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The Following Subjects are being studied: Beam dynamics related to space charge force in accelerators: Beam han-
dling during the injection and extraction processes of the accelerator ring: Ultra-low Emittance state of a proton beam 
created by the electron cooling: Laser cooling of Mg+ ion beam: Compression of the energy spread of laser-produced 
ion beams by an rf cavity for phase rotation: Research and development of permanent quadrupole magnets for final 
focusing of International Linear Collider (ILC): Development of electron-cyclotron resonance (ECR) ion source for 
small neutron source.
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Laser Cooling of a Mg+ Ion Beam at S-LSR

Laser cooling experiments of 24Mg+ ion beams with the 
kinetic energy of 40 keV have been carried out at an ion 
storage and cooler ring, S-LSR. A transition between 3s2S1/2-
3p2P3/2, corresponding to a laser wavelength of 280nm at 
laboratory frame is utilized. A laser with this wavelength is 
attained by a frequency doubler applied to the output from 
a ring dye laser pumped by a Nd:YVO4 laser.

Figure 1 shows the dependence on the cooled ion num-
ber of the equilibrium longitudinal temperature realized 
by the beam cooling with the use of a co-propagating laser 
and an induction deceleration [1]. With cooling, the rela-
tion between particle numbers N and longitudinal temper-
atures T|| is measured as T|| = 0.14N0.32. The attained lowest 
longitudinal temperature, 3.6 K, is limited by higher tem-
perature of transverse directions, which are weakly cou-
pled with that of longitudinal direction by an intra beam 
scattering.

According to this result, it is necessary to reduce tem-
perature for further cooling. Theoretically, transverse laser 
cooling is to be achieved by coupling of longitudinal and 
transverse degrees of freedom by synchro-betatron reso-
nance. In Figure 2, momentum spreads after application of 
the longitudinal beam cooling for the bunched beam with 
various synchrotron tunes are shown. In this figure, sharp 
peaks of momentum spreads appear for the conditions 
where synchrotron tune and horizontal betatron tune, νs 
and νx, are 0.064 and 2.065 or 0.057 and 2.054. This result 
means longitudinal cooling rates are reduced when the 

resonance condition is satisfied. It is considered as an in-
dication of longitudinal and transverse coupling. Further 
experiments to demonstrate transverse cooling by observ-
ing the transverse size reduction associated to a longitudi-
nal beam cooling is now under preparation.

Proof of Principle Experiment of Electron 
Nucleus Scattering with use of SCRIT  
(Self-Confining Radioactive Isotope  
Ion Target) installed into KSR

With the use of an electron storage ring, KSR, the stud-
ies of the structure of nucleus trapped into an ion trap: 
SCRIT (Self-Confining Radioactive Isotope Ion Target) 
set in a straight section of KSR as shown in Figure. 3 has 
been performed in these a few years by collaboration with 
a group from RIKEN. Recently the principle of such a 
scheme to investigate the structure of the nucleus detect-
ing the scattered particles by an electron-nucleus scatter-
ing has been successfully demonstrated for stable ions as 
133Cs, although the final aim of such a scheme is to be 
applied for unstable nuclei [2].
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Figure 1. Equilibrium lon-
gitudinal temperature of the 
beam cooling for various 
numbers of circulating ions.

Figure 2. Momentum spreads 
of laser-cooled bunched ion 
beams for various synchro-
tron tunes.

Figure 3. An overall view 
of an electron storage ring, 
KSR, where the SCRIT is 
installed.


