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Horizontal ionization profile monitor for electron detection

Beam Gas lonisation, BGI

. . orrection . - -or-re;ti;n_+ 70 mm
- Non-invasive measurement of the _____ &% oy LERD
beam profile: — T 3, I b
- 1. Beam ionizes rest gas particles in the beam Gl ¢ Bl \ sean o
plpe . eam pipe
- 2. Transport ionization electrons with E-field and
B-field

- 3. Image ionization electrons with a detector

- Based on Timepix3:
- Position (65k pixels with 55um pitch)
- ToA (1,56 ns of resolution)
- ToT (< 2KeV of energy resolution)

- Two operational BGIs installed in PS
since 2021




System requirements

- 4 TPX3 - 8 DataOut each one of 320 Mbps = 10,24
Gbps
- Processing requirements:

« To publish all the data before the next cycle starts.

« Around 10k events per profile and about 1 profile per 2ms.
60 bits per event
Typical case: 2ms acq window every 10ms - 60 Mbps

- Beam loss removal = offline.




No Radiation ! Radiation

Readout overview

- The readout consists of 3 parts: Back- -—- o <—-
end, Front-end and the detector(s).
- Back-end:

« Until July 2022 - Virtex 7 FPGA VC707
- Limited profile processing capabilities just using
FPGA.

« Back-end requirements:
« Generic platform for all the Timepix applications.
Real-time processing of Timepix events.

Monthly Access

«  Bunch by bunch
«  Simply debug, development and deployment. ‘ Zynq U|traSCa|e+ MPSoC

Long term availability.
« Support and expertise at CERN.




Zyng Ultrascale+ MPSoC Back-end
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APU runs Linux.

RPU cores will run in lock-step mode with FreeRTOS.

PL does the low-level assembly and transfer of bits and
packets.
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External view: REST
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Internal view
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Internal view: PL Block

Low-level bit manipulation and data

transfer:
) | APU intert P ble logic (PL RPU interf N
. Detector controller in change of = e ‘ e a°°m‘
the synchronization I t bus I
- Event assembler packages the Data WB Event WB
bytes with timing information. °°"‘i°"°’ assembler
- Trigger controller: handles the Hemory Detecior WB Tigger W8 (T g
generation of trigger signals and controller controller controller T i
timestamps. I 1 T I 7777777777777
\J Memory interface u Detector interface u Trigger interface L Ethernet interface _/

- Data controller handles the events
to/from DDRA4.

- Memory controller: DDR4 Xilinx
IP block.

https://qitlab.cern.ch/be-bi-bgi/bipx|-readout/bipx|-gateware



https://gitlab.cern.ch/be-bi-bgi/bipxl-readout/bipxl-gateware
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( MPSoC N

PL-APU Interface [ ™ [, B i

User Applications

-B|PX|- RPU User space __BIPXL Internal Driver o —
Firmware |
- Concepts: Komelspace  Linux |
- Kernel space ) ’ :
- User space PL

. . o
. The following drivers are used: 7

« u-dma-buf: Creates a buffer in kernel space and exposes the physical address to user space via a file
(/dev/iudmabuf<n>).

« UIO: userspace I/O associated with the DMA to transfer the data from/to the u-dma-buf.

- The configuration of the UIO:
« Clear IRQs (MM2S_DMASR)
« Set config (MM2S_DMACR)
« Set address (MM2S_SA)
« Setlength (MM2S_LENGTH)

- Transfers starts automatically after length is set.




Internal view: User applications

- BIPXL Internal Driver: abstraction between
user applications above and the kernel drivers
below
«  https://gitlab.cern.ch/be-bi-bgi/bipxI-

readout/bipxl-software-internal-driver

- REST HTTP Server: HTTP using Flask and
Flask-RESTX frameworks

- https://qgitlab.cern.ch/be-bi-bgi/bipxl|-readout/ps-
bagi-bipxl-software-rest-server

PS-BGI BIPXL REST AP| @



https://gitlab.cern.ch/be-bi-bgi/bipxl-readout/bipxl-software-internal-driver
https://gitlab.cern.ch/be-bi-bgi/bipxl-readout/ps-bgi-bipxl-software-rest-server

Internal view: User Applications

- BIPXL Event processing: beam profiles construction to
be sent to the BGIPXL FESA class before next beam
cycle.

«  https://gitlab.cern.ch/be-bi-bgi/bipx|-readout/ps-bgi-bipxI-
software-event-processing

- BIPXL Software Vistar: live display of the instrument
state and beam profile acquisition.

