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Bird’s eye photo 
in July 2009 

J-PARC                                               
Japan Proton Accelerator Research Complex!
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Bird’s eye photo 
in July 2009 

~500m 

J-PARC                                               
Japan Proton Accelerator Research Complex!
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Goals at J-PARC 

Need to have high-power!
proton beams!

→ MW-class proton accelerator!
    (current frontier is about 0.1 MW) !

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

Power Capability of J-PARC 
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JFY2008  JFY2009   JFY2010   JFY2011  JFY2012   JFY2013  JFY2014!

°ÇÌ¿Á�©ÌÃÐÅ×�¶ÃÁÍÔÃÐ×�

For short!
period!

Training!

120 kW steady!

300 kW 1 hour!

Previous!
Estimate!

Nov. 2003! Present!
Estimate!
for 3 GeV!

Present!
Estimate !
for MR!

at 30 GeV!

200 kW steady!

115 kW steady!

KEK PS!
â3 kW!

Big Earthquake!

145 kW!

Slow Extraction; 99.6% efficiency for 5kW was achieved! 
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Neutrino Oscillation (T2K) 
Experiment 
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J-PARC!

      Mu Neutrino!Super!
Kamiokande!

Electron Neutrino!

T2K Exp.!

  Electron neutrinos!  Mu neutrinos!
θ13�         Mixing between the 1st and 3rd generation!

ν"e!ν"τ"

ν"µ"

T2K!

Atmospheric  Neutrino!
Accelerator Neutrino!

Solar Neutrino!
Reactor Neutrino!

KamLAND, SNO !

Kamioka,!
K2K,!
MINOS,!
etc.! Already 500 non-Japanese joined this experiment  !!!!

(Japanese participants are only 70)!

Competition with Diya Bay, FNAL, etc.!
Goal is to measure  sin22θ13   down to 0.01!

νe appearance at T2K  
•  June 2011:  
6 νe events àâ2.5 σ, Indication? 
•  June 2012:  
11νe events àâ3.2 σ, Evidence!  
(Expected BG (θ13=0) is 2.73±0.37)  

Normal'

sin22θ13 

3×1020'POT'~'4%'of'Goal'

Inverse 



��������

��

Hyper-Kamiokande (Mt WC)  Next Step Far Detector 

J-PARC 

0.75 MW 
Multi-MW 

100kt-Liq. Ar TPC 

Aiming for Neutrino 
CP Violation! 

â�Kaonic nucleus Kaonic atom 
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Implantation of 
Kaon and the  
nuclear shrinkage�

¯�ËÃÑÍÌ�

High Density 
Nuclear Matter, 
Nucelar Force 

²ÓÁÊÃ¿Ð��¬¿ÂÐÍÌ����´¿ÐÒÇÁÊÃ�´Æ×ÑÇÁÑ�¿Ò�¬¿ÂÐÍÌ�¬¿ÊÊ�

¯��¡�

¯°�

¯���¦¶�

High-p 

·¯·�
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COMET 
Beam line 

T-Viola 
tion 

Free quarks� Bound quarks�
Why are bound quarks heavierĽ�

µÓ¿ÐÉ�

±¿ÑÑ�ÕÇÒÆÍÓÒ�±¿ÑÑ�´ÓØØÊÃ�

³ÐÇÅÇÌ�ÍÄ�±¿ÑÑ�Pentaquark Θ+ 
ΛΛ¬Ã�
�
�

§ÍÌÄÇÌÃËÃÌÒ�
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µ-e conversion 

"

Λ,Ξ" N 

Z 
Λ, Σ Hypernuclei 

ΛΛ, Ξ Hypernuclei 
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Hypernuclei 

-1 

-2 

High Density Nuclear Matter, Nucelar Force 

CP-Violation�
¯��ß�π��νν"°

99.6% Extraction 

Effi. A
chieved�

T1target 
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SKS#

Ń��+úāă#
ěĊĝĲHûX<#

ěĘįİġĲĭöû�'\ù)'.�;âSKS÷KOTO�

K中間子のCP非保存崩壊!
の研究!

