Very Long Baseline
Neutrino Oscillation Experiment
at Brookhaven National Laboratory
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I Neutrino Osclillations Results

Am;, =(80+0.3)10 eV’
sin“20,, = 0.86+0.04

Amg,| =(25+0.3)10 eV sign?
sin“20.,, = 1.02+0.04 degeneracy?

Sin“20,, < 012 (99% C.L.)

Sep =277

Values from: A. Strumia & F Vissani
hep-ph/0503246 - ifup-th/2005-06



Next Generation Experiments

> increase sensitivity sin“20 & §_ significantly

> precision measurements of Am®_ & sin°20__

» resolve mass hierarchy (sign of Am232)

> sensitive to new physics

Brookhaven idea:
e O(MW) broadband neutrino beam
e O(Mt) detector
e O(Mm) distance




I Why Very Long Baseline?
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I Why Broadband Beam?

observe multiple nodes
I extraction of oscillating v, =V, Oscillation

signal from background. . o-
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Neutrino Running
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AGS Conceptual Design Report
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I AGS 1MW proton beam

Ve Sa

I Upgrade AGS (28 GeV protons)
intensity: 7.10" - 9.10" ppp rep. rate: ~0.3Hz - 2.5Hz

I E Distance = 1 km 1) i * 1 5 0.9
T . ramp time: ~1.2s = 0.2s
5 BNL Wide Band
5 0®| o s cey|  repl. power supply, rf, ...
E 2) filling time: 0.6s » 1ms
S 1" replace booster:
= extend warm linac 200 MeV
7 new SC linac 1 GeV
LI A 3) Work continues to goto 1.5 or
: LT::'""._ 2 MW
I:I';-'-:E"-. m Vv ‘_',/VM = 0.007
oor 4) Experimental work on 1 MW
L EH . 1 carbon-carbon target.




I v, disappearance

neutrino running: z v, DISAPPEARANCE
I 1MW beam S0 | BNLHS 2540
0.5Mt water Cerenkov det > sin28,,— 1.0
2540km distance 200 An = 2,503 eV?
5e7s running time WG ERT  nec
I ~50000 tot CC events . |
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. . . . o CPT test possible
iIncluding anti-v running:

e errors below 1% achievable




vV, Appearance

backgrounds:
e beam vV,

e NC v
U

neutrino running:

2
measure sin 2913 and 6CP

for sin“26,, > 0.01
resolve mass hierarchy

Include anti-neutrino run:
exclude sin22913 > 0.003

Events/bin
=]

80

60

40

20

v, APPEARANCE

BNL-HS 2540 km
sfnr‘?:e:-:rII (12,23,13) = 0.86/1.0/0.04
Am (21,32) = 7.3e-5/2.5e-3 eV’
1 MW, 0.5 MT, 5e7 sec

___ CP 135°: 591 evis
.. CP45°:449 evits
_______ CP -45°: 300 evis

Tot Backg.: 146 evts

.. v, Backg.: 70 evis
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Reconstructed v Energy (GeV)

if sin“26__too small » §_, measurement not possible

observation V_appearance possible through solar term



I Recent Studies

Results assume v, NC background rejection to 1%
in water Cerenkov detector.

Preliminary studies prove this is achievable!

C. Yanagisawa (Stony Brook), 3™ BNL/UCLA workshop
http://www.physics.ucla.edu/hep/proton/proton2005.htm

Comparisons sensitivities for a 2540km and 1290km baseline.
M. Diwan, Proc. Heavy Quarks and Leptons, hep-ex/0407047

Am?_, sin’20, & sin“20_ : shorter distance slightly better
due to statistics, but large systematic contrib.

sign(Am®_) & &_,: longer baseline slightly better

larger matter and CP effects, better S:B
observation of v_appearance if 6_, too small




I Conclusions

> Very long baseline concept developed at BNL.:
shoot TMW v beam to 0.5 Mt detector at 2500km

> Precision measurement (% level) of Am® & sin“20__

I > From AGS CDR: a $273M upgrade is needed (direct cost)

> &, can be measured if sin2291 >0.01, and mass hierarchy
can be resolved in neutrino running alone.

> Further improvements can be achieved with anti-v running

» Longer baseline is favored due to smaller dependence
on systematic errors and larger matter and CP effects

> Can be achieved with conventional, well known techniques




