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SVLEIL

SYNCHROTRON

SOLEIL Accelerator complex

Energy GeV 2.75
RF frequency MHz 352.197
Betatron Tunes 18.202 / 10.317
Natural Chromaticities -53 / -19/ Operation with 2
and 2.6
Momentum Compaction 455 x 104/
x, /x, 430x 103
Emittance H nm.rad 3.70 £ 0.2
Energy spread 1.0 x 1073
Coupling, € /¢, % 0.11
Current Multibunch mA 500 (qualified, operation
mode 2011),400 in operation now)
Average Pressure mbar 7 x 1010
Beam Lifetime h 18-11 h depending on IDs,
top up mode for the users
Single bunch current mA 20

|00 MeV Linac, Booster
synchrotron, 2.75 GeV
storage ring
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sot El- General presentation of SOLEIL insertion devices

The ID life ...

User request
(spectral range, polarization, taper, aperiodicity)

Conception

radiation : SRW
|D type : EM/PPM/hybrid, end magnets, in vacuum RADIA; OPERA/TOSCA 3D JELEKTRA 3D
effect on the e.beam : TRACY-Il, BETA, RADIA
mechanics CATIA/ motorization-power supplies

Construction
Magnetic measurements (B(x,s) [Bds, [[Bdsds’ Gn Gs, multipolar terms, phase error

Corrections (sorting, magnet exchange, adjustement) :|DBuilder
Field/helicity variation

Tests with the electron beam
vacuum, orbit, tunes, chromaticities, coupling => [Bds, [|Bdsds’ Gn Gs

Tests with the photon beamline
spectra vs. Gap/l, pol. => B, intensity,phase error

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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sot El- General presentation of SOLEIL insertion devices

The tools : Magnhetic measurement benches

.

I

APPLE-Il benches

. Couprie,
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sotEIL- General presentation of SOLEIL insertion devices

SYNCHROTRON

SOLEIL EPU

HU640 | HU256

Number 1 3
Energy (;(CV) 0.005- 0.01-1
0.04
Type Und. Und..
Technology EM EM
Polarization C,LH, C,LH, LV,
LV var. LHA, LVA
Periodicity P A
K (T) 5.4/6.6 7.9/10.6
By max(T) 0.09 0.33
B, max(T) 0.11 0.44
N Period 14 12
number
SS L M
Beamline DESIRS | CASSIOPEE
PLEIADES
ANTARES
Installed y y

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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soLEIl- General presentation of SOLEIL insertion devices

'SYNCHROTRON

SOLEIL in vacuum undulators and
wigglers

Number
Energy
(keV)

Type
Technology
Polarisation
Periodicity
K (T)

BX max(T)

Bz max(T)

N

SS
Beamline

Installed

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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sot Enl- General presentation of SOLEIL insertion devices

SYNCHROTROCN

Ph/s/0. 1%bw/mm ™~ /mr”

2

107
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10
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I

Brilliance

L L] Y A MR L) L LA B A A II .
E Eiectromagnetic ID

SOLEIL: 2.75 GeV
[: 500 mA
Emittance: 3.7 nm.rad

A e

\J  J | O™ T ll
In-Vac IDs

Applell ID

Coupling: 0.5 % _
E _ =
—— HU640 —— HUS0 — BM
e HU256) ] = HUG60 WI150 Shicing|
HU63 HU52| |- - WSV350
— HU42| |— - U24
-HU36 — U20
A A JLlJlll A A lllllll A A Aod A ALl A A lllllll
eV 10 eV 100 eV | keV 10 keV

SRW software
O. Chubar, P. Elleaume, Proc. EPAC-98, 1177.

O. Chubar et. al., Proc. SPIE 4143 (2000) 48; SPIE 4769 (2002) 145.
M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID

Photon Energy

100 keV
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SOLEIL

SYNCHROTRON

Implementation of the IDs

? u18 \A\'OSCO’IUM. HU36
2 o [ o

_ ¢ weal HUS2
) | £
HU44 | HUg8Q |Mcrorocus L

DIFFABS

Installed

! to be installed :

HUS0 :.Nr:.ass\ /

. MARS
U20 |swine
N \ \ eHt 1 WSVA0
U224 U267 5"'05""""‘ 2A-8 ¥ \ >t HUSO
v
U20 [ROXIMA 1L~ . DISCO
ACROSE W DESIRS
HU42 IHU64 i ,
' SAMBA - "o ;‘1 W _METRO OLOGIE ... .
[ et remc; wig4
oipsle | HU44 | HUBD lemeo 7 7 X \S®SIAL| U20 |rassercte
Onduleuwr = (;A:,.'.)jlis..""": DEIMOS HU52 HU65 t:'tée
U220
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sot El- General presentation of SOLEIL insertion devices

SYNCHROTRON

Medium and long straight section

Two different IDs for a wider spectral range / fast switching

Ex of PLEIADES with its two IDs Ex of HU44 and HU80 on TEMPO
Case of Cassiopee, TEMPO, HERMES, DEIMOS ..

