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Neutrino Beam to Kamioka 

Hadron Hall 

Material and Life Science Facility 
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Jie Wei /  Y. Yamazaki 

1 MW 

A	  Quest	  for	  High	  Intensity	
High	  Intensity	

High	  Sta5s5cs	

•  More	  Precision	  
•  More	  Rare	  Searches	  
•  More	  Materials	

Discovery!	
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Beam Power	
 RCS ::1 MW achieved in Jan, 2015	
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	  Renew	  MR	  PS	

MLF	  one	  shot	
MLF	  achieved	  
（user	  opera5on）	

FX	  achieved	  
（user	  opera5on）	

750	  kW	  

MR ::so far 0.36 MW for FX ; ０.9 MW reachable with new PS	

Thanks	  to	  new	  working	  point!	
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Many Remaining Questions
  Completion of the Standard Model

Why 3 generations?
Why CP violates? (particle-anti-particle 
asymmetry)
Why mass distributed this way?
Baryon number, Lepton number, Lepton 
flavor violated?
What is Dark Matter, Dark Energy?
How we should understand the gravity? 
Why our Universe is matter-dominant? 
Is super-symmetry real?

x~100 heavier



Go Beyond the SM
  Learn from the past (ancient Greek Philosophy) !



LHC, ILC 

Higgs
SUSY, 

Extra-dimensions…

SuperKEKB 
KOTO 

T2K 
COMET,  

g-2/µEDM 

Neutrino mass
Flavor violation

CP violation
Seesaw mechanism

CP violation
New mixing
LR symmetry

Charged Higgs?．
．．．	

New Physics to solve 
many mysteries in the SM

Uncover SUSY

Quark-Lepton 
Symmetry

Grand Unification

“Microscope” = Accelerator

High Energy Accelerator

High Intensity Accelerator



a slide by Hitoshi Murayama



Origin	  of	  MaGer	  :	   
Explored	  with	  High	  Intensity	  Proton	  Driver	  =	  J-‐PARC	  

Muon	  Fundamental	  Physics	  
　〜Flavor	  and	  CP	  are	  violated	  in	  the	  charged	  Leton	  sector?〜	

原子核	

COMET（Hadron	  Hall）	

g-‐2/μEDM（MLF	  H-‐line）	

Hadron properties in 
Nuclear Matter 

CPV beyond CKM 

J-‐PARC	  
Super	  Kamiokande	  	  

Origin	  
of	  

MaGer	  

•  Search	  for	  Physics	  Beyond	  SM	  in	  
Quark	  and	  Lepton	  sectors	  	  

•  Deeper	  understanding	  of	  Strong	  Int.	  	  

Neutrino	  Experiment	  :	  T2K	  
　〜Mixing	  Angle,	  CP	  phase,	  	  and	  Mass	  Hierarchy	  〜	

Hadron	  Experiments	  
　〜CP	  beyond	  CKM;	  Mass	  modifica5on〜	
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Par5cle-Nuclear	  Physics	  explored	  at	  J-‐PARC	
Search	  for	  CPV	  beyond	  CKM	  theory	

KOTO@Hadron Hall 

Neutrino	  Mixing	  thru	  PMNS	  matrix	  	

CPV	  in	  neutrino	  
sector?	  

T2K Exp. 
Charged	  Lepton	  Flavor	  violated?	  

Explore	  role	  of	  strangeness	  in	  neutron	  stars	

ΛΛ-Hyper Nuclei　	

Strange quark may play an 
important roles in an extreme high 
density matter, aka neutron star. 

COMET 

CPV	  in	  Charged	  Lepton?	  

gµ-2/µEDM 



Multi-Probe  Platform  for

Material  and  Life  Science
With  Synergetic  Use  of  Neutron,  Muon,  Photon  and  Positron

Neutron・Muon
（J-PARC）	

Photon・Positron
（KEK,  Spring-8）	

Neutron	

Muon	 Photon	

Positron	
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High	  Resolu5on	  
Chopper	  

