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ESRF-EBS Project: goal, characteristics

EBS components
(from control system point of view)

Project management and planning

Accelerator Control system
« Hardware infrastructure
«  Software
* New synchronization system
* New archiving system

» Experiment control
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. Why EBS? -> Increase the science outcome

Work on smaller samples

Shorten data analysis

Increase data resolution

S

Shorten data acquisition
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. Why EBS? -> Increase the science outcome
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Work on smaller samples

Increase data resolution

Shorten data analysis

Shorten data acquisition

more brillance

(photons/surface/sec)

| Upgrade beam lines

instrumentation

software

| New experiment control

A 4

New data analysis

software
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. EBS - Reduction of the horizontal emittance -> Increase of brilliance
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Same number of photons on smaller array (x26)
+ Higher monochromatic peaks (x2)
+ Better capture at the sample place (x2).
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. The EBS Storage Ring characteristics

Energy (GeV) 6.04 6

Multibunch current (mA) 200 200

Circumference (m) 844.39 843.98

Horizontal emittance (nm.rad) @ @ — ar?i‘;g‘j‘;fgg
Vertical emittance (pm.rad) 4 5

Number of beamlines 43 47 T 7 T4refurbished, 4 new

Main engineering challenges:

» Reuse 90% of the infrastructure

»Fit new lattice in the same tunnel. Same circumference.

» Insertion devices at the same locations: keep beamlines where they are!
»Re-use injector complex, ID, FrontEnds, Infrastructure...

» High precision & high stability positioning requirements

> Little time for the project and in parallel to the normal operation of the facility
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. Main EBS accelerator components
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»EBS magnetic lattice (32 identical cells of 26m long)
Hybrid 7 Bend Achromat = (4 dipoles + 3 dipole-quad + 24 quad., sext., oct.) per cell

»+33 corrector channels (24 Inside sextupoles and 9 in corrector magnets)

I

132 Dipoles 100 Dipole-quadrupoles N
Permanent magnets Includiﬁg 1 :‘qield co?rector 66 Octupoles 524 Quadrupoles :9? ?j_extu‘foles t 98 Correctors
ncluding 4 correctors 3 channels
More than 1000 Magnets to be produced channels each each

31 magnets per cell instead of currently 17
864 power supply channels for lattice instead of 17!
1354 power supplies channels for the correctors
Total ~2300 power supplies to control
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. Vacuum system

New vacuum chambers, new instrumentation:

» High profile @luminium chambers (dipole magnets + other)

» High profile stainless steel chambers
(quadrupoles, sextupoles, octupoles)

» Low profile stainless steel chambers
(inside combined dipole-quadrupoles
& HG quadrupoles)

Diagnostic chambers

»EBS vacuum instrumentation system
»600 Gauges (185 controllers RS422 or Ethernet)
»620 lon Pumps (250 controllers RS422 or Ethernet)
»96 Residual gas analyser (Ethernet)
»>150 pneumatic valves (32 PLCs Ethernet)

»>Total ~1500 devices to control and archive

In situ bake-out

The European Synchrotron | ESRF
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Four girders per cell to install:
» Magnet supports
» Magnets
» Vacuum equipment
» Diagnostics

Bare girder weight: ~6t
Fully equipped girder: ~12-13t
129 girders in total

»4 adjustable feet with motorised wedges
»Hyperstatic

»4 Hydrostatic Sensors (micron resolution)

»Total: 512 axis + 512 sensors
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Radio Frequency Systems

Control system
developed in 2016

Control system
refurbished in 2017

( Storage Ring

3x existing
150 kW SSAs
N\

Control system
developed in 2015

<= Base line: 13 cavitie
== Use only existing RF sources
@ 14t cavity fed by in house SSA
Cell 25
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. Main idea: Pre-Assembly the full storage ring on 128 + 1 girders

The Assembly phase takes place during the Operation of the facility!

-Need every pieces, magnets, vacuum chambers,... to start assembly of a girder
-Need storage space for individual pieces and for girders

-Careful management of human resources

-Maintain 24x7 user service of present ring.

