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Recent Reviews
• On July 7-9, we had (internal to DUNE) a Near Detector Conceptual Design Review
- https://indico.fnal.gov/event/43949/timetable/

- DUNE collaborators were asked to assess whether we were at a 30% Conceptual Design level

• On July 14-16, we had an Independent Project Review (IPR)
- DOE-led review of steps toward CD-2 readiness, conducted by external (non-neutrino) reviewers

• On the next few slides are some highlights of the findings, comments, and 
recommendations relevant to DUNE-PRISM are given from both of the reviews

• After that are a few slides on some of the details we presented
- Some further refinement may be needed, so we can discuss these today
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DUNE CDR Review Highlights
• Findings
- The PRISM concept has been endorsed by the collaboration and LBNC as required to meet the goal of 3-sigma 

observation of maximal CPV in the first three years of operation.
- The technical needs of PRISM are met by commercial rollers and energy chain devices.

• Comments
- The plans for other automatic interlocks for power supplies etc. for all three detector systems seem to be less well 

developed than those for personnel safety.

- It was stated that there is ample space in the energy chains for all pipes and cables. The project should consider 
sizing these channels with enough spare capacity to accommodate possible future detector needs and upgrades.

- The cryostat structure is very sensitive to differences in the stiffness of the floor support structure. Also the cryostat 
could provide highly non-uniform load to the floor support structure.

- An alternative and more cost effective moving option, not just the rails and rollers could explored.

• Recommendations
- We suggest to consider with particular care the impact of the deformation of the cryostat to the load of PRISM
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IPR Closeout Highlights
• Findings
- Lateral movement by 30m of the ND-LArTPC and TMS is provided by the Precision Reaction-Independent 

Spectrum Measurement (PRISM) system. 
- There are currently no KPPs related to PRISM.

• Comments
- The installation sequence requires SAND to be the first ND detector installed and thus it has the potential to 

become the ND critical path during installation.
- The risk registry is incomplete and needs to be expanded to capture all risk exposure, including non-DOE risks.
- De-scoping of the Near Detector due to budgetary pressures should be avoided given the relevance of the ND for 

the ultimate physics program. A close interaction between the NSCF and the ND should be maintained to 
understand and quantify the implications of any change in conventional facilities and beamline on the 
environmental parameters of the ND hall and the detector.

• Recommendations
- Develop a strategy to document the Day-1 detector configuration before CD-2
- Define KPPs for the PRISM system before end of FY2020
- Develop and maintain a table of parameters for the ND, by early 2021.
- Update, complete, and actively manage the risk register by the end of FY2020.
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Key Requirements and Specifications

• ND-C4.1: The detectors must move up to 30.5 m off-axis to cover the full FD νe & νμ energy 
spectra (0.5 – 3.0 GeV)

• ND-C4.5: To minimize systematic uncertainties due to changes in beam conditions over time, 
these measurements should be made over a yearly beam run

• ND-C4.4: To minimize downtime, the detectors should be capable of moving between any 2 
positions within 8 hours
- ND-T5.9: Movement system must have a maximum speed of at least 10 cm/min
- ND-T5.10: Detectors have < 1 hour to prepare for, and recover from, a movement

• ND-C4.3 → T5.5: The detector performance is expected to vary at the 10 cm scale (50 cm 
drift distance), which sets the required granularity of achievable detector positions
- ND-T5.6: The placement precision requirement is ±3 cm
- ND-T5.7: Position monitoring requirement is ±1 cm (goal: ±1 mm)
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each level the requirements are driven by those one step higher in the hierarchy and are fulfilled1

by those one step lower in the hierarchy. Since the fulfillment of the overarching requirements will2

be primarily verified by full oscillation sensitivity studies, this isolation allows the evaluation of3

lower level requirements without full sensitivity studies.4

A few notes regarding the current state of the requirements:5

• The requirements focus on the immediate needs of the long-baseline neutrino oscillation6

analysis. Neutrino interaction/cross section and beyond the standard model physics are an7

important part of the ND and DUNE program overall. However the requirements for these8

physics programs are not reflected in these tables and will be articulated separately. Likewise9

there are many measurements, particularly neutrino interaction studies, that would provide10

important cross checks which are also not in the scope of these requirements.11

• The requirements remain a work in progress and will be continuously developed as simula-12

tion tools and other developments continue. In some cases, the requirements, particularly13

for the higher level overarching and measurement requirements, do not lend themselves to14

quantitative specifications. In other cases, such specifications are still being studied.15

Table 1.2: Overarching requirements for ND.

