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The  first 
Top Quark  

1 top quark

In  10
collisions
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Discovery  of  th  the  Top  Quark            



``World  domination  begins  at  Fermi Lab’’``World  domination  begins  at  Fermi Lab’’



Computing   Power

2003

Computing   Power

2003

10   MegaByte

PetaByte  Data  Handling
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Fermi Lab ⇔⇔⇔⇔ world
    ・・・・300 Gbps network
    ・・・・Grid  Computing
    ・・・・Collaboration





World   Wide   Web

`` Science creates possibilities

that were not imagined previously.

In the case of the World Wide Web,In the case of the World Wide Web,

particle physicists created a great equalizing,

``Science Matters”                  

May 2002 

World   Wide   Web

Science creates possibilities

that were not imagined previously.

In the case of the World Wide Web,In the case of the World Wide Web,

particle physicists created a great equalizing,

democratic force.’’

”                  Tony Blair PM



International  Linear  Collider       ILC

~30 km

RTML ~1.6km
20mr

2mr

e+ undulator @ 150 GeV (~1.2km)

R = 955m
E = 5 GeV

2mr

International  Linear  Collider       ILC

~30 km

ML ~10km (G = 31.5MV/m)

not to scale

e+ undulator @ 150 GeV (~1.2km)

x2

BDS 5km



X-Ray  Free - Electron  LaserElectron  Laser XFEL       







1. High power proton accelerator    (Energy & Current)

1 GeV, > 10 mA , CW current

Accelerator  Driven  Sub

Reactor  System    (ADS)

Fuel :     U238     Thorium

1 GeV, > 10 mA , CW current

To generate external neutron source ~ 10

2. Spallation target - heavy element  (Pb, Pb

for > 10 MW beam power

3. Normal Power Reactor -

except : core  is  sub

High power proton accelerator    (Energy & Current)

1 GeV, > 10 mA , CW current

Accelerator  Driven  Sub-critical 

Reactor  System    (ADS)

U238     Thorium or nuclear waste

1 GeV, > 10 mA , CW current

To generate external neutron source ~ 1018 n/s

heavy element  (Pb, Pb-Bi, W etc)

thermal or fast,

core  is  sub-critical (Keff ~ 0.95-0.98)





Cancer  Stages
Local  Tumor                    

Regional Metastasis    

Systemic Disease

Hadron  Therapy
Radiation Therapy     using strongly interacting particles

● Neutrons                    

Ref: Petti and Lennox, Hadronic Radiotherapy,
Ann. Rev. Nuclear & Particle Science, 1994. 44:154

● Neutrons                    
● Protons                       
● Pions                          

● Ions   (alpha,  Carbon,  Ne) 

Proton &  Neutron Therapy
address deficiencies in photon therapy

● Protons:     better  dose distributions
● Neutrons:   better  tumor killing

    

Cancer  Treatment
Surgery
Radiation Therapy     
ChemoTherapy 

ImmunoTherapy

Hadron  Therapy
using strongly interacting particles

Ref: Petti and Lennox, Hadronic Radiotherapy,
Ann. Rev. Nuclear & Particle Science, 1994. 44:154-197.

,  Ne) 

Therapy
address deficiencies in photon therapy

Protons:     better  dose distributions
Neutrons:   better  tumor killing



Proton Therapy

30  centers worldwide                65,000  patients  
+    12     EU

5     US              constructing /

2     Taiwan       planned

Heavy Ion  /  Carbon
3              Chiba,  Japan

Hyogo, Japan

GermanyGermany

+      5      EU               constructing /

1      Taiwan         planned

Neutron Therapy
Fermi Lab 
Detroit
Seattle  
South Africa

30  centers worldwide                65,000  patients  

constructing /

planned

8,000  patients
Chiba,  Japan

Hyogo, Japan

constructing /

planned

11,000   patients             



Neutron Therapy

Detroit

Harper MSU-NSCL

SeattleSeattle

iThemba

South 

Africa



Proton Therapy
built by Fermi Lab

Neutron Therapy
Fermi Lab



Low   LET

Linear Energy Transfer  (LET)

Protons  &  photons            
low LET                
similar biological effectiveness        

Linear Energy Transfer  (LET)

High   LET

similar biological effectiveness        

Neutrons  &  Ions                
high LET  
high Relative Biological 

Effectiveness (RBE) 



