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Overview
• We have already submitted an LOI document to the J-PARC PAC

• This will form the basis of the full proposal

• Full proposal is date on June 15th, 2015

• There are no minimum requirements for additional studies

• (i.e. we will submit what is available by June)

• but further progress on existing analyses will help to 
strengthen our case

• In particular, we need to make the case for:

• Substantial improvement to the T2K θ23 measurement

• Sterile neutrino sensitivity comparable to the Fermilab short 
baseline program with reasonable systematic assumptions

• νe and anti-νe sensitivity for Hyper-K measurements
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Physics Inputs
• Accomplished:

• Reduction of multinucleon uncertainty in νμ disappearance to 1% level

• νμ flux fits for νe appearance and anti-neutrino analysis

• Initial (conservative) sterile neutrino sensitivities

• Not yet available:

• Reduction of overall flux+xsec uncertainty in νμ disappearance to ~3% level

• νe appearance constraints

• Oscillation physics assuming σ(νe)/σ(νμ) =1

• Double differential σ(νe)/σ(νμ) measurement

• Sterile neutrino sensitivities with realistic guesses of systematic error reduction

• In the T2K era, NuPRISM’s main impact will be to improve the θ23 measurement

• A more clear explanation of how θ23 impacts T2K’s sensitivity to δCP is needed

• Also need to emphasize how cross section modeling affects δCP sensitivity from νe appearance in 
the Hyper-K era

• Need to begin understanding NuPRISM now to ensure the success of Hyper-K

• Can also include MH and CP sensitivity from atmospheric neutrinos in the Super-K era

• This is currently completely absent
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νμ Disappearance

• Main NuPRISM physics result:

• Insensitivity to multinucleon 
effects

• However, it would be useful to 
demonstrate that other systematics 
can also be controlled at this level

• So far, sensitivity is not as strong as 
expected

• Should be possible, since HK LOI 
achieves very small uncertainties

• (depends on assumptions)

Martini Model
(with Nieves
final states)

Bias = -2.9%
RMS = 3.2%

Martini Model
(with Nieves
final states)

Bias = -0.1%
RMS = 1.2%

30/01/15 Mark Scott, TRIUMF 9

ννPPRRIISSMM T2K sensitivity studies 3
● With no systematic uncertainties

● NuPRISM naïve 1 sigma width = 0.062

● Compare to T2K 
projection:

● 1 sigma width    
= 0.055

● 0.062 > 0.055 

????????????

● Need to talk to FSTF people 
understand difference

M. Scott, 6th HK Meeting
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Fig. 20 shows that the nuPRISM 2.5��4.0� o↵-axis ⌫e

flux can be reproduced by the linear combination of ⌫µ

fluxes for the 0.3-1.5 GeV energy range. Above 1.5 GeV

the ⌫e flux cannot be produced since the fall-o↵ of the
⌫µ fluxes is steeper. However, this region will have little
impact for the ratio measurement for a couple of reasons.
First, Fig. 20 shows the flux multiplied by the energy to
approximate the e↵ect of the cross section, but the cross
section for CC interactions producing no detectable pi-
ons is growing more slowly than this linear dependence
and the rate from the high energy flux will be lower than
it appears in the figure. Second, the analysis will be
applied in the limited lepton kinematic range where the
nuPRISM muon acceptance is non-zero, cutting out for-
ward produced high momentum leptons. This will also
suppress the contribution from the high energy part of
the flux.
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FIG. 20. Fits of the o↵-axis nuPRISM ⌫µ fluxes to
the nuPRISM 2.5� � 4.0� o↵-axis ⌫e flux (top) and
the oscillated+intrisic beam ⌫e at SK (bottom) assum-
ing sin22✓13=0.094, �cp=0, �m2

32 = 2.4 ⇥ 10�3eV2 and
sin2✓23=0.5.

