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Cyclotron Maser Coolmg(CMC) and Gamma ray Laser(GASER)
— The World of Tlme Coherent Condensatlon -
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The CMC theory on the particle beam cooling has been developed based on;f"jfi‘rs‘t
principles and provides the clear explanation on the electron cyclotron maser-and CMC -
mechanisms from both classical and quantum mechanical view- pomts In a beam particle
frame cyclotron oscillation particles are well described as the Landau oscillators
disregarding their intrinsic spins. Incorporating the relativistic effects and the coherent rf
field on the oscillations, remarkable non-linear features are caused, such as the phase
bunching, the large induced effective charge and the fine structure level splitting of the
oscillators leading to the electron cyclotron maser mstablhty However, under the CMC
conditions on the frequency and the strength of the stimulating rf field, the oscillators

- reveal the perfectly coherent behaviors and occupy only one common stable energy level
and a corresponding bunched phase angle resultmg in CMC as the generatlon of coherent
Landau osc1llators : .
~ This leads to the new concept Tlme Coherent Condensatlon of Particle Beams or
Coherent Particle Beams. Appllcatlon of this concept to the principle of Free Positronium
Radiation (FPR) we find the means of stimulated formation of the coherent p051tr0n1um~
‘beam in which all the positronium atoms do get into the same microscopic state. The beam

“can only behave in a completely ordered way in which the annihilation of any atom is

correlated with the anmhllatlon of all the others and yield the. coherent annihilation

photons, that is, the so-called Gamma-ray Laser or Gamma- -1ay Ampllfxcatlon by

‘Stimulated Emission of Radiation (GASER). The present electron and positron beam
technology has been practlcally ready towards GASER, especially, those of energies from

a few keV to ten MeV.
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Figure.1

Basic configuration of the free Ps radiation facility. C, confluent beam

section; FPR, free Ps annihilation radiation; 1, electron and positron injector; M;,
photon mirror; RF, radio-frequency system; S, shooting photon source for the
stimulated Ps formation; SR, synchrotron radiation; U, horizontal undulator; u,,
vertical undulator. Elements without abbreviation are magnets.
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Figure.2 Schematic arrangement of CMC. B,, solenoid
magnetic field; E,, rf field of TE-mode; h®, stimulated
emission photon. The central helical line indicates a
gyrating particle beam.
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Figure.3 The response function F(2Q'7’y) gives the
normalized energy gain of a gyrating charged particle.
As seen in the response function F(2Q'z’y) for a » 1, the
particles with the high energy, i. e. Q<0 ory, >0 . /&'y,
emit coherently radiation while the particles with the low
energy, i. . Q'>0or 7,< @', /@'y absorb coherently
radiation through the stimulation of the rf field.
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Figure.4 Phase bunching. A) Coherent case, a = (2
o' T lr) (1-7 ") » 1. When the particles reach the
entrance of the 1f cavity, they are immediately
incorporated into the phase bunched particle ensemble

within the bunching time t'z ~ 0.1y, 7', being the
pariicle travelling time in the cavity. B} Incoherent case,
a ~1. Due to the dependence of t 5 73’ , the bunching
time is longer as much as 10?2 ~10° compared to the case
A) and the particles pass through the cavity without any
phase bunching. In comparison between A) and B), the
particles seem to forecast their future on the phase
bunching at the entrance. This is the manifestation of the
uncertainty relation in the particles and the coherent rf
field system.
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Figure.5 Comparison of the Larmor radii arising from
heating and absorptive cooling of electrons. The

. patterns depicted on the ZnS screen for rf on and rf off
at @./ 27 =2.16 GHz and @,/ 27 =2.09 GHz for the
initial transverse kinetic energies: (a) 8keV, (b) 10keV,
(c)12keV. The sharp outer circles correspond to the
electron energy of 23 keV, which satisfies the CMC
condition, Q=(®@./7,0)- ® +=0.
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Figure.6 Basic configuration of the GASER facility. C,
decelerating collector system; D, divider magnet; F,
focusing solenoid; G, electron gun system; 1, injector; J,
joint magnet; M, microtron; P, low speed positron
converter; R, positron ring; S, shooting photon source
for the stimulated Ps formation. Elements without
abbreviation are magnets.
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