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SP	Contribu,ons	

•  ARAPUCA	light	trap		
•  Installa,on	of	the	light	detec,on	system	of	
protoDUNE	at	CERN	

•  35	ton	prototype		
•  Supernova	neutrino	studies		
•  Wavelength	shiPer	development		
•  Proposal	of	an	high	efficiency	light	detec,on	
system	for	DUNE	far	detector:	ARAPUCA	+	wls	
foils		
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ARAPUCA	FIRST	PROTOTYPE		

A	.	Machado	and	E.	Segreto	at	Gran	Sasso	Na4onal	Laboratory	(end	of	2014)	
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Test	Chamber	@	CTI	-	Campinas		

chamber	

Turbo	pump	

Mass	spectrometer	

Feed	through	

GAr	line	

Thanks	to	Vinicius	do	Lago	Pimentel	and	Marcos	Mamoru	
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Proposal for ProtoDUNE Photo Detection System.

ARAPUCA: an alternative light collection system
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Abstract

We propose a new device, named ARAPUCA, for the detection of liquid argon
scintillation light, which is realized through the coupling of an innovative passive
photon collector with an array of silicon photomultipliers. It is an ideal device to be
installed in large time projection chambers, since it will allow to reach reasonable
detection e�ciencies, at the level of percent, on large areas (order of 1 m2), with
the use of a limited number of active sensors. Two prototypes have been realized
and tested with satisfactory results. We propose to install an array of ARAPUCAs
inside the protoDUNE detector, in view of its test at CERN, with the objective of
demonstrating the relevant improvement in light collection e�ciency that could be
achieved with the use of these devices as compared to the reference design. The
installation of the array will have no impact on the design and construction of the
protoDUNE detector.

1 Introduction

The reference design of the photon detection system of the protoDUNE and of the DUNE
experiments is based on the use of guiding bars coupled to an array of silicon photo-
multipliers. This detection scheme for liquid argon (LAr) scintillation light is relatively
low in e�ciency, with typical values at the permil level. On the other side, alternative
techniques that promise a substantial increase in the performances are actually being
developed.

⇤
E-mail: segreto@ifi.unicamp.br

1

Figure 7: One ARAPUCA array of 8 devices installed in a APA frame in place of a
scintillating bar.

• Mechanical structure: we will explore few alternatives for the structure that sus-
tains the boxes and for the fixing scheme of the boxes themselves.

On top of it, significant improvements could come from our R&D studies on wave-
length shifting compounds, that are being carried on in collaboration with the Brazilian
National Laboratory of Synchrotron Light (LNLS) of Campinas [8].

5 Conclusions

The ARAPUCA is a new device for the detection of LAr scintillation light which could
substantially improve the e�ciency of the actual design of the photon detection system
of the protoDUNE and DUNE experiments.
The proposal is to install an array of small ARAPUCAs inside the protoDUNE detector
in view of its test at CERN, replacing two scintillating bars, in order to perform a
comparative test of their performances. The installation of the ARAPUCA array will

11

Figure 5: ARAPUCA used for the cryogenic tests at Fermilab. Picture and pictorial
representation.

initiated (shifters, dichroic filter and geometry).

4 Proposal

We propose to install an array of ARAPUCAs inside protoDUNE to test the devices in
a real experimental situation and to directly compare their performances with those of
the scintillating bars and other eventual alternative photon detection schemes.
Considering the advanced status of the design of the protoDUNE internal detector the
ARAPUCAs’ array will have to be compatible with the mechanical solutions foreseen
for the guiding bars and will have zero impact on the construction of the detector. We
propose to install two arrays, each one replacing one bar. It will be composed by 8
ARAPUCAs/bar (for a total of 16 devices) as shown in figure 7.
Each ARAPUCA will be a copy of the prototype tested at FERMILAB, that is a teflon
box with dimensions of 5⇥5⇥1 cm3 with an acceptance window of 5⇥5 cm2 deposited
with pTP and TPB. The trapped light will be detected by 2 SIPM (SensL 60035 - 6⇥6
mm2 active area each).

