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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
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Timescale:

The United States neutrine community 1s heavily engaged 1n cperation and analysis of 1fs existing program. On the
other hand there are active discussions within advisory bodies and the agencies with a view to setting directions for
future facilities mside the next year.

It would be desirable to see results of this U.S. Long Baseline Neutrino Experiment Study before October 2006,
with a preliminary repert by July 15, 2006.

U.5. Long Baseline Neutrino Experiment Study
Compare the neutrine oscillation physics potential of!

1. A broad-band proposal using a either an upgraded beam of around 1 MW from the curmrent Fermilab accelerator
complex or a future Fermilab Proton Driver neutrino beam aimed at a DUSEL-based detector. Compare these
results with those previously obtained for a lugh intensity beam from BNL to DUSEL.

Off-Axis next generation options using a 1-2 MW newtrino beam from Fermilab and a liquid argon detector at
etther DUSEL or as a second detector for the Nova experiment.

Considerations of each should include:

1) As a function of 813, the ability to establish a finite 8 3, determine the mass hierarchy, and search for CP violation
and, for each measurement, the limiting systematic uncertainties.

1) The precision with which each of the oscillation parameters can be measured and the ability to therefore discriminate
between neutrino mass models.

i) Experiment Design Concepts imncluding:

Optimum proton beam energy
Optimum geometries
Detector Technology

Cost Guessfimate
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Beam from FNAL BROOKHAVEN

Flexibility of proton energy:

Prot. Plan —— b1y | g,V

S —— 280kW

2200kW

1200kW

m.
P
SNuMI—ReY® 2 00kw

Peak Beam Power (kW)

60 90 120
Primary Proton Energy (GeV)

1 MW* 10" sec = 5.210%° POT at 120 GeV
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Key Event Rate in 100kT*MW*10"
VM — Ve
Am3y 4 = 8.6 x 107°,2.5 x 107 %eV? sin? 201 23 = 0.86,1.0  sin” 2015 = 0.02

ocp

sgn(Amgl)

NuMI-15mrad
LI(8IOI<m) 76 36

NuMI-15mrad
(810km) - 46 2 I

(1300km) 87 | 48

PZ=" Office of M Diwan BROOKHEAVEN

/J Science NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY 6




Detector design considerations.

® Need ~|00kT of fiducial mass with good efficiency.

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

. 9 L
S111 2 9 13 — O . O 2 Intime cosmics/yr Depth (mwe)

signal~50 evts/yr 5% 107 0
4230 1050
462 2000
77 3000
15 4400 DUSEL depth

Cosmic rate in 50m h/dia
detector in 10415 for 10 pulses

If detector is placed on the surface it must have cosmic rejection
for muons ~ 108 and for gammas~ 10%beyond accelerator timing.

=> fully active fine grained detector.
I0O), Cffice of M Diwan BROOKHEVEN
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Detector technologies
Water Cherenkov (Studied at BNL)

Known, successful technology with wide dynamic range (5 MeV-50GeV).
Can perform both p-decay, astrophysical sources, and accelerator nus.
R&D on large caverns already in progress (part of this study).

PMT R&D and costing in progress.

Can be deployed deep scaled up: 50kT to fewX100kTon.

MODEST DEVELOPMENT NEEDED FOR PROPOSAL.

Liquid Argon (Studied at FNAL)

Substantial R&D needed to prove that |00kT can be built. (current size of
ICARUS module is 0.3kT)

There is no solution yet on how to deploy deep underground. Otherwise
no proton decay physics or other non-accelerator physics can be done.

Must demonstrate |08 rejection of cosmics (not done yet).
TIME SCALES FOR R&D ARE STILL LONG
/o), Ufice of M Diwan BROOKHAVEN
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Beam to DUSEL

Pro
Possible to put large detectors at depth with proven technology.

Currently planned accelerator upgrade enough to get first physics
because of detector size. But it is even more attractive with a Proton
Driver

Full energy spectrum for oscillation pattern and parameter measurement
without ambiguities.

There has been good progress in water Cherenkov pattern recognition.

Broader physics program includes proton decay and astrophysics.

Con

® Needs new beamline
® Coupled to DUSEL with uncertain timeline and funding.

® Near detector cannot be water Cherenkov.

pP—=S" Office of . :
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Pro NUMI off-axis

Use existing beam !

Use 12 km offaxis to lower neutrino energy to the oscillation region.
Narrow band beam=> easier reconstruction/higher efficiency ?
Additional benefit is reduction of beam tails and backgrounds from beam.
Use same near detector.

Incremental program (but each step $9$)

Con

Must be surface detector. Must use liquid Argon TPC to reject cosmics (not
yet proven)

Monochromatic nature of beam means strong correlations and ambiguities

Must deploy another detector at another energy or baseline. Second max
has 1/20 event rate (has background from higher energy Kaon neutrinos).

