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Participants in LOI

® D. Cline, M. Diwan, K. Lande, R. Lanou, A.K.
Lanou, W. Marciano

® Speaking for many others.All are welcome.

® Close cooperation with Henderson and
UNO on the science.

® We advocate building a 100 kT cavity as
soon as possible.
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Qutline of this talk

® Will focus on LMD-I, 100 kT water
Cherenkov detector.

® Physics topics:
® Very Long Baseline Neutrino Oscillation
® Nucleon decay
® Astrophysical neutrinos

® Brief details of study on accelerator beames.
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What does it look like

50 m diameter and 50 m tall

TEREREE

SuperKamiokaNDE: 22.5-50kT LMD-1:~75-100kT
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Muon flux vs overburden
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Detector parameters

® Need 500 kT fiducial mass for proton decay, neutrino
astrophysics.

e |00 kT is initial step => 50 m dia X 50 m high tank.
e depth ? May not need anti-counter if deep enough.
® ~|0% energy resolution on quasilelastics.

® Threshold of 5 MeV for solar and supernova

® Time res. ~few ns for pattern recognication.

® Good mu/e separation. <l %.

e |,2,3 track separation, NC rejection ~X20.
This level of performance can be obtained with water Cherenkov detector

with 20-40% PMT coverage.
=> 1000 to 22000 20inch PMTs for 100kT.
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Nucleon decay

® Large body of work by

'Iﬂ":nmw-u TTTT TTTT [T 11T
HyperK, and UNO. | >er|-u0 sensltwlty E
® background levels for the 1u“-ﬂrf T-J,L Oye _fm ----- _
positron+Pion mode fegmt " | :
e 3.6/MTon-yr (normal) %"“H‘““*ﬂgwm“"“ """""""" E
o 0.I5MTonyr (tight) 3.l \ AZ o
LMD-1 will hit backg. in g
~3yrs. It could be important ® . ~— Normal cut, iﬂk
. 10 i) ]
to perforlT\ 'Fhls f‘!rst step t out, 90%CL ]
before building bigger. i | . 35 CL -
Sensitity on K-nu mode is 1o 10 10 1o 1o
about 5x10733 yr Siyaurs firion yaar)
Ref: Shiozawa (NNNO05)  (LMD-1X10yrs 3X10A
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Astrophysical Neutrinos
Event rates. LMD-1, assume 5 yr exposure

® Atmospheric Nus: ~10000 muon, ~5000 electrons. (Ref:
Kajita nnn05)

® Solar Nus: >63000 elastic scattering E>5MeV (including
Osc.) (Ref: uno)

e Galactic Supernova: ~30000/10 sec in all channels. (~1000
elastic events). (Ref: uno)

e Relic Supernova: (ref:Ando nnn05)
o flux:~5(l.1) /em2/sec Enu>10 (19) MeV

® rate: /5 (35) events over backg ~100 !

S—— fNeed analysis with these numbers
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3 Generation oscillations

Normal Reversed
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Oscillation nodes at 7/2,37/2,57/2, ... (7/2): Am? = 0.0025¢V2.
E =1GeV ., L = 494km . Solar : L~15000km



Super Neutrino Beam to DUSEL Candidate Sites
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I Why Very Long Baseline?

Oscillation Nodes for Am? = 0.0025 eV?>
7 |

observe multiple nodes
In oscillation pattern
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Electron neutrino appearance physics
parameter extraction

For 1000 - 2000 km baseline
eftects across energy band.

E, <1GeV | 1< E2<GeV | E, >2GeV
sin 2613 v/ Vv Vv
sign(Am3,) - - VvV
ocp vV VvV v
solar VvV Vv -

o It's a complex picture with many effects!
o But, effects have different strength at different energies.

o Measuring across the wide energy band makes it possible to sort them
out.

