Ontarie

’1"."““*‘—\
,_-.‘v,q/“ < -
T — N

AT

SD, - . S
‘ Wisconsin {45 Michigan

Lead, :
o oany a . Dakota

T/ L

.'1.!‘«"(-

Nebraska ‘ s 4 "o Ay
: ' Chicago

IHHliInoisy

Kansas

Image NASA L
2008 Tele Atlas MISsSoOuri

Image © 2008 TerraMetrics , G()Ogle 3
2008 Europa Technologies ' .

Pointer 43°03'56.44" N 95°10'42.53" WStreaming ||| [1100% Eye alt 1108.62 km




The Questions for Long Baseline
Neutrino Oscillation Experiments

Ve - V/j VT -
-] o .
) COsS O = " . cCos O =
?_:: sin” 63 ‘ 1 sin~ 6, SHEE! ‘ 1
= 3 [ 2
= .Iz |, i [ ] |
- ) sin” 63 Am; .
2 Amy, N
= kiné4 -1
Q sin: O kin64 R
= 2 - ~um A,
= Amgy -1 .2
L 1 sin”~ 63 1
= I 31 [
: - ]. 2 - 1
[sind; 4 in>@
NORMAL S INVERTED

Fractional Flavor Content varying cos 6

* What is the size of 0,57

e [s the hierarch normal or inverted?
e What is the value of 0p?



v, CC events/kt/3.7E20 POT/0.2 GeV
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Experimental Techniques
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An experiment’'s sensitivity is measured in
sin?20,5 and d.p Space

NOvA Experiment Sensitivities (shown by &
G.Feldman at P5 2008 SLAC meeting)
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More neutrinos or more Mass,

more neutrinos — instantaneous intensity+ time
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Why is the longer baseline so
much better?
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Plot from N. Saoulidou True Neutrino Energy (GeV)

 QOscillation maxima are moved to higher
energy

« Matter effects are significantly larger



i CC events

Options and optimizations
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100 kt LAr vs 300 kt of WCC
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* 60 -120 GeV protons from the Main Injector fed by
Project X

2500 _ 20-40x1020 POT/yr
Project X
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0
0 20 40 60 80 100 120
Boam/Ersigy(QeV) Recent sensitivity
studies are being done
m SNuMI = NuMI (NOVA) NuMI (MINOS) for 120x1020 POT each
vandv (120 GeV)
POT(10%) = 1000 x BeamPower(MW ) x T{107s)

1.602 x E,(GeV )



Summary

Flexibility to choose energy at the same
power is a real plus

— Lower proton energy may have real advantages

Integrated intensity goal
— 240 (480) x 1020 POT @ 120 (60) GeV

Annual intensity goal
— 20 (40) x 1020 POT @ 120 (60) GeV
Instantaneous intensity

— Single turn extraction (10us every 1.4 sec)

* No rate effects at far detector
— 15x10% per spill = 2 MW at 120 GeV



Summary

Experiments are statistics limited for values of
sin?20,5 well below 0.01

For far detector operation, fast extraction (10us every
1.4 sec) of 15x1074 per spill yields ~40 < interactions
per year < 4000

Sensitivities achievable at the statistics/systematics
limit can use up to 120x102° protons in each the
neutrino and anti-neutrino running mode -> 5 years
each mode

For near detector operation at this intensity, event
overlap could be significant; detector configuration
will need to take this into account
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