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Conceptual design of the Hybrid Ring with
superconducting linac

Kentaro Harada,™* Nobumasa Funamori,”* Naoto Yamamoto,” Yoshito Shimosaki,®
Miho Shimada,” Tsukasa Miyajima," Kensei Umemori,”* Hiroshi Sakai,*

Norio Nakamura,” Shogo Sakanaka,” Yukinori Kobayashi,” Tohru Honda,"
Shunsuke Nozawa,” Hironori Nakao,” Yasuhiro Niwa,” Daisuke Wakabayashi,”
Kenta Amemiya” and Noriyuki Igarashi®

*Accelerator Laboratory, High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan, and
PInstitute of Materials Structure Science, High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-
0801, Japan. *Correspondence e-mail: kentaro.harada@kek.jp, nobumasa.funamori@kek. jp

The Hybrid Ring with a superconducting-linac injector as a highly flexible
synchrotron radiation source to enable new experimental techniques and
enhance many existing ones 1s proposed. It is designed to be operated with the
coexistence of the storage (SR) bunches characterized by the performance
of the storage ring, and the single-pass (SP) bunches characterized by the
performance of the superconducting linac. Unique experiments can be
performed by simultaneous use of the SR and SP beams, in addition to research
with various experimental techniques utilizing the versatile SR beam and
research in the field of ultrafast dynamics utilizing the ultrashort pulse of the SP
beam. The extendability of the Hybrid Ring will allow it to be developed into a
synchrotron radiation complex.

https://doi.org/10.1107/51600577521012753
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The SAC divides the nine proposed programs into three categories:

@ Category I: Recommended programs for MEXT’s support without ranking
@ Category II: Recommended programs for MEXT’s support with ranking
@ Category III: Others

Category I
@ R&D for New Synchrotron Light Source Facility

The proposed R&D, a hybrid ring with two photon beams, is a highly original and flexible design concept
which leverages a unique combination of outstanding expertise from various accelerator branches of
KEK: PF, ILC/STF, cERL, iCASA, SuperKEKB. The remarkable scientific potential of such a lightsource
from both a national and international user community perspective will be enormous. Not just for existing
user communities but for those yet to be established once the true scientific capabilities are realized. The
application of simultaneous time-resolved and spatial-scale studies of materials would be a significant
justification for many users alone. The PF is the oldest major lightsource still in operation and has been
acknowledged as a world leader in synchrotron science. It has been the testing ground for a range of new
technologies and has had a significant impact through the mentoring of international communities.
Building on decades of KEK innovation this project presents a unique opportunity within the timeline of
the present PF transition. Once the feasibility is established, the construction could even be staged, with
energy recovery and FEL as possible future additions.

Category | [CHERE
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PIP : Project Implementation Plan

Category I: A Project to Be Implemented by KEK without Specifying the Rank
@® R&D for New Light Source Facility

This proposal is to promote a multibeam light source facility that combines a low
emittance SR light source and an ultrashort-pulse LINAC-based light source as R&D for
KEK's next light source facility. Based on the superconducting linear accelerator and
storage-ring accelerator technologies developed and fostered at KEK, KEK has the
capability to build a world-leading light source facility with the characteristics of both light
sources and make this research infrastructure the global center of photon science. The
remarkable scientific potential of such a light source from both national and international

user community perspectives will be enormous. It is not just for existing user
communities, but for those yet to be established once true scientific capabilities are
realized. The application of femtosecond time-resolved studies of materials would be a
significant justification for many users.

This R&D should be conducted as a high-priority program at KEK. Technology

development and preparation for construction will be carried out in the six years of this
PIP, and it is expected that actual construction will be realized in the next PIP period.

KEK-PIP2022 Category | ICEFE
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Science at the Hybrid Ring

SR: A wide range of science utilizing high flux and nano-focusing properties will be
developed. Science utilizing vertical wigglers and isolated large charge bunches, which
are not possible with storage rings that place the highest emphasis on low emittance,
will be continued and developed. Conventional and sophisticated use

SR+SR: One SR beam is used to observe the overall image of the sample, which
changes slowly on a time scale of milliseconds or more, while the other SR beam is used
to observe the region of interest. In the case of one beam, the whole image is scanned
with the nano-focusing beam and then the region of interest is observed, so it is
essential that the state of the sample does not change in the meantime. For samples
that change, two beams are required, which greatly expands the range of applications.
New and important use; a few beamlines for SR+SR have been constructed in the world

SP: Femtosecond dynamics studies will be developed by utilizing short bunches, which
are not possible with storage rings. Original use at the Hybrid Ring

SP+SR: Compared to SR+SR two beams, it is possible to observe the region of interest
with higher spatial resolution. Femtosecond dynamics studies of regions of interest are
possible. It is also possible to excite the sample with the SP beam and follow the
subsequent changes with the SR beam. It is expected that new science will be
developed through excitation using the features of synchrotron radiation and the SP
beam (energy selection, nano-focusing, short pulse, etc.). Cutting edge original use at
the Hybrid Ring
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