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General Machine Timing: GMT
(Some Background) FAR ==

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



White Rabbit (Seen by a User) FAR ==

___(borrowed from https://ohwr.org/project/white-rabbit/tree/master/figures)

Precision Time Protocol (IEEE 1588)

* Frame-based synchronisation protocol

PTP Device A Nelt-\-\-'?rk PTP Device B * Simple calculations:
InK  link delay: dms = ((t4 -t1)-(t3 -t2))/ 2
i Master I I . Slave » offset from master: OFM =12 — (t1 + dms)
time scale | | time scale
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White Rabbit (Seen by a User) FAR ==

___(borrowed from https://ohwr.org/project/white-rabbit/tree/master/figures)

PreC|S|on Time Protocol (IEEE 1588)

Frame-based synchronisation protocol

Simple calculations:

* link delay: dms = ((t4 —t1 )—(t3 -t2))/ 2
offset from master: OFM =12 — (11 + dms)

Hierarchical network

* Shortcomings of traditional PTP:
@ Grand + devices have free-running oscillators
master * frequency drift
Boundary Boundary
@ Clock @ Clock

N\ 77N\

Ordinarﬂ [Ordina

© Clock] (& Clock
PTP message ———————p Local
exchange R — oscillator
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White Rabbit (Seen by a User) FAR ==
___(borrowed from https://ohwr.org/project/white-rabbit/tree/master/figures)

Precision Time Protocol (IEEE 1588)

. * Frame-based synchronisation protocol
{ Time > : Control It M <« Simple calculations:
GPS

“Data_ F o * link delay: dms = ((t4 —t1 )—-(t3 -t2))/ 2
, J » offset from master: OFM =12 — (t1 + dms)
* Hierarchical network
* Shortcomings of traditional PTP:
* devices have free-running oscillators
» frequency drift

White Rabbit
Orlglnally
Extension of IEEE 1588 Precision Time Protocol
* Sub-ns synchronisation @ physical hardware layer
* requires dedicated network switches (~ SyncE,
DDMTD, Link delay model)
* Deterministic data transfer

Status and Plans
*  WR concepts now part of IEEE Std 1588-2019
Standard *  WR redefined to mean an open-source implementation of

GbE Switch Other the High-Accuracy profile guaranteeing 1 ns accuracy
Node @ Node B Node 4 and the friendly community around this development

< 2000 nodes |
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White Rabbit: Open and Commercially Available
Off-the-shelf FAIR === 1

(borrowed from https://ohwr.orq/project/white-rabbit/tree/master/figures)

| - WR Switch

é Seven Sol, Spain :
* Creotech, Poland

)
/,/ (4 padmmnnsmaassARaa’ OPNT, Netherlands |
e _ SyncTechnology, '

Ry China

Simple VME Simple PCle FMC Compact Universal .
FMC carrier carrier (SPEC) Timing Endpoint L Y
3 Creotech, Poland o 2 1-.- 2 %
| P B o N, O e ooy k)
ﬁ German,y L =5 Seven Solutions, Spain i e

ISD S.A., Greece

&
.

GPS Disciplined

Oscillator
Seven Solutions, Spain

Digitizers |§
Struck, Germany B -

|

Y ) module [&
é SP Devices, Sweden ] 4
l‘ |

Sundance, [&
ZEN TP-32 BNC UK [

Seven Solutions, Spain

: Companies selling White Rabbit
https://ohwr.org/projects/white-rabbit/wiki/wrcompanies
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FAIR from the Control System Perspective

ol ==

#',‘:‘: /Fragment ki
[ Separator
e — j

i,

;;_AIR: international accelerator facility
GSl.as injector

April 2024 begin-installation oftechnical
networks (includes White"Rabbit)

early 2026: control'system commissioning starts
late 2026: machine . commissioning.starts

" late 2027: readyness for ,Early Sciencet
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FAIR from the Control System Perspective

FAR m=x

FAIR: international accelerator facility
GSI as injector

April 2024: begin installation of technical
networks (includes White Rabbit)

early 2026: control system commissioning starts
late 2026: machine commissioning starts

late 2027: readiness for ,Early Science'

December 2023 ” Dietrich Beck, TOS, GSI, d.beck@gsi.de



Multiplexed Operation, Control System Stack and GMT F-\IR === 1

/

Settings
Front-Ends: set-values + indices
GMT: real-time schedules + indices

Settings Management
and
Data Supply

\

(RT control)

n
o
>
@
o
c
)

< e1ep sbumas

Multiplexed Operation

multitude of beams for many
experiments simultaneously
fast ‘switching’ between beam
destinations and properties
(element, neutron number, charge
state, energy, intensity, focus ...)
ring machines: 1Hz switching
UNILAC: 50 Hz switching
Indexing Concept

ID for area, location (,where*)
ID for action (,what to do’)

“ Timing Front-End Controller
Receiver with multiplexed settings

General Machine Timing System:

trigger Front-Ends with multiplexing index on-time
Dietrich Beck, TOS, GSI, d.beck@gsi.de
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IDs for multiplexing context (,which®)
other information



Control System Stack - Involvement of Seven Distinct Teams

P .

Who you gonna call? (3

System
(L) Services
[ B5SS

Timing
() / White
Rabbit

This is us!