) Office of BROOKHP,

o . RUEN

-4 Science M.Diwan NATIONAL LABORATORY
GY

U.S. DEPARTMENT OF ENER



US possibilities for

Source Proton beam Proton beam
energy power
FNAL Ml _ -2 MW X
(McGinnis upgrade) | =P~ 0-120GeV (Ep/120GeV)
FNAL Ml
(with 8GeV Ep=8-120 GeV 2 MW @ any Ep
LINAC)
BNL-AGS _
(upgrade 2.5- 5 Hz) Ep=28 GeV -2 MW
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US possible baselines

Source | Detector |Distance| Depth Comment
FNAL |Homestake| 1290 km| 7700fc | ™© beam, DUSEL site,
capable of large exca.
FNAL |[Henderson| I500km | 5000 ft no beam, DUSEL site,
capable of large exca.
BNL |Homestake | 2540km | 7700 f | Study of beam and physics
exists and documented
BNL | Hendersn | 2767km | 5000 ft --

u. EPARTM,

shorter baseline means more events.
longer baseline means bigger effects.

Study of new beam from FNAL has started
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Event rates

Event rate for
Source-det Detector size | beam E and power heutrino
running
~30,000CC
FNAL-HS(1290) |00KT 0.5MW@60GeV ~10,000NC
FNAL-Hend(1500)|  100kT 0.5MW@60GeV ~372§%%0
78,000CC
FNAL-HS(1290) | 00KT 2MW@28GeV 27,000NC
2188 CC
FNAL-HS(1290 200kT 2MW@8GeV
( ) ¢ using%nibo?)ne data 850 NC
~10000 CC
%k
NOVA(810) 30kT 0.65SMW@120 ~3000 NC

5 X |077 sec of running assumed = 2 years at FNAL

*rescaled: NOVA assumes 5 yrs of running in their proposal
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How to achieve the total exposure

® For CP violation we need (indep. of baseline
or size of theta_|3) (Marciano)

® 2500 kT*MW?*(1077) sec for neutrinos

/\ | yr ~ 3 107 sec
500kT

|00k T
| MW 7 MW
5yrs Syrs

Past approach Possible at FNAL with

_ new Proton driver
P=s" Office of M Divan BROOKHEVEN
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What about anti-nu running

® Depends on mass hierarchy.

® To be completely risk-free need

® 5000 kT*MW*(1077) sec

/\ | yr ~ 3 107 sec

2 MW ” MW
5yrs Syrs

Past approach Possible at FNAL with

_ new Proton Driver
P=s" Office of M Divan BROOKHEVEN
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I vV, disappearance

vy disappearance

neutrino running:

:E FNAL to Homestake 1290 km
1MW beam z L sin2n =10
0.5Mt water Cerenkov d E”’“” i Beansl MW, Det, 0.5 MT, Run 5e7 sec
distance I
Se/s running time 300 |-
tot CC events
determine Am? _ 600 - et cocilations: 30305 exts
& sin20 to 1% '
23 ] 400
systematics dominate«
200
anti-neutrino running:
same as v but with 0 0 1 2 3 4 5 6 7 8 o 1o
2MW beam Reconstructed v, Energy (GeV)

e CPT test possible

including anti-v running: ; grors below 1% achievable




vV, Appearance

I backgrounds:

v, APPEARANCE
c
S SIEg6, (12.55.13) - 0.86/1.000,04
e beam v = Am,2 (21,32) = 7.3e-5/2.5€-3 el
e o 20 - 2 MW, 0.1 MT, 10e7 sec
e NC v "
H a00 L
neutrino running: 15RE
_ 150 i — QR I LNEE
measure sin“20., and 6 _, ZZ CP-45°: 1114 evts
. 5 I S . Tot Backg.: 566 evts
for sin“20 2> 0.01 100 -0 | m veBackg: 272ewts
resolve mass hierarchy a3 "I
N T
include anti-neutrino run: i P
exclude sin"20_, > 0.003 Reconstructed v Energy (GeV)

if sin“20 .00 small » & measurement not possible
observation V_appearance possible through solar term




e |00 kT c
e |00 kT d
e 200 kT d

Summary

Physics case for a 100 kT detector at Homestake.

nucleon decay, astrophysical neutrinos, long

baseline.

Lowest risk most cost effective option for a long
baseline second generation experiment.

Money ! It

will cost money, but time and scientific

manpower issues more important.

Possible time sequence:
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etector + 0.5 MW beam
etector + 2 MW beam

etector + 2 MW beam
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