Program cannot include nucleon decay and science that requires depth.

y Office of
V/J M.Diwan BROOKHFAVEN
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General Homestake Mine

Development
Yates Ross
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RAMP CROSSCUTS INTO TANK

Detector at Homestake T EVERY 15 VERTICAL FEET

DIAMETER
i " DIAMETER

Modular Detector TANCEND FA D i

' RAMP, 1470° |
e~50m dia/h @ -14% GRADE SPOT-COOLER /"1

. FOR DEVELOPMENT

¢ | O0kT fiducial
.4850 mwe s P TR \L':-I 13
¢25% PMT cowv. FANK " NEED 393, B T CRABE E
e12 inch PMT v | [ eeee——

ecosmic ~0.1Hz

VENTILATION

— \ ¥ Initial detector 3 modules
cori 7 Space can be planned for 10
.V Cost estimate $1|15/module
\ \ v 6 yrs construction to first 100kT
A\ Y8yrstofull 300 kT.

Fiducial vol depends on rock stability studies and PMT pressure rating.
/o), Ufice of M.Diwan EROOKHAVEN
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Why Homestake !

® |00 yrs of operating experience

® 20 yrs of rock mechanics research.

e |INITIAL STABILITY STUDY OF LARGE OPENINGS FOR THE
NATIONAL UNDERGROUND SCIENCE LABORATORY AT THE
HOMESTAKE MINE, LEAD, SD Doug Tesarik, Jeff Johnson, Karl Zipf,
Jr., Kenneth Lande. NARMS - TAC 2002: Mining and Tunnelling
Innovation and Opportunity, Vol. 1, pp 157-163 R. Hammabh et al
Eds.,Toronto, University of Toronto Press
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Summary cost ($FY07) for 300kT at Homestake

Cavity construction (30% $78.9M

rAnftincanrv)

PMT+electronics $171.3M

Installation+testing $35.7M

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

Contingency(non-civil) $50.8M

Total $344.9M

e Cost for 3 modules of ~100kT fiducial mass. 6 yrs to first 100kT, 8 yrs for full 300kT.
* 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).
/o), Ufice of M.Diwan BROOKHAVEN
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Pressure testing

Have 32 phototubes from Hamamatsu Hamamatsu rating is ~7atm.
(R7081). Getting |2inch tubes from other Tested this tube until it broke
vendor. Pressure vessel from BNL. Evolving at 148 psi (~10atm)

testing protocol.




Installation
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Installation
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Electron neutrino appearance spectra
sin® 2015 = 0.04, 300KT WCe. , WBLE 120 GeV, 1300km, 60E20 POT.

(= bep = —45°, = Gop = +45°)

o
<

*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-neutrin
running essential.
*Better efficiency at
low energies expected

with higher PMT
counts.

Events/i0.25

EverQ{G.ZS Gey

180

—h
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£
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Normal

v wunning, 1300km, 60 10°° PoT
Cang,,—8.6107% 427107 eV’

[ sir’ 26,5 = 0.86,1.00,0.04

—t—

signal + background:

— 5 (1404.9 evis)
} G 0" {16146 evis)

——  §-45 (1862.1 evts)

background:

\\\\\S all {829.4 evts)

% beam + (392.5 evts)

neutrino

Reversed

L~ running, 1300km, 60 10" PoT
L ani,,,-86107°-27107eV’
Sif 26,5 4y = 0.86, 1,00, 0.04

&

signal + background:

—— =45 (1076.0 evis)
* G 07 (1214.0 evis)

——  §,m-45"(1375.2 evis)

background:

‘\\\\S all (837.1 evts)

&Eﬁi beam v, (398.7 evis)

neutrino

% running, 1300km, 60 10" PoT
- ang,,, -8.6107+27107eV
Siff 26, . 4. = 0.86. 1.00,0.04

2

signal + background:

— g5 (7323 evts)
{ G +0'(683.6 evts)

—— 45 (622.4 evts)

background:

N all {402.3 evts)

%%ﬁ beam «, (2412 evts)

L % running, 1300km, 60 10 PoT
—ant,,, =8.6107-2710"eV
™S 26,5, = 0.86,1.00,0.04

signal + background:

—  ,m+5 (965.5 evis)
} i +0" (898.0 evts)

——  §-d5 (769.7 evis)

backgrownd:

\\‘\\S all {400.4 evts)

%ﬁ beam « (238.6 evts)




Dependence of CP measurement on thl 3

WCC 1300 km 300kT (—95% CL —68% CL)
m+§ ﬂérrg,}u B ' m+~'; .-'l-.érﬁi:u

Eﬂ G0 10” PoT - ED+EU 10’“ PoT

¥ true value
— EB% CL

Bﬂ 60

.120; 5 _12':'; ................. Stat+sys

(\.. @)

-180;" uuz uuq nua uus 0.1 012 014 0.16 1300_' ”2 503 0.08 ”3 5 012 014 16
sin 2813 sin 2913

Measurement of CP phase does not depend strongly
on thl3




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

300 k 60 10720 POT for each nu and anu

WCh  thl3 mass ordering CP violation
Stat+syst -

21800 5 60:80 10T | OF T eoreo T PeT N\ F
120:2
60—

0

60—

ik S T S R N i iiiii'i AN S N A M N I A I
10° 10° 10 10 10"
sin’20,, sin®20,, sin®20,,

0.004 O 008 O Ol

CP Fraction: Fraction of the CP phase (0-2pi) covered at
a particular confidence level.
Report the value of thl3 at the 50% CP fraction.




