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Disclaimer:		
only	the	LAr	TPC	op7on	addressed	here	
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Intrinsic	benefits	of	using	a	LAr	TPC	for	the	DUNE	near	detector:		
	
•  Same	neutrino	cross-sec7on	as	the	far	detector		
•  Argon’s	high	density	leads	to	increased	sta7s7cs	
•  Efficient	proton	detec7on		
•  Ability	to	separate	electrons	and	gamma		
	
Issues	related	to	high-flux	par7cle	beams:	

•  Long	driQ-7mes	lead	to	event	pile-up		
•  Long	driQ-7mes	also	requires	higher	voltages	and	higher	purity	argon	
•  Unconfined	scin7lla7on	light:	more	complicated	coincidence	trigger		
•  Event	pile-up		worsened	by	ambigui7es	on	wire	the	readout	system		
•  Inhibi7ve	drawback:	down-7me	cost	involved	in	repair	or	upgrade	work	

Mo#va#ons	
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Proposal	to	overcome	the	poten7al	problems:	
	
•  Propose	the	use	of	a	modular	TPC	design	with	pixel-readout		
•  Modules	separated	into	a	number	of	self-contained	TPCs		
•  Shorter	driQ-7mes:	less	stringent	purity	requirements	and	lower	voltages	
•  Light	contained	with	in	each	module,	allowing	for	a	more	accurate	trigger	
•  Modules	con7nually	upgraded	without	causing	or	cos7ng	significant	down-

7me		
•  Pixel-readout:	provide	3D	readout,	serving	to	reduced	reconstruc7on	

ambiguity	and	enabling	more	advanced	triggers	

Mo#va#ons	



This	is	a	typical	ND	event	assuming	the		
MicroBooNE	detector	
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● A simulated LAr 
event using 
MicroBooNE as the 
DUNE ND

● Appropriate pileup 
simulated

● Some reconstruction 
shown (recon done 
by smearing true 
quantities right now)

		

Sarah	Lockwitz	



6	

ARGONCUBE module
• Module: an independent TPC

• - LAr purification: recirculation through Oxygen-traps
• - Temperature: individual cryo-cooler unit
• (removes heat input from electronics and heat leaks) 

• - Cathode bias (-100 kV) supplied via HV feed-through
• - Resistive divider for field shaper 
• - Relatively low voltage => breakdown-free setup
• - Electrically transparent container => low dead volume

• - PCB-technology for R/O plane manufacturing
• - Pad arrays for charge readout, e.g. 4x4 mm2 pads
• - 8x8 pads ROI served by one R/O ASIC at the PCB back
• - Mechanically robust production technology
• - Low failure cost

• - Light collection via WLS light guides
• - Light readout with SiPMs in coincidence

• Reliable/repairable  self-contained unit

ARGONCUBE module
• Module: an independent TPC

• - LAr purification: recirculation through Oxygen-traps
• - Temperature: individual cryo-cooler unit
• (removes heat input from electronics and heat leaks) 

• - Cathode bias (-100 kV) supplied via HV feed-through
• - Resistive divider for field shaper 
• - Relatively low voltage => breakdown-free setup
• - Electrically transparent container => low dead volume

• - PCB-technology for R/O plane manufacturing
• - Pad arrays for charge readout, e.g. 4x4 mm2 pads
• - 8x8 pads ROI served by one R/O ASIC at the PCB back
• - Mechanically robust production technology
• - Low failure cost

• - Light collection via WLS light guides
• - Light readout with SiPMs in coincidence

• Reliable/repairable  self-contained unit

The	ARGONCUBE	concept	
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A. Marchionni, O. Palamara, J. L. Raaf, G. P. Zeller
Fermi National Accelerator Laboratory (FNAL), Batavia, IL 60510 USA

