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B R I E F  S U M M A RY  O F  D U N E - P R I S M  C O N C E P T
• Neutrino flux varies as one moves “off-axis” from the center of 

the beam 

• Observing neutrino interactions observed at different off-axis 
angles provides an independent handle on the neutrino energy 

• Determining the relation between the incident and 
reconstructed neutrino energies is a (the?) key measurement in 
the near detector

CHAPTER 3. THE T2K EXPERIMENT 40
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Figure 3.4: Neutrino energy, E�, as a function of pion energy, E�, for neutrinos
produced in two-body � ! µ�µ decays. Predictions are shown for a number of
off-axis angles � between the neutrino and pion directions. T2K uses an off-axis
angle of 2.5�.

property to effectively generate a neutrino beam with a very narrow spread of

energies. Figure 3.5 shows the predicted neutrino flux on and off axis relative

to the neutrino beam, demonstrating that the flux at an off-axis angle of 2.5� is

much more sharply peaked as a function of neutrino energy than the on-axis

flux. The beam energy and off-axis angle are chosen such that the peak neutrino

energy is �0.6 GeV, which maximises the effect of neutrino oscillation at the far

detector (since the beam peak is aligned with the first oscillation maximum), and

minimises backgrounds from non-oscillating neutrinos.

3.1.3 Neutrino Flux Simulation

The neutrino flux is modelled by a data-driven Monte Carlo (MC) prediction,

which is tuned to in-situ measurements of the primary proton beam and mag-

netic horn currents, the alignment and off-axis angle of the neutrino beam, and

external hadron-production measurements [64].

In the simulation, protons with a kinetic energy of 30 GeV are injected into the

graphite target. The FLUKA2008 [67, 68] software is used to simulate hadronic

interactions in the target and surrounding area, where the proton beam first in-

(a) O↵-axis pion decay kinematics
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(b) DUNE near detector flux predictions

Figure 1: (a) The neutrino energy as a function of parent pion energy for di↵erent angles
away from the pion momentum vector. Figure from Ref. [12]. (b) The DUNE near detector
flux predictions over a range of o↵-axis positions for a near detector at 575 m downstream
of the target station.

2.1 DUNE neutrino flux97

The neutrino beam used for DUNE will be provided by the LBNF at FNAL. The beamline98

simulation used to generate the flux predictions used in this document, g4lbnf, is described99

in detail elsewhere [6]. The predictions presented in this section, § 4, and § 5 were all100

simulated with g4lbnf v3r5p3.101

2.1.1 Flux predictions102

g4lbne2 simulates the propagation and subsequent hadronization of beam protons as they103

impact the DUNE target. Interaction products are then propagated through the target and104

horn geometries and into the decay pipe until they decay to produce neutrinos. For a given105

decaying neutrino parent particle, the probability that the boosted, final state neutrino will106

be produced with a momentum vector pointing towards an arbitrary point in space can be107

calculated. In this way, the simulated neutrino can be forced to pass through some relevant108

flux window and then weighted with this calculated probability. This greatly increases the109

computational e�ciency for producing high statistics neutrino flux predictions at a range110

of relevant o↵-axis near detector positions. The predicted o↵-axis neutrino flux spectra for111

muon neutrinos in a neutrino-mode beam are shown in Figure 1b. These predictions assume112

that the near detector is taking measurements in 10 cm(W) ⇥ 4 m(L) ⇥ 2 m(H) slices at a113

distance of 575 m from the target. The down-shift in peak neutrino energy with increasing114

o↵-axis position—as expected from Figure 1a—can be clearly seen. This is accompanied115

by overall reduction in integrated flux because of the available rest-frame phase space for116

producing boosted neutrinos observable at large o↵-axis positions.117

It is also interesting to examine how the predicted, intrinsic neutrino flavor-content of118

the beam varies with o↵-axis angle. Figure 2a shows the neutrino-mode, or Forward Horn119

