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Abstract

A laser-driven dielectric accelerator which delivers around 1MeV electron beam might be suitable for irradiating a
sub-micron beam to a specific organelle of a biological cell. A Fabry-Pérot (FP) resonator with a transmission grating
(TRG) is capable to realize a compact accelerator energized by a commercially available small scale fiber laser, A self-
image of an acceleration electric field produced by the TRG is transferred in the FP resonator and accelerate electrons.
However, the FP-TRG is valid only for the relativistic electrons. In advance of an acceleration experiment, parameters for
the experiment were determined by a simulation of electron trajectories in a proximity electric field of the TRG. Serious
deflection of electron beam towards the grating surface limited the injection phase as well as the height of the injection
point from the TRG surface. The energy gain for the 50-keV electron was estimated to be 1 keV in the traveling distance
of 15-micron at the optimum condition. 425-nm pitch gratings were fabricated by the electron lithography technique.
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Figure 1: Pulse energies and pulse widths of commercially
available lasers. The solid line and the broken line are
threshold values of optical breakdown of the optical fibers.
The original figure was produced by Kokyo Inc. [3]
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Figure 2: The relation between the decay time of the res-
onator () factor) and the laser intensity for producing the
light intensity in the resonator as high as the laser induced
damage threshold (LIDT) of the dielectric.
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Figure 3: (a)The geometry of the Fabry-Pérot resonator

with the transmission grating. The linearly polarized laser

pulse comes from left side. (b)The distribution of the elec-
tric field component along the cavity.

T
o) Y :1
|
]

o TETFZIMELZ (4], BTE8E R X Q)
WC—H I TERDOEM A DFRARP KD %65 HH
IEARZ KELTES, UL, BTDIEIE 200nm
FREIZZ2 D, IITIZIREFE DI Y 757 4 —I13fdi5 Z
EMTERNDT, VI - M T 77y b 74—
LDXEEZT, BFRIY I T 74 —2HOTER
L7,

A EARNNE TIX U5 O B R A & IS LT
B, ~HOREFHEFTIIIEICETF S 5 ERMRED
[ HTA& -2 S BN 2 12 DN THREEERIIT AT 5 72
e, ST D S i (F 7z IikEEn 5 HE)
DOBRHMHTE RV, IMEEEBRTHESND TR —
Gz RS -0z, BROEBRZHVETFOHEET
HafTolz, EBRTFELTWS/SF A — X % Table |
2. TRIVFXF =G AE L EFHEORA Ad 2 EFD
B SN D ABHAH ¢ & [FIHHE T-E D S D A5 &
X do DEEBE U T Figure 4 12" 3, FEBRTIXE T —
LOERZ 1 pm LFIZT 5 Z &3 L W EIZER R
FE1X 150 nm OfIZ 2 IZ 2T 50T, HhBETOT
INVF—=DHEFIARF TRV F— (5S0keV) ZHUMZI LT
wED 1keV DIRIAWERZ 2 7= 0205 BT
MMxha,

Energy gain AE (keV)

Lateral displacement Ad (nm)

£ € =

£ £ )

- <> 150

@ @

o o

s § 100

@ 1

S 2 |

] Electrons lost S 50 Electrons lost

E at the grating E at the grating
- -n/2 0 /2 n T /2 0 n/2 n

Start phase ¢, (rad) Start phase ¢, (rad)

Figure 4: (Left)The energy gain as a function of the initial
phase and the initial hight. (Right)The lateral displacement
as a function of the initial phase and the initial hight.
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Table 1: Experimental Parameters

Grating
Material SiOq
Period A =425 nm
Pillar width W, = 225 nm
Pillar height H, =288 nm
Acceleration length | L, = 15 ym
Laser
Type Yb: fiber
Wagelength Ao = 1030 nm
Pulse width 71, = 1 ps, after compression
Pulse energy U=100 nJ (without disk amp.)
Focal spot (FWHM) | w, = L, = 15 pm ; longitudinal
wy = 5 pum ; transverse

Electron source (to be tested)
Type Photocathode
Electron energy E. =50keV
Energy spread AE./E.. =0.1%
Beam diameter d <20 pm
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