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* Observations at PITZ and FLASH
« Estimation for the European XFEL
e |deas to reduce dark current at the gun
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DC at FLASH
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DC at FLASH
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Estimation of dark current for the XFEL

5
—~ 4 ¢ measurement at PITZ R
é — fit with extrapolation Lo European XFEL gun
c 3 I = C,E*exp(-C,/E)
32 -
=
S 1

0 —o—

20 30 40 50 60

max rf field at the cathode (MV/m)

jang.hui.han@desy.de FLS2006, Hamburg



Collimator

Geometrical collimator (different sizes)

Energy collimator (different energy distribution)
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Experimental Setup at the Gun
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Parameter summary

FLASH (measure)
laser | XYrms ~1 mm
Lt 6~7 ps Gaussian
r
Ek 0.55 eV
gun Ecath ~42 MV/m
gemit 38°
Bmax 0.165T
Sol. position 0.276 m
ACC1 | entrance 2.48 m
Emax 16 MV/m
ACC1 ¢ ~ on crest
beam | emittance <2 mm mrad
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DC trajectories
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DC trajectories

-.uzan The maxima of the rf field
strength can be the major
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DC trajectories
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DC trajectories
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DC trajectories
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DC Image analysis
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DC Image analysis
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DC Image analysis
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DC Image analysis
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The green points are the electrons from the boarder of Cs,Te.

The orange points are the electrons from the edge of Mo plug.
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DC Image analysis
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rf field and field emission (a.u.)

Field emission Vs. emission phase

I_FE = Cl(ﬂ Emax sin 0)2'5 exp[— C2 /(:B Emax Sin 0)]
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rf field and field emission (a.u.)

Field emission Vs. emission phase
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Momentum distribution after gun
(measurement at PITZ)
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XY size of beam & dark current
(FLASH)
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Parameter summary

FLASH (measure)

XFEL (original)

laser | XYrms ~1 mm 0.44 mm
Lt 6~7 ps Gaussian 20
rt 2
Ek 0.55 eV 0.55 eV
gun Ecath ~42 MV/m 60 MV/m
gemit 38° 46°
Bmax 0.165T 0.225T
Sol. position 0.276 m 0.276 m
ACC1 | entrance 248 m 3.2m
Emax 16 MV/m 21.5 MV/m
ACC1 ¢ ~ on crest -16°
beam | emittance <2 mm mrad 0.7 mm mrad
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XY size of beam & dark current
(XFEL, original)

ox oy mm
100 150

50

jang.hui.han@desy.de FLS2006, Hamburg




i ps

norm. particie aensiiy

Momentum of beam & dark current

(XFEL, original)

pm bmnidouRoH 1908 2200

jang.hui.han@desy.de FLS2006, Hamburg

2z =2.959 m z=2795 m
F T T 4
r * bk, 4 B =] E’
[ ] 5L i % =
2 ] d il g
[ ] 3 * 3
3
] © P
L 4 > a S Fk -3
) f f j f o ~ 3t i Twul
3 ] 8ol 1 i 83
St 1 £ E
! [ ] g - * * * €
| | | | ° | -T L 5 ol
6.4x10°  6.5x10°  6.6x10°  6.7x10° -10 0 5x10 -10
pz eV/c pz eV/c
2
- - - R -+ -~
g
Q
3
Q
K
s
[le] £ 0| 4 _
o[ 7 g o
e
o 1 1 1 o 1 5
6.4x10°  6.5x10°  6.6x10°  6.7x10° 0 5x10
pz eV/c pz eV/c

Il
-5000
t ps



New design for the XFEL

Energy vs. Phase
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Parameter summary

FLASH (measure) | XFEL (original) XFEL (new)

laser XYrms ~1 mm 0.44 mm 0.65 mm

Lt 6~7 ps Gaussian 20 20

rt 2 2

Ek 0.55 eV 0.55 eV 0.55 eV
gun Ecath ~42 MV/m 60 MV/m 60 MV/m

demit 38° 46° 30°

Bmax 0.165T 0.225T 0.228 T

Sol. position 0.276 m 0.276 m 0.276 m
ACC1 | entrance 248 m 3.2m 3.4m

Emax 16 MV/m 21.5 MV/m 13 MV/m

ACC1 ¢ ~ on crest -16° -16°
beam | emittance <2 mm mrad 0.7 mm mrad 0.85 mm mrad
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Conclusion and outlook

» Dark current might be more serious problem at the Euro-XFEL

» Most of dark current at the gun is originated from the cathode area

» For XFEL case, higher solenoid field makes dark current over-focused
quickly

» With enlarging the half cell length, the momentum distribution of beams
and dark current can be separated.

» Further optimization of the cell length ratio and machine parameters are

necessatry.
* Find optimum position and size of collimators
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