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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sot El- General presentation of SOLEIL insertion devices

SYNCHROTRON

Medium and long straight section

Canted undulators with a magnetic chicane

Example : PXII-A/ PX-IIB

faisceau

2.25 mrad

&

-4.5 mrad

=

2.25 mrad

Ex of Nanoscopium/ Nanotomography

2625

3375

3375

2625

Déja en
place

3548.9

i

3320

3548.9

A

angle (mrad) Field integral 2.75 | Field integral | GeV
GeV (mTm) (mTm)
dipole | 0.5 4.57 1.67
dipole 2 5,38 49,12 17,93
dipole 3 11,88 108,46 39,6
dipole 4 6 54,78 20

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOt EIL 2- Chicanes for canted undulators

SYNCHROTRON

Permanent magnet chicane

Example of the Dipole |1.88 mrad
Length : 138 mm

Pe rmanent ;
magnet Steel core  p. . onent

Coil for | GeV )
operation §

Permanent magnets

Field.integral Bz.{mTm)

NdFeB 106

* Br=128T 105

* Hcb=962 kA/m .

* Hcj=1800 kA/m 0 slo 1(I>o 1;0 2(|)0 2;0 3(|)0 320

° — ricniati o
BHmax=400 kI/m*  Gap : 36 mm Tuner'tiggnet angle (°)

Dipole 0.5,5.38 and 6 mrad :
69 mm length

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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3- EPU and fast polarisation switching

Electromagnetic undulators : HU640

SVLEIL

SYNCHROTRON

-
-
-

* No iron poles

I ’|. = B, ~ s . '- ‘IQ‘ l —
|: ‘ 2 5 _ = :‘: “:*, "’Ho&l ‘ Il
! ; 3 e |
5 g AN,

* No motion

* 3 sets of coils (RGB)
* R and B are shifted by a

quarter of period

X [rma]

Radia code: http://www.esrf.fr

Bz(s)=Bg.cos[2ms / Ao +Br.SIN[27S/\o]=Bzo.COS[ 25/ Ao +1]

Fast switching : | Hz : 270 ms for switching -+600 A on
PS1, 300 ms flat top for data acquisition

17/03/2006

SOLEIL conception- Realisation Danfysik, Magnetic
measurements SOLEIL

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOLEIL

SYNCHROTRON

3- EPU and fast polarisation switching

Linear H,V, + Quasi periodic,

Electromagnetic undulators : HU256

Magnetis Ficld

~
T T T T

Circular
Coll. BINP
=180 A ' ' i
asf ™ EEE} .

g\ul M) ] " s
|I_ L,~60m ,\I | RELFYIN S2AAUL L L -39
-1

Field

0
udmal Posation

dipoles
etric field)

M—P

Reference for the
integral corrections

M. E. Coupriez,qrﬁlgﬁ?wg X3 lbcﬁpgﬂtqﬂature Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SULEIL 3- EPU and fast polarisation switching

APPLE-IIl

Total : 12 (3HU80, HU64, 2 HU60, 2 HU52, 2HU44, HU42, HU36)

2 Built in coll. with ELETTRA and 10 by SOLEIL
+ one spare HU60 under construction at SOLEIL

6 axes phase and gap variation Pre sorting, Assembly in modules
. . Modules measurements
aPeI"IOdICIt)’ Module assembly with iterative sorting
taper ID builder and measurement
. . Shimmin
8 axes' __correction coils Magic ﬁngir

14
5x10 ——————
HUG64 : Intensité sur axe avec € et o,

NE —— Onduleur périodique

£ 4 —— Onduleur quasi-périodique

B

2 | | |

= 3

Q’ I

£ 2

|

g

0 _LA - . :

200 400 600 800 1000

Energie des photons [eV]
ht Source, Thomas Jefferson Nat. Acc. Facility. March. 5-9,2012,WG ID
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SOLEIL

SYNCHROTRON

Example of ID-Builder optimisation

= 250
¢l O 200
— | o 150 | |
g Y N <1 100 | |
O.ZI_ I I | I f SOI._..'.I"'..;.”.-; -I"...I "I”......;_;
012345678 012345678
Itération de shimming Itération de shimming
_ QOETTTTTTTTTTTTTTT T _ 9
£ 6o} — {28
2 - Limit 5 7
2 40_‘ ] = 6
20_ | VI VI VI” IVNI VIN | 5-1- 1 | 1 | | 1
0123456738 012345¢6 78
[tération de shimming Itération de shimming

HU44 SEXTANT

ID Builder, Genetic Algorithm, O.Rudenko and O.Chubar, Proc. of 9th Int. Conf.
on PPSN 1X, p.362 (2006)
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SULEIL 2- EPU and fast polarisation switching

Short period APPLE-Il HU36
First assembly with Al magnet holders : Change to magnet holders in stainless steel,
deformation of the holders because of the low permeability, assembly with comparators

magnetic forces during a phase change
=> Mechanical hysteresis

.
<O
2
L1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I ] O ‘
P Rk =) el -5 '
201 Aimant A
-4 - Fx
100 _E-Fy
z -3- Fz 30 o
g 0 3
L Aimant B .
-100 —— Fx
- Fy
-200 & Fz
"1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 17 w o
-0.50 -0.25 0.00 0.25 0.50 g
Déphasage / Période [mm] ©
o
<O I~ 1
0
(e 0]
— . e ;
£ "”/J/Dgshimming = L4 ]
o - Shimming MF2 .
‘@ Fin d'assemblage (2 essais) |
:_ccu § ———— e ——
o

