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HOW DOES THE ESRF WORK?
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. ESRF IN BRIEF
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The most intense source of
synchrotron-generated light

100 billion times brighter than the X-rays used in hospitals

Scientific excellence recognised worldwide

N°1 in scientific output

N°2 in number of users

N°1 in reliability & quality

4 Nobel prize-winners among the ESRF users

25,166 reference articles during the period 1994-2014

~30 articles in Nature and Science per year

YV V V YV V V V

Nearly 2,000 publications per year: ~5 every day

L o
.........
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. A MODEL OF INTERNATIONAL COOPERATION: 21 PARTNER NATIONS
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13 Member states:

France 27,5 %
Germany 24 %
Italy 13,2 %
United Kingdom 10,5%
Russia 6 %
Benesync 5,8%
(Belgium, The Netherlands)
Nordsync 5%
(Denmark, Finland, Norway, Sweden)
Spain 4 %
Switzerland 4 %

8 Associate countries:

Israel 1,5 %
Austria 1,3 %
Centralsync 1,05%
(Czech Republic, Hungary, Slovakia)

Poland 1%
Portugal 1%
South Africa 0,3 %
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21 partner nations

Annual budget: 100 million euros

Members of staff: 630 of 40 different nationalities

Legal status: Private civil company subject to French law
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A UNIQUE SITE FOR RESEARCH AND INNOVATION

The European Synchratron

European
Synchrotron
Radiation Facility
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. AT THE HEART OF THE GLOBAL INNOVATION CAMPUS GIANT
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AT THE HEART OF EUROPEAN NETWORKS

European Intergovernmental Research
Organisations forum

EIROforum
. ‘, (A )
Collaborations on: @ @Sa @) EUROfusion
« Technology transfer m——— "ll
. European it EMBL E °%o 5.
« Instrumentation p=ll ESRE  NEUTROMS,

* |nternational affairs

 Information technology e
3 Sciencein School

The European journal for science teachers

 Education and outreach
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. ESRF: MORE THAN 20 YEARS OF SUCCESS AND EXCELLENCE
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11 member states sign the
® 1988 creation of the ESRF

1st electron beam in the
® 1992 storage ring

Inauguration: 15 beamlines
® 1994 In time and within budget
40 beamlines

® 1998 In time and within budget
Upgrade Programme Phase |

® 2009-2015 In time and within budget

® 2012 New design for the storage ring
® 2015 Upgrade Programme Phase II: ESRF-EBS
The European Synchrotron | ESRF
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4 NOBEL PRIZE-WINNERS AMONG THE ESRF USERS

Ribosome Quasicrystals G-protein-coupled
receptors
Nobel prize in Nobel prize in Nobel prize in
Chemistry 2009 Chemistry 2011 Chemistry 2012

Venkatraman Ada E. Dan Brian K.
Ramakrishnan Yonath Shechtman Kobilka
MRC Laboratory of Weizmann Institute Technion — Israel

Stanford University
School of Medicine,
Stanford, CA, USA

Molecular Biology,

of Science, Institute of Technology,
Cambridge, UK

Rehovot, Israel Haifa, Israel
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. ESRF UPGRADE PROGRAMME: AN AMBITIOUS PROGRAMME TO PREPARE THE FUTURE

Purple (B);ZT(ge

Book :

.laonouary - _ January
\

2008 'F M 2015

ESRF UPGRADE PHASE | O -k P ey ESRF-EBS
180 M€ (2009-2015): _ wmm Extremely Brilliant Source

ESFRI ROADMAP 2006-2016 150 M€ (2015-2022):
IN TIME — WITHIN BUDGET ESFRI LANDMARK (2016)

- 19 new beamlines,
many specialised on revolutionary design
nano-beam science ESRF-EBS for a new generation of synchrotron

Upgrade and renewal of e source storage rings

facilities and support
laboratories

*
* *
E S F R I cropean
Commission
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. UPGRADE PROGRAMME : SCIENCE CASE

Health,
Structural biology

Earth sciences,
New materials

Better
techniques
for better

science Chemistry,

Energy, Materials,
Ultra fast biology

Medicine,
Paleontology,
Cultural heritage

Nanopeams

Nanosciences
Information technology
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ESRF
The European
Synchrotron

The ESRF today
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. PRINCIPLE

 When a charged particle is deviated
In @ magnetic field,
it loose energy by emitting
electromagnetic radiation
(photons),call synchrotron radiation,
tangent to the trajectory.

A

Po| ——

I
mc2 P

Large difference between electrons and protons !

Scale with the square of the energy!

The European Synchrotron | SRF
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. EMISSION OF SYNCHROTRON RADIATION IN CIRCULAR MACHINE

Electron S BSVnchrotron

Radiation spectrum

Electrons
Photons number Wavelength (A)
10000 1000 100 10 1 0.1

1014
1o I\

Bending \
10 // magnet
1011 \

o \ 7

10° Xray tubes

S
o / Jn

o/ .

lev 10eV 100eV 1keV 10keV 100 keV
Energy
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. FROM PARASITIC USE TO DEDICATED USER FACILITY

1947: First observation of synchrotron radiation

: i | :
:
|
« Nina », first beamline at 1981: SRS (UK) 1st dedicated 1994: Inauguration of the
Daresburry in1966 , X ray light source 'ESRF, The first X ray |Ight
(synchrotron 6 GeV électron). ond generation source of the 3rd generation

1st generation
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. PRINCIPLE OF INSERTION DEVICES

Insert permanent magnets to provide an alternative
magnetic field to bend the trajectory.

1 Aimant de courbure

QW i :
"¢ —\\@ J’B dl =0 EgéltL%sr/]s(/:n?m 2/mrad2/0.1%BW) 2 nggler

1018
107 W

1015
H

2 10 50
Energy(keV)
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. A TYPICAL USER FACILITY

bending magnet

storage ring

Synchrotron SOLEIL
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. BRILLIANCE OF LIGHT SOURCES

Diffractin limit
107 H

o
»

1022

Progress of X ray light sources 1%

are summarized in the

. . 10%
evolution of the brilliance

1019
108
1017

Brillance
(photons/s/mm2/mrad?/0.1%BW)

1016
1015

Brilliance =
photons /s / mm? /mrad? /0.1% bandepassante

Synchrotron
radiation

1014
Number of 13
photons per 10
second 1012

. 11
Size 10
horizontale*vertical 1010

. 109
Divergence

horizontal *vertical 108
107

In a bandwith of 0.1 % .
around the considered energy. 10 1900 1920 1940 1960 1980 2000
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. MORE THAN 50 SYNCHROTRON LIGHT SOURCES AROUND THE WORLD
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. DIFFERENT TYPE OF SOURCES

Many Medium energy rings :2.7-3.5 GeV
SOLEIL DIAMOND CLS ALBA SSRF TPS Australlan Synchrotron NSLS II.

