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Development of rf gun for ultrafast electron microscopy
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1.09-um-diameter polystyrene latex particles

100 fs, 3.1 MeV, 1pC/pulse
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400-nm-diameter gold nanoparticles 1000-mesh thin bar copper gird normalized
100 fs, 3.1 MeV, 1pC/pulse 100 fs, 3.1 MeV, 1pC/pulse emittance
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Optimization of RF cavities
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Increasing Q value
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New-type gun
under collabor. Osaka Univ. & KEK

Elliptical shape
(in 2014)

v" Reducing nonlinear fields
(nonlinear distortion of phase-
space in bunch)

v" Reducing 4E/E in bunch
v Decreasing surface fields
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Surface electric field [Es/Ec]

1) Increasing the mode separation, Af=f,.- f,
2) Decreasing the surface fields for increasing the repetition rate
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developed under collaboration of Osaka Univ. & KEK

 The RF cavities are cooled with
4 channels.

* The coupling waveguide is also
cooled.

e The cathode will be cooled in
the future.

\ 4

The RF gun is expected to be
operated at 1 kHz in future.
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BNL-GUN IV (1.6-cell)

i
. E—
e a=9.525m =
- — — ———  4=9525mm
27‘/ /
== \Z
\/
=
= =
o
T i I ‘ ‘ ‘
’ ’ ¢ 8 10
E:\1.6cell-BNL-fs\fieldmapl\1l.6CELL-BNL-RF
0.1
0.08
>
= 0.06
=
>
5 0.04
g @
= &
0.02 2
i Wb ey
- - 4 ;_;‘
10 20 30 40 50 60 70 80 90 ﬁ.\lg?s‘:?
Launching phase [degree] . e /

\

& 1.617)LRFEFHFDEFE:

E—LIR)LF— O JL
IIYRIVRA O &Ly

€ 16tJILRFEFHDEER:

RFIN0ER I FEH D &% {iE ~ 30°
Sin30°= 0.5

BNEMRESE O 1/2
EAERLIEIZT A !



it . 1.4t )LRFE

= Fi7% 7

Normalized electrical field

1.6-cell
e
-
=
e
=
S —
\\\\//// 777
1.4-cell
1.5 T T T T T T
1F
05F
S A
-0.5 | Ez for 1.6-cell
-1 Ez for 1.4-cell
15 L. ! 1 | L L ! 1 1 L ! | ! L ! | ! L L | L ! L | !
0 20 40 60 80 100 120

Z [mm]

Energy [MeV]

Laser: 10 ps FWHM, 0.3 mm FWHM; E, =120 MV/m

6 : 0.1
1.6-ce
4 0.08
5 L _
4 0.06
4 L
r1.4-cell 1
- 4 0.04
3 L i
1.6-cell 700
2 L )
0 20 100

Gun phase [degree]

@ 1.4t )LRFEFH:

RFIDERIFHD Ex @ {E =73°
{ §in73°=0.96

BEMNERE O 1
EAERLIEIZIEEF,

H4/4vV



1.4E1.6 )L DEFHIERED LR

@ BIEIIVAVADEIRN EFE/NVILRAEEDIEE (1.6 pC/pulse )
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1.6-cell BNL gun (32.5°):

E=5.7 MeV, AE/E=2.1x103, €=0.032 mm-mrad, 6,=3.1 ps, Q=1.6 pC/pulse

1.4-cell BNL gun (73.5°):

E=4.7 MeV, AE/E=3.4x1073, €=0.025 mm-mrad, 6,=4.1 ps, Q=1.6 pC/pulse
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1.6-cell BNL gun (25°):
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E=5.7 MeV, AE/E=5.5x10", €=0.017 mm-mrad, 6,=144 fs, Q=0.1 pC/pulse

1.4-cell BNL gun (60°):

E=4.6 MeV, AE/E=5.7x107, €=0.019 mm-mrad, 6,=104 fs, Q=0.1 pC/pulse
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Parameter 1.6-cell BNL-GUN IV 1.4-cell New-Gun
EIE/IRFI4E [degree] 25 ~ 35 60 ~ 75
IHRILTX— [MeV] 5.7 4.7

3 ps for 10-ps UV laser 4 ps for 10-ps UV laser
VI

144 fs for 100-fs UV laser | 104 fs for 100-fs UV laser

0.03 at 1.6 pC (ps-UV pulse)

IE\\ A -
Y3V A  [mm-mrad] 0.02 at 0.1 pC (fs-pulse)

2~3x103 (ps-UV pulse)
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IRILF—ER 5~6x 10> (fs-UV pulse)
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BNL-GUN IV (1.6-cell) New 1.4- cell GUN
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Parameter BNL-GUN IV | New-Gun
(1.6-cell) (1.4-cell)

f.-f,, [MHz] | 3.5 10.9

Q 15915 16133

Rs, [MQ/m] 48 44
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