M. Zeyrek
Middle East Technical University (METU), TR-06800, Ankara, Turkey

T. Gamble, N. McConkey, N. J. C. Spooner, M. Thiesse
University of She�eld, She�eld, UK

J. Asaadi, M. Soderberg
Syracuse University University, Syracuse, NY 13244 USA

F. Bayb, E. Cavus
TUBITAK Space Technologies Research Institute (TUBITAK UZAY), METU Campus, TR-06800,

Ankara, Turkey

B. Fleming
Yale University, New Haven, CT 06520 USA

Abstract

The Liquid Argon Time Projection Chamber is a prime candidate detector for future neutrino os-
cillation physics experiments, underground neutrino observatories and proton decay searches. A large
international project based on this technology is currently being considered at the future LBNF facility in
the United States on the very large mass scale of 40 kton. In this document, following the long standing
R&D work conducted over the last years in several laboratories in Europe and in the United States,
we intend to propose a novel Liquid Argon TPC approach based on a fully-modular, innovative design,
the ArgonCube. The related R&D work will proceed along two main directions; one aimed at on the
assessment of the proposed modular detector design, the other on the exploitation of new signal readout
methods. Such a strategy will provide high performance while being cost-e↵ective and robust at the
same time. According to our plans, we will firstly realize a detector prototype hosted in a cryostat that
is already available. Then, a larger detector will be constructed and operated in the Neutrino Platform
facility at CERN for a complete engineering and physics test program also employing charged particle
beams for demonstrating the detection performance.

aContact person.
balso at METU
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The	present	ARGONCUBE	Collabora7on	

ArgonCube 
a novel, fully-modular approach 
for the realization of large-mass 
liquid argon TPC neutrino 
detectors 

Antonio Ereditato and Igor Kreslo
University of Bern

CERN SPSC LoI 243, 2015

The	Commi?ee	received	with	interest	the	Le?er	of	Intent	SPSC-I-243	describing	the	proposed	R&D	to	assess	the	feasibility	of	fully	
modular	liquid	argon	TPCs	(ArgonCube).	
		
The	SPSC	encourages	the	ArgonCube	collabora#on	to	conduct	the	first	stage	of	the	proposed	project	at	the	University	of	Bern.	The	
Commi?ee	expects	the	first	stage	to	inves#gate	open	ques#ons	such	as	LAr	purity,	detector	mechanics,	charge	readout	op#ons,	
data	compression	and	event	reconstruc#on	which	should	be	answered	before	the	collabora#on	considers	submiVng	a	proposal	for	
future	steps.	

Most	of	the	people	are		
already	DUNE	collaborators	
	
For	more	informa7on:	
	
	
	
	
	
	
	
	
	
	
	
	
Answer	of	the	CERN	SPSC:	



An	ARGONCUBE	detector	for	DUNE	ND?	
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Op7ons	for	DUNE	ND:	non	magne7zed	LAr	TPC	

Non-Magnetized LArTPC

5

Hybrid detector.

Modular LArTPC upstream of  
spectrometer.

With only a 4 m long LArTPC,  
~100t is achievable

  

 

Beam

Modular TPC

 Magnet

Spectrometer



Magne7ze	the	TPC?	
•  Neutrino/an7neutrino	analysis	–	ID	e+/-	&	μ+/-	
•  Momentum	measurement	less	dependent	on	containment	Magnetized TPCs aren't so crazy

12

Recent engineering studies for 150 t
LArTPC at 1 T.

Demonstrated operation, successful PID

B-f ield [T] in the xz-plane of the solenoid model. Detector 
volume indicated with black rectangle. L.Y. van Dijk 2014 

Real events collected with the LAr TPC in a B-f ield of 0.55 T. 
A. Badertscher, et al. 2005 

Simulation Tasks

Need a magnet geometry for simulation of background events

Define geometries for both options & Incorporate into LArSoft

Apply a magnetic field (option A) 

Study containment (showers contained vs. energy?)

