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» tracking of 250 pC
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» emittance compensation at m<ZiD~ and beyond
RF focusing further experiments

SC solenoid new solenoid being commissioned
for Gun llI

TE mode further RF studies at JLab
< beam dynamics in real injector

cathodes/laser issues with stability & reproducibility
new types, improved prep., ...
SLM, sys. upgrade — cooperation

» dedicated gun lab at R=DR
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Emittance Sources

intrinsic/thermal emittance photoelectric effect
spot size & type of material
@SRF Gun: Cs,Te & Cu/Mg

P
—Cs,Te| /
20—y P
—_ Cu 7
S ~
g 7
£ P P
E s P
= 7
g P
w 7
e 1 7
8 P
E %
g Z
G
= /
g /
5 05 S
< e

spot radius [mm]

L L L L L L L L L )
0 05 1 15 2 25 3 35 4 4.5 5
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Emittance Sources
intrinsic/thermal emittance photoelectric effect

spot size & type of material
@SRF Gun: Cs,>Te & Cu/Mg

—all effects included
—thermal emittance deactivated

space charge effects deactivated
—space charge effects & thermal emittance

T S
8
g
£
E ||
g 1 /n
5 1ﬁ\ [\
<l YN
i / \ﬂ
| \ —
o.sHN v/
0 ‘ ‘ ‘ ‘ ‘
0.2 0.4 0.6 0.8 1 1.2 1.4
z[m]

induced emittance space charge, RF field,

chromatic/geometric aberrations, ...
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(g P

Trace Space

[ A,Dz

r_dx _ Px v Py
> trace space x' = i = oY =52 = o, .
ance
x' Compensation for
SRF Photoinjectors

Hannes Vennekate

— & =yx? + 2axx’ + px?

» RMS & normalization
Enrms = ) - \/<X2> (X"2) — (xx")?
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History at M HR

1988 first proposal H. Piel et al.,
10" FEL Conf.

1991 first experiments A. Michalke,
PhD Thesis, Wuppertal, 1992

1997 start of development at
<)M (FZR - FzD)

2002 first operating half cell
2004 design of the 3-1/2-cell cavity
2007 first beam with the new gun

2008 transfer system for photo
cathodes

2010 first beam in the ELBE.
2014 installation of ELBE SRF Gun I

Emittance
Compensation for
SRF Photoinjectors

Hannes Vennekate

P
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§
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Lt

d

p
\
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Space Charge

X Er i
Emittance
Compensation for
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pZ Hannes Vennekate
y
- -
Fr=q-(E+VxB)
2
_ap 2
=—r(1-p
2¢p
= limF. =0
B—1
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The ELBE Facility HR

Emittance
Compensation for
SRF Photoinjectors

Hannes Vennekate

PW DPSSL Penelope

» The ELBE — a multipurpose CW machine

» Electron Linear accelerator with high Brilliance and
low Emittance
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Cathode Displacement HR

Emittance

» cathode tuner in cryostat
Compensation for
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Cathode Displacement HR

Emittance

» cathode tuner in cryostat
Compensation for

‘ o »
\\\\\\\\\\\\\\\\\\\\\ :

SRF Photoinjectors

Hannes Vennekate

» design Az ~ 2mm + 600 um
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Cathode Position
» determine exact cathode position (F. Roscher)

Emittance
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m mir{or Hannes Vennekate
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Cathode Position
» determine exact cathode position (F. Roscher)
» copper cathode during commissioning

© average distance left 2972.66--0.03mm
3030 © average distance center 2974.41+0.02mm
© average distance right 2972.910.04mm
——
- N -

3020 - " —
Ea010]- . l
é30 0
s . .

8 .
8
2 3000 - A
o 1
° :
k]
2990 - ’ gap gap |
half cell ' -half cell
cathode : °
2980 - - . B
.'. e, -.
: e
[P M_."’Vd \"\-a..-

2070 | . . . . . . . .