2. Predicting oscillated ⌫e for the appearance measurement

As discussed in the previous section, the cross section
ratio of �⌫e/�⌫µ can be measured using beam ⌫e and ⌫µ

interaction candidates in nuPRISM. The measured cross
section ratio can be used to apply the nuPRISM extrapo-
lation method to predict the ⌫e candidates at SK for the
appearance measurement. Following the procedure used
for the disappearance analysis, the oscillated+intrinsic
beam ⌫e flux is described by a linear combination of the
nuPRISM o↵-axis ⌫µ fluxes:

�SK
⌫µ

(E⌫)P⌫µ!⌫e(E⌫ |✓13, �cp, ...) + �SK
⌫e

(E⌫)

=
X

ci(✓13, �cp, ...)�
i
⌫µ

(E⌫).
(5)

�SK
⌫µ

(E⌫) and �SK
⌫e

(E⌫) are the predicted ⌫µ and ⌫e

fluxes at SK in the absence of oscillations. P⌫µ!⌫e is
the ⌫µ to ⌫e oscillation probability. �i

⌫µ
(E⌫) is the i

th

o↵-axis ⌫µ flux in nuPRISM and the ci are the derived
coe�cients that depend on the oscillation hypothesis be-
ing tested. Fig. 20 shows the level of agreement that can
be achieved between the linear combination of nuPRISM
fluxes and the predicted SK ⌫e flux for a particular os-
cillation hypothesis. The agreement is excellent between
0.4 and 2.0 GeV. Below 0.4 GeV, the second oscillation
maximum is not reproduced, but the rate from this part
of the flux is small.

Using the derived ci coe�cients, the measured muon
p, ✓ distributions from nuPRISM are used to predict the
SK p, ✓ distribution for the ⌫e flux. An additional correc-
tion must be applied to correct from the predicted muon
distribution for ⌫µ interactions to the predicted electron
distribution for ⌫e interactions. This correction is derived
from the cross section models which are constrained by
the ratio measurement described in the previous section.

3. Backgrounds from ⌫µ’s

The backgrounds from ⌫µ comes from NC⇡

0 events
with one � missed, NC� events (� ! N�), CC events
with e/µ mis-ID, �’s coming from ⌫ (mainly ⌫µ) interac-
tion outside the detector (dirt or sand events). Because
the ⌫µ energy spectrum changes dramatically as a func-
tion of vertex positions (= o↵-axis angles) in nuPRISM,
these background processes can be studied and verified
by comparing their vertex distributions.

The NC⇡

0 rate can be measured by detecting two �’s
in nuPRISM. By using the hybrid ⇡

0 technique used in
T2K-SK analysis, the ⇡

0 backgrounds with a missing �

can be estimated using the beam ⌫e and Michel elec-
trons as electron samples combined with a Monte Carlo
� event. The NC⇡

0 rate can also be used to estimate the
NC� rate. As mentioned above, dirt/sand background is
suppressed by having fully active outer veto detector and
the fiducial volume cut. The vertex distribution of the ⌫e

events as a function of the distance from the (upstream)

nuPRISM νe Appearance

• For the proposal, we would like to have a preliminary estimate 
of both steps

• Step 1 should be a straightforward extension of the νμ analysis

• Step 2 is being investigated at MSU

2 step approach:
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Step 1: Measure Super-K νe response
with nuPRISM νμ

Step 2: Measure nuPRISM νe response 
with nuPRISM νμ

High-E is above
muon acceptance

If σ(νe)/σ(νμ)=1
this fit is all

that is needed Measure
σ(νe)/σ(νμ)
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Anti-neutrinos
• The LOI contained only these flux 

fits of the ν-mode νμ to the wrong-
sign νμ bkg in anti-ν-mode 
running

• It would be useful to quantify 
how well this works

• We will also make the case that 
ND280 can provide sign selection

• Demonstrating NuPRISM-only 
sensitivity to wrong-sign 
background would be helpful

• Need to discuss this week 
whether there is sufficient 
manpower to pursue this

23
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FIG. 22. The nuPRISM anti-neutrino mode wrong-sign ⌫µ
fluxes for 1.0� 2.0� (top), 2.0� 3.0� (middle) and 3.0� 4.0�

(bottom), and the nuPRISM linear combinations of neutrino
mode ⌫µ fluxes.
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FIG. 23. The correlations between the flux normalization
parameters for energy bins from 0 to 5 GeV for the neutrino
mode and anti-neutrino mode ⌫µ fluxes.

not know, for a given interaction, the incident neutrino
energy. Any given measurement is always averaged over
the entire flux. The observed rate N in a given observable
bin k depends on the convolution of the cross section, �,
and the flux, �:

N

k = ✏k

Z
�(E⌫)�(E⌫)dE⌫ (9)

where ✏ is the e�ciency. Therefore, our understand-
ing of the energy dependence of neutrino interaction for
a particular experiment is limited by the flux width and
shape. One then attempts to use di↵erent neutrino fluxes
(with di↵erent peak energies) to try to understand the
cross section energy dependence. As discussed later in
this section, for CC interactions we have many examples
of disagreements between experiments, and for NC, we
have a limited number of measurements made, and the
lack of information and conflicting information leaves un-
resolved questions about the true energy dependence of
the cross section.