Our preferred readout scheme foresees, at the moment, the ganging of the SiPMs
from two ARAPUCAs (4 sensors) so that each array will require 4 channels. We are
studying the possibility of using the same power supply for all the SiPMs of each array.
Also in this case there will not be any interference with the actual design of the cabling
and of the read out of the photon detection system. In particular the SiPM signals will
be possibly read-out by the same board foreseen for the bars.
The installation of the two arrays will be substantially transparent to all the subsystems
of the detector.

We want to stress two fundamental advantages that the use of such detection scheme
should guarantee:

• Detection eficiency: We expect that each ARAPUCA will have an equivalent de-

9

Proposal	of	installa4on	inside	protoDUNE	
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ProtoDUNE-SP Photon Detection System Design Review 
University of Chicago – August 2-3, 2016 
 

Introduction 
The Review Committee (see Appendix) was requested to evaluate the status of the design of 

the Photon Detection System (PDS) of the DUNE Single-Phase prototype, protoDUNE-SP.  
Specifically, we were asked to address, via a 9-item Charge (see Appendix), whether the PDS 
design was advanced enough for production of components and assembly and installation at 
CERN. 

The Committee met with DUNE collaborators August 2-3, 2016, with some documentation 
provided a week prior to the meeting for review.  The first day of the meeting was devoted to 
presentations by DUNE and extensive discussion, both of which proved to be very informative.  
The Committee spent most of the second day in internal discussion and preparing the initial 
version of this report, which was reviewed with the collaboration in a 1-hour closeout session. 

After discussing our impressions and determining the main conclusions we had drawn, the 
Committee divided to draft responses to the Charge items in four areas: 

• Optical system 
• Mechanical 
• Silicon Photomultipliers (SiPMs) 
• Electronics 

Our report consists of responses in each of these areas (where appropriate) to each Charge item 
(when applicable).  The complete set of recommendations is collected in a separate list at the end 
of the report. 
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1.   Does the Photon Detector System design enable validation and refinement of the 
DUNE photon detector requirements?  

Optical system 
Answer:  Yes, but. 
Finding:  

• The design requirement for the PDS light yield for DUNE and protoDUNE is 0.1 pe/MeV for 
events at the Cathode Plane Assembly (CPA).  The PDS is primarily needed for proton 
decay, atmospheric neutrinos, and Supernova neutrino bursts.  The typical energy of 
neutrinos from a SN extends to below 10 MeV, giving 1 pe at the CPA at the design 
requirement. 

Comments: 
• The 0.1 pe/MeV requirement seems marginal for DUNE, and hence is a marginal design goal 

for protoDUNE. 
• Details of the SN burst trigger still need to be worked out.  It seems likely that a TPC-based 

trigger, rather than a PDS trigger, will be developed. 

Recommendation: 
• Efforts should continue to improve both main light collection schemes and to develop the 

ARAPUCA scheme.  Further R&D should continue in parallel with protoDUNE toward 
higher-light-yield schemes. 

Mechanical 
Answer:  Yes. 

Comment: 
• The level of design and planning prior to the shipment to CERN is impressive.   
• It is expected that the development of the mechanical system of the photon detectors for 

DUNE will be similar.  Therefore, lessons learned while assembling protoDUNE-SP will be 
valuable for DUNE itself.  

SiPM 
Answer:  Yes. 
Finding: 

• The photon detector system will deploy sixty PD modules, each with 12 SiPMs. 

Comment: 
• Although the system is small and the duration short, operating this sizable number of SiPMs 

at cryogenic temperatures as part of a full system will be a significant step towards validation 
of the choice of SiPM for DUNE. 

Electronics 
Answer:  Maybe. 
Findings: 

• The peak-to-peak noise in the digitized waveforms recorded from three ganged SiPMs in 
small scale tests is approximately 10 ADC counts.  This noise level is low enough so that 
single PE signals can easily be resolved from noise. 