High energy rings (2 6.GeV)
SPRING 8 ESRF Upgrade APS Upgrade

LCLS (Stanford)
. SACLA (SPRINGS) -
* Flash, European XFEL (Hamburg) &%
 Fermi@ elettra

Laser plasma acceleration: 5™ generation light sources §/>
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ESRF TODAY

Central Building

Storage ring

6GeV, 844 m
)
=
"%
r.éi
z : - I Energy GeV 6.04
5 o
3 = o ™ Ml Multibunch Current mA 200
=-] / 'f'.' | [ o - %¢.
\ s I!aﬁlstitrr / ) %ﬁ Horizontal emittance nm 4
¥ ynchrotron M
. ?: :A’ Vertical emittance pm 4
.-% ﬁ B '4%)
<AL/ Booster ol B : :
%, @\ E I\ % 32 straight sections
N\ P _ synchrotron |
WY E-Linac 200 MeV > 6 GeV | DBA lattice
%% @, % 200 MeV 300m, 10 Hz 42 Beamlines
g » - Storage Ring B/ 12 on dipoles
' & ~ 7 . . .
Py \ “--m__ 30 on insertion devices
iD1a = e T T vy . . .
L, 72 insertion devices:
o7 BM1E §
e o ,Pﬁ%@;.\ ?JS} .9..?:
&
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55 in-air undulators, 6 wigglers,
10 in-vacuum undulators,
including 3 cryogenic

ES

The European Synchrotron |
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. A TYPICAL BEAMLINE

Storage ring

Experimental
cabin

Control room
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. SCIENTIFIC REQUIREMENTS

Scientific requirements for the beam:

»Tunable wavelength

» Flux

»Low emittance

»Position stability

»Temporal structure A good experiment also requires a performing
> Reliability and reproductibility experimental environment:

X ray optics

Sample preparation

Dedicated detectors

Data analysis and computing capacity

VV VY

Sample

Accelerator and source Beam conditioning management X-ray detectors
and environment
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THE ACCELERATOR COMPLEX
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. THE LINEAR ACCELERATOR

wk The Linac consists in one TRIODE (cathod —
. anod - grid) powered with 100 KV. Electrons
produced have then an energy of 100 keV.

The electrons are then accelerated in 2
. sections (each section = 6 meters),
accelerating the beam by 100 MeV, i.e., a
| total of 200 MeV.

‘«J( SN
R

Operation mode Long pulses Short pulses
Peak current 25 mA 250 mA
Pulse length 1us 2ns
Energy spread +- 1% +/- 0.5%
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. THE TRANSFER LINE FROM THE LINAC TO THE BOOSTER: TL1

 Length: 16 metres

« Main components: 2 bending magnets, 7 quadrupoles,
2 pairs of steerers

«,-,!_:‘.‘ “m{‘; A 1

!-!E!MI_—'M' §o v % E— n

IS
,\

 Diagnostics: insertable screens + synchrotron radiation

screens
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. THE SYNCHROTRON (OR BOOSTER)

Goal: Accelerate the electrons from 200 MeV to 6 GeV
Cycle: period of 100 msec (50 msec for the acceleration cycle)

Length: 300 metres
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. THE BOOSTER MAGNETS

Help

File Commands View 088 Tools

- = File: Operation
J_I_I_IJ Ppeaistll | o Started 11:43:18
@ s T )

Energy Caleulatec 6.039 GeV

Ref.Dipole
49.0

Attoplus 7 me

e, ac

12.0c 31.6
12.9¢ 37.3c
18.8¢ 2.3

Capacitor  White
banks Chokes

29/10/07 14:14:37

I System | _Reset | System Status:  OFF | Stand By |\7ﬂ\|
Master

Settings Files:  Operation | Economy

When the field is minimum in the dipoles, it
defines the « TO »: the first trigger of the
timing system which manages all the
injection/extraction chain.

The European Synchrotron | ES

z
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. THE BOOSTER RADIOFREQUENCY SYSTEM

_______

“*50 msec

"

* 4 cavities with 5 cells (LEP-type)

» 2 windows / cavity

-Solid State Amplifier Transmitter : 1 MW —352.2 .. f
4.5 v - s
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. THE TRANSFER LINE FROM THE BOOSTER TO THE STORAGE RING: TL2

Goal:

Transfer the 6 GeV electrons
from the Synchrotron to the
storage ring:

* 5 bending magnets (powered in serie
with Booster dipoles)

14 quadrupoles

* 9 insertable screens

« Beam Position Monitors

« Synchrotron radiation screens (1 screen
/ dipole)

* Length: 65 metres
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THE INJECTION/EXTRACTION SYSTEM

™ Triglng  Ting TrigEst Test

0z 158005

- 50 000ps

Y
Injection cycle = 50 ms
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Fie View
TL1 Dipole 1 t11/d-ced/dipolel TL1 Dipole 2 t11/d-ced/dipole2  TL1 Septum t1/d-ccd/septum  SY Inj sy/d-ccd/sy-it
] & - 8 ) s
Gaini| 2400 Exposurst § 10938 Gain:' 2400 Exposwe: § 21000 Gain: 24 00 Exposure: § 60077 Gain: 12 00 Exposure: § 00010
SYExt  StepCalibration sy/d-ccd/sy-ext  TL2 Dipole 1 112 /d-ccd/dipolel  TL2 Dipole 2 112/ d-ccd/ dipole2

H ] SAVE or LOAD parameter files
(gain and exposure):
1. open Matlab
2. type:
DipoleMonitors_SaveConfig or
DipoleMonitors_LoadConfig
3. Choose the appropriate file,
£ or create a new one.
= - <] 4. Qick OK
¢ ol i il N y
Gain: 1500 Exposurs: 0 00001 Gaini' 11 00 Exposure; §. 03000
TL2 Dipole 3 2/ d-ced ) diy 3 TL1 Dipole 4 t2/d-ccd /dipoled
ol EEIE n W e >
Gain: 24,06 Exposure: 0. 06000 Gain:| 34 60 Exposure: 8 24066 Gaini| 33 63 Exposure: 8. 83000
Done
File View Commands
Transfer Efficiency and SY Mean Current o5
| 07
100 |
‘ ‘ | ‘ 0.6
| g
0.5~
® ‘ | -
=

g g

8 [ 045

S | 5]

& Al Wl . ]

o |

| | o
‘ ’ | | | 03z
| |
| (. N ]
1 M | ' N \ 02
. n
[} A Mg 0.1
T T |
o T S alabisay -

vITL2-SR [¥ISY-SR [ TL1-SY

12:13:00 12:14:00 121500 12:16:00 12:17:00 12:18:00 12:19:00 12:20:00

(v SY-EXT

12:21:00 12:22:00
P Time Stamp : 12h22:33
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THE STORAGE RING

* Circumference: 844 metres

16 super-periods of 2 mirror
cells=>» 32 cells

* Energy: 6 GeV
* Nominal intensity: 200 mA
 Highest intensity: 300 mA

 Emittance: 4nm rad

» Usual coupling : 0.1 %
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. THE STORAGE RING BENDING MAGNETS

64 bending magnets (dipoles)

Numbers :
Bending angle :
Magnetic field :

Number of family :
Nominal intensity :
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Synchrotron
light

S
=

Electrons

E 1Gev1 0.3 B 1 P m]

B=0.8T p=25m
Energy lost per turn of ring by one

electron 4
2%6(225F3>er cells) AE o] = 885 E[cev] _ 4.6 MeV
0.8612 Tesla P
1 The power radiated around the length
714.993 A of the ring bending magnets by a

current of 200 mA = 920 kW




. GENERATION OF AN HORIZONTAL EMITTANCE BY RADIATION

%
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Electron 2 emits Ae at the exit of the bending
magnet.

