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EuPRAXIA project

EuPRAXIA - European Plasma Research Accelerator with
eXcellence In Applications.

Innovative electron accelerator using and -beam-
driven acceleration.

High Performance, Compact size, Cost
Efficient

Applications 2 Medical therapy, High-Energy
Physics Research, Industrial applications

Credit: Alberto Martinez de la Ossa / DESY



EuPRAXIA Doctoral Network eUPRAYCIA

Doctoral Network

| ¥ .4 UK Research
e | and Innovation

« MSCA Doctoral Network with a budget of

(10 Fellows will be funded by the EU,
another two by the UKRI guarantee funds)

* Interdisciplinary and cross-sector and

training program carried out between universities, research centres
and industry

 Recognized importance of plasma accelerator R&D at European
level!



EuPRAXIA Doctoral Network

Doctoral Network

Ul

beamlines

cividec @z INFN i

Ricerche

Istituto Nazionale di Fisica Nucleare

TECNICO
LISBOA

LUND

iﬂ—eeam Ltd Ul di FjsffaT rd TO L

Training and Consultancy Ltd. i { techmolo
nuclear physics ¥

CARBON

& ?0‘ : ” » Tl, TECHNISCHE

= /,.“ .‘, s T S ik ience ai UNIVERSITAT

Holdsworth | %4 }« e L [ | )
d Associates HYPATIA

UNIVERSITY OF

L] V ER POOL UNIVE;;T)I Pisa

&
SAPIENZA uisner

22124 INSTRUMENTATION

s8-8 o I
715 TECHNOLOGIES vy HIBERA



Introduction to Low Level Radio Frequency

User Defined Set-Point values

LLRF control for each RF

Amplitude [V] ~5 2500.000 2500.000 . .
station (cavity)

Phase [deg] 0.000 0.003

ANNAN

Master Oscillator reference

Input Power
Coupler

Power amplifier example
(Pulse modulator + Klystron)

22124 INSTRUMENTATION
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Subsystem of Radio
Frequency (RF) system.

Maintain the stability and
control of frequency, phase
and amplitude.

Deviation between the
measured signal and the
reference activates feedback
control system.
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LIBERA-Low Level Radio Frequency

P

Libera LLRF \

digital processor

VM

Some references:
" . wEENP VEGA (Magurele)

analog

« Argonmne National Laboratory (APS)

TCM

Sahfiia, Latino)
LARA (STFC Daresbury UK)
(ADAM/AVO) proton cancer

FAST LINK

ul apy LENAC

« QNAO (Pavia): LLRFs delivered for
Jnjector LINAC

JAGC (FAIR/GSI Darmstadt)
RISP, EMMA (STFC Daresbury)
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X-Band Low Level Radio Frequency

 Development of accelerator technology at higher frequencies up
to X-Band allows high accelerating gradients [MV/m] and shorter
accelerating structures (compact machines).

« Challenge of controlling RF parameters (amplitude and phase) at
nigh frequencies and for very short pulses (100Nns).

 LLRF system stability influenced by temperature drifts at higher
RF frequencies.

« There is no commercial LLRF system working in X-band that
meets the requirements of the EUPRAXIA@QSPARC_LAB LINAC.

2144  INSTRUMENTATION 37 | iBERA
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Preliminary Requirements of EUPRAXIA X-Band

LLRF

"8 122
0t

“ive
2R

Parameter Desired value
Mode of operation Pulsed
Carrier frequency 11.994 GHz
Back-end BW > 80 MHz
Back-end output level >10dBm
Front-end BW > 25 MHz
Front-end max. input level 20 dBm
Sampling rate > 250 MS/s
Time window z3us
RF pulse max. repetition rate 2400 Hz
Minimum pulse-to-pulse detectable amplitude jitter (front end) <0.05% rms
[ Minimum pulse-to-pulse detectable phase jitter (front end) | < 0.015 deg rms (@ 11.994 GH?) |
Vector Modulator pulse-to-pulse added amplitude jitter <0.05% rms
Vector Modulator pulse-to-pulse added phase jitter < 0.015 deg rms (@ 11.994 GHz)
n. RF input ch. for LLRF prototype >2
n. RF output ch. 1
Pulse shaping (amplitude & phase) of vector modulator output Arbitrary (from spreadsheet)

INSTRUMENTATION
TECHNOLOGIES
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Overview of Research Activities

 Development of a prototype for an X-band LLRF system, tailored
to the EUPRAXIA@QSPARC_LAB LINAC requirements.

Research
Activities

Validation and
verification on

X-band LLRF Se(ge;élr(:]r;lof Design of
t Prtotot
concepts components rtototype(s)

accelerator test
facilities

« Once confirmed on a testbench, the prototype will be
iIndustrialized into a commercial instrument.

~31%%  INSTRUMENTATION
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Conceptual Block Diagram

* Designed approach of the X-Band LLRF prototype.

« Single-stage Down conversion
* Double-stage Up conversion

LO-S
3 GHz+IF

/lﬁ 9 GHz

MO LO-X ADC ADC ADC
12 GHz 12 GHz+IF 250 MHz 250 MHz 250 MHz

RF front-end channel

~
'/

Drive

RFinl
] 12 GHz

RF front-end channel 1Q modulator |

RF in2
— RF front-end channel

-

—

SNl
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LO and ADC Synthesis Block Diagram

LO and ADC synthesis

MO 12 GHz
—

N
I
(G}
K
o
o

« Architecture of LO and ADC synthesis block.