M. E. Couprie, ICFA Workshop on Future Light Source, Thoma
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S FIL 3- EPU and fast polarisation switching

SYNCHROTROCN

Motorization

BERGER LANR
STEPPER MOTOR
VHDM 113 LWC

DERGIR LAMR
STEMPER MOTOR
VRN 913 W

BERGER LAMR
e
Encoder difference at zero phase per girder

?
/
Z

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOt EIL 3- EPU and fast polarisation switching

SYNCHROTRON

EMPHU

Polarisation switching in 60 ms

Cu foils <> coils : B, Steel : core and poles

M. E. Couprie, ICFA Workshop on Future Light Source,

Permanent magnets : B,

Bx=Bz=0.24T

h. 5-9,2012,WG ID
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SOLEIL

SYNCHROTRON

T(°C)

24

Flux

3- EPU and fast polarisation switching

EMPHU

— Température Cuivre

Température Poles

28 4

4]
=]
<

1.465 —

5000 10000

Temps (sec)

Varaition du spectre=f(Température) |

15000 20000

1.460

EMPHU [=350A/G=14.7mm |

de température de 9.6 °C

1.455

Variation du flux de 3.7 % pour une ouverture
de 2mm x 2mm a 13 m aprés une élévation

Température aimants 21°C

1.445

\

1.440

1.435
1.430

1.425

1.420

1.415

N

% \

1.410

V

1.405

ey

g A\

1.400

[ 1

P

VN

0.337 0.338 0.339 0.340

0.341
keV

T
0.342 0.343 0.344

Energie des photons

0.345

25000

Température aimants 31°C

Temperature (°C)

—.— Température Aimants

Température Poutre

Température Eau sortie

Copper up
» ~—Copper down ‘
34 —— aimant_haut| |
33 —— aimant_bas |
. /[ ——————— ventilation off ——Gubss
—— Cu_haut
31 / / —— poutre_Alu |_|
30 [ Magnet up....~
29 ,ﬂﬁw
3 30 mn o
27 'ﬁ’!ag net down \
" e / \
. o | \
2 / L\
” // o\
» / N N\
2 = M——
| T
0 1800 3600 5400
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M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOt EIL 3- EPU and fast polarisation switching

SYNCHROTRON
Static measurements
10 2,0
Gap 14.7mm trajectoire horizontale 4 -350 A ’
8 trajectoire horizontale +350 A |
1,5
: W’\
ny
0,5 ¥ e
g " \A X K: ):._.A\A
0,0 - é ‘ ‘ ——
50 100 =150 —=—200 " 250
-0,5
10 ~-CVE (A)
’ -=CHE (A)
15 - -=CVS (A)
’ “*-CHS (A)
2,0

Corrector CHE-CHS: field integral adjustment

Corrector HUE-
HUS : pointing
adjustment

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SULEIL 3- EPU and fast polarisation switching

SYNCHROTRON

Pulse response without vacuum chamber

EMPHU

Dynamical measurements

e d #reponse impulsionnelle de 1A pdt 2ms
it
=
T -
[
Y
2 [ ]

10 500,.0‘0“60 o 7
*

)
0 o 800““"9"

Kol

Pulse response with vacuum chamber

0 20 40 60 80 100 120

140

160

®AVEC
CAV

-15 7

M. E. Couprie, ICFA Workshop on Future Light Source, Thg
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Matlab iterative correction
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b d
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L d
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pbmas Jefferson Nat. Acc. Facility.

March. 5-9,2012,WG ID
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Sot EIL 4- |n vacuum undulators

SYNCHROTRON

Magnetic and mechanical design

Hybrid technology Mechanical design

First series SmCo magnets,
second : NdFeB magnets
Vanadium Permendur poles

e
"

Peak field *q+*

08 \ |
ol \
RN
02 \
]
0 R

5 10 15 20 25 30

Gap *mm?**

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SULEIL 4- |n vacuum undulators

SYNCHROTRON
Magnetic measurements
10—: ; frassessageasanganans e oy g,
s sy S Somes Sasan: Sesnes 8 ey prypmrprpempey B M
: : : R el .
= ; =
$ =
3
S » 2
2 8
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-2,0G.m fioeeneeeen . S S . “
b eceoecneaes Becoeerceoes ; e | (e— | | | EErrr. | I
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10 . y . . r G Ry R ) Y e YA | b | R | SRR | e | i e |
20 23 o 38 =~ 16 18 20 22 24 26 238 30 32 34 36 38 40

Longtudinel Positon (m)

Phase error (Rms) = 2.5°

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SVLEIL

SYNCHROTRON

In vacuum wiggler
Choice of an in vacuum wiggler rather than a superconducting wiggler

8_
1 4
; 8x10
] [ 6
6 Z
E 3 4
= - S
> i o
= ] P 2
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S
= 0
%g |
& ]

s

20 40 60 80 100 120 140 160
Wiggler Period [mm]

T
i)