=» same energy when crossing the magnet
= stay on the reference trajectory

Electron 1 emits AE at the entrance of the

bending magnet.
=» lower energy when crossing the magnet
=» larger curvature

A horizontal beam size and divergence
(or emittance)
and an enerqy spread is created.

Angle or The beam emittance is the surface
_diverg_ence or X’ occupied by the beam in size and
i radian divergence.

Position or

size or X

'n_m»eter 1 d d I

gJ'i[rrﬁ'rad] _ H Xax
T



. THE STORAGE RING QUADRUPOLE MAGNETS

256 quadrupoles shared in 6 families

Name Number Intensity
QF2 32 216.730 A
QD3 32 -334.022 A
QD4 64 - 415.454 A
QF5 64 411.798 A
QD6 32 -491.497 A
QF7 32 375.181 A

The goal of the quadrupoles is to focus the electron beam so as to maintain its size as
small as possible

The quadrupole settings are also important for:
* the tune values,

* the beam size,

* the injection speed,

* the betatronic resonances, etc
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. THE STORAGE RING SEXTUPOLE MAGNETS

224 sextupoles shared in 7 families Their settings are important for:

Name Number

S4 32 e the chromaticities,
S6 32 .
» the betatronic resonances
S13 32
520 30 « the dynamic aperture,
S19 32 « and therefore the beam lifetime

K 32
S24 2

6.01 GeV

And steerers (3 power
suppliesto geta H or V
field)

5.99 GeV
A sextupole acts as:

- A focusing quadrupole for the electrons which have a higher energy

- A defocusing quadrupole for the electrons which have a lower energy
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. THE ESRF STORAGE RING LATTICE

rL = 36 435 =3 = 134 38590
rLUE = 14 3931 ALPHAa= 1 839E-04 OFTICAL FURCTIORNS Ex/Sam™2= 2 G94E-17

o
g

- Green =horizontal beta function
Red = vertical beta function

]
]
[

I
t
\

b
a
\

u
0
\

funcyons

B

N
i
[

N
a]
\

"
o
\

TN

10

Even cells

ESRF Horizontal emittance = 4 nm.rad

ESRF vertical emittance = 5pm

Vertical emittance is determined by the coupling to the horizontal Gy — \/gyﬁy O-y — a/gy /ﬂy

motion due to magnet or alignment imperfections. Taille Divergence

Page 38 JUAS 2017 - Monday 16 January - Revol Jean-Luc The European Synchrotron | ESRF



. THE STORAGE RADIOFREQUENCY SYSTEM

203,08 mA Accelerating voltage

operation_multibunch

operation_multibunch

1.60 NV I1.74 My |1.49 My

ol LI LT e )
qEst i EIEiEy

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

L SRRF3
A ANAARA
=IEEES || | IEEEEE

791 kW_RF
1451 kW

413 kW_RF
859 kW

operation_multib h Tostotaxibsk operation_multibunch

; 3 X ) 3 J

Goal: compensate the energy loss turn / turn by the electrons, following the synchrotron
radiation emission, i.e., 4.8 MeV (with all insertion devices)
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Klystrons

. THE STORAGE RADIOFREQUENCY SYSTEM

For a beam intensity of 200mA :

6 active cavities (1 klystron powers 4 cavities, the second one powers 2 cavities)
Accelerating voltage : 9 MV

Voltage / cavity : 1.5 MV

Klystron total power : 1.3 MW (1MW for beam + 42 kW/cavity+20kW reflected)

* macroscopic: the RF frequency imposes the maximum number of
bunches on the circumference.

F
h= A —£5=352 MHz / 355 kHz = 992

rev

* microscopic: the RF frequency imposes the revolution time of the reference
particle. For a given field of the bending magnets, it defines the length of the
trajectory and therefore the energy of the reference particle.

With ESRF data, a difference of 3.5 KHz (10-°) will induce an horizontal
displacement of the beam of 18 mm, visible on the screens.

bt
legetin
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. INSERTION DEVICES
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. INSERTION DEVICES

Goal: produce X-rays with specific
properties which are different from
those emitted by the dipoles, for
example, tuneable energy spectrum,
polarisation, higher brilliance...
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. INSERTION DEVICES

Generally designed « on request » for a given beamline

_ @ WA -
82 11 &8 \\@E fBdi=0

trajectory

Two main families:

Wigglers : Small number of periods, higher magnetic fields

They produce ‘hard’ X rays (E>10 keV). /\w

Undulators : Great number of periods .
Larger flux induced by in interference properties..

/ 0<lly
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. INSERTION DEVICES

Z
7‘*u X (N Periods) _ _
— The electron takes a sinusoidal path, with a
) NIsINIsINIs max angular dgflection given by K/y, where
e L K is the deflection parameter given by;
o —m— Gap Determines K
v T S K=0.0934 A, [mm] B, .. [T
S sInlsIn|sIN u [ ] peak[ ]

In case of undulator K ~ 1-2

6 max has to be compared with 1/y

AVAVIRNL Narrow cone of natural emission angle 85urad (0.005 degree) at 6 GeV
170urad (0.01 degree) at 3 GeV

Max Deflection

X emax = Kmax / Y
Undulator: K < 3 )
Wiggler: K >3 /\ One electron Ey,=0.5 MeV
E=6 GeV
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. INSERTION DEVICES

The deflecting angle is a function of the periodicity
and the magnetic field

-
Il

=}
w

B
k3
=
[=]
I

| K =0.0934 A, [mm] B, [T]

In case of undulator , K ~ 1-2

b
Photons/sec/0. 1%/mmad”
=]
I

bl L

0 o 0 w0 s e The energy of the fundamental on axis is given by

kel E2
o) = 0-9.50 (V]
BT,

If K increases the energy fundamental peak of
’ 2 0 w0 s e the undulator decreases.

kel

e
Il
-

I

@
I

=
T

Photons/sec/0.19/mrad” %
o

[
I

[=]
o

=
Il
8]

The total emitted power is:

=0.633E

15

=l
b

=
(=]

2 *
P[kW] electron|GeV | Bpeak T] L[m] [A]

The undulator conception is defined by
the beamline requirements

Photons/sec/0.1%/im rad”

SR T T T T T T

= L L -
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. INSERTION DEVICES

In-air length =1.64 m

Magnetic gap 10mm

H:[ i /O RO e | o\ ’ ;

Power generated by one
undulator (1.6 m) = 3kW

Available power = 250 kW
But less than 100 kW is used!!

2kW/mm? at 200 mA

8000 kW of Electrical power is
needed to produce it!!
Efficiency: 2% !

y 4/1/2001

(2.4 m flenge to flange , 2m magnetic asembly)
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. IN-VACUUM UNDULATORS

The jaws of the in-vacuum undulators can be closed down to 5 mm

Permanent Magnets
(Sm:zCo17) + Cu-Ni sheet

——

S

:
5
i
|
|
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INSERTION DEVICES

25m-long Undulator

SPring-8 Standard Undulator___ ° *

.