Fermilab   66 MeV   Neutrons
RBE = 4   for  Prostate Cancer  

Blazek, Urbon, Lennox, Kroc, Pientak

Fermilab   66 MeV   Neutrons
RBE = 4   for  Prostate Cancer  

Blazek, Urbon, Lennox, Kroc, Pientak



Before Neutron Therapy 

After 7 Treatments
12.25 Gy  of Neutrons



Inoperable Soft-tissues 
Sarcoma

Two
End of Neutron Treatment
Two-months follow-up after the 
End of Neutron Treatment



Inoperable Neck Tumor 
before Neutron Therapy

Squamous cell carcinoma from snuff chewing

Two Years after 
Neutron Therapy

Squamous cell carcinoma from snuff chewing



Loma  Linda  

Proton  Therapy

1,000 patients / year



Radiation Dose  vs.  DepthRadiation Dose  vs.  Depth    



Heavy Ion  Therapy

• Narrow Bragg peak

Heavy Ion  Therapy (Carbon)

• Narrow Bragg peak

• High  RBE  Relative

Biological  Effectiveness

• Small lateral scattering 



PhotonsPhotons

X rays

ProtonsProtons

protons or

carbon ions



Active scanning – much improved 3

(Patient treatment demos courtesy of PSI)

much improved 3-D conformal dose

(Patient treatment demos courtesy of PSI)



Proton TherapyTherapy



Prostate Cancer
Effect  of  Initial  PSA  on  Disease
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Effect  of  Initial  PSA  on  Disease-free  Survival

90%

81%

62%

43%

5 6 7 8 9 10

Years post Proton Radiation

< 4.1    

4.1 - 10.0 

10.1 - 20.0 

20.1 - 50.0   p =.0001

43%



Prostate  Cancer
10 year Disease

Stage T1 

Pretreatment

PSA

Prostatectomy

Johns Hopkins*

< 4.0< 4.0

4.1 – 10.0

10.1 – 20.0

> 20.0

Prostate  Cancer
10 year Disease-free Survival

Stage T1 - T2

Radical 

Prostatectomy

Johns Hopkins*

2123 pts

Protons

74-75 Gy

LLUMC

1102 pts

91% 92%91% 92%

79% 81%

57% 64%

48% 53%

*Han, Partin et al.:  Urol Clin of N Amer,  2001





Early Stage Lung Cancer Tx
60 Gray  in  10 Fractions     (46 patients)

Published  X

Tx  Results

3 yr. local control 56%

3 yr. disease free 

survival

43%

3 yr. overall 

survival

32%

Early Stage Lung Cancer Tx
60 Gray  in  10 Fractions     (46 patients)

Published  X-ray 

Tx  Results

Published LLU 

Proton Tx Results

74%

72%

55%





Partial Breast Radiation

-- post  lumpectomy

Loma Linda   Proton Gantry

Macular Degeneration



Proton  TherapyProton  Therapy
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FPTI,  Jacksonville

Carbon  &   Proton Hyogo

MD Anderson,  Houston

RPTC,   Munich





Hadron Therapy is an Important Option
for Radiation Therapy Patients.

Hadron Therapy is an Important Option
for Radiation Therapy Patients.



Institute  for  Hadron  Therapy 
in  Illinois  &  Taiwan

Institute  for  Hadron  Therapy 
in  Illinois  &  Taiwan



Fermi Lab + Taiwan  collaborationFermi Lab + Taiwan  collaboration



Technology  ParkDuPage  National 

DuPage Airport 

NASA
DoD
Argonne
Fermi Lab
UIUC
NIU

Fermi Lab

2 km

I-88



2  Proton Therapy Centers   nearby

Fermi   Lab         

2  Proton Therapy Centers   nearby

Fermi   Lab         Neutron Therapy



Central 

DuPage 

Hospital

Proton  Center

























3 new Hadron Therapy Centers  in  Taiwan

● Chang-Geng Hospital         Proton

● T. Guo – NTUH                  Proton

● Evergreen – EvaAir            Carbon / Heavy Ion

Japan   &  Taiwan

best  Healthcare  in  Asia 

3 new Hadron Therapy Centers  in  Taiwan

Geng Hospital         Proton

NTUH                  Proton

EvaAir            Carbon / Heavy Ion

best  Healthcare  in  Asia 



SERA



Hadron Therapy

● Proton Therapy,   Heavy Ion Therapy:  

high precision dosage delivery to tumors

minimize damage to normal cells

● Neutron Therapy,  Heavy Ion Therapy:

high  Relative Biological Effectiveness

Excellent treatment for fighting cancer

high  Relative Biological Effectiveness

● New Hadron Therapy Centers   worldwide

3 in Taiwan,     2 in Illinois
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