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* Analysis Formalism

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

e.qg.

e oscillated spectrum at the far detector

* pseudo-monoenergetic beam at a particular energy

Neutrino flux varies as one moves “off-axis” from the center of

the beam

Observing neutrino interactions observed at difterent 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
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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.



RECOMMENDATIONS: & e

A. TFindings 1. There was general consensus among the workshop participants that making off-axis

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

1. DUNE-PRISM is a fundamentally different approach on how to construct a far de- DUNE oscillation physics program. However, it is not clear that DUNE-PRISM is

tector neutrino signal in the presence of oscillations, which are likely to have different essential to achieve the DUNE oscillation physics program.

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

2. It is supported by a dedicated group, which has made significant progress demonstrat- detector at different off-axis positions. It would be necessary to move the MPT, in
ing the capability of the concept over the last months. addition, or complement the LAr detector with a mobile downstream muon system for
containment. The optimal dimensions for the mobile LAr detector may differ relative

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

to the case where it is used only on-axis.
detector prediction with the aim of reducing cross section modeling dependence was

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

. . . . . S the FD disappearance spectrum. Is is however less clear how to construct the appear-
4. Detailed fake data studies that illustrate potential modeling ambiguity issues that

, , . ance signal. It is likely that this will be more model dependent.
DUNE would face with only an on-axis near detector were presented. The studies

indicated that off-axis measurements are helpful in disentangling these effects. 4. Being able to make measurements with drastically different fluxes off-axis will be

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

C. Recommendaticns method does not work.
The following recommendations are endorsed by the ND Concept Study Group.

e 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.

e R3) Additional study of DUNE-PRISM for tecb}nical feasibility and cost should be made.



RECOMMENDATIONS IlI:

A. Findings B. Comments

1. Since the neutrino beam has an angle of about 6°, pointing down, the LArTPC will 1. Depending on the final design and position of the LArTPC, the current hook height

be raised up from the floor. 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

2. It is necessary to include sufficeint floor space for assembling the detectors in the hall be taller in the final design.

design.
2. If the near hall is rotated by 90° such that the floor is 17 m in the beam direction and
3. The DUNE-PRISM concept requires transverse floor space for moving part of or the 45 m in the transverse direction for enabling DUNE-PRISM, then the primary egress
entire near-detector system off-axis. 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.

The tollowing 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 x 17 m and the hook height must be at least
13 m, measured from the floor.



desired hall layout

MOVING FORWARD . 51.9 m (15 pr/m) ?

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

LAr Utils (2x5)

implications for the hall size are still under discussion

: on-axis + max off-axis
e exact details travel probably do not impact the technical - | bear + beam
issues apart from accounting for the necessary (moveable?)  +——— o ot-axis T
services needed for the detector. st (12 ft

44.3 m

Do not know yet whether the MPT would also move (145 f1)

Side muon detectors, etc. is also unclear * We have started discussions with engineers at FNAL
Initial studies to consider: about how this may work
¢ Overall travel, number of steps (how to step) e Coordination and integration between scientists/
* discrete? continuous? horizontal span? engineers responsible for the detector and the
* how much data to take at each step facility/hall will be essential for technical success and

e basic containment issues scientitic optimization.

 We would like to start this process



Best

CURRENT STATUS OF STUDIES: W¢ l Vf

* 36 meters of overall travel in 12 steps of 3 meters

° In aone year run in neutrino mode (11x1020 POT total):

e 50% of the POT is accumulated with detector atO m
Hadr. shw.

o 1/24th of the remaining POT is taken at each of the off-axis stops
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e DetectorisdmWw) x3m(h)x5m (l)

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

° acceptance/containment still varies across face of used volume . . - .
a wider detector would alleviate efficiency issues and allow
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PREFERENCES FROM DUNE-PRISM

e Ability to sample at any point along the travel

e Be able to perform a cycle of measurements in relatively short time scale (~month even a week):
e Dbasic idea: start on axis. take measurements at each stop until we reach maximum travel
e move back and take data again on axis
e 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:
e Detector will have to remain filled during movement
 Travel speed of ~2.4 cn/min to move 35 meters in 24 hours

°* minimize any connections/reconnections

e A wider detector would:

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

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

e provide overlapping measurements that would allow cross checks.



DISCUSSION WITH FNAL SITE ENGINEERS

 We have held two meetings since the recommendations to start the process

* Barry
Mostly “fact finding” but we have estab

No obvious show stoppers, but obvious

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)

Ongoing discussion about hall requirements

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

10

Norris, Katherine Cipriano, Min Jeong Kim, Frederic Schwartz, Andy Stefanik +( J. Sinclair)
ished three basic paths regarding how to span the horizontal travel

y (much) more detailed needed about the detector and its requirements

desired hall layout
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