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Fig. 1. Definition of the (a) Plane; (b) Rogowski; (c) Bruce; (d) elliptical electrode profiles for UED.

052901-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 5 (2020) 052901

2.2 BREFEIIHILERF

— Bk U, R AR R R, o A i A,
Gy b oim /Iy, AH I, e R HAR 1) R K 2 7™ B 5 e 4%
LA BB A, — R A R R S R = N
BE Z (A B 2 A F AR RS DA b DAk e FR AT KR
S AL, R, BT R A R AR BRI AR
50 mm PR . ARG F (B Er)/ Ex%
RRAE AR B G SR, Ho B B E
BFIA 22 17 A9 R T 3 1 5 800 7 2B ) SE PR e K HR
g, By MBS Bl L AR . FEnE
JE 125 kV, BABHBZIEIEE 12.5 mm B &8 R AL
3 T Bruce, Rogowski, HERIE DA KB B H 1937
A3 1B 2(a) FIE 2(b) BTz R =28 UL HL R 4544
(Bl 90° Rogowski, Bruce FIHFERAL) FIHTHLH A4
O AT BB R T ) S B 5R P . F BT 2(a) AT
DU A e B A Al L 37 B SR AN AT BN N T
10%, H K373 i 250 349 A= 7 AR iy oty T 950 4
FE SR A28 3050 mm AT P, Bruce H
W EA B R R LR e Re, 7E 2% LI . X
TR B BB T ) fe KBS s 200, anl&l 2(b)
o, AEY 51 Rogowski B AR DU AR X6 #5278, 7E H,
W42 RST KT 40 mm B 33 58 K+ /N F 7%,
1M Bruce HLR N Elliptical BRI KT 7%. it
Vi Bruce FH T H O - 1 DX 380 0 A7 A 1T E A B
8 375045, 1 Rogowski B b il 23 40 o4k, A
BRI HETR N . X FGERR AR, Bl A
A BEsRERARRT LA, AN R

M LT, 454 Bruce HL Al Rogowski
HUBRAEAS A XS L, it 1T — o B 2] 37
2, B Bruce HLH A9 H 08535 Rogowski HL A Y
M2 FR o FASS G, AR A&l 3 Fros. B Ha il
% S TR B R A R an 5] 2 R (58
B -J7 2R, B H Ak A B A B AR T B S R
Rogowski L 323 H A /N F Bruce HAH, &
i AR 2P L Rogowski AR AY/IMR 2. ILAR,
T EL R O SR FH Y- TR 2 5 TR A o T A ARG
RIS A ) e 7 FR O FL B AR

388, IEL 2 TT LA H AR R T R 5 %
N /N AHAE BB AR KT 45 mm B, B34 58500
AR BN, S5 T RGAEI BB S5 G R AL
NPT, AR R AR R SR 45 mm N A IE.

I, B AR B SR AL Rl A SN  Aa ERE.
TAFFE O T DX RST RS 1 9 A 52, T 8
F B A T 4 4 - T DX 2 A, BT 4 iR,
AT LU S0 375 o DR B 1 T DX 1
PN, RS T Al 0 B i T A 3708 5 5800, A
1H X IR AR 7 mm 5 FT. R
BB I R De B A, SO 3361 i XU 2 42
6.35 mm.

(a) —=—Bruce

—A—Elliptical
—8—Rogowski
-®-New electrode

Field enhancement on the axis/%

0 \ ) "
30 35 40 45 50
Overall radius/mm

20
(b) —=—Bruce
—A—FElliptical
—8— Rogowski
-®-New electrode

15

10

Field enhancement along the cathode surface /%

5 . . .
30 35 40 45 50
Overall radius/mm
2 90° Rogowski, Bruce, M Bk #4 13 H i) U 25 s 4 Y
YR sma i (a) 0Bl XU R B (b) W B

YR A 1

Fig. 2. Field enhancements of 90° Rogowski, Bruce, and el-
liptical electrode: (a) The central axis; (b) along the curved
edge of cathode.

Circular

'@i section

Axis of rotation

f
| Plane section
| Rogowskisection

3 AR S

Fig. 3. Geometry of the new high voltage electrode.
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Fig. 6. Influence of the electrode configuration on field en-
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hancement: (a) Asymmetric electrode configuration;

(b) symmetric electrode configuration.
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Fig. 7. Electric field distribution at the anode pinholes: (a) Without TEM grid; (b) 50 mesh TEM grid; (c¢) comparison of different

meshes of TEM grid.
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Fig. 9. Schematic diagram of anode movable ultrafast electron diffractometer.
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Fig. 11. Effect of accelerating voltage, initial electron dispersion and number of electrons on the length of the electron pulse: (a) V =
10 kV, z = 0-5 mm; (b) V=125 kV, z= 0-20 mm; (¢) V=10 kV, z = 0-20 mm; (d) V = 125 kV, z = 0-100 mm.
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Abstract

One of the grand challenges in ultrafast science is real-time visualization of the microscopic structural
evolution on atomic time and length scales. A promising pump-probe technique using a femtosecond laser pulse
to initiate the ultrafast dynamics and another ultrashort electron pulse to probe the resulting changes has been
developed and widely used to study ultrafast structural dynamics in chemical reactions, phase transitions,
charge density waves, and even biological functions. In the past three decades, a number of different ultrafast
electron guns have been developed to generate ultashort electron sources, mainly including hybrid electron gun
with radio-frequency (RF) cavities for compressing the pulse broadening, relativistic electron gun for
suppressing the coulomb interaction, single-electron pulses without space charge effect and compact direct
current (DC) electron gun for minimizing the electron propagation distance. At present, these developments
with different final electron energy and available total charge have improved the time response of ultrafast
electron diffraction (UED) setups to a new frontier approaching to 100 fs regime. Although enormous efforts
have been made, the superior capabilities and potentials of ultrafast electron diffraction (UED) are still
hindered by space-charge induced pulse broadening. Besides, the penetration depth of electrons increases with
the electron energy, while the scattering probability of electrons has the opposite consequence. Thus, in addition
to the temporal resolution enhancement, it is also important that the electron energy should be tunable in a
wide range to meet the requirements for samples with different thickness. Here in this work, we design a novel
ultra-compact electron gun which combines a well-designed cathode profile, thereby providing a uniform field
and a movable anode configuration to achieve a temporal resolution on the order of 100 fs over an accelerating
voltage range from 10 kV to 125 kV. By optimizing the design of the high-voltage electrode profile, the field
enhancement factor on the axis and along the cathode surface are both less than ~4% at different cathode-anode
spacings, and thus the maximum on-axis field strength of ~10 MV/m is achieved under various accelerating
voltages. This effectively suppresses the space charge broadening effect of the electron pulse. Furthermore, the
anode aperture is designed as a stepped hole in which the dense sample grid can be placed, and the sample
under study is directly supported by the grid and located at the anode, which reduces the cathode-to-sample
distance, thus minimizing the electron pulse broadening from the cathode to sample. Moreover, the defocusing
effect caused by the anode hole on the electron beam can be effectively reduced, therefore improving the lateral
focusing performance of the electron beam.

Keywords: ultrafast process, molecular movie, uniform field electrode, ultrashort electron sources
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