R

—
4

-

Soft X-ray Undulator

—
<o

A

w

-
\

—_—
o
\
\
\
\

(photons/secimmé/mrad< in 0.1% bandwidth)

Wiggler._ -~ i
105 _--""
< Bending Magnet =
10% e Q
=
=

107" X-Ray Tube

Brilliance
2

107
1 10 100 1000 104 10° 100
Photon energy (eV)
Infrared Ultraviolet Soft X-ray Hard X-ray

e ——

Visible light Vacuum Ultraviolet X-ray
1000 100 10 1 01 001 0.00
Light wavelength (nm)
{1nm=10A)
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Goal: control and maintain an excellent ———
vacuum level in the storage ring: i

. THE VACUUM SYSTEM

10-19 mbar without beam (static pressure)
10° mbar with beam (dynamic
pressure)

» This vacuum level is ensured by the ionic pumps, NEG coating

» The pressure control is done with Penning gauges.

ID chambers Length = 5 metres et 6 metres

Pl S 10 mm'!

* Extruded aluminium
8 mm

* The internal side of these vacuum vessels is covered with a thin coat of NEG
material (Non Evaporable Getter) made of an alloy of Titanium, Zirconium,
Vanadium. The particularity of this alloy is to trap chemically certain molecules
(mainly CO and CO2) acting as vacuum pumps.

--------
bt
.......
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. BEAM LIFETIME

Decrease of the stored current is a function of:

» Vacuum quality 1 1 dl
=» Probability of collision with residual gas —_— =

» Number of electrons per bunch (i.e. total current) T | dt
=» Probability of collision within the bunch

> Lattice

=>» Transverse and longitudinal dynamic acceptance
» Size of the vacuum chamber

=>»Physical transverse acceptance 20ggA K
—_— = Z_ 175 mA
Z— = ,z—- 150 A
I : ¢ 12 Hours » Beam Lifetime T
; ifetime = 80 Hours ate of loss of particles:
Large change in current; e Rate o fpssof prtc
_ 1 _1al
L. ;:) 5 T I dt
=>» Large variation ofthe heat load z g
on the optics 5 = P s et
=>» Detrimental to the position :

stability on the sample

Sun 27 Nov 06:3
Sun 27 Nov 18:30
Mon 28 Nov 06:30
Mon 28 Nov 18:
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TOP-UP

05/12/11 ID & Machine Status (day) | Machine Status (week) | ID and Beamline Status

m 102.C PSICHE . . ec 05, 52 - -
05:48:13 DESIRS 106_M SMIS Storage Ring Status (day view) Pec 0% 2011 04:52:20 PETRA Energy: 6.084 GeV Lifetime: 1.82 h Current: 79.85mA
Funcion Mode RS chnces Aiss

Filling Mode 1091  HERMES  PX1 MARS 300 Beam Cument [Tnd. [ Gap [Siatus
DISCO PUO1a| 14.13

Lifetime (hours)
METRO PUOLD| 14.16
PUO2 | 10.07
PUO3 | 11.11

E

£838883

PX2 SWING  [JANTARES |
Lifetime 1159 h NANO_SCO | SEXTANTS  SIXS EAMBA 24.76
Integrated Dose LRI FRLN)] cassioree  sIRius  NEUCTANN oieEAEs]

Current (mA)

Average Pressure Orbit (RMS) Orbit (Peak Emittance Tune 200.31 PUO4 |147.00
9.2e-10 mbar [if 4.04 nm.rad 0.2000 20 Last Refill :tg; i;:g
End Of Beam Y] 62.2 um 3178 pm | 39.1 pmoad | 03099 K 01 Dec 08:20 i X

p: s & PLO7 | 10.78
PESCENFEDD Delivery Since = a0 PUOS | 18.41
- 2 Next Refill = =
01:11:47 10 R 30 PLOS | 10.98
20 PU10 | 16.44
Mode 0 PUIL | 217.00
User S:00 0B:0D 10:00 12:00 14:00 16:00 1800 20:00 22:00 00:00 Z:0 0 FuLz 12700
00 DIOL A0 00 1400 800 1D 2080 2200 004 8 PUL3 | 12.03
Fill Pattern Positrons — Mon Dec 05 05:50:1 CET 2011 | PU14 | 24.80
& Comvi]

900 bunch + 1

.
- Sove'v e Number of Bunches: 40 Mean Vacuum Pressure:  1.203E-08 mbar
Fast FB On

Orbit Contral: On Top-Up Operation:  0.22 mA (RMS)

Messages from Operations

User Operations->Experiments

0 Beam Available Scheduled Downtime will occur from Monday
0700 10:00 13:00 16:00 19:00 2200 0100 0300 12:00 continuing into Tues MD. Beam will be

Faisceau disponible hybride 395+5mA petumed to User mode 09:00 Wed- User run 40 bunches, S0mA

Mon Dec 05 05:57

SLS Status Shift Plan: User Operation, Light Available
Beamcurrent 401.8m Messages from the Control Room:
7 .
v i APS Storage Ring Status 22:53:00
hor. Beamsize 68.6pm Storage Ring Current : 7102.2 mA TopUp in Progress
ceorBedmiza§109pm) Filling mode 7/8 multibunch Operating Mode : Delivered Beam  Global Feedback : ON Local Steering :  OFF
a0 Message from Operations: Beamlines Operating : 59
350 Lifetime 59h 33mn Operator in Charge : Ronzhin, Forth
300 Floor Coordinator : MCR (2-0101)
0 S! S Delivery since 21:04 i 30 :“' ;ﬂ'hflﬂ . : 0+24x1 TopUp
200 roblem Info H
150 Dump/Trip Reason
100 00, 0 NextFill Info : Top-up in progress
- 130 130
.
“ofon 7ie i P90 w0 1in  zio0 0 40 0 . i
Beam current (last update 05.DEC.2011 05:51) F 150 120 a 120
110 o o 110
status .
[Beamline 1D Status Shutter Status _ Exp. Status 100 100 100
IX01DC-IR - Open attended 90 90
IX02DA-TOMCAT o Open attended H &
74111 .0mm Open attended H < 80
- Open attended g 70 70
§D4SA s 4mm Open attended s oy oy D oD i £ 50 60
(05DA-Optics . Closed offline e I
[X05DB DIAG E Closed - 5 5 50
[X05LA.pXAS/Femto W 12.7mm U55mm  Open attended H Emittance Tones 5 40
IX06DA-PX3 - Open offline o
[X065-PX 54mm Open attended [ 3.546 nm |Bo) 0.4321 30 30
[X07DA-PolLux - Open attended 5l 4.259 nm v 0.3885 20 20
[XO7MA-XTreme/Phoenix  25.6mm (Phoenix) Open attended 10 10
xo9LA.SIS MHS6.35/MV10A Open attended V Emittance Average pressus
XMLBXILE Framm oen Hine piET07inn R nba ’ 24 02 o4 06 08 10 12 14 16 18 20 22 !
[X10DA-superXaS - Open offline
[X105A PXII 57mm Closed attended Y 0.005 nm SatDec 32011 Time of Day (in hours) Sun Dec 42011
[X11MA-SIM 28.8mm Open attended m - Beam Avail able for User Operations -Beam Not Available
[x125-c5AXS 47mm Open attended
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. THE STORAGE RING BEAM DIAGNOSTICS

224 Beam Position Monitors to measure the

positions of the electron beam center of mass
in the horizontal et vertical planes

Beam imaging system to visualize the
transverse profile of the electron beam in a
bending magnet and compute its emittance.