Settings Management

and
Data Supply et e

E
2
b
[
,E' Other H)]
= expert
= applications
3
E
m
al
< ]
evice
ﬁ =] - et | status
rlg)u Requ.lred Hnrd:m,\re 17
Gene r devices Settings ,C_D'.
g Execution g
E: permissions v .8
@ o
&
Data Master Uil Front-End Controller

Receiver

to MIL Gateway i Device Access

G5] Halmholtzzentrum filr Schwerionenforschung GmbH

i

Other standard
operating applications

Beam
(L Instrumen-
tation

Respective
groups or
departments

Front-end

(L) Control

(FESA/VME)

What is this?
What is it good for?

This iz an simpifiad view on

(a partaf) the contral systam's
archilaciura, craated with tha
intantion 1o help you maka an
aducatad guass an who o call
whan somathing's not warking,
If you'ra nal sura, dan'l warry.
Il take time to get ta know the
new conlrol systam struclures
and na ana will gt mad il you
call the "wrong* group.

Please be awara that the
diagram is focused on cartain
areas of the control system
and cansaquantly, othar
aqually imparian! companants
ara missing. Also, considar this
diagram lo ba work-in-
pragrass. | you'd lika 1o
coniribula, saa balow.

What do the symbols mean?

Tha baxes symbaliza
applications, companants or
subsyslame of tha contral
systam. The arows stand lor
dala fiows balwaen tham. Thea
colarad regions raprasant
areas of responsiility. The
tarms naxtlo the telephona
icons are taken from FSN
[whan switchad 1o English) and
may halp you look up tha an-
call numbear you naad to dial.

Who can | ask about it?

If you have any quastions,
commants, suggestions or
camactions raganding this
diagram, plaasa faal raa la
call Hanno at -3089 ar wrila o
hhuathar@gsida.

Thanks!



Who you gonna call?

Application
(i) Software
| LSA

Control System Stack - Involvement of Seven Distinct Teams

2]

2]

2]

System
(L) Services
[ BSS

BSS (Beam Scheduling System)

Timing

L) | White
Rabbit

Reguester B35S ParamMadi scheduling Device Other standard
Application Control Application Control operating applications
L]
Desirad All Changed Available
Patterns pif'[::,i Seftings Panterns
y v
" LSA
Reguestable Bl Beam
v ¥ =] Parterns {LHC Software Architecture) 1 EXpart (© Instrumen-
HsHiast P Settings Management System applications tation
Processor
Machine
Request model
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e — Supplied i
2] Iz Patterns ) Other g Respective
Director expert groups or
@ applications departments
—_— Accelerator Data
Executable . High-level Supply / LSA
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Executian
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Status Processor)
Yy 5] L ¥
Data Mast = o Ll FESA =] Front-end
£ AR b (Front-End Software Architecture) (i) Control
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ing System

iming

Ti

I

White Rabbit

Timing Events

o MIL Gateway

G551 Halmholtzzentrum fitr Schwerionenforschung GmbH

Device Access

I= 5= 1l

What is this?
What is it good for?

This is an simplfiad view an

[a part of) tha contral systam's
architecture, created with tha
intantion 1a halp you maka an
aducatad guass on who o call
whan samathing's nol warking.
It you'ra nal sura, dan'l warry.
11l take tima 1o gal ta knaw tha
rew contral systam structures
and no ana will gat mad il you
call tha "wrong" graup.

Plaasa be awara thal tha
diagram i focusad an carlain
araas af tha contral systam
and cansaquantly, othar
aqually impariant campanants
ara missing. Also, considar this
diagram o ba work-in-
pragrass. | you'd lika 1o
conribula, saa balow.

What do the symbols mean?

Tha boxes symbaliza
applicatons, companants ar
subsystams ol tha contral
syslam. Tha arows stand lor
data fiows batwaan tham. Tha
colarad regons raprasant
araas of ragponsibility. Tha
larms naxt 1o tha talaphona
icans are laken fram FSN
(whan switchad 1a English) and
rmay halp you look up tha an-
call numbear you naad to dial.

Who can | ask about it7?

It you have any quastians,
commanis, suggastions ar
camactions ragarding this
diagram, plaasa faal raa la
call Hanno at -3089 ar wrila o
hhuethar@gsida.

Thanks!



from the Control System Perspective
Control System Productlve @ GSI F_\|R E = It

g. iAIR_CbntroI System’ @ GSl.campus
“.Control'System, GMT, White:Rabbit operation

® . since 2016: ERYRING
(ring, ions-sources;-Linac)

*.<n.since 2018: SIS18; ESR, all‘beamlines
®& & since 2022:.synehronization of transfers

EAIR Campus ncit®

= £S1S100 between all ring machines
*  Superfragment Separator " iterative development with-each beam-time
"+ more beamlines; new things " .. 2025/2026; UNILAEC
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General Machine Timing