-200 -100 200

Longitudinal coordinate [mm]

" """"" Magnetic force between magnet jaws |]
KO b Without Springs
~ % | —@— With Springs

Magnetic gap [mm]

T

Iy
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M\

™
B
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SVLEIL

SYNCHROTRON

In vacuum wiggler
Choice of an in vacuum wiggler rather than a superconducting wiggler

g 4
] 8x10
1 — 6
6 Z
E 3 4
= - S
5 i o
= . 2
2 44
2 ]
= 0
-fs _|
& ]

s

20 40 60 80 100 120 140 160
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] VVVMO

-200 -100 200

—_
T

T
=)

Longitudinal coordinate [mm]

" """"" Magnetic force between magnet jaws |]
KO b Without Springs
~ % | —@— With Springs

Magnetic gap [mm]

T

Iy
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B

jeudi 8 mars 2012



SVLEIL

SYNCHROTRON

Measured

J

] | T
2.0 2.5 3.0 3.5 4.0

Longitudinal position [m]

Magnetic field [T]

In vacuum wiggler

! T
2.0F i
1.5F 4

Variation of the peak field
10F Magnetic gap: 5.5 mm ._
Calculated “
05+ ® Measured %
| | | I \
-40 220 0 20 40

Transverse excursion [mm]

Compensation of the dynamic integral by magic fingers
O. Marcoullé et al, IPAC 201 1,3236

J. Safranek et al, Phys. Rev. Special Topics (2002),Vol. 5,010701, pp. -7

’:‘ I l.b.. I I I I ;
= L Pole W idth
© 0 i 3
= ¥ : i
o0 Foof NG e :
=
: i A
= eraese Macm tmoels Field mtecrl al F
é 10\ i —— Dy llainlchléldIllteﬂlal'~'~~~~~~~§~~."‘..'~~ ]
v i s ; N
> . | Rendual . . i
-30 -20 -10 0 10 20 30
Horizontal tranverse position [mm]

Field integral [G.m]

20 RERARERSRRES Horizontal (measured)
. |=== Vertical (measured)
| - Vertical and Dynamic (measured)
10 B - [ Vertical and Dynamic (calculated)
0 fe —~c "
BT EEEEEES RN
*4 “““““““““““ -
_20 -l-l B I (R O LY (Y B Y I I B B N o I 4040 1 I I I I N EN I S I IR |
-40 -20 0 20 40

Position transverse [mm]|
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SOLEIL 5- Wigglers

SYNCHROTRON

Out of vacuum wiggler for the sllcmg
and PUMA beamline

|64 mm period,B=1.8T at |5 mm
for the slicing project, interaction with the laser at 800 nm
for PUMA, wiggler radiation

I I I I I T T T T T T T
P || Y | N | | O IO T st o
| |W164: Magnetic field|| | _ g | ; f
- TUTT T Tl — —— S
= :
> U0pP—e—="4v 759 v 7 v I9rviI5i\vi 3 : s s s s N .
= — 10" [|BRILLANCE| | | NN\
7777777777777777777777777777777777777777777777777777777777777777777777777777 2z = WI50 | | NN
| | | é ot Wted | N
| | | o [=— WI80 | U U A
2 3 4 5 6 71 8 9
-200 0 200 400 600 800 10 keV 100 keV
Longitudinal position [m] Photon Energy

Br=1.37T,Bs=2.35T

)Urce,Thuulao JSIITI DUl INat. AL, | aulit)’. March. 5-9, 201 Z,WG ID
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SOLEIL

SYNCHROTRON

Magnetic measurements on sample magnets

* Test Bench with NdFeB
and PrFeB magnets

* Full scale undulator with
PrFeB magnets, operation
temperature of 77 K

=> Variation of the
susceptibility vs T

Characteristics CR53 BH50 CH49 VAC764 | N50
Company Hitach-Neomax VAC Atlas-Yunshen
Type of magnet Pr,Fe B | Nd,Fe B | Nd,Fe B | Nd,Fe ,B | Nd,Fe B
Remanence Br (T) 1.35 |.40 .39 1.37 |.40
Coercivity Hcj (T) 1.65 1.39 1.63 1.63 1.38
Temp. Coef ABr (%/

°C) 0.11 0.11 0.11 0.12 0.11
Temp. Coef AHcj (%/

°C) 0.58 0.58 0.58 0.70 0.60
Dimensions (mm3) 4x4x4 4x4x4 4x4x4 4x4x4 4x4x4
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SULEIL 6- R&D cryogenic undulator

SYNCHROTRON

NdFeB and PrFeB 4 periods Test Benches

Validation of magnetic model at low temperature

¥ ) ) ]
.56+
. 0543
e
el
s
b o=
-
N
i
-* i Radio caloulatod magnoetie old 1 of 1120 with 1IEso
& —p NAcasurcd magnotic Beld 1L of L2O swaith 11 so
O.50 -
- | L L A 1
i) 150 2 50 SOV
Temperature (k)
O 8 T T T T 12
o022
e
o Qa0
-
w
o
=3
- O.AR .
- » vinle . vz tie 1eld 12 ol LR svith 1R S A
—— sovctie hielal 18 ol LT IEN svaith €128 s
O 506 [} A [} 1 5