~

Beam Loss Monitors to locate
the losses resulting from a

& | scraping effect of the beam on
=8 the vacuum vessels or due to
flu locally moderate vacuum level

Current transformers to
measure the beam intensity

Page 52  JUAS 2017 - Monday 16 January - Revol Jean-Luc The European Synchrotron | ES



. BEAM STABILITY PERFORMANCE

Position stability should be studied on

> Short term

=>» Reduction of the perturbations!

=» Fast Orbit Feedback

>»Medium term

=» Closed orbit correction

»Long term

=> Magnets realignment

Stability criteria mostly achieved
In horizontal but more critical in
the vertical plane.
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Horizontal Vertical
Emittances 4nm 30 pm
B function 2.5 35 2.5
Beam size 45 um 380 um 9 um
Required 4.5 um 38 um 0.9 um
stability
Horizontal Vertical
10% Beam size 38 um 0.9 pm
One week 11 pm 8 um
One day 5 um 2 pm
One hour 5 pum 2 um
One minute S5 um 2 um
One second 2 um 1 pm

The European Synchrotron | ES




THE STORAGE RING FRONT ENDS

HOR. FIXED PHOTON FAST VERT. DIAMOND
ABSORBER SHUTTER VALVE SLIT WINDOW
HOR. VALVE ADL HOR. RADIATION
SLIT SLIT SHUTTER
STORAGE RING WALL
\"4
etats = yyoomm s
358 _——aC ] > >
UNDULATORS 1 |

DIPOLE I Ammvert.  cyp diamend
+- 2.5 mrad 2 mm hor. erture 0.300mm thick

hor. aperture aperture
DIPOLE

14000 mm e

26000 mm

Goal: Drive the X-rays produced either by the dipoles, or by the insertion
devices, from the storage ring to the beam line.
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. THE ESRF CONTROL ROOM

Current, emittances, Radiation

lifetime monitoring mo Main synoptic

Filling pattern

» Control of the accelerator equipmenrs
> Reéinjections

» Beam parameters monitoring

» Fault and failures control and analysis

Page 55 JUAS 2017 - Monday 16 January - Revol Jean-Luc The European Synchrotron | ESRF



. ACCELERATOR OPERATION

Page 56

SR Current (pct-id10)

Lifetime [_| Display Libera lifetime
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When
everything is
fine!
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. ACCELERATOR OPERATION

LINAC - TL1 - BOOSTER - TL2

Page 57
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In case of
fault !
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OPERATION : MACHINE STATISTICS FOR 2013-2016

Avallability (%) 98.93 99.11

Mean Time Between 79.70 105.5
Failures (hrs)

Mean duration of a failure 0.86 0.94
(hrs)

2014: 52 Failures =» 1 every 4.4 days
2015: 59 Failures =» 1 every 3.9 days
2016: 59 Failures
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2016

(Until 22
November 2016)
98.53 99.06
93.6 93.8
1.37 0.88

USM : 5544 hours (63.3%)
SD : 1944 hours (22.2%)
MDT : 1272 hours (14.5%)
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OPERATION 2015: FAILURE DISTRIBUTION PER EQUIPMENT

Number of  Total duration Total duration (Hours)

tnp (Hours) ﬁl\jrear?lgﬁ Total duration (Hours)
RF 30 20.0 0.7 . RF
PSS (Beamlines) 5 5.0 1.0 areRATo> 300 =z
Power Supply 4 3.3 0.8 /Bt 200 Power Supply
15.0
Unexplained 3 14 05 Front End lgg Unexplained
Diagnostics 3 1.2 0.4 ol
Human mistake 3 0.8 0.3 INFRA/Mains Diagnostics
Master source 2 30.3 15.2
|NFRA/SRE 2 3.3 1.7 Water leak Human mistake
ContrOI 2 31 15 Control . Master source
Water leak 1 6.4 6.4 Number of trip
INFRA/Mains 1 3.5 3.5 L
Front End 1 1.1 1.1 R N
INJ / EXT 1 03 03 INJ / EXT 20 Power Supply
OPERATION 1 0.2 0.2 15
Grand Total 59 79.9 Front End . Unexplained
f
INFRA/Mains Diagnostics
Preliminary statistics for 2016: 50% of failures due to RF Water leak Human mistake
Control Master source
INFRA/SRE
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. DISASTER GALLERY....

the water circ_uit

f.;r'.’//ﬂ.,

Magnt PS circuit
breaker short circuit

Radiation damage
* on cables

i

¢oletaatat Y
October 2015
Magnet water cooling hoses
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OPERATION: FILLING MODES IN 2016

2016-02: CURRENT PROFILE FOR HYBRID + TOP-UP MODE [16 bunch + 4 * 10 mA]

Uniform
13% 510.00 - Hverid mode 16 bunch top-up 16 bunch top-up 16 bunch top-up 4*10mA top-up
180.00 o W‘\ \
150.00 o P
120.00 - 509 hours of delivery without a single failure (only interrupted by scheduled MDTs) |
! i !
90.00 - ; ' '
60.00 + ;
30.00 1
m ™M [ i i
D D D D i |
T T T T | |
0.00 — t t
o o o o Q9 9o Q9 9o o9 9o
£982888883883838888883888888888888888
L I - R R IR R I R R R -C IR R R R )
O OO0 O OO0 O oo o0 o o o o S O OO0 S oo o o o o o S © © o
hhhhhhhhhhhhhhh > > > > > > > > > > > > > > > > >
S S 89 999 99 9 9 9 8 3 T TSI T T TS TS amE R
ST T I I g IIIT L ==Z=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=°32=
LINLYAIIRELERIRYXAIKR]— v am R R R R EEREEEEEEEEEEEREERES
= = 2P0 oo o SO S0 O08 A H o A Hd A H NN B
B 2ER8SSE§ YT EERRcc 2D SRS S 9T SER S S QLT SE R S C
LETETS Z3 L2 2 » 5 5659 a0 85659 & S 3 6 S50 caxo 3 S
= F = = A2 R z=FE @ A s 2E 53 2L 2E 332

16 Bunch in top-up since 26 April 2016

| max = 90 mA,
Hybrie 2478 Refill every 20 mn, delta | =5 mA,
Vertical emittance < 10 pm

skipped refills <2%
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. JAPANESE EARTHQUAKE — PERTURBATION REDUCTION WITH RF CONTROL

Sunday 21 November 2016 typical 20 s period FUKUSHIMA
yAa | N
10 ; /v/ N TOKYO
:

= 97 ANLLT L ; “' WJ[‘HM%WWVMWW
2 . H |
5 5 / N
g ] 23:04:08
> ) 22:57:30 the RF-control
-10 the RF-control ‘ is switched back —]
i is switched-OFF , ON
-15 | |
] —— BPM C23-4 (dispersive region)
i —— BPM C25-1 (non-dispersive region)
-20 -
| | |
21:45 21:50 21:55 22:00 22:05 22:10 22:15

time

Page 64 JUAS 2017 - Monday 16 January - Revol Jean-Luc The European Synchrotron | ES



ESRF
The European
Synchrotron

Upgrade

ESRF-EBS

Extremely Brilliant Source

Page 65 JUAS 2017 - Monday 16 January - Revol Jean-Luc The European Synchrotron | ES



ESRF EBS: AN AMBITIOUS NEW STANDARD FOR SYNCHROTRON STORAGE RINGS

1 w0 ESRF-EBS
ESRF Extremely Brilliant Source 102 (2020)
ESRF-EBS — 150 M€ (2015-2022) | ...

