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Outline
•  Detector Overview

•  Design and Construction Status

•  Time Projection Chamber

–  Cathode/Field Cage /High Voltage

–  Anode Plane Assemblies

–  Front-end Amplifiers and Digitization 

•  Photon Detectors and Readout

•  Prototyping and Installation Planning
–  High Voltage testing at PC4 (35-ton)

–  Full scale integration testing at Ash River

–  Electronics test stations at FNAL and BNL

•  Summary 

Under	control	

New,	unknown	

Concern	

Watch	my	expression	
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Major Milestones  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Q3/2016: design reviews for ProtoDUNE-SP ✅    (complete Q4/2016) 

Q3/2016: TDR for ProtoDUNE-SP ✅
BNL Cold Electronics Integration Test-stand Operational : 3/8/17 ✅

Submission of Production FEMB Fabrication : 4/19/17 on track

35ton HV Test (Phase 1) Complete : 5/3/17 on track

First 10 PD modules ready to ship to CERN  : 5/9/17 will be @ CERN when needed

Ship APA#1 Electronics to CERN : 5/24/17

Ash River Trial Assembly Complete : 6/9/17 on track

PSL APA #1  Arrives @ CERN : 6/9/17 pushing very hard to keep to this date
PSL APA #2  Arrives @ CERN : 9/8/17 

UK APA#1  Arrives @ CERN : 9/18/17 

Decision to fabricate APA #7 : 8/18/17

35ton HV Test (Phase 2) Complete : 8/24/17

PSL APA #3 Arrives @ CERN: 11/9/17  

UK APA #2 Arrives @ CERN : 11/27/17  

UK APA #3 Arrives @ CERN : 1/19/17  



Main Goals of ProtoDUNE-SP
Engineering validation of the full-scale 
DUNE detector components

Develop the construction and quality control 
process

Validate the interfaces between the detector 
elements and identify any revisions needed 
in the final design

Validate the detector operation using cosmic 
rays

Study the detector response to known 
charged particles

Improve event reconstruction and detector 
response models
 

In	pro
gress

	

DUNE	Single-Phase	LAr	Far	Detector		
Readout	of	:	
•		IonizaCon	charge	
•		scinCllaCon	light	

•  Time	ProjecCon	Chamber:		
–  wire	Anode	Planes	(APAs)	
–  inducCon	+	collecCon	wires			

•  2	cathode	planes	at	-180	kV:	
–  E	dric	=	500	V/cm	

•  4	dric	regions:		3.6m	dric	each				
•  Photon	DetecCon	System	

integrated	in	APAs		
–  to	measure	event	Cming	

•  Modular	construcCon	of	CPA,	
APA,	FC	 4	Steel	Cryostat	

12
	m

	 14.4	m	

3.6	m	

DUNE	Dimensions	
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PD-SP Detector Overview

Main Detector Elements  include : 
Time Projection Chamber (TPC) , 
Front-end and digitizing electronics, a 
Photon Detector System (PDS) and 
Data Acquisition (DAQ)

Prototype of the single phase DUNE 
far detector. Full scale modules, but 
only half height of DUNE FD (single 
layer of APAs).

TPC has 6 units of anode wire 
planes (APAs), a high voltage  
cathode plane (18 “units”), 28 field 
cage modules, 15K readout 
channels

Dimensions - W: 3.6m (x2), H:  6m, 
L (along beam direction)  : 7m ; 300 
ton active mass

4

NP04 (ProtoDUNE SP) TPC

Cold Electronics Review, Oct 12-14, 2016

Prototype of the single phase DUNE far 
detector.  Full scale modules, but only half 
height.

The TPC has 6 APAs, 6 CPAs, 28 field cage 
modules, 15k readout channels

Active volume:  
W: 3.6mx2,  H: 6m, L: 7m
300 ton active mass

Installed under 3 mounting rails suspended 
under the cryostat ceiling

Innovative features:
• Cold analog and ADC ASICs and FPGAs
• Double sided APA readout with electronics 

on one end only
• All resistive cathode plane
• Modular field cage with metallic profiles
• APAs with integrated photon detectors
• Low mass beam plug on field cage

CPA modules

Field cage 
modules

Field cage 
modules with 
ground plane

APAs End wall field 
cage modules

7.2m

6m

7m
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Detector Elements – a modular approach

This modular approach to detector construction enables the 
construction of detector elements to take place in parallel and at 
multiple sites.

