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The upgrade of the Synchrotron Light Source - SLS2.0
https://www.psi.ch/fr/media/sls  -20

PSI

.E | —
10
E s ssm
oo et
Aus L5 — —
ABATE solei N
ALS
o, - El W= KBy = 1OT LW
§1D -~ Diamond —
X ~. x 35
£ ~. ESRF
= 2 Elatira2.0®, RERSIT 48
= gl ‘ SPring8 _
el CHESS I <
N-?;10 %:"" gse PETRA Il 3
ﬂuX Qs e Sl520 N~
. & Diamondi

B —_ 9 [ ~ ® SPrings-Il 1
1 0 E ESRF-EBS .\ _E

Briliance  CIMIttance oy

~
® HEPS i - 1 y s BRI R —— e
PETRAIV @ g o
P

-10 . PR |
10 400 1000
Circumference [m]

SLS 2.0e, = 157pm.rad N T e
First light: 2025 ' '

2 Psi
7.5
Reach 400 mA
Open BMBL shutters
& Test PSYS
1 3 6 8 10
Storage ring S152.0 funding P h ase 1 Tunnel closure Start first pilot Re-start user
lattice defined secured 16.12.2024 user operation operation
30.06.2020 1.1.2021 ca. May 2025 01.06.2026
v v o ||
Phaca
Stored beam i 025 R o - L
lore earn 1 January ; 4 r ¢
2 4 5 7 9
; - Beamlines & beamline Ready for Start dark time Nominal beam Start shutdown
positions defined dark time 30.9.2023 available Phase 2
30.09.2020 17.10.2022 ca. May 2025 21.12.2025
=}
N

Shutdown: machine and Machine and source Regular I h ase 2
source installation commissioning users



%

Complet

&

§§§§§§§§§§§§§§§§§§§§§$§§§§§§§§§§§§§§§§§§§§§§$éé3§§

Girder Pre-Assembly 48+12 Units

Installation dates ARC's

ARC 10 ready (ohne Triplet)
Installation ARC 10 (Superbend)

ARC 01 ready (ohne Triplet)
ARC 01 Triplets ready
Installation ARC 01 (Superbend)

ARC 09 ready (ohne Triplet)
ARC 09 Triplets ready
Installation ARC 09

ARC 12 ready (ohne Triplet)
ARC 12 Triplets ready
Installation ARC 12

ARC 11 ready (ohne Triplet)
ARC 11 Triplets ready
Installation ARC 11

ARC 04 ready [ohne Triplet)
ARC 04 Triplets ready
Installation ARC 04

ARC 05 ready [ohne Triplet)
ARC 05 Triplats ready
Installation ARC 05

ARC 07 ready [ohne Triplet)
ARC 07 Triplets ready
Installation ARC 07

ARC 06 ready [ohne Triplet)
ARC 06 Triplets ready
Installation ARC 06 (Superbend)

ARC 08 ready ohne Triplet)
ARC 08 Triplets ready
Installation ARC 08

ARC 03 ready (ohne Triplet)
ARC 03 Triplets ready
Installation ARC 03

ARC 02 ready [ohne Triplet)
ARC 02 Triplets ready
Installation ARC 02 (Superbend)

