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Agenda: MicroTCA at GSI and FAIR FAIR ==1x

GSI and FAIR
Motivation for MicroTCA

Examples of Bl DAQ systems (FPGA/FMC based)
CRYRING@ESR BPM System
Fast Current Transformer (2.5GSPS)

Resonant Transformer

UNILAC UNIMON System (Online RF status observation)

Conclusion and Acknowledgements
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GSI and FAIR FAIR === 1

Linear Accelerator

Heavy lon Synchrotron
UNILAC

SIS100

Heavy lon Synchrotron

primary beams:
up to 35 GeV/u Uranium

)/ up to 90 GeV/u Protons
J secondary beams:
* broad range of radioactive

/\ 7 ' = N\ beams

A . * (antiprotons 0 - 30 GeV)
’ XCBM
\ S-FRS

pLinac

]

storage and cooler rings:

* radioactive beams

* (10" stored and cooled 0.8 -
14.5 GeV antiprotons)

pBar Target

100 Meter

Existing Facilit
Experimental- and Storage Rings B Existing Facilty e very hlgh diversity

I under Construction « all elements from p to U
m- * parallel beam operation
xperiments

www.fair-center.eu
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What is MicroTCA? FAIR = ==1r

MicroTCA is a:
form factor like VME, PXI, VXS, VPX, CompactPCI......
standard (here MTCA.4 from PICMG)

MicroTCA consists of:
Chassis/Crate (e.g. 6 or 12 slots)
Power Modules
Cooling Units
MTCA Carrier Hub (MCH) as crate controller (IPMI)

AMCs (Advanced Mezzanine Cards): Compute and I/O modules that plug
into the chassis. For example: ADC, Scalers, FMC carriers etc

JTAG Switch Module (JSM)
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Why MicroTCA? F-“R === 1k

Requirements: S 7%%
Higher data bandwidth on backplane %7@@4%%@
Modularity (including power supply and fan trays), scalability ?@@Z%@%
Extensive possibilities for remote maintenance @%@@k @@%@@
High availability / Redundancy X/ %@%

State-of-the-art bus systems like PCle (3™ Gen. or higher)

Availability of measurement boards, such as ADC, counter, I/O or carrier
boards for other standard mezzanine technologies, e.g. FMC.

Advantages:
Huge HEP Community (DESY, ESS, ORNL, LNLS, many others)

Very active distributors and manufacturers
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CRYRING@ESR BPM System === 1L

CRYRING@ESR:

* Inkind contribution Sweden (MSL, Stockholm)

» Test accelerator for FAIR concepts and systems (e.g. DAQ)

» 1st Open Hardware Project: AFC V3.1, FMC 250M 16Bit 4Ch ADC

- 18 BPMs (9 hor, 9 ver) L

» Difference-over-sum method using least squares method

Experiment Section

YR09

YRTIMH1

Signal processing (FPGA): f
+ Raw data @125MSPS ESRL e HEBT || "o
« Chebyshev filter (ion getter pump noise) - ="
» Position calculation (regression fit)

* Running average filter

YRO6

YR05
YRoam f Acceleration
Section

A\
Cave A p———

YRO1
YRO3MH

Signal processing (software, FESA class): S
« FFT (Tune) Gooler

YRO04
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CRYRING@ESR BPM System === 1L

Orbit tab with global orbit, BPM intensity (AC power), single BPM position, and fit length (regression)