-10 -8 -6 -4 -2 0 2 4 6 8 10

» Cp = 1.56 +£0.02mm

laser spot position on cathode [mm]
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Cathode Position

» determine exact cathode position (F. Roscher)

» magnesium cathode

T T T
© average distance left 2972.42+0.05mm
3030 © average distance center 2973.91::0.02mm|
© average distance right 2972.54:£0.04mm

3020 b B
Faor I ,
Eroro s i
2
g
§
2 3000 gap gap 7
T .
s half cell 13 half cell

2990 H cathode B

B
2980 ¢ B
i
............... e
2070 . . . . . .
-10 8 6 -4 2 0 2 4 6 8 10

laser spot position on cathode [mm]

» ¢p = 1.41 £ 0.03mm
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A
Trace Space iy

Emittance
Compensation for

w/o RF focus

10 SRF Photoinjectors
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Trace Space

_A12

0 05 1 15 2 25
z[m]

» RF focusing — emittance
solenoid — beam extent
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[mm mrad]

Trace Space Feon

w/o RF focus

nms

Emittance
Compensation for
10 SRF Photoinjectors
= .
<
£ O / Hannes Vennekate
> -
= 12 210
20 0 20
) 310
I s [
. b
£ with RF focus
[~ wi/o RF focusing 6 £
- 5
14 _
- ke 2
- S o
- g, m
1 - 12 é’
i A —h— 7 >
0 . . . P — 5
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» RF focusing — emittance
solenoid — beam extent
— combination is key
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Transverse Laser Profile

» full beam profile
» 0.5mm aperture
» 1.5mm aperture

-

10 12 14 16 18 20 o 22 24 26 28 30 32
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laser table virtual cathode
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12

' g P
Emittance Measurements "'

» 160 pC, CathOde ~1.8mm Emittance

Compensation for
SRF Photoinjectors

Hannes Vennekate

simulation
ol . 35A
9r —_—
>—I—< £
8 é 0
7 >
6 } -5
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ar - -
3
2 measurement
E 36A
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Beam Extent Measurement "R

Emittance
Compensation for

350 SRF Photoinjectors
sl Hannes Vennekate
25F

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
I, 1A
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- [ VA [
Initial Parameters '_'

Emittance
Compensation for
SRF Photoinjectors

‘ Hannes Vennekate

[mm mrad]
n,rms
=
)

minimum €

20

10
6

spot diameter [mm] 8 pulse length [ps]

bunch charge Eacc cath. position pulse length spot diameter £n,rms rms
[pC] [%] [mm] [ps] [mm] [mm mrad] [mm]
250 8 -39 14 3 1.86 5.43
500 8 -39 17 4 291 5.89
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Emittance
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T
s
£ 8
£
E 6
w
E 2
3
£
go0
E0
cathode position [mm] 4 20 pulse length [ps]
bunch charge Eacc cath. position pulse length spot diameter £n,rms rms
[pC] [%] [mm] [ps] [mm] [mm mrad] [mm]
250 8 -39 14 3 1.86 5.43
500 8 -39 17 4 291 5.89
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Initial Parameters "R

Emittance
Compensation for
SRF Photoinjectors

Hannes Vennekate

=)
S 20
£
£
E 15
€10
W
£ 5
S
£
g 0
€ 8 0
4
R -3
spot diameter [mm] 4 cathode position [mm]
bunch charge Eacc cath. position pulse length spot diameter £n,rms rms
[pC] [%] [mm] [ps] [mm] [mm mrad] [mm]
250 8 -39 14 3 1.86 5.43
500 8 -39 17 4 291 5.89
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Solenoid Working Principle
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Surface Field TE Mode

» additional contribution to surface field by TE mode
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Surface Field TE Mode
» additional contribution to surface field by TE mode

» Measurement at JLab:
surface field contribution low

501
o —TM mode,

L
0.35 0.4 0.45

0 005 01 015 02 025 03
z[m]
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(g P

Surface Field TE Mode
» additional contribution to surface field by TE mode
» Measurement at JLab: Emittance