Spectrometer	  

Engineering	  
Materials	  

Diffractometer	  

So^	  Interface	  
Analyzer	  

Smaller	  Angle	  
Neutron	  
ScaGering	  
Instrument	  

Cold	  Neutron	  
Disk	  Chopper	  
Spectrometer	  

Neutron	  Beam	  Line	  
for	  Observa5on	  and	  

Research	  Use	  	  
4D	  Space	  
Access	  
Neutron	  

Spectrometer	

IBARAKI	  Materials	  
Design	  

Diffractometer	  

Super	  High	  
Resolu5on	  
Powder	  

Diffractometer	  

High	  Pressure	  
Neutron	  

Diffractometer	  

High	  Intensity	  
Total	  

Diffractometer	

Biomolecular	  
Dynamics	  

Spectrometer	  

Polarizes	  Neutron	  
Spectrometer	  with	  

Ver5cal	  Sample	  Geometry	  

Single	  Crystal	  Neutron	  
Diffractometer	  under	  
Extreme	  Condi5on	  

Special	  Environment	  
Neutron	  Powder	  
Diffractometer	  

IBARAKI	  
Biological	  Crystal	  
Diffractometer	  

Accurate	  Neutron-‐
Nucleus	  Reac5on	  
Measurement	  
Instrument	  Neutron	  Op5cs	  

and	  Physics	  

neutron	  source	
proton	  beam	

Neutron	  Instruments	  in	  MLF	  

muon	  target	

Village	  of	  neutron	  
resonance	  spin	  echo	  

spectrometers	



Material and Life Science Facility （MLF）	

World	  Highest	  Intensity	  of	  
Neutron	  Pulse	  Beam!	  

Unit： 1012 n/(sr・pulse) 
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n  BaGery	  for	  Vehicles	  

Elucidate	  a	  mechanism	  of	  Ni-‐Fe	  Catalyst	  ac5vates	  Hydrogen	  
⇒　Development	  BaGery	  w/o	  Pt	  
	  

n  For	  buildings	  with	  more	  strength	  
Inspect	  internal	  structure	  of	  reinforced	  concrete	  
⇒　for	  more	  solid	  concrete	  

	  
n  For	  high-‐func5on	  5re	  	  

Inves5gate	  the	  microscopic	  structure	  of	  materials	  for	  high-‐func5on	  5re	  
⇒　for	  higher	  performance	  5re	

Microstructure	  of	  
rubber	

Examples	  of	  Industrial	  Use	  at	  MLF	
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D2

D1

U1A

U1B

S1

S2

S4

H1

D-Line
U-Line

S-Line

H-Line

Muon target

3 GeV Proton beam
to Neutron
Source

Superconducting
Axial Focusing
Magnet

Superconducting
Curved Transport
Solenoid Magnet

MIC Solenoid Magnet

Superconducting
Decay Solenoid
Magnet

Superconducting
Transport 
Solenoid
Magnet
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D-Line  

Mid-intensity beam line	
For general use	

U-Line  

Very unique Ultra-Slow 
Muon Beam	

S-Line  

Accommodate many	
μSR experiments	

Muon	  Facility	  MUSE	  @	  MLF	  
H-Line  

Fundamental Science 
with a large scale 
international coll.



ADS Test Facility for Nuclear Transmutation	

10W	

Proton Beam 
Target 

Sub-critical 
Reactor 

Multi-purpose 

Experimental Area 

Laser for e-
Strip 
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TDR	  being	  developed	  for	  construc5on	  start	  in	  JFY	  2018	



Neutrino	  Program	  
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Goal	  of	  T2K	
Neutrino	  and	  an5-‐neutrino	  behave	  same?	

Search	  for	  CP	  
Viola5on	  beyond	  
CKM	  

Origin	  of	  MaGer	 18	



T2K	  Collabora5on	

T2K@J-PARC & SK	

Nishina Memorial Prize 2014	
　Prof. Nakaya	
  Prof. Kobayashi	
	
6th Yoji Totsuka Prize	

　Prof. Nakaya	
  Prof. Kobayashi	
　Prof. Shiozawa	
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Congratulations! 

•  For Discovery of Neutrino Oscillation 
Pictures from Nobelprize.org 

Prof. Takaaki KAJITA Prof. Arthur B. McDonald 



Strangeness 
Nuclear Physics	

Hadron Physics	 K Rare Decay 
(CP violation）	

Hadron Mass Shift	

mu-e Conversion Search 	

Hadron Hall in 2016	
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24	Slide	  by	  T.	  Nomura	
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COMET	  is	  moving	  forward!	  	
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33	Slide	  by	  T.	  Nomura	
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Accelerator	  Improvements	  
at	  J-‐PARC	  
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Demonstration of 1 MW-eq. beam@RCS  	

8.41 x 1013 :1010 kW-eq.	

6.87 x 1013 :825 kW-eq.	

4.73 x 1013 :568 kW-eq.	

7.86 x 1013 :944 kW-eq.	

5.80 x 1013 :696 kW-eq.	

