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Foreword

• The science of DUNE will require to achieve small systematic 
errors in order to fully exploit the statistical power that will be 
available thanks to the huge mass (40 kton) of the far 
detector and the very intense (MW-scale) neutrino beam.

• There will be several sources of systematic errors:
• neutrino flux related uncertainties 
• neutrino interactions uncertainties (in the GeV-range) 
• detector related uncertainties 

• The goal is to reach the smallest possible systematic errors, 
e.g. normalisation of events at the level of 1-2%, including the 
detector related systematic uncertainties. 

• These issues will be addressed by dedicated test beams at 
the CERN Neutrino Platform and the SBN programme (see 
also next talk on systematic errors).
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Conceptual Design Report (in preparation)

• Detector concepts will be 
described in the LBNF/DUNE 
Conceptual Design Report is in 
preparation (Timescale: 07/15)

• High-level documentation with 
reference to existing and/or 
annexed material
• Vol. 1 – Introduction and 

Executive Summary 
• Vol. 2 – Physics (FD+ND)  
• Vol. 3 – LBNF 
• Vol. 4 – DUNE 

(FD,ND,prototypes) 
• Science goals drive the 

detector requirements.

3

Conceptual Design Report1

The Deep Underground Neutrino2

Experiment3

Volume 4: The Deep Underground Neutrino4

Experiment5

April 20, 20156

Conceptual Design Report1

The Deep Underground Neutrino2

Experiment3

Volume w: LBNF/DUNE Physics4

April 20, 20155

≈150 pages

≈50 pages

detector 
requirem

ents
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Chapter 7: Near Detector Reference Design 7–85
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Figure 7.1: A schematic drawing of the fine-grained tracker design. fig:STT_schematic

LBNE Conceptual Design Report

Near detector - reference design
• A highly-capable neutrino 

detector which provides the 
required information for LBL 
goals and a rich physics program 
on its own. 

• Fine-grained tracker (FGT) 
magnetised neutrino near 
detector.

• A LAr TPC target may be added 
for comparison with FD [need 
measures for event pileup at high 
beam power].

• May be advantages of deploying 
a high-pressure gaseous argon 
TPC [upgrade of the FGT tracker] 

• Complete design ongoing.
4

Chapter 7: Near Detector Reference Design 7–92

7.2.4 Muon Identifier2
cdrsec:detectors-nd-ref-fgt-muonid

The sides and ends of the dipole magnet will be instrumented with a muon identifier3

detector (MuID) that will distinguish muons from hadrons by the ability of muons4

to penetrate the iron without showering or interacting. The MuID will consist of 4325

resistive plate chamber (RPC) modules interspersed between two 10-cm-thick steel6

plates of the dipole magnet and between 20-cm-thick steel plates at the upstream and7

downstream ends of the magnet. The MuID is only meant to provide identification8

of the muon; the muon momentum will be measured by the STT inside the magnetic9

field.10

!

Error bars are within the marker size 
!

Figure 7.5: Fabrication of a large (2.4 m ◊ 1.2 m) RPC prototype at the Variable Energy
Cyclotron Centre (VECC) in India (left) and corresponding e�ciency tests (right). fig:FGT_RPC

The nominal dimensions of all RPC modules will be 1 m ◊ 2 m with active areas11

of 96 cm ◊ 196 cm. Each module has 256 X strips at 7.65-mm pitch and 128 Y12

strips at 7.5-mm pitch. The modules will be grouped into trays, each containing13

six modules, and the trays will be su�ciently wide to allow overlapping modules.14

The downstream MuID will contain five steel planes of overall dimensions 6 ◊ 615

◊ 0.2 m3 (283.5 t) and five RPC planes, while the upstream MuID will contain16

three steel planes (170.1 t) of dimensions 6 ◊ 6 ◊ 0.2 m3 and three RPC planes.17

The barrel MuID will contain 24 planes (three layers ◊ eight sides) of RPCs. The18

RPCs will have a total thickness of 15 mm and a gap width of 2 mm. One possible19

gas mixture could be of Ar (75%), tetraflouroethane (20%), isobutane (4%), and20

sulphurhexaflouride (1%). Figure
fig:FGT_RPC
7.5 shows a schematic drawing of an RPC module.1

LBNE Conceptual Design Report

A very complete magnetised 
neutrino detector (magnet

+tracker+calorimeter+µ catcher)
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Far detector - the path towards 40 kton

5

• Four independent 10 kton fiducial modules:
Target date for instrumenting the first cryostat is 2021/2022.  
The cryostat for the second detector should be available when 
the first cryostat is filled (sloshing / risk mitigation).  
The aim is to install third and fourth cryostats beyond that as 
rapidly as funding will allow, instructed by the gained experience. 