1O 150 T 280 LT RES

Nd>Fe 4B and PrzFe 4B magnets characterisation and modelling for cryogenic

permanent magnet undulator applications, C.Benabderrahmane, P. Berteaud, M.
Valléau, C. Kitegi, K. Tavakoli, N. Béchu, A. Mary, J. M. Filhol, M. E. Couprie, Nuclear
Instruments and Methods in Physics research A 669 (2012) -6

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOt EIL 6- R&D cryogenic undulator

Room temperature assembly
PM Pr.Fe B , | | | | phafe em:or : 3.2
Pole Vanadium P : e
Period: |8 mm s |
N° periods: 107 >
Bz, .I5Ta77 K -
K: 1.9
Gap min: 5.5 mm N

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SULEIL 6- R&D cryogenic undulator

SYNCHROTRON

Low temperature measurements at 77 K

Gain of 10% on the peak field
Phase error at 77 °Kis 3.2° Rms

T 1

pm)

1} -4
 ( , ‘ LT
g ..nm“l"rw.'ﬁ]}
Bl | |
’;‘ ad § e Trajectory of UlS at 293 K and 5.5 mom gap ‘ 1
' - L w— lrppectony ol VISt 77K "-_15.‘|11'|;|p L -
0o ns 1.0 1.4 0 24
l.‘)" HH 1 1|
o ‘ I 1 | " (i ‘\ (1!
No baking = 0.5}
B=1.16T (1.05T <=
o (1. 2 90 — Bz0 at 77 °K
U20 NdFeB,0.96 = —— Bz0 at 293 °K
T U20 SmCo) Z .0.sf
=
S
“ .0f |
0.0 0.5 1.0 1.5 2.0 2.5
Longitudinal position (m)
15
010 2, Harmonic H3 ' y y y
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g > 0 Spectrum ol LIS at 77 K at 17 m through a shit 001 x OO man? ]
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SULEIL 6- R&D cryogenic undulator

SYNCHROTRON
35F T T T T =
e 1ol —&— Phase error RMS versus gap at 77 K _
B
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L
v
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SULEIL 6- R&D cryogenic undulator

SYNCHROTRON

Cooling to 77 K

,‘ / ................................. "
)
. 0 Cryvopeme undulator Cooling down 2
’ «
. 3
N -
: b -
“
- .
.

— Magnoet Temperature 7
Vacuum prossure 10

10

Temperature [C
z
[ssegw] aunssalg

Cryo Cooler: Power 2000 W (<300 W), Liquid LNZ2,
Pump : 30 to 90 Hz (40 Hz), Flow : | to 30 I/mn (5 I/mn)

Begin: 2011-10-01 2200 32.066, Ina 2011-10-04 0440 12,06
600 ~ -4 ~188

Current

SO0
{-189
ﬂ I
400 : ~189,
v wJ

g agnets temperatures e

200} /,-v— o

100 [\ ~191
-102

o
ap X - 1 -102.
i 3300 00 00 0100 0700 03 00 04 00 <

-~

—NS FOG DCCT -CTRL fourrent fread (Y1)
—ANS-CI13/EVL-ULB. 1 /gap/read [10.0%y] (YD)
— NS - CASVUPTLI00.0% ftemperature fread (Y2)
ANS-CII/VUPTIO0O 13 /temperature fread (Y2)
—ANS CAZ SVUPTI00. 1S ftemperature fread (Y2)
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sot El/- SOLEIL beam operation in presence of the IDs

SYNCHROTRON

SOLEIL lattice

N One of the 4 SUpPCr-p eriods '“’*{ . R sonances dlagram and nominal
b B =10 m i L Lo erat/ng point location
20 ﬁ 1034 'ﬁl. \7 , = ——“'.‘,
2(m) 1032F 2\ : LT
m m \i NP =T
e \ ”3 A= 18.202 210.317
/\ /\ 1028 P \‘ e , ,’!.
10 1025} - £\ N e : /
A ALY B0 7 e <o
5 10" (m \%/ \%/ 10 :3,"\"\_____ N “". P 1 ’ Epr
\/ \/ v 102 ,i-:-,-—-'::‘:;"ﬁ' e R 2 ‘ 4':-1 i
0 1816 1818 182 1822 1824 1826 1828 183 18%
0 10 20 30 40 50 60 70 80 v
" s (m) 30 . .
_5 B (m) Symetry 1 : «<Nanoscopiuny» optics
Py=>m
25 25
20 20
Bz (m)
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sot El/- SOLEIL beam operation in presence of the IDs

SYNCHROTRON

Dipolar terms : field integrals

Comparison magnetic measurement hall/ electron beam

| | | | | | |

E
E E
-

E Faise electron
- —&— Faisceau

E () g d'électrons beam

0 & .

o
5 \ pulsed

B =2 wire ——— Sonde a
pd effet Hall
=

=+ —
] |

1 1 1 1 1 1
02 04 06 08 1.0 1.2 14 16 1.8 2.0
Champ magnétique (1)

In vacuum wiggler

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID

jeudi 8 mars 2012



SoLEIL

SYNCHROTRON

Dipolar terms : field integrals

Comparison magnetic measurement hall/ electron beam
—=>FRWPD-tables

CAUVIWYD I |

0.1 p—
0.0~

-0.1r _~
o200 —
R e B .