This will be an essential approach for the DUNE Far Detector. 

Chapter 2: Detector components 2–11

Chapter 2

Detector components

2.1 Overview of detector components

The elements composing the detector, listed in Section 1.2, include the time projection chamber
(TPC), the cold electronics (CE), and the photon detection system (PDS). The TPC components,
e.g., anode planes, a cathode plane and a field cage, are designed in a modular way. The six APAs
are arranged into two APA planes, each consisting of three side-by-side APAs. Between them, a
central cathode plane, composed of 18 CPA modules, splits the TPC volume into two electron-drift
regions, one on each side of the cathode plane. A field cage (FC) completely surrounds the four
open sides of the two drift regions to ensure that the electric field within is uniform and una�ected
by the presence of the cryostat walls and other nearby conductive structures. The sections in this
chapter describe the components individually.

Figure 1.1 illustrates how these components fit together. The FC is shown in Figure 2.1.

Table 2.1 lists the principal detection elements of ProtoDUNE-SP along with their approximate
dimensions and their quantities.

Table 2.1: TPC detection components, dimensions and quantities
Detection Element Approx Dimensions Quantity
APA 6 m H by 2.4 m W 3 per anode plane, 6 total
CPA module 2 m H by 1.2 m W 3 per CPA column,

18 total in cathode plane
Top FC module 2.4 m W by 3.6 m along drift 3 per top FC assembly, 6 total
Bottom FC module 2.4 m W by 3.6 m along drift 3 per bottom FC assembly, 6 total
End-wall FC module 1.5 m H by 3.6 m along drift 4 per end-wall assembly (vertical

drift volume edge), 16 total
PD module 2.2 m ◊ 86 mm ◊ 6 mm 10 per APA, 60 total

ProtoDUNE Single-Phase Technical Design Report

From	ProtoDUNE	Technical	Design	Report	
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Design Evolution from previous LArTPC Field Cages

	
“Racetrack”	Field	Cage	with		
metallic	cathode	
•  not	easily	scalable		
•  tremendous	stored	energy	

Fig. 2. Picture of the inner detector layout inside the first half–module: the cathode
(vertical plane on the right) divides the volume in two symmetric sectors (chambers).
The picture refers to the left sector where wires and mechanical structure of the
TPC and some photo–multipliers (PMTs) are visible.

The inner detector structure of each T300 consists of two TPCs (called left
and right chambers) separated by a common cathode. Each TPC is made of
three parallel wire–planes, 3 mm apart, oriented at 60 degrees with respect to
each other, with a wire pitch of 3 mm. The three wire planes of each TPC are
held by a sustaining frame (Fig. 2) positioned onto the longest walls of the
half–module. The total number of wires in the T600 detector is 53248. The
read–out of the signals induced on the TPC wires by the electron drift allows
a full three–dimensional (3D) image reconstruction of the event topology.

For each of the two volumes of the T600 cryostat the size of the inner volume

10

ICARUS	 MicroBooNE	

3/24/17 R. Rameika | LBNC Meeting7



FC	profiles	

HV	cup	
HV	bus	cable	

CPA	liUing	bar	

Field	cage	hinge	

HV	bus	cable	

Connec/on	to	the	
resis/ve	sheet,	and	
to	next	module	

Once	installed,	the	CPA	appears	
to	be	part	of	the	field	cage	
looking	from	outside.	

HV Bus distribution to cathode plane

A	HV	bus	cable	to	
distributes	the	cathode	
voltage	to	all	of	the	
cathode	panels	

New	design	
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Two new elements of the TPC  design 
Resistive Cathode
•  At full voltage (180kV) there is almost 
100J of energy stored in the cathode plane
•  In the event of a discharge from a 
cathode edge to the cryostat wall, there is a 
risk of physical damage to either the 
cathode or the membrane wall; the voltage 
on the an all metal cathode will collapse 
very quickly, injecting high current into the 
cold electronics, through the APA wires, 
risking damage to the front end ASICs
•  To mitigate this risk a new all resistive 
cathode has been developed using a 
commercial resistive film
•  Several types of resistive surfaces have 
been investigated and the preferred solution 
is Dupont Kapton film laminated on FR4 
substrate

Modular Field Cage
•  A new design of a modular field cage using 
extruded, open aluminum profiles held together by 
pultruded fiberglass beams  has been developed

–  Panels are of manageable size and weight

–  Each panel has its own resistor chain to degrade 
the voltage and is electrically insulated from the 
adjacent panels which will minimize the peak energy 
dump in case of sparks

CERN,	BNL	

Stony	Brook,		
Louisiana	State,		
William	&	Mary,		
CERN		

Roll-formed	profiles	

•  Open	roll-formed	metallic	profiles	for	field	cage	electrodes	are	preferred	
for	LAr	purity	consideraCons.	