2The package is now called g4lbnf, but the executable is still, historically named g4lbne.
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Figure 7: Linear combinations of o↵-axis fluxes giving far-detector oscillated spectra for a
range of oscillation parameters. The far detector oscillated flux is shown in black, the target
flux is shown in green, and the linearly combined flux obtained with the nominal beam MC
is shown in red. Systematic e↵ects due to 1 � variations of the decay pipe radius (green),
horn current (magenta) and horn cooling water layer thickness (teal) are shown.
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• Analysis Formalism 

• interactions observed at different off-axis angles can be 
combined to mimic what would observed with a different 
neutrino energy spectrum with reduced model dependence 

• e.g.  

• oscillated spectrum at the far detector 

• pseudo-monoenergetic beam at a particular energy
!2
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Abstract

This note provides recommendations concerning a near detector concept for the DUNE exper-

iment. These recommendations are based on a series of studies, workshops, and weekly meetings

carried out by the DUNE ND Concept Study Group.

1

R1) The LArTPC in the near site should be 
optically segmented, with a short drift 
space and 2-dimensional pixelated readout, 
similar to the concept being studied by the 
ArgonCube collaboration. 
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R E C O M M E N D AT I O N S :

measure the reaction products with a capability that is at least as good as the FD.

This would allow the experiment to use the ND events with some modifications to

look like the FD events, for example, events in a FD module with 2D wire readout.

C. Recommendations

The following recommendation is endorsed by the ND Study Group.

R1) The LArTPC in the near site should be optically segmented, with a short

drift space and 2-dimensional pixelated readout, similar to the concept

being studied by the ArgonCube collaboration.

V. DUNE-PRISM

The DUNE-PRISM concept is di↵erent from those of the other proposed detectors. The

idea is to not use the deconvolution of the di↵erent components as described in Section III,

but instead to directly extrapolate the measurement made by the ND to the FD without

trying to determine the flux, cross section and true-to-reco matrix separately. It does so

by making measurements at di↵erent o↵-axis locations, which will have di↵erent neutrino

fluxes and using linear combinations of those measurements to predict the FD observation

in the presence of oscillations. This has been documented in [2].

A. Findings

1. DUNE-PRISM is a fundamentally di↵erent approach on how to construct a far de-

tector neutrino signal in the presence of oscillations, which are likely to have di↵erent

systematic uncertainties.

2. It is supported by a dedicated group, which has made significant progress demonstrat-

ing the capability of the concept over the last months.

3. A strategy for using a series of o↵-axis measurements to produce a data-driven far

detector prediction with the aim of reducing cross section modeling dependence was

presented.

154. Detailed fake data studies that illustrate potential modeling ambiguity issues that

DUNE would face with only an on-axis near detector were presented. The studies

indicated that o↵-axis measurements are helpful in disentangling these e↵ects.

B. Comments

1. There was general consensus among the workshop participants that making o↵-axis

measurements with a large LAr detector would add important information for the

DUNE oscillation physics program. However, it is not clear that DUNE-PRISM is

essential to achieve the DUNE oscillation physics program.

2. The most promising option for making such measurements is to deploy a mobile LAr

detector at di↵erent o↵-axis positions. It would be necessary to move the MPT, in

addition, or complement the LAr detector with a mobile downstream muon system for

containment. The optimal dimensions for the mobile LAr detector may di↵er relative

to the case where it is used only on-axis.

3. The proponents have shown clear indications on how the method would work to model

the FD disappearance spectrum. Is is however less clear how to construct the appear-

ance signal. It is likely that this will be more model dependent.

4. Being able to make measurements with drastically di↵erent fluxes o↵-axis will be

very useful to constrain interaction models, even if the proposed direct extrapolation

method does not work.

C. Recommendations

The following recommendations are endorsed by the ND Concept Study Group.

R2) The design of a mobile LAr detector that can make measurements at one

or more o↵-axis positions should go forward. The detector will need a side

and downstream muon system for containment, which could either be the

multi-purpose tracker or a dedicated detector.

