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Outline

WHAT? Neutrino Ehysics in long-baseline
experiments with accelerator-made neutrinos

+ WHY?
- WHERE? JPARC
+ CURRENT PROGRAMME

+ FUTURE PROGRAMME



Motivation (experimentalist’s view)

Empirical puzzles: Exciting coincidences:
* Neutrino mass, mixing » Unification

* Baryon asymmetry * Inflation
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Baryon asymmetry

Baryon/photon ratio: The Great Annihilation
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Inflation would have wiped out any initial asymmetry
Matter dominance created at or after end of inflation
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Neutrino mixing
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Neutrino oscillations today

Mass hierarchy
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J-PARC: a brand new $2bn facility
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J-PARC construction since 2001

First funds for neutrino project approved in December 2003!



28 January 2008

J-PARC
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50GeV Synchrotron (1600 m) 5'-‘Ff}:zﬂn“:ukéfiﬂggh:;rﬂniﬁ for




Neutrino Facility ($180m)

Target station
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J-PARC Construction Schedule Eeb. 27 2006
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Accelerator milestones

- LINAC, 23 Jan 07: 181MeV H- beam
* RCS, 31 Oct O7: protons accelerated to 3GeV
* MR, 22 May 08: protons circulated at 3GeV

* RCS, 19 Sept 08: 210kW for 70 sec, 315kW-
equivalent in single-bunch mode

+ MR, Dec 08: acceleration to 30GeV
, April 09:
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3GeV RCS at 210kW

2008/09/18 11:00
1.772x10"3 ppp : 210kW @ 25Hz Operation. , Loss:~3%

Ratio = -.002, Smoothing Ratio =0.970
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Beam Power Plan
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Super 40m Electron Neutrino
Kamiokande

Gy
Off-axis beam
0.75MW x 15000h
Search for
Precision: 6,5, Am2,4

Near Detector:
Neutrino interactions
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Main T2K measurements

v, appearance
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The challenges:
* Knowledge of initial beam content and kinematics
* Knowledge of backgrounds

18



sin?20,,

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0, reach

T2K Discovery Potential on v

n—Veas a Function of Integrated Power

Excluded by CHOOZ

Line: 3¢ Discovery
Dot: 90%C.L. Upper Bound

A

\
\
\
\
2010July 0.5SMW x2years =0.33MW x3years
0 0.75 1 1.5 2 2.25 3 3.75

Integrated Power (10’Mw-=sec: ~1MwxEffective 1 Year Experimental Period) T
19




Future JPARC Neutrino Programme

Higher Beam Power

Very Large Far Detector



Beam Upgrade

- Number of bunches in MR

- Fast Extraction Kicker Magnet

* Repetition Rate
- RF and Magnet Power Supplies
* RCS h (RF improvements)

- h=2: 2bunch x 4cycle MR injection

- h=1: single bunch, double number of protons, 8cycle
injection

* LINAC energy (181MeV to 400MeV)

+ Beam upgrades to be funded from FY2009
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Power Upgrade of Neutrino Beam (8 bunches/pulse)

MR 30 GeV MR RF Upgrade RCS h=1 Operation

LINAC 181MeV
Cycle time=1.76 Cycle time 1.92
8.3 103 P/bunch

Cycle time 3.92 sec
4 103 P/bunch

0.27MW
MR 30 GeV
LINAC 400MeV
Cycle time 1.92sec
LINAC 400MeV 8.3 10'3 P/bunch
1.66MW
5% 8% 17%

(MR usage of RCS)




Future Far Detector

- Where: baseline, of f-axis angle

» Technology: or LAr?
- Size: the bigger the better?
+ Related:

Aims:

- Sensitivity to CP ()
» Resolve ambiguities
- Determine mass hierarchy

Considerations

- Background rejection
» Neutrino energy determination
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Super-K
Okinoshima

|_ocations

Okinoshima

2.5% 0.A. angle
0.89 O.A. angle
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Eight-fold parameter degeneracy

Intrinsic degeneracy:

Sign degeneracy:

Octant degeneracy: (if not maximal)

* Beam energy: CP effect large at low E

- BUT higher E favours hierarchy resolution
-+ And

» CP violation sensitivity compromised by
longer baseline allows to
disentangle hierarchies (strong matter effects)

* For small 0,5 CP sensitivity driven by
short baseline advantage
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Options