Machine Timing

* Event: timing telegram

e Condition: index

 Action: configured,

executed on-time

FAR m=x

Front-End Controller

December 2023

telegra
index
dline

eve

dea

M

nt

‘«’/«’/' N\ 0S \\ host
/ user- space
Juser program (‘FESA")
! Etherbone I|brary/APf
o kernelaspace |
|
driver ¢ ‘ »
A\ : e s/ 4 '
' o i —
: = .
1 =] [ ', timing receiver node
1 @ -
1 ‘
1 \‘
! driver
channel =» MSIt ===
» ECA  channel = ‘receiver’
channel - lemo out N
index filter ~ t=x? on-time . h
condition action A
% /
'MSI: Message Signaled Interrupt e




Common Features for Nodes
’Everything Happens in the FPGA’ FJA|IR =1

no application specific VHDL!

instead: customization via FPGA

« configuration of IP cores

e | M32 softcore: 1-wire temp sensor@ I\?V(I?['I’A]\ Qfast I/0 (Ins@50Q)
upload binaries at run-time 1-wire EEPROM @ channels Q clock gen.
(c-code, OS-less) o
magnet current or rf-cavity Q time stamp
frequency Sl
hard real-time Q AND gates
synchronosly at EtherBone Wishbone Q OR gates
many nodes Interconnect (SOC bUS)

WR NIC, hostbus ...

hostous | @M32 DP RAM

)

platform
specific 1/0/bus

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de
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Integration into IT Environment
No Need to Reinvent the Wheel FAR ==

TL;DR: This worked out extremely well.

Detailed version:
we thought: we are able to run our own IT infrastructure ...
we discovered: we are unable to run our own IT infrastructure efficiently
‘reboot’ with the help of IT people
approach
— modify firmware of White Rabbit Switch to behave more like regular IT switches
(modifications merged with ohwr.org, of course ...)

- integrate White Rabbit network into ACC-IT infrastructure
contribution/help by Alessandro Rubini, Adam Wujek and Christoph Handel

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



Integration into IT Environment
Accelerator IT and Central IT FAR ==

they provide ...
IP backend, dedicated subnets and VLANS, unique on the GSI campus
redundant DHCP/BOOTP servers for all WRS and nodes
redundant name servers for all WRS and nodes
redundant Radius servers (VLANSsS, 802.1X)

protected White Rabbit switch management network (,plug-and-play")

Icinga: WRS monitoring (health)
Grafana: monitoring of key parameters

Netdisco: auto-discovery of switches and nodes (really cool!)

user roles, accounts, security, ...

maintenance

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



Integration into IT Environment,
Configuration: Task Timing Group (*) FAR = 5][

(*) inspired by ‘Guidelines for White Rabbit Infrastructure at CERN’

Integration User

‘ Production UNILAC
Service’ Grandmaster
tsio01 Nwt0013m66.timing
® NWI0082mBe6.timing .
e
3 L
Local Master’ etz ining
. w
me6.timing Nwt0037m66.timing
'y Bl
i nwwmn.m.umlng
NWt0111me6.timing —— S ) e _— NWt0285m66.timing 00O M. tiving
Wt0108mE6 timing IRSEining ® @ @
® e timing " timi L] nWt0281me.timing
MWI0027m timi L] s
. . n..twrs.mu.rmn ing , - nwt0323m66.timing nwmmn:lﬂmlnu
NwWiD038mE6.timing Wt0287m66.
Wi0116mee timing VORTACSESITIND o iDOROm e, tnu [ ] . N e il
ac ®
® nW0107m66.timing Wi0030mB8.timing NWI0275mE6.timing
mlﬂan‘u‘llmlnu [ ] ® WI0122mE6.timing ] AWI0204m66.timing mn"‘“‘"’"""
[] (D
NWD104mE.timing timing imi
@ ® [ ] NWi0041mEB.timing
011585 iming )
nW0016m66.timing
nwt0304me6.timing PWO114m66.timing
NWI0106mBe.timing ® nWi0022me8. timing nWD089mG6.timing
® nwt0325mé6.timing nwt0467m66.timing. & nwt0293Im66.timing
@ WID369ME6.timing @
fiming wi0300m66.timing
Nwi0360mE6 1 timing timing
&
NWI0110mB8.timing Wi0094mEs.timi [ ] [ ]
NWt0347TmEB. timing nwiD08BmES. timing @ @ -
nwt0050me6.timis
mwamr.ss,uminu WEO0B4MES.timing “"“‘““":“-""‘"" NWI0025mEE. timing .
[ ] AWI0028mB8 timing
m““:"“"""’ PWt0113mee.timing L] n-vmﬂ!"ﬂ-ﬂﬂﬂnn ..... S
NWi0423mG6.timing ® &
nwt0412m66.timing L] NWH00BSmES.timing nWt00I5MEE.timing
[ ] nmh.vﬁ&ummn [ ] NWi0021m66.timing
L )
AWI0415mBB.timing 5
nwwﬂh.lel.nm ) nwioo' Bgﬁﬂumlm IWiD272m68. timing
nwi0a22m6s.timing W"";“-“""M ®
NWID42BMEE.timing nw0418mes.timing ¥ nwt0D14meG.timing
® L a

nmqm. timing 17mE6.timi
s timing
IWi0420mBB timing  "VIO427 88 timi ®
@ M‘ng“.llmlnu AWID421m68.timing

nwi0096mE6. timing
Nwi0047m66.timing E-3
NWI0092m66.timing
w0038 mES. timing [J
nwmun.vu.nmm & nwtD093mé6.timing