1020
1019
1018

0.1%BW)

ESRF-EBS

uolleipey uo41oiyduAs

5
Extremely Brilliant Source E 1017
€l 10

(o]
E 1015
E 1014

V)
>~100 times more brilliant and P
coherent X-rays .g 1012
» Programme to exploit the qualities <l o
of this new and unique extremely 9| 1m0
brilliant X-ray source: &| 100
- Creation of new beamlines T 108
- Innovative detector programme 107
- « Data as a Service » strategy 106

1900 1920 1940 1960 1980 2000 2020
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ESRF EBS: AN AMBITIOUS NEW STANDARD FOR SYNCHROTRON STORAGE RINGS

Reduce the horizontal emittance from 4nm to 0.14nm

—>

Beam-line experiments can benefit from : an increase in brilliance
an increase of coherence
(the coherent fraction, in hor. plane)
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Brilliance [Ph/s/0.1%bw/mm>/mr’]
=

BRILLIANCE AND COHERENCE INCREASE

------ Present lattice (dashed)
——— New lattice (plain")

Brilliance
/ﬁ\élmCPMUM\ |

A T T | | [ R &
4 5 6 7809 2 3 4 5 6789
10 keV 100 keV

Photon Energy
10°
18mm Undulator spectrum
Present lattice — New lattice .
10
— High Beta
— Low Beta
=
e _5 10-2
S 5
z S
£ L
3 IS
2 5 10°
:
10*
T T T T T
10 20 30 40 50keV
Photon Energy 10—5
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Hor. Emittance [nm] 4 0.135
Vert. Emittance [pm] 4 5
Energy spread [%)] 0.1 0.09
B,.[m]/B, [m] 37/3 6.9/2.6

Source performances will
Improve by a factor 50 t0100

Undulator:
CPMUL1S,

Coherence

4-:m-helical U88

'''''

Present lattice (Plain)

New lattice (dashed) 4-8muU3s

4 mCPMU18

4 5 6783] 2 3 4 5 67839]
10 keV 100 keV
Photon Energy [keV]

T T T T
4 5 6 7829 2 3

1keV
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. EXTREMELY BRILLIANT SOURCE: ACCELERATOR UPGRADE

The Extremely Brilliant Source Project aims to:
= Substantially decrease the Store Ring Equilibrium Horizontal Emittance
» Increase the source brilliance
» Increase its coherent fraction
= Must fit in the same tunnel : same circumference as much as possible
= Keep the electron energy (6 GeV)
» |Ds at same locations: keep Beamlines where they are
= Maintain the existing bending magnets beamlines
» Preserve the time structure operation and a multibunch current of 200 mA
» Re-use injector complex
» Limit the downtime for installation and commissioning to less than 18 months

Maintain standard User-Mode Operations until
the day of shut-down for installation

bt
........
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. OPERATION AND EBS EBS PROJECT PLAN (2015-2020)

2015

2016

2017

01/10/2017 — Start of assembly phase

17/12/2018 — Start of shutdown

2018

— Start of dismantling phase

18/03/2019 — End of dismantling phase

2019

— Start of installation phase

2020

Planning

User Service Mode (USM)
Design, Procurment
Production

Assembly

Dismantling

Installation

Machine Commissioning
Beamline Commissioning
Friendly Users

S OND

J FMAMJ J] AS OND

J FMAMJ J ASIOND

J FMA M) | AS ON D

v

W FMAMI J ASOND|J FMAMIJI] J] ASOND

02/12/2019 — Start of storage ring coanissioning phase

04/11/2019 — End of ihstallation phase

09/01/2020 — Start of beamline

commissioning phase

1.5 year of User Service Mode interruption

Page 70 JUAS 2017 - Monday 16 January - Revol Jean-Luc

ay-July 2020 - Friendly Users_'
25/08/2020 — Start of USM

>
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. NEW LATTICE VS PRESENT ESRF LATTICE

= Present ESRF lattice

32 cells, Double Bend Achromat = (2 dipoles + 15 quad. sext.) per cell
ID length = 5 m (standard) / 6m / 7m

Dipole
I . . el g

» ESRF EBS lattice
Hybrid 7 Bend Achromat = (4 dipoles + 3 dipoles-quad + 2/ quad., sext., oct.) per cell
ID length =5 m

Dipole Dipole Dipoles-quadrupoles

31 magnets per cell instead of 17 currently
Free space between magnets (total for one cell): 3.4m instead of 8m today !!
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. INTRODUCTION TO LOW EMITTANCE LATTICE

Why do we have a non zero horizontale emittance ?

Ideal electron beam trajectory
at the nominal energy
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. INTRODUCTION TO LOW EMITTANCE LATTICE

Why do we have a non zero horizontale emittance ?

Dipole

Trajectory of an electron which has
emitted synchrotron radiation in the
dipole (lower than the nominal energy)

Courtesy A Franchl
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. INTRODUCTION TO LOW EMITTANCE LATTICE

Why do we have a non zero horizontale emittance ?

Trajectory of an electron which has
emitted synchrotron radiation in the
dipole (lower than the nominal energy)

Corrected by quadrupole magnets
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. INTRODUCTION TO LOW EMITTANCE LATTICE

Why do we have a non zero horizontale emittance ?

Trajectory of 2 electrons which have
emitted synchrotron radiation
(and having different energy)
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. INTRODUCTION TO LOW EMITTANCE LATTICE

Why do we have a non zero horizontale emittance ?

Sextu Sextu Sextu
Quad Quad Quad pole

= [ LS
I e . b o’ l B I s
Trajectory of 2 electrons which have

emitted synchrotron radiation
(and having different energy)

Dipole

S

Corrected by sextupole magnets
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. INTRODUCTION TO LOW EMITTANCE LATTICE

X

3 incoming electrons at nominal
energy and trajectory

~N
=

‘.‘
i\

Trajectory after
photons emissions

Dipole 1 Dipole 2

-
\

At the end of the cell:
Non zero horizontal velocities
and energy spread
=» Non zero emittance

Courtesy A Franchi,

Page 77 JUAS 2017 - Monday 16 January - Revol Jean-Luc The European Synchrotron | ESRF



. INTRODUCTION TO LOW EMITTANCE LATTICE

X How can we reduce the horizontal emittance ?

Dipole 3

Dipole 2

- L._II
os””

Dipole 1

N ' g

More weaker dipoles + stronger focussing+ stronger sextupoles
=» lower horizontal emittance

Courtesy A Franchl
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. INTRODUCTION TO LOW EMITTANCE LATTICE

X

Dipole 1 Dipole 2

.

