area) 

• Potable Water for the worksite (hydrant?) 

• Temporary drainage water (ECN3-TCC8) 
deviation 

-GS-SE: 
• Trees felling + B.918 storage 

 

-TSO TT85: 
• Access condition for the TT85 visit  

 

-IT: 
• Internet connection 

-RP: 
• Monitoring System removal 

 

Extension area: 72m x 50m 

 
CENF – Civil Engineering Extension B887 

Status – 23 October 2014 
 Next Steps: 

 
9 Bids submission (DONE) 

 
9 Technical evaluation of the lowest bid and Preparatory works (ONGOING, 

completion in 2 weeks time)  
 

9 Construction Design Phase (ONGOING, completion by end-November) 
 

9 Adjudication foreseen in December 2014 FC 
 

9 Contract signature  
 

9 Start of the works officially in January 2015 (anticipation, if possible) 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

23 October 2014 
5 

Extension of Building 887 - Neutrino Platform General Meetings 
N.Lopez – M.Manfredi 

 
CENF – Civil Engineering Extension B887 

Status – 23 October 2014 
 

23 October 2014 
3 

Extension of Building 887 - Neutrino Platform General Meetings 
N.Lopez – M.Manfredi 

Preparatory Works: Trees removal…some photos!! 
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EHN1-X: charged beams

53

I. Efthymiopoulos - CERN

The EHN1 Extension - Charged beams

‣VLE tertiary beams for the ν detectors 
- H2 extension: 1-20 GeV/c, hadrons (π±, µ±, p - mixed beam), electrons(e±) 
- H4 extension: 1-5(7) GeV/c, hadrons (π±, µ±, p - mixed beam), electrons(e±) 

‣ interest to go lower, down to 0.2 GeV beams for LBN TPC test

10

Preliminary designs!

H4

H2

Courtesy I. Efthymiopoulos

I. Efthymiopoulos - CERN

The EHN1 Extension - Detector Integration

3

WA105 
(LArgon)

WA105 
(MIND)

Service area 

(cryogenics) Service area 

(electrical)

WA104 
(ACM)

WA104 
(T150)

WA104 
(NESSiE)

Integration designs: V. Clerc  EN/MEF

I. Efthymiopoulos - CERN

The EHN1 Extension - Charged beams

‣ Issues to address/resolve for the beams: 
- particle momentum : beam acceptance ±5% in Δp 

‣ if not sufficient, must design and build a low-Z spectrometer (chambers) 
around the last magnet 

- how low we can go in energy? 
‣ from the hardware 0.2 GeV should be possible 
‣ the challenge is for pion beams: 

- already at ~1GeV only about 1000 particles produced at the 
secondary target 

‣ ..and 58% will decay in the 30 m of the line! 
-  particle content: 

‣we can make pure electron beams and muon beams with high (>80%) 
purity 
‣ hadron (π, p) beams will always be mixed beams from e/µ content 
!
‣ particle tagging is possible with threshold Cherenkov counters (but also 

add material to the beam!) 
- background to experiment: 

‣ from secondary high-intensity beam (~ 104 higher rate!) 
- efficient trigger system would be required 

‣ LArgon part inside the cryostat upstream the active volume 
- possible to introduce an extruder, possibly covering part of 

acceptance to do tests with/without it?

12

‣ π/µ ratio on axis for a π VLE beam

P
re
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m
in
a
ry

‣ µ/π ratio on axis for a µ VLE beam
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LEM validation

54

• The LEMs are the most delicate par of the CRP and requires careful handling & 
testing.

• 20 LEMs have been ordered at ELTOS. First batch of 5 arrives end of January.
• Cleaning procedure at the CERN PCB lab (Rui de Oliveira) has been defined and 

tested on 4 LEM prototypes.

Goal: negligible (i.e < 10nA) 
leakage current at 4 kV

LEM cleaned then powered in controlled 
atmosphere to check spark threshold + 
leakage current.
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LEM validation 

55

• Cleaning will take place in February. Each LEM has its “handling plate” (an Al frame 
with handles) and once accepted will be stored in a box (currently in production) 
under N2 atmosphere.

• Also designing HV test boxes to make the HV test under controlled atmosphere. This 
way each LEM is tested under the same conditions. HV box may also be used for 
longer term characterisation of the LEM.

CAEN controllable 50 pA resolution 
HV power supply for long term 
characterisation of the LEMs

LEM handling plate

HV test box
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LEM characterisation
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X,Y scan of the LEMs with 55Fe to characterise the gain.

First tests with a 10x10 cm2 LEM
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WA105 organisation

57

WA105 experiment
Vyacheslav Galymov

on behalf of WA105 collaboration
Institut de Physique nucléaire de Lyon

15th International Workshop on Next generation 
Nucleon Decay and Neutrino Detectors

Paris, November, 2014

• The organisation of the Collaboration was defined in the bylaws document. It 
contains 16 articles approved by the Institution Board on December 8th, 2014. 

WA#105#Bylaws#V12,#04/12/2014# # # # ######

# 1#

!Bylaws!of!the!WA!105!collaboration!

#
Paragraph!1: WA!105!Organization!

!

The#WA#105#Collaboration#has#the#following#structure:#
#
#

#

!
!
!
!
!

! !

Ins1tu1onal(Board(
Chair:((

1.(Management(
Execu1ve(Board(
Spokesperson:(( 4.(Scien1fic(Board(

Chair:((
2.(Technical(Board(

Chair:((

Dissemina1on(Board(
Chair:(( Finance(Review(

CommiYee(

4.1(SoZware(&(
Simula1ons(
Coordinator:(

xxx(

4.2(Physics(Task(
Force(

Coordinator:(
xxx(

2.4(Run(&(Beam(
Coordina1on(
Coordinator:(

xxx(

2.1(DLAr(
Detector(

Coordinator:(
xxx(

2.2(MIND(
Detector(

Coordinator:(
xxx(

2.3(Infrastructure(
Coordinator:(

xxx(

3.1(Cryogenic(safety(
Responsible:(

WA(105(Organiza1on:(Level(0(and(Level(1(

Sebastien Murphy ETHZ                                                                                                    CERN neutrino platform meeting      CERN Sept 18th 20142

Goal of WA105

Some of the components we have to test and extrapolate to large areas:!
✴Charge readout !
✴Long distance drift (up to 20m) + diffusion!
✴HV up to the MV scale!
✴purity in non evacuated membrane tank!
✴cost effective cold front-end electronics and DAQ!
✴UV scintillation light readout with long term stability

All this must be tested in a double phase LAr TPC at the a relevant scale of 6x6x6  
300 ton equivalent to 6x6x6m3 @ CERN (LBNO-DEMO)

Key to LBNO/LBNF: The LAr far detector. !
Demonstrate the operation of large double phase LAr detectors.

Primary goal of WA105: R&D towards GLACIER design

Sebastien Murphy ETHZ                                                                                                                                    LBNO collaboration meeting May 20141

3.(Safety(and(GLIMOS(
Responsible:((

3.2(Electrical(safety(
Responsible:(

3.3(Mechanical(safety(
Responsible:(

• Institution Board
• Executive Committee 
• Spokesperson, Deputy-

spokesperson
• Technical Board
• Scientific Board
• Dissemination Board
• Safety and GLIMOS
• Level 1 coordinators:
✤ DLAr detector coordinator
✤ MIND detector coordinator
✤ Infrastructure coordinator
✤ Run coordinator
✤ Software & simulation coordinator
✤ Physics analysis coordinator