•  OpCmized	shape	of	profiles	allows	keeping	the	electric	field	strength	on	the	
highest	biased	electrodes	under	15kV/cm	even	with	only	20	cm	clearance	
from	the	ground	plates.			

•  A	safe	way	of	dealing	with	the	ends	of	the	profiles	based	on	PE	caps	allows	
minimizing	the	top	and	bohom	TPC	clearance	thus	making	more	efficient	
use	of	the	LAr.	

17	
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Cathode Plane (CPA)

18 individual “panels” assembled into units of 3 and assemblies of 2 
panels; 3 total panels needed

Argonne	Na/onal	Lab,	
BNL,	CERN	
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Field Cage Module Construction
Top and Bottom Endwalls

Stony	Brook	University	 Louisiana	State	University	

Need	12	of	these	
6-top,	6-bo^om	

Need	16	of	these	
8	upstream	
8	downstream	
(1	us	has	the	beam	plug)	

Top/Bohom	FC	ConstrucCon	

•  Each	top	and	bohom	panel	is	as	wide	as	the	APA/CPA	(2.3	m)	and	are	hold	
with	FRP	I-profiled	beams	(~	6x3	inches)	

•  Full	scale	mock-ups	constructed	in	US	at	assembly	sites	
–  Assembly	sequence	
–  MounCng	operaCon	
–  QA/QC	

•  Structural	analysis	show	minimal	deflecCons	(~mm	level).	
19	

End	Wall	Panel	with	Hangers	

VerCcal	Wall	FC	Design:	

•  Four	panels,	1.5m	wide,	on	top	of	each	other	to	build	up	to	the	6m	height	of	the	

APA.	Top	panel	has	hangers	design	incorporated	in	it.	A	special	panel	is	designed	

to	incorporates	beam	plug.	

•  Box-shaped	FRP	beams	(~	6x3	inches)	for	structural	opCmizaCon	

•  No	ground	planes	

•  Four	full	scale	mock-ups	also	completed	in	US	(one	complete	end-wall)	

20	

58	profiles	in	each	module;	
Profiles	being	procured	by	CERN	and	
will	be	installed	at	CERN	in	the	summer;	
	 CERN,	William	&	Mary	
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Louisiana	State	University		

Field Cage Resistor Divider Boards 
Resistive Divider Board

RD: SM104FE-1000M, MOV: ERZ-V14D182

• We need to use 3 such varistors in series between profiles if we want to 
have the ability to reach more than 500V/cm drift field in ProtoDUNE. 

• Two resistors in parallel to provide redundancy. 

Nov. 9, 2016 NP04 CPA/FC/HV Design Review22

One	board	connects	8	field	cage	profiles	
Need	7	of	these	per	field	cage	module	->	196	total	boards	needed	
Will	be	installed	on	the	field	cage	profiles	at	CERN	

Resistive Divider Board

RD: SM104FE-1000M, MOV: ERZ-V14D182

• We need to use 3 such varistors in series between profiles if we want to 
have the ability to reach more than 500V/cm drift field in ProtoDUNE. 

• Two resistors in parallel to provide redundancy. 

Nov. 9, 2016 NP04 CPA/FC/HV Design Review22

3	varistors	
2	1GOhm	resistors	
per	connec/on	

Create	the	field	gradient	(500V/cm	nominal)	
	from	the	cathode	to	the	anode	plane	
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CERN	Ground Planes

The purpose of the ground plane 
above the field cage is to shield 
the fringe field created by the 
CPA/FC from entering the gas 
ullage and cause breakdown

The ground planes are stamped 
from 1 mm thick stainless steel
The ground plane on each T/B 
field cage panel is composed of 5 
panels. 