Mounting of Vacuum Sector

ARCs : Preassembly and
Installation Plan

PSI

. .. Magnets per arc
(courtesy J. Wickstrom Dipoles (PM) 7
Quadrupoles (PM) 24
Duration  Start Finish . Quadrup0|es {EM) 8
2nd Quart 3rd Quart: ath Qu
TR TR Mar Ape Vs Jun i e sep ot e | Sextu p0|e5 {EM) 22
389 days? Mon 03.04.23 Mon 28.10.24 1 389 days?
265 days? Mon 02.10.23 Mon 28.10.24 1 265 days? Octu p0| es (EM) 22
265 days? Mon 02.10.23 Mon 28.10.24 t Y 1 265 days? )
e _ T — Stand alone Sextupoles (EM 2
Odays  Fri01.03.24 Fri01.03.24 | 01032
Lday?  Mon02.10.23 Mon 02.10.23 Corrector CH (EM) 9
Odays  Wed 03.04.24 Wed 03.04.24 'ady (ohne Triplet) @ 03.0424
Odms  Mon 16032 Mon 180324 Bresdy - 180324 Corrector CV (EM) 9
Odays  Wed 03.04.24 Wed 03.04.24 RCO1 (Superbend) 4 03.0424
Lday?  Mon02.10.23 Mon 02.10.23 Total 103
Odays  Wed 17,04.24 Wed 17.04.24 \AC 0 ready (ohne Triplet) ¢ 17.0424
0days Mon 0F.04.24 Mon 08.04.24 ARC 09 Triplets ready . 08.04.24
Odays  Wed 10.04.24 Wed 10.04.24 | installation ARC 09 ¢ 10.04.24
1day?  Mon 02.10.23 Mon 02.10.23 | 1 ’ 1
SR NRTEE S TR | 45 s o o § 6165 For the first 8 ARC’s the Triplets are
Odays  Mon 29.04.24 Mon 29,04.24 ARC 12 Triplets ready - 29.04.24 . . .
Dams  Wed 200428 wea 260028 wston C12 @ toA24 | ™ | installed during pre-assembly or in
Lday?  Mon02.10.23 Mon 02.10.23 | | i
Odays  Thu16.05.24 Thu 16.05.24 ARC 11 ready (ohne Triphtt] @ 16.05.30
e e e tunnel right before the vacuum
Odays  Tue2105.24 Tue21.05.24 Installation ARC 11 4 zx.@s_u . )
Lday?  Mon 021023 Mon 02.10.23 Cham ber |ns‘tallat|0n
Odays  Mon 03.06.24 Mon 03.06.24 ARC 04 ready (ohne Triplet] g 03.06.24
Odays  Mon 24.06.24 Mon 24.06.24 | ARC 04 Triplets ready . 24.06.24
0 days Fri14.06.24 Fri14.06.24 Inatallation ARC 04 4 140624
lday?  Man02.10.23 Mon 02.10.23 |
Odays Maon 17.06.24 Mon 17.06.24 ‘Rtﬂsuid\'lﬂhn..'ﬂplll] & 12.0624
Odays Mon 15.07.24 Mon 15, . h 5 Triplets ready 15.07.24
vans wemoror2amenolf |nstallation of 6™ ARC [wews ¢ oonas
Lday?  Man02.10.23 Man 02
Odays  Mon 01.07.24 Mon 01.07.24 ARC 07 ready (ohne Triphtt] 4 01.07.24
0days  Menos0s2aMencsos2e JUNE | ARC 07 Triplets ready , 05.08.24
Odays Fri05.07.24  Fri 05.07.24 Installation ARC 07 4 05.07.24
lday?  Mon02.10.23 Mon 02.10.23 [ - [—
0days Mon 15.07.24 Mon 15.07.24 &?C 06 ready (ohne Triplet] ¢ li.D)J?
Odays  Fri3008.24 Fri30.08.24 I ARE 06 Triglets ready | 30.08.24 q
Odays  Wed 17.07.24 Wed 17.07.24 installation ARC 06 (Superbend) @ 17.07.08 FO I th (= I_ast 4 ARC S th e
1 day? Mon 02,1023 Mon 02.10.23 . .
0days Maon 29.07.24 Mon 29.07.24 ARC 08 ready (ohne Triplet] 4 29.07.24
Do Mo 160924 won 180924 e Triplets are installed
Odays  Wed 31.07.24 Wed 31.07.24 Installation ARC 08 4 31.07.24
lday?  Mon02,10.23 Mon 02.10.23 I I I — aﬁer the Vacuum
Odays  Tue13.08.24 Tue13.08.24 .
Odays  Mon 07.10.24 Mon 07.10.24 |n5ta”at|0n Of Iast AR Clisies sty = 07102 g g
Odos  Mon 260824 on 260824 g chamber installation
1day? Mon 02,1023 Mon 02.10.23
Odays  Tue 27.08.24 Tue 27.08.24 Sep t ARC 02 ready [ohne Triplet) @ 27.08f4
Odays  Mon 28.10.24 Mon 28.10.24 ARC 02 Triplets ready ¢ 28.10.24
Odays Tue 1009.24 Tue 10.0924 I Installation ARC 02 (Superbend) 10.09.24
286.2 days Fri 14.07.23  Tue 10.09.24 . ——] 6zdin j—

Pre-assembly in adedicated hall and installation : 2 arcs pemonth from May 2024
Parallelisation of magnetic measurements mandatory
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SLS2.0 magnets : the challenges

PSI

ﬁ Fields above 1 T and increased field gradients Lack of
(A Combined function magnets space !
A Tight tolerances (field quality MIOMN B HOAlig@etike@W B0 micromefers)

A Three types of magnets (electrgfermanent /superconducting)
A High number of magnets 16 different types

@\ Dense packing of magnets (Cross-talk effects).