• Road to first 10 kton by 2021 is challenging → success of large-
scale demonstrators at CERN Platform and SBN are critical.

Cavern configuration for LBNF

6

•  Two$parallel$caverns$
each$have$two$10$kt$
detector$pits$with$a$
laydown$space$in$
between$

•  The$CF$u:li:es$and$
cryogenics$are$in$a$
separate$parallel$
chamber,$thus$no$
conflict$with$
cryostat$&$detector$
laydown$

3/26/2015Joe Lykken | EFIG

Module #1
Module #2

Module #3
Module #4
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R&D path towards large cryostats

65

Inner dimension (liquid
+gas): 

•  L   = 62.00 m
•  W = 15.10 m
•  H  = 14.00 m

outer warm structure

SS 
skin

possible supports to 
the cavern wall

LAr = 17’432 tons (95% liquid)

belt
s

4 LBNF Cryostats 
extrapolation Top cap

&
Detector supports

Steel-supported cryostat design for LBNF

3/26/2015Joe Lykken | EFIG

• GTT membrane technology for effective 
underground storage of ultra pure liquid 
argon → many years of studies now 
materialising

• Today: WA105 prototype
Inner dimensions: 3x3x2 m3 

• Next steps:
SBN ND, single phase proto 
WA105 8x8x8 m3 

• DUNE 10 kton:
15.1(W)x14.0(H)x62m(L)

x 700

WA105 CERN Blg 182
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Far detector - the path towards 10 kton

7

• Ever growing number of LAr TPC’s with ever evolving 
designs and performance, and of growing sizes…

• CERN Neutrino Platform and FNAL SBN provide the 
necessary development and prototyping for the DUNE FD 
reference and alternative designs.

CPAsAPAs

4m

4m

5m

a) b)

CPAsAPAs

4m

4m

5m

a) b)
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35-ton Membrane Cryostat with TPC

3

Concrete(
Insula.on(

5.4(m(4.1(m(

Membrane(

3.8(m(

•  LBNE%supported.LAr%TPC.development.
•  Test.design.features.useful.for.scale%up.

–  Membrane.cryostat.
–  Modular.anode.assembly.%.allows.study.of.

inter%modular.gap.reconstruc@on.impact.
–  Cold.digital.electronics.
–  Triggerless.DAQ.
–  PMT%less.photon.detec@on.

•  Phase.I.
–  Cryostat.only.
–  Ran.winter.2014.
–  Demonstrated.purity.in.membrane.

cryostat..
•  Phase.II.

–  Fully.instrumented.TPC.
–  Currently.being.assembled.at.FNAL.PC4.
–  Will.take.cosmic.data.in.Spring.2015.
–  Run.Plan/Data.analysis.being.prepared.–.

opportuni@es.to.par@cipate!.
•  Results.will.inform.any.future.single%

phase.LArTPC.
.

m

Acrylic&light&guide

2001

2014

2015

2016 
WA105

2018? 2018?

2018? 5

Inner dimension (liquid
+gas): 

•  L   = 62.00 m
•  W = 15.10 m
•  H  = 14.00 m

outer warm structure

SS 
skin

possible supports to 
the cavern wall

LAr = 17’432 tons (95% liquid)

belt
s

4 LBNF Cryostats 
extrapolation Top cap

&
Detector supports

Steel-supported cryostat design for LBNF

3/26/2015Joe Lykken | EFIG2021/2022?

ICARUS

MicroBOONE

35T
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Sebastien Murphy ETHZ                                                                                                          DUNE collaboration meeting      Fermilab Apr. 17 2015

CRP for DUNE double phase far detector

22

60 m12 m drift

12 m 

10 kton detector designs (in CDR)

8

•Reference design
Alternating CPA/APA assemblies, 2.3m(w)x6.3m(h) 
modules 
4 wires planes (1 grid + 1 collection + 2 inductions), 
4.8mm readout pitch 
150 APAs and 200 CPAs / 10 kton 
384,000 ionisation readout channels 
Embedded PD 
Active mass 14’128 tons, fiducial 10’200 tons  

•Alternate design
3x3m2 CRP modules placed at the gas-liquid interface 
2 perpendicular “collection” views, 3mm readout pitch 
45 CRPs / 10 kton 
153,600 ionisation readout channels 
Hanging field cage and cathode - decoupled from CRP 
plane 
Decoupled PD (w/ no. 720 8” PMT) 
Active mass 12’096 tons (10’643 fiducial) for 12m drift  
[15’120 tons (13’444 fiducial) for 15m drift]

Chapter 4: Far Detector Reference Design 4–8

voltage on the cathode plane to reach the 500 V/cm nominal drift field. The anode1

plane assemblies are 2.3 m wide and 6 m high. Two 6 m modules stack vertically2

to instrument the 12 m active depth. In each row, 25 such stacks are placed edge-3

to-edge along the beam direction, forming the 58 m active length of the detector.4