+ Install magnets on girders & align
* Open magnets
* Install pre-assembled chambers
* Including pums,gauges,valves
+ Back-out
* Align BPM’s & chambers
» Close magnets
* Final alignment check

Then:

Dismantle the present ring (including cabling, fluids)
Roll the 129 newly assembled girders in the tunnel
Recable, install cooling and fluids...

Switch ON... and hope...

Page 13 EBS Project Overview —ICALEPCS 2017 Barcelona spain — JM Chaize The European Synchrotron | E



. EBS time line (2016-2020)

10/12/2018 — Start of shutdown

2016 2017 2018 2019 2020
Planning ONDlJ FMAMJ J ASOND|J FMAMJ J AS ONIDJ FMAMIJ J ASONDJ FMAMIJ J ASOND

User Service Mode (USM) -
Design, Procurement

Production

Assembly

Dismantling

Installation

Machine Commissioning
Beamline Commissioning

Friendly Users

11/11/2019 - Start of machine commissioninJ

25/08/2020 - Start of USM

Until 10 December 2018 Standard ESRF User service Mode
10 December 2018 Start of the long shutdown,

13 December ->April 2019 Dismantling

11 March 2019 -> October Installation

11 November 2019 Commissioning starts

02 March 2020 Beamline commissioning starts
25 August 2020 EBS User Service Mode
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. EBS time line (2016-2020)

10/12/2018 — Start of shutdown

2016 2017 2018 2019 2020
Planning ONDJ FMAMIJ J ASOND|J FMAMIJ J AS ONIDJ FMAMIJ J ASOND|J FMAMIJ ASOND
User Service Mode (USM) -
Design, Procurement
Production |
Assembly
Dismantling
Installation
Machine Commissioning A
Beamline Commissioning
Friendly Users
NEXT ICALEPCS | J
TODAY
11/11/2019 - Start of machine commissionin
25/08/2020 - Start of USM

Until 10 December 2018 Standard ESRF User service Mode

10 December 2018 Start of the long shutdown,

13 December ->April 2019 Dismantling

11 March 2019 -> October Installation

11 November 2019 Commissioning starts

02 March 2020 Beamline commissioning starts

25 August 2020 EBS User Service Mode
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Need huge surface: New Buildings for Assembly, Storage, dismantling.

nchrotron | ESRF
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. The Mock-Up in the Chartreuse Hall

- S R R g 2 E
2¥ Build and test assembly procedure ,,’“‘ I i
good mounting and measure time and resources

] ] — il = e —— !
- == - p

......
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. The Mock-Up in the Chartreuse Hall

R ESSEL SR 1@{‘@

» Verify good

B

mounting and measure time and resources

=
i .' " 23
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Control system
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. Management of Obsolescence

*The EBS new control should be plugged on the injector

- Alarge part of equipment and electronic interfaces reused

 Linac, transfer lines, booster, Safety systems, Insertion devices, Vacuum control
* Keep running until end of 2018. cannot be interrupted.

- Need a system able to operate old and new devices together

* Interconnect different generation of software/hardware ‘:w

‘Management of obsolescence is a permanent issue.

- There is no way to stay immobile, the landscape is moving
- Should should go faster than the landscape (at least!)
- Hand-shaking necessary between incompatible stuff.

,
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. Management of Obsolescence

*The EBS new control should be plugged on the injector

- Alarge part of equipment and electronic interfaces reused

* Linac, transfer lines, booster, Safety systems, Insertion devices, Vacuum control
* Keep running until end of 2018. cannot be interrupted.

- Need a system able to operate old and new devices together
* Interconnect different generation of software/hardware

‘Management of obsolescence is a permanent issue.

- There is no way to stay immobile, the landscape is moving
- Should should go faster than the landscape (at least!)
- Hand-shaking necessary between incompatible stuff.
eg: integrating 128 brand new generation in a set of 192 old liberas
Operating systems sometimes imposed by the market

* No way to install old OS on new hardware

* No way to change OS when closed source drivers are used

* Windows-XP systems should co-operator with various linux distrib
e Choice of a conservative approach

,
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. Control System architecture

hotspares  Physical + Virtualized

Debian8
Big increase of Ethernet connected devices
Power Over Ethernet,”
Embedded devices .7 CTRM consoles Semputeservers
/0 boards 6 units 20 units
. = >
Field Busses replaced by Ethernet 15 units
VME disappears
Only Linux, few units in Windows el 110 ungts
NEFS server Debian”
Keep physical /O computers (quasi disklessg ——wy L
- o