NWt0091mE6.timing

White Rabbit Switch configurations

nWiD413m66.timing
@

p— S * 5..7 physically separated networks
s s « multiple WRS configurations

@
nmmm.ﬂnnmnn nwmuz"'\sl.dmlm

* configs are stored locally on WRS

(auto-recovery must not depend other
infrastructure)

figure from ‘netdisco’ (2022)
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Integration into IT Environment,
Configuration: Task Timing Group (*) FAR = 5][

(*) inspired by ‘Guidelines for White Rabbit Infrastructure at CERN’

Integration User ‘Service’ Production Gm[‘nqummaster UNILAC
mwumu.nmnn 9.
‘Local Master’ ——
[ 3

NWI0037Tm66.timing
@

nwt0111me6.timing
nWID108mE6.timing
@

nwi0048mE6.timing
Wi0043m68.timing [
ELZ1mG8 e

timing

1w, 284mE6.timing
mee.timing
®

MW0087mE6 timing
. nwt0285m66.timing

timing

timing

nwi0009mB6. timing
@

o HIMT-."“MW nwi0027m66. timing .
& —— A0038mB8.timing
Wi0116mee timing 7" nwi0080m6.timing [ ]
@ nWi0107mG6.timing Wt0030mB.timing
WI0L03mBS.timing L] ® NWi0122m66.timing
@ [ ]
nw0103mB6.Uiming timing i
) ® L]

NWi0041mEB timing
nmousc;wwnn @

nWi0304mB6.timing AWIO114mES.timing
nWt0105me6.timing ® wi0022m66. timing
® mus.nﬂ.uming NWiD467mE6.timing. &
&

MATD36IME6. timing
Wt0360mB6 timing ®
nwt0347mEs. timing PWLD0BBMES. timing

PWI0416me6. timing I00BAMEE. timing
L]

m‘“‘:""""’ AWtD113mee.timing

nWi0423mG6.timing
nwti412me6 timing L) NWI0085MG6.timing
[ ] nmm. timing 'y

nwi0415m66.timing
nwwuh.-u.nm ()

AWIDOTEMBS. timing
®

nwi0422m68.timing

NWtD428mE6.timing nWi0418me8.timing
®

Nwt0424m&6.timing

rmlﬂ'mlﬁ.liminﬂ
rwnwmau‘nmlnq. o T @

NWI0426me6. timing AWID421m68.timing
L ] L]

Wt0413m66.timing
]

nwt0023me6.timing nwid431m66.timing

=) o

AWI0420mE8.timing

MtD469mes timing ®

[ ] NW0430mE6.timing

[ ]
timing M‘u".\sl.ﬂmlnﬂ
@

December 2023

nwmu...u.nmlng

NWt0281m66.timing
NWi0323me6.timing ®

nwi0287m&6.timing
anZTSIr.‘G.ﬁlI'\iW

AWI0011mBE. timi
NWt0226m66.timing @ e

nwmoon.m.nnum

AWI0294mB6.timing

[ ]

t0010m66.timing
2

nwt0016m66.timing
@
Nwt0089ME6.timing.
[} nwt0293mé6.timing
nwt0300mE6. timing L]
timing

AWI0110me8.timing

nw10094mE6.timing [ ]
@

NWI0090MG6. timing
[ ] nwi0028mB6.timing nwmma. timing
L ]

nwm:zn.m.umlng ,,,,,

NWIB050mES.timing

nmms«‘u.nmn
nW0021m66.timing
&

TWi0272me. timing
nwmﬂla“.dmllw @

At0096mE6. iming
nn{ﬂl?'nulmhn E-3
nWI0092m66.timing

L]

w0038 mES. timing
& nwtD093mé6.timing

nNWiD091mEE.timing
@

Service VLAN

standard node

timing

» for all standard nodes

* uni-directional to ‘Service’ only

* nodes can't talk to each other

* BOOTP, IP/UDP, ICMP, ARP to ‘Service’

PTP, LLDP to ‘Access’

Dietrich Beck, TOS, GSI, d.beck@gsi.de



Integration into IT Environment,
Configuration: Task Timing Group (*) FAR = 5][

(*) inspired by ‘Guidelines for White Rabbit Infrastructure at CERN’