Since the top and bottom field 
cages are designed to be 
symmetric, there is a ground 
plane by default on the bottom. 

The	AddiCon	of	Ground	Planes		
•  If	the	field	cage	is	placed	close	to	the	gas	ullage,	

the	E	field	in	the	gas	would	be	high	and	
increase	the	risk	of	arcing	in	the	gas.		

•  The	soluCon	is	to	place	a	ground	plane	just	
under	the	liquid	surface,	to	shield	the	high	E	
field	around	the	TPC	from	entering	the	ullage.	

•  Similar	ground	plane	are	used	to	reduce	the	
TPC	to	cryostat	floor	distance	(piping,	
membrane	corrugaCons)	

18	

•  The	current	ground	plane	consists	of	
mulCple	Cles	of	perforated	stainless	
steel	Cles	mounted	20cm	above	
the	field	cage.		

•  The	edges	of	the	Cle	and	the	
rounding	radius	of	the	holes	must	be	
carefully	controlled	to	avoid	local	
high	field.		
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CPA-FC Assemblies

Each composed of a 
•  CPA (2 columns, 6 units)

•  4 Field Cage Modules (w Ground Planes)
–  Beam Right 

•  Top and  Bottom

–   Beam Left

•  Top and Bottom
Units are assemble outside of the 
cryostat and moved into the cryostat 
through the TCO
Need 3 Assembled Units :
•  Upstream

•  Midstream

•  Downstream
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Chapter 2: Detector components 2–96

Figure 2.68: The APA with the lifting tooling attached. The right image shows the orientation of the
APA as delivered, the left shows the orientation when it is lowered into the material SAS. fig:apa-tooling

2.11.2 Photon Detection System (PDS)1

After this testing is complete, the APA is integrated with the PDS. There are ten PDs per APA,2

inserted into alternating sides of the APA frame, five from each direction. This is shown in3

Figure
fig:pds-install
2.69. Once a PD is inserted, it is attached mechanically to the APA frame with fasteners,4

a single electronics cable is attached, and strain is relieved. Each PD is tested immediately after5

installation to ensure proper operation and to verify the cable readout.6

Figure 2.69: PDS installation fig:pds-install

ProtoDUNE Single-Phase Technical Design Report

6m	

Chapter 2: Detector components 2–15

Figure 2.2: Sketch of a ProtoDUNE-SP APA. This shows only portions of each of the three wire layers,
U (green), V (magenta), the induction layers; and X (blue), the collection layer, to accentuate their
angular relationships to the frame and to each other. The induction layers are connected electrically
across both sides of the APA. The grid layer (G) wires (not shown), run vertically, parallel to the X
layer wires; separate sets of G and X wires are strung on the two sides of the APA. The mesh is not
shown.

ProtoDUNE Single-Phase Technical Design Report

10	Photon	Detectors	are		
installed	into	each	APA	frame	

PD-SP	will	have	6	APAs	
	
Each	APA	:	960	X,	800	V,	800	U,		
960	G	(un-instrumented)	wires	

Anode Plane Assemblies (APA)
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APA Construction at UW-PSL and Daresbury, UK

UW	-	PSL	
X-plane	wires	
complete;		
U-plane			
wire	winding		in	
progress	

US	APAs	(1-3)	
UW-PSL	–	Lead	Lab	
QA/QC	support	from	
Syracuse	
UT-Arlington	
Yale		

UK	APAs	(4–6)	
Daresbury		
Manchester,	
Lancaster,	
Sheffield,	
Liverpool	

U.K.	winder	under		
construc/on	at		
Daresbury	
	
1st	frame	under	
construc/on	

schedule	
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TPC Readout – Cold Electronics with a warm interface

Cold electronics module and its 
apachment to the APA frame	

Integral 
APA+CE 
Concept 

10/12/2016	 H. Chen - Cold Electronics Review	 23	

ProtoDUNE-SP	

BNL	-	lead	
UC	Davis	
Boston	
Michigan	State	
U	Penn	
LSU	
U	of	Florida	
Fermilab	

	
Keep	eye	on	
schedule	for	
delivery	and	
tes/ng	of	
ASICs	and	
FEMBs	
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Detector Support Structure

proto

ProtoDUNE SP TPC 

07-Nov-16 Jack Fowler | ProtoDUNE configuration and interface overview6

• The ProtoDUNE SP TPC 
consists of

• Two rows of Anode Plane Assemblies 
(APAs) that are located near the walls 
of the cryostat.

