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Abstract

This next-generation synchrotron radiation facility NanoTerasu consists of a 3-GeV storage ring and the 3-GeV linear
accelerator. Installation of the linear accelerator components started in January 2022 and was completed in January 2023.
Operation test of all equipment including the RF system, magnets, and interlock system were performed as scheduled in
mid-February. Beam commissioning was started after RF conditioning of the high-power RF system, including the
accelerating structures and the RF pulse compression cavities (SLED). The planned beam tuning procedure was followed
to optimize the equipment parameters sequentially, and the target beam performance of 3 GeV beam energy, 0.3 nC beam
charge, and normalized emittance of less than 10 mm mrad were achieved 10 days after the start of beam commissioning.
This paper describes the installation, RF conditioning, and beam commissioning status of the 3 GeV linear accelerator,
and the beam performances obtained during beam commissioning.
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Figure 1: 3-GeV linear accelerator.
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Figure 2: Layout of 3-GeV linear accelerator, beam transport line and klystron gallery.
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Figure 3: Alignment results of 3 GeV linear accelerator and
beam transport line.
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Table 1: RF Parameter of 238-MHz Accelerating Cavity

Cavity freq. 238 MHz + 0.5 MHz (with tuner)
Qo 23332

Rehune 6.192 MQ

RF amplifier Solid state type amplifier

P max 42 kW

Pulse width 100 ps

Rep. rate 25 Hz

AP/P 0.02% (std)

JAY:] 0.01° (std)
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Table 2: RF Parameter of 476-MHz Sub-harmonic
Buncher

Cavity freq. 476 MHz + 0.15 MHz (with tuner)
Qo 25730

Rehune 7.095 MQ

RF amplifier Solid state type amplifier

P max 14 kW

Pulse width 50 ps

Rep. rate 25 Hz

AP/P 0.02% (std)

JAY:] 0.01° (std)

Table 3: RF Parameter of S-band Accelerating Structure

Frequency 2856 MHz
Length 2 m (56 cell)
Type Traveling wave type (2 / 3)
Qo 13600 (average)
Rehune 623 MQ/m
Gradient 20 MV /m

RF amplifier Klystron

P max 50 MW

Pulse width 1 ps

Rep. rate 25 Hz

AP/P 0.04% (std)

JAY: 0.2° (std)

Table 4: RF Parameter of C-band Accelerating Unit

Frequency 5712 MHz

Length 2 m (114 cell)

Type Traveling wave type (2 / 3)
Qo 9122 (average)

Rehune 64.4MQ/m

Gradient 42.5MV /m

Phase error +2.08°

RF amplifier Klystron

P max 50 MW (200 MW with SLED)
Pulse width 2.5 us

Rep. rate 25 Hz

AP/P 0.06% (std)

JAY: ] 0.4° (std)
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Figure 4: Process of the RF conditioning status of C band
accelerating unit.
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Table 5: Design Value and Measurement Results of Beam
Parameter of 3 GeV Linear Accelerator

Design Measurement
0.4nC
>
Charge 0-3nC > 80 % transmission
Energy 3 GeV 3 GeV
dE/E <0.2 % (FWHM) 0.12 % (FWHM)
Norm. & 5 mm mrad 6.7 mm mrad (Hor.)
@40 MeV 8.3 mm mrad (Ver.)
Abs. € 1.1e-9 mrad (Hor.)
2e-9 d
@3 GeV e mi 2.2e-9 mrad (Ver.)
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