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AWAKE: Proton driven plasma wakefield acceleration

 Unique to CERN

Electron source system

Accelerated electrons on the scintillator screen

Laser beam 20-MeV
o Very successful: showed that a . freqtz%%ig{/ L Radio-frequency gun 5
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Run 2b: New vapour source with <] % \ o2y
density step to stabilise micro- 6- I o _6] \Gepiiied slacions 3-beam synchronisation to ps level at
bunches. (Ongoing 2023-24) s 20 5 -0 & 0 s 20 G5 o & 0 the entrance of the plasma (left) and

£ (mm) £ (mm) close to the exit (right)

Adli, E., Ahuja, A., Apsimon, O. et al. Acceleration of electrons in the plasma wakefield of a proton bunch. Nature 561, 363—-367 (2018). https://doi.org/10.1038/541586-018-0485-4
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Current Electron Injector RF System architecture
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Analog system based on aging/obsolete technology. Diode detectors and base-band phase
measurements. Slow PLC based, open-loop control.
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AWAKE Run 2C Upgrade Addition of a second plasma cell for

Electron source system acceleratlon Only
Laser beam | * A pre-modulated proton bunch sets up much stronger
G st B E‘ S NEW: higher energy wakefields.
‘{ /ﬂ J Electron source system
e " Eiectron beam ] Second electron injector at higher energy
i e  — il (150 MeV) to inject witness beam.
Proton beam =~ /ﬂf « Shorter, low emittance bunch to be injected into a
B, ~~—— Hledronbeam single plasma “bucket”.
e = W L 10 m Rb Plasma
_ B NEw < Aim to demonstrate higher gradients and emittance
self-modulation 3 control.
First section as before, but only O OTR, CTR screens

to pre-modulate the proton
bunch.

acceleration

(.

- !
First electron injector seeds the L
modulation (sets the phase of the & backaropassting
modulated proton bunch)
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Second Electron injector

160 MeV electron energy
Emittance 2mm mrad
S-band photo cathode gun
X-band buncher

X-band accelerating
structures with 80 MV/m

* Option for 3x, 55 MV/m
structures also studied.

3 drive signals to be to be
controlled.

06/12/2023
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LLRF system specifications for run 2c

 3GHz and 12GHz signals to be acquired and
generated.

- Arbitrary amplitude and phase control is required to S-band X-band
operate the system in a closed loop fashion and to RIS 2997899 GHz  11.9915962 GHz
provide the necessary phase manipulation for the RF
pulse compressors. Pulse length 1-10 ps 100-1500 ns

Bandwidth > 20 MHz > 20 MHz
 Timing jitter between seed and witness e- Pulse repetition rate 9.97 Hz 9.97 Hz
bunches to be below 50fs to achieve Nl hE-IERleN 14 + Reference 18 + Reference
optimal placement of the witness e- bunch  LERELEIELE
into the plasma wakefield. NUISER G SIGRE]E i 2 2
be generated

« LLRF modulator must have an additive phase jitter of Kt <30 fs < 30 fs

less than 30 fs. Amplitude stability 10 10

« Slow drifts must be compensated for by the
LLRF system.

« Temperature variations in signal cables, long
waveguides, driver amplifiers, klystrons, pulse
compressors.
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L LRF architecture [ .
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i 4

* Use SIS8300KU and DWC8VM1
AMC+RTM. 1 E

PP 7 DAC table

V4
0|0/ ;i
{ time
1024 samples (8ns * 1024)

« Uppsala University as collaborator to

Group Device  mTCA channel

develop the LLRF system for tests at
CERN’s CLEAR (formerly CTF) W =
facility. 1 W e

. Last year’s WS we asked DESY and 5] == | I | I == e
KVG to launch the development of ' '
the DeRTM-LOG 3GHz for REF, LO

@peak :
irculator

and CLK distribution on the RF N
backplane. “ iy g ST o
* For X-band stations use middleware o | ..1

(ala DESY?) to up/down convert
between 3GHz and 12GHz. et

1: https://indico.fnal.gov/event/21836/contributions/64954/attachments/40833/49435/PUBLIC _VERSION - LLRF19 MReukauff Talk.pdf
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https://indico.fnal.gov/event/21836/contributions/64954/attachments/40833/49435/PUBLIC_VERSION_-_LLRF19_MReukauff_Talk.pdf

DESY FWK BSP: an external perspective

- The FWK/demo facilitated the |
developer to go from absolute =S n oo

b . d = / 1 <<| Devices: Modules/Registers: Register properties Options
eginner to modest expert in +/-1 year. g . -
. ::]RISI;ON @SP/SFRATCH Show plot window
PRJ_VERSION Bl =
. . PRJ_SHASUM Scalar Operations
« The FWK/demo is now (fall 2023) in a I —
RESET_N Unsigned integer g no
. . _— . CLK_MUX Numerical Address Fixed Point Interpretation wite
stable ase with initia Itches cuchst
CLK_RST Bar Register width
CLK_FREQ
- CLK_ERR o 32
| rO n e O u t SPI_DIV_SEL Address Fractional bits
] SPI_DIV_BUSY 33 5 Continuous Poll
ADC_ENA
ADC_IDELAY_CNT Total size (bytes) Signed Flag enabled
ADC_REVERT_CLK 2 0
SPI_ADC_SEL
H SPI_ADC_BUSY
 The appeal (for us) is that FWK/demo
DAC_IDELAY_INC
DAG.IDELAY. CNT Value Raw (dec) Raw (hex)
DDR_CALIB_DONE Last poll time
eeps tne delay overnea etween 00T STATUS o (R - oxzs
Device status PCIE_IRQ_ENA 2023-07-03T18:53:29.965
. S PCIE_IRQ_ACK_TIMEOUT
ADC > DAC) down without too much e
FCM
. Device properties AREA_SPI_DIV
AREA_SPI_ADC
u n I n g Device name + chO_top
. B
ADC_BOARD + FCM
ST 3 APP
Device identifier - TIMING
(sharedMemoryDummy?map=examp Find Module

