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EVALUATION OF THE FABRICATION ERROR ON THE ACCELERATION FIELD
STRENGTH OF THE LASER-DRIVEN DIALECTIC ACCELERATOR
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Abstract

Table top accelerators for delivering micro bunches of 1-MeV and 0.01 fC are desired to study fundamental processes
of ionization radiation effects on biological cells. Laser-driven dielectric accelerators are suitable for this purpose. We
numerically estimated tolerance errors of parameters of a transmission grating type dielectric accelerator such as a grating
constant, pillar width, gap distance between counter gratings, longitudinal position shift of grating pair, optical path
difference between two pulses, and surface roughness of a grating bottom. All these parameters must be smaller than 1/10
to 1/20 of a laser wavelength. An angle deviation from a vertical side wall of a grating pillar should be smaller than 3

degrees.
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Figure 1: A schematic drawing of two periods of the trans-
mission grating type dielectric laser accelerator.

2. FEEIERZID/
2.1 &

B AT FO L=y bl Figure 1 IZ7R 7 L9
i, BT ER Le « T O Lp, HFOEE Hp,
BrDME D LTI EE W taEns,
La, Lp, Hp, D DR 5 2 % fENTRIE, L —¥—
DWeFxE N\ FEEOEITEL n, ETFOHEZ 0,
HIBPTONHEE c EBWVT, ZNZFN Lg/) = v/c,
Lp/Lg ~ 05, Hp/A=1/2(n—1), D/A < (Lp/\)* =
Lo/ (2)\)? =~ 1/4 THZ 6N 3, &2, EHKTO
NI A=FIZT 3 FidoRc I E, B-NoftikE
D3 D/X = 1/4 DY E QBRI ENEAELZ b &1,
L—HF—Z ¥ — HEBORI & L0z iT-> T
i, 22T, BMELLIVIEFL—F—Z2NLX—D
I 72 5 T L — — DIHEDE R 2 RE L TR
I Wz, 123

BN ORIBEDS D/X = 1/4 TIEBE & F2BR I R
DYHIND, FEBMEDOFEBREZIT) OICKE %R
kg (D/X ~ 1) TOMEARFL L FHE ST X — &@%ﬁ
MﬁéiwtOM%QM®%%®%§(mﬂmﬁ%@
Figure 2 IZ/R T X 912, D/A = 1/4 DEHEMTED
Hp/X\ = 0.95,Lp/Lg = 0.5 TIRKIZ% %, NEAR

(T A—%

- 265 -



Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015 FROM14

E./Ey DEAfEIX, Figure 312”3 X912 D/A=1/4
DIRFIZ 0.3 TH 7D, D/A=1TIF0.14 LI13IFHET
2D, DORmE L BIZABITEAT 5,

Figure 3 25, D/\ = 1 O ICIHAFLOMET %
5%LL TSI 2 72 I IE RS % 41 x b D i %
AD < £N/20 IC§ 20D D Z EDTH D, —T
D/\ = 1/4 DEAEIZ AD < +£2/80 &, FEFICHEL »
KPR I NS,

BB, BFOMTICY o TE? A7 M E F
LOWBEICIE, Hp/A=06 3520 TES, 172
L. ZOHERIEARY 15%ET T %,

INBPEEIE, D/XA = 1 DAV THERT %,
Figure 4 (X, MEAE O M FiE (¥ 7 —WE)Lp/La
EEIZENTESL, Zo»S, MEARLOET %
5%LL TN 5 7 DB RIFTIE TR (€7 — D) 1%
047 < LP/LG < 0.56 ThdEVWZ S,

0.16 — T
Le= A (1.03pm)
0.14 + Lp= Lal2 _
S =
0.12 2 A Y\ 4
7 \
Ex 0.1 f’ s \\ 4
w ” eQ
008} o ‘4
/I
0.06 -,’ 4
/
(]
0.04 1 1 1 1 1 1 1
04 05 06 07 08 09 1 11 1.2

H /4
P

Figure 2: Acceleration field gradientE,. /Ey vs. the pillar
hight Hp /.
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Figure 3: Acceleration field gradientE, /Ey vs. the gap
between counter transmission gratings D/ .
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Figure 4: Acceleration field gradientF, /Eq vs. the filling
factor of the grating pillar Lp/L¢.
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Figure 5: Acceleration field gradientF,,/Ey vs. the longi-
tudinal position shift of grating pair.
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Figure 6: Acceleration field gradientE, / Ey vs. the optical
path difference between two pulses.
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Figure 7: Acceleration field gradientE, /Ey vs. the slope
angle of the side of the grating pillar . The positive and
negative 6 indicate trapezoid and dovetail shapes of cross
sections, respectively. The width of the mesa is fixed at
Lp/Lg =0.5.
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