2015/1/10	

The anode power supplies of the rf power 
amplifiers were reinforced in the 2015 summer 
shutdown periods. 
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Collimator section	

First arc section (near the dispersion peak)	

Mainly from foil scattering during injection	

8.41	  x	  1013	

6.87	  x	  1013	

4.73	  x	  1013	

7.86	  x	  1013	

5.80	  x	  1013	

Time (ms) 	

BLM signals @ collimator & arc sections

Longitudinal beam loss	

Beam loss ~0.17 % for 1 MW-eq.	

à  On Oct. 12, 2015, stable beam acceleration 
of 1 MW-eq beam was confirmed without the 
longitudinal losses.



History of MR beam power	

Delivered beam power is 360 kW for the T2K experiment.	

Total number is > 1.1x1021 POT 
as of June 3. 	

T2K	  collabora5on	  	



High Intensity beam study at MR 	
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Horizontal tune

Linac 40mA, full intensity
Linac 30mA , full intensity

3Qx=64	  

①	  ②	  

Qy	  =	  21	  

Q
x	  
=	  
21
	  

3Q
x	  =	  64	  

2Qy	  =	  43	  

①　3rd Integer resonance correction (3Qx=64) by Trim-Sext.
②　Larger tune spread and crossing integer resonance (Qx=21) 
and

Horizontal tune survey at 3 GeV	
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VerHcal	  tune	  

99.5%	  

Vertical tune survey at 3 GeV	



High Intensity beam study at MR (cont’d) 	

4
3

Beam	  loss	  due	  to	  the	  horizontal	  
instability	  

Δ BPM signal

Horizontal	  

VerHcal	   Near future tunable knobs to reduce the beam loss:
Injection kicker, BxB feed-back, 
2nd harmonic cavity, VHF cavity, etc.

High power trial with two bunches	
Extracted beam : 3.41e13 ppb

6.82e13 ppp (132 kW eq. ,2 bunches)

Bunch 
number

repetition
 period (sec)

Beam
power (kW)

Beam
loss (kW) Notes

1 2 2.48 132 0.42 measurement

2 8 2.48 529 1.7 estimation

3 8 1.3 1009 3.2 estimation

Total beam loss ~ 420 W	

The MR has capability to reach 1MW with the high repetition rate operation.  	



Future	  Plan	  at	  J-‐PARC	  
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Master	  Plan	  of	  Science	  Council	  of	  Japan	  for	  “Large	  
Scale	  Research	  Project”	

•  J-PARC upgrades and Hyper-K are selected as 
27 important projects among 209 proposals 
under Japan Science Council !  	
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Elucidation of Origin of Matter with  
J-PARC Upgrades 

Collabora5on	  of	  KEK-‐IPNS	  
and	  U.Tokyo,	  Kyoto-‐U,	  
Tohoku-‐U,	  Osaka-‐U	  etc.	

•  Hadron	  Hall	  Extension	  
–  A	  Search	  for	  CPV	  beyond	  CKM	  

with	  Kaon	  rare	  decay	  KOTO-‐II	  
–  Strangeness	  Nuclear	  and	  Hadron	  

Physics	  

•  Muon	  to	  electron	  conversion	  
experiment	  	  
–  COMET	  phase-‐II	  

•  Muon	  precision	  measurements	  
–  gµ-2/µEDM	  with	  a	  novel	  

technique	

g-‐2/EDM	
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Nucleon	  decay	  and	  neutrino	  oscilla5on	  experiment	  with	  	  

A	  Large	  Advanced	  Detector	

•  1 Mt	  class	  water-‐cherenkov	  
detector,	  together	  with	  J-‐
PARC	  High	  Intensity	  Proton	  
Beam!	  
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Oversea	  Projects	  	  

Elucida5on	  of	  the	  origin	  of	  maGer	  with	  an	  upgrade	  of	  J-‐PARC	  

Intended	  Schedule	  (JFY2017-‐)	  	

	  g-‐2	  at	  Fermilab	  	
Mu2e	  at	  
Fermilab	  

(~2016)	

GSI-‐FAIR	  (Hadron	  Experiments)	
(~2018)	

(2021)	

Beam	  Intensity	  Upgrades	

Hi-‐momentum	  beamline	

COMET	  phase-‐I	

Further Intensity Improvements	

Hadron	  Hall	  Extension	

COMET	  phase-‐II	  
gμ-‐2/μEDM	

Advance	  beamlines	Polarized	  neutron	  /muon	  S&H	  lines	

（※）Accelerate to compete with US projects	

Accelerator	  
(Main	  Ring)	

Neutrino	  Exp.	  

Hadron	  Exp.	  

Muon	  Par5cle	  
	  Physics	  Exp.	  

