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Scope of Rese

The Following Subjects are being studied: Beam dynamics related to space charge force in accelerators: Beam
handling during the injection and extraction processes of the accelerator ring: Ultra-low Emittance states of proton and
Mg" ion beams created by the electron cooling and laser cooling, respectively: Compression of the energy spread of
laser-produced ion beams by an rf electric field for phase rotation: Research and development of permanent quadrupole
magnets for final focusing of International Linear Collider(ILC) and for focusing of neutron beam: Development of
electron-cyclotron resonance(ECR) ion source for small neutron source.
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Topics

Collaboration with the Use of lon Storage
and Cooler Ring, S-LSR

ICR has become a collaboration Institute open for out-
side users. This year, two collaborations has been started.

a) Approach to ultra-low temperature ion beam by laser
cooling

We have already obtained an indication of transverse
laser cooling of 40 keV *Mg" ion beam with the use of
“Synchro-Betatron Coupling” (Annual Report 2009). This
year, more quantitative approach to reach crystalline beam
has been triggered by collaboration with the group from
Hiroshima University, Tsinghua University and Max-
Planck-Institut fir Kernphysik through Skype meeting.

b) Irradiation of electron cooled short bunch proton beam
onto biological cells

In order to obtain quantitative data on the capability of
double strand breaking by irrdadiation of proton beam
with a very high peak intensity in a short pulse as indicated
by laser-produced proton beam [1], an irradiation system
of biological cells by a electron cooled 7 MeV proton
beam has been under development. By electron cooling,
we have already realized a short bunch 7 MeV proton
beam beam with 3.1 ns pulse duration for beam intensity
of 1.4 x 10°[2]. For the purpose of keeping the cells alive
throughout the irradiation process the extracted proton
beam is to be deflected vertically as large as 90 degrees
and irradiated through a thin foil. By hitting the cells from
below, the irradiation condition is expected to be kept
constant independent on the thickness of cultivating liquid,
which evaporates during the irradiation. Such a beam line
is now under construction with collaboration of the group
from National Institute of Radiological Sciences.
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Figure 1. Electron cooled proton beam.

Neutron Optics and Physics (NOP)

Neutron is unique probe for material research and
fundamental science because it does not have charge and
interacts only by nuclear force, while x-ray interacts with
electromagnetic force. Light atoms, which are difficult to
be observed by x-rays, can be investigated by neutrons.
Among many methods, Small Angle Neutron Scattering
(SANS) has been commonly used to investigate structures
of materials. Unfortunately, the availability of such facility
seems not good because of its huge size (~40 m). By using
Very Cold Neutrons (VCN), the length can become very
short and be distributed to many laboratories. This situation
allows us to invite or raise new neutron users. In addition,
wider g-ranges and smaller minimum q’s are available on
this VCN-SANS, because the scattering angles are no
longer small.

We have been investigating a focusing magnetic lens
for neutrons that has sextupole magnetic field to interacts
with magnetic dipole moment of neutrons. The focusing
properties were studied at ILL, Grenoble, France. Figure 2
shows the typical results. Using this lens, test measure-
ments of VCN-SANS were performed. Figure 3 shows
the result for tri-block-copolymer case. The resolution
Figure 3 was better than the conventional facility. We are
still studying towards the better performance.

Figure 2. The beam profiles
on the 2D detector. Top:
PMSx is well synchronized
and the beam spot is kept
small during the beam
pulse. Bottom: the beam
spot is increasing for off-
synchronized case.

Figure 3. VCN-SANS plots for 15 wt% Pluronic in D20 (28 °C),
compared with SAND@IPNS.
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