Integration User ‘Service’ Production Gran aster UNILAC
tsl i Mﬂﬂlﬂl‘“ﬂ
) st g
3 L
Local Master 00206 ming
[
L m66.timing WI0037m 6. timin 0
®
y \ 4 N
mo:n.mu timing WiD043mES.timing [} \ / \ mmsm.nmm mmmmmmm
ne0108mes timing ""'“m"“"'"""ﬂ o (]
@ nWt0291me6.timi
. nmr-.nnmnn PWI0027Tm6S. timing [ ] mmmm:n.nmm
& 5
w007 4m66. timir
AWIO116mE6 timing 3 HmING o i0080m 88 timing | rmmol:ﬁ-ﬁlrim
ki) nWt0107mé6.timing vA0030mDR:timi ing @
NWt0L03mE6. timing ® ® | nWH0204m}88.timing NWi0010m66.timing
L [
nwmm.wc.unung timing -
‘ WAO116mB6 timin
® Nwt0016mE6.timing
NWI0114mE6. timis
anih1eE8t deming mmau.ummq , ming [
nwt0325mé6.timing nwt0467m66.timing. nwt0293Im66.timing
& mmm.mnwm ® 1
0360mEE timing fiming in
)
0347 mbe timing mnmnn.ns.umlnq \ L ] e
e PWIO416mE.timi - i m""“ ming
AWI0028mBE.timing qwmmm. timing
""'“‘1“'“‘“-“'"'“9 ® nwmlw.lil.ﬂmlnﬂ .....
nWi0423m66.timing ® &
A4 12me8 fminig P nwmﬁn‘“.ﬂm!nn |
[ ] nmh.uurmm [ |
WID416mB6.timing i “
WH0419me6. timing @ " TW0272m6.timing |
L nWi0422mE8. timing =
NWi0428mE6.timing ~
® e o mmm.uunm ~
NWI0424mG6 timi A
[ =. 04178 timing
IWi0420mB timing "V 0427 T8 @ NWI0092mE6timing
@ nwio426mes.timing NW10421m66.timing w0039 mES.timing L] /
@ [ ] nWi0093ImEE. lmm

AN WL .

t0413m66.timing
]

i Al Control VLAN (s)

i B standard node‘ . .

] —— * dedicated control nodes (restricted!!!)
nmmm.nnnnﬁnn nwmun.m.umlm

* broadcast to network, IP/UDP
* (+BOOTP, ARP, LLDP, PTP ..))
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Integration into IT Environment,
Configuration: Task Timing

(*) inspired by ‘Guidelines for White Rabbit Infrastructure at CER

- w L
Grandmaster

PH*IFAR ==x

Integration User ‘ ica’ Production UNILAC TTF
g SerVIce NWE0013m66. timiny
taigod NAA0082m66.timing g
e
‘Local Master’
nwt0029m66.timing
nwt0283mB6.timing
® L4 NWi0284mB6.timing
m66.timing NWI0037TmB6.timing
" nWi00B7me6. timing
W0111mEs.timing nWi0043mE8. timing L2 e ""‘m"'.’“'“‘"" H0009m B8, timing
W10108mB6 timing WLZImes.liming ® Hmiag []
- ® _— - ® ] WO281meS timing
IWI0027me8,timi LJ ® ® ?
® w timi "Mﬂ"."ﬂuwnn ing " me6.iming Nwt0323m66.timing mmﬂllﬂ:lﬂmm
Wi0038mES.tim Wi02B7Tmes.
MWO116mEE timing WOTAMBEIMING)  ediORomSA timing ® L nwozeiestming Y MWH0100mE6 timing
® nWtD107m66.timing O30mP timing nWI0275mE6.timing L]
NWt0103mB6.timing & ® nWi0122mé6.timing L] WI0204m66.timing MwiD010m66.timing
L ® \ ® 2
nwmm.ws.unung e thming s \
PWDO41mEB. timing
PWH0115mE6.timing ®
® Molklau.llmlno
i0304mB.timi AWHO114mB8.timing
AW0108m66.timing . nWi0022me8. timing PWID0BSMGS.timing
[ ] nwt0325mé6.timing NwWt0467TmE6.timing & [ ] nwt0293m66.timing
o '"m.""w"' WH0300mG6.timing
PD360mBS. timing timing timin
. Nwt0110me6.timi
ing nwiD094mEs. timis L ]
hmnn?n.nlﬁ.ummu nwmm.ss.ﬁmtnu [ ] @ " WAB050mES. timi
Y NWI00S0MGE. i g
W“".‘”"“ nwﬂun'umnn ® iming o nwmm:u.ﬂm ®
""“"“':"“”“’ nmolm.u.tmng L4 nwmbv.lﬂ-ﬂﬂinn .....
NWi0423mG6.timing &
net0412mes timing 1008566 timing o N
[ ] o045t g Mw10021m66 timing
L}
AWI0415mBB.timing 00T
8 [ ] = e “3“"'"“ mwzn-ass,uml.q

nwi0422mé6.timing ﬂwmﬂlr:I.limllW

nwi0096mES.liming
nm‘l’n,r“]intnn . ~N
nWI0092m66.timing

NW0428me6.timing nwid418me8.timing
L [

nmolm. timing 17me8. timi
s timing
IWi0420mBB timing  "VIO427 88 timi ®
@ mau.ﬁmlno AWID421M6E. timing

mma.aunmmu

s e e g unauthenticated VLAN

B e standard node‘ ,

1 —— * unknown, unregistered nodes
NWiD462me6.timing nwmun.m.umlm

* isolated access port
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2022: Experience from Operation FA|R =1

preparation ahead of beam time
- start — 6 months: feature freeze and release WRS, data master and nodes
— start — 4 months: ‘integration tests’ with all control system layers
— start — 2 months: ,dry-runs‘ for severe testing of acceleator facility at full scale
24/7 operation
- ~6 months of beam operation, including on-call service (rarely requested)
— shutdown operation, rare (!) maintenance windows

good (White Rabbit), no issues with
nodes: monitor uptime, (dis)continuites of PTP time, loss of track-phase
network: monitor switches and fibre links
flawless recovery after a major power-cut (~1 hour, UPS dead ...)