Review	of	the	protoDUNE	photon	detec4on	system	

University	of	Chicago,	August	2016	
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ARAPUCA	in	LAr	@	Na,onal	Laboratory	
of	Synchrotron	Light	(Campinas)	

First	LAr	experiment	in	LaDn	America!		
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December	2016	–	E.	Segreto,	A.	Machado,	A.	Fauth,	L.	Paulucci,	F.	Marinho,	D.	Galante,	V.	
Teixeira,	W.	Araujo,	M.	Guzzo,	B.	Passarelli,	G.	Marques,	C.	Ambrosio,	M.	Bissiano	



ARAPUCA	@	LNLS	

Dichroic	Filter	(2.5X3.6cm2)	
Coa,ng	with	pTP	and	TPB		

ARAPUCA		
Teflon	'ckness:	1cm	
Internal	dimensions:	2.5X3.6X0.6cm3		

Ar
go

n	
ga

s	

Amp	A	D	C	

ARAPUCA	

Level	sensor	

Alpha	source	

Ultrapure	
argon	gas	 Liquid	argon	bath	
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Analysis	results	
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Concept	for	protoDUNE	

D.	Warner	design	

•  Synergy	of	many	people	and	Ins,tu,ons	
(special	thanks	to	FNAL)	

•  Design	in	an	advanced	stage	–	few	details	
to	be	fixed	

•  Great	challenge	of	passing	from	an	R&D	
to	produc,on	stage	in	few	months	

A.	Machado,	E.	Segreto,	E.Kemp,	L.	Paulucci,	F.	
Marinho,	F.	Cavanna,	G.	Cancelo,	C.	Escobar,	D.	
Warner,	A.	Para,	S.	Muffson,	D,	WhiXngton,	B.	
Adams	
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An	ARAPUCA	array	

Dimensions	and	shape	of	the	array	need	to	
match	the	space	reserved	for	the	Photon	
Detec4on	System	
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Exploded	vision	

Filters	

Reflector	+	TPB	

G10	+	SiPMs	
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ARAPUCA	Working	Group	

Colombia	
Peru	
Paraguay	
UK	
Italy	
France	

Brazil	

USA	
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Chapter 2: Detector components 2–72

by measuring light from beam particles and cosmic ray muons tracked in the TPC or identified by1

external muon trigger counters.2

Figure
fig:PD_overview
2.50 shows the layout for the photon detector system described in this section.3

Figure 2.50: Overview of the PDS system showing a cartoon schematic (a) of a single PDS module in
the LAr and the channel ganging scheme used to reduce the number of readout channels. Panel (b)
shows how each PDS module is inserted into an APA frame. Ten photon detectors (PDs) are inserted
into an APA frame. fig:PD_overview

2.7.2 Photon detector modules4

Two di�erent styles of PDS modules are planned to be installed in the detector. The two de-5

signs test similar light-collection strategies, which di�er primarily in the number of times the LAr6

scintillation light is shifted.7

The first design, shown schematically in Figure
fig:PD_overview
2.50. is based on wavelength-shifting radiator plates8

mounted to wavelength-shifting light guides. The plates are coated with tetraphenyl-butadiene9

(TPB) to produce blue (430nm) light from the 128-nm VUV scintillation light. This blue light10

is absorbed by the commercially produced wavelength shifting (WLS) polystyrene bar with Y-11

11 fluor, producing green light, which is transmitted through the light guide to the photosensor12

ProtoDUNE Single-Phase Technical Design Report

Installa,on	of	the	Photon	Detec,on	
System	of	protoDUNE	at	CERN	

•  Photon	Detec,on	system	inserted	
between	anodic	wire	planes			

•  Ten	bars	per	anodic	planes	(10	planes	in	
total)	

•  58	standard	guiding	bars	+	2	ARAPUCA	
arrays	

•  …but	the	efficiency	of	each	ARAPUCA	box	
is	expected	to	be	equivalent	to	a	standard	
bar	

A.	Machado	and	E.	Segreto	
appointed	as	responsible	of	the	
installa,on	of	the	PD	@	CERN		
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DUNE	proposal	
•  An	ARAPUCA	based	system,	coupled	with	reflec've	foils	
covered	with	shiMer:	
ü Increase	light	yield		
ü Uniformity	of	light	collecDon	over	the	enDre	volume	->	
Easily	cut	low	energy	background	(39Ar,	low	energy	gammas,
…)	–	Possibility	of	calorimetric	measurements		

ü No	drawbacks	
	
•  ARAPUCA+reflecDve	foils	can	represent	a	complete	Photon	
Detec,on	System	which	can	meet	all	the	needs	of	the	DUNE	far	
detector	

•  Appealing	solu4on	for	the	involvement	of	new	groups	->	
enough	things	to	build/develop/op,mize	in	the	next	years.	

