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Abstract

We have already experimentally demonstrated transverse indirect laser cooling utilizing Synchro-Betatron Resonance
Coupling (SBRC), but its efficiency was rather poor for beam intensity as 10’ due to beam heating by Intra-Beam
Scattering and its cooling time amounted as long as ~100 sec for this intensity. By application of beam scraping and
optimization of laser detuning together with equilibrium deceleration with the use of an induction accelerator, we could
reach the lowest transverse temperatures ever attained by laser cooling as 7.0 K and 2.1 K for the horizontal and vertical
directions, respectively.
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Figure 2 Experimental demonstration of Indirect
Transverse Laser Cooling using Synchro-Betatron
Resonance Coupling (SBRC). Horizontal beam size
has its local minimum at the synchrotron tune which
resonates with the horizontal betatron tune. Cooled
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Figure 1: Layout of S-LSR and its laser cooling system
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momentum spread has its local maximum at this
condition due to energy flow from the horizontal
degree of freedom.
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Figure 3 Time variation of the horizontal beam size
onserved by a CCD camera for different synchrotron
tunes. With SBRC, the horizontal beam size decreases
gradually but its cooling time is rater long as ~100 sec.
for beam intensity of 107 due to heating by IBS.
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(a) Horizontal beam size
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Figure 4 Relation between the H Scraper 1 position and

the circulating beam intensity in the ring of S-LSR.
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Figure 5 Examples of beam profiles measurement

with the use of scrapers.
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(b) Vertical beam size

Figure 6 Beam intensity dependence of indirect transversely laser cooled beam size, (a) horizontal and (b) vertical

directions.
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(a) horizontal beam size
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Figure 7 Beam intensity dependence of the horizontal (a) and vertical (b) beam sizes with 3D indirect transverse
laser cooling with and without solenoid magnetic field and additional application of induction deceleration..
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Fig.8 Plasma parameter dependence of heating rate ™
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