Comparison

Beam Baseline| Detector |Exposure (MW.yr*)| 013 | CPV |sgn(Am3;)

NuMI ME, 0.9° 810 km [NOvVA 20 kT 6.8 0.01 |>0.2 0.2

NuMI ME, 0.9° 810 km | LAr 100 kT 6.8 0.002| 0.03 0.05
WBLE 120GeV, 0.5°| 1300km | LAr 100 kT 6.8 0.002{0.005| 0.006
WBLE 120GeV, 0.5°| 1300km (WCC 300 kT 6.8 0.006{ 0.02 | 0.011
WBLE 120GeV, 0.5°| 1300km (WCC 300 kT 13.6 0.004| 0.01 | 0.008

TABLE VIII: Comparison of the sensitivity reach of different long baseline experiments. The sensitivity is
given as the value of sin® 263 at which 50% of Ocp values will have > 30 reach. We assume equal amounts

of v and v running in the total exposure. * 1yr = 1.7 x 107 seconds.




How to proceed !

Proposal for a water Cherenkov detector at DUSEL after site selection.
Support will be needed at modest level for proposal writing.

We will continue more development. Support needed for geo-technical
work and PMT development.

Development items:

|) PMT pressure testing and development of |13” tube (in progress)
2) Geo-technical work on cavern stability (in progress at NIOSH)
3) Conceptual engineering for installation (in progress at BNL)

4) Simulations

5) Project development

$700k/yr for 2 yrs needed including university support

P—==0Office of BROOKHIAEN
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BNL neutrino physics effort

We have three efforts that are overlapping,
but focussed on the same physics.

MINOS (running)
Daya Bay (will be under construction)

DUSEL based large detector (Proposed)

’ y Office of
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Baseline Desion

= 3 sigma Sensitivity to sin” 26,3 ~ 0.01 with no
correlations to mass ordering or CP phase.

" Multiple anti-neutrino detector modules for
side-by-side cross check

= Multiple muon tagging detectots:

* Water pool as shield a?Sd Cherenkov counter




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 accelerator intensity.

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

A very large detector ~100 kT efficient mass is needed to carry out
the program.

For a broad program including nucleon decay and astrophysical
neutrinos need depth >2000 mwe.

Need modest resources to continue development or complete
proposal. $700k/yr for 2 yrs.

pP—=S" Office of | :
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Extra slides

® complete rate ta

® spectra for signa

® spectrum expected for LAR 100kT@DUSEL
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Ve

Appearance

dlesS

Am3, 3 = 8.6 X 1072,2.5 X 10~ 2 eV?, sin® 2612,23 = 0.86,1.0

L".u.—}

Ve rate

vV, — Ve rates

(sign of Am2,)

sin? 2613

ocp

deg.

ﬂ{]

-90°

180°

+90°

u{]

-90°

180°

NuMI LE beam tune at 810km, per 100kT. MW. 107s

15 mRad off-axis

(+)
(-)

0.02
0.02

Beam v = 43*

Beam v = 17°

7.7
14

17
28

50 mRad off-axis

Beam /e =11°

Beam /e = 3.4

(+)
(-)

0.02
0.02

2.7
4.2

8.8
8.0

2.1
2.7

2.2
2.0

2.9
2.3

1.6
2.2

0.7
0.8

WBLE 120 GeV beam at 1300km, per 100kT. MW. 107s

9 mRad off-axis

Beam 1/

= 47**

Beam L/

= 17*7

(+/-)

0.0

(+)
(-)

0.02
0.02

14
87
39

N/A

72

N/A
95
o1

N/A

2.0

N/A

N/A

48
19

20
38

7.2
19

15
33

*=0-3GeV ** =05GeV, 1MW. 107s=5.2 x 1029 pOT at 120 GeV




v. Appearance Spectra

—-sin? 26013 = 0.02, dcp = 0, normal hierarchy

—-sin® 26,3 = 0.02, dcp = T, normal hierarchy

—-sin® 26,3 = 0.02, dep = — /2, reverse hierarchy
MubdI LE at 810 km, 15 mrad off-axis WELE 60 GeV/ at 1300km, 0° off-axis

i — singﬂﬂH:D.ﬂﬂ,&tP:ﬂ. nomal hierarchy sin 20 70028 =0, normal hirarchy

— sin’ 70025, =, normal hierarchy — sin’® 17002 =, mormal ierarchy

S singEHH:ﬂ.ﬂEnS:pqd'E, reverse higrarchy — st Ll m:raf,mhiawm

W NumI LE at NOv WBLE 60 GeV af 1300km
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Energy [GeV)

Spectral information = resolves degeneracies
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Spectra and sensitivity is
Dierckxsens and Patrick

the work of Mark