Cryring BPM Expert Application

H !H e | @ 20220129 194906
Control Status Raw Data Pasition D. Orbst FFT

horizontal | vertical

Timestamp  YROZDXIM YROJDXIH YROZDXAH YROGOXTH YROTOXIH YROBDX1H YRIGDX1H YRUIDKTH YR120X1H

202029 27 -9.20mir -S.E6mm

-5.B5MiT 24 SEr Y 8.56mm
2022029 . B.55mm 5. 3%mm -21.74mm 6.34mm 22 62mm 17 Gamm 8.71mm
022-0-29 7.88mm £ 22mm 19.00mm 1,76mm £.77mm 2021mm 16.36mm 4.84mm
020-29 841 mm & 52mm -20 28mm 1.36mm 10.50mm 21 &Bmm A B0%mm AZ08enm
220129 9.5¢ 53 -20,0tmem A5 114 \ 21.61mm -1 B5mm A2.3%mm
2220129 H.02mm £55mm -17.66mm 1.68mm A11.46mm -20.24mm -17.35mm 11.55mm
20220120 26 42mm 8.58mm & B 1mm 17.76mm 1.65mm 11.48mm 20.44mm 17.34mm 11.54mm
Indas -1 S ySomle - | ¢+ Devices YROZDNIH  »
2000 00.0
1 T ]
|3 E
E
= g 0.0
-_— 5
1 §
g i
1 L1000
200.0 -4
YROZDNIH  WROIDNIH  YROIDXAH  YROSDXLH  YROTDXIH  YRDEDKIH  YRICOXIH  YRILDNIM  YRIZOXIH 000 050 075 100 125 150 LIS 200 225 150 295 s 350 3
BPM(] time [5]
50 -4
1 700.0
0 -
12501 %
= 1
FCTE =
£ 5
|- |
] g
| B
100.0
0 25 050 075 100 125 150 175 200 225 250 275 200 325 350 375 ADD 425 450 475 D0 025 050 075 LO0 125 150 175 200 225 250 275 300 325 350 175 400 425 450 4
time [5)

time 5]
154533 - INFO [29 Jan 2022 18:45:33,047) Sereenshot. java) - Screenshot: hitpeclipboard.ace.gsl. de/davbi/sor eenshots i CryBPM2022-01-25_18-49-32_sdbd)34_cry-bpm2.png
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CRYRING@ESR BPM System

ova wdg |

Wiener Power Supply
1000W

B
L

== — —= Schroff

_ o MTCA.4

CCT AFC with FMC ADC FAIR Timing Chassis

XEON CPU (OHWR, WUT) Receiver Node
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Fast Current Transformer FAIR ===

Operational at SIS18, ESR, Cryring, foreseen for SIS100, HEBT, HESR and CR

Components: SIS8160 + SFMC-AD-2500-14-2 Dual Channel 2.5 GSPS 14-bit Digitizer FMC
S1S8864 64-BIT 1/10

Bunch dynamics during RF manipulations Photo: bergoz.com

FCT: YR12DX1HT

x e

Li* beam from local injector over 2 seconds from injection to flattop with
rebunching (merge) from h=8 to h=6 in the middle (Cryring)
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Fast Current Transformer FAIR ==

Data acquisition:

Photo: ohwr.org

Megsure §hort time p?riods (few ps? over a longer - _(@‘
period using the multi-event capability of the ADC : Qi
optional FTRN input  se— | ()
Measurement time mostly limited by ADC memory ‘g“fm:“"'_' s
Measurement triggered by RF pulses mesunoa  —— WCPE &
Trigger rate reduced by rate divider (only formomtoring puposes) il

500.000 ns

8 rf_in

é ftrn_in

o gate

o trigger_out
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Resonant Transformer F'\IR === 1k

) Photos: ohwr.org, LNLS, CERN
Status: operational

Location: HEBT
Readout: triggered (fast extraction)
max. 2us bunch length

Open hardware project:
AFC V4 FMC Carrier

* LNLS/WUT development of AFC V4 Carrier .