In addition to providing new measurements on oxygen,
there are two main advantages of nuPRISM over the cur-
rent paradigm. First, we can directly infer the energy de-
pendence of the cross section by combining measurements
at di↵erent o↵-axis angles into a single measurement, as
if we would have had a Gaussian neutrino flux source.
Second, and equally important, we can fully understand
the correlations between energy bins, in a way not possi-
ble previously when comparing across experiments with
entirely di↵erent flux setups.

In CC interactions, previous experiments use the muon
and hadronic system to try to infer the neutrino energy
dependence. nuPRISM has the capability to directly test
if the neutrino energy dependence inferred from the lep-
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Cross Section Measurements
• Monoenergetic beams are now 

available for study

• First ever measurements of NC 
events with Eν

• First ever “correct” measurements 
of  CC events with Eν

• Do not rely on final state for Eν

• How precisely can we measure 
various final states?

• e.g. using fiTQun μ/π separation

• Of critical importance are the 
background processes for the νe 
selections

• Lots of room for people to participate!

• Many processes to study!  (GeV)recE
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νe Event Selection
• Current PID assumes 

Super-K efficiencies

• Improvement would 
be very helpful for 
NuPRISM

• Low purity

• Too much NC 
background

• Need to understand 
performance with 
realistic 
reconstruction

nuPRISM Selection Cuts
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1 Ring mu selection:!
Evis>30 MeV 
DWall>100 cm 
ToWall>200 cm 
prec>200 MeV/c 
!
!
!
!

1 Ring e selection:!
Evis>200 MeV 
DWall>200 cm 
ToWall>320 cm 
!
!

• For the 1 ring mu, we want to match the SK selection as much as 
possible 

• Set DWall>100 cm and ToWall>200 cm to maximize statistics 

• For 1 ring e, we are currently not extrapolating to SK, so we can 
optimize the nuPRISM cut for purity and statistics
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Signal Background

The muon fake rate is higher near the wall 

Correlation between Evis and ToWall implies 
fakes when light is produced near the wall 

π0 fake rate is also high near the wall and at 
low visible energy 

Optimization of  S/√(S+B) gives cuts on 
previous slide  (GeV)visE
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Event numbers are per 1e21 POT 

Purities are for the nu_e CC interactions 

nuPRISM-lite 
Position

1.0-1.6º 

2.0-2.6º 

3.0-3.6º 

1 Ring e Event Rates, Purities

!9

Event numbers are per 1e21 POT 

Purities are for the nu_e CC interactions 

Purity 

30.6%

47.8%

68.6%
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Signal & BCKG Composition (4m) 8

𝐸𝑅𝐸𝐶 (𝐺𝑒𝑉)

• The biggest component
of the Not Intrinsic BCKG 
(𝜈ఓ) is due to 𝑁𝐶𝜋଴

events

• Nevertheless, the
CC(Other) and 
NC(Other) components
are also big for first 2 
bins in EREC.

• We wanted to know
which decay channels
are contributing to this:

CC(Other):

C𝐶𝐸𝑙𝑎𝑠𝑡𝑖𝑐 1 :≈ 57%
C𝐶𝜋ା 11 :≈ 25%
C𝐶𝑚𝜋 21 :≈ 7%
Others ∶≈ 11%

Sterile Analysis
• Goal is to properly compare 

NuPRISM with other sterile 
neutrino sensitivites

• Fermilab SBN

• J-PARC MLF experiment

• Reproducing these plots for 
NuPRISM will be important to 
contextualize our sensitivites

• Some short term studies are 
planned

• Investigate uncertainties 
on each bkgd

• Explore how reducing 
particular bkgds with 
NuPRISM control 
samples can improve 
sensitivity

SBN νe Appearance Sensitivity!

2/4/15!Peter Wilson | Fermilab SBN Program!8!

