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Overview of experimentOverview of experiment
Convensional ννννµµµµ beam of ~1GeV

Kamioka

JAERI
(Tokai-mura)

ννννννννµµµµµµµµ→→→→→→→→ ννννννννxx disappearance
ννννννννµµµµµµµµ→→→→→→→→ ννννννννee appearance
NC measurement

0.75MW  50 GeV PS

Super-K: 50 kton
Water Cherenkov 

~Mt “Hyper 
Kamiokande”

4MW 50GeV PS

CPV
proton decay

1st Phase
2nd Phase
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600MeV Linac

3GeV PS

50GeV PS

N

FD

Neutrino Beam Line

To SK

JHF project and neutrino beam line

Construction
2001～～～～2006 JFY

0.00520.410.75Power(MW)

0.450.530.275Rate(Hz)

640330Int.(1012ppp)

1212050E(GeV)

K2KNuMI
(FNAL)

JHF

JAERI@Tokai-mura
(60km N.E. of KEK)

1021POT(130day)≡≡≡≡ “1 year”

(Approved in Dec.2000)

Use Super Con.
mag. in νννν line
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Off Axis Beam
(ref.: BNL-E889 Proposal)

θTargetHorns Decay Pipe

Far Det.

Quasi Monochromatic Beam
x2~3 intense than NBB

Exp’ed # of evts(1yr,22.5kt)
~4500 ννννµµµµ tot 
~3000 ννννµµµµ CC
ννννe contamination ~0.2% at ννννµµµµ peak

Expected spectrum
(OAB2°°°°)~102 x (K2K)

ννννµµµµ
OA3°°°°
OA2°°°°
OA1°°°°

Osc. Prob.=sin2(1.27∆m2L/Eν)

∆m2=3x10-3eV2

L=295km

Tuned at oscillation maximum

(OAB 2degree)

os
c.

m
ax

.
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Far νννν detector

Phase-I: Super-K
22.5kt (50kt)

Phase-II: Hyper-K
1,000 kt

Shiozawa-san and
Nakagawa-san’s talk
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Sensitivities in first phase(5yrs)
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0.01

1×10-4

True ∆∆∆∆m232 (eV2)

δ(sin22θ)~0.01 in 5 years
δ(∆m2)   ~<1×10-4 in 5 years

OAB-2degree

Search for νe appearance νµ disappearance

excluded
by reactor

Preliminary

2
5

x~20

13
2

23
22 2sinsin2sin θθθµ ⋅≡e

~0.5
Sensitive sin22θ13>0.006 (90%)

sin22θ13>0.018 (3σ)
w/ beam MC sim, & full SK det. sim.
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Narrow Band Beam for νννν int study @ near
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Easy to tune Eνννν
Less HE tail (than OAB)
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Neutrino beam facility
Construction group

• Officially formed in KEK on April, 2001
• The 3rd physics division, IPNS(~10persons)
• Cryogenic facility group, IPNS(~10persons)
• Cryogenic Science Center, KEK(8persons)
• w/ strong support from existing beam 

channel group
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PV2PQ5

PQ2A

PQ4A

PH3 PQ4B
PQ3B

PV1
PD2
1.92 deg.  bend

PQ3A
PQ2B PH1

1.9 2 deg.  bend
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低温棟

5,800l/min(低温設備)
　980l/min(磁石電源)

NM2
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~4,500l/min(磁石汚染)

トンネル空調
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4%slope

保安林伐採エリア
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輸送道路レベルTP+9.3ｍへ。

土盛り上面はTP+10.8ｍ保存するため法面発生。

ニュートリノ建屋を輸送道路側へ３ｍ、８間道路から

離れる方向へ５ｍ移動。
（０２０２０７小林隆）

建屋壁面より５ｍ離れたところまで保安林伐採。

伐採面積計：０．286ｈａSM1 ST1

SM2
ST2

ST3 ST4

UD1
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Neutrino beam facility Overview

Proton beam transport
matching section
Arc section (Supercond.)
Final focusing

Target/Horn system
Decay pipe (130m) cross w/ 3NBT
Beam dump
muon monitors
2 front detectors (280m/~2km)

Components

Single turn fast extraction
8 bunches/~5µs
3.3x1014proton/pulse
3.94 (3.64) sec cycle
1ｙｒ≡1021proton on target(POT)

(3300hr~140days)
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Key IssuesKey Issues
Extremely severe radiation environmentExtremely severe radiation environment

Human exposure when maintenanceHuman exposure when maintenance
Damage to instrumentsDamage to instruments

Large heat load in a short timeLarge heat load in a short time
cooling scheme, shock wave, quenchingcooling scheme, shock wave, quenching