bad (White Rabbit)
WRS: 12 units with broken fans; not hot-swappable — survived by passive cooling :-/

WRS: power supply neither redundant, nor (hot-)swappable
(looking forward to WRS v4)

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



GMT Precision (Accelerator Control)
Sync PHELIX Pulse and lon Bunch (*)FA|R m=x

(*) Zs. Major et al., "High-Energy Laser Facility PHELIX at GSI: Latest Advances and Extended Capabilities”, in preparation (2023)

PHELIX
High Energy / High Intensity Laser

Laser bay: 0.5 PW, 200 J @ 400 fs
* focal spot size: 3 um

* maximum intensity:
5x10%° W/cm? (short-pulse mode)

SIS18

SIS18, here:
* extracted bunch
* length ~100ns

* vic~0.9
* > 10" temporal contrast
* repetition rate 1..60 minutes
|@HHT
UNILAC
‘ HHT
bunch-2-bucket transfer system

* measure SIS18 RF-phase PHELIX:
* trigger SIS18 extraction kicker (~ 2 GW) 200 @1- 1(_) ns, 20
» trigger PHELIX (~ 100 GW) 15cm beafm d'am:lt?r |
. . : maximum focussed Intensity:

measure kicker probe signal CRYRING ~10% W/cm?

* remeasure RF-phase

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



GMT Precision (Control)
Sync PHELIX Pulse and lon Bunch (*)FA|R m=x

(*) Zs. Major et al., "High-Energy Laser Facility PHELIX at GSI: Latest Advances and Extended Capabilities”, in preparation (2023)
B |
h=1 DDS, phase difference measurements

PRO, 51518, HHT (PRIOR)

B¢ coincidence within 10ns (uncertainty of measurement)
measure

remeasure RF-

delay (time - deadline kicker trigger) [ns]

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



GMT Precision (Control)
Sync PHELIX Pulse and lon Bunch (*)FAR ==x

# occurrences

(*) Zs. Major et al., "High-Energy Laser Facility PHELIX at GSI: Latest Advances and Extended Capabilities”, in preparation (2023)

h=1 DDS, phase difference measurements
: : Fit: :
PRO, 51518, HHT (PRIOR]) : center: 02017 ns
: : tim. 'err: 0007 1
900 4 P02FnEV-08 ...........E..E*.....TT‘._;EE:_..Z.E...............2.0....6.5.5..'.’.5.
sigma: 05055 ns
Zsigma (95%) : 0.110 ns
FWHM: 0129 ns

SIS18

800

. RF-Phase

: H # of data: 1342
: : mean: 0,002 ns
L1070 B LT TRLAUIOUP I S SPP SO | [ stdidev:...............0.068. ns
i minimum: -0.204 ns
maximum: 0,299 ns

no failures

\ ares ssssassasessasassasasiasaeaasasninas I kickerpmbe Signal' rising edges

: > PRO, SIS18, HHT (PRIOR) : center: 3358.586 ns
: ! tim.'err: 0;073 1
| : 5 : 360 - Z0RIMOV-OB oSSR EEEL 01073 ns
T T T H H - - o0

sigma: 1:925 ns
Zsigma (95%) : 3.850 ns
FWHM: 40533 ns

SIS18, here:

* extracted bunch
* length ~100ns

* vlic~0.9

300

200 Aeesereareesfinn

T

-0.400 -0.200 0.000 0.200 0.400
offset ns]

280

Kicker

B PP SO
# of data: 1342
mean: 3358.068 ns
coostdidew 10970 . ns..
minimum: 3352:000 ns
maximum: 3364:000 ns

B .no.outliers.;.. R
no failures:

# occurrences

bunch-2-bucket transfer system

ST N R SNSRI SRS

* measure SIS18 RF-phase
* trigger SIS18 extraction kicker (~ 2 GW) o ]
*  trigger PHELIX (~ 100 GW) ol Moo SOV
* measure kicker probe signal / \

° remeasure RF_phase 3344 3352 3360 3368 3376

delay (time - deadline kicker trigger) [ns]
December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de
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GMT Precision (Experiments, DAQ)
Time-of-Flight Measurements (*) FAR ==

(*) N. Kurz et al., “White Rabbit 200 MHz Clock Effects on TOF Measured with High Resolution VME TDC VFTX” (2023)