��

NC'

���Ë�

��
Reac9on'

Decay'

α+α(Decay) 

α+α+Κ�"
ĴHigh Densityĵ 

High Density Nuclear Matter? K-pp system  
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Results in February test run!�

pπ>''Invariant'Mass�

p�

p�
π�� Λ� Λ�CDS'XY'plane� CDS'YZ'plane�

pΛ'bound'State?� d1�
û�Λ'c+ĖĲĒć�K<�

z�

  Cylindrical#Dri/#Chamber#ĴCDS)#and#Liquid#He#Target#are#ready!�

Axial'View'

Side'view'Liquid#4He#inside#�

Helium'target'and'peripheral'apparatus'are'
clearly'seen!�

pπ'separa9on'by'CDS�

p�

π�

���

DORAEMON and 3He Target at K1.8BR 

High Density Nuclear Matter? K-pp system  
ĴK1.8BR beam lineĵ�
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Big'News'in'
January'2013!'''

•  Japanese'Government'approved'the'construc9on'
of'New'Primary'Proton'Beam'Line!'''

•  Then#High?p/COMET'beam'will'be'ready'in'mid'
2015.'

Proton Beam Intensity > 10~20kW 
Improvement of Time Structure 

→âExperiments with K beam can start Slide by Hadron group 

Strangeness'Nuclear'
Physics�Hadron'Physics�

Kaon'Rare'Decay�

Test'Exp.'&'
Lepton'Universality�

Œ�����
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Hadron'Mass�

µ'to'e'conversion�

Strangeness'Nuclear'
Physics�Hadron'Physics�

Kaon'Rare'Decay�

Completion of the new primary 
beam line�

Proton beam intensity  
toward >100kWÝ
Beam quality toward that 
better than KEK-PS 

Approved!! 

New Primary Beam Line 

35��~35MD 
2 years Project !�

π 1.0"

Œ�����

Test'Exp.'�

Experiments at High-p/COMET 

South Annex 

High-p Line 

e>'
"

µ-e Conversion�

e-  

e-  

e+  

e+  e+ 
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J>PARC'30'GeV'
'proton'beam�

15'kW'target�

Large#Solid?Angle#Spectrometer#ĴLAMPSĵ#
  §Æ¿ÐËÃÂ�¦¿Ð×ÍÌÑ�ÔÇ¿��Ú�¨����ÐÃ¿ÁÒÇÍÌÑ�

  ´ÐÍÂÓÁÒÇÍÌ�ÂÃÁ¿×�ÍÄ�§Æ¿ÐËÃÂ�¦¿Ð×ÍÌÑ'

LAMPS�

¥ÂÂ�¿�π�ÀÃ¿Ë�ÍÎÒÇÍÌ�ÒÍ�ÆÇÅÆ�Î�ÊÇÌÃ�

  High'Intensity'π"

  High'resolu9on'ļΔp/p=0.1%#�

Tradi9onal'RCNP'technology:''
High*resolu1on*beam*line*via*
momentum*dispersion*matching!�

Di?Quark�

Charmed#Baryon�

c

High%Mom.%π%*beam�

Signal:#1#nb/Yc*#:~1000#events#
BG:#1.8#mb#(JAM)�

Λc'1/2+�

Σc(2455)''1/2+�

Σc(2520)'3/2+�

Σc(2800)'??�

Λc(2595)'1/2>�

Λc(2625)'3/2>�

Λc(2880)'5/2+�

Λc(2940)''??�

DN�

πΛc
�

(GeV/c2)�

D*N�

2.3�

2.4�

2.7�

2.9�

2.6� πΣc
�

2.8�

D7ìĄăĔĨĲĥĜĬČİĐĠďėĭ'
âĴ'(π,D*>) 9ûM>x�ĐĠďėĭĵ�
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High'Intensity'Beam'Hadling�

���

Magnets ß Upstream Collimator !
Beam Ducts ß Big Vacuum Chamber instead of Ducts!

How to solve 200kW Heat Problem?!
Downstream of T1 Target!

T1 target 
(10kW)!

D1(6.3kW)!Q1(1.1kW)!

Beam!

K1.8!

Cu collimator!
(54kW)!

2m!
Dump!

Vacuum 
Chamber!

Cu collimator!
(68kW)!

