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FNAL/BNL study 
• Chairs:  Hugh Montgomery, Sally Dawson

• Advisory committee: F. Cervelli(INFN), M. Diwan(BNL), M. 
Goodman(ANL), B. Fleming(Yale), K. Heeger(LBL), T. Kajita
(Tokyo), J. Klein(Texas), S. Parke(FNAL), R. Rameika(FNAL)

• Several small workshops were held last year.

• Many reports on physics sensitivity, backgrounds,  and beam 
alternatives. 

• Work of approximately 20-30 individuals at various levels. 

• ~10 documents.  ~2-3 publications could result

http://nwg.phy.bnl.gov/fnal-bnl/

http://nwg.phy.bnl.gov/~diwan/nwg/fnal-bnl/
http://nwg.phy.bnl.gov/~diwan/nwg/fnal-bnl/
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Goals of workshop 
and study

A draft report has been 
assembled and shared with 

NUSAG panel
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List is not yet 
complete.  

Several outside the 
working group have 
reviewed the draft.
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What I will cover
• Event rate calculations for the scenarios in 

the study. 

• Water Cherenkov detector design and 
performance at DUSEL. 

• Liquid Argon technical progress. 

• Physics sensitivity with detectors at DUSEL.

• Timeline discussion for DUSEL based 
project. 
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1 MW* 10^7 sec = 5.2 10^20 POT at 120 GeV
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off-axis spectra with LE tune 

• 12 km (nova-I)  CCrate: ~16.2  per (kT*10^20 POT)

•  40 km (nova-II)CCrate: ~1.0 per (kT*10^20 POT)

sin^22t13 =0.04
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Figure 1: Spectrum of charged current !µ events at a 12 km offaxis location at 810 km on the NuMI

beamline. The spectrum is normalized per GeV per 1020 protons of 120 GeV. The low energy (LE) setting of

the NuMI beamline is used for this plot. Overlayed is the probability of !µ → !e conversion for sin
2 2"13 =

0.04 with rest of the oscillation parameters as described in the text. The left plot is for regular mass ordering

and right hand side is for reversed mass ordering.
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Figure 2: Spectrum of charged current !µ events at a 40 km offaxis location at 810 km on the NuMI

beamline. The spectrum is normalized per GeV per 1020 protons of 120 GeV. The low energy (LE) setting of

the NuMI beamline is used for this plot. Overlayed is the probability of !µ → !e conversion for sin
2 2"13 =

0.04 with rest of the oscillation parameters as described in the text. The left plot is for regular mass ordering

and right hand side is for reversed mass ordering.
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Figure 1: Spectrum of charged current !µ events at a 12 km offaxis location at 810 km on the NuMI

beamline. The spectrum is normalized per GeV per 1020 protons of 120 GeV. The low energy (LE) setting of

the NuMI beamline is used for this plot. Overlayed is the probability of !µ → !e conversion for sin
2 2"13 =

0.04 with rest of the oscillation parameters as described in the text. The left plot is for regular mass ordering

and right hand side is for reversed mass ordering.
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Figure 2: Spectrum of charged current !µ events at a 40 km offaxis location at 810 km on the NuMI

beamline. The spectrum is normalized per GeV per 1020 protons of 120 GeV. The low energy (LE) setting of

the NuMI beamline is used for this plot. Overlayed is the probability of !µ → !e conversion for sin
2 2"13 =

0.04 with rest of the oscillation parameters as described in the text. The left plot is for regular mass ordering

and right hand side is for reversed mass ordering.
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• 60 GeV at 0deg: CCrate: 14 per (kT*10^20 POT)

• 120 GeV at 0.5deg:CCrate: 17 per(kT*10^20POT)
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Work of M. Bishai and B. Viren using NuMI simulation tools
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Detector design considerations.

• Need ~100kT of fiducial mass with good efficiency. 

• At this mass scale cosmic ray rate becomes the driving 
issue for detector placement and design.

10

D
R
A
F
T

Intime cosmics/yr Depth (mwe)

5×107 0

4230 1050

462 2000

77 3000

15 4400

TABLE VII: Number of cosmic ray muons in a 50 m height/diameter detector in a 10µs pulse for 107 pulses,

corresponding to approximately 1 year of running, versus depth in meters water equivalent.

to 5 Hz. In this scheme the detector takes data in a short time interval (currently proposed to be

3 drift times) near the beam time. This is sufficient to cover most possible accelerator cycle times

discussed above. The high granularity of the detector should allow removal of cosmic muons from

the data introducing a small (< 0.1%) inefficiency to the active detector volume, so that most of

the accelerator induced events are unobscured. If a cosmic ray muon (photon) event mimics a

contained in-time neutrino event it must be rejected based on pattern recognition. The rejection

required is ∼ 108 for muon cosmics and ∼ 103− 104 for photon cosmics; given the fine grained

nature of the detector this rejection is considered achievable, but still needs to be demonstrated by

detailed simulations.

