
JHF Physics
ICFA-HB2002

Jun Imazato
KEK, IPNS

April  8, 2002



Outline

Overview of the project
Particle physics
Nuclear physics
Materials/Life sciences and others
Status and summary



Project overview

“JHF” is a high-intensity proton accelerator complex in Japan 
consisting of:
1. 600 MeV linac
2. 3 GeV rapid cycling synchrotron
3. 50 GeV synchrotron
4. Experimental facilities

■ Joint project of High Energy Accelerator Research 
Organization (KEK) and Japan Atomic Energy Research 
Institute (JAERI)

■ Construction started in 2001 and the completion of Phase1 will 
be in FY2006.                                _______________________

■ “JHF” is not the official name yet.
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Bird’s-eye view of the project
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World’s proton accelerators
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Physics at JHF

Muon Science
   µSR, high-Tc superconductor,
  Muonium,  µCF

Various secondary beams produced 
with high-intensity proton beam
Various secondary beams produced 
with high-intensity proton beam

π

K

Neutrino (ν)Proton (p)

Target Nucleus

Muon (µ)
Production of high-intensity pulsed muon beams
from pion decay

Radioactive Nuclei
Separation and acceleration
of various radioactive nuclei
produced with 3-GeVproton 
beam

π → µν

Proton (p)
3 GeV, 50 GeV

Neutron (n)

p

Neutron Science
Magnetism, Fractals, Polymers, 
Structual Biology

 

Beams of Short-Lived Nuclei
Nuclear astrophysics, Super-heavy 
element, 

Neutron (n)
High-intensity pulsed spallation neutron source
produced with 3-GeV 333-µA proton beam

Nuclear Transmutation

Nuclear/Particle Physics
Hypernuclei, Mesons in Nuclear Matter,
Neutrino Oscillation, K Rare Decays
Antimatter

Materials & Life Sciences at 3 GeV
Nuclear & Particle Physics at 50 GeV
R&D toward Transmutation  at 0.6 GeV



50-GeV PS  Physics



Physics at 50-GeV PS

Nuclear & Particle physics with K, π, µ, ν, pbar, and other secondary 
beams
– Hypernuclear Spectroscopy
– Hyperon-nucleon scattering
– Mesons in nuclear matter
– Hadron spectroscopy
– Kaon rare decays to measure CKM matrix elements
– CP violation and other symmetry breaking
– Flavor mixing and other topics beyond the Standard Model
– Neutrino oscillation experiment using Super-Kamiokande

Nuclear physics with primary beams 
– Physics with polarized proton beams
– High-density matter with heavy-ion beams
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•K-(1.8 GeV/c)

(K-,K+), S=-2

•K+(0.8 GeV/c)

K+ rare decay

•K-(1.1 GeV/c)

(K-,π-), S=-1

Expected secondary beam intensity



Particle Physics



Kaon decay physics

■ High precision frontier using high-intensity beams
■ Test of the Standard Model and search for new physics
■ Complementary to B physics and to the energy frontier

CKM matrix determination and test of unitary triangle

_

_

Usefullness of  
FCNC decays

K0
L→π0νν

K+  →π+νν



Symmetry violation

■ CP violation
■ Violation in the Standard Model
■ Violation due to new physics
■ Baryogenesis in the universe

■ T (time reversal invariance) violation
■ Complementary to CP violation
■ Test of CP violation models

■ CPT violation
■ Test of  locality and Lorentz invariance

of quantum field theory



CP violation in KL→π0νν

Br(KL → π o ν ν ) = 6 κ1・Im(VtdVts)
2X2(xt)

　 = 1.94・10-10η2A4X2

Direct CP Violating Process

E391a    10-9 - 10-10

JHF         10-12

(1000 ev.expected)

Standard Model prediction ~3 x 10-11

_

Determination of η
���� 10% precision

_



K+→π+νν decay at JHF

Standard model prediction:
(0.75±0.29)×10-10

Expected number of events at JHF : 
~100

_



T  violation in K+→π0µ+ν decay

pT

PT =
Sµ ⋅ (pπ × pµ)

| pπ × pµ |

K+

π0

ν µ+

 T-odd correlation

P   T-violation
PT

spurious(Final State Interaction) ~ 10-6 (Zhitnitskii, 1980)

BNL AGS
E246 published

E246 report
E246 expecta

JHF

year
δI
m

ξ

Search for new physics beyond the SM
Multi-Higgs model
Leptoquark model
R-parity violating SUSY etc.