• One Cathode Plane Assembly (CPAs) 
that is located between the two rows of 
APAs.

• The Field Cage Assemblies (FC) 
enclose the APA/CPA volume on the 
open ends, top and bottom.

• The Detector Support Structure (DSS) 
is located at the top and supports the 
TPC through penetrations in the  warm 
structure and inner membrane of the 
cryostat.

proto

DSS 

07-Nov-16 Jack Fowler | ProtoDUNE configuration and interface overview7

Only three bridge beams are shown.  Five will be used for installation.

Looks	simple,	but	is	a	complicated	
structure	which	needs	to	support	and		
enable	posi/oning	of		the		
components	during	installa/on	
as	well	as	in	final	posi/on	

Custom	trolley	design	to	enable	
posi/oning	the	elements	

Design,	
schedule	
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Full Scale Trial Assembly at Ash River

1/6 mock-up of PD
Learn how to deploy field cages
Latch into place
Develop installation procedures – 
including ES&H + QC

New,	
Not	exactly	
same	as	CERN	
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Developing installation tooling and procedures

Note	–	liUing	devices	and	fixtures	NEED	TO	BE	REMOVED	aUer	construc/on	is	complete	
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HV	Feed-through	(-180	kV)	

23	

•  In	the	baseline	opCon,	the	design	of	the	
HV	feed-through	will	take	advantage	of	
the	strong	synergies	between	the	single	
phase	and	dual	phase	prototypes.			

•  The	present	DP	HV	feed-through	design	
(HV		up	to	300	kV,	based	on	the	ICARUS	
experience)	is	easily	adapted	to	the	SP	
without	any	major	modificaCon	in	the	
dimensions	or	in	the	mechanical	
features.		

•  The	feed-through	connects	to	a	
rounded,	donut-shaped	“cup”	mounted	
on	one	side	of	the	CPA	at	one	end	of	
the	cathode	plane.		

•  The	cup	is	connected	to	the	mounCng	
point	on	the	frame	via	a	cylindrical	tube	
in	order	to	posiCon	the	receptacle	
directly	under	the	feed-through	flange.			

	

HV experience made for WA105 3x1x1

11

A similar design for the HVFT has been adopted for the WA105 DP 3x1x1 
detector.

Differences essentially only on the HV terminal in LAr.

A ~300kV preliminary test of HVFT made on beginning of September 2016.

C. Cantini et al., “First test of a high voltage feedthrough for liquid Argon TPCs connected 
to a 300 kV power Supply”, https://arxiv.org/abs/1611.02085.

High Voltage System

CERN,	FNAL,	BNL,	Kansas	State,	
U	of	Houston,	UC	Davis	

Two	HV	Filters	will	be	shipped	with	the	same	box	with	HV	FT	

Filter	

FT	

Integrated	Corona	Monitor

Improved	design	compared	with	previous	version.	The	corona	
monitor	now	stays	outside	the	tube.	This	guarantees	the	integrity	
of	the	HV	line.	12/1/16 26

Redesigned	almost	everything

Resistor	cartridge

Cable	between	FT	and	Filter	(short)
FT	Side

Filter	Side

Cable	plug	parts

There	will	be	two	filters,	each	equipped	with	a	
corona	monitor	and	a	ground	break.	The	
ground	break	is	protected	with	a	varistor
(VDR).12/1/16 25
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Photon Detection System

10 Photon Detector bars per 
APA -> 60 total bars needed
3 types of “bars” being 
tested and fabricated 

5

Photon Detector System
• 10 bars/paddles in each APA

• 2 types, plus 2 R&D paddles
• Radiator/WLS Bar (IU)
• Dip-coated bars (MIT and FNAL)
• ARAPUCA Arrays (UNICAMP)

• Array of 12 SiPMs per paddle
• CSU, NIU, Caltech

• 6 APAs 
• 60 paddles
• 720 SiPMs

• Bias and digitization provided by SiPM
Signal Processor (SSP) (ANL)

