


CERN Lab talk

W. Höfle
CERN, Geneva, Switzerland

10/10/2022 W. Höfle          LLRF22 Lab Talk CERN   - Brugg-Windisch 2

on behalf of teams in SY-RF-FB, SY-RF-BR, SY-RF-CS



Overview of CERN Accelerators
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Variety of LLRF from analog to MicroTCA
• VXS and VME digital systems deployed in a wide range of machines since 

2006, have to support these platforms for many years to come
• VXS: AD, ELENA, PSB, PS, LEIR à small synchrotrons varying revolution frequency
• VME: LHC, SPS partially, PS, LINAC3 (ions), LINAC4 (H-), HIE-Isolde, AWAKE, small 

frequency swing or fixed RF frequency
• MicroTCA technology rolled out in SPS for 200 MHz RF system, 

commissioned during the last two years (restart after a long shutdown)
• Legacy, mostly analog systems for e-beam acceleration used in CLEAR and 

AWAKE (3 GHz RF system)
• Future evolution towards more use of MicroTCA.4 based on experience with 

this technology in SPS
• New LLRF for PS 200 MHz RF system under commissioning
• AWAKE + with new LLRF for 3 GHz under planning

• Large number of accelerators, continuously running make it difficult to roll-
out common technology; adaptation of technology to different requirements 
takes time and technology changes fast …
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Progress VXS systems in small synchrotrons

• PSB
• Moving from Ferrite to Finemet cavities (wideband, no tuner) and various servo-loops at beam 

harmonics
• WR Btrain distribution
• New injection mechanism, also with long. Painting from LINAC4

• AD
• Designed, implemented and deployed the new LLRF + in-frequency longitudinal diagnostics. 

Implemented a new manner of controlling the LLRF parameters via makerules. Initial deployment of 
the Obsbox diagnostics

• ELENA
• Implemented a new manner of controlling the LLRF parameters via makerules. Initial deployment of 

the Obsbox diagnostics
• LEIR

• Implemented a new manner of controlling the LLRF parameters via makerules (automated setting-up)
• Obsbox system deployed for collecting data for beam measurements
• Support for medical accelerators outside CERN
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VXS system with custom built carrier board 
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VXS-DSP-FMC carrier
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Obs Box system for data extraction from VME and 
VXS systems (streaming of data to server)
• originally conceived for observing bunch-by bunch position position 

data in LHC on the VME system
• allows processing of data from beam on a separate server with low 

latency
• Transfer of data via custom fiber links
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M. E. Angoletta, 
M. Soderen et al., Poster #69

Bunch length AD complex from Obs Box
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Hardware in LHC transverse plane for ObsBox
• Hitech Global HTG-FMC-X10SFP+ FMC 

mezzanine
• Trenz Electronics TEC0330-4 FMC carrier
• Xilinx Virtex7 FPGA
• PCIe 3.0 x8 resulting in transfer rate to the 

host of 7.88GB/s
• Own firmware and driver
• Up to 10 channels @ 5 Gbps

• GIGABYTE G481-HA0 
• 2 x Intel Xeon ‘Skylake’ 8260 24 Core 48 Threads 2.4GHz
• 768 GB DDR4 RAM
• 10 x 3.0 16x PCIe FH FL DW 
• 2 x 10Gb/s BASE-T LAN ports

• Runs Centos 7 real-time kernel
• Configured as a front-end computer
• Runs FESA classes
• GPGPU ready

M. Soderen et al.

M. Söderén, D. Valuch
EPJ Web of Conferences 245, 01036 (2020)
CHEP 2019, 
https://doi.org/10.1051/epjconf/202024501036



Data from LHC transverse feedback in LHC
• Analysis à tune determination from phase advance 
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G. Kotzian et al.
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Receiver technology with very small resolution

10/10/2022 W. Höfle          LLRF22 Lab Talk CERN   - Brugg-Windisch 10

ADC
S I0

ADC
S I1

Clk+

Clk-

100W
200W

10W

D
ip

le
-

xe
r0°

180°
0°
0°

0°
0°

0°
180°

0°
90°

Mixers

0°
0°

Fast 
step
attn.

t1

S Local
oscillator

ADC
D I0

ADC
D I2

Clk+

Clk-
0°

180°
0°
0°

0°
0°

0°
180°

0°
90°

0°
0°

Fast 
step
attn.

