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ERL: Energy Recovery Linac (1)

KEK-PF-ERL

Linac: 1.3GHz Superconducting type

Ultrashort (0.1 ps− 3 ps) electron bunches are generated by the
electron gun with a photo-cathode irradiated by laser pulses.
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Chapter 1 Executive Summary

Energy Recovery Linac Conceptual Design Report 

5 Chapter 1 Executive Summary 

Figure 1-1
Conceptual layout of 3-GeV ERL plan that is integrated with an X-ray free electron-laser oscillator (XFEL-O).

1.1 Introduction

High Energy Accelerator Research Organization (KEK) has prepared a conceptual design report of 
Energy Recovery Linac (ERL) at the electron beam energy of 3 GeV (Fig. 1-1). ERL is a future X-ray 
light source designed based on state-of-the-art superconducting linear accelerator technology, which 
will offer far higher performance than the existing storage ring. The high repetition rate, short pulse, high 
spatial coherence and high brightness of ERL will enable the fi lming of ultrafast atomic-scale movies and 
determination of the structure of heterogeneous systems on the nano-scale. These unique capabilities of 
ERL will drive forward a distinct paradigm shift in X-ray science from “static and homogeneous” systems 
to “dynamic and heterogeneous” systems, in other words, from “time- and space-averaged” analysis to 
“time- and space-resolved” analysis. 

This paradigm shift will make it possible to directly witness how heterogeneous functional materials 
work in real time and space, and will enable predictions to be made in order to design and innovate bet-
ter functional materials which will eventually solve the grand challenges of society and support life in fu-
ture. Such functional materials will continue to be used in indispensable technologies such as catalysts, 
batteries, superconductors, biofuels, random access memories, spintronics devices and photoswitches. 
On the other hand, life itself is an intrinsically heterogeneous and dynamic system. Structural biology 
based on the existing storage ring technology has greatly contributed to providing the static atomic co-
ordinates of proteins which are useful information for rational drug design. ERL will further contribute to 
biological science and biotechnology by shedding light on the heterogeneity and complexity of cellular 
functions. 

In short, ERL will be an unprecedented tool that will bridge the critical gaps in our understanding 
of material science and technology. More details as to why ERL is needed and how it will help solving 
problems of society will be presented in the following chapters. ERL is planned to be constructed in late 
2010s, and expected to be operational in early 2020s.

In addition, continuous improvement of linear accelerator technology will result in further quantum 
leaps in X-ray science in the future. One possibility is the realization of a fully coherent X-ray free-elec-
tron laser. Although self-amplifi ed spontaneous emission X-ray free-electron lasers (SASE-XFELs) have 
been constructed around the world, the X-ray beam from SASE-XFEL is essentially not fully coherent in 
the temporal domain. By confi guring a Bragg diamond cavity for lasing in the X-ray region, it is proposed 
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ERL: Energy Recovery Linac (2)

Basic Features

The injection linac accelerates a train of ultrashort (∼ ps) electron
bunches to a few GeV. The bunches make just one turn around the
ring emitting ultrashort SR lights and return back to the linac.

• In the linac, they lose energy by emitting 1.3GHz RF power, which
contributes to the acceleration of the next train of electron bunches.

The ultrashort SR lights are used for observation of fast transient
phenomena in condensed matters.

• In the conventional SR rings, the bunch length is too long (∼ µs) due
to the quantum nature of SR photons.
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LC: e+e− Linear Collider

Basic Features of the Linear Collider

Aiming at the center-of-mass energy around 1TeV or higher. The main
accelerator should be two linacs in the opposite direction because ring
accelerators suffer from severe SR energy loss proportional to γ4.

The accelerator complex for electrons and that for positrons are almost the
same except for the positron source.

The beam emittance should be extremely small to achieve a moderate
luminosity at the collision.
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Muon Collider

Since the muon mass is 206.7 times larger than the electron and the
γ4 issue is greatly mitigated, a ring collider scheme is still acceptable,
and its site scale becomes much smaller than that for a linear collider.

The transverse emittance of the muon beam just after the target is so
large that R&D of efficient beam-cooling system is the most critical
issue.

A continuous RF acceleration during the cooling is necessary to cope
with the short life time of the muon: τµ = 2.2µs.

cf. R. Palmer and R. Fernow: An Overview of Muon Colliders,

Beam Dynamics Newsletter 55 (ICFA, Aug. 2011) p.22.
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Laser-Plasma Wave Accelerators

Four possible ways to generate plasma waves (relativistic electron
density waves)

Please see the figures on p.47 of ref.∗

At present, longitudinal gradients of the order of ∼ 200GeV/m have
been achieved in a length of a few mm.

∗C. Joshi and T. Katsouleas, Physics Today, p.47, June 1980
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Livingston Chart
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M. S. Livingston & J. P. Blewett:
”Particle Accelerators, p.6”, MacGraw Hill, 1962.

For the colliders, the energy is converted to
that for their equivalent fixed target system.

Maximum energies ever achieved

Electron synchrotron: 2 × 100 GeV

　　　 (2000, CERN LEP)

Proton synchrotron: 2 × 7 TeV

　　　 (2010, CERN LHC)

　　　 http://lhc.web.cern.ch/lhc/

Target energy for ILC (International
e+e− Linear Collider)

　　　 2 × 500 GeV? (2025 or later?)
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