i O i G 5.5 o i 5,8 US317 2017 W01 sl o s i Oeer s O i st s 0 i O i G 5.5 o i 1,8 5312 2017 1301 Al o i Oeer s O i st s ¢
x10® Diff Time: testcha 2- 0 wi® Diff Time: testcha 2 - 1
300 [— Entries 2.287736e+09 180 Entries 2.287736e+09
- Mean —490.7 E Mean —2447
r 180 [~
250 - RMS 7.477 = RMS 11.04
r Underflow 64 140 Underflow 64
00— Overflow 64 120 Overflow 64
F Integral 2.288e+09 E Integral 2.288e+09
- 100 —
150 | E
o B0
'@ 200 ps B
E 40—
50 (a2
; > 20—
2o 550 500 =50 =40 85 —Z350
Mo Chia, 0,9 M Chs, 0,8 D987 201702401 AnalysisHistogeans T dngiAverags Tin Gk sl cha 2 0 Mo Chia, 0,9 Mo Cha, 1,8 D978 201702401 AnalysisHistogean T dngiAverags Tin G sl cha 2 1
_480 Average Time Diff: testcha 2- 0 —Average Time DI tesicha 2- 1
- Z - Enbries 5596556
E N Entries —-1122252 —2438— AN '&A:n? ;;;g
—482 | — Mean 1142 E Underfian o
= RMS 660.2 s — oeros ssrenn
= Underflow 0 E e
s 120 ps Overflow 0 2442 ZOPS
g Integral -1.122e+06 _2444
—a88 [— il
E 2446
—490 i
—2448 [
—a92 [~ H |
- —2450 [
—494 [ — -
E —pas2 [
s 24 h e 24 h
—a9s [€ > = >
F w —2456 [— \'
_50,]*”..Hl‘.‘l.‘.\...l... I A A A Fo Yo b b L NN A W A
o 200 00~ 1000 1200 14uu 16[!0 1800 2000 2200 o200 400 60o 800 1060 1200 1400 16lJD 1800 2000 2200
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Summary and Outlook FAR =

‘FAIR’ General Machine Timing (GMT) system installed at GSI, since 2016

— based on White Rabbit

— common notion of time, 1ns granularity, 10-100 ps precision

— broadcast of ‘timing messages’ with upper bound latency

— execution of tasks with 1ns precision at planned deadline

— routine operation for all rings and transfer lines since 2018

- beam times 2018..2022: very reliable operation; almost invisible in failure statistics
2023, 2024: ~62 (+60) WR switches and ~350 (+600) nodes in productive (other) use
FAIR

— spring 2024: begin installation

- add ~95 WRS and ~850 nodes for ,Early Science
UNILAC Upgrade

- installation already started

— add ~30 WRS and ~300 nodes

— challenges: 50 Hz cycle rate, > 30 kHz timing message rate

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



FAR m=x

Thank You For Your Attention

https://ohwr.org/project/tr-pexp .../tr-amc .../tr-pmc - hardware
https://github.com/GSI-CS-CO/bel projects - gateware, firmware, software
https://www-acc.gsi.de/wiki/Timing - some docs

(Backup Slides ...)

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de


https://github.com/GSI-CS-CO/bel_projects

2023: Experience from Operation Il FA|R =1

good
flawless recovery after a long (~ one hour, UPS down) power-cut during shutdown

no issues with fiber links:

SFP1s with DOM?2: monitor voltage, current, temperature, TX/RX laser power ...

broken fans at about 12 White Rabbit Switches, detected by temperature monitoring
no ,tacho-signal’, not ,hot-swappable’; life expectancy better than 8 yrs, but ...

In case you know a source for ‘IT quality’ (cisco type) fans, please let us know

good: switches may survive some time with passive cooling (no interruption of operation)

WRS power supply not redundant, not hot swappable‘; good: no issues so far

I1SFP: Small Form-factor Pluggable
2DOM: Digital Optical Monitoring

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



White Rabbit @ GSI: Switches Off-the-shelf,
Nodes Based on Arria GX F-\lR )

! :

,;; Seven Sol, Spain
* Creotech, Poland

WR Switch

B

)

\qﬁ,};;;;;; { ~99 units in use

* Scalable Control Unit PEXARIA V

Scalable Control Unit'

(scu3) (PCle ArriaV) | .. (SCU4) - |

% in-house development in-house development B4 in-house development | '%
“Arria II based * Arria V based .- Arria X based s r

- ~580 units \ ' ~370 units Lo L under development | :

-—————

. TR for PCle TR for AMC TR for PMC ’
(TR-PEXP) (TR-AMC) (TR-PMC) )
in-kind contribution SI g In-kind contribution SI in-kind contributionSI E

+ Arria V based % Arria V based - = AlTia V based i |
~630 units ~280 units & ~220 units :

www.ohwr.org

rm

www.ohwr.org

www.ohwr.org

December 2023
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2022: Experience from Operation Il FA|R =1

BTW: Since 2022 we have White Rabbit based synchronization of transfers between all ring
machines, the so-called ,bunch-to-bucket transfer system’ is used in routine operation!

Il \IH\ I HHII\IHH” . HI\I”\:IL‘I ;:\‘H;

Bunch-to-bucket transfer of hydrogen-like *¢Au’®* @10
MeV/u between the two rings using frequency beating
(T

! ol MIH ST
| : L‘ 1““‘”“!1 N
=

beat: 915us) H I —l||||||| a1
Shown is the position (relative to the relevant ring-RF :
signal) of a single bunch of 1E6 ions observed by beam
profile monitors for about 35ms prior extraction (ESR,

bottom) and 300ms after injection (CRYRING, right).

..............

b2b transfer

Time [ms)

1.25 1.50 1.75 2.00 2.25
In Bunch Time [ps] .