3m! K1.1! KL!
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Water Pipe (SUS) 
8.4 µSv/h 
2.4 µSv/h 

5m 

T1 Vessel 
2.2 Sv/h 
850 mSv/h Collimator 

380 mSv/h 
100 mSv/h 

Beam 

Concrete 
7.9 µSv/h 
0.03 µSv/h 

Collimator 
710 mSv/h 
420 mSv/h 

q1B!
110 mSv/h 
49 mSv/h 

Iron Base 
560 mSv/h 
210 mSv/h 

Service Space 

Trench 

30Days Operation/1Day Cooling 
1Year Operation/Half Year Cooling 

D1 
530 mSv/h 
270 mSv/h 

Q1 
62 mSv/h 
33 mSv/h 

T1 Target 
650 Sv/h 
230 Sv/h 

Vacuum Duct 
SUS 3.2 Sv/h 
         1.2 Sv/h 
Ti 1.1 Sv/h 
     97 mSv/h 

Vacuum  
Seal 
30 Sv/h 
11 Sv/h 

Concrete 
5.3 mSv/h 
1.6 µSv/h 

Iron 
60 µSv/h 
11 µSv/h Iron 

430 µSv/h 
160 µSv/h 

Iron 
1.1 mSv/h 
460 mSv/h 

Iron 
170 mSv/h 
460 mSv/h 

Residual Dose!

High Intensity Beam Handling�
•  Magnets etc. should be radiation/heat 

resistant. 
•  Magnets etc. should be replaced easily 

and quickly. 
•  High Intensity Handling should be 

considered as a system. 
– Power/water lines,  
– Vacuum line,  
– Daily operation/maintenance, 
– Radiation shields,  
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Beam Transport Magnets  
as a Beam Handling System. 

•  Radiation Resistant Magnet 
•  Chimney Magnet 
•  Radiation Resiatant Magnet System 
•  Special Magnets near Target 

Magnets of  
Mineral Insulation 

Cable (MIC) 

Up to 1011Gy 
Up to 4x108Gy 

Polyimide Insulation  
Magnets 

BT resin, ten times RR than Epoxy 

Tensile strength of a cured BT resin 
reinforced by Boron Free Glass Cloth. 

MgO 



��������

���

M
IC

 

•  Typical magnets for  
    J-PARC neutrino beam line 

Q460 Q440MIC 

Insulator PolyimideŒ108Gy MgOŒ1011Gy 

Bore diameter 20cm 20cm 

Current 2500A 2500A 

Weight 32ton 32ton 

Voltage Œ160V Œ230V 

Length 3m 2m 

•  We have already 
established the 
technology of radiation-
resistant magnets 
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Water 
Cooled 
Bus Duct 

Service 
Space 

R.-R. 
Chimney 
Magnet 

Hadron Hall Systematization;  
as High Power Beam Facility 

Water/electric  
circuits in S.S. 
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Radiation Resistant Chimney Magnet 
Water Manifold &  

Electric Connection  
at Service Space Level 

Completely Inorganic 

Chimney 

MIC Magnet 

Chimney magnets tested at Tsukuba 
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Chimney 
magnets 

aligned on line 
at Hadron Hall 

Service Space 

Chimney 

Service 
Space 

Magnet 

Chimney 
magnets 

aligned on line 
at Hadron Hall 
with radiation 

shields 

Chimney 

Service 
Space 

Magnet 
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Chimney magnets near T1�

Chimney magnets near T1 (side view)�
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Water 
Piping  

Electric 
Circuits 

Service Space; Water/Electric circuits 

Inorganic; 
using steam 
piping 
technology 

Inorganic; 
using Cu B.B. 

Bridges for Water & Electric Power;  
Quick Disconnect System 
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Metal sealed  lever coupler 
•  Normal operation with 2MPa 
•  Normal operation temperature : 15Œ80Þ 
•  Two inch. Diameter 
•  Cu-ring annealing @750Þ 
•  Deficit depth > 0.2mm 

Water Connector 

Q.D. Electric Power Connector 

Quick Disconnect device 
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Constructed as a part of Radiation Shield 
No labyrinth Structure was necessary 

PS Station 

Shield Penetrating Bus Duct; 

�Insulated by 
polyimide resin 

Epoxy resin for 
air-tightness Stainless-steel 

casing 

Shield Penetrating Bus Duct (Outside) 
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Shield Penetrating Bus Duct (Inside) 

Service Space near T1 Target 
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Our first one (1989) for KEK-PS�
Effective Dia. = 30cm, Leak rate ~10-8Paım3/s�

•  Now, Leak rate is ~4x10-12Paım3/s 
•  Effective Dia. >50cm�

On non-flat… On dust…. 

Pillow Seal for Vacuum Connection 

Pillow Seal for Vacuum Connection 
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Special Magnets for T1 Area 

The most upstream part of K1.1 

K1.1D1 

K1.8D1 

K1.8Q1 

Collimator 

Drift Space 

T1 Target 
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K1.8D1 K1.8Q1 K1.1D1 ĿŏŌŌŋōŉőor Drift Space 

Modules 

Solid MIC with Indirect Water Cooling�

•  SC-MIC is sandwiched by cooling tubes. 
•  Whole coil is impregnated by tin. 