MO ADC LO-S 9 GHz LO-X
12 GHz 250 MHz 3 GHz+IF 12 GHz+IF

o

Frequency
multiplier x3

Variable frequency
divider (/32-/42)

Cavity

X 1/2 splitter
filter e

Frequency 1/4
divider /4 splitter

MO: 12GHz
Frequency
divider /12

1/2 splitter

MO
12GHz

LO: MO+IF

Sampling clock
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Components Testing

Phase Frequency
Output Power sweep Pldb: 1dB Harmonics noise response
Gain/ power (input power compression and (input and S21 vs.
S.No Component Description Loss level sensitivity) point Spurious output) S11 S22 Frequency

.N

1 | Amplifier 12 GHz -
2 Low Pass Filter 12 GHz, 9 GHz
3

4

High Pass Filter 12 GHz, 9 GHz

Mixers 12 GHz, 3 GHz

3GHz, 400MHz,

5 Low Pass Filter 250MHz, 80MHz
12 GHz, 3 GHz,

6 | Power Splitter 250MHz

7  Amplifier 3 GHz, 250 MHz

8 | FrequencyDivider 12 GHz

9 |FrequencyDivider 3 GHz, 1 GHz

10 |FrequencyDivider  Progrmmable

11 |Cavity Filter IF Frequencies

INSTRUMENTATION LIBERA
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Measurement Setup

| )

£
S
From block €
L IGHE=0.848
HEBHa0d8
ILEFGH=2168
LP12GHs 1648

*FEW 30 kHz i
VBW 100 kHz 16

Attt 50 4B SWT 5 ms FI3
BME3 1262+
L@EHs0dD ik 650 = THOI NRy ¥l 108
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Input vs Output Phase noise (Amplifier)

Phase Noise

Measurements

MultivView Phase Noise -

Signal Frequency 11.99999992 GHz RBW 10 %  Source Frequency 12.0 GHz SGL
Signal Level -1.53dBm XCORR Factor 100 Source Level RF Off

Att 5dB  Meas Time ~46 5 Level Setting High Meas Fhase Nois

1 Noise Spectrum ( th 3 =w PN Smith 1% Spu ]
i 1MHBpot Noise{ [T1]! | |||
: 10.000 Hz | -80.89!dBd/Hz
-90 dBc/Hz = o =018 L elibicalid 2]
i \Jf“}’xu 1.000 kHz | -118.14idBd/Hz
i \% 10.000 kHz | -130.85!dBc/Hz
-100 dBe/Hz O0.0N0 kHz - 13266 Hifdiiz]
i \a\ 1,400 MHz | -145.81idBd/Hz
110 dBc/Hz Y 10.040 MHz | -160.34 dRc/hz]
! M L
| b BN
-120 dec/Hz 120 dec
: ) P
-130 dac:,sz B shi2 Sl :1310 :dé;_
| R R e B e e W i
| ~ i
-140 dBc/Hz 140 dB
i Sl P
-150 dBc/Hz %\ B
| 5
-160 dBc/Hz
-170 dec/Hz
[ goo [ doo [ 340 [ dooo [ 5000 [ 3000 [ =000 [ 3000 [ S000 [ 10000 ]
10.0 Hz Frequency Offset

2 Integrated Measurements
| 1 1 10.000 Hz 10,000 MHz -67.68 dBc 33.46 m°,/584.06 prad 339.869 Hz 7.746 s |




Cavity Filter Analysis

« 3 GHz Cavity filter with a ceramic resonator.
 Tunable range and Frequency depends on size of the resonator.
« Small Insertion |loss F; 47, Moderate Rejection at Fip & Fip_ir

-~ y enter 3. r4 |z pan |z ||
[1 Center 3.06989 GH TFBW 70 kH Span 5 MHz )1



Outlook & Conclusions




Outlook & Conclusions

Assembly of Components chain in a 19" chassis = April,2024.

Performance tests on the Front-End & Evaluation of Back-End -
end of summer 2024.

Prototype Finalization - Dec,2024.

Laboratory tests at INFN-LNF (TEX facility) 2 Early 2025.
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Thanks for taking part and
have a nice Libera workshop 2024!
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Introduction to Low Level Radio Frequency

Subsystem of Radio Frequency (RF) system, handles the control and
stabilization of the RF signal at a low level of power.

Maintain the stability and control of the RF signal parameters such as
frequency, phase and amplitude.

. . . Measure & control
LLRF starts by measuring the characteristics of et s S?Zi‘li‘ei;}i";‘:.‘f}
the RF signal. The amplitude and phase of the E{I —
Reference Low Level :
signal is detected from the cavity. T T

Drive signal
\ 4

High power
RF amplifier
e.g. klystron

High power RF output

The measured signal is then compared to a
. Figure: LLRF control for each RF cavity
reference signal. Reference Borut
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https://indico.cern.ch/event/803528/contributions/3502617/attachments/1898601/3141922/Digital_LLRF_system.pdf

Introduction to Low Level Radio Frequency

Deviation between the measured signal and the reference activates

feedback control system.

This system brings the signal back into alignment with the reference.

This feedback loop is continuous and rapid, to
ensure the RF signal stays within the desired
parameters. sl

Operates in real time with sub-microsecond
response times.

INSTRUMENTATION

TECHNOLOGIES

Measure & control
Desired phase phase & amplitude
& amplitude of an electric field
l in an RF cavity
Low Level
RF system Probe signal

Drive signal

v
High power
RF amplifier

e.e. klystron High power RF output

Figure: LLRF control for each RF cavity
Reference Borut
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https://indico.cern.ch/event/803528/contributions/3502617/attachments/1898601/3141922/Digital_LLRF_system.pdf
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