Can e+/- showers visually be differentiated

Temporarily use existing wire reconstruction

Evaluate effect of multiple scattering on momentum resolution

Energy & angular resolution studies with particle gun

6

Magnetized MicroBooNE 
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Op7ons	for	DUNE	ND:	magne7zed	LAr	TPC	
Magnetized Modular LArTPC  

2

Modular TPC total 6 m x 8 m x 3 m
- ~ 200 t

Module 2 m x 2 m x 3 m.
- 1 m drift length

E-Field 100 kV

B-feld 1T
 

Beam

6
 m

8 mBeam

Module

2 m

2
 m

Cathode

Pixel Plain

Superconducting Magnet

Modular TPC

James	Sinclair	and	Mar#n	Auger	
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LArTPC Design Concepts

1

Modular LArTPC 

Within superconducting Helmholtz coil

Unlike Solenoid, Helmholtz minimizes
material surrounding TPC

More info:
http://essay.utwente.nl/65557/

L.Y.	van	Dijk	



Magnetized Modular LArTPC  

13

13	

Magne7zed	ARGONCUBE-like	LAr	TPC	
	
SC	Helmoltz	coil	
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•  Demonstrate	modular	concept:	building	ARGONCUBE	modules	

•  Build	a	TPC	with	superconduc7ng	Helmotz	coils	

•  Pixel	readout:	test	different	op7ons;	cost	&	power	dissipa7on	

•  Prove	pixel	readout	over	long	driQ	distances:	building	a	prototype	

•  Novel	light	collec7on	system	(triggering)	

•  Cryogenics	&	ancillary	modular	systems	

•  Calibra7on	system	

•  …	

(non	exhaus7ve)	LAr	TPC	R&D	shopping	list	



Need	to	establish	an	intense	R&D	program		
in	view	of	the	DUNE	ND		

Extend	the	present	effort	on	ARGONCUBE	to	address	R&D	issues	related	to	a	
LAr	TPC	op7on	for	DUNE	ND	

There-phase	program:		
	
1)  Study	components,	materials,	test	different	technological	solu7ons	and	realize	a	series	of	small-scale	

prototypes	tailored	to	specific	technology	innova7ons	for	the	modularity,	the	charge	readout,	opera7on	
in	B	field.	Different	aspects	of	the	detector	design	to	be	addressed:	mechanics,	cryogenics,	light	
detec7on	and	processing	electronics.		

2)  Realize	demonstrator	devices	(ARGONCUBE	modules).	Integrate	components	developed	in	combined	
tests	of	all	the	technologies	with	cosmic	rays	and	define	viable	detector	configura7on	for	a	larger	scale	
implementa7on.		

	
3)  Perform	a	full	performance	characteriza7on	of	the	adopted	solu7ons.	On	the	basis	of	achievements	from	

Phase	2	design	a	full-scale	ND	detector.		
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Examples	of	R&D	ac7vi7es	currently	
in	progress	at	LHEP-AEC	Bern	

16	



Measurements	of	electric	rigidity	of	LAr	
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•  Maximum	voltage	ini7ally	reached	in	ARGONTUBE:	120	kV	due	to	breakdowns	
in	LAr.		

•  Unexpected	behavior:	assumed	dielectric	strength	of	liquid	argon	of	~2	MV/cm		

•  Such	a	high	value	obtained	from	measurements	at	a	small	anode	cathode	gap	
(~100	microns).	Does	not	hold	for	large	distances	(cen7meter	scale).		

•  Theore7cal	understanding:		posi7ve	feedback	in	the	ion	accumula7on	process	
in	the	vicinity	of	the	cathode.	

•  Addi7onal	measurements.	Movie:	breakdown	in	liquid	argon	between	
spherical	cathode	of	5	cm	in	diameter	and	a	plane	anode	at	100	kV.	