I [Gm]

Mesures sur faisceau : Mesures magnétiques :

= =« Phase=0 e Phase=0
O 2 ! ! Phase=-15 Phase=-15 _I_

. = =« Phase=15 e Phase=]5
2 e N S Phase=-30 Phase=-30| .. B

O O : e« « « Phase=30 e Phase=30
. M . ! ‘ ‘

0.2F e SIE
-0.4F

I [Gm]

e
.o
AL 3 WY
........
..-"..“‘Ouoﬁo-.-------3 ----------------

! N * & » =¥
oooooooooooooo
-

HUB0 ANTARES Entrefer [mm]
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SVLEIL

SYNCHROTRON

Analog FFWD for EM IDs

Reduction of the spikes due to unperfect synchronisation between main
and correction power supplies, via SPI controller

| | 140
Storage ring current
Ex H U 25 6 200 N
Cassi opee, Undulator main current———— Profibus
on control 11120
. Profibus
PI"OCIUCtIOn. ,_, 100 - ‘ control \ o
% Undulator correction currents\ Ef
Test on 5 0 @ W 7100 =
5 =
HU256 (Dec) © Orbit correction -
Vertical orbit IAnalog control | 30
FO r H U 6 5 -100 _Horizontal orbit k
EMPHU : Mid ‘,__%m,w«n
|
2 I I W T o T
0 2200 | ! 60

Time [x10” s]
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SVLEIL

SYNCHROTRON

Increase of the electron orbit length
due to some IDs

Tlx(Si) KzLu

Ax(s,;) = - o 4
HU640 HU256 HUS80 WSVS0 U20
K 8.87 9.56 7.1 9.8 1.8
L, [m] 10 3.5 1.6 1.9 1.9
1 ond [m] 0.2 0.13 0.13 0.28 0.28
<Ax> [um] 8.6 2.25 0.57 2.27 0.08
predicted

Transverse shift of the orbit up to 10 ym
=> Change of the RF frequency joined to the FFWD tables
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sot El/- SOLEIL beam operation in presence of the IDs

‘Resulting source point stability
ow and Fast Orbit Feedback

SYNCHROTRON

FFWD tables with S

Position x
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'
1

0 S e Ay + 1Ty et ot s o

IEEEEEECFE
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sot El/- SOLEIL beam operation in presence of the IDs

~ “Resulting source point stability
FFWD tables with Slow and Fast Orbit Feedback

EEFECECEE FEEEEECEE Angle z

50
40
30

- o -~ - - ~ e ———
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sot EIL/- SOLEIL beam operation in presence

SYNCHROTRON

of the IDs

Skew quadrupole : Coupling

Coupling induced by IDs

| HUG40 DESIRS Corrected

HU256_PLEIADES
HU256_CASSIOPEE
HU80_PLEIADES

Huso TEMPO NN
HU60_CASSIOPEE
"HU52_LUCIZ

HU52_DEIMOS

HU44_MICROFOC
HU44_TEMPO
U20_CRISTAL

U20_PXI

U20_SWING

-0,2 -0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
[%]

Strong coupling induced by HU640
reduced by modification of the coil
position

S ng
T
VA
A
’.’//( > » 5 ..‘
Tune Shift
correction
; AUp A
T r ! lllz';' [P
~ T T T T
< | <45 .
A A e
‘llll_lllll < lllllll
1 X [}"«
Down

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOLEIL

SYNCHROTRON

Quadrupolar terms : tune shifts

O Tune Shift X
B Tune ShiftZ

Expected Tune Shift

0,0150 —
P >=18Mm <p,>=4.9 m <p.>=11.9 m
0,0088 =9
—<. <B.>=3.5m <B.>=9 m
0,0025 L — — S - .Bz_ — N [] B, 2 ]
— — ©- Tl T T =
-0,0038 || | | | |
-0,0100 . . ; ; . . . . . : : :
N o V o O % ¥ e O S < % % >
A G S S N SR SO N SR A g S
Nl Y & L & F & £ L & & & L & ¥
/s N 4 \)
NS SEIN IR ¥ W o> o3 T o & &’
A MR &, X ¥ S ¥R
Q N Q SR X
Measured tune shift = Tune Shift X @ Tune Shift Z |
0,015 gradient correction
0,01
0,005
0 ,_- T \J T \J_V_‘:__V_:F T J T |_F T \J T T T T —I T - — T [ T IJ_“
N o o O 2 v O % % o S
0 °°5§Q+ > T /\%/“g & Q)\@ \,\0 & r s g uo(g/ \9(0 /\\Qg/ <<*'9\QL &
N ; & & S o> 2 & & 2 & N o
0,01 \5\9 \)q/Q/ > DP\ ® \(oql 7 \2@9) QS}@ \{\\)Q)Q/ - @ bQQV (-09?@ v)(}\Q\/ (J%Y \)Q')D‘Q/ ; 7

jeudi 8 mars 2012



SVLEIL

SYNCHROTRON

Quadrupolar terms : tune shifts compensation

Global Tune Feedback (2 Quad families)