Map file

. ~
* Understanding the FWK/demo helped g

[

Load Boards Sort Modules/Registers Expand All

understanding other efforts as well.

 The core of FWK/demo includes o
efficient memmap management. -Kristiaan Pelckmans
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Progress so far...

« System shipped to CERN from Uppsala,
installed in the form CLIC test facility.

 RF signal acquisition, generation and
feedback/forward loops tested.

 Use of DESY BSP and python GUI.

« External trigger injection through RJ45
connector on SIS8300KU AMC, distributed to

mLVDS lines. Modulator and S-band
40MW Klystron (above)

*  Currently under test/development (still some bugs to iron

out) MicroTCA crate and LO, |

 Work progressing well on a DESYRDL to CLK generators (right) 1§

CERN/Cheby convertor script.
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Next steps

« Fully validate the external trigger injection and
synchronise to the CLEAR accelerator complex.

 Replace DESY RDL register map with CERN Cheby
based one.

 Develop FESA class for acquisition and control.

* Install CTRA (CERN timing infrastructure card), to
fully integrate into the CERN controls infrastructure.

* AMC FMC carrier (AFC) and CERN developed timing receiver FMC. Tg

« Connect the VM to the RF power plant and close the
loops.

« 3GHz DeRTM-LOG still under development at DESY
and KVG. We would like to use this for the final
system with 5+ cards.
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Advertisement: Cheby + Reksio

Register map tool now open source:
Cheby:

* File format to describe the HW/SW
interface (the memory map)

« A set of tools to generate HDL,
drivers, documentation... from
these files

https://gitlab.cern.ch/be-cem-edl/common/cheby

Reksio: GUI to interface with Cheby.

https://gitlab.cern.ch/Cheburashka/gui

reksio build 2020.02.14.13.51 jopt/jbetz/work/sps newStd/sps container/MemMap/SPS200Cavi

File Edit Search View Actions Help

Loops.cheby (on cwe-513-vol992.cern.ch)

+ - X B A v VvV &
Nodes tree EE Attributes
Type Name *| |Attribute Value
~ 7 memory-map sps200CavityControl name hwinfo
« (7 x-driver-edge bus cem-be-vme-err-32
v ) pei-bars ~ schema-version
? Ea— core 2.0.0
¢+ [) ip-core-descriptions x-gena 1.0.0
- ] submap hwinfo x-hdl 1.0.0
memory-map hwinfo x-fesa 2.0.0
v (7] submap cavityLoops x-driver-edge {gg
8 x-conversions .0.
+ [ submap modulation x-whbgen 1.00
+ ] submap timingGen x-map-info 1.0.0
b ] submap fgc ~ x-driver-edge
v ] submap acqCoreExt mad_ule-type RF_HWINFO
+ (7] submap acqCorelnt ~ x-map-info .
} (7 subma rnco memmap-version 0.0.1
P T~ computed
Available attributes BE address 0x0
bus - size 24
size align 0x4
word-endian ClCi o
name
description
comment
version
~ schema-version
x-driver-
x-gena
~ computed ) =
Available attributes | Available children
Console @
Info: Submap fgc_ddr saved in /opt/jbetz/work/sps_newStd/sps_container/IPCores/fgc_ddr/fgc_ddr.cheby.
Info: "Memory map saved in foptfjbetz/work/sps_newStd/sps_container/MemMap/|DB_SP5_FGC.cheby"
Info: "Memory map /opt/jbetz/work/sps_newStd/sps_container/MemMap/SPS200CavityLoops.cheby loaded.”
Info: Memory map is valid! i .
Info: Memory map is valid! Children overview
reg
name +  address description width type access preset
stdVersion 0x0 32 ro
serialNumber 0x4. HW serial number 64 ro
firmwareVersion |0xc Firmware Version 32 ro
memMapVersion 0x10 Memory Map Version 32 ro
echo ox14 Echo register 32 w
Python interpreter @®

constant

a®

a®

comg
0x0

0x4

0xC
0x10
0x14
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https://gitlab.cern.ch/be-cem-edl/common/cheby
https://gitlab.cern.ch/Cheburashka/gui

Thank You!
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Questions?
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Extra Slides

06/12/2023 Micro TCA WS 2023: Status of the AWAKE run 2c photoinjector LLRF at CERN 15

@ e



AWAKE run 2c upgrade

Two RF photocathode guns with S-band and X-band structures.
 Requires pulse to pulse stability of 30 fs = active stabilisation with LLRF loops.

 Prototype microTCA LLRF system, currently undergoing tests at CERN through collaboration with

Uppsala University.
PP y 2023 | 2024 | 2025 | 2026 | 2027 | 2028
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