•  Based	on	our	understanding:		coa7ng	the	cathode	with	a	slightly	conduc7ve	
dielectric	layer	(natural	poly-isoprene)	allowed	reaching	record	performance	of	
400	kV,	corresponding	to	a	driQ	field	of	800	V/cm,	for	5	m	long	driQ	distance.		

- 4 -

summarized in the Master thesis of M. Lüthi (SNSF PhD student on the 200021_146654 grant led by the PI). 

The maximum voltage, initially reached in ARGONTUBE was limited to 120 kV due to eventual breakdowns in LAr.

This behavior was unexpected, since the design of TPC was based on well-known dielectric strength of liquid argon of

~2 MV/cm [45]. This value was obtained from measurements at a small anode cathode gap of the order of 100 microns.

The PI has proposed that this value does not hold for large distances of centimeter scale. A theoretical basis for this

hypothesis was developed (positive feedback in the ion accumulation process in the vicinity of the cathode) and a series

of dedicated measurements of the dielectric strength of LAr was initiated.

The interpretation proved to be correct, as summarized in the Masters thesis

of A. Blatter. In Fig. 2 we show an example of the breakdown in liquid argon

between spherical cathode of 5 cm in diameter and a plane anode at 100 kV.

Further  studies  conducted  in  collaboration  with  M.  Auger  resulted  in

deriving the dependence of the critical breakdown field in LAr as a function

of the cathode-anode geometry [6,9*].  Based on our understanding of the

process we realized that by coating the cathode with a slightly conductive

dielectric layer (natural poly-isoprene), one could safely reach a factor of 10

higher field strength in LAr without breakdown  [7*]. This was also applied

to the ARGONTUBE field cage and we obtained the record performance of

400 kV, corresponding to a drift field of 800 V/cm, for 5 m long drift distance. These developments only became possible

thanks to the key contribution of the SNSF funded technical personnel (J. Christen and G. Pfaeffli).

The PI is proposing here a new implementation of the LAr TPC technology building up on the broad experience gathered

on our previous findings in cryogenic technologies, high voltage basic physics of liquid argon, ionization charge and

scintillation light detection strategies, low-noise cryogenic electronics and advanced track reconstruction algorithms. This

materializes in the ARGONCUBE concept that has been proposed in the form of a letter of intent (LoI) submitted to

Figure  1:  Cosmic  muon  track  spanning  the  5-m long  drift  volume in  ARGONTUBE.  The  two

projective views are shown: induction (top) and collection (bottom). The horizontal axis is the drift

direction of the TPC and it can be seen that ionization electrons are collected also from the farthest

(right) end. The color indicates the deposited charge and shows the passage of the muon.

Figure 2: Picture of an actual electrical 

breakdown in liquid argon in scale 1:1. 

100 kV were applied between the 

spherical cathode and the ground plane.

Igor	Kreslo	



Future	ac7vi7es	
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board PCB manufacturing technology for production of charge readout planes. This is one of the principal aims of the

project  with implications to detector  technology.  The main drawbacks  of the currently  employed projective charge-

readout scheme, using wire planes, are reconstruction ambiguities and the technical complexity of the assembly.  Our

goal is to establish readout based on PCB with the same pitch as conventional wires have (2-5 mm). A readout electrode

segmented  into pixels/pads with a pitch comparable  to  the wire  spacing  in  the  standard  wire approach  is  the  most

compelling option.  Contrary to the charge collection signal, the signal from induction wires requires complex processing

to recover information and is subjected to elevated level of low-frequency noise component. In certain cases of high

multiplicity events this results in making the event reconstruction inefficient. In addition, the construction of wire planes

is  technically  labor-intensive  and  considerably  expensive.  Therefore,  non-projective  pixelated  readout  would  have

significant advantages and we will attempt to realize it within the proposed program. We have conducted preliminary

laboratory feasibility studies and simulation tests on such arrangement. With the work of M. Auger (SNSF Post-Doc) we

realized a first small test device (Fig. 3) that allowed detecting for the first time cosmic-muon tracks with a LAr TPC

pixel readout: this is a very encouraging original result. However, the approach we chose for this first test is feasible only

for small detectors. We propose to improve this readout scheme to make it applicable to the detectors of the scale of

ARGONCUBE and beyond.