Beam current

e
Tune z

0.3
IxTau

) e e e = ————
Tune x

Yk et
s | (M€ (D)
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SOLEIL

SYNCHROTRON

Sextupolar terms : chromaticity

Chromaticity KsiX induced by IDs

U20_swiNG [ I I

I Hus40_DESIRS

HU256_PLEIADES |
HU256_CASSIOPEE
HUSO_PLEIADES
HU80_MICROFOC
-@‘ CASSIQPEE
HU80_CASSIOPEE
HU52_LUGIA
HU52_DEIMOS
I FU44_MICROFOC

HU44_TEMPO
U20_CR STAL :

| U20_PXI

0,2 04 0,6 0,8 1 1,2

Field integral (G.m)
’T-

—— |z_becam_Swing
—&— Ix_beam Swing

1 |

1

- (L) -
[ransverse position (mm)

*Chromaticity in X induced by U20_SWING
*No chromaticity induced in Z plane
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sot El/- SOLEIL beam operation in presence of the IDs

Effect on lifetime
High value of bebatron functions + initial
high energy acceptance (6 %) at SOLEIL
PS1 (HU640) In vacuum ID
s — o ifetime (h)
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It.10934

SVLEIL

10.26

1024

1022}

102F

... Bare machine

10,18

SYNCHROTRON

‘Modelisation with field maps

On-momentum dynamics — injection efficiency

(tunes at 18.176; 10,234)

1 i i

i 1 1
18.16 18.165 18.17 18175 18.18 18.185 18.19

Off-momentum dynamics
(tunes at 18.176: 10.234)

hanoscopium

i 1 i ]
18.2 18.25 18.3 18.35 16.4 15.45 18

Acceptance en energie e (%)

1 i I l i L i
18.165 18.17 18.175 18.18 18.185 18.19 18.195
v
%

-8 I i i 1 ! 1 i
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result. 10934
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. T T T T T T T
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1 1 1 i i 1 I g
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vy, 3
£
g

T .
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SOLEIL

SYNCHROTRON

Transverse Mode Coupling Instability
Threshold

25 - 0,214 -
-8 sigmaL=20 ps December 2006
Q‘ sigmalL=30 ps 0,212 1 ---4¥--- Four invacuum IDs at 10 mm
20 % -sigmal=40ps | --®- Four invacuum IDs at 5.5 mm
2 0,210 : :
p— .\ “\ : E E
= - : :
€ 15 : = 0,208 - -
£ g ®oTeETE -
D e :
= 9 0,206 :
@ 10 "= | S é
R L2 0,204 :
5 3 0,202
\‘::* ..... T T T T T T T T T
v‘--«:::::::h* : '9 0,200
0 - - - - - - 0 1 2 3 4 5 6 7 8 9
0 ° 10 15 20 2 30 Single bunch current [mA]
Full gap [mm]

10
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SVLEIL

SYNCHROTRON

Conclusion

Beam commissioning of SOLEIL with aldready several ID installed

Active construction of ID at SOLEIL : 25 (4 EM, 12 APPLE-Il, | EMPHU, 7/8 in vacuum
undulators, | cryogenic undulator; | in vacuum wiggler, | wiggler to be built)
=>Wide variety of systems

Study of the effect on the stored beam and comparison of magnetic measurements,
further correction with magic fingers

Modification of APPLE-II carriages : 180° phase variation
Renewal of CLIO FEL undulator

R&D : - PrFeB cryogenic undulator
- Robinson wiggler
- other

] || A

\\ - 4 8 n@El| Iy §---
'\, . , S | ‘ =8
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SYNCHROTRON

sot EN6- SOLEIL beam operation in presence of the IDs

Begin: 2009-03-19 22:00:00.388, End: 2009-03-21 09:00:00.388

Ga
P/lﬁmel temperature

Gap

Cristal

Tunnel temperature

L L L L L
01:00 07:00 13:00 19:00 01:00

AR AR IAT A e AATAA A

Begin: 2009-03-05 09:02:19.388, End: 2009-03-10 07:41:20.388

T Ga
ap
PROXIMA-I

Tunnel tempeggtu

16:00 19:00 22:00 01:00 04:00 07:00 10:00 13:00
ANS-C10/GTCICVC-MT022temperature/read (Y1)
—+— ANS-C10/El/C-U20/gap/read (Y2)
= —+= - ANS-C10/El/C-U2W gapiwrite (Y2)

Maintenance of installed IDs
- Encoder change
- Beamline Energy drift due to gap change induced by temperature variation

AT=2 °C, Agap ~ 25 microns

m

—
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SOLEIL

SYNCHROTRON

SOLEIL sizes and divergences at source

[ ]
points
Horizontal emittance 3.7 nm.rad
H Size H Divergence
BetaX EtaX SigmaX Sigma XP Effective
m m “m Yrad Emittance H
Short straight 17,8 0,285 388 14,5 5,61 nm.rad
Medium straight 4.0 0,133 182 30,5 5,56 nm.rad
Long straight 10,1 0,200 281 19,2 5,40 nm.rad
Dipole 4° 0,38 0,021 43 107,0

