
Nuclear Inst. and Methods in Physics Research, A 875 (2017) 80–86

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

Quasi-monoenergetic ultrashort microbunch electron source
Levi Schächter a,*, Wayne D. Kimura b

a Department of Electrical Engineering, Technion – Israel Institute of Technology, Haifa 32000, Israel
b STI Optronics, Inc., 2647 151st Place NE, Redmond, WA 98052, USA

a r t i c l e i n f o

Keywords:
Electron sources

a b s t r a c t

By combining static electric and laser fields for generation of field-emitted electrons, it is possible to generate
a quasi-monoenergetic train of electron microbunches by controlling the anode–cathode spacing such that the
time of flight of the electrons becomes independent of the laser field. Such quasi-monoenergetic microbunches
with pulse durations that are a fraction of the laser wavelength would be ideal for radiation sources as well as
compact accelerators.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

A train of electron bunches plays a pivotal role in many novel
radiation sources as well as in advanced acceleration paradigms [1–4].
Ideally, the microbunch length should be a small fraction of the driving
laser wavelength and it should have a narrow energy spread (i.e., quasi-
monoenergetic) in order to be accelerated uniformly or produce a
narrow radiation spectrum (quasi-monochromatic) [5–8].

A prime example where a train of fs-microbunches separated by
the laser wavelength is needed is as an electron injection source for
dielectric laser accelerators (DLA) [4]. The electric field within the chan-
nels of the DLA accelerating structure oscillates at the laser frequency.
Hence, only electrons at the proper phase with respect to this field are
accelerated and this optimum phase point has a periodicity equal to the
laser wavelength. Moreover, the channel gap size is only of order one
wavelength; hence, the emitter area of the injection source should also
be this same order of size to maximize injection of the electrons into the
channel.

One way to produce fs-microbunches is by combining static field
emission with the oscillating electric field of a laser beam. The latter
propagates parallel to the diode’s electrodes and with the electric field
perpendicular to both the cathode and the anode. Each one of the
two electric field components, on its own, is not sufficient to generate
significant field emission from the cathode. In fact, when the oscillating
field is anti-aligned with the static field, emission is suppressed. Thus,
significant electron emission only occurs during a fraction of each half-
cycle of the laser field, thereby generating a train of ultrashort fs-
microbunches separated in time by the period of the laser.
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This basic scheme of combining a static field and oscillating field
from a laser beam on a cathode has been experimentally demonstrated
by several different research teams [9–11] and is essentially an ex-
tension to optical wavelengths of earlier work done using microwaves
[12–14]. Hommelhoff, et al., [9] demonstrated several key attributes of
this process: (i) Emission of electrons during a half-cycle of the laser
field from tungsten cathodes, (ii) generation of electron pulses of 1 fs
duration, and (iii) an average of about 200 electrons per microbunch
corresponding to 3 × 1015 electrons per second for the mode-locked
1-GHz laser that was being used. It was also pointed out that their results
yielded current densities and invariant brightnesses comparable to
photocathodes, which implies that space-charge effects are manageable.

Ganter, et al., [10], demonstrated high peak currents (2.9 A) and
indicated that low normalized emittances (< 0.05 mm-mrad) are feasi-
ble. These approaches were also quite different from that of Hernandez-
Garcia and Brau [15–17] who demonstrated photoelectric field emission
from needle cathodes where the laser intensity dominated over the field
emission and could even damage the cathode.

This work by others on laser-driven field emitters with arbitrary
choice of parameters did not result in an electron beam (e-beam) source
suitable for injecting into an acceleration structure. One key character-
istic they lacked was generating microbunches with low energy spread.
We demonstrate in this quasi-analytic study that a proper choice of the
static and oscillating electric field components results in an improved
microbunches generation scheme. The three main characteristics of this
paradigm are: (i) quasi-monoenergetic electrons can be emitted from the
laser-driven field emitters by controlling the anode–cathode (A–K) gap
size, and the static and oscillating field as well as the space-charge in
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