QTight schedule for the design, production and measurements.

H&YV steerers

Reverse bend Triplet | soQ
OC Octupole (with quad and skew quad)
SX Sextupole AN Reverse Bend (shifted PM quad)

VB (shifted PM quad)
BN (PM dipole) SX Sextupole

j-\NM Reverse Beng

8 PM quad)

—

BE PM Dipole

SX Sextupole
VE Reverse Bend (shifted PM quad)




Magnets for the SLS upgrade

|~ gl

BPM CV CH

ANM  BEV SXQ BE

Dispersion suppressor

QP QP
Matching cell

QPH QPH

34 O00ONdFeBblocks

1.32 1.34 136 1.38
B [T] @20[°C]

Permanent Magnets*

BN 56 Dipole
BS 4 Dipole
VB 96 Quad
VBX 24 Quad
Triplet 60
AN 120 Quad
ANM 24 Quad
BE 24 Dipole
VE 24 Quad
Total : 372

— r
™
B AV

Electromagnets

QP 55 Quad

QPH 53 Quad

SXQ 24 6-Poles

SX 264 6-Poles

OC 264 8-poles
SOQ 264

CHV 112 Steering
Total: 780

* Reduction of the magnet power consumption ~60 %

1152 (phase 1)+ two 5 T superconductingsuperbends (phase 2)



SLS2.0 permanent magnets

Dipole BN (56)
1.35 T; L=405 mm; G=22 1

VB (120)
0.84T

40.6 T/m

-

Quadrupole AN(M) (148)
72.578T/m ; @=22 mm

e

Quadrupole VE (24
45.8 T/m; @=22 mm

2.1 TSuperbend (4)
Gap =14 mm; L=405 mm
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Quadrupoles (110)
93T/m98 T/m
@=21 mm

Steerer<CH/V
44 mT: 31.4mT

SLS2.0 electromagnets

Sextupoleg2886 types)
5093T/m?-5840 T/n%

Combined functions
Octupoles (264 types)

. 30 coils (8+8+8+6)

. ARMCO yoke and poles

L Water cooling for 6-poles

. air cooling for 4-poles and 8-poles
. 4 power supplies 5 A (3) & 50 A (1)
. Mass: 260 kg

B"/2,T/m? 5850
Aperture (@) sextupole, mm 22
Yoke Length, mm 84
Yoke mass, kg 93
Current, A 50
B"’/6, T/m3 63000
B, T/m 2.8
A, T/m 5.6
Aperture (@) octupole, mm 29
Yoke Length, mm 44
Yoke mass, kg 40
Current, A 5

3jodnypO
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5TNDbTi Superbend 1 phase 2
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Current lead

Coils and Y R, el VT W M
Pre-compre:
structure

2 operating scenarios: 3T and 5T peak field.
Superbenddelivery plannedbetween July and fall 2025

2 new VBS yokes are required (normal VBs are too weak);
Powertests and magnetic measurementswith till end of 2025

-0.4 -0.2 0 0.2 04
beam direction [m]







SLS2.0 Magnet gualification

Challenge : 100 % of magnedse measured at PSI
7 measuring test benches operational since September 2023

Systems Electro Permanent 3-5T
( X benches) magnets Magnets superbend
Rotating Field Strength Field Strength L _
coils (2) Multipoles Multipoles Accuracy (wire) : k2 units
Magnetic axis Reproduciblity : 1unit
Moving Magnetic axis Triplet: Axis : < 30nicrometers
Wires (2) (reference magnet) Field Strength
alignment
Vibrating Magnetic [
Wires (2) Axis(SOQ) 1 unit=p ”ﬁ
3D Field Field Strength Field Strength Field
Mapper & Maps & Maps Strength 1 unit=0.01 % relative
cross talk) ( BE & cross talk Maps meas. field
Integrated FieldStrength Moving Wire Rotating Coll Compact Field Mapper
Uncertainty vs ref. (units) Reference <5 units ~10units

* Reliable and accurate measurement systems




Infrastructure for SLS2.0 magnets:
I\/Iagnetrc I\/IeasurementLab |
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Seven magnetrc measurement benches are operational
since september 2023