45

Cosmic rate in 50m h/dia 
detector in 10 mus for 
10^7 pulses

If detector is placed on the surface it must have cosmic rejection of 
~10^8 for muons and 10^4 for gammas beyond accelerator timing.

=> fully active fine grained detector.
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LARTPC

• The LAR group has shown an advantage of about a factor 3-4 over a 
water Cherenkov detector of equal mass due to better background 
rejection.  There is no easy automated event analysis, however. 

• A 50 m high/dia tank on surface has 500 kHz of rate. LARTPC could 
take data around beamtime, but still need rejection of 10^8 on muons 
and 10^3-10^4 on gammas. This needs further work.

• To reach 100 kT,  aggressive R&D path is needed including argon purity, 
industrial tank technology, readout geometry and signal/noise.    First 
step : 1 kT before cost and schedule could be properly evaluated. 
Current scaling law is $2.7M+$0.3M/kT + $1M/kTon (for LAR).

• For                 decay mode depth is needed simply for data rate, and 
most  likely for background.  

11

www-lartpc.fnal.gov
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Detector at Homestake

cosmic rate 
~0.1Hz

Fiducial vol depends on rock stability studies and PMT pressure rating.
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Summary cost ($FY07) for 300kT at Homestake
Cavity construction (30% 

contingency)
$78.9M

PMT+electronics $171.3M

Installation+testing $35.7M

R&D,Water, DAQ, etc. $8.2M

Contingency(non-civil) $50.8M

Total $344.9M

• Cost for 3 modules of ~100kT fiducial mass. 
• Civil cost recently reviewed by RESPEC (consultants) and found to be 
consistent with other projects. (In addition, construction could be faster).
• Consultations with C. Laughton and Homestake on overhead factors 
(not included in civil). 

14



6 yrs to first 100 kT and 
8 yrs to full 300 kT.  Can 
be adjusted if PMT 
production slower.
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Water Cherenkov performance

• Full simulation of SuperKamiokande atmospheric 
neutrino events used in evaluation. 

• Study to establish feasibility, not optimized with 
respect to PMT granularity and coverage. 

Work of StonyBrook UNO group: Yanagisawa, Jung, Lee
Delta Likelihood selection allows for tuning S/B. 

16



Electron neutrino appearance spectra

Normal            Reversed

neutrino neutrino

antineutrino antineutrino

•All background 
sources are included. 
•S/B ~ 2 in peak.
•NC background 
about same as beam 
nue backg. 
•For normal hierarchy 
sensitivity will be from 
neutrino running. 
•For reversed 
hierarchy anti-neutrino 
running essential. 
•Better efficiency at 
low energies expected 
with higher PMT 
counts.



Electron neutrino appearance spectra

Normal            Reversed

neutrino neutrino

antineutrino antineutrino

•LAR assumptions

•80% efficiency on 
electron neutrino CC 
events. 

•sig(E)/E = 5%/sqrt(E) on 
quasielastics

•sig(E)/E = 20%/sqrt(E) 
on other CC events 

Spectra and sensitivity is 
the work of Mark 
Dierckxsens and Patrick 
Huber + many helpers



WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

Stat

 Stat+syst

th13 mass ordering CP violation
30 10^20 POT for each nu and anu300 kT 

WCh



WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

Stat

th13 mass ordering CP violation
60 10^20 POT for each nu and anu

 Stat+syst

300 kT 
WCh



WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

Stat

th13 mass ordering CP violation
30 10^20 POT for each nu and anu100 kT 

LAR

 Stat+syst



How well can the parameters be measured

stat
stat+syst

WCC 1300 km 300kT

Plots are roughly the same for both mass orderings.
The spectral shape is critical in this measurement.
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How to phase it in ?
• Possible aggressive timeline of development over 

over next decade for discussion.  

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

WCh 100kT 200kT 300kT

new beam

1.2 MW 
upgrade
1.2 MW 

run
2 MW 
LINAC

2 MW run

LAR R&D

50kT LAR

Make decision on final 100 kT WCh detector.
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Summary
• CP violation in neutrinos should guide the Long baseline 

program in the future.  Program is doable with known 
technology (water Cherenkov detector) and current 
understanding of accelerator intensity. 

• A new MW class proton machine in the US remains well-
motivated  at FNAL if coupled to a capable large detector.

• There are two choices for the program:  NuMI based with 
off-axis surface detectors or DUSEL based with 
underground detectors that could carry out nucleon decay 
and other high priority science. 

• A very large detector ~100 kT efficient mass is needed to 
carry out the program no matter where. 

• For a broad program need >2000 mwe.
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Sensitivity comparison

27

Physics reach with same LAR 
100 kT detector 120 GeV 
WBLE-DUSEL, Off-axis.  Also 
compare to  T2KK on same 
plot versus beam power

Barger, Huber, Marfatia, Winter

3 sig, CPfrac=0.5
band =systematic