Key itemsKey items
Beam abort in 50GeV ring (being developed.)Beam abort in 50GeV ring (being developed.)
Beam scraping at matching sectBeam scraping at matching sect.(.( just started)just started)
Radiation resistant magnets (Radiation resistant magnets ( Kusano)Kusano)
HeatHeat--load resistant SC magnetsload resistant SC magnets
Target/HornTarget/Horn (cooling, shock wave) ((cooling, shock wave) ( Hayato)Hayato)
Target station (cooling!, maintenance)Target station (cooling!, maintenance)
Decay volume (cooling) (Decay volume (cooling) ( Hayato)Hayato)
Beam dump (cooling) (Beam dump (cooling) ( Hayato)Hayato)
Radiation shielding (DV, Radiation shielding (DV, DumpDump OyamaOyama))

+ K2K issues (timing, direction, + K2K issues (timing, direction, ……))
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PV2PQ5

PQ2A

PQ4A

PH3 PQ4B
PQ3B

PV1
PD2
1.92 deg. bend

PQ3A
PQ2B PH1

1.92 de g. bend

PQ1

PD1 PH2

サブトンネルA

サブトンネルB

サ
ブ
トン

ネ
ル

C

サ
ブ
ト
ン
ネ
ル

D

放
射
化
物
保
管

室

Beam loss

• No way to know absolute beam loss
• Assumed by HAND 
• Assure hands on maintenance (1W/m)
• Shielding design based on the assumption
• Same order as KEK-PS beam line
• ~102 relative suppression!! Challenging

Fast ext.(kicker, septum)
1.125kW (0.15%)

Matching section
(ctrl’ed loss by collimator)

0.75kW (0.1%)

50GeV ring
0.5W/m
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Design of Super con. mag started
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Bore: 180 or 220mm B field simulation

Cryo. Science Center of KEK

Type Magnetic Length Operation Field Number 
Dipole 3 m 3.95 T 20 

Quadrupole 1 m 32.4 T/m 20 
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Concept of target station

1°
2°

3°
Kamioka

OA2deg

NBB

horn

Extremely
High rad.
Environment!

Target/horn

Side View
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Design of target station

TP-1.1m

8m(0.244µSv/h)

TS上屋

土盛り

0.07µSv/h 

for 1W/m 
line
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Decay pipe common for SK/HK

p/π beam axis
-(3~4)deg

2.5°

3°

10.3km

2°
2°

3°

HK

1°

SK

2°

1°

3°

2.98°(OAB2°)

3.54°(OAB2.5°)

4.08°(OAB3°)pr
es

en
t

Beam eye

SK

~10km

HK Ichikawa

Possible site for Hyper-K
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GPS survey

Nov.19~22: long baseline GPS 
survery @ Kamioka/Tokai 
simultaneously

Noumi/Ishii/Shiino
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Beam monitoring and control
<E

νν νν>
ΦΦ ΦΦ

νµνµ νµνµ

OAB: <Eν> ~25MeV/mrad δ(∆m2)~1x10-4eV2

Φνµ ~4%/mrad

ΟΑ2ΟΑ2ΟΑ2ΟΑ2

+X

-X
Y

Beam profile @ SK

~<1mrad precision
necessary as K2K
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Far/near spectrum ratio
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Neutrino profile @ FD

OAB direction can be monitored w/ beam profile on beam axis.
Low energy component has very wide spread. may need another method

WBB/OAB@0deg
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νµ/νµ # of CC int.

# of int. for νµ is factor ~3 smaller than νµ due to cross section.
Wrong sign contamination is much higher for anti-ν.

ννννµµµµ beam

ννννµµµµ beam

wrong sign

right sign

1021pot/yr
(1st phase)

80m pipe
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Mile stones/Schedule
4 7 10 1 4 7 10 1 4 7 10 1 4 7 10 1 4 7 10 1 4 7 10 1 4 7 10 1

Fix specification
Tender
Manufacture
Lay underground

Submit
Get answer

Eng. Design
Arc
Decay pipe(under 3NBT)
FF
Target station
Rest of decay pipe
muon pit
Near detector hall
Environment

Conceptual design
Build prototype magnets
Preparation for testing
Test

Manufacture
Installtion
Adjustment, tunning

Cryo pump
Cold box tender, purchase
Compressor tendor, purchase
Buffer/LiqN2 tank tender, purchase
Develop control
Installation
Adjustment, tunning

Mass production of SC mag

Japanese Fiscal Year

Civil construction

Decay pipe

3NBT

50GeV civil construction

Cryogenic facility

20072001 2003 20042002 2005 2006

Super conducting magnet(R&D)

Budget request

Civil construction

1st term(around fast ext.)

Not all items listed. We aim to complete construction by the end of JFY2006
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Summary
1. JHF-Kamioka neutrino experiment

ννννe app.: sin22θθθθ13>0.006
ννννµµµµ disapp:δδδδ(sin22θθθθ23)~0.01, δδδδ(∆∆∆∆m23

2)~1x10-4eV2

2. Special features of JHFν beam facility
1. Superconducting proton transport
2. Low energy tunable OAB (w/NBB)
3. Common facility for SK/HK
4. 2 near detector (280m/2km for far/near ratio)

3. Facility design & development work started
1. Intensity frontier high radiation, heat load

Not so each job.
2. Optics, NC/SC mags, target/horns, shielding, etc….

4. Plan to start experiment Apr. 2007
need to be approved in 2002.