R3) Additional study of DUNE-PRISM for technical feasibility and cost should

be made.
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C. Recommendations  
The following recommendations are endorsed by the ND Concept Study Group.  

• R2)  The design of a mobile LAr detector that can make measurements at one or more off-axis 
positions should go forward. The detector will need a side and downstream muon system for 
containment, which could either be the multi-purpose tracker or a dedicated detector.  

• R3)  Additional study of DUNE-PRISM for technical feasibility and cost should be made. 
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R E C O M M E N D AT I O N S  I I :

The following recommendations are endorsed by the ND Concept Study Group.  

• R4)  The underground experimental hall should be rotated by 90◦ in respect to the beam axis to 
allow for moving the near detector off axis.  

• R5)  The dimension of the hall in the beam direction must be at least 17 m. A wider span should be 
considered, if the geo-technical conditions are favor- ably.  

• R6)  The experimental floor area must be at least 35 m × 17 m and the hook height must be at least 
13 m, measured from the floor. 

VI. NEAR DETECTOR HALL

The near detector complex will be located at a baseline of 574 m from the production

target. In the current design, carried over from the LBNE era, the underground experimental

hall has an overburden of about 60 m, and is in a zone near the transition of the soil and

competent rock layers. The underground hall has a floor area of about 30 m (l) by 17 m (w)

and a hook height of 11 m, providing an experimental area of 22 m(l) by 15 m (w), which is

su�cient for accommodating the Fine-Grained Tracker as documented in the DUNE CDR.

The current thinking has moved away from having only a single detector. Instead, the near

detector system will have at least two detectors with di↵erent tracking technologies, one

being the LArTPC as described in Section IV and the other as described in Section VII.

There is an agreement to increase the floor area by 50% to 45 m by 17 m. However, it is

advisable to reassess whether the current design of the underground near hall will meet the

requirements of the DUNE near detector complex.

A. Findings

1. Since the neutrino beam has an angle of about 6�, pointing down, the LArTPC will

be raised up from the floor.

2. It is necessary to include su�ceint floor space for assembling the detectors in the hall

design.

3. The DUNE-PRISM concept requires transverse floor space for moving part of or the

entire near-detector system o↵-axis.

B. Comments

1. Depending on the final design and position of the LArTPC, the current hook height

may not be enough. If the LArTPC is made up of modules, there will need to be enough

vertical space for installing or removing the modules. Furthermore, the LArTPC may

be taller in the final design.

2. If the near hall is rotated by 90� such that the floor is 17 m in the beam direction and
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and a hook height of 11 m, providing an experimental area of 22 m(l) by 15 m (w), which is

su�cient for accommodating the Fine-Grained Tracker as documented in the DUNE CDR.

The current thinking has moved away from having only a single detector. Instead, the near

detector system will have at least two detectors with di↵erent tracking technologies, one

being the LArTPC as described in Section IV and the other as described in Section VII.

There is an agreement to increase the floor area by 50% to 45 m by 17 m. However, it is

advisable to reassess whether the current design of the underground near hall will meet the

requirements of the DUNE near detector complex.

A. Findings

1. Since the neutrino beam has an angle of about 6�, pointing down, the LArTPC will

be raised up from the floor.

2. It is necessary to include su�ceint floor space for assembling the detectors in the hall

design.

3. The DUNE-PRISM concept requires transverse floor space for moving part of or the

entire near-detector system o↵-axis.

B. Comments

1. Depending on the final design and position of the LArTPC, the current hook height

may not be enough. If the LArTPC is made up of modules, there will need to be enough

vertical space for installing or removing the modules. Furthermore, the LArTPC may

be taller in the final design.

2. If the near hall is rotated by 90� such that the floor is 17 m in the beam direction and

17
45 m in the transverse direction for enabling DUNE-PRISM, then the primary egress

shaft, control room, and sump room in the current design will take up the premium

floor space that is needed for accommodating the LArTPC and MPT. In this case,

these facilities must be relocated.