• 240 readout channels
• External Calibration Flasher with 

emitters on Cathode Plane (ANL)
• MANY more details in next 12 talks

Leon Mualem August 2, 2016

10 PDs per APA Frame
PD area 2094mm X 84mm (each)
APA Frame area (Outside) 6060mm X 2300mm
PD Coverage fraction: ~12.6%

Indiana,	FNAL,	MIT,	Northern	Illinois,		
Caltech,	Colorado	State,	ANL,	UNICAMP	

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

Modular PD Concept

6

• The reference PD design for both ProtoDUNE
and the single phase FD call for 10 individual 
PD modules per APA frame, installed following 
APA assembly

• Module dimensions:  

- 2108mm long X 107mm wide X 18 mm thick 
(outside)

- 2086mm long X 95mm wide X 14.5mm thick 
(Inside APA)

- PD Dimensions driven by available installation 
slot in the APA (108mm long X 19mm tall)

• Modules masses:

- IU design:  2.03 kg

- MIT/FNAL design:  1.34 kg

• Modular design and post-APA assembly 
installation allows for testing of different PD 
design concepts

• Two principle designs:  IU design with radiator 
plates, MIT/FNAL design with TPB-dipped light 
guide bar

IU design (Radiator) MIT/FNAL design (Dipped)

Leon Mualem 
August 2, 2016

Arrapuca	arrays	
FNAL,	UNICAMP	
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SiPM Mount PCB

8

12 SiPMs, 0.2mm separation

SMT RJ-45 connector

Leon Mualem August 2, 2016

SiPM Readout
Each bar read out by an array of 12 SiPMs -> 
720 SiPMs needed
•  Signals go into a 12 channel waveform digitizer 
with a 14-bit 150MSPS ADC

Before LN
Date: Feb. 3
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temperature

After LN
-No Physical Damage

-No Electrical Damage
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Moun/ng	machine	at	CSU	

I-V	curves	warm	and	cold	
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2nd Dip
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temperature

But		indica/ons	that	they	are		
generally	OK	when	properly	mounted	

Leon Mualem August 2, 2016 9

Baseline SiPM
Readout Design

• Use adaptation of Argonne 
National Lab SSP design used 
at test locations and 35T

• Compatible and tested with 
DAQ already

• Tested with 3 passively ganged 
SiPMs and proposed readout 
cables

• See Gary Drake Talk for design, 
specs and pictures 

SSP Modules 
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Small field cage test
Designed to fit in the ICARUS 50 liter cryostat
Roll-formed  Al and SS profiles with UHMW PE caps
All profiles a same potential
Applied -100kV without discharge

Small	field	cage	test	

8	

•  Designed	to	fit	in	the	ICARUS	50	liter	cryostat	
(60	cm	diameter,	1.1	m	height)	

•  Roll-formed	metal	profiles	with	UHMW	PE	caps	
•  Choice	of	metal	(Al,	SS)	and	surface	finish	

•  Pultruded	fiberglass	I-beams	form	4	mini	
panels	

•  All	profiles	are	at	same	potenLal	to	simplify		
HV	connecLon	

•  Perforated	ground	planes	66mm	away	
•  Requires	1/3	of	FD	bias	voltage	to	reach		

same	E	field	(~	60	kV)	
•  Corona-discharge	monitor	on	Power	supply	

cable	(based	ICARUS	scheme)	
•  Video	camera	to	visually	detects	light	flashes	

for	from	arching/discharges	and	monitor	LAr	
thermal	stability	(LED	illuminated)		

HV	performance	in	purified	LAr	
•  Aluminum	and	SS	Profiles	
•  HV	applied	in	thermalized	ultra	pure	LAr	(visual	

inspecLon	though	camera):	
–  “slow”	ramping	up	(	~5	kV/min	at	start	with	step	

decreasing	at	higher	voltage)	
–  Current	limitaLon	set	to	~	“zero”	on	PS	

•  Long	term	test	
–  HV	kept	conLnuously	ON	for	several	days.	

•  Two	regimes	have	been	studied:	
–  Thermalize	LAr	(no	visible	bubble	formaLon):	no	

sparks	recorded	up	to	100	kV.	
–  With	bubbles	appearing	to	form	around	the	

detector	elements,	few	random	sparks	(one	every	
few	hours)	appear	but	only	above	80	kV	

–  Sparks	develop	around	the	HV	cable	(at	hot	points)	
and	not	between	the	field	cage	and	the	ground	
plates.	