Vertical emittance 37 pm.rad (1% coupling)

V Size V Divergence
BetaZ SigmaZ SigmaZP
m “m Urad
Short straight 1,75 8,1 4,6
Medium straight 1,77 8,1 4,6
Long straight 8,01 17,3 2,2
Dipole 4° 16,01 24,5 2,1
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sot El- General presentation of SOLEIL insertion devices

SYNCHROTRON

The tools : Magnetic measurement benches

Example of field integral measured with the pulsed wire technique

2.0
1.4k}

Tension (V)

Tt gprmle simiplae
1.8 2.0 2.3 2.4 2. iy 2.H 3.0

Faes vbaaern §oaak

CuBe wire : 125 ym diameter, 10 N, sag : 65 ym
5 A 2 ps bipolar pulse generator developed in house
Photodiode for vibration detection

Pulse 4.5 A At=10 ps
Measurement of an | T, I8 mm period, 2 m
long undulator

Signal/Noise : 26.02 dB Measurement of the wire velocity

Wiener filtering

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SULEIL 4- |n vacuum undulators

SYNCHROTRON

Magnetic and mechanical design

First in vacuum undulator
purchased to Danfysik
Per sorting, Assembly in modules
Modules measurements
Module assembly with iterative
sorting ID builder (genetic
algorithm) and measurement
Shimming, Magic finger

After assembly

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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SOLEIL

SYNCHROTRON

Genetic algorithm based ID Builder

O.Rudenko and O.Chubar, Proc. of 9th Int. Conf. on PPSN [X, p.362 (2006)

Evaluation: Magnetic Measurements Data Undulator c o
on Individual Magnets (/ Magnetic Field haracterlstlcs
Ordered Modules) & Partly Assembled (/ Field | Fitness Terms
Magres (Decoduin ULHEET ") ecronTrecory
Sequence(s) Undulator Straightness !
StrUCture \ / S-S SSSS=S=S=S=-====h
12345678 7 L _—1 Radiation Phase
— ﬁl’ . — . Error
54817263 2 >l

1

\: J

24 6 8 ' Field Integral |

A ’ / \ deviation from zero |

Mathematical Model ———<c " > N\ | e o r e .
| Total Field Calc. -_|_nt_egr_afe_d_|\4u_ltlp_ol_e_s_ |
Method

Variation Operators for Permutations:

Mutation : - e.g. swap items (magnets) at two randomly chosen positions = [54817263]——>

ClossoveI =-e Ide l = [ ! [l ?2?2?24567? [ —
. g. Ko ri»

Advantages : object function, arbitrary search space, search from ap population, mutation and
cross-over => global optimum, multi-modal/multi-objet
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SOt EIL | -SOLEIL presentation : beam current

SOLEIL Machine status

500 mA (in 312 or 416 buckets), with two cryomodules, used for beamline
radioprotection, 400 mA for user shifts, top-up, few shifts in temporal
structure mode or hybrid mode

17/,05_110 390.30 mA 02.C _&s__ PLEIADES (B;;t 04/_11_/10 m 02.C !sll%ﬁ g&
15:51:51 wa.c 12:20:32 e

06M  CRISTAL  SMIS DESIRS 106 M SMis
Function Mode MACHINE DEMOS [GALAXIES] Tempo  AILES Function Mode TOP-UP

DEMOs  DGALAXIES | TEMPO AILES

- s MARS MARS
CITSLC T 1 bunch Hybride sl L S Filling Mode RIS T oL 0ISCO
DUBX2I  SWING  ANTARES oo o ¢ 583 h PX2 SWING ANTARES oo
Lifetime 10.06 h NANO_SCO MICRO_FOC  SIXS saman Lifetime NANO.SCO  SEXTANTS  SIXS SAMBA
Integrated Dose m CASSIOPEE  SIRIUS LUCIA  DIFFABS Inegrated Dose EYIFE.-FN cvwicrns simus IITEUCIANY poirrassy
Average Pressure Orbit (RMS) Orbit (Peak Emittance Tune Average Pressure Orbit (RMS) Orbit (Peak) Emittance Tune
9.7e-10mbar ] 460pm | 28 mh-xmn 4le-10mbar [J] 420pm | 25 | 387 nmrad | 02
~ NextUser Beam W 672 ym | 37¢ 491 pm.rad | 0.2823 | End OfBeam W 67.0 pm | 358.7 ym | 44.6 pmrad | 03101 |
< May-18 07:00:00 SR S ta Nov-08 07:00:00 ISR Rt
£ [EE— bos Shift Machine 90:39:30 Tue Nov 2 09:00:01 Shift Lignes
c 100
s N
J L
S 300
O | 60
200
g I()Oi o
o ‘ 20
m ), _ I
1700 13.00 16.00 19.00 2200 0100 04.00 07.00 10.00
om May 17 124925 Tests Mode hydride e Nov 2 09:00:40 Faisceau disponible 8 paquets
Time (h) Time (h)

M. E. Couprie, ICFA Workshop on Future Light Source, Thomas Jefferson Nat.Acc. Facility. March. 5-9,2012,WG ID
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