No software packages on it, use NFS units - "o i “’Sgﬁ L-cxx-y

easy exchange with generic spares HDB++ "S{;;
thurahse _seryers in CTRM (KVM) — A e
No virtualization for CTRM consoles and archiving systems AT [ OTT e
NFS infrastructure may be conservative Total 160 computers " 2ULinuxPCs

Simple and efficient +400 embedded linuxliberas, sparks... Tortiill oA

Allow old and new hardware to use the same infrastructure
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. Control System architecture

hotspares  Physical + Virtualized

Debian8
Big increase of Ethernet connected devices
Power Over Ethernet,”
Embedded devices .7 CTRM consoles , Sompdieerer
/O boards 6 units 20 units
Field Busses replaced by Ethernet 15 units
VME disappears
Only Linux, few units in Windows Central file 110 units
INFS server

Keep physical I/O computers (quasi diskless e

No software packages on it, use NFS units

easy exchange with generic spares HDB++

cluster Debian8

Virtualise servers in CTRM (KVM)
No virtualization for CTRM consoles and archiving systems
NFS infrastructure may be conservative Total 160 computers _

Simple and efficient +400 embedded linuxliberas, sparks. .. 0""'2"]3“]_;!1:;3'1';&5

Allow old and new hardware to use the same infrastructure -

A
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. Ethernet becomes more and more critical
The Ethernet network becomes the heart of the control system R st 0 I
Field bus -> Ethernet
I/O boards (e.g. PCI boards) -> Ethernet based remote 1/O

VME systems -> Set of different dedicated embedded systems connected to Ethernet
Identified needs (figures)

Serial lines -> Ethernet

Avg. Ports per Cell Switches
Many Power Over Ethernet ” p o %0
' 80
(Gb ethernet cameras, power converters, bpms) - n o
JE 27 43
- B 3
10 10
0 0
Today EBS Today EBS
Ethernet monopoly for communication Ui af Avalablspiors
must be highly reliable o i
Choice of Redundant PS, 48VDC + 230VAC 3000
POE+ 2500 2244
PoE management integrated to control system software 1589
1000
500
0
Today EBS
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. Software framework

TANGA,

Connecting things together
*Need to manage heterogeneity

*Operating systems, software versions, drivers,
*Need to manage high number of equipments
> 350000 sensors+actuators

*Tango is well adapted
*Good scalability
*No bottleneck
» Thanks to massive distribution of micro services
*Excellent management of heterogeneity
Live community, well organized, long term sustainability
*Benefit from development done in other institutes and industry support
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. EBS simulator

Simulates the accelerator and low level control
Integrated to TANG£X control system as a real hardware

Middle layer and GUI developed on it
s '

. g: ; 2 ; Optic
"
1% & _) ‘\ MATLAB St
Multi : f!—ﬁg : Q Standard tango
channel EBS Physics "€ interfaces

Correctors —> z\/ model

Slmulated magnets PS
Orbit Q
correction server

Refer to E. Taurel, L. Farvacque publication on
http://www.esrf.eu/home/UsersAndScience/Publications/Highlights/highlights-2016/ET/ET03.html
https://github.com/ska-sa/tango-simlib
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. EBS simulator

Simulates the accelerator and low level control = -'“"f'"-“
Integrated toTANGQ control system as a real hardware ey m‘“ i W%
Middle layer and GUI developed on it W\Oﬂ,% o 'H”n ,: U
' Noise | " | b
. @ / Optic
Q — ¢ MATLAB
0 = —_—

Multi — __>
channel —>¢ '™
Correctors —>

EBS Physics
model

Simulated magnets PS

Orbit Q

correction server

Refer to E. Taurel, L. Farvacque publication on
http://www.esrf.eu/home/UsersAndScience/Publications/Highlights/highlights-2016/ET/ET03.html
https://github.com/ska-sa/tango-simlib
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. EBS simulator

oeraton 7.4

Simulates the accelerator and low level control -.7 ‘f -"“f'"'"
Integrated toTANGQ control system as a real hardware

Middle layer and GUI developed on it w,
: Noise | |

. " o / MATLAB
Mult| @—%ﬁ .
channel —>e EBS Physics

model : S NN

H“W hMM"' 1 “}\”‘

TR

Correctors —>

iy,
....