•  NO	difference	between	SS	and	Aluminum	 10	

CERN	
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Fermilab,	ANL,	BNL,	William	&	Mary,	Kansas	State,	LSU,	
UC	Davis,	University	of	Houston	PRotoDUNE	SP	CPA/FC/HV	test	setup	

•  This	setup	will	be	able	to	
test	the	following	features	
at	full	scale	for	E	field	
purpose:	
•  CPA	liYing	fixture	
•  Ground	plane	
•  Ground	plane	overhang	
•  Field	cage	support	structure	
•  CPA	edges	
•  Field	cage	profiles	
•  Profile	caps	
•  End	wall	FC	box	beams	
•  HV	cup	

•  Filling	with	LAr	foreseen	in	
the	following	weeks		

1.5m	

1.5m	

1.5m	

In	the	35	ton	facility	at	FNAL	

37	

•  Aluminum	profiles	with	conducLve	
coaLng	have	now	mounted	in	the	
Field	Cage	panels:		

CPA/FC/HV test setup

ll  
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High Voltage Test at the 35t
Instrumented with cameras and PMTs
Monitoring current draw as voltage is ramped 
up
Have ramped to 40kV in air with no sign of 
breakdown

Status	:	
Cool	down	
Filling	
Ramp	to	voltage	
Purify	
Ramp	to	voltage	
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Electronics Testing – FNAL and BNL
FNAL
•  RF Shielded room with isolation transformer
•  Warm test
•  Will test full electronics chain (with small APA)
BNL 

•  Cold test (LN2)
•  Also tests full chain with “40%” APA
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What keeps us awake at night : Schedule Driver

W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4
Winter	break
WE	ARE	HERE
Wind	wires	on	APA#1
APA#1	ASIC	production
CPA	PRR ◆

CE	ASIC	PRR ◆

Produce	and	test		CE	boards	for	APA#1
Photon	Detector	System	PRR ◆

CE	mechanical	PRR ◆

Fabricate	Top	FC	Module	0	
Fabricate	EW	FC	Module	0	
T/B	FC	PRR ◆

EW	FC	PRR ◆

PDS	Readout	PRR ◆

APA	PRR ◆

APA#2	Production
CE	System	PRR ◆

Beam	Plug	and	Instrumentation	Review
Fabricate	CPA	panels
Fabricate	and	assemble		FC	frames	
Cryostat	Construction	Complete ◆

Installation	Review	@	CERN
Install	DSS	in	cryostat
Complete	DSS	Design	and	Approval
DSS	parts	procurement
Ship	DSS	components
Begin	installation	of	DSS ◆

APA#1	(PSL)	arrives	at	CERN ◆

Photon	Detectors	for	APA#1,2	at	CERN ◆

Prepare	and	test	APA#1
Install	cryogenic	piping
Assemble	FC	Modules	at	CERN
PD	for	APA#1	arrive	at	CERN ◆

APA#2	(PSL)	arrives	at	CERN ◆

APA#3	Production	(U.K.)
APA#3	(UK)	arrives	at	CERN ◆

APA#4	Production	(PSL)
APA#4	(PSL)	arrives	at	CERN ◆

Prepare	APA#2,3
Prepare	APA#4
Install	APA#1,2,3	in	cryostat
Install	BR	US	&	DS	EW
Install	CPA/FC	Units
Deploy		BR	US	T/B	FC
Deploy		BR	MS	T/B	FC
APA#5	Production
APA#5	(UK)		arrives	at	CERN ◆

APA#6	Production
APA#6	(UK)		arrives	at	CERN ◆

Winter	break

W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4
Winter	break
Deploy		BR	DS	T/B	FC
BR	TPC	installation	complete ◆

Prepare	APA#5,6
Install	APA#4,5,6	in	cryostat
Install		BL	US	EW		
Install	BL	DS	EW
Close	TCO
Deploy	BL	FCs
Installation	Complete ◆

Cryostat	cooldown	and	filling
Commissioning
PD-SP	Beam	Operations
BEGIN	Long	Shutdown ◆

O N D

?

