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 \We Know Now
|A m?,,|, sin’20,, ---- SuperK
A m?,,, sin?20,, ---- KamLAND,SNO
 We Want to Know In future
Sin“20,;, +Am?;, &
---- v factory/beam



Oscillation Probabilities
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What is the optimum baseline ?

A Simple Exercise:

Am3z; = 3 x 1073 eV?
5 x 107 ° eV?

2
Amgg

&m%l

sinZ226035 — sin20o7 = 1
031 = 7°

S = 90°

A =23 x 1074 eV2/GeV

Y.F. Wang et. al, PRD Phys. Rev. D65 (2002) 073006



Neutrino statistics

N = AP (E, L)o(E)P(E, L)

Neutrino flux at  factories:
E2

Neutrino flux at conventional »r beams:
do E(1 — 2E/E,)? (1 + be2PE/Ep)
— X
APdQ (1 + pg/C)*

Neutrino CC cross section:

o(E) o< E

Oscillation probability:

P(E,L) o< F(L/E)



N < E

for v factories
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Error on the Oscillation Probability
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Measurement of sinfi3
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Sign of Am3,

Py — P P (vy —ve) — P (v, — ve)
4 \Awd +r2f2 + PRg?

Neutrino factory meson-neutrino beam
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Leptonic CP phase o

Neutrino factory meson-neutrino beam

E, =50 GeV
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Matter Effect
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Neutrino factory meson-neutrino beam

e E, =50 GeV
12 E.‘ ra P
_-E b 3000 km
= 10 L & -- 2100 km
& < | SN
(1]
= a™r s
2 s '
= o
— o
[ L=
o & =
|‘_ o 3
o - ]
= 4 o
— e 2
[ ]
(=%
n
- 2
&_ ....... 1
o Loacdio o T 0 L T,
[1] 1 2 3 4 5 [+ T a8 9 10 [1] 1 2 3 4 5 [+ T a8 2 ] 10



Tau appearance
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Neutrino factory meson-neutrino beam
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Precision Measurement of Am3; and sin?260o3
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Neutrino factory meson-neutrino beam
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Summary

neutrino factory

meson-neutrino beam

300 km | 2100 km | 300 km | 2100 km
SiIlt2 2913 3.5 10.5 6.0 8.0
CP phase ¢ 0.5 0.95 0.62 0.5
sign of Amj3, 1.0 10. 2.5 8.0
matter effects 0.2 8. 0.5 6.0
AmZ2, and sin? 2053 | 180 450 500 300
T appearance 10 510) 9.5 13.5




Study of LBL physics capabilities:

60

Determine mass
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Study of density effects:

FFEW ——-

Lian-You Shan et al., Phys. Rev. D 68 (2003) 013002

Sirtlaiinal ard Fihar e n?:?gﬂ #ﬂ?:-nn

:_ l ':'-:EEE{IEEIII&,,D

: st i

[ * f E oL

r 2 | b o

o O ‘E I

Ea“n n:ﬂE} I

;E IE'm:l ﬂnq }

s i -i';n a° = i + HE-FTL

[ f} 'i' I;" II O AKiEE
EHHE —

g0 & 23 03 04 O3 o 7T o 1
+ 3 | ]







Water Cerenkov Calorimeter

Dimensions: 7 REC aﬂmklb/
Im

40x20%125 m3 1 - ///

FEach cell: V beam /

1 x Ix 10 m’ \ ////

10,000 tanks => H 7

100Kt Water Cerenkov Modules(1*1*10 m”3)

Segmentation to be optimized depending on the v
beam, experimental hall, price, ...




PVC Water tanks with Reflective
lining, viewed by two 87 PMT/tank

f /'Air Cap /‘PMT

Water oil ' =
n=133 peind .

Cerenkov light yield: 20,000 photons/meter
For 10 m attenuation length, 90% reflection eff.
Light collection eff. 15%

Cone collection eff. H%
PMT Quantum eff. 20%
Total 0. 15%

For through—going muons, 30 PE/Tank
] m water = 2. 77 X, = 1.9 A,



Typical numbers

30 x10x300 m?

10,000 water tanks

20,000 8” PMT/readout channels
100,000 m? RPC

50,000 chambers



Toroid Magnet

Water Tank
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RPC 40m

IF Pr.= 5 GeV, we need 40 cm thick steel
plate as magnet for every 20 m, a total of 6
magnet segments

Total magnet weight: 16 kT

0.4m



A Simple Exercise:

Am?y, = A m%; = 3 x 1073 eV?
Ay, = 5 x 107 eV?
sin?20,, = sin%20,, = 1
$in220,, = 0. 059

0= 10

A=1x 10* eV2 /GeV



Two Scenarios considered

for the near future:
A) JHF(HIPA) to BelJng 04 0.02
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B) Fermilab to Minos
L=735 km 120 ynoosc. | 35 Ve
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A typical v, CC event




v, Selection: Maximum energy in a cell
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Results from full Monte Carlo simulation

JHF-Beijing NuMi-Minos
Ve vy U Ve vy
CC Eff.| 30% 53% 19.3% | 15% 53%
ve CC - >1300:1| 3:1 - >1300:1
ve NC |166:1| 665:1 | 60:1 | 600:1 | >610:1
v, CC |700:1 - 270:1]14000:1 -
v, NC | 92:1 |>6000:1| 39:1 | 320:1 | 2000:1
v CC | 20:1 12:1 - 33:1 18:1
v NC |205:1] 1100:1 | 61:1 | 530:1 | 3200:1




Sensitivity to sin220;3
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Prototype: 0.3*0.3*3 m?
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Unified Optical model
In GEANT4

Simulation of the optical light collection
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Light yield{channel)
3 8 8 38

1*1*14 full size tank
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Lab for LBL ? overburden: 150m




Total Vol
250K m?