Assem‘bly‘“& Measurement
& Support teams for SLS2.0 @ {;
In 2024~ 22people P e

fu




Sextupoles &Octupoles axis measurement
» with vibrating wires
Team of 4 persons

ppm———
= [ R

Triplet measurements and alignment
with Moving Wires
Team of 4 persons

Magnetic coupling studies with Hall mapper
Team of 2 persons
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Alignment and tuning of the trlplets a multl step process

Gmulation including crossalk (once for all) ) N

a. Extract the nominal field integral of tretand >
alone dipolefor magnet shimming

b. Extract thehorizontal & vertical field gradient
componentsGhor, Gverand the nominal E. ]

\_ integrated field gradient G for stand alone quy e

/Single magnet measurement and optimization )

a. Dipole field integral(wirel)and shimming to
K ,dI=0.5699 (Tm)

b. Nominal integrated field gradient and shimming
kGdE7.0184 (Tand multipoles Rotating coil)

c. Magnetic axis position of each Quadire 1

& Mag p Quedire 1) )

Triplet assembly and alignment

1. The dipole mechanical axis (MECH) define the
nominal axes of triplet magnets

2. Quads are positioned on the drawerpeeliminary
alignmentis carried out on the two Quads vs. the
nominal axegwire 2)

3. Dipole is installecon the triplet;final tuning of the
drawer and Quadswire 2) error less than 20mm

4. The resulting integral of the assembled triplet is

\ recorded as control parametéwire 2) J

axis

Machine specifications: max 0.2 %
relative uncertainty of the triplet field




Individual measurements
Dipole optimization with moving wire

Single magnets measured/optimized with

100
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Moderator plates position (mm)

the moving wire (Field Strength)
';:T'; ‘ ! o= - T

80

-0.57600

-0.57800

-0.58000

-0.58200

-0.58400

-0.58600

-0.58800

Integrated field [Tm] over 1.5 m length

-0.59000

j PSI

BN integrated field before optimization

] 35 units

1234567 89101112131415161718192021222324252627282930313233

Total tuned BN attarget value: 33
Total BN tuned for VBXI/VBXO: 7

Field Integral Not Optimized Optimized Attenuation
(BNfor VB) (BNfor VB)

Average -0.5823 Tm -0.5724 Tm 174 units

S (unit) 22 1.5




Individual measurements (2)

VB measurements with rotating coil (48 magnets) PSI

Singlemagnets Field Strength Average a, and b, values for VB serie
optimized with the rotating coils s after RC optimization

]

s 75 -

9 50 |

E 2 ° °

'g -22 : at ! bs ;5 .bs.as b;; ° .as bg.as blo.alo

<,r° -50 - a4 bs

- -75 |

E 100 - ;4 Harmonic (n)

o -125 -

2 150 - : :

S g5 | P Axis shift of ~ 30mm

© 200 - ©

-225 -

F|e|d Before After 110 Yvs X coordinatesofmin‘aitic-axis position Ro” ang|e (mrad)
.. . .. . 100 1.8
integral optimization | optimization 90 ~—l'— %_2 °
— 80
£ 1 .
3 70 1.2 ®
D (average + 769 < o % Llle @ 0 % 0,
(meas. vs 2 i—- ':c:g'g % X ‘1 %e % S,
target) > 30 "='+—+-— 58.3 A o TN
i 20 .
(unit) 10 +—N01‘ enough accurate o [® . %'e’
; 0 -0.
S (Umt) 26 <2 0 10 20 30 40 50 e 70 so -0.4 0 510152072 %0 35 40 45 50
X position (pm) -0.6 Magnet number




Triplet assembly, alignment and Field Integral tuning .

Assembly, Alignment according individual meas.

F

=

=

VB(X) Mag axis
Measurement (x2)

inal tuning on the whole assembly

Cumulative number of measured triplets

/
('nx (mm)/ 0

2
40 . Date Measured
~7 triplets /month oezs | 0
Nov-23 1
30 Dec-23 1
Jan-24 4
Feb-24 7
Mar-24 13
20 Apr-24 20
May-24 26
- ) 2 Jun-24 32
‘:H £S. 10 Jul-24 39
- <= e = e Aug-24 46
Assembly of the triplet sep2a | 53
Oct-24 60
0
Dec-23 Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep-24 Oct-24
Mag. axis coordinates .
‘, \\
T * hut 5 : R
| VB_Left tjcoryitc | ¢ Bs2 | VB_Right
L L — n -
1, .// " - =
\:” — £ I .‘“"“
"/ 1 - o 100 200
S0 | ! f z {mm) -10
oo s mw 2 200 . zool 250 300 350 I 400
s Ref. Traj. 2 (o)