Neutron	  and	  
Muon	  at	  MLF	  

Next Generation Neutrino Experiment	

Neutrino	  OscillaHon	  and	  a	  hint	  of	  CPV　　	

NOvA	  at	  Fermilab	
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Beta & Dispersion for 1-superperiod

β x
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H & V	

s (m)	

 The 8-GeV booster ring	

(x,x’)	 (y,y’)	

@ 3GeV	

@ 8GeV	

ε>125.5π    ~0.04%	

ε>54π    ~0.06%	

Phase plot @ inj.(3GeV) & extr.(8GeV)	
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Injection Beam 81 pi Baseline design
x(m)

s(m)

8 GeV injection in 
the MR using new 
septa&kickers	

RCS : 1.4 MW
MR > 2.2 MW

RCS : 2 MW
MR >  3.2 MW

8-GeV BR	
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RF CAVs	

R
F C

A
V

s	

EXT	

Injection energy 3 GeV 
Extraction  energy 8 GeV
Circumference 696.666 m
Superperiodicity 4
Transition gamma  ~15 GeV
Collimator Aperture 126π.mm.mrad 
Physical Aperture 189 π.mm.mrad	
	



The proton driver in the KEKB Tunnel	

Tsukuba
Nikko

OhoFuji

N
50m

＜マグネット戻＞
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＜マグネット出＞

＜真空出＞
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QD3P.34
SD5OLP.2

Crab

D3

3C

3SM1

3SM2

6SM3

D6

6C

D9

9C

9SM5

9SM6

D12
12C

12SM7

12SM8

D8

D7

D5

D4

D10

D11

D2

D1

6SM4

KR1

KR2

KR3

KL3

KL4

Quadrupole
Bending
RF cavity

To	  Kamioka	

1.2	  GeV	

3.3	  GeV	

6.2	  GeV	

9	  GeV	Quadrupole
Bending
RF cavity

Three	  650	  MHz	  
rebunchers	

Three	  1.3	  GHz	  
rebunchers	

Three	  1.3	  GHz	  
rebunchers	

- Outline of acceleration :
•  1.2 GeV in 1st straight.
•  3.3 GeV in 2nd straight.
•  +2.9 GeV in 3rd and 4th straight. 

3.3 + 2.9 x 2 = 9.0 GeV
　

- Peak current : 100 mA (pulse)　
- Beam duty : 1 %
　

- Beam power :  
9000 MeV x 0.1 A x 1 % = 9 MW
　

　

R&Ds are necessary :  Higher gradient SC cavities, High power target, Horn…	



hGp://j-‐parc.jp/pn/HINT2015/	
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J-‐PARC:	  Next	  5	  Years	  
・Achieve	  Design	  Intensity	  
・More	  Science	  Outputs	  
・Explore	  Intensity	  Fron5er	

Accelerator	  
・RCS:1	  MW	  achieved	  
・MR	  0.75	  MWà	  1.3	  MW	  
・Explore	  Mul5-‐MW	  Possibility	  	

MLF　	  
・Neutron	  :	  Diverse	  Material	  and	  
Life	  Science	  
・Muon	  :	  Produce	  outputs	  from	  
D	  and	  U	  lines	  /	  New	  beam	  lines	  
to	  extend	  Muon	  Science	  Fron5er	  
(g-‐2/EDM/HFS/DeeMe)	  

ADS	  (Acc.	  Driven	  System)	  
Staged	  R&D	  approach	  from	  
ADS	  Target	  Test	  Facility	  to	  
Transmuta5on	  Exp.	  Facility	  	  

Neutrino	  
・Established	  non-‐zero	  θ13	  
・Constrain	  CPV.	  	  Hierachy?	  
・Prepare	  next	  gen.	  of	  Exp.	  

Hadron	  
・Restarted	  Physics	  Produc5on	  	  	  
:	  Hyper-‐nucl/hadron	  physics,	  	  
	  	  K-‐rare	  decays	  
・Complete	  new	  beam	  line	  for	  
	  COMET/Hi-‐p	  BL	  and	  1st	  results	  	  

Stability	  and	  Intensity	
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Summary	
•  J-‐PARC	  is	  a	  mul5-‐purpose	  facility	  with	  the	  
high-‐intensity	  proton	  driver	  
– Par5cle	  and	  Nuclear	  physics	  
– Material	  and	  Life	  Science	  
– R&D	  for	  nuclear	  transmuta5on	  

•  High	  power	  scenario	  is	  refined	  based	  on	  
REAL	  DATA	  :	  MR	  0.75	  MW	  à	  1.3	  MW	  	  	  

•  Mul5-‐MW	  proposals	  are	  being	  developed	  
•  We	  invite	  YOUNG	  scien5sts	  to	  share	  more	  
excitements!	  	  

53	Including	  Young	  at	  Heart!	