J F M A M J J A S

O N D

2017

2018
J F M A M J J A S

End	of	beam	to	EHN1	
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What we need to accomplish this year
W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4

Winter	break
WE	ARE	HERE
Wind	wires	on	APA#1
APA#1	ASIC	production
Produce	and	test		CE	boards	for	APA#1
Fabricate	Top	FC	Module	0	
Fabricate	EW	FC	Module	0	
APA#2	Production
Fabricate	CPA	panels
Fabricate	and	assemble		FC	frames	
Cryostat	Construction	Complete ◆

Complete	DSS	Design	and	Approval
DSS	parts	procurement
Ship	DSS	components
Begin	installation	of	DSS ◆

APA#1	(PSL)	arrives	at	CERN ◆

Install	cryogenic	piping
Prepare	and	test	APA#1
Assemble	FC	Modules	at	CERN
PD	for	APA#1	arrive	at	CERN ◆

APA#2	(PSL)	arrives	at	CERN ◆

APA#3	Production	(U.K.)
APA#3	(UK)	arrives	at	CERN ◆

APA#4	Production	(PSL)
APA#4	(PSL)	arrives	at	CERN ◆

Prepare	APA#2,3
Prepare	APA#4
Install	APA#1,2,3	in	cryostat
Install	BR	US	&	DS	EW
Install	CPA/FC	Units
Deploy		BR	US	T/B	FC
Deploy		BR	MS	T/B	FC
APA#5	Production
APA#5	(UK)		arrives	at	CERN ◆

APA#6	Production
APA#6	(UK)		arrives	at	CERN ◆

W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4
Winter	break
Deploy		BR	DS	T/B	FC
BR	TPC	installation	complete ◆

Prepare	APA#5,6
Install	APA#4,5,6	in	cryostat
Install		BL	US	EW		
Install	BL	DS	EW
Close	TCO
Deploy	BL	FCs
Installation	Complete ◆

Cryostat	cooldown	and	filling
Commissioning
PD-SP	Beam	Operations
BEGIN	Long	Shutdown ◆

O N D

2017

2018
J F M A M J J A S

O N DJ F M A M J J A S
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Risk Updates  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•  Held a PD-SP Risk Workshop in early February
•  Re-evaluated risks to protoDUNE-SP
–  13 in Construction phase
–  10 in Installation phase
–  6 in Operations phase
–  1 in Analysis phase

•  Highest ranked risks
–  Schedule

•  APA delivery
•  Cold Electronics delivery

–  High Voltage
•  Update : 
–  closed 1 (FC production sites are ready)
–  realized 2 (APA behind schedule, SiPM yield unknown)



Response to LBNC Recommendations  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Review	Date	 Item	Descrip9on	 Due	Date	 Status	 Ac9ons	
12-Jun-16	 Work	with	the	funding	agencies,	including	DOE,	to	make	sure	

support	for	opera/ons	and	the	hiring	of	key	personnel	is	realized	
in	a	/mely	fashion	
	
	

1-Jun-17	 in	process	 This	has	been	highlighted	at	visits	DOE	in	Germantown.	
Discussions	with	DOE	con/nue.	Fermilab	have	provided	key	
hires.		

23-Oct-16	 The	collabora/on	should	review	the	goals	of	the	test	beam	run	
taking	into	account	the	trade-off	between	mee/ng	the	current	
schedule	versus	the	risk	of	the	detector	not	performing	as	
required	

19-May-17	 in	process	 A	list	of	deliverables	was	provided	to	the	DOE	IPR	March	1,	
2017.	

23-Oct-16	 At	the	next	LBNC,	present	the	response	plan	from	the	Final	
Design	Reviews	and	their	outcomes	

23-Mar-17	 in	process	 Yes.	We	will.	(Need	high	level	response	based	on	individual	L3	
responses)	

23-Oct-16	 Inves/ga/on	of	the	variable	high	frequency	noise	problem	should	
con/nue	to	be	pursued	with	high	priority	to	understand	the	root	
cause,	which	may	not	reside	in	the	LV	power	supply.	

22-Jun-17	 in	process	 This	is	ongoing	at	both	the	FNAL	screen	room	facility	and	the	
BNL	cold	40%	APA	test	stand.	



Summary
•  All detector elements are either in production or nearly ready to 

start (final versions of 1st elements)
•  Most significant issue is meeting the schedule
–  Currently we have challenges in delivery of DSS, APAs and Cold Electronics
–  All equipment delivered to CERN needs to have acceptance reviews for 
safety before it can be installed 

•  Significant effort is going into the trial assembly so that the installation 
phase at CERN is efficient
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