Dipole 3

Dipole 4

ml ~—§ S

More weaker dipoles + stronger focussing+ stronger sextupoles
=» lower horizontal emittance

Courtesy A Franck}ﬁiﬁ_‘.&
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. PRESENT ESRF LATTICE

n= 2277 1 period

Low emittance: C Cear oo 2774
Careful tuning of £, and 7, in the S
dipoles (where the radiation occurs)
£.. envelope function

7, dispersion

How clever Energy
we are

\
N g
&, = F(Lattice)m
/
Number of /
identical dipoles

| MwﬂmﬂMM

s [m]

Increase the number of cells
=>» Large circumference

Put more dipoles per cell
=» Compact machine

Emittance reduction
=» large number of
bending magnets
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. LOW EMITTANCE LATTICE LIGHT SOURCES

Storage ring performance

(current and future sources)
horizontal emittance

« ESRF 2BA 4000 pm — 6 GeV, operational
 PETRAIII 2BA 1000 pm — 6 GeV, operational

* NSLS Il 2BA ~350 pm — 3 GeV, operational

* MAX IV 7BA ~300 pm — 3 GeV, commissioning
* Sirius 5BA ~250 pm — 3 GeV, in planning

* Spring-8 6BA ~70 pm — 6 GeV, in planning

« ESRF 7BA ~150 pm — 6 GeV, construction

Almost linear increase of brightness down to 50-100pm emittance.
For lower emittance the gain becomes less than linear due to:

- the diffraction limit

- mismatch of the electron beam with the X-ray beam
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. LOW EMITTANCE RINGS TREND

Page 82

1 0E-Df = Spf“ﬂ‘?
S ELETTRA
515 e
E‘* 1.0E-07 1 ALBA - iamond
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o o
< 1 0E-08 fufkirs-
E Max v DR o ILCDR e
®
g CLIC DR
on 1.0E-09 -
p
g
S 10510 gp-x +OR
= Smaller Aperture
w TUSR
I 1.0E-11 o
TUSR +DR ®
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Circumference (m)
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. THE ESRF LOW EMITTANCE LATTICE

60
so|- Present ESRF lattice -
Double Bend Achromat
20 Ex =4 nm.rad - SEIEE P SUEREEEE R N (HEE o o
< =
20 L &
L |
s ot 20 25 .
Proposed hybrid 7 bend

10

i [m]

N\

lattice Ex = 150 pm.rad
B,
—nx

Df B S 15 D6 20 D7 25

Bleu: Dipoles Red: Quadrupoles Green: sextupoles
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0.1

@ 7 bending magnets D
=» reduce the horizontal emittance

@ Space between D,-D, and D,-D,
B-functions and dispersion allowed to grow
=» chromaticity correction

with efficient sextupoles

@ Dipoles D4, D,, D, D,
=>» longitudinally varying field to further
reduce emittance

@ Central part alternating
=>»combined dipole-quadrupolesD, , ¢
=>»high-gradient focusing quadrupoles

@ D, (0.34T) and D¢ (0.85T)
=» Source points for BM beamlines

The European Synchrotron | ESRF



MAGNETS

Assembled in
house

100 Dipole-quadrupoles 66 Octupoles

More than 1000 Magnets to procure in less than 3 years

DANFYSIK SEF

TESLA
(MG)

524 Quadrupoles
(132 HG, 392 MG)

DANFYSIK
(HG)

196 Sextupoles

98 Correctors
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. DIPOLES

« Each dipole based on 5 PM modules
«Strength 0.67-0.17 T &
*[ron length 1788 mm

« 25.5-30.5 mm GAP

elron: Pure Iron

| | |
500 1000 1500 2000

*Permanent magnet Sm,Co,,

'-—-——-— £
s w3 TR | RN BB [E@Ii[?éf E—E

Around 6000kg of PM, 660 Iron modules,
Partially delivered

\ :"“.,
b\'ﬁ, =2 25

Dlpole assembly area :
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. SEXTUPOLES

2 types

« 1700 T/m? gradient, 166 — 200 mm length
* 19.2 mm bore radius

* 0.5 kW power consumption

* Including additional correction coils

Pre-series magnet delivered

e ~ - - ] -
| : . N . = e
N - ) e, e
- R @
: - s 5] = .
- = by —
i "
e, o 5
'S T :
- =< = » ) »
s 3 1 % - & .
S W&
4
~ 3
> y %, .
4
b .
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. QUADRUPOLES

High Gradient

2 types
*89 & 87 T/m gradient £
+388 — 484 mm length DN

* 12.7 mm bore radius

*1.9 & 1.7 KW power consumption

Pre-series magnet delivered

Moderate Gradient

* 4 types

* Up to 54 T/m gradient, 162— 295 mm length
* 16.4 mm bore radius

« 0.7 - 1.1 KW power consumption
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. DIPOLE QUADRUPOLES

« 2 types

* Nominal dipole 0.55-0.39 T
* Nominal gradient 36-39 T/m

« 1028-800 mm

« 18.6 mm bore radius

« 1.6- 1.2 KW power consumption _
* Poles longitudinally curved

Pre-series magnet in production
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. OCTUPOLES

» 36900 T/m3 gradient, 90 mm length
« 18.6 mm bore radius
* 0.1 kW power consumption

*Allows the required stay clear for Synchrotron
radiation fan

Pre-series magnet in production
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. CORRECTORS

* Horizontal: 10 T.mm
 Vertical 10 T.mm

« Skew quadrupole: 0.12 T

« 25.5 mm gap mm bore radius

=
A \

Pre-series magnet delivered
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. GIRDERS

Four identical girders per cell

Mass of:

=Magnetic elements
=Supports 6-7T/girder
=\acuum equipements |
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. GIRDERS

= Girder supported by 4 adjustable Z feet made of motorised wedges

» Y adjustment by 2 manual jacks pushing the girder

_ HORIZONTAL (Y) | VERTICAL (2)

Girder to girder 50 um 50 um
= Motorized Z adjustment resolution 5um

= Manual Y adjustment resolution  5um

= 1st natural frequency :
- 50Hz (design criteria)
- 49 Hz measured

Z feet optimised for
maximum stiffness

bt
legetin
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. GIRDERS

* VVertical movement * Horizontal movement
Motorized Wedge Nivell DK2
Wedge Airloc Horizontal Jacks functions:
Z movement: =horizontal adjustment

=guiding the vertical
movement
simprooving the stiffness

*Accuracy: 10.8um
*Repeatability: 3.3um
sIncrement: 0.3um

Preload springs

«Pushing back»
(2x0.7T)

spring (3.5T)

Pre-series girder
delivered by
NORTEMECA and AVS

flatness 40um
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. VACUUM CHAMBERS

Y

v Three main families of chambers: In situ bake-out

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

: : . quadrupoles)
High profile aluminium

chambers (dipole magnets
+ other)

High profile stainless steel
chambers (quadrupoles,
sextupoles, octupoles)
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. FAMILY 1: ALUMINIUM DIPOLE CHAMBERS

4 dipole chambers per cell made of Aluminum

CH5

= Design completed
» Prototype done

= Manufacturing in progress

bt
........
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. FAMILY 2: HIGH PROFILE STAINLESS STEEL CHAMBERS

Thick ante-chamber
acting as stiffener

1.5 mm sheet EB
welding

==|== l I A
Ra.50 ¥ T !