Label Description Rationale
ND-O0 Predict the observed neutrino spec-

trum at FD
With available external information, the ND must pre-
dict observables at the FD in the presence of oscillation
e�ects.

ND-O1 Transfer measurements to the FD Measurements at the ND must be transferable to the FD
in order to minimize systematic uncertainties

ND-O2 Constrain the cross-section model Systematic errors from cross section modeling couple the
FD response to the neutrino energy/flavor

ND-O3 Measure the Neutrino Flux The ND must constrain the flux beyond what is achieved
by ab initio modeling of the neutrino beam

ND-O4 Obtain measurements with di�erent
fluxes

The ND must verify that model predictions are robust
with di�erent neutrino fluxes.

ND-O5 Monitor time variation of the neu-
trino beam

The ND must detect potential variations in the neutrino
flux.

ND-O6 Operate in high rate environment All ND components must fulfill requirements in the pres-
ence of cosmic, beam-related backgrounds, and pileup.

1.3.1 Overarching Requirements16

The overarching requirements are summarized in Table 1.2. Within these requirements, ND-O017

represents the ultimate goal of the ND in the context of the long-baseline neutrino oscillation18

measurement, namely to predict the expected observables at the FD, which include the number19

selected neutrinos of each flavor, their reconstructed energy and other relevant kinematic vari-20

ables (e.g. energy transfer), and backgrounds, as a function of the oscillation parameters. This21

prediction is compared to the corresponding observations at the FD to extract the oscillation22

parameters. The process is assisted by a priori information about the neutrino flux, neutrino23
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Table 1.3: Measurement requirements for ND .

Label Description Spec. Rationale System Ref.
Req.

ND-M1 Classify interactions
and measure outgoing
particles in a LArTPC
with performance com-
parable to or exceeding
that of the FD

N/A The ND must have a LArTPC
with reconstruction capabilities
comparable/exceeding the far de-
tector in order to e�ectively
transfer measurements.

ND-GAr,
ND-LAr

ND-O1,
ND-O2

ND-M2 Measure outgoing par-
ticles in ‹-Ar interac-
tions with uniform ac-
ceptance, lower thresh-
olds than a LArTPC,
and with minimal sec-
ondary interaction ef-
fects

N/A The ND must measure outgoing
recoil particles (fi, p, “) in ‹-Ar
interactions to ensure that sensi-
tive phase space is properly mod-
eled.

ND-GAr ND-O1,
ND-O2

ND-M3 Measure the ‹ flux
using neutrino-electron
scattering

N/A The ND must measure the flux
with ‹-e scattering, a standard
candle that provides a normaliza-
tion measurement.

ND-LAr ND-O3

ND-M4 Measure the neutrino
flux spectrum using the
’low-‹’ method

N/A The ND must identify/measure
low recoil events which have flat
energy dependence in order to
measure the spectrum.

ND-LAr,
ND-GAr

ND-O3

ND-M5 Measure the wrong sign
contamination

N/A The ND must measure and vali-
date the modeling of wrong-sign
interactions that dilute the oscil-
lation asymmetries at the FD.

ND-GAr ND-O3

ND-M6 Measure the intrinsic
beam ‹e component

N/A The ND must measure and val-
idate the modeling of this irre-
ducible background

ND-LAr,
ND-GAr

ND-O3

ND-M7 Take measurements
with o�-axis fluxes with
spectra spanning region
of interest

0.5-3.0
GeV

The ND must be able to move o�
the beam axis to take data with
di�erent neutrino spectra.

ND-LAr,
ND-GAr,
DUNE-
PRISM

ND-O4

ND-M8 Monitor the beam rate
on-axis

N/A The ND must have a component
that remains on-axis where beam
monitoring is most sensitive and
collects a su�cient number of ‹µ

CC events.

SAND ND-O5

ND-M9 Monitor the beam spec-
trum on-axis

N/A The ND must use spectrum infor-
mation to detect representative
changes in the beam line.

SAND ND-O5
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(ND) would be much simpler: to build a detector that can constrain the undetermined parameters1

of the model. However, in the absence of such a model, this procedure will be subject to unknown2

biases due to the interaction model itself, which are di�cult to quantify or constrain.3

In the DUNE neutrino beam, the peak neutrino energy decreases as the observation angle relative4

to the beam direction increases, as shown in Figure 5.1. This property of conventional neutrino5

beams is used at T2K (44 mrad o�-axis) and NOvA (15 mrad o�-axis) to study neutrino oscillations6

in neutrino beams with narrower energy distributions than would be observed on-axis. The DUNE-7

PRISM (DUNE Precision Reaction-Independent Spectrum Measurement) ND concept exploits this8

e�ect by making measurements at various o�-axis positions with a movable detector, which provides9

an additional degree of freedom for constraining systematic uncertainties in neutrino interaction10

modeling. These measurements allow for a data-driven determination of the relationship between11

true and reconstructed energy that is significantly less sensitive to neutrino interaction models.12
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Figure 5.1: (left) The observed neutrino energy in the lab frame from a decay-in-flight pion as a function
of pion energy and observation angle away from the pion momentum direction. (right) The predicted
DUNE beam muon neutrino flux at the ND site as a function of o�-axis angle. The peak energy
feed-down expected from the pion decay in flight kinematics can be clearly seen.