Simulated magnets PS

Orbit Q

correction server

Simulate
vacuum gauges

Vacuum system
o

Refer to E. Taurel, L. Farvacque publication on
http://www.esrf.eu/home/UsersAndScience/Publications/Highlights/highlights-2016/ET/ET03.html
https://github.com/ska-sa/tango-simlib
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. EBS simulator

Simulates the accelerator and low level control
Integrated toTANGQ control system as a real hardware
Middle layer and GUI developed on it w

. Wy

”“W '*M"“" V1 W,\’v»

"

¢ Noise I

Q —> ' / MATLAB
3

Multi _> _
channel —>e¢ EBS Physics
Correctors —> model

Simulated magnets PS

Orbit Q

Hot-swap
correction server

server

Simulate

Test interaction of large number of devices ... vacuum gauges

Refer to E. Taurel, L. Farvacque publication on
http://www.esrf.eu/home/UsersAndScience/Publications/Highlights/highlights-2016/ET/ET03.html

https://github.com/ska-sa/tango-simlib
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. A new New Archiving System

former HDB HDB++

Operational on present ring Time precision = "
Refer to paper TUCPLO01 L. Pivetta Insertions/hour 120K 6M

Filling mode Polling/events | events

No. Signals total 6K 24K/56K

Beam line signals 2K 10K

Extraction tools C GUI Java /Python / Matlab / web

Database size 0.5TB/y 20TB/y

Online capacity 9 months Unlimited

Database Oracle Cassandra

$ _ HDB++ Production Datacentre Analytics Datacentre
TANGL. — § ool RF=3

| Replication Factor = 3

Accelerator Control System 3
| —— / A HPBt Insery ~
| . EventSubscriber
2 g

igate o Caopy

E : - Cassands
v = == assandra
Tango Device QMQ /‘ ﬁ m) > . Node et
\ Server M [TANGE L i. HDB++ o / e
events g i Configuration { Cassandra read
/ *  Manager Node e
Beamline Control System
/ Decimation
‘ — el MN‘ Statistics
| ' : Reportin
i Tango Device : Pr{?cessegs
Server D

HDB++ Viewer GUI

Diagnostics GUI ~ HDB++ Configurator GUI
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. New synchronization system

Will be deployed and commissioned on present ring  Control
computer

K1

GPS PPS 3) MHz

yyyyyyyyyyyyyyyyyyyy

Transfert line 1
TLL

Pulse cathods
ot

;oo}oo/aoooooo oo .\El
oooooooooooo/ oo .E TO ( ‘ 352 Mhz RF

00000OOOOOOOO oo

Tri i | 1 1
rigger signails RF signals

—H
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. Experiment control & detector development

Central Building
* 14 beamlines refurbished [
* 4 new beam lines to construct g ¢
* Prepare the acceptance of much more photons “é § oA 12 CRO)
. L oo
* Higher data throughput to manage g S S S SWNOR CRG)
 Higher thermal effects 55§ -. " ;gc;zwqq
* New experiment control system (BLISS) Refer to WEBPL05 M. Guijarro - N
* Ambitious detector development program Refer to THBPL06 W. Mansour “—’/’ _
+ Ambitious Data analysis software framework Refer to TUPHA183 H. Payno \ ,
THPHAO039 J Kieffer m @:
ESRF N,
double multilayer bending magng @, ‘ @/
‘ monochromator 3
flight tube | monochromatic o - = 41, p \\a =
= ins:argﬁlsry N srziftter b ) - /;:\/ - white beam {b(%esgq:’ \ - 1 -@%
- i B = - mask  slits e =/ %""
4 I e T o/ ]
detector SiiELE beam ' _ cz:?he:a?t)(l)r Dig gy, Storage Ring 2 @_
cleaning slits toroidal mirror ; a g
‘ : | source Bzg = ) %
45m 425m 31.2m 27.3m 0 D18 = . 9 y _{; -
o7 L él'&
1] ol
ol \0\5,@.5 ;; = &
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Many thanks for your attention = More news at next ICALEPCS
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