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Challenge

* Many different
scenarios

— ... In parallel
Y — ... exactly on time

Proton
Linac

SIS300

SI1S100

A
/ N 3
| .
: PANDA "%, Super-FRS
! i — ... an exipie
I | HEDgeHOB H J N.S A
HESR S SPARC : ’ .
k 7 ‘\ BIOMAT; _ =" s USR
- "‘
\V/ \‘\ “-’.
lon beams for blasma physics \‘ i
lon beams for atomic physics “ =CR : : :
s » .e
R Y What makes a good
Protons produce Antiprotons _ _ _ . .
lons produce radioactive ion beams ‘. ‘RESR o
T M ik ;
ebrietoietelniviototrinick I S contro | Syste m )
L]




iy '+

FAIR Requirements




Conditions to meet on site

GSI - FAIR Facility
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Requirements for Control System

P

Distance: up to 10 km

Endpoints: 2000-3000

Bandwidth: GbE

Switch layers: 5+

Accuracy: <1lns

Determinism: controls, networking and endpoints
Reliability: less than 10-13 instructions lost
Hard RT: no time for retransmission




Data Master




LSA and Data Master
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Beam Production Recipes

Unilac
p-Linac
SIS18
SIS100
SIS300
CR
RESR

* Vast number of

nossibilities

* Dependencies

* Recurring patterns

e - transform to monotone

> sequence of actions




Transport Protocol | » 9 -]

* EtherBone
— Here: UDP based
— Fast network wrapping of WB SoC bus
— As close to hardware as possible
— In our case: broadcast

* Forward Error Correction
— Reed-Solomon
— Fountain codes




Data Master Prototype

Data Master - Industrial PC with PCle
FPGA board and Timing Interface




Timing Network




Switches and Endpoints

Timing Network
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Time & Clock Distribution | 9 D> ~..,]

* Absolute Time
— Where do we get a stable time source ?
— How to make switches deterministic?
— How to compensate for link delays ?

* Clocks

— How to adjust frequency to master clock ?
— How to measure & correct phase offset?




Time & Clock Distribution . fﬂ-ﬁ . B ‘--]

WhiteRabbit Protocol

* Absolute Time
— GPS master to compensate long term drift
— Fast Path & QoE in Hardware
— PTP protocol

* Clocks
— SyncE
— Hardware phase alignment on fiber GbE




White Rabbit Switch

FPGA based 18 Port
White Rabbit Switch
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Timing Receivers




Endpoints - Event-Condition-Action Model | 9 _.]

* Impossible to send all instructions
deterministically over network!

 ECA Unit in Endpoints:

— Pre-programmed:
event (received ID),
condition (mask/time),
action (bus / 10)

— Recelve ID and execution time
— Local hardware carries out action on time




SCU Bus - SCU | | VME - Vetar




Ongoing Tests
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* Timestamped Data Acquisition for
Experiments

* Front End Controller for Beam
Instrumentation

* Function Generator for Power Supplies

- We got invaluable feedback so far!




B L e
d

,
J )
Ed.
|
'l
/ =

DAY

ts

GSI: Our Favorite Users So Far|:

L —

bt 1) iz ‘
e ”e ‘t
s I!,NJ‘R“-P»I‘.I:F

[

\\,ﬁ? B A et oo

a5 L W

[

\ \ , xe ..¥\..D14 . w‘»ff 4
ot =

N.Kurz,].Fruhaufetal.

GMT and DAQ for Experimen
 EE,




»
a4 ° f
: ﬁ"“: \ IJ I'irr-'
,;Ia 'I.J i 4 E

Conclusions & Future Work




Conclusions and future work

Second Data Master prototype built
SCU integrated

Timing Recelvers for PCle & VME developed and
Integrated

Timing System ready for installation and integration with
CRYRING equipment

Waiting for CRYRING infrastructure (power, racks, network
and cable trays)
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CRYRING@ESR: A study group report




Time for Questions
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