Each CPA has the same width, but half the height (≥3 m) as an APA, for ease of5

assembly and transportation. Four CPAs will be stacked vertically to form the full6

12 m active height. Each cryostat houses a total of 150 APAs and 200 CPAs. Each7

facing pair of cathode and anode rows is surrounded by a “field cage,” assembled8

from panels of FR-4 sheets with parallel copper strips connected to resistive divider9

networks. The entire TPC is suspended through 5 mounting rails under the cryostat10

ceiling (see Figure
fig:tpc-floor-view
4.3).11

Figure 4.3: A view of the partially installed TPC inside the membrane cryostat. The
APAs are shown in red, CPAs are in cyan, field cage modules in yellow/green. Some of
the field cage modules are in their folded position against the cathode. fig:tpc-floor-view

LBNE Conceptual Design Report

Single phase

Double phase
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Far detector - from concept to reality

• Reference design
35 ton installed at Fermilab
• Crucial test of concept  
• 2.5m x 1.5m x 2m single phase TPC  
• Two drift volumes (long/short)  
• 4 APA modules (8 sets of wires) 
• Operation in 2015 

• Alternate design
WA105 3x1x1m3 at CERN
• Crucial test of concept 
• 3mx1mx1m double phase TPC 
• Operation in 2016

• Synergies with SBN
MicroBoone is cooling soon 
LAr1-ND/ICARUS operating in 2018

9

ELBNF&Proto+Collaboration&Meeting,&January&2015D.&Schmitz,&UChicago

35-ton Membrane Cryostat with TPC
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Membrane(
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•  LBNE%supported.LAr%TPC.development.
•  Test.design.features.useful.for.scale%up.

–  Membrane.cryostat.
–  Modular.anode.assembly.%.allows.study.of.

inter%modular.gap.reconstruc@on.impact.
–  Cold.digital.electronics.
–  Triggerless.DAQ.
–  PMT%less.photon.detec@on.

•  Phase.I.
–  Cryostat.only.
–  Ran.winter.2014.
–  Demonstrated.purity.in.membrane.

cryostat..
•  Phase.II.

–  Fully.instrumented.TPC.
–  Currently.being.assembled.at.FNAL.PC4.
–  Will.take.cosmic.data.in.Spring.2015.
–  Run.Plan/Data.analysis.being.prepared.–.

opportuni@es.to.par@cipate!.
•  Results.will.inform.any.future.single%

phase.LArTPC.
.
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35 ton @ FNAL phase 2

10

35ton Prototype Phase 2"

18 April 2015!Michelle Stancari | DUNE Detector Developments"8!

!  2.5m#x#1.5m#x#2m#acMve#volume#
!  Two#dri_#volumes#(long/short)#
!  4#APA#modules#(8#sets#of#wires)#

Concrete# InsulaMon#

5.4#m#4.1#m#

3.8#m#

Membrane#

18 April 2015!Michelle Stancari | DUNE Detector Developments"9!

10!

Key Components of the Cold Electronics (H. Chen)!

Michelle Stancari | DUNE Detector Developments!

35-ton Prototype Goals"

18 April 2015!Michelle Stancari | DUNE Detector Developments"7!

PhaseCI#(No#TPC,#2014)larl014)#
!  ValidaMon#of#membrane#cryostat##
#####design/performance#
!  Demonstrate#argon#purity##
#####required#for#physics##

PhaseCII#(Cosmic#rays,#Summer#2015)#
!  Modular#TPC#performance:##

!  wrapped#wires#
!  gaps#between#modules#
!  tracks#crossing#APAs#

!  Bar+SiPM#photon#detectors#
!  Field#Cage:#FR4#printed#circuit#board#
!  Electronics/DAQ#

!  cold#preCamp#and#ADC#
!  triggerless#operaMon#(conMnuous#readout)#
!  zero#suppression#development#

0.0 

1.0 

2.0 

3.0 

0# 20# 40# 60# 80#

El
ec
tr
on

#li
fe
M
m
e#
(m

s)
#

Liquid#Argon#Volume#Exchanges#



A. Rubbia 2nd IMLNI, April 20, 2015

Sebastien Murphy ETHZ                                                                                                          DUNE collaboration meeting      Fermilab Apr. 17 2015

Signal Feedthrough Chimney

30

FE electronics inside 
chimneys, cards fixed to a 
plug accessible from outside.
• Distance cards-CRP<50 cm
• Dynamic range 40 mips
• Power consumption 18 mW/
ch

anode + LEM

cold (110 K) FE electronics, 
accessible, independent from the 
main Gar volume.

see slides D. Autiero

3x1x1m3 @ CERN Blg 182

11

Sebastien Murphy ETHZ                                                                                                          DUNE collaboration meeting      Fermilab Apr. 17 2015

WA105 prototypes

26

The large area CRPs (and many other detector aspects) are being tested and 
will be operated in the scope of the CERN WA105 prototyping.

