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URMI PUIIA

The Accelerator
Conceptually simple upgrade. No magic. Cost ~ $100M.

Run 28 GeV AGS at 2.5 Hz to get 1 MW.

Current: 7 x 103ppp at 0.5 Hz => LINAC: 10"ppp at 2.5 Hz.

Need faster proton source: Super Conducting LINAC at 1.2 GeV

et Stati
High Intensity Source To Targi o1

plus RFQ

200 MeV Drift Tube Linac

AGS
1.2 GeV — 28 GeV
0.4 5 cycle time (2.5 Hz)

N

0.2s 02s

200 MeV

400 MeV
Superconducting Linacs

800 MceV
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Very long baselines with a superbeam

Beam 3d
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Very long baselines with a superbeam

Beam Layout
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Neutriros/GeV/m?*/PQT
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Very long baselines with a superbeam

Quasielastic cross section
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An experiment searching for signal at high

energies may not need much more anti-neutrino

running than neutrino running.
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Very long baselines with a superbeam

i DISAPPEARANCE
£
E 250 | BN:.-HS 2540 km
5in"20,, = 1.0
00 | Am,2 =3.0e-3 eV’
1 MW 0.5 MT 5yr
150 | ——  No oscillations: 13290 evts
——  With oscillations: 6735 e
100 | —  Bckg in oscillated signal:v;‘lﬁ evis
50

0TI s e 7 89 10
Reconstructed Energy (GeV)

Node pattern provides high Am3, resolution.
Energy calibration is very important.

Flux normalization not important for
measurement of sin? 263

Background shape can be measured independen:_;
Minimum systematics in v, and ¥, comparison



Very long baselines with a superbeam

Test points for v, disapp

~ 0.006
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Nm Small ovals are for BNL-HS
5_005 68, 90, 99 percent contours
Stat. and Syst./ No E-scale
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Sin%260
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URMIC PUIIA

Oscillation Nodes for Am? = 0.0025 eV?

Energy (GeV)
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FNAL-SOUDAN

1000

1500

2000

5m/2
| 712

\ \ BNL-HOME&Q(E

2500 3000
Baseline (km)

Large effects: Multiple

oscillation nodes.

Low cross section at

low energies

Fermi motion limits
resolution at low ener-
gies: wide band beam
(0.5 — 8 GeV).

Am? =~ 0.0025eV?:
Baseline > 2000 km.
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Very long baselines with a superbeam

BNL Wide Band. Proton Energy = 28 GeV

Distance = 1 km

nu/GeV/m%/POT at 1 km

ET)
E, (GeV)

New design spans 0.5-6 GeV

Low v, background 0.7%
0.0073 £ 0.0014 (E734 1986).

Low background from high energies (NC and
v, for v, )

e 200 m decay tunnel
e Graphite target embedded in horn

Target cooling achievable for 1 MW
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Very long baselines with a superbeam

Measurement of sin® 26,3 90% C.L.

90 % C.L. for Sin?(26,,)
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Distinctive signature with multiple oscillations
above 0.001 eV?
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v, APPEARANCE

sin’20,(12,23,13) = 0.86/1.0/0.04
Am%(12,32) = 7.3e~5/2.5e—3 eV?
Black: 6 = 0°

Red . & = 45°

Green: &= 90°
Blue : 6= 135°
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Very long baselines with a superbeam

dcp Measurement. BNL-to-HS,
2540 km, 1 MW, 500kT, 5 x 10" sec

v, APPEARANCE
£ : BNL-HS 2540 km
2 g [ sin’20,, (12,23,13) = 0.8/1.0/0.04
= : Am,2 (21,32) = 6.0e-5/2.5e-3 eV’
g 80 5 1MW, 0.5 MT, 5e7 sec
w

2 __ CP135°% 528 evts

70 |
60 _J( + ... CP45°: 414 evts

S IE i R CP-45°: 294 evts

_ Tot Backg.: 146 evts

o Fi +
g + ++ ... v, Backg.: 70 evts

20

"% 2 3 4 5 6 7 8 8 10
Reconstructed v Energy (GeV)

CP parameter can be determined from only neutr

Good background subtraction can help.
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Very long baselines with a superbeam

Measurement of o, p = 45°
No anti-neutrino running.

90 % C.L. for 3., vs sin” 26,,

o
(5] k
wo
G| M STAT+SYS
100
50
o ................
-50
BNL-HS 2540 km
sin28,, (12,23,13) = 0.8/1.0/0.06
-150 Am;2 (12,23) = 6:0e-5/2.5¢-3 eV*
_ 1 MW 0.5 MT 5yr
0 0.02 0.04 0.06 0.08 0.1 0.12

‘02
Sin“20,,

Systematic error of 10% on backg.

Angs, =6 105V, Mgy = 2.5 x 10 eW*
sin? 2012 = 0.8, sin® 2653 = 1.0

Sop = 45°, sin® 26,3 = 0.06

68%, and 90% C.L.
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Very long baselines with a superbeam

Error on dcp Vs sin’ 26,5

56?

180 | lnfls
100

50

-50
=100

-150

Assume all other parameters are well-known.
Ay =6 x 10~%eV2, AmZ; = 2.5 x 10~ %eV*
Silla2 2912 = 0.87 Sin2 2923 =31.0
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Very long baselines with a superbeam
Measurement of Am?,

v, APPEARANCE FROM Am,,2 ONLY

B oo BNL-HS 2540 km
2 + sin’20,, = 0.86
5 160 i sin22913 =0.0
& ] + 1 MW, 0.5 MT, 5e7 sec
140
° LMA-I
120 Am,2=7.3e-5 eV? 236 evts
100 * LMA-II
Am,,2 = 1.8e-4 eV’ 677 evts
80 _+_
60 _ Total Backg: 146
4# # _+_ ....... v, Backg: 70
40 | {]1}
- .:-.‘-___I _¢_
20 |
®% 1 2z 3 4 &5 & 7 8 9 10

Reconstructed v Energy (GeV)

01z =0, Amifs =179 x 10""eV*

Excess of ~ 90 events. Must know background
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v, APPEARANCE

sin’20,(12,23,13) = 0.86/1.0/0.04
ﬂmzn = 2.5e—-3 eV’
§ = 45°
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