Local
oscillator

ADC
D I1

ADC
D I3

Clk+

Clk-

tt

Identical circuitry
for S Q-channel

Identical circuitry 
for D Q-channel

Low noise, high 
IP3 amplifiers + 
fast RF switches

t2

t8

t1

S

t2

t8

9-tap analogue 
FIR filter

Floating
at ADC Vcm 

potential

Floating
at ADC Vcm 

potential

A
B

180°
hybrid 
coupler

S
D

Digital board:
12x 120 Msps, 

16 bit ADC

RF receiver 
board

Figure 1: Diagram showing the new receiver topology, with important sub-circuits which influence the overall noise
performance. Black lines are 50 ש characteristic impedance, blue elements and lines are 100 .ש

NEW BEAM POSITION MODULE
The Beam Position Measurement module used by LHC

TFB for Runs I and II [10] was developed within the first
large scale digital low-level RF project at CERN, circa 2006.
Very little was known about how could it be used beyond the
basic feedback loop functionality, or what should be the opti-
mal electrical parameters. No special optimization was done
for noise performance, or operational flexibility at the time.
For development of the new Beam Position Module, the
noise performance and the operational flexibility were the
primary design parameters. Thermal stability, or accuracy
of absolute position measurements are not of a large concern.
A multi-domain simulation model of the complete system
was created starting with the beam-pickup interaction (Parti-
cle studio), transmission line system and signal processing in
the RF domain (Microwave office), downconverters and in-
termediate frequency amplifiers (SPICE), digitization, noise
and digital signal processing (Python).

Four different position measurement methods, compatible
with the existing system were evaluated:

1) direct sampling of the A and B signals by high speed
digitizers. The pickup electrode signals are typically a 1 ns
long pulses with not more than a 2 dB difference in amplitude
for a full scale bunch position movement. Effective number
of bits (ENOB) of currently available multi-Gsps digitizers
is too low for our application.

2) direct sampling of a band-pass filtered A and B signals
by high resolution, medium speed digitizers. At the time of
development, state of the art analogue to digital converters
were delivering 13-14 bits ENOB, at a sampling frequency
of low hundreds Msps. Noise performance of this method
was found to be about the same as the old system.

3) direct sampling of a band-pass filtered ף and ו signals
by high resolution, medium speed digitizers. The bunch
repetition frequency in LHC is 40 MHz. Convenient fre-
quencies to measure would therefore be integer multiples
of the bunch repetition frequency, e.g. 200, or 400 MHz.

The LHC TFB uses a bunch synchronous sampling and data
processing. Convenient data rates would be 40, or 120 MHz.
Theoretical analysis of this option showed, that if a 200 MHz
wavelet is generated by the analogue FIR filter, and it is sam-
pled at 240 Msps, an improvement of noise floor of factor
of 2 to 3 might be in reach. This option was implemented
and successfully tested in LHC towards end of Run II [11].
Though the method was successfully tested, the aim of the
upgrade project was to obtain the best possible noise perfor-
mance with the technology available to date.

4) continue using the super-heterodyne principle and high
resolution, medium speed digitizers similar to the old beam
position measurement system, but ”super-optimize every-
thing possible”. Every component of the signal chain was
modelled, or measured, thoroughly analyzed and optimized
for the ultimate noise performance. It was possible to con-
nect up to six, 16-bit, 125 Msps dual analogue to digital
converters (ADCs [12]) to the Artix7 FPGA used by the
LHC TFB modules, setting the baseline for this option.

New Concept of a Fully Differential RF Receiver
The new generation beam position measurement mod-

ule [13] [14] profits from a high signal power available from
the pickup. Ideally the whole signal chain from the pickup to
the ADC could be completely passive. This required devel-
opment of a fully differential, quadrature RF receiver. The
result is shown in Figure 1. The wavelet forming analogue
FIR filter was designed as a fully fused, 4-layer printed board
made on microwave substrate. A very tight electrical parame-
ter control was possible, all 40 produced filters were identical
without any need of tuning. Broad side coupled directional
couplers with progressively increasing coupling extract most
of the energy at the frequency of interest (400 MHz) from
the through line, forming a 9-RF period wavelet with very
clean and flat impulse response. ADCs typically use a dif-
ferential input, we have designed the whole RF receiver as
fully differential to use all the available signal power.
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MC6: Beam Instrumentation, Controls, Feedback and Operational Aspects

T05: Beam Feedback Systems

D. Valuch, #80 (talk)
IPAC’22, TUPOST007

Deployed for transverse damper in LHC
Transverse feedback noise performance will be critial for LHC High Lumi area crab cavities

ADC: LTC2185 



Progress PS, Proton Synchrotron
• Multi-harmonic Feedbacks for High frequency Cavities
• Advanced technics using wide band finemet cavity initial installed for 

a longitudinal damper, VME custom digital feedback
• barrier bucket scheme to create a beam free gap for reducing extraction 

losses à M. Vadai et al. #33 (talk) 
• prototype electronics for machine development studies added to LLRF

• Quadrupole mode damping for high intensity proton beams àJ. Paszkiewicz 
et al. #40 (talk)
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Digital cavity controller for the PS 40/80 MHz cavities

10 October 2022 Ben Woolley |Digital cavity controller for the 20, 40 and 
80 MHz cavities in the CERN PS

12

• Multi-harmonic feedback covering central 
harmonic +/- 5 harmonics.
• 15-20 dB reduction in beam induced voltage.