- https://gitlab.cern.ch/be-bi-bqi/bipxI-readout/ps-bagi-bipx|-
software-vistar

PR.BGIB2 - Horizonta gi-supportécern.c
16h55m 48°C 22% 10% OK 2022-07-15 07:35:49 OPMock mode

BIPXL readout

Local . DisplayPort Matrox MVX-E5150
‘ FEC ‘ Ethernet DisplayPort -» to HDMI adapter encoder
4 T

BIPXL MPSoC Readout



https://gitlab.cern.ch/be-bi-bgi/bipxl-readout/ps-bgi-bipxl-software-event-processing
https://gitlab.cern.ch/be-bi-bgi/bipxl-readout/ps-bgi-bipxl-software-vistar

Internal view: RPU

- Detector monitoring and control (real-

\
. ‘- Real-ti P ing Unit (RPU
time critical tasks). AT GRS
. Detector Detector
. Lock-step mode using FreeRTOS. Comm. ’ detecto ’ Mo
- Two main tasks: FreeRTOS
Detector interface configuration and monitor
Detector control and monitoring: Cortex-R5 H Cortox-R5
General config data \_ Y,

Run startup sequence
Temperature of the sensor.

- Interface to APU: OpenAMP library

https://gitlab.cern.ch/be-bi-bgi/bipxI-readout/bipxI-rpu-firmware




PS-BGI B_IPXL » BIPXL Linux BII_='XL RPU
Packaging Firmware

Packaging Y — ) B

PS-BGI BIPXL

Software REST Server

v
'PS-BGI BIPXL Software  L——————% BIPXL Software
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. Packaging repository:
. Scripts to push all the needed resources.
. Build Petalinux3 - Gitlab runner - “bipxl-gitlab-runner”

. Xilinx tools (version 2021.2): kernel, root file system, device tree and firmware specific for
MPSoC platform.

. Artifacts - SD Card

check_version prepare build package update_rootfs artifacts

@ check_version [ @ prepare - @ build o @ package o @ update_rootfs o @ artifacts_release_branch [

@ update_rootfs_ps_bgi (%]

https://qgitlab.cern.ch/be-bi-bgi/bipx|-readout/ps-bai-bipxl-packaging



https://gitlab.cern.ch/be-bi-bgi/bipxl-readout/ps-bgi-bipxl-packaging

Future plans

« Installation of SPS-BGI =2 YETS 2023

- Instrument + readout development for LHC-BGI:
« Timepix4:
163.84 Gbps (16 Output x 10.24 Gbps)
LpGBT: 2.56 Gbps in downlink and 5.12/10.24 Gbps in uplink.

- SoM:
« 4 GTH transceiver pairs, plus 13 GTH receivers.
-« SD-Card

« Ethernet RJ45

-  Serial port

« >4Gb PS Side DDR4
- >1GB PL Side DDR4
« Video port
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Internal view
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FPGA Utilization

Summary
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ZCU102 Evaluation Board
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https://www.xilinx.com/products/boards-and-kits/ek-ul-zcul02-g.html




BGI Timing Setup
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Co-simulation of gateware and software

- Run Petalinux with the installed software > QEMU
emulator
« No emulation of the PL or the RPU

« To make this possible - co-simulation of the RTL + QEMU

LibSystemCTLM-SoC.:
https://qithub.com/Xilinx/libsystemctlm-soc
https://indico.cern.ch/event/1090205/#7-hardwaresoftware-co-simulati

RTL-simulator

PL

LibSystemCTLM-SoC

+—>

software PS

External | QEMU



https://github.com/Xilinx/libsystemctlm-soc
https://indico.cern.ch/event/1090205/#7-hardwaresoftware-co-simulati

Timepix3 — Timepix4

Timepix3 (2013) Timepix4 (2019)
Technology 130nm — 8 metal 65nm — 10 metal
.Pixel Size 55 x 55 um 55 x 55 um
e 3-side buttable 4-side buttable
256 x 256 512 x 448 3.5x
Sensitive area 1.98 cm? 6.94 cm?
'Mode TOT and TOA
E Data driven | Event Packet 48-bit 64-bit 33%
g (Tracking) ‘ Max rate 0.43x108 hits/mm2/s 3.58x10° hits/mm?/s
= Max Pix rate 1.3 KHz/pixel 10.8 KHz/pixel
3 | Mode PC (10-bit) and iTOT (14-bit) CRW: PC (8 or 16-bit)
E Frame based Frame Zero-suppressed (with pixel addr) Full Frame (without pixel addr)

(Imaging)

| Max count rate ~0.82 x 10° hits/mm?2/s ~5 x 10° hits/mm2/s  6x
TOT energy resolution < 2KeV < 1Kev 2x
Time resolution 1.56ns 195.3125ps 8x
'Readuut bandwidth <5.12Gb (8x SLVS@640 Mbps) | <163.84 Gbps (16x @10.24 Gbps) 32x ]
'Target global minimum threshold <500 e <500 e

https://indico.cern.ch/event/1121147/




