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Colliding 98U with 100U 
Knock out 1 n from 100, transition 98 → 99 + 99 Resulting in TWO 99Mo 
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Making Mo-99 From Natural 92-100Mo 

Mo98 + Mo100 → Mo99 + Mo99 − 2.37 MeV 
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MAGNET MAGNET 

ALL WITHIN STATE OF THE OF ART PARTICLE BEAM PHYSICS & ACCEL. TECH. 
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7 Mo Isotopes            12 1-n Exchange Reactions Producing 14 99Mo  
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PERMUTATIONS 
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2012: Brookhaven Relativistic Heavy Ion Collider (RHIC) collided 
238U92+ (100 GeV) + 238U92+ (100 GeV) observed σtotal = 487 barn = 13 X σgeo 

ISR: Intersecting Storage Rings at CERN, 1971 

p (20 GeV) + p (20 GeV) 
 

5 ADVANTAGES 
OF COLLIDING BEAMS 

1. Energy Confinement Time: 

𝝉 = 𝟓 × 𝟏𝟎𝟔 𝐬𝐞𝐜 
= 𝟐 𝐦𝐨𝐧𝐭𝐡𝐬 (coasting) 

Opened 

NEW ERA 
In nuclear and particle physics 

KEY: PREVENT THERMALIZATION 
OPPOSITE TO MAXWELLIAN 

PLASMAS, IT IS AN ORDERED PARTICLE 
MOTION SYSTEM CONTROLLED BY  

EXTERNAL STRONG FOCUSING FORCES 
AND EM FEED–BACK SIGNALS 

For 100 years: beam-on-target: 
     Since 1971: beam-on-beam: 

VACUUM ~10−10, 10−11 torr 
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5 ADVANTAGES OF COLLIDING BEAMS 

2. ENERGY FACTOR OF 8 

4. REACTION RATE 

∝ (ion current) - QUADRATIC ∝ ion current - LINEAR 

(R ∝ I2) (R ∝ I) 

Beam-on-target Collider 

3. FACTOR OF 106 MULTIPLE TRAVERSAL 

Beam-on-target Collider 

Multiple 
Traversal 
𝜔~106𝑠−1 

Single 
Traversal 

5. BEAM BUNCHING FACTOR (From 4) LARGE INSTANTANEOUS POWER 

Time-of-Flight Selection 

Beam-on-target 

Elab = 4 MeV 

𝐸𝐶𝑂𝑀 =
1

4
𝐸𝐿𝑎𝑏 = 1 MeV 

Collider 

𝐸𝐶𝑂𝑀 = 𝐸𝐿𝑎𝑏 = 1 MeV 

Elab = 0.5 MeV Elab = 0.5 MeV 
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2 Intersecting Beams Counter Coasting 

1975: INVENTION OF SELF-COLLIDING BEAM 
One single beam collides head-on with itself via precession 

KEY PHYSICS PRINCIPLE: 
Canonical Angular Momentum = 0 

MIGMA = ORDERED MIXTURE OF ORBITS 

“PRECETRON”   
 Princeton U. Physics Report PPAR – 14 1969 
 The principle of Self-Colliding Orbits Part. Accel. 1, 121 (1970) 
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MIGMA IV 
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MIGMA 
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Longest Ion Energy Confinement Time in Fusion 

𝜏1
𝑒 
= 24 ± 4 sec 
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Massive T and 3He Production 

Luminosity 

 𝐿 = 3 × 1043𝑉 𝑚3 𝐼2amp 
 

PROOF OF 

BEAM→←BEAM 

FUSION T AND 3He 

PRODUCTION 
T 
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Molytron 
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With 3 MV Accelerator, 𝑍 = 40 = 120 MeV Beam! 
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Auto-Collider MIGMA IV 
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Mo 
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PRECETRON MIGMA IV 

      D2
+ beam 

      D2
+ beam 

+Mo 

+Mo 

Layout of the beam transport system, chamber, and super conduction magnet 
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Stacking of MIGMA Cells 

Economy of Mass Production 