■ Muon transverse polarization

 δPT ~ 10-4  at JHF



Muon physics

KL
0 → µe

K + → πµe

µA→eA

µ → eee

µ → eγ

��� Yoshitaka Kuno

Lepton flavor violation
µ→eγ
µ→3e
µ→e conversion
Mu-Mu conversion
µ− - µ+ conversion

Precise measurements
Lifetime
Michel parameters

_



µ-e conversion

muonic atom (1s state)

neutrinoless muon nuclear capture (= µ e conversion)
very high sensitivity to SUSY-GUT
sensitivity at JHF  will be 10 -18        (10-16   at MECO)

muon decay in orbit

nucleus µ−

µ νν− −→ eµ νµ
− + → + −( , ) ( , )A Z A Z 1

nuclear muon capture

µ− −+ → +( , ) ( , )A Z e A Z
Lepton flavors
change by one unit



High intensity muon source
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JHF-SuperKamiokande ν oscillation

Neutrino oscillation and neutrino 
mass (SuperK + K2K)

– SuperK’s atmospheric ν experiment + 
recent SNO experiment showed finite 
mass for νµ and ν�.

– K2K νµ disappearance experiment 
also suggests finite mass of νµ.

From measurement of mν to the 
lepton family mixing . Flux (νµ) at 
the 50 GeV PS 〜100 x Flux (νµ) 
at KEK 12 GeV PS             
Future facility … towards CP 
violation

神岡 ≈ 250 km

ντ? νµ

東海≈295 km



Neutrino oscillation

ilil U νν Σ=

■ Neutrino Mixing

νl:  weak eigenstates νi :mass eigenstates
U : Maki-Nakagawa-Sakata Matrix

■ Oscillation Probability
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νµ disappearance

νe appearance

1
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∆m2
atm

__________
sin22θµe

Pµ→x 〜 1 - sin22θ23・sin2 ( 1.27∆m 2atm L /Eν  )

Pµ→e 〜 sin2θ23・sin22θ13・sin2 ( 1.27∆m 2atm L /Eν  )



Limit on θ23 and ∆m2

■ Expected allowed region 
from K2K (1020  POT)
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■ Allowed region from SK

■ Sensitivity at JHF
   δ(sin22θ )~0.01 ;  δ(∆m2)~<1×10-4 ;  in 5 years
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e
appearance

Dashed lines: MINOS Ph2le, Ph2me, Ph2he from right
(A.Para, hep-ph/0005012)
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Off axis beam (a NBB option)

intentionally misaligned 
beam line from detector axis

(ref.: BNL-E889 Proposal)

θTarget Horns Decay Pipe

SK

quasi-monochromatic beam

π

ν



Nuclear Physics



Strangeness nuclear physics

S=-1
– High-resolution γ spectroscopy of Λ-hypernuclei

(K-,π-γ): HyperBall detector  > 100 γ’s/day
– YN(S=-1) scattering: Λp, Σ±p

S=-2
– Spectroscopic studies of S=-2 systems

(K-,K+): Ξ-hypernuclei SKS 6 events /MeV/day
(K-,K+)ππ: double-Λ hypernuclei (g.s) CDS
(K-,K+)γ:  double-Λ hypernuclei(excited states)   HyperBall

– YN(S=-2) Scattering: Ξ-p CDS



(K-,K+) spectroscopy of Ξ -hypernuclei

� � �

KEK-SKS

����

	�
��	

�
��

�
��

	��

��
����

��
�����

����	�

��
�����

���� �����

���� �����

∆E~ 2 MeV(FWHM)
BL= 6 Tm

K-K+
1.8 GeV/c



γK-

π -

(a)

Ge-detector system: HyperBall

14 Ge detectors

∆Ω = 40% of 4πsr

Photopeak efficiency: 
= 12%(@1 MeV)



NN

YN

from Dover & Feshbach Ann.Phys.198(90)32

Λ+p, Σ++p, Σ−+p and Ξ−+p scattering

Need high qualit y dat a wit h high st at ist ics

Hyperon-nucleon scattering

Understanding of the flavor 
SU(3) baryon-baryon 
interaction

– YN, YY < NN ?
repulsive or attractive ?

– Repulsive cores in YN/YY ?
What is the origin ?

– Spin-dependent forces in     
YN/YY.

– Dibaryons ?



Hadrons in nuclear matter

Normal
Nucleus

|<qq>ρ,T|

5ρ0
T

300 MeV

Temperature
Density

ρ

T. Hat suda and T. Kunihiro , Phys . Rev. Le t t . 5 5  (1 9 8 5 )  1 5 8 .
W. Weise , Nucl. Phys . A4 4 3  (1 9 9 3 )  5 9 c.