Fermilab LAr SB Sensitivity

NC backgrounds
are dominant

(need to check with
realistic simulation
& reconstruction)

NuPRISM
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Simulation and Reconstruction
• One of the main goals of this meeting is to incorporate WCSim+FiTQun in the analyses

• Currently, the NuPRISM geometry is using the default WCSim 8” PMT (more from M. Scott)

• In WCSim, 8” PMT = 20” PMT with one parameter modified (time resolution constant)

• FiTQun tuning requires several code modifications that exist in a separate copy of WCSim

• Currently attempting to replicated official NuPRISM geometry in this version of the code

• We should merge all needed WCSim code this week

• All tuning MC and analysis scripts have been produced

• PMT charge response inputs are ready

• Scattering table files are generated

• PMT angular distribution MC has been generated

• All the time pdf MC has been generated, and the analysis scripts have been adapted to 
WCSim

• Need to finish assembling these pieces this week

• In the future we should explore other options

• HPDs & HQE PMTS

• Different sizes: 8”, 5”, etc.

• For the proposal, we likely only have time to stick with the existing 8” PMTs
10



Detector Design
• Building a very large PMT structure that can move 

vertically is a very challenging engineering problem

• Very large volume filled with water that must maintain 
structural integrity while being pulled through the pit

• Must use materials that can withstand ultrapure 
water (expensive!)

• Also must ensure that PMTs are not damaged while 
moving the structure

• Currently working with an engineer at Stony Brook to put 
together some strawman designs of the tank and PMT 
array

• Plastic housing around PMTs to act as a shock 
absorber, and allow for individual removal and 
maintenance

• A series of I-beams (not pictured) to provide structural 
support for the structure

• We may try to have somewhat regular meetings if others 
are interested in discussing plausible designs that can be 
included in the proposal
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Cost Estimates
• LOI had a very crude cost estimate 

of the entire project

• Cost drivers (PMTs and civil 
construction) were based on real 
numbers from companies

• Although the civil construction 
depends on a geological survey 
of the eventual site

• Most of the remaining costs were 
taken from the T2K 2 km proposal

• Exchange rate of 107 yen / $

• 2005 prices assumed (i.e. flat 
Japanese inflation rate)

• We must decide which items need 
more precise cost estimates for the 
proposal

• PMT support structure cost 
may be underestimated

40
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TABLE IV. Summary of nuPRISM project costs, excluding
any contingency. Costs taken directly from the T2K 2 km
proposal are labeled with ⇤

Item Cost (US M$)

Cavity Construction, Including HDPE Liner 6.00
⇤Surface Buildings 0.77
⇤Air-Conditioning, Water, and Services 0.50
⇤Power Facilities 0.68
⇤Cranes and Elevator 0.31
⇤PMT Support Structure 1.27
3,215 8-inch PMTs 4.30
PMT Electronics 1.45
⇤PMT Cables and Connectors 0.13
Scintillator Panels 0.36
Water System 0.35
Gd Water Option 0.15
⇤GPS System 0.04

Total 16.31

Appendix A: Detector Costs

This appendix is intended to characterize the costs as-
sociated with building nuPRISM. Several companies have
provided preliminary cost estimates for the cost drivers of
the experiment, which allows for a preliminary estimate
of the total project cost.

For many of the less expensive items, the costs pre-
sented here rely heavily on the experience from the T2K
2 km detector proposal, which was written in 2005 [41].
For now, we have assumed that the prices are the same
as those listed in the 2 km detector, since inflation rates
in Japan have stayed near zero during the 9 years since
that proposal was written. The assumed exchange rate
is 107 Japanese yen to the US$.

A summary of the total project cost is given in Ta-
ble IV, and each component is described in the following
subsections. Note that these numbers do not contain any
contingency, as was the case in the 2 km proposal.

The remaining item for which no price estimate is given
is cost of acquiring or renting the experimental site. For
the 2 km detector, the chosen site was initially owned by
a private company before being acquired by Tokai village
and o↵ered to J-PARC to use at no cost. Other experi-
ments in Japan, such as AGASA, instead rent the land
from the owner. Since any solution for land acquisition
will require input from J-PARC, and since the original
2 km site was acquired without any cost to the labora-
tory, no cost estimate for land acquisition is included in
the total project cost at this time.

1. Civil Construction

As mentioned in Section III B, two construction groups
have been consulted for preliminary cost estimates for
constructing the shaft. The first group evaluated the ini-
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Summary
• The NuPRISM proposal will be submitted in just 

under 3 months

• Time is short to make significant analysis upgrades

• Implementing simulation & reconstruction this week 
should enhance several analyses

• Particularly the sterile and long-baseline νe 
analyses

• For the proposal, we should be sure to explain what 
NuPRISM might reasonably achieve (not just what we 
can already prove today)

• Let’s try to strengthen our physics case over the next 
three months!
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