	
From	the	presentaDon	at	the	DUNE	general	meeDng	
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DUNE	proposal	(cont.)	

•  Form	a	LaDn	American	based		ConsorDum	with	
SP	leadership	to	build	the	photon	detec,on	
system	of	the	DUNE	far	detector	(single	phase)	

•  Interna,onal	contacts	are	well-started	as	will	be	
extensively	discussed	by	A.	Machado.	

•  Great	interest	in	the	Collabora,on	for	this	new	
concept	of	photon	detec4on	as	observed	in	the	
last	general	Mee,ng	(Fermilab	16th	–	19th	May	
2017)	

DUNE	workshop	-	FAPESP	-1	June	2017	 17	



35	ton	prototype	

 

The LBNE 35 Ton Prototype Cryostat 
Alan Hahn, Mark Adamowski, David Montanari, Barry Norris, Juergen Reichenbacher, Russell Rucinski, James 

Stewart, and Terry Tope 

 Abstract–The 35 Ton Prototype Cryostat was built to 
demonstrate that a commercial membrane-cryostat technology 
could achieve the performance necessary for the operation of a 
large multi-kiloton liquid argon detector for the Long-Baseline 
Neutrino Experiment (LBNE).  A concluded Phase 1 run has 
confirmed both the thermal stability and leak tightness of this 
technology that is necessary to achieve extremely pure liquid 
argon.  Measured electron drift times in excess of 2.5 ms infer 
impurity concentrations in the liquid argon of less than 140 ppt 
(O2 equivalent). These purity levels were attained and held for 
sustained periods. Details of the cryostat operation, 
measurements, and analysis of the Phase 1 run are given. A 
future Phase 2 run, that will include a reduced-scale LBNE-style 
Time Projection Chamber with integral photon detectors is 
briefly described. 

I. INTRODUCTION 

The Long Baseline Neutrino Experiment (LBNE) 
is planning to construct a multi-kiloton liquid argon 
(LAr) detector at the 4850 foot level of the 
Homestake Gold Mine in Lead, South Dakota. Due 
to the large size of the cryostat that will hold this 
detector, LBNE has decided to employ a stainless 
steel membrane-cryostat technology that has been 
developed by industry for use in liquefied natural 

 
Manuscript received Nov 13, 2014. Operated by Fermi Research Alliance, 

LLC under Contract No. De-AC02-07CH11359 with the United States 
Department of Energy. 
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e-mail: madamski@fnal.gov).  

D. Montanari is with the Neutrino Division, Fermi National Accelerator 
Laboratory, P.O. Box 500, Batavia IL 60510 USA (telephone: 630-840-5195, 
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gas (LNG) tanker ships and land-based storage 
tanks. 

 

 
Fig. 1. Cutaway drawing of the 35 Ton Cryostat showing construction details 

with exterior and interior dimensions. 

The 35 Ton Prototype Cryostat (35T) is a small 
demonstration project to show the suitability of the 
membrane technology for LAr detectors. In 
particular that it can achieve and hold the needed 
purity levels and provide a stable environment for 
the TPC. A cutaway drawing of the 35T is shown in 
Figure 1. 

 The LBNE Far Detector is a Liquid Argon (LAr) 
Time Projection Chamber (TPC) that incorporates 
photon detectors for timing. Charged particles 
create ionized tracks and scintillation light in the 
LAr. Under the influence of an applied electric 
field, the electrons drift towards an Anode Plane 
Assembly (APA). The APA has a series of 
induction and collection wire planes that measure 
the spatial coordinates normal to the drift direction. 
The third coordinate is provided by the drift time of 
the electron in the LAr volume. For the electric 
fields considered for this detector (500 V/cm), the 
electron drift speed is 1.2 mm/µs. The starting time 
of the drift is provided by the photon detectors 
detection of the scintillation light. 

FERMILAB-CONF-14-420-PPD

Operated by Fermi Research Alliance, LLC under Contract No. De-AC02-07CH11359 with the United States Department of Energy. 

35-t prototype

ICARUS

MicroBooNE

DUNE Reference 
Design

2015 2018

protoDUNE

SBND

LBL

SBL

•  Built	to	test	the	technology	of	membrane	cryostat	
for	LAr			

•  Test	the	components	and	features	which	are	
required	by	the	far	detector		

•  Test	Time	Projec,on	Chamber,	Photon	Detec,on	
System	

•  Reconstruc,on	o	the	events	and	possibility	of	
associa,ng	light	flashes	with	TPC	events	
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35	ton	prototype	
•  Significant	contribu,on	from	Brazilian	Ins,tu,ons	–	
mainly	UFABC,	UNICAMP	and	Universidade	Federal	de	
Goias	

•  Electron	life,me	studies	(C.	Moura	-	UFABC)	
•  	PDS	trigger	rate	and	noise	studies	(C.	Moura)	
•  Two	paper	being	wri8en:	

l  Design	and	Performance	of	the	DUNE	35-ton	Prototype	
Time	Projec4on	Chamber	

l  Photon	Detec4on	System	Performance	in	the	DUNE	35	ton	
prototype	LAr-TPC	detector	

•  Data	taking	(C.	Moura,	R.	Gomes	-	UFG)	
•  Contribu,on	to	set-up	the	environment	for	data-taking.	
Including	wiki-page	and	forms	for	the	shiPers.		(R.	
Gomes)	
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Supernova Studies for DUNE: 39Ar background rejection

● Neutrinos from Supernova bursts: 
No beam trigger. Event tagging and timing (T0 
determination) is provided by the PDS .

● DUNE: natural argon LArTPC (cost effective) 
→ Presence of impurities (39Ar) can mimic 
low-energy events.

● Approach: 105 39Ar bkg events simulated to 
obtain the average detected light intensity  
(in # of photo electrons at the PDS sensors)
Threshold selection: keep the background 
induced light flashes under

0.1 flashes /  APA * drift time * event

Ar39 simulated Events
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Each color corresponds to an arbitrary efficiency 
of the PDS. 
Current design value: 0.57% (grey points) 
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Supernova Studies for DUNE: trigger efficiency

● Neutrinos from Supernova bursts: 
Energy range: 

from few to tens of MeV.
No beam trigger. 

DUNE has the 
unique capability to

detect nu-e from 
the neutronization burst.

● Approach: 
Simulation of 10ˆ5 secondary electrons 
from supernova-like events (Elastic Scattering).
(obs.: flat spectrum, from 4.5 MeV to 20.5 MeV 
in 3 MeV steps).

● Threshold cuts: from previous studies on 39Ar 
rejection

Each color corresponds to an arbitrary efficiency 
of the PDS. 
Current design value: 0.57% 
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Nitrogen Contamination Studies for ProtoDUNE
● Residual concentration of N2 at the ppm level 

→ substantial reduction of the scintillation 
light intensity.

●  Principal channels are:
○ Quenching process acting on the excited 

Ar molecular states before de-excitation
○ Absorption process of the emitted 

scintillation photons. 
● Comparison of 4 different scenarios: 

No contamination (0ppm), 1 ppm, 5 ppm, 
20 ppm

Average Visibility → Mean value of the 
probability of a photon produced on a 
particular position  reaches the photon detector 
(The detector is on the far right)

E.	Kemp	L.	M.	Santos	-	UNICAMP	
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Wavelength	shiPer	characteriza,on	

•  Wavelength	shiPing	is	an	important	step	for	LAr	scin,lla,on	light	
detec,on	since	common	devices	are	not	sensi,ve	to	128	nm	

•  Relevant	improvements	can	be	done	in	this	field	=>	only	few	materials	
have	been	deeply	inves,gated	

