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Abstract

The 3-GeV linear accelerator, serving as the injector for NanoTerasu, completed its commissioning in 2023, and user
operation of the synchrotron radiation beamlines began in April 2024 as originally planned. The NanoTerasu storage ring
adopts a Multi-Bend Achromat lattice to achieve low emittance, and the injector is required to deliver a highly stable and
low-emittance electron beam. Goals for the 3-GeV electron beam from the injector are energy stability of <0.2%,
emittance of <~5 nm-rad, and bunch charge of 0.3 nC. In this presentation, we detail the beam optics system of the linear
accelerator by comparing model calculations, which take into account the accelerator’s operating parameters (such as
magnet settings and RF amplitude/phase of accelerating structures).
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Figure 1: Schematic diagram of the 3-GeV injector of NanoTerasu. First units of each C-band accelerating section (CB)
are shown. Blue and green rectangles denote bending and quadrupole magnets, respectively. The 3-GeV electron beam is
injected into the storage ring through three beam transport areas of BT1, BT2, and BT3. Reprinted and modified from a
reference [1].
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Figure 2: (a) Emittance measurement tool. Images are
analyzed using horizontal and vertical profiles with
Gaussian fittings. Beam size as a function of quadrupole
magnet’s current is used to calculate emittance and the
Twiss parameters. (b) Example of quadrupole magnet and
screen at the exit of S-band accelerating structure for the
measurement of 40-MeV electron beam.
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Figure 3: Beam optics in the 3-GeV linear accelerator from the chicane at the exit of the 40-MeV injector to the end of
the linear accelerator. In the top panel, solid and dashed curves denote simulation results of beta functions in horizontal
and vertical directions, respectively, using initial Twiss parameters at the exit of the 40-MeV injector. Markers are
experimental results of the Q-scan method for horizontal (circle) and vertical (triangle) directions at three measurement
points. In the bottom panel, regions of bending magnets (tallest rectangles), quadrupole magnets (middle-height
rectangles), and C-band accelerating structures (shortest rectangles) are shown. The cathode is located at z = 0 m.
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