* Firmware integration by LNLS (L. Russo),
upgrade to AFC V4 and improvements by R.
Geiller

+ Separate configurable triggers via M-LVDS
on backplane for each channel

* OpenMMC ADC 100MSPS/14Bit

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Tobias Hoffmann — ICALEPCS23 October 9, 2023 Cape Town 12



Resonant Transformer

RT Expert: RT1

FAIR =1

H & e »

v Connection

Device: | RT1

Process: | SIS18_FAST_20210316...
v Settings

Range: 10nC

Actual Range: 10nC (2)

» Expert Settings

Set

P,

Get

Last Acquisition:2021-04-06 11:54:10.961

SIS18_FAST_20210316_223134.C1 FAIR.SELECTOR.C=5:T=502:5=3:P=2

v | @  2021-04-06 11:55:19

System Status

Trace Data:

Processed

b Scale:

0.300

0.200

0.100

0.000

RT Signal (V]

0.100

0.200

0.300
0.000  0.050

0.150

0.100

# points: 14 Charge: 3.32E-09 +- 3.46E-12 C

0.200

Module Status
|Connecred|| Status H Power [

V- | + | zoom: 38 ee|e— ]

Acquisition Status
[Error ] [Busy

]IOver ||Under I

Integrated Values

Charge

3.322E-9

0250 0300 0350 0400 0450  0.500

Time [ms]

0,550  0.600 0.650 0700 0.750  0.800  0.850  0.900  0.950

Lifetime: 0.1739 +- 2.8321E-04 ms.

cmwdev00a.acc.gsi.de:5021

» Detailed Status

11:49:37 - ERROR [06 Apr 2021 11:49:36,530] (ClientTaskScheduler.java) - Request [Headerimpl[id=35; sessionld=; accessPoint=/; type=RT_NOTIFICATION_DATA; updateType=UT_FIRST_UPDATE; options=null]] was dropped because of slow consumer

3.0£10

2.9€10

2.8E10

2.7E10

~
@
bl
S

Charge [C]
<
2

2.4E10

2.3E10

2.2E10

2.1E10

11:49:00 11:49:30

11:50:00

Trend: | Charge v || 10min ¥ || Clear

Particles

2.073E10

11:50:30 11:51:00 11:51:30

Time []

11:52:00 11:52:30 11:53:00 11:53:30 11:54:00
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GSI UNIMON (UNILAC rf Monitor) FAIR ==

Multichannel online display for operating IOXOS FMC (HPC) ADC_3117:
Up to 80 channels of UNILAC rf signals 20 channels ADC 16-bit @ 5 MSPS

buncher, chopper, IH, RFQ and Alvarez
Triggered readout

Sample rate of ADCs configurable between 1 kHz and 5 MHz

WR timing on backplane

Simple hardware software interface via virtual file access IR

mounted on AFC V4 FMC Carrier (OHWR)
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¢ 0.5 V/div, & 2 ms/div URIMon 04.10.2023 08:28:55 =
VAcC: all ~ HLI / Alvarez VAcC: all ~ HSI / Alvarez VAcC: all ~ Alvarez VAcCC: all ~ HLI
UN3Chop HUH2 “hop HA4Beam UN3Chop
|| I
UN4RFQ ®Puls-Red WEL UN4RFQ
i |
BB13 HUHZF FQ HEZ BB13
I 1| FET) I
IH SL Es H
)
Ik
Testl H IH1 H E4 Test]
|| ||
BB14 MiH2 MEs BB14
= || || -]
UN7Beam ®US1Beam ®E10 UN7Beam
BB3 HTestZ
| || VAcc: all ~ HSI
MBBa BB4 MBB11 ®MUH2Chop
|A1 /,__‘ HAl = HBBlZ HPuls-Red
A2A S MA2a s ETK7BCIL ]HUHZF FQ
L / | | /
A2B e A28 = SL —
| / ] | /
BB5 Hsss IH1
| || |
A3 PER HA3 i 1H2
| LS || \_ |
BB6 MBB6 US1Beam
| ||
A4 Ba4
AdBeam A4Beam
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Conclusion FAIR ===

Using MicroTCA for GSI and FAIR beam instrumentation has proven its worth in
daily operation

MicroTCA covers all needs for GSI beam instrumentation

The very well equipped backplane, with Ethernet, PCle, M-LVDS, JTAG lines, and
others, offers very many applications in one system

The openly usable FPGAs, like with OHWR products, allow the best possible
adaptation to the DAQ requirements, provided that an FPGA expert is available.

COTS and OHWR can go together
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