Triplet alignment vs. the
nominal axes (survey group)

+final tuning

Tuning based on the 3 wire position meas. within 0.2 %

Tuning of the triplet strength with the VBsmoderator plates (up to 0.6 %)




Triplets field strength before and after tuning

B L} | | =%
[ ! -

&0

50 48 50 100
AJG (u)

(1) : Single magnet measurementsand assembly on the girder
(2) : Afterfine tuning with movingwire measurements on the fiducialised triplets

Without triplet measurements: error of about 0.5 % in, 6 p ‘Q AN

Measurements on assembled and aligned triplet is mandatory !



Triplet: major difficulties

PSI

A Measuring various types of triplets reveal thatach triplet is unique , making it
imperative to follow each step of the process meticulously, especially thendividual
assessments of the Vertical Bends (VBs) in terms of field quality and axis alignment.

A The primary bottleneck is due to the complexities involved with the VBs The
employment of Rotating Coils (RC) and Moving Wire techniques is essential for
achievingthe target strength value and for determining the magnetic axis (initially RCas
starting point and subsequently, movingwire).

AN6UWe¢cliRa! WYnNWag6 JWGYt RgRYURUNDWY n Waq 6 13 W
expertise for alignment

A The computed magnetic coupling effect on the VBs strength was underestimated
a fine tuning process reduction up to 50 units for integrated field strengths

A Achievable :uncertainty of 20 units in the field strength and3 triplets every two
weeks

A Last Triplet was measured in schedule: End of October 2024



Computed magnetic coupling of PM dipoles and
guadrupoles withnext neighbors

j PSI

Tuning values ~ Integrated Field Strength
Scenari Magnet Magnet alone| Magnet with next Attenuation \
fOI’ eaCh sequence (T or Tm) neighbors (T or Tm)Hue to coupling ¢ §
. 1 BE1SXQ 0.258 0.249 3.83
PM dipoles and 2 SXQBEO 0.253 0.245 3.16
Quads 3 ANMFHS2G-0S2A  11.577 11.313 2.28
4 HS2G-OS2ANOLCH| 8.559 8.293 3.11
Account for the 5 | ANI2HS2K-OS2E| 8.427 8.221 2.44
crosstalk 6 [HS2K-OS2ENO3CHY 8.545 8.276 3.15
effect BUT ~]1 | 7 | ANI4H2SK-OS2E| 8.482 8.241 2.84
BH _ _ 8 [HS2K-OS2ENO5CH 8.548 8.278 3.16
curve, gimulations 9 ANI6OS2F-HS2L| 8.496 8.253 2.86
)K 10 |OS2F-HS2ANOZ?CHY 8.535 8.262 3.20
11 ANIBOS2F-HS2L| 8.496 8.253 2.86
BH.rve. real 12 |OS2F-HS2ANOSCHY  8.506 8.241 3.12
magnets 13 | ANI1GOS2B-HS2H  8.466 8.230 2.79
14 DS2B-HS2HNMGCH 11.680 11.350 2.83
@ 15 VEGSXQ 9.897 9.723 1.76 Al
lag.coupling neeTj 16 SXQVEI 9.876 9.658 2.21 LV &

Experimental program till December 202
differences between the computed values
and the measurements
Fine tuning of the PM field integraf needed
(discrepancies above 20 units)

to be corrected

Computed coupling effect :
Attenuation of Integrated Field Strength+
ranging between 2.583.9 %

g P L



Coupling measurements program
October 2023-December 24

AN- SOQ ANM-SOQ

- pEe—
S —————————

- t

;.o

OS2F- HS2L-ANO7-CHS  x3

BEI-SXQ x7

SXQ-BEO —
VEO-SXQ x2 —
HS2G-0S2A-ANO1-CHS -

Pump + ANMI-HS2G-OS2A x2 —
HS2K-OS2E-ANO3-CHS —
0OS2B-HS2H-ANMO-CHS x2 —_—
ANI2-HS2K-OS2E —

HS2K-OS2E-ANO5-CHS —

>
L

MARCH MAY JUNE Jury AUGUST SEPTEMBER | DECEMBER

Experimental program during one year and before the closing of the
tunnel based on selected critical magnet groups

Statistic is performed for selected configurations based on PM type

22