- Detectors at multiple baselines ( . Kamioka and
Korea, Water Cerenkov, 0.27Mton flducml volume each)

- Identical detectors most important for mass hierarchy

- E, spectrum at single far detector:
- Wide beam energy (small O.A. angle)
* Good resolution far detector

Water Cerenkov: known technology BUT
LAr TPC:

- Increased statistics through use of all CC events

- Less NC feed-down: allows small O.A. angles
- Lower backgrounds: robustness against systematics
- Small OA angle: higher statistics; less sensitive to Am;

- Superior E, resolution e



Neutrino energy, oscillation maxima
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Hyper-K
IMt water (total), fiducial

Known technology, ~1 order of magnitude
scale-up from Super-K

Only 15t maximum; of f-axis 2°
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Hyper-K
Bl - Cost: 1/3 cavern, 2/3 photosensors
s i Coverage: (100,000 20-inch PMTs) or
(200,000)?
B - Dead-time-free electronics (as in SK-IV (?))

g | Assume heutrino (2.2y) and antineutrino
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Photosensors for Hyper-K

(Super-K)
* PMm? (multiple smaller PMTs, Photonis-FR-JP project)

- HAPD (Hamamatsu, JP project)
- Also develop low-power readout (fast sampling, slow ADC)

r 13inch PMT | 20inch PMT PMT HAPD
ters* 3i R
il 19neh FAPD Y pe0ss) | (for sK) Photon .

: Flec i
Single Photon Time il [l ectron
REs0IUton (S) 190ps 1400ps 2300ps AN
Single Photon Energy 0 0 o Dynode
Resgliition 24% 70% 150% o
Pulse Rise Time 1ns 6ns 10ns
Respon ]

L Pulse Width 2.2ns 10ns 20ns
: (Abe at NP08)
Transient Time 12ns 100ns 95ns
D icR
ol 3000 pe. | 2000pe. | 1000pe.
(Signal Intensity in p.e.)
Order of Gain 105 107 107




$=0
sin’(20,,) = 0.05
Baseline = 1050km

0.

0.
£
o
z 0.
&
= 0.
8
Y
T
o
O o

(Dufour NPO0O8)

T2KK

Move one of two Hyper-K modules to
: sampling at two oscillation
maxima

Same detector, similar costs
Dy neutrino, Dy antineutrino

Small O.A. angle (1°):

- Reduced feed-down
NC bgr

- Only second
maximum

Large O.A. angle (2.5°):
- 2 appearance peaks

normal

Both positions similar
for CP violation

10 more sensitive to
mass hierarchy

- Higher backgrounds
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LAr TPC in Okinoshima

detector
Near-surface possible
Vi - Access to all CC events
N) - Access to two maxima
% - Neutrino-only run
] + Exploit superior resolution
Details in A. Rubbia's talk

—J—L—.
0.002 0.004 0.006
E(GeV)/ L(km)

5
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1. 2.
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Plots from [hep-ph] 0804.2111
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Sensitivity of LAr@OKkinoshima option
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300 N \ :.: i
fraze C L eams SK - 22.5 kton
T T N 1 - NEUTRINO ONLY at Kamioka - 1.66 MW
N W - //’
jw_ 1 “ — 20 kton LAr
T ‘\w N8 B at Kamioka - 1.66MW|
150 e i :
i — 100 kton LAr
i (\ N Pk 8 - at Okinoshima - 1.66MW
100 U R ey -
F :'|| IRk Ry B
v/ = _
0/ /Z‘/ >/
0 o — G.IB T 0.'04"" .I G‘:?L')-I - O.IO.S‘ — oy = O.IJE — 0.14
sin22913

Fit results for (3x4) cases of true Plots from [hep-ph] 0804.2111
values and 100MeV/c resolution



Summary of different options

Baseline(km) 660 295 295 & 1000
Off-Axis Angle(” ) 0.8(almost on-axis) 2.5 25 1
Method v.Spectrum Shape  Ratio between v_v.  v_Spectrum Shape
Beam SYears v, 2.2 Years v, S Years v,

then Decide Next 7.8 Years v, 5 Years v,
Detector Tech. Liq. Ar TPC Water Cherenkov Water Cherenkov

Detector Mass (kt

100 2 X270 270+270

JPARC neutrino facility offers a realistic basis for a 15y
neutrino programme aimed at CP violation

Detector technologies of varying maturity and expected

performance exist, R&D programmes are ongoing
Great discovery potentiall
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