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1 Introductionto ELBE:
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1 Introductionto ELBE: History

2010
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Laser acceleration first tests (scheduled)
SRF-Gun @ELBE (scheduled)
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photo neutron source
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1 ELBE - Introduction: Control System
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2 Beam stability demands

« resulting photon-nucleus interaction spectra at the
Bremsstrahlung facility are determined by
Bremsstrahlung spectrum

« high spectral resolution and accuracy only
achievable by constant electron beam energy, low
energy spread and sufficient statistics

« dE/E~ 107is required

“__”“‘ﬂlﬁd’“m" [F. Schwengner et al., MIM-A 555 (2005) 211-215]
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2 Beam stabilitydemands szl narrow FEL spectrum
: — broad FEL spectrum
i — water transmission 1100
+ measurements between water absorptionlines 3 %%
or wavelength gaps of the U100 *; 0,35 1% =
: o o B I o
require wavelength stability of < 0.5% § o030 60 &
«  measurements with small bandwidth Tf - “E&
require constant wavelength and narrow E = " =
0,20 =
spectrum @ 0,2 | P
* In-pulse experiments at the High Magnetic Field 0,15
Laboratory need intensity stability up to the kHz = NN 4
range wavelength (pm)
FEL Properties FEL 1 - U27 FEL2 - U100
Undulator period 273 mm 100 mim
design 2% 34 penods 28 periods 3
waclUum chamber waveduide o
undulator param. 03.07 03 . .27um @
@
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Mas. power (out) 30W TOWwW
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3 Electron beamstabilization

electron beam energy variations: electron beam trajectory variations:

+ slowthermal settling of the RF cavities « Spontaneous position jumps due to

+ fluctuationsinthe LINAC's RF field charge-up effects in the injector area
strength: microphonics, phase loop + Slow effects due to energy drift
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3 Electron beam stabilization accelerator .
dipole
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3 Electron beamstabilization
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2 Infrared beamstabilization power fluctuations:
*+ bunch charge fluctuations
wavelenght instabilities: +  e-beam instabilities
* e-beam energy fluctuations (energy, trajectory)
> energy stability + longitudinal phase spaceijitter
.'  mechanical instabilities
n"a;-% (vibrations), optical mode
2 2 o %Q'h instabilities
AZZ—TE(IJFKMSJF:V %) limitation phenomena of
the FEL physics
frequency range: : _ _
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.................... — e, -
| | | >
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S N 45
4 Infrared beam stabilizationn
+ frequency analysisup to 11 kHz using a
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by macro-buncher
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4 Infrared beamstabilization

I FEL
40um tungsten wire
250 kv DC GUn / \IH Beam (3..230um) to user labs
F Linac electran beam miror /
Gate 600 - 1 T scattered IR beam
voitage < :
3 aperture Bzt _
E chopper |
PA : |
& L
B -
DTGS detector, 9
| 200 400 800 800 with PE window
/O station cathode current (P}
S&H H
fibre optic

Adjustable Sample

+ detector: Bruker FIR-DTGS D210/3 with PEwindow Gain & Hold

 chopperfrequency:800Hz
« PLC:ADC input400 ps, samplingtime, CPU Simatic S7-400 (cycle time 10 ms)

«  output: Profibus® transmission and DAC conv.time 4.2 ms
« gun:gatevoltage controller delay time 1.8 ms
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4
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4 Infrared beamstabilization

I FEL
40um tungsten wire

"R EEE §

250 kv DC gun IR Beam (3...230um]) to user labs

/[.:-:I:-:-:q

. I electron beam mirror /

Qate

voltage scattered 1R bearmn

aperture

Zl amplifier chopper '|

DTGS detector
with PE wincow

Reciever

Controller

Transmitter

< |—S&H

Adjustable  Sample
Saln & Hold

Olass ﬁbre optic, EF modulation

« PLC technique replaced by FPGA-controller (NI-7833) and high
performance optical transmission line (amplitude modulation)
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4 Infrared beamstabilization

disturbance

S
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« improvement in frequency domain of ~ 1 decade

« current status is testing station

« testwith chopper frequency of 2.4 kHz brought an improvement of only ~ 2dB
@ 70 Hz due to limitation of the chopper phase stability and the DTGS rise time
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4
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Infrared beam stabilization
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5 Summary & Prospect

« beam stability for electron beam as well as IR was improved,
but does not yet meet our goals

« low frequency instabilities and sudden parameter changes can be compensated

« overall beam availability was improved by decreasing setup times
(not the topic of this talk)

Current efforts & future plans:

« Absolute energy calibration by implementation of a spectrometer magnet
(absolute calibration accuracy 103, resolution 104

« Combined energy & position feedback needed using faster hardware
« bandwidth improvement using LLRF electronics

« |IR detector technology (dc coupled, upper kHz range, low maintenance,
3...280um)

« auto-tuning, esp. for FEL feedback
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