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SRF-Cavities
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Material: Niobium Number of cells: 20 5
(RRR=280) Length: 1m 0.25m
Temp.: 2 K B: 1 1
Freq.: 2.997 GHz Q,:  3x10° 3x10°
Mode: TM,,, E,.: 5MV/m 5 MV/m
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RF-Control
Closed Loop

Disturbances
Lorentzforce detuning
Microphonics
Temperature fluctuations
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RF-Control
Closed Loop

Disturbances

Set Point
Amp”tude@_ RF-Control
Phase
{ Feedback )«

Frequency
Relative energy spread: AFE/E <1074

2> Amplitude error: AE,/Ey < 8 x 1075

> Phase error: Ap < 0.7°
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RF-Control
Hardware: RF-Board
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RF-Control
Hardware: LLBBC-Board
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 RF-Board (frequency-dependant)
* 18 bit ADCs with 1 MS/s

* FPGA (Xilinx Spartan-6)

* CAN-bus

* USB-2.0 (signhal streaming)

96,
> Setup developed in 2011
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First ERL Operation at the S-DALINAC

\ Injector Thermionic Gun
‘ D

Main LINAC

ROF1-Cup

M. Arnold et al.:
First Operation of the S-DALINAC as an Energy Recovery Linac,
In Preparation

Single turn ERL operation in August 2017

* Beam current of 1 YA

During ERL operation about 80-90% transmission on ROF1-Cup

Stability of RF measured
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First ERL Operation at the S-DALINAC
RF Stability Measurement Steps

1e-4 ME-Data

Relative Magnitude Error

. . C novnnnan
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First ERL Operation at the S-DALINAC
RF Stability Measurement Steps
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First ERL Operation at the S-DALINAC
RF Stability Measurement Steps
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First ERL Operation at the S-DALINAC
RF Stability
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First ERL Operation at the S-DALINAC
RF Stability
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A1SC02 ERL Operation
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First ERL Operation at the S-DALINAC

RF Stability
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A1SC01 ERL Operation
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First ERL Operation at the S-DALINAC
RF Stability
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First ERL Operation at the S-DALINAC

RF Stability
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First ERL Operation at the S-DALINAC TECHNISCHE
RF Control Performance DARMSTADT
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 LLRF control performance sufficient for ERL
at 1 pA

—— AI1SC01 ERL Operation
—— AI1SC01 No Beam
—— A1SC01 One Beam
—— A1SC01 Two Beams

« Tests for currents > 1 pA are planned f/—
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Phase Error Ay (°
o o
o N

S
o

ot

e~

comparison to design

w

 Energy spread induced by RF acceptable for

Relative Amplitude Error (107%)

once recirculated ERL

0 : : : : :
100 10t 102 10* 10t 10°
Frequency (Hz)

17.9.2019 | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 19 > accEL ENcE= -
[EAVAVAVAVAVAVAVAVAV/



First ERL Operation at the S-DALINAC ), TECHNISCHE
ERL Efficiency by RF Control DARMSTADT
* Beam disturbance at 52 Hz
> Modulation by netfrequency in gun? 2025_
> Further investigation in future EOQO
£0.15
% 0.10 1
g | . . . .
50 51 52 53 54 55

Frequency (Hz)
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First ERL Operation at the S-DALINAC
ERL Efficiency by RF Control

* Beam disturbance at 52 Hz

> Modulation by netfrequency in gun? S 0.5
. . . . LE 0.20
> Further investigation in future E
2015
<
2010
_ _ * 50 51 52 53 54 55
* Nevertheless disturbance usable as first Frequency (Hz)

order estimate for ERL efficiency

Py ace — P
ERF = b, A bERL _ (90.1 + 0.3)%
Pb,Acc N~ ~~ -
A1SCO01
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First ERL Operation at the S-DALINAC
ERL Efficiency by RF Control
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* Beam disturbance at 52 Hz

> Modulation by netfrequency in gun? %025_
> Further investigation in future g0 (24)
_E'O ]_5 A h,One AA
; ()
5 0.10
E A
_ _ 50 51 52 53 54 55
* Nevertheless disturbance usable as first Frequency (Hz)
order estimate for ERL efficiency
(%5 ) hone — (55)
Il VA Jh,One A Jh,ERL
RF — (AA)
A Jh,One
: IATAATAATAATAA
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First ERL Operation at the S-DALINAC
ERL Efficiency by RF Control

» Efficiencies for ALL cavities via RF Control:

A1SCO01 92% S0
A1SC02 73% o]
g a4
A1SCO03 2% T, il M N
<C -
A1SC04 98% | )
2 \
A1SCO5 96 % = 50 51 52 53 54 55
A1SCO06 100 % Frequency (12)
A1SCO7 100 %
A1SC08 60 %
( AA ) _ ( AA )
g/ _ A /h,One A Jh,ERL
A Jh,One
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Developments
RF Power Measurement
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* Analog 65 dB true rms responding
power detector (ADL 5902)

* Microcontroller (STM32) for

connection with control system via
CAN-bus

« 12-bit ADCs with 5 MS/s

* Setup actively cooled

* Radiation protected

Power Micro-
Detectors Controller

T

RN RN AR R R R
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Summary & Outlook

* LLRF control system (RF Board, LLBBC-Board)
» Successful first ERL operation
* Influence of the beam on RF stability neglectible at 1 pA

» Controller gains still optimziable to reduce residual errors of RF
control

* Further investigation of beam disturbance at 52 Hz

* New RF power measurement system is ready for usage

* Extremum-seeking control as optimization algorithm for RF Control
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Thank you for your attention!
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