December 2023 time of one revolution in the ring

time




Integration into IT Environment,
Configuration: Task Timing Group (*) FAIR ==mu

(*) inspired by ‘Guidelines for White Rabbit Infrastructure at CERN’

(WRS Grandmaster and
RF-Systems hard locked to [ Grandmaster WRS J
physically same GPSDO)

PTP grand

master

PTP grand SEenice
slave trumnk ul
[ Localmaster WRS J
Components
Aetrl Prod . ;
Y it WR switches (boxes)
— *  WR nodes (rectangles)
{Emm"“ﬁmm’l * server/host/IT (hexagon)
Prod trunk Int trunk i H
i s Physical Separation of Networks
[ Distribution WRS J ! Control Nodes: broadcast of ‘telegrams’
Prod
" Ll VLANS
* PTP (yellow)
i A * control #1, _product!on (orange)
slave slave e control #2, integration (magenta)
* service, 2 * uni-directional (lime)
Access WRS
7 7 Security Features for Regular Nodes
e y4 = S * MAC based authentication (802.1X)
s M e * onlyin service VLAN
Ll (gateway) (denied) * uni-directional to management master only
(no talking to other nodes)
December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de




Clock Propagation FAR ===

BuTiS WR-PTP
Centre Grandmaster
l l
?‘gﬁ ?‘gﬁ production LM
/ \
Clock st nwt1_dist Clock ot owt2_dist nwi3_dist
/ l \ l l
DDS ESR nwtd_acc DDS SIS18 nwt5_acc nwto_acc

Components: GPSDO (blue), White Rabbit Grandmaster (cyan) and Switches (grey), rf-clock distribution system (BuTiS, brown), rf-
group-DDS systems (dark green), nodes of the b2b system (light green) and Data Master of the Machine Timing System (yellow). Nodes
with double-lined borders broadcast messages to the White Rabbit network.

Black arrows indicate clock propagation.

Roles of WRS: LM (local master), dist (distribution switch), acc (access switch)
Roles of b2b: CBU (Central Bunch-2-bucket Unit), PM (Phase Measurement), KD (Kicker and Diagnostic)

December 2023 Name/Vortragstidletrich Beck, TOS, GSI, d.beck@gsi.de 31.03.14



Integration into IT Environment
Accelerator IT and Central IT FAR ==

o they provide ...
IP backend, dedicated subnets and VLANS, unique on the GSI campus
redundant DHCP/BOOTP servers for all WRS and nodes
redundant name servers for all WRS and nodes
redundant Radius servers (VLANSs, 802.1X)
protected White Rabbit switch management network (,plug-and-play")
(central firewall management)
management server for all White Rabbit networks
FNT-command: tool for documenting installations
Icinga: WRS monitoring (health)
Grafana: monitoring of key parameters
Netdisco: auto-discovery of switches and nodes (really cool!)
web server: remote management (dedicated tools)

all integrated into accelerator IT infrastructure: user roles, accounts, security, maintenance

December 2023 Dietrich Beck, TOS, GSI, d.beck@gsi.de



GMT Precision (Control)

Sync PHELIX Pulse and lon Bunch (*)FAIR ==

(*) Zs. Major et al., "High-Energy Laser Facility PHELIX at GSI: Latest Advances and Extended Capabilities”, in preparation (2023)

# occurrences

h=1 DDS, phase difference measurements

800

A00 v

300

PRO, 51518, HHT (PRIOR) :
a00 A 2023-nov-08 -

. RF-Phase

BOD o-eserrareendi i,

sigma: 0,055
Zsigma (95%) : 0.110
FWHM: 0129

ns

ns

ns
ns
ns

mean: 0002
........ std:dev: ... 0.068.
minimum: -0.204
maximum: 0,299

no failures

# of data: 1342

ns

ns

ns
ns

-0.400

* mee
* trige
* trige
* mes

* rem

Dece

# occurrences

800 o

720 -

640

480 b

320 i

240

160 o5

o

T

2023-nov-08-

-0.200 0.000 0.200 0.400

h=1 DDS, frequency measurements

PRO, 51518, HHT(PRIOR} 120731

ma :
25 gr\ai95%) :
FWHM:

1T PRSP P
;4 of data:
H mean:
-..std.dev:.....
minimum:
maximum:

SoowWon

568
000

006

bt s

ns

ns

ns

11 ns
013

ns

S

1207312.521 1207312.541 1207312.561 1207312.581 1207312.601

nue [Hz]

280

240

200

# occurrences

160

120

80

40

---2023 nov-08--

SIS18, here:

* extracted bunch
* length ~100ns

* vlic~0.9

kicker probe signal, rising edges

3358.586 ns

PRO, SIS18, HHT (PRIOR)
e 04073 ns

igma:
Zsigma (95%) : 3.850 ns
FWHM: 4,533 s

Kicker

B S
# of data: 3
mean:
~.stdidewso
minimum:
maximum:

. .no.outliers.;.. R
no failures:

T T T

3344 3352 3360 3368 3376
delay (time - deadline kicker trigger) [ns]

JS, GSI, d.beck@gsi.de



Kicker Power Supply ... FAR ==

g0 ®0e0em®

1. pre-fire (~1 ps): discharge capacitors - ‘transformer+electron tubes’ — high voltage - charge cables

2. fire: ~ 1ys later, discharge cables via electron tubes, up to

December 2023 Name/Vortragstif@letrich Beck, TOS, GSI, d.beck@gsi.de 31.03.14
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