Compensation for

surface field contribution low compared to 150 mT  SRF Photoinjectors
(theoretical limit 200 mT) Hannes Vennekate

[—TM mode|
—TE mode
[ total

0 005 01 015 02 025 03 035 04 045
z[m]
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Simulation Results

emittance optimization results

TE freq. peak cell bunch charge &nrms rms min. TE field
[GHz] # [pC] [mm mrad] [mm] [mT]
— — 250 1.86 5.43 —
2.564 1 250 1.73 1.76 110
2.505 2 250 1.46 1.1 170
2512 3 250 1.35 0.86 220
—_ — 500 291 5.89 —_
2.564 1 500 2.72 2.55 100
2.505 2 500 2.34 1.71 160
2512 3 500 212 1.37 210
phase dependency
TE freq. peak cell bunch charge £n,rms deviation rms deviation
[GHz] # ipCl [mmmrad] (%] | [mm]  [%]
2.564 1 250 0.05 3.1 0.08 4.7
2.505 2 250 0.09 6.1 0.06 51
2512 3 250 0.09 6.9 0.07 7.5
2.564 1 500 0.08 2.8 0.10 3.8
2.505 2 500 0.15 6.2 0.10 6.0
2512 3 500 0.18 8.7 0.11 7.9
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Hannes Vennekate
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. HZDR
Auto- and Cross Correlation '_'

—autocorrelation signal Emittance
—Gaussian fit, pulse length = 11.5 ps (rms) / 27.1 ps (FWHM)| Compensation for

SRF Photoinjectors

0.04

0.035
Hannes Vennekate
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intensity [au]
o o
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0.015
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0.005
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intensity [au]

o
IS

Auto- and Cross Correlation

o
©

o
©

o
3

o
o

4
o

0.2

0.1

—autocorrelation signal
—Gaussian fit, pulse length = 10.6 ps (rms) / 25.0 ps (FWHM)

-60

-40 -20 0 20 40 60

time [ps]

autocorrelation after
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intensity [au]

Auto- and Cross Correlation

o

o

®
T

o

o

N1
T

=3

o

>
T

o
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a
T

o

o

£
T

o

o

@
T

0.01

—cross-correlation signal
—Gaussian fit, sigma = 12.6 ps (rms)|

-40 -20 0 20 40 60

time [ps]

cross-correlation
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) (g PA™
Emittance Measurements '_'

» low bunch charge 1.7 pC (Cu cathode)
Emitt:
Compn;L:aEicfn for
SRF Photoinjectors

Hannes Vennekate

4r
35 \
ot
= 25F
o
£
E 2r
E _
> -
w 151 %
1k
051
—simulation
= measurement
0 . . . |

.
-3 -2.5 -2 -1.5 -1 -0.5 0
cathode position rel. to half cell [mm]
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Emittance Measurements

» high bunch charge 120 pC (Mg cathode)

15

10+

y

€ [mm mrad]

(g V™

Emittance
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Hannes Vennekate

—simulation
= measurement|
)

0 I
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Emittance Measurements

» high bunch charge 120 pC (Mg cathode)
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Emittance Measurements

» high bunch charge 120 pC (Mg cathode)

(g V™

Emittance
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Hannes Vennekate

.

09F

08F

orr < 7 ;‘<Q\
< //// \

.
40 60 80
laser phase []

— activated field emitter in gun @ 0.9 mm

100
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(g P

Simulation Codes
ASTRA A Space charge TRacking Algorithm Confp";inﬁsa;%en o
maintained by DESY, Hamburg SRF Photoinjectors
< par’ticle tracking Hannes Vennekate

Poisson Superfish collection of code packages to
compute static and RF magnetic fields as
well as RF electric fields
maintained by Los Alamos Accelerator
Code Group
d — field generation

CST Computer Simulation Technology -

Microwave Studio
— generation of TE field (A. Arnold)
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Resume R<oR

Emittance
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If you ...

use all your strength, push sometimes, climb high when
needed, hang in there when things get stuck, your dreams
might just learn to fly!

Plus, there is also some fun on the way!
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