C. Recommendations

The following recommendations are endorsed by the ND Concept Study Group.

R4) The underground experimental hall should be rotated by 90
�
in respect to

the beam axis to allow for moving the near detector o↵ axis.

R5) The dimension of the hall in the beam direction must be at least 17 m. A

wider span should be considered, if the geo-technical conditions are favor-

ably.

R6) The experimental floor area must be at least 35 m ⇥ 17 m and the hook

height must be at least 13 m, measured from the floor.

VII. MULTI-PURPOSE TRACKER COMPONENTS

The LArTPC in the near site is expected to have similar energy and angular resolutions

and detection e�ciencies as the LArTPCs at the far site. However, it will not have com-

paratively good acceptance of forward-going muons from ⌫µ charged-current interactions

occurring in the downstream of the TPC. Furthermore, it may not have the optimal energy

and angular resolutions for studying some of the important neutrino reactions, such as low-⌫

or coherent-pion processes. In addition, without a magnetic field, charge-sign determination

for distinguishing ⌫µ and ⌫µ in the beam will not be as easy on an event-by-event basis.

It is important to augment the LArTPC with a magnetized multi-purpose tracker (MPT),

which has a lower-density target and significantly better tracking resolution. The MPT will

serve two purposes. It will be placed downstream of the LArTPC for capturing the forward-

going muons exiting from the LArTPC. This will greatly increase the acceptance of these

muons. Furthermore, the charge of these muons can be determined at the event level. The
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M O V I N G  F O R WA R D
• We need a study of how to make a ArgonCube-like 

detector move ~35 meters in the near detector hall 
transverse to the beam direction 

• The details of how much travel is needed and its 
implications for the hall size are still under discussion 

• exact details travel probably do not impact the technical 
issues apart from accounting for the necessary (moveable?) 
services needed for the detector. 

• Do not know yet whether the MPT would also move  

• Side muon detectors, etc. is also unclear 

• Initial studies to consider: 

• Overall travel, number of steps (how to step) 

• discrete? continuous? horizontal span? 

• how much data to take at each step 

• basic containment issues

• We have started discussions with engineers at FNAL 
about how this may work  

• Coordination and integration between scientists/
engineers responsible for the detector and the 
facility/hall will be essential for technical success and 
scientific optimization. 

• We would like to start this process
!7
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C U R R E N T  S TAT U S  O F  S T U D I E S :
• 36 meters of overall travel in 12 steps of 3 meters 

• In a one year run in neutrino mode (11x1020 POT total): 

• 50% of the POT is accumulated with detector at 0 m 

• 1/24th of the remaining POT is taken at each of the off-axis stops 

• Detector is 4 m (w) x 3 m (h) x 5 m (l) 

• 50 cm veto on edges → defines region 3 m (w) x 2 m (h) x 4 m (l) 

• acceptance/containment still varies across face of used volume

Using DUNE-PRISM
Ideally, we would like uniform 
efficiency across all off-axis 
positions 

Unfortunately, hadronic showers 
can more easily reach the veto 
region when closer to the edge of 
the detector 

If we move the “Vertex selection 
region” to adjacent positions (as 
shown) the efficiency will vary 

The more overlapping off-axis 
positions we can sample, the more 
we can mitigate efficiency variations
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(a) Stopping muon with contained hadronic system (b) Exiting muon with contained hadronic system

Figure 14: The selection e�ciency for contained hadronic events for the two muon selections
shown in Figure 13. The shape of the e�ciency is dominated by the low probability for
interactions occurring near a veto region to pass the hadronic containment selection, as
should be expected.
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O↵set 1019POT
CCInc NCInc