No water Leak 
in the Magnet 
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Super Radiation Hard Magnet: K1.8Q1 

Central 
Vacuum 
Chamber 
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T1 Target 
Area 

Conclusions 1 
•  Primary proton beam line of J-PARC 

Hadron Experimental Hall was constructed 
as Radiation Resistant Magnet System. 

•  R.-R. Magnet with Chimney was a key 
technology of the R.-R. Magnet System.  

  (This is important, however, insufficient!) 
•  All the peripherals were re-designed and 

constructed as a part of true R.-R. Magnet 
System.  

•  For this purpose, Service Space was 
prepared within the radiation shield. 
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Conclusions 2 
•  Electric Power Distribution Circuits in S.S. were 

assembled by Copper Bus Bars.  No cables 
were inside. 

•  Water Distribution Circuits in S.S. were 
constructed as inorganic piping system by using 
steam piping technology. 

•  Shield Penetrating Water Cooled Bus Duct was 
initially installed as a part of radiation Shield.  No 
labyrinth Structure was necessary. 

•  Bridges between Chimney and S. S. circuits 
were made with quick disconnect devices. 

Beam Dump 
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Beam Dump - Heat analysis by MARS & ANSYS  
(calculated by A. TOYODA & M. MINAKAWA) 
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•  OFC 
–  ρ=8.9[g/cm3] 
–  Thermal 

Conductivity 
       390 [W/m/K] 

Proton beam 
50GeV-15µA 

(750kW) 

3m→2m 

7m→5m 

We have to reduce the volume of Cu… 

ß~250Þ 

K. Agari 

•  Manufacture of Copper core (2m x 2m x 5m)!
•  250 mm thick Copper plates!
•  1/3 in FY 2006, 2/3 in FY 2007, set in FY2008 !
•  100% of Iron Blocks were purchased in 2006!
• Concrete blocks will be transferred from Tsukuba in 2008.!

Conical hole and Temp. !
analysis with ¼ model!

750kW Full Beam Dump�

Structure of BD!

Cooling 
Paths 

2000mm 
1000mm 

2 slits 
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ĞĲĥēİğrg1��

5m 

33cm 

^�4160ėİďĮĲİ�
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Structure of traveling devices 

An “Inchworm” Method.  
Complete remote operation with just LAN Cable! 

�SıO&Īęĕė�

We'should'go'to'the'NEXT'STEP�

First'Step'has'been'funded!�
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Hadron'Mass�

µ'to'e'conversion�

Strangeness'Nuclear'
Physics�Hadron'Physics�

Kaon'Rare'Decay�

Completion of the new primary 
beam line�

Proton beam intensity  
toward >100kWÝ
Beam quality toward that 
better than KEK-PS 

Approved!! 

New Primary Beam Line 

35��~35MD 
2 years Project !�

π 1.0"

Œ�����

Test'Exp.'�

Extension�

²ÃÖÒ�·ÒÃÎ£�¬¿ÂÐÍÌ�¬¿ÊÊ�©ÖÒÃÌÑÇÍÌ�
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Extension�
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K10*Beam*Line�

•  total'length:'82.8m'
•  ES'separator:'75kV/cm,'27m(9mx3)'
•  Intensity'and'purity'(with'25kW>loss'target)'

Front-end 
section�

Separation 
section�

Beam-
spectrometer 

section�

Primary beam line�

IF slit�

Mass slit�

Final focus�HF1 slit�

HF2 slit�
3 ES separators�

T2 target�

acceptance#
[msr?%]�

intensity#[/spill#
(6sec)]�

K�:π�##
pbar:π��

4GeV/c'K�� 0.33� 1.9E6� 1.1:1�

4GeV/c'pbar� 1.2� 1.7E7� 81:1�

6GeV/c'pbar� 0.55� 8.5E6� 1:3.4�

ES option�

•  Delivers'well>separated'charged'
secondary'beams'with'p'<'10'GeV/c'

•  2'op9ons'of'par9cle'separa9on'
–  Electrosta9c(ES)'separator'
–  RF'separator�

 Slit'condi9ons'are'
varied'to'achieve'
moderate'purity'for'
each'case.'
 decay'µ'and'cloud'π'
are'not'included.'