Phase 1 - activities

The advances in the LArTPC detector elements and basic development for a modular design we will address in this phase

are listed below.  We note that for all of the subjects we have already started preliminary investigations that, in some

cases, have led to interesting solutions.

a) Induction-collection projective readout based on PCB

We will design, manufacture and test a charge readout scheme based on a pattern of thin strips deposited on the two sides

of a Kapton foil by standard PCB manufacturing technology (Fig. 4a). The advances proposed here are the mechanical

stability of a Kapton-based readout plane and the simplicity of production. This is also an important milestone towards a

PCB realization of pixelated readouts addressed later. The strip patterns are deposited in perpendicular directions w.r.t.

each other  and serve as collection and induction projective anodes. Contrary to the conventional wire scheme, the pattern

facing the drift volume functions as collection, while the other pattern on the backside of the foil detects induction signal

from the drifting electrons.  The first  prototype, designed by M. Auger,  will  encompass a relatively low number of

Figure 4: Illustration of three PCB-based readout schemes for TPC charge readout investigated in the

project. a) A collection-only projective one-sided scheme where the pixel pattern is made of thin strips

on a thick substrate with 50/50 charge sharing. b) A projective double-sided scheme on a thin dielectric

foil. c) A pixelated scheme with an ROI induction grid; one such ROI is shown in the picture with 4x4

pixels (circles).

a)  collec7on-only	projec7ve	one-sided	scheme:	paoern	made	of	thin	strips	on	a	
thick	substrate	with	50/50	charge	sharing.		

b)  A	projec7ve	double-sided	scheme	on	a	thin	dielectric	foil.			
c)  A	pixelated	scheme	with	an	ROI	induc7on	grid;	one	such	ROI	is	with	4x4	pixels	

(circles).		
	

Pixel	readout	
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First	results	(gas	TPC)	

MicroMegas	(ROI)	
Cosmic	muon	

Mar#n	Auger	
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MicroMegas:	principle	

grid	
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Hardware Tasks 

8

Modular TPC needs to be demonstrated. ArgonCube
under construction, first TPC tests summer 2016 

Magnetized TPC with superconducting Helmholtz coil.
Existing TPC to be modified, summer 2016  

To determine expected resolution, pixels readout
needs testing in LAr with comparable drift length to
ND. TPC under construction, frst results expected
May 2016 

  

 

Small	LAr	TPC,	2-sided	strips	on	PCB	

Cosmic	muons	
Damian	Göldi	
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New	pixel	board:	1-sided	for	future	TPC	prototype		
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Prototype	TPC	being	built:	verify	
“long”	driQ	with	pixel	readout	
75
	c
m
	

Francesca	Stocker	and	Mar#n	Auger	



Light	collec7on	system		
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(successor of M. Auger) and PhD NN (successor of M. Lüthi). The several steps included in the Phase 2 activities are

listed below, as far as the baseline options are concerned. The PostDoc and the PhD student will have to assess if these

technological choices are adequate and possibly implement correction actions under the guidance of the PI.

a) Full-size field-shaping structure 

The drift field-shaping structure is composed of a set of copper stripes etched out with a standard PCB manufacturing

technology at the surfaces of module box walls. The stripe segments are interconnected at the corners of the box with

jumper elements made of elastic copper alloy. The top part of the field cage is formed by a separate PCB plane. This

plane will have an 8x8 cm2 opening in the corner near the readout side to allow protrusion of the rotating mirror head of

the laser calibration system. Similar technology is successfully utilized in 35ton LAr TPC, commissioned at FNAL.

b) UV laser calibration system
The calibration of the uniformity of the drift field in the ARGONCUBE modules will be performed with the original

technology developed at LHEP and based on the use of high-power UV laser beams. It produces straight and uniform

ionization tracks in liquid Argon. The design currently used for the MicroBooNE experiment and planned for SBND will

be adapted to the ARGONCUBE geometry. We will use the existing at LHEP Surelite-III laser from Continuum for this

task. The laser feed-through into the modules will be constructed by the in-house workshop.

c) Full-size PCB-based readout planes 

We will design, manufacture and test full-size (1.5x0.67 m2) charge readout planes, based on Phase 1 a), b) and c) design

schemes. These planes will be mounted on the corresponding surfaces of the box walls, allowing for a gap for liquid

argon circulation in order to efficiently remove the heat dissipated by charge amplifying electronic circuits. At the edges

of these planes two rows of SiPMs will be mounted to detect light from the wavelength shifting light guide bar. Three

sets of planes for three modules will be initially manufactured. During gradual detector commissioning we will take the

final decision on which design scheme will be replicated for the other three modules.

d) Full-size light readout system

The scintillating light induced by charged particles traversing the argon is registered in the

ARGONCUBE  modules  with  the  aid  of  two  planar  acrylic  light  guides  with  layers  of

wavelength-shifter  deposited  on  their  surfaces.  Two  such  bars  for  each  of  the  two  drift

volumes are placed at each side on top of the field shaping copper pattern, parallel to the drift

field.  At the long side of the light guide facing the readout plane (near ground potential),

where  silicon  photo-multipliers  (SiPMs)  are  mounted,  as  shown  in  Figure  7.  The  output

signals from these are routed via the readout plane PCB towards the feed-through at the top

flange. Such arrangement provides an efficient and uniform light collection from the whole

drift volume of the module.  The basic elements of this scheme will be preliminary tested in

Phase 1 d) and integrated here to full-size arrangement.

The construction of the various detector parts will take an estimated time of six months and

will  proceed  in  parallel.  A series  of  tests  will  be  performed  for  quality  assurance  during

construction. Integration will  be done as parts are available and the designs adapted when

Figure  7:  Light

readout  plate  with

SiPMs  mounted  at

the long side.

Scin7lla7ng	light	in	the	ARGONCUBE	modules:	
	
two	planar	acrylic	light	guides	with	layers	of	
wavelength-shiQer	deposited	on	their	surfaces	(one	
per	driQ	volume)	placed	on	each	side	on	top	of	the	
field	shaping	copper	paoern,	parallel	to	the	driQ	
field.		



UV-laser	calibra7on	system	
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Technique	pioneered	at	AEC-LHEP:	
	
	

2009	JINST	4	P07011	
NJP	12	(2010)	113024	
JINST	9,	T11007	(2014)	



UV-laser	calibra7on	system:		
	
-	successfully	applied	to	MicroBooNE	
-	being	built	for	SBND	
-	being	planned	for	DUNE	FD	

27	
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FIG. 1. Average drift velocity as a function of electric field.

Plotted (as a point) is the measured average drift velocity at

the measured electric field with associated systematic uncer-

tainties and the parameterization (as a band) derived from

Ref. [3], over the range of temperatures measured in the Mi-

croBooNE TPC. The model agrees with the measured velocity

within uncertainties.

has been measured precisely before we sealed the cryo-
stat. Since photoelectrons are released from a small re-
gion of the cathode when assessing the impact of the
cathode flatness on the hvdrifti measurement, we use the
maximum deviation from flatness. This contributes a
0.26% uncertainty to the hvdrifti measurement. We are
interested in studying the bulk electric field so we take
the standard deviation from flatness as the uncertainty
for the electric field. This provides us with a 0.1% uncer-
tainty on Edrift. It is important to note that the uncer-
tainties on hvdrifti and Edrift are correlated through the
uncertainties on hxdrifti. This correlation is suppressed
due to the fact that one is sensitive to local deviations
from flatness while the other is sensitive to the standard
deviation from flatness.