5.2 Requirements13

DUNE-PRISM provides a powerful technique to deconvolve the flux and cross section model con-14

tributions to the event rate, understand the detector response matrix, and minimize e�ects on the15

oscillation analyses arising from di�erences in the ND and oscillated FD fluxes. The DUNE-PRISM16

capability is described in terms of ND requirements below.17

Primary requirements:18

• The Deep Underground Neutrino Experiment (DUNE) ND must have the capability to take19

data in di�erent fluxes. This will help deconvolve the flux and cross section models.20

• The DUNE ND must have the capability of taking data in di�erent positions on-axis and21

o�-axis. This capability allows for the taking of data with many di�erent fluxes (di�ering22
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• Observations at ND, FD are convolutions over the spectrum 
of incident neutrinos
- ND observation can be degenerate in mis-modelling that give 

the wrong extrapolation to FD
- breaking degeneracy requires control over true neutrino energy
- primary means is to move the ND (ND-LAr+TMS/ND-GAr) to 

off-axis positions (“DUNE-PRISM”)

• Case study shows bias of ~0.02 in sin2 θ23 is possible
- corresponds to 0.03 in , beyond initial error budget

- resolvable by taking data off-axis
- DUNE-PRISM is needed for initial goals

• Capability Requirements:
- span region of interest (0.5-3.0 GeV)
- maintain uniform measurement capability (~1%)
- place ND-LAr/ND-GAr with sufficient granularity/precision
- minimize downtime for motion (<8 hours)
- regular suite of measurements (~1 year)

P(νμ → νe)



Summary Costs

• Support Frames are in individual detector BOEs
- ND-LAr support frame is in cryostat BOE (131.02.03.03.02)
- Spectrometer frame is in muon spectrometer BOE (131.02.03.04)
- SAND frame needs to be reconfigured -> SAND cost, not US scope

• Floor Rails are in PRISM BOE
- Rails for all three detectors (LAr, Spectrometer, SAND) plus installation is in PRISM BOE (131.02.03.08.02)  

• Movement System (rollers, control interface, safety system, position sensor, hardware)
- ND-LAr movement system plus common tooling is in PRISM BOE (131.02.03.08.02)
- Spectrometer movement system is in I&I BOE (131.04.02.02)
- SAND Movement system -> SAND cost, not US scope

• Energy Chains
- LAr and spectrometer chain procurements plus pre-assembly are in PRISM BOE (131.02.03.08.02)
- Energy chain cavern wall mounts, assembly, installation are in I&I BOE (131.04.02.02)
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$ 1,071,882

$ 970,235
$ 921,915

$ 379,883

Total PRISM Cost: $ 3,343,915

N/A

N/A

N/A



PRISM Material Budget in 131.02.03.08.02
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Summary schedule
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• System Design
• Started: Q3 2019
• Ends: Q2 2022

• CD-3
• End of Q3 2022

• Procurement and Fabrication
• Starts: Q3 2024
• Ends: Q1 2026



Preliminary Risk Analysis
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RI-ID Risk Rank Title Risk Mitigations Prob.

RT-131-ND-018 1 (Low) Beam Monitor detector delayed Limit near detector to on-axis operation 
(no PRISM) until beam monitor is in 
operation.

20.00%

RT-131-NI-039 1 (Low) Near Detector PRISM movement 
system design cannot reach 
performance requirements

- Design reviews
- Prototyping

5.00%

• System consists of standard commercial parts ➔ Low risk design



Off-Axis Travel Distance
• We should stay vigilant in protecting the off-

axis travel distance
• If we lose off-axis range, we lose access to

rapidly changing oscillation features at low 
energy
- Very high information content region
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ArgonCube DUNE ND LAr consortium

DUNE weekly July 24, 2020 ND LArTPC ArgonCube4

BEAM

7 m 5 m3 m

Not the latest drawing

Design, prototyping, production, installation and 
commissioning of the ND LAr TPC for DUNE

(100 MeV bin widths)

.5-.4 GeV.6-.5.7-.6

1/Eν

33 m27 m