Designed#by#H.#Takahashi�
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Program at K10 Line 

  Ξ�, Ω*#Spectroscopy##@>*How*to*understand*excited*hadrons*
  ΛΣ, ΣΣ, ΛΞ, ΣΞ interac^ons#@>*Complete*Octet@Octet*force*

  Ω nucleus##@>*Decouplet@Octet*force*

  Mul^#K#mesons#in#nuclei####?>#high*density*nuclear*maHer#

  Charmonium#Spectroscopy#@>*q@qbar*poten1al*

  Charmonium#in#nuclei##@>*Color*Van*der*Waals*force*

  D#mesons#in#nuclei##@>*Chiral*symmetry*restora1on*

K±,*π±,*pbar*<*10*GeV/c*

*pbar*p*@>*J/ψ,  ηc,  DDbar, YYbar, glueball,… �

*K@*N*@>*Ξ
**K+,**Ω*
*K+*K0*,…***[KbarKbar]*K+**�

(id:*K±<*4*GeV/c,*Pbar<*6*GeV/c)*
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.�L\�

ģĐĐĬĕė�
y)53ĝĊČİ:'~9x108'pion/pulse'
'''''''''''(1.2'GeV/c,'56'm,'1msr*%,'
'''''''''''''270kW,'6s'spill,'Ni'54mm)'
�}���qiļΔp/p~0.01%'''''

30'GeV'�+ĞĲĥ�

HiHR&+'( *�

RCNPûç/köåă}���@A#=mćYæõã'
2I�û)53ĞĲĥúāăã1I�ûċĚĭĎĲ�qiú�~�
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âß�+Hûo�èĂ��ýö|�ïăΛû��c+ċĚĭĎĲćueúR-íã'
âââHTxû:xúză�
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Very Tentative Plan for  
RIKEN @ J-PARC 

K+ 

K- 

Multi 
Quark!
Search�

Bound!
Φ meson !
Search�

RIKEN-
University!
Cooperation�

Study of Origin 
of Mass �
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rare decay!

Branching Ratio 
measuremenrt"
 (>100 events)!

CsI! CV Back 

COMET##Capture#Solenoid#
(Supplemental*budget)�

First#90?Degree##
Bending#Solenoid�

COMET  
Setup 

Full#COMET#Setup#
(Future*Funding!)�

COMET#Detector�

Staging Approach�
âphase-1 : ~10-14  
âphase-II : ~10-16�

8GeV, 7µA 

COMET#
Phase#1#
Detector*
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Muon'g>2/EDM'Exp'
@J>PARC'MLF'H>line'

  Ultra>Cold'Muon'Beam'and'Super'Precision'
Field'

  Muon'storage'w/o'focusing'field'
  Simultaneous'Measurement'of'g>2'and'EDM'

•  g>2':'0.1'ppm'(x'5'improvement)'
•  EDM:'1e>21'e'cm'(x'100'improvement)'

Spin'Precession:�

“In-plane Precession”�

g−Ĺ�
EDM�

“Out-of-plane 
Precession”�
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J-PARC-KEK: High Intensity Frontier 
Time Schedule (2013-2022)�

Comple^on#up#to#750kW 

High?p#line#

µ?e#conversion?I 

Higher#Intensity#Beam#Accelera^on 

Next#Genera^on#Neutrino#Exp. 

Hadron#Hall#Extension 

µ?e#conversion?II#
gμ?2/μEDM 

中性子 
ミュオン 

2.9 
6.1 

2.0 
3.8 

2.0 
7.1 4.2 3.6 

66.2 85.1 89.5 93.0 94.7 102 102 102 102 102 102 

�3���J�:+/ĤĩČİSıHīĊİ�g>2(FNAL)' 
(~2016) 

GSI>FAIR' 

Mu2e'

(2021) 

(~2018) 

Accelerator 
Upgrade 

Neutrino 
Experiment 

Hadfron 
Experiment 

Muon 
Experiment 

A Next-Big-Project Proposal 
to Science Council of Japan�

As a package,  
we have submitted �
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•  ²ÍÕ�ÇÌ�ÒÆÃ�¬¿ÂÐÍÌ�©ÖÎÃÐÇËÃÌÒ¿Ê�¬¿ÊÊ��ÑÊÍÕ�
ÀÃ¿Ë�ÃÖÎÃÐÇËÃÌÒÑ�ÑÓÁÆ�¿Ñ�¬×ÎÃÐÌÓÁÊÃ¿Ð�
·ÎÃÁÒÐÍÑÁÍÎ×�¿ÌÂ�¯³¸³�¿ÐÃ�ÐÓÌÌÇÌÅ�¿ÌÂ�ÍÐ�
ÐÃ¿Â×���

•  ¸ÆÃ�ÄÇÐÑÒ�ÑÒÃÎ�ÍÄ�ÒÆÃ�¶Í¿ÂË¿Î�Æ¿Ñ�ÀÃÃÌ�ÄÓÌÂÃÂ��
– ¬ÇÅÆ�Î�§³±©¸�ÀÃ¿Ë�ÕÇÊÊ�ÀÃ�ÐÃ¿Â×�ÇÌ�ËÇÂ������
ÑÇÌÁÃ�®¿Î¿ÌÃÑÃ�«ÍÔÃÐÌËÃÌÒ�¿ÎÎÐÍÔÃÂ�ÒÆÃ�ÎÐÍÈÃÁÒ��

�������������������������������������
•  ¸ÕÍ�ËÍÐÃ�Ò¿ÐÅÃÒ�ÑÒ¿ÒÇÍÌÑ��ËÍÐÃ�ÓÌÇÏÓÃ�ÑÃÁÍÌÂ¿Ð×�
ÀÃ¿Ë�ÊÇÌÃÑ��ÕÇÂÃÐ�ÑÎ¿ÁÃ�ÄÍÐ�ÃÖÎÃÐÇËÃÌÒÑ��ÃÄÄÇÁÇÃÌÒ�
ÀÃ¿Ë�ÒÇËÃ�ÓÑ¿ÅÃÜÜ���

•  ¯©¯�ÂÃÁÇÂÃÂ�ÒÍ�ÑÓÀËÇÒ�¿�ÌÃÕ�²ÃÖÒ�¦ÇÅ�´ÐÍÈÃÁÒ�
´ÐÍÎÍÑ¿Ê�ÒÍ�·ÁÇÃÌÁÃ�§ÍÓÌÁÇÊ�ÍÄ�®¿Î¿Ì��ÁÍËÀÇÌÇÌÅ�
¬¿ÂÐÍÌ�¬¿ÊÊ�©ÖÒÃÌÑÇÍÌ�ÇÌÁÊÓÂÇÌÅ�¯³¸³�ÑÒÃÎ�­­�¿ÌÂ��
§³±©¸�ÕÇÒÆ�Å���µ©¨±�ÎÃÐÄÍÐËÃÂ�¿Ò�±°ª��

•  »Ã�ÕÍÓÊÂ�ÊÇÉÃ�ÒÍ�ÑÒ¿ÐÒ�ÒÆÇÑ�²ÃÖÒ�¦ÇÅ�´ÐÍÈÃÁÒ�
ÇËËÃÂÇ¿ÒÃÊ×�¿ÄÒÃÐ�ÒÆÃ�ÁÍËÎÊÃÒÇÍÌ�ÍÄ�¬ÇÅÆ�Î�§³±© �̧
ÁÍÌÑÒÐÓÁÒÇÍÌ��
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Projec9le'fragmenta9on'Data''
from'Bevatron�

•  ęĩĲģėįİû��8v�óôòêĄøıııä'
•  �
�Xûwhön?ä'
•  ĻCùĈõĀûéb�ú�Făä'

•  X<Hû{3ü�0c+û{3÷$îä'
•  Magne9c'Analysis:''Z/A'û��é"iãûþĳ'

æèúA,ZVaúX<Hć��ã!�ïăèĽ'

�_�GP�
%!�� čĨĕĔĨĲ�L\�

0MeV�

20MeV�

0MeV�

�_ãåăæüdE/dxüZ2/Aû�Gúùăä�
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Projec9le'fragmenta9on'Data''
from'Bevatron�

æèúA,ZVaúX<Hć��ã!�ïăèĽ'

•  �_ãåăæüdE/dxüZ2/Aû�Gúùăä'

•  ](�G÷�_�Gûfþ#Ćðö	NB
_4éqêă,*

•  19802ûStevensonû.�'
– ](�G÷�_�Gûfþ#ĆðûĖħä'
– p�úA,Zû��ã!�é"iöåăë÷ć.sä'
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HISSöû�,-Hû�6û.��

•  ĉİĜīİĐēĊĢĲĭ÷ċĚĭĎĲ%!�û
fþ#Ćðöã¥�¼ûVaíò��é"iä�

•  ����2ã�[öQlôõÿöòæä�
•  ñąñą�û1*é�õĀjæûöüĽ�


