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BNL Intense Neutrino Beam— Homestake, WIPP, or Henderson

B iz, - 4  Zohreh Parsa

D J'zmu

AGS 28 GeV protons, 1 MW beam (power achievable) +
500 kT Water Cerenkov detector, 5e7 sec of running,
Conventional Horn based beam =

Zohreh Parsa BNL Very Long Baseline Neutrino | B“ﬂﬂl‘“ﬂ"E“
May 23, 2003 Oscillations N ATIONfAL LABORATORY
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Figure 3: Spectrum of neutrinos at 1 km at various angles with respect to the decay tunnel
axis. The 1.5 degree spectrum was used for calculating the total event rates, however the
event simulations in the detectors were performed using the full energy-angle correlation on

an event by event basis.
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v, oscillation probability

Baseline = 2540 km
sinzze,, = 0.86, 1.0, 0.04
Am2 = 7.3e-5, 2.0e-3 eV?

Ocp = 45°

PREM density profile

Illlllll‘lllllll

Brett Viren, bv@bni.gov, 01/12/2003
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v, DISAPPEARANCE -

BNL-HS 2540 km

Events/bin
| )
a2

o,
§in"20,; = 1.0
2 2 200
Am“ ;, =2e-3 eV
1 MW, 0.5 MT, 5¢7 sec
oo 150
— No oscillations: 13290 evts
) ‘With oscillations: 5936 eviy
........ Background: 1111 evts 100

50

1 2 3 4 5 6 7 8 9 10

Reconstructed v Energy (GeV)

Anti-v, DISAPPEARANCE

BNL-HS 2540 km

5in’20,,= 1.0
Am’® 5, = 2e-3 eV?
3 2 MW, 0.5 MT, 5¢7 sec
—— N;) oscillations: 14868 evts
With oscillations: 6185 evts

Background: 1268 evts
Backg includes wrong sign

0 ' "1‘ - '2' - |3‘ - 4 ‘ -5 o 6 .7‘ lb
Reconstructed anti-v Energy (GeV)

Node pattern provides high Am2, resolution. Energy calibration is

very important.

Flux normalization not important for measurement of sin? 2055

Minimum systematics in v, and 7, comparison

Very Long Baselines, Milind Diwan



vy disappearance

e [ BNL to Homestoke 2540 km
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% b — Nooscillations: 132990 evts
i e WYitH oscillntions: 6335 evis
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Reconstructed v, Energy iGeV)
Figure 2:

LIEY

40

Simulated spectrum of detected muon neutrinos for 1

v, disappearance
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EN&L to Homestake 1230 %Em
“"h-éq =10
m = X E03 e
Eﬂn’i‘l AW, Det. 6.5 D 5T, Bun S sed
— N oscillations: S1308 evis
—_—  With oscillaficns: 203408 evis

BT 2 3 405 6§ 7 8 8 10

Reconstructed v, Energy (GeV)

1 MW beam and

500 kT detector exposed for 5 x 107 sec. Left side is for baseline of 2540 km,

right side for baseline of 1290 km.

The oscillation parameters assumed are

shoum in the figure. Only clean single muon events are assumed to be used for
this measurement (see text).
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Probagility
2

0.04
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0.02

0.01

“P(vu—-we) CP=45 deg

e
o
©

BNL-HS 2540 km
- sin®20;(12,23,13) = 0.8/1.0/0.04
Am,2(12,23) = 5.0e-5/2.6¢-3 eV*

Matter effects on

—Vy tov,

. Anti~y/to Anti-v,

Compare Neutrino to Antineu.
e 0.5—1 GeV: Am?2, (LMA)
regioi. '

e 1 -3 GeV: CP region

e > 3 GeV: Matter en-

hanced (v,), suppressed
(7). (Am3, > 0) Region.
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Running for sin® 260;5

v, APPEARANCE Anti-v, APPEARANCE
5 - BNL-HS 2540 km £ BNL-HS 2540 km
870 [ sin°20,,(12,23,13) = 0.86/1.0/0.04 § [ sin°20,,(12,23,13) = 0.86/1.0/0.04
i g [ 1 W, 0.5 MT, 567 sec & 2 MW, 0.5 MT, Se7 sec
L - 40 — CP -45°: 424 evis
50 L L —_ CP135°: 632 evis CP 45°: 360 evt
F | ... CP45°: 489 evis #3900 evis
o F b ol CP -45°: 318 evis 30 L ii . CP 135°: 276 evis
— Tot Backg.: 146 evis . Tot Backg.: 160 evis
ap [} 2 ... V, Backg.: 70 evis
[ )i HL { 20 .... antiv, Backg.: 89 evis
20 _‘,*! ...... 1+ : + Bcek and sig. including wrong-sign
10 |
® 9 1 2 3 4 5 6 7 T 0 10
Reconstructed v Energy (GeV) Reconstructed v Energy (GeV)

Am3, = 0.002eV2, sin® 26,3 = 0.04. Assume normal mass
hierarchy. ms > ma > m; Matter effects included.
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v, APPEARANCE Ve APPEARANGE
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Flgme 4: Simulation of detected electron neutrino ,fmp plots)- e '.

bettom—plotst spectrum (left for BNL-HS 25,0km, right for FN. «:UJ Hﬁ 1

&mj ﬁzr 3 volues of the CP parameter dcop, 135°, 45°, and —45°, mﬂﬁudmg

 background contemination. Obviously, the depmdmeg of event rate on the CP
phase has the opposite order for neutrinos aend aenti-neutrines. The hatched
histogram shows the total background. The v. beam background is also shown.
The other assumed mizing parameters and running conditions are shown in the
figure. These spectra are for the regular mass hierarchy (RO).




Running for sin?20;3

Ve APPEARANCE Anti-v, APPEARANCE
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Am2, = 0.002eV?2, sin® 2013 = 0.04.
Reversed Mass Hierarchy
Matter effects included.

Very Long Baselines, Milind Diwan
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CP with Neutrino and Antineutrino
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CP measurement after nu and anti-nu

Regular hierarchy vu and Antivu running  Reversed hierarchy vv and Antivu running
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Left: Regular mass hierarchy Right: reversed mass hierarchy.

Only the 053 ambiguity is left.
more about this later...
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Discovery of 0

- simulate data for
- try to fit them
- repeat the fit for
the wrong hierar-
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- take the smallest
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The Accelerator
o Conceptually simple upgrade. No magic.

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

e Need faster proton source: Super Conducting LINAC at 1.2 GeV
o Current: 7 x 10"3ppp at 0.5 Hz => LINAC: 10™ppp at 2.5 Hz.

To RHIC

High Intensity Source To Target Station

plus RFQ

200 MeV Drift Tube Linac

BOOSTER ‘
AGS

1.2 GeV — 28 GeV
0.4 s cycle time (2.5 Hz)

200 MeV

400 MeV.

Superconducting Linacs
800 MeV

1.2GeV
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Very long baselines with a superbeam

Beam Layout
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Milind Diwan
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