= Design completed
= Manufacturing in progress
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. FAMILY 3: LOW PROFILE STAINLESS STEEL CHAMBERS

Low profile cross section (inside dipole-
guadrupoles and HF quadrupoles)

» Design complete

* Manufacturing in progress 7=t R
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. PHOTON ABSORBERS

= ~391 absorbers (including crotch absorbers)
= Total power to be absorbed: 504.5 kW

= Power density: 10 to 110 W/mm2
B A\
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. RF LAYOUT

Cell 5

\ 2\ %
_ dB 5 cell cavities replaced
Storage Ring ; by 14 HOM damped
H a single cavities
Keep the existing Teststand
transmitters @ @
@ @ 3x existing 150

kW SSAs
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. RF CAVITIES

Fabrication of 12 HOM
damped cavities by Rl

4 cavity delivered

2 cavities conditioned o
750 kV within 2 weeks

Page
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Cavity assembly area
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. BENDING MAGNETS SOURCE: 2-POLE, 3-POLE OR SHORT WIGGLERS

All new projects of diffraction limited storage
rings have to deal with:

Increased number of bending magnets / cell => BM Half assembly

field reduction

Conflict with hard X-ray demand from BM beamlines

AR B,
ESRF will go from 0.85 T BM to 0.54 T BM ~ ll \\ e
The BM Sources will be replaced by - }f -+ E’s —~—
dedicated 2-Pole or 3-Pole Wigglers Longitudina posiion (m}
—u =
] — 16T 23PW
« Field Customized e —
« Large fan with flat top field F —— 11w
- 2 mrad feasible for 1.1 T 3PW P AN ~
 Mechanical length < 150 mm £ | Flux from 3pw> osstonm
: : . ) 10" 4 \
 Source shifts longitudinally by ~3m ] P inegte in 2 ool g
« Source shifts horizontally by ~1-2cm

Photon Energy [keV]
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BUILDINGS FOR THE ASSEMBLY AND INSTALLATION PHASE

% e 4 ! J\\ ’\%\ |
N —— Chartreuse haII for dlpole
: assembly assembled
girder storage

\3ch|31'|33

Page
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GIRDERS ASSEMBLY IN ESRF01

om

5m

10m

15m

20m

25m

Page

1.) Movement of 12 pallets with
magnets from B2 to B1.

2.) Movement of 4 pallets with
DL-bendings from Chartreuse

3.) Movement of DL-supports

Movement of components
during assembling

4.) Movementof 4 girders"out

5.) Movement of 4 girders"in"

6.) Movement of vacuum
chambersand components.

S Iz

rLoc

1 o
o

Office

e T —am S TR

Oom 10m
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20m 30m

40m
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. ASSEMBLY PHASE

All the girders will be assembled in ESRF1 (Sep 2017 - Oct 2018)
and stored mainly in the Chartreuse hall before the Long Shutdown

1.) Sector Valve

Assembling
of vacuum
chambers

on dedicated
tables

Assembling T
of magnets on U rr——
the girders

Then opening of magnets and add the
whole vacuum section,... alignment,.....
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. DISMANTLING AND INFRASTRUCTURE PREPARATION

O The tunnel must be cleaned up prior the installation of the new
machine.

0 Some work/upgrade will be anticipated prior the long shutdown

O The existing machine will be dismounted using the cranes

O Each component of the present storage ring must be fully
dismounted, radiation measured, traced and stored following

French safety regulation.

1 Some civil work needed prior rolling the new girders.
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DISMANTLING & INSTALLATION PLANNING

a [Working document] MASTER PLANNING Print date - 22/11/16
DISMANTLING / INSTALLATION
MO resource leveling - 3 Entry points

19 _ |February 2019| March 2019 April 2019 | May 2019 | June 2019 July 20 | August 2019 |s r 2019 October 2019 | November 2019| mber 2019 |
. 17|24 (31|07 [14 |21 28|04 |11 ]18 25|04 |11 |18]25 |01 [08|15[22[29 06 [13[20[27|03]10]17 24 01|08 152229 [05|12[19]26] 02 [09 [16(23[30 n7|14|21 28| 04|11]18 |25 |02 |09 L6|23|Z
as! lame

ESRF_ZONE: 0-Milestone
1-MILESTONE
ESRF_ZONE: 1-TL2
CELLO4
TL2
ESRF ZONE: CELLSn® 4,5.6,7
CELLO4
CELLOS
CELL06
CELLO7
ESRF_ZONE: CELLS n" 8,9, 10, 11
CELL08
CELL09
CELL10
CELL11
ESRF_ZONE: CELLS n* 12, 13, 14, 15
CELL12
CELL13
CELL14
CELL1S
ESRF_ZONE: CELLS n° 16, 17, 18, 19
CELL16
CELL17
CELL18
CELL19
ESRF_ZONE: CELLS n* 20.21,22.23
CELL20
CELL21
CELL22
CELL23
ESRF ZONE: CELLS n° 24.25,26,27
CELL24
CELL25
CELL26
CELL27
ESRF_ZONE: CELLS n" 28,29,30,31
CELL28
CELL29
CELL30
CELL31
ESRF_ZONE: CELLS n* 32.1.23
CELL 32
GCELLO1
CELLO2
CELL03
ESRF_ZONE: TZ
to be define
TZ23
TZ25

Vacaton & PS5 T PR I svscoviwork [N 1orabiog SR I 13akeou SR I rcvs-cesLnG INSFE-TEST e
npis.orservices [  [:0s-CTVE WORK B ier anry [1Pazss 114155 Wk FE-VACULM s DA E ]

erew. o senvices [N rosrooneiaes [N i st I (1opvscem SR I 5sTesT I ressxeouT IO HSF

PSS FAL

1/52 remopal

I=n

[ Re insfa|idtior] of JLZ Jfo bE dejfine] T

¥

Dismantling and installation
sequence has be evaluated and a
preliminary schedule prepared

RERRLINER R RN InnAnnEl

I8

bling
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. INSTALLATION

Normally access for ordinary maintenance
IS via the roof, using over-head cranes,
but ....

Assembled girders are
too heavy for the cranes
=» Specific handling tools.

........
RC
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. PROGRESS OF EBS

EBS officially started on January 15t 2015
» No impact on user operation
» Continuation of the development (injector, top-up, cryo undulators,...)

Project execution progression:
» Engineering Design virtually completed

A\

Procurement in full swing

» Delivery of all pre-series components expected by end 2016/ start 2017
2 Schedule now heavily linked to external manufacturers!

» Assembly to be started in less than 1 year (mock spring 2017)

» Dismantling/installation/commissioning in preparation

At this stage, no major show stopper identified.
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. ESRF EBS IN THE INTERNATIONAL CONTEXT

Major new projects in X-ray science

Operational
Under construction
Planned

Beijing
4t Gen. Synchr.
Gatchina 3
4th Gen. Synchr.
| |

Novosibirsk
VEPP-V

Oxford

¢
DLS-II -

' Sendai
Krakow ‘ ‘ 3 GeV

yn

Berkeley Paris

Solaris
ALS-I| ’ Soleil -1l

\ ' Harima
Stanford Lund \ SACLA
LCLS-II Ui 1 ‘
‘ Harima h
Hamburg SPRing-8 Il PIC;AT-ng
Argonne PETRA-IV

APS UP PETR/  FLASH-II

Trieste oo Hsinchu

BNL ESRF-EBS FERMI-II TPS

NSLS 11 50 L Elettra -l
Pieste

Hamburg
E-XFEL

FERMI

=> A bright future for students!!!
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