•  A	strong	collabora,on	has	been	set-up	with	the	Na,onal	Laboratory	of	
Synchrotron	Light	(LNLS)	to	characterize	wls	materials	(we	are	par,cularly	
grateful	to	Douglas	Galante	and	Veronica	Teixeira)	

	
•  We	became	users	of	the		TGM	line	which	can	deliver		monochroma,c	light	

with		energy	ranging	form		3	to	300eV		(wavelength	from	400	to	4nm)	

•  Two	weeks	of	measures	up	to	now.	Two	more	foreseen	for	the	present	
year	
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Wavelength	shiPer	characteriza,on	at	
LNLS	
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LAB.	LEPTONS	@	UNICAMP	–	our	new	home	
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90	m2	clean	room	

Inaugura4on	2nd	June	2017	–	tomorrow!!!	



LAB.	LEPTONS	@	UNICAMP		
•  Laboratory	devoted	to	develop	LAr	technology	

•  Many	equipment	acquired	and	arriving	from	Germany,	France,	Italy	
and		Brazil.		

	
•  Big	evaporator	to	produce	organic	films	(wavelength	shiPers)	
	
•  Vacuum	monochromator	with	deuterium	lamp	->	light	down	to	110	
nm	

	
•  Cryogenic	facility	with	pulse	tube	refrigerator	->	test	prototypes	in	
a	LAr	environment			

•  3D	prinDng	staDon	to	build	prototypes	to	be	tested	
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VUV	monochromator	

Large	evaporator		

GAr	test	sta,on	



Conclusions	
•  Significant	SP	and	Brazilian	contribu,ons	to	DUNE	and	protoDUNE		in	many	

different	sectors	

•  ARAPUCA	program	is	developing	very	fast.	Next	step:	installa,on	in	protoDUNE	

•  Increasing	number	of	researchers	are	joining	the	ARAPUCA	program.	Important	
opportuni,es	in	a	DUNE	perspec,ve	

•  Direct	responsibili,es	of	SP	researchers	in	the	construc,on	of	protoDUNE	@	CERN	

•  	Relevant	studies	on	Supernova	neutrinos	in	connec,on	with	the	DUNE	photon	
detec,on	system	

•  New	facility	for	LAr	technology	development	@	UNICAMP.	Will	allow	to	significantly	
speed	up	the	experimental	program.	
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Analysis	is	ongoing	

Final	gol	:	
determine	the	
rela,ve	efficiency	
of	the	Wavelength	
shiPers	
	
	
	

TPB	evaporated	on	a	reflec,ve	foil	
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Wavelength	shiPer	characteriza,on	
cont.	

•  Photo-luminescence	and	photo-emission	measurement	of	several	wls	
materials	in	the	Vacuum	Ultra	Violet	region:	
ü  TetraPhenyl	Butadiene	-	TPB	 	emission	~	430nm	
ü  	p-	therphenyl	–	pTP 	 	emission	~	350nm	
ü  	bis-MSB 	 	 	 	emission	~	440nm	
ü  PPO	 	 	 	 	 	emission	~	350nm	
ü  POPOP	 	 	 	 	emission	~	400nm	
	

•  Time	resolved	measurements	of	the	emission	of	TPB,	pTP,	bis-MSB,	PPO,	
POPOP	with	a	par,cular	configura,on	of	the	Synchrotron	source	(single	
bunch),	which	allowed	to	obtain	a	monochroma,c	VUV	pulsed	beam.	Thanks	
to	the	LNLS	staff!	

In	CollaboraDon	with	USP	=>	Prof.	I.	Albuquerque		
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People	involved	

Prof.	E.	Kemp,	Prof.	A.	Fauth,	Prof.	E.	Segreto,	B.	Gelli,	M.	Guzzo,	L.M.	Santos,	M.	
Nunes,	R.	Maximo,	G.	Marques,	L.	Shenfel,	R.	Ramos,	M.	Fernandes,	G.	Pereira	

Prof.	C.	Moura,	Prof.	A.	Machado,	Prof.	L.	Paulucci	

Prof.	F.	Marinho	

Prof.	I.	Albuquerque	
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