LAr-Proto 
(3x1x1 m3 active 24 ton LAr total)

DLAr
(3x1x1 m3 active 700 ton LAr total)

Sebastien Murphy ETHZ                                                                                                          DUNE collaboration meeting      Fermilab Apr. 17 2015

CRP- R&D towards increasing sizes

6

10x10 cm2 40x80 cm2

1x1 m2 3x1 m2 (WA105) 3x3 m2 (WA105 & DUNE)

Sebastien Murphy ETHZ                                                                                                          DUNE collaboration meeting      Fermilab Apr. 17 2015

Large Double phase TPCs

2

PMTs%(provide%t0)

Cathode

Drift,field,
0.5,–,1,kV/cm

Grid

LAr
Extraction,field,2kV/cm

Concept,of,doubleBphase,LAr,TPC,(Not,to,scale)

GAr

Anode,0V

1,cm

2,mm Collection,field,5kV/cm

eB

LEM

GLACIER concept. (A. Rubbia, Experiments for CP-violation: A giant liquid argon scintillation, 
Cherenkov and Charge imaging experiment? hep-ph/0402110.)

Large scale LAr TPC for LB neutrino 
oscillation physics, astrophysics, and 
nucleon decay search (GUT physics)

• Single cryo-tank based on industrial 

LNG solution to house O(10) kton of 
LAr mass

• Double-phase for charge readout with 

amplification:

• Long drift distances 
• Low energy detection thresholds 
• readouts with only collection 

views 
• maximise active LAr volume 

whilst minimising the number of 
channels.

• Double phase ionisation readout (several years of R&D on small 
prototypes), field cage, PMT based light readout

Extraction, amplification in holes (GEM-concept), segmented anode 
3mm pitch, 2 x-y collection views 

• Accessible cold F/E electronics (lower risk than immersed electronics)
• 17m3 cryostat under construction at CERN Blg 182
• Detector in procurement phase → integration in 2015
• Gas purging ≈ 2015?; Cryogenic operation ≈ 2016? 
• Performance demonstration with cosmic rays

Sebastien Murphy ETHZ                                                                                                          DUNE collaboration meeting      Fermilab Apr. 17 2015

50x50 cm2 LEM & ANODE

15

in the scope of the WA105 prototyping activities we have ordered and are testing 
20 LEMs and 15 anodes from ELTOS. 

Their design are the fruit of the 10x10 cm2  prototypes R&D.

50x50 cm2 LEM 50x50 cm2 Anode

C. Cantini et al 2015 JINST 10 P03017

80 units for  DUNE 10kton
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Possible schedule

12

         FY16         FY17         FY18         FY19         FY20         FY21         FY22         FY23         FY24         FY25         FY26         FY27         FY28         FY29

CFFS Design
Waste Rock Handling
Utilities in the Shaft

1st 10 kt excavation and outfitting
1st 10 kt cryogenics and cryostat

1st 10 kt detector installation
1st 10 kt detector filling

1st 10 kt detector commissioning

2nd 10 kt excavation and outfitting
2nd 10 kt cryogenics and cryostat

2nd 10 kt detector installation
2nd 10 kt detector filling

2nd 10 kt detector commissioning

3rd 10 kt excavation
3rd 10 kt cryogenics and cryostat

3rd 10 kt detector installation
3rd 10 kt detector filling

3rd 10 kt detector commissioning

4th 10 kt excavation
4th 10 kt cryogenics and cryostat

4th 10 kt detector installation
4th 10 kt detector filling

4th 10 kt detector commissioning

Beamline Conventional Facilities
Beamline Installation

Near Detector Conventional Facilities
Near Detector Installation and Comm

Possible Schedule

J.Strait | 2nd Int'l Meeting for Large Neutrino Infrastructures42

Actual schedule will depend on funding profile not yet provided by DOE and on partner 
agreements and their schedules to deliver their parts of the two projects.

20 April 15
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Conclusion

13

• DUNE strategy has evolved very rapidly. Starting from 
basic assumptions outlined in the LOI, we are developing 
a solid strategy – being described in the CDR. 

• Conceptual designs for detector have been defined and 
provide the basis for cost estimations.

• A critical item is the success of the now on-going 
prototyping efforts such as 35ton @ FNAL and WA105 
photo (3x1x1m3) @ CERN, to be followed by the large-
scale final engineering demonstrators at the CERN 
neutrino platform on a timescale of ~2018.

• Target date for first far detector installation is ~2021/2022 
with reference technology. Additional modules will be 
installed and commissioning subsequently.