• Automated voltage and phase control 
loop.

• Cavity phase measurement and tuning 
feed-forward.

80 MHz Cavity Transfer function with MHFB enabled

80 MHz Cavity Transfer function with MHFB enabled/disabled

40 MHz Cavity Pulse, voltage program and amplifier currents.

Cavity Pickup
Voltage Program

Amplifier Current Pre-driver and Final

Ben Woolley et al. #38 (talk)



Progress SPS
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• New uTCA based system using white rabbit 
frequency distribution, 
• Feedback for 200 MHz TWC (6x)
• Feedback for 800 MHz TWC (2x)
• Beam Control LLRF with Beam feedback loops with 

LLRF for acceleration 
• Longitudinal damper feedback loop
• Blow-up generation
• Synchronization to LHC, AWAKE and crab cavities
• Beam commissioning 2021/2021
• Innovative fixed frequency sampling
• Setting-up tools in Python (SPS, LHC)

G. Hagmann et al. #67 (talk)
T. Wlostowski et al. #107 (talk, white rabbit)
D. Dlugosz et al. #36 (poster)

Thales 200 MHz solid state RF plant
2x 1 MW

New LLRF with MicroTCA



Multi Gsps for SPS using MicroTCA hardware

• The Beam Phase module has been designed on the 
uTCA platform. The beam phase module is based on 
a AFCZ mezzanine carrier with a Xilinx Zynq 
Ultrasacle+ FPGA and the Vadatech FMC217 
mezzanine card. The FMC217 ADC FMC has sample 
rates of up to 6.2 Gsps. For this application we are 
using a sampling rate of 5Gsps for easier 
synchronisation with the 250 MHz FPGA processing 
clock

• In view of bunch-by-bunch beam phase 
measurements in SPS (5 ns bunch spacing)

• Potential application also for transverse systems
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R. Borner et al., #37 (poster)



Progress LHC and SRF support

• Setting-up tools for LLRF in Python 
• Data collection with obs box 
• R&D towards crab cavity LLRF using MicroTCA technology
• Crab cavity testing in SPS 
• SRF development support 

• LLRF for production testing for crab cavities
• study for a fast Reactive tuner for beam loading compensation

• N. Shipman et al. presented at ERL’22 workshop
• occasion to visit SM18 test stands for SRF on Friday 14.10.22  
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Injector transverse feedbacks at CERN
• LHC Injector transverse feedbacks at CERN and studies

• next “upgrade to digital” opportunity for LEIR
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Accelerator / energy Kicker / power per electrode          
frequency band 

Processing used Last upgrade

LEIR striplines up to 100 MHz 2 pick-ups 2005
4.2 MeV/u – 72 MeV/u (kin. E) 100 W, 50 W, up to 100 MHz analog, vector sum
PS Booster striplines up to 100 MHz 1 pick-up 2020
160 MeV – 2 GeV 800 W, 50 W digital
PS striplines with impedance transformer 1 pick-up (+spare) 2020
2 GeV – 26 GeV/c 5 kW, 125 W, up to ~ 60 MHz digital
SPS electric field kickers, high impedance striplines, electro-static 2014
14, 26 GeV/c – 450 GeV/c tetrodes, 30 kW, 180 W, up to 20 MHz digital, pick-up pairs
SPS for wideband feedback study 2 short striplines and 1 Faltin type kicker 1 stripline exponential PU 2008
26 GeV/c 250 W, 50 W, 5 MHz – 1 GHz Digital up to 4 GS/s (3.2 Gs/s) to 2018 st

ud
y



ADT ObsBox for data recording from feedback 
• data recording from feedback systems
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SPS Beam & results
• Protons
• Intensity achieved for LHC beam:

• 1.84e11 p/bunch, 72bunches, 25ns 
spacing

• 1.4e11 p/bunch, 4x 72bunches, , 25ns 
spacing

• Intensity achieved for AWAKE:
• 3e11 p/bunch, 1 bunch, 1ns

• Ions
• slip-stacking from 100ns to 50ns 

bunch spacing
• Commissioning on going
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4 bunches
100ns

4 bunches
100ns

8 bunches
50ns

1st inj

2nd inj: +750kV

1MV

8 bunches
50ns