 Hypernucleus

Normal
Nucleus

Baryon Implantation Meson Implantation

e+

e−

Meson

Hyperon

Methods of how to study the origin of hadron mass
– Lattice QCD (theory)
– Implantation of a hadron in nuclear matter (JHF)
– Behavior of hadrons in hot and dense nuclear matter (RHIC)

mu, d-quark (5-10 MeV/c2) 
< (1/100) mproton (1000 MeV/c2)



Materials and Life Sciences
- 3-GeV PS Physics -



Neutron scattering

Features of neutron scattering
– Neutron wave length λ 〜 a : structure analysis by diffraction

with energy En 〜 Eex    :  with scattering function S(q,ω)
– Scattering from nuclei : sensitivity  also to light elements
– Neutron spin scattering : 1) study of magnetic structure 

2) application of  pol. beam technique
– Transparent beam :          1) study of bulk materials 

2) real-time/real-condition radiography
Features of pulsed neutron  with Time-of-flight method
– High peak intensity
– High (q, ω) resolution 
– Wide (q, ω)  region
– Ability to study dynamics and time dependent phenomena



Neutron science highlight

■ Solid state physics: Observation of quantum effect
(Understanding function and property of materials)

■ Understanding precise atomic structure of materials
(Indispensable base of materials science)

■ Biomolecular science  (Understanding life)

■ Structure and dynamics of surface and interface

■ Neutron imaging for industrial application and versatile 
researches

■ High pressure and high temperature: Earth science



Neutron sciences in wide time-space range

Space

x

      θ      

y

z

δ

φ

Magnetic multilayer

Biological membrane

catalysis

Carbon materialBattery materials

Glassy  materials
Radiography for non-destruction investigation

Spin dynamics

Lyzotime and water

Tim
e

Quantum effects
Precise determination of atomic arrangements

Surface science
Biological molecules

Engineering applications

Earth Science

Large unit cell (polymer etc.)
Weak signal (spin fluctuation etc.)

⇨necessity of high-flux neutron 
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Light elements

X-rays interact with electrons.
 → X-rays see high-Z atoms.
Neutrons interact with nuclei.
 → Neutrons see low-Z atoms.                

　　　　

Li

O

Mn

Li

O

Material for Li-battery seen by
X rays (left) and 
Neutrons (right)

Z dependence of sensitivity 
compared with X ray

An example:
Behavior of Li in Li battery



Protein

From structure to function

Hen Egg-White Lysozyme

Water molecules
Observed with
neutrons

X-rays Neutrons
タンパク質

DNA

A prot ein
molecule
moving along
theDNAchain

Protein

Hydrogen (H)
Oxygen (O)



Quantum effect in spin excitation

CuGeO3

q

Spin dynamics of 
low-dimension
system

Magnetic  scattering

Similar study of
• lattice dymanics
• electron dynamics
• orbital dynamics

⇨ understanding of
High Tc SC etc.



Materials/life science facility
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µSR and ultra slow muon

.

π+

µ+: 100% polarized
νµ
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Muon science

Muon catalized fusion cycle in D2-T2 system

dµ

tµ

Heµ4

resonant
muonic molecule

formation
~ 10-8 sec

nuclear
fusion

~ 10-12 sec

α-sticking

muon
transfer
~ 10-8 sec

             atomic               
capture

~ 10-12 sec

regeneration

dtµ

muon
loss

µ

muon
slowing down

~ 10-12 sec

α

nµ

µ
free

muon

Heµ
muon

transfer
muon

transfer

Heµ

Heµ
X-ray

Muon catalized fusion



Necessity of nuclear transmutation
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Technical feasibility is studied 
using 600 MeV beam at JHF



Accelerator-driven transmutation (ADS)

Su per co nduc t in g  Pro t o n  L inac

T o Grid
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Status and Summary



Budget status

Phase 1

Phase 2

400 MeV Linac
(Normal Conducting)

50 GeV PS
(15µA)

Neutrinos to
SuperKamiokande

50 GeV PS
Experimental Area3 GeV PS

(333µA, 25Hz)

R&D for Nuclear
Transmutation

400 to 600 MeV Linac
(Superconducting)

3 GeV PS
Experimental Area

Phase 1 : Completion in FY2006

Phase 2 : Next  budget



Construction and  commissioning

Item

Linac  Bldg

Linac  Accel

3GeV Bldg

3GeV Accel

3GeV Exp  Bldg

3GeV Exp  Fac

50GeV Bldg

50GeV Accel

50GeV  Exp  Bldg
50GeV  Exp  Fac

Power 0.1%  1% 10％ ～100％

Beam Test

3GeV BT

Installation

10％ ～100％

Beam Test

Construction

Installation

Beam TestInstallationConstruction

Beam TestConstruction Installation

Power 0.1%  1% 10％ ～100％

Installation

Beam Test

Beam Test

Construction Installation

Start Usage

Test Period
▲

Open to Users

Year
2001         2002         2003         2004         2005         2006         2007         2008         2009

Construction

Power 0.1%  1%



Summary

‘JHF’ will be  a unique facility in which all kinds of physics 
are carried out with highest beam intensity.
– 3 GeV PS  : materials and life sciences
– 50 GeV PS : particle and nuclear physics
– 600 MeV Linac : basic studies of ADS

Important elements for the “joint” project are; 
– KEK is strong for particle and nuclear physics
– Both institutions are strong for neutron physics
– JAERI is strong for nuclear transmutation

‘JHF’ aims for an international research center.
– Open to world-wide users
– International cooperation in facility construction