µ contained µ exit, Texit

µ
> 50MeV

⌫e ⌫µ
⌫µ ✏⌫µ,cc ⌫̄µ/⌫µ ⌫µ ✏⌫µ,cc ⌫̄µ/⌫µ

0 m 55 6.6E5 3% 1% 5.3E6 22% 3% 6.2E4 1.8E6
3 m 4.58 5.5E4 3% 1% 4.1E5 22% 3% 5.0E3 1.4E5
6 m 4.58 5.8E4 4% 1% 3.0E5 22% 4% 4.3E3 1.1E5
9 m 4.58 6.0E4 7% 2% 1.9E5 22% 4% 3.4E3 7.5E4
12 m 4.58 5.9E4 12% 3% 1.1E5 22% 5% 2.5E3 5.2E4
15 m 4.58 5.4E4 18% 3% 6.2E4 20% 6% 2.2E3 3.7E4
18 m 4.58 4.6E4 22% 4% 3.8E4 18% 8% 1.7E3 2.7E4
21 m 4.58 3.9E4 27% 5% 2.5E4 17% 9% 1.4E3 2.1E4
24 m 4.58 3.1E4 30% 6% 1.7E4 16% 9% 1.2E3 1.6E4
27 m 4.58 2.6E4 32% 7% 1.2E4 15% 10% 9.8E2 1.3E4
30 m 4.58 2.1E4 33% 7% 9.6E3 16% 12% 8.3E2 1.0E4
33 m 4.58 1.7E4 35% 8% 7.5E3 15% 13% 7.6E2 8.3E3
36 m 4.58 1.2E4 35% 8% 6.1E3 16% 15% 6.7E2 6.6E3

Totals ⌫µ — ⌫̄µ ⌫µ — ⌫̄µ ⌫e ⌫µ

All 110 1.1E6 — 1.6E4 6.5E6 — 2.2E5 8.7E4 2.3E6

Table 2: The selected event rates for a year-long, neutrino-mode run plan, as predicted
by the study presented in § 4. The wrong sign fraction, intrinsic electron neutrino and
neutral current event rates are also shown. In all cases, the hadronic containment cut is
applied, and the (anti-)muon neutrino events are separated into two samples depending on
the containment topology of the final state muon.
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(a) Stopping muon with contained hadronic system (b) Exiting muon with contained hadronic system

Figure 14: The selection e�ciency for contained hadronic events for the two muon selections
shown in Figure 13. The shape of the e�ciency is dominated by the low probability for
interactions occurring near a veto region to pass the hadronic containment selection, as
should be expected.
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a wider detector would alleviate efficiency issues and allow 
overlapping measurements at different positions

4 meter wide 
detector



P R E F E R E N C E S  F R O M  D U N E - P R I S M
• Ability to sample at any point along the travel 

• Be able to perform a cycle of measurements in relatively short time scale (~month even a week): 

• basic idea: start on axis. take measurements at each stop until we reach maximum travel 

• move back and take data again on axis 

• can be optimized against technical/operational issues and expected beam variations  

• Be able to move and operate the detector on a timescale of a day. This implies: 

• Detector will have to remain filled during movement 

• Travel speed of ~2.4 cm/min to move 35 meters in 24 hours 

• minimize any connections/reconnections 

• A wider detector would: 

• have better acceptance/containment generally (independent of DUNE PRISM, cf. C. Marshall yesterday). 

• mitigate issues with efficiency variations across the face of the detector, 

• provide overlapping measurements that would allow cross checks.

!9



D I S C U S S I O N  W I T H  F N A L  S I T E  E N G I N E E R S
• We have held two meetings since the recommendations to start the process 

• Barry Norris, Katherine Cipriano, Min Jeong Kim, Frederic Schwartz, Andy Stefanik +( J. Sinclair) 

• Mostly “fact finding” but we have established three basic paths regarding how to span the horizontal travel 

• No obvious show stoppers, but obviously (much) more detailed needed about the detector and its requirements

• Continuous displacement: 
• The detector can moved to and operated continuously 

along its travel and stop at any point 

• Discrete displacement: 
• The detector can be moved to and operated at 

discrete points along its travel 

• Full span: 
• Populate the entire “travel” with active detector 

elements (~40 m of detector)

!10

• Ongoing discussion about hall requirements 

• what do we need for full 35 m of travel/span?
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