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Overview  Lecture 2

Antimatter technology PET
Antiproton therapy?
Rocket propulsion??

Antihydrogen ATHENA and ATRAP
Making antihydrogen
Future developments

Trapping antiparticles 



3Antimatter (2) - Summer Students 2005

The first nine antihydrogen atoms at CERN (1996)
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Press reactions (of course)

“Liberation” (France)
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Will antimatter destroy Geneva ? The Vatican ?

Cost:  50,000,000 billion $
Production time: ~ 3 billion years

Cost:  50,000,000 billion $
Production time: ~ 3 billion years

20 kt TNT = 8.4 · 1013 J

0.5 g antimatter + 0.5 g 
matter

20 kt TNT = 8.4 · 1013 J

0.5 g antimatter + 0.5 g 
matter
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III. 

Trapped Antiprotons
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A short break to think about precision measurements

Precision of a measurement increases with observation time

Presence of other particles may decrease precision

Isolate (few) particles and 
observe for long times: 

PARTICLE TRAPS
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RF-trap (“Paul trap”)

A radio-frequency current on the electrodes maintains  an alternating 
electric field that confines charged particles in a small space.

-

-/+

+/-
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Magnetic traps
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Special case: Penning trap
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Compare cyclotron frequency of antiprotons and H- ions (B = 5.3 T)

G. Gabrielse

Q/M difference (proton/antiproton) :  <  9 x 10-11

Antiproton Charge-to-Mass ratio (PS 196, LEAR)

Antiproton
FM

(79.5 MHz)
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Antihydrogen

IV. ANTIHYDROGEN
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Scientific American, June 2005
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Antihydrogen

ATHENA and ATRAP - Experiments (Start 2000)

Find a way to make cold antihydrogen (done)
Trap and cool antihydrogen
Precision measurements

ATRAP ATHENA
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Antihydrogen = Hydrogen ?? 

2S level is metastable (T ~ 120 ms) 

Two photon laser-spectroscopy (1S-2S energy difference
very narrow line width = high precision: Δν/ν ~ 10-15

Long observation time - need trapped (anti)atoms
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Gravitation? 

Extremely low
Kinetic energy
Anti-atoms



17Antimatter (2) - Summer Students 2005

Antihydrogen milestones
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Trapped antiprotons*
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Positron Accumulation (ATHENA)

100 million positrons in 2 min
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Overview - ATHENA / AD-1
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Recombination

Recombine free positrons + antiprotons using “nested traps”
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Antihydrogen Atoms are NOT captured
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Antihydrogen Detector

8096 Si strips
(φ, z)

192 CsI Crystals
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Antihydrogen Detector

Operated at 140K, 3T, small 
space
• 2 x 16 Si microstrip detectors 
• 192 CsI crystals, APD readout
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Expected antihydrogen signal (simulation)
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First observation of cold antihydrogen

M. Amoretti et al., Nature 419, 456 (2002)

Background:

Mixing with ‘hot’ positrons(~ 3000 K)

[suppressed recombination]

Aug 2002:

131 ± 22 events

(above flat spectrum  at cos < -0.95)

> 50,000 produced antihydrogen

(conservative estimate)
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Rate of antihydrogen production

High Initial Rate (> 100 Hz)

High S/B (~ 10:1) in first seconds 

Analysis: 

• 65 ± 10 % antihydrogen

• ~ 50 % vertex / annihilation
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Pulsed antihydrogen production

Heat On/Off every 3 sec

Heat OFF
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Other ways to make antihydrogen 

ATRAP method - colder antihydrogen (?)
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Unsolved problems with antihydrogen trapping

Antihydrogen could be trapped in magnetic gradient 
field (quadrupole, sextupole), via magnetic 
moment, but:

a) very shallow potential (~ 0.07 meV/Tesla)

b) Anti-atoms may be too fast (>> 1 meV ?)
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Unsolved problems with laser cooling

Antihydrogen laser cooling (121 nm) (2002: 50 nW)

MPI Quantum Optics, Munich

Very small laser power; anti-atoms too fast
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V. APPLICATIONS
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Applications of antimatter - PET

Insert e+ emitting isotopes (C-11, N-13, 
O-15, F-18) into physiologically relevant 
molecules (O2, glucose, enzymes) and 
inject into patient.

Study positron annihilation with crystal 
calorimeter ( Positron Emission 
Tomography, PET)



34Antimatter (2) - Summer Students 2005

Applications of antimatter - Tumour therapy?

Goal: destroy tumour without (too much) harm to healthy tissue

Gammas: exponential decay (peaks at beginning)
Charged particles: Bragg peak (Plateau/Peak better for high Z)
Antiprotons: like protons, but enhanced Bragg peak from annihilation
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Antiproton-Cell Experiment ACE (AD-4)

Relative biological effectiveness for tumour therapy

- antiprotons annihilate; short range nuclear 
fragments destroy tissue (within < 1 mm)

Compare to protons and carbon ions !
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Antiproton-Cell Experiment - First results

Relative biological effectiveness of antiprotons 
significantly higher than protons
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Antiproton-Cell Experiment - First results

Same therapy effect with less radiation dose (= damage to 
healthy cells)

Much more work to be done, comparison with carbon ions (2005)
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Antimatter driven space engines?

PROBLEMS:

1) Extremely low production rates (ng/yr)
2) Extremely low efficiency (~10-8)
3) Difficult storage (space charge) of antiprotons
4) More difficulties for antihydrogen

Until somebody finds a clever way around these problems, all this will stay fiction:

The End.


