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Synchrotron radiation from NanoTerasu
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What is synchrotron radiation?
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Synchrotron radiation is the electromagnetic
radiation emitted when relativistic charged particles
change their moving direction. NanoTerasu
provides brilliant synchrotron radiation including
intense soft X-rays.
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What NanoTerasu can do?
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Elemental analysis in material.
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Investigation of origin of properties and functions in material.
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. Investigation of chemical reactions and changes in material.
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The performance of soft X-rays produced by NanoTerasu
is more than 100 times higher than before.
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1 billion times brighter than sunlight
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100 times as brilliant as existing domestic facilities in the soft X-ray range
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1/10 energy-saving operation of existing domestic large-scale facilities
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Electron beam

Insertion device
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Synchrotron radiation
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NanoTerasu contributes to SDGs.
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NanoTerasu is good at soft X-ray region.
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NanoTerasu accelerator complex to generate High-Performance Synchrotron Radiation
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The 3GeV synchrotron radiation facility NanoTerasu consists of an electron linear accelerator (linac) with a length of 110m and
a storage ring with a circumference of 348.8m to generate highly brilliant synchrotron radiation.
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Acceleration to 3GeV: optimal electron energy
to generate soft X-rays.
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The linac accelerates the electron beam up to 3GeV: optimal
energy to generate synchrotron radiation in the soft X-ray region.
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The vertical and horizontal electron beam sizes in the storage ring are
0.006mm rms and 0.12mm rms, respectively.
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Power supplies for
storage ring magnets
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Compact high-performance electron gun system developed for NanoTerasu.
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Electron gun

The electron beam circulating in the storage ring to generate
synchrotron radiation is first emitted from an electron source
located at the upstream end of the linac, accelerated up to 3GeV
through the linac and injected into the NanoTerasu storage ring.
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HBEHICTZ) D hEHREBEFHRI AT LAZRFELE U, to stably provide low emittance beam for the injector linac.
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Front-end devices let through the on-axis
§ components of the synchrotron radiation
from the insertion device, eliminating
unnecessary radiations and heat load.

results

A2HFER] ([CXKDT. EERENCE

300 &LA EDEAZE

0.1mm LA TFDRENTHEEICE
More than 300 magnets are precisely aligned
within accuracy of 0.1mm or less.
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Storage ring consists of 16 unit cells. One cell is composed of 4 bending
magnets, 10 quadrupole magnets, and 10 sextupole magnets.Those
magnets are designed and lined up to reduce the electron beam
emittance.

More than 300 magnets weighing hundreds of kilograms to 1.4 tons each
are precisely aligned on a girder within accuracy of 0.1mm or less.
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All the beamlines use insertion devices.

Beamline
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A beamline consists of an insertion device, a front-end devices, a
beamline optics, and experimental stations. Insertion device produces
brilliant radiation. Front-end devices and the monochromator leads
optimal X-rays to the experimental stations.
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Insertion device
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At NanoTerasu, insertion devices are placed at the straight sections of the storage
ring. In the alternate magnetic fields generated by the magnet array of the
insertion device, electrons draw a sinusoidal trajectory. Synchrotron radiation,
which is emitted every time the electrons are deflected, is superimposed and

in a bright and well-collimated X-ray beam. At NanoTerasu, all the

beamlines use insertion devices as light source.
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Research at the public beamlines built by QST

E=LZT>

Beamlines
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Up to 28 beamlines can be installed on NanoTerasu. QST is constructing first 3 beamlines by 2024 FY.
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Resonant Inelastic X-ray Scattering (RIXS)
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Soft X-ray Magnetic Circular Dichroism (XMCD)
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Unveiling lower energy excitations with ultrahigh resolution

T/ BRCDH LR T FEFOREEZRS

Revealing the electronic structures in the nanoscale region
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RIXS is a photon-in/photon-out spectroscopy
where one measures energy loss of the
scattered X-ray and gives direct information
about elementary excitations.
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Nat. Commun. 12, 3122 (2021).
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By focusing soft X-rays to the nanometer level and irradiating
the materials with them, it is possible to reveal the electronic
structures in the nanoscale region.

This will be contributing to the development of new materials
and high performance devices with unprecedented properties.
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Japan's first exemption from "full radiation control area"
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NanoTerasu is the first facility in Japan designed to exclude most of the experimental hall from radiation-controlled
areas by optimizing shielding and safety systems. We expect that many users will find NanoTerasu easier to use.
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Nat.Commun 12, 406 (2021).
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Exploring spintronic structures by versatile photon polarization
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Synchrotron radiation focused to 10nm spatial
region with versatile photon polarization provides
valuable information about microscopic magnetic

and spintronic structures essential for future
miniaturized devices and functionalities.
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Nat.Commun 5, 5704 (2014).
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