Together these uncertainties combine to give us a to-
tal systematic uncertainty of 0.51% and 0.22% for the
measurement of the average drift velocity and the av-

erage drift time, respectively. These fraction uncer-
tainties translate into absolute uncertainties ofhvdrifti =
1.105 ± 0.006 km

/s and htdrifti = 2.317 ± 0.005 ms. The
measured systematic uncertainty on the electric field was
found to be 0.1% or Edrift = 272.5± 0.3 V

/cm.

V. MODEL COMPARISON

Phenomenological models, based on world data, exist
which parameterize the average electron drift velocity in
terms of drift field and argon temperature [3]. Using this
parameterization we can compare our measurement to
world data. This requires knowledge of the argon temper-
ature throughout the TPC volume. MicroBooNE has de-
ployed temperature probes around the anode frame and
we have measured the argon temperature to be stable in
time, with a slight variation across the anode frame. This
points to an argon temperature of TAr = 89.2± 0.3 K.
With this information, the expected average drift ve-

locity as a function of electric field over the range of argon
temperature can be plotted and compared to the mea-
surement, as shown in Fig. 1. Our measurement is in
good agreement with the model prediction. This mea-
surement validates the applicability of the parameteriza-
tion o↵ered in Ref.[3] for use in our detector simulations.

VI. CONCLUSIONS

This analysis represents a precise in-situ measurement
of the average drift velocity by relying on photoelec-
trons liberated from a stainless steel cathode by pho-
tons from a UV calibration laser. Utilizing signals from
these electrons, we have been able to measure htdrifti =
2.317 ± 0.005 ms which, utilizing Eq. 1, provides us
with hvdrifti = 1.105 ± 0.006 km

/s at an electric field of
Edrift = 272.5±0.3 V

/cm. This is in good agreement with
the phenomenological model tuned to world data [3] for
a range of liquid argon temperatures inside the Micro-
BooNE TPC, TAr = 89.2± 0.3 K.

[1] A. Ereditato, et al., JINST 9, T11007 (2014).

[2] R. G. Wilson, Journal of Applied Physics, 37, 2261-2267 (1966).

[3] W. Walkowiak, NIM A 449 (2000) 288-294
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Phase	2	ac7vi7es	

Igor	Kreslo	
Mar#n	Auger	
Dimitar	Mladenov	
Diamanto	Smargianaki	
Roger	Hänni	
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UV-laser	system	for	the	
ARGONCUBE	modules	
	
-	Three independent laser systems, 
distribution between modules via 
beam splitter and semi-transparent 
mirror 
	
-	Introduction to module through 
optical feedthrough (analogous to 
MicroBooNE) at the corner of the 
modules 
	
-	Semi-transparent mirrors in liquid 
argon mounted on rotatable 
structure.	

Ma?hias	Lüthi	
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Build	one	reference	module	with	wire	readout	

Wire	frame	for	wire	moun7ng	(Sheffield	group)	
Neil	Spooner	



Remarks	
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-  A	LAr	TPC	is	an	asset	for	the	DUNE	ND	

-  Both	op7ons	in/out	magne7c	field	being	considered/simulated/tested	

-  Detector	choices/configura7ons	cannot	rely	only	on	simula7ons	

-  A	vigorous	R&D	program	must	be	set	up	for	all	op7ons:	the	only	way	to	know	
how	a	technology	works	is	to	build	and	operate	prototypes	

-  Extend	the	long-standing	R&D	program	carried	out	in	Bern	since	a	decade	

-  Long	shopping	list	of	ac7vi7es	for	the	next	years	

-  Interes7ng	results	already	being	obtained	

-  The	plan	is	organized	in	three	phases	

-  The	ARGONCUBE	design	is	a	viable	solu7ons	

-  Need	strong	collabora7on	of	interna7onal	(European?)	partners	


