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Overview
e Goal > Design parameters
e Whatdo we have? > CDR, a 1st self-consistent lattice

o One bare lattice (two, three, four, ..., conceptional)
e Whatis next/Whatis goingon?
o Onereal technical lattice - A simulated commissioning lattice
> injection, orbit/optics correction, TDR

e Outlook
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Time schedule

Courtesy: Markus Sauerborn

2021 | 2022 | 2023 | 2024 2025 2026 2027 | 2028 | 2029 | 2030 2031 2032 | 2033 | 2034 | 2035 | 2036

BESSY Il CDR

Operation BESSY Il

BESSY II+

BESSY Il TDR

BESSY lll Project / Construction Commissioning

I submission &
positive review
of pre-CDR

HZB 5

BESSY Il

The Materials Discovery Facili

Pre-CDR
DOI: 10.5442/r0004

| earliest start of earliest start of full
construction work on user-operation

Adlershof site

Greenfield: “No” limitations of an existing facility
2035: Long project duration
BESSY II/MLS: As testbed for hardware & software

Some Freedom for more lattice design, for more simulated commissioning,
for a better digital workflow of describing a storage ring (lattice),
For a coherent science case, for solid and/or unique experiments !
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What do we have? BESSY lll Requirements & Objectives

Courtesy: K.Holldack, Z.Hiisges
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What do we have? Objectives for Lattice Design

Timing modes
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Courtesy: Michael Kumrey, PTB Flipping the helicity of X-rays from an undulator at
unprecedented speed
H 5 B H BESSY Il
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Higher-Harmonic cavity! + Variable Pulse Length Storage Ring

e 3rdand 3.5th harmonic (1.5 GHz & 1.75 GHz)
cavities
o Increase lifetime and relax IBS
o Allow longitudinal beating scheme
(short + long bunches)
> Preservation of 10 ps bunch length

3.0

¢/'2n

!F. Perez, 10.1016/j.nima.2024.170195
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What do we have? Objectives for Lattice Design

Timing modes
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What do we have? - A starting point: the HO-MBA

The Higher Order Achromat, HO-MBA
e MAXIV,SLS2.0...upto3GeV

o  A.Streun, J. Bengtsson, S. Leeman, et al.

The Hybrid, HMBA

e ESRF-EBS, PETRAIV ... above 3 GeV

o P.Raimondi

Beta functions [m]

Dispersion [m] §

NN R DO P YO - i

PrE et bee rte ttt ttd

dipole
quadrupole

Poletip field [T]
S=NWAON

Figure 2.3: Optical functions and field components for one 7TBA-arc where the center LGB has been interchanged
by a super-LGB of 5.5 T peak field. Bending magnets are in dark blue, quadrupoles red and s ~gLeen.
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What do we have? More than one BESSY Il lattice candidate
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Alpha buckets - higher order of mom.com

Limiting the momentum acceptance in the longitudinal plane

o cfcf,
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Alpha buckets - higher order of mom.com

Limiting the momentum acceptance in the longitudinal plane

o cfcf, sfsf4Q,

489 BucketView
|[Ord.” Vokage [MV]  MCP [Te-4]
1 136

2
3. 5.
4,
5.

1]
il

[

Latiice

Energy [GeV] |25
Circum. [m] 357.12
Radloss [keV] [28377

Hamoric  [535
| dopmax 01
N.points o
Nolevels I

Guess dp/p Acc. = [ 497, +399] %
Guess ms bunchlength = 3316 mm

| Show bucket | B |

2

sfsf4Q-New

{8 BucketView

Ord. Voltage [MV]  MCP [1e-4]
1 98
1205

i

96.93

il

'

Lattice.

Energy [GeV] |25
| Cicut. (m]  [365.52
| Radloss [keV] [306.15

Hamoric  [&l

dorpmas o1
N.points E
Nevels &

Guess dp/pAcc. =[-7.38,+382] %
Guess ms bunchlength = 3.286 mm

Show bucket | Bt |

Phase

£8 BucketView - o

Od Vlage V] WEPie4] o1s
T E

T
ikl

7607

Momentum Acceptance (rf) / Bucket Hight vs rfVoltage e I

momentum acceptance in %

1.5

rf Voltage in MV

0.0
Lattice
T 5 0.00
Cioun. [m]  [326.47 -
Radloss [keV] 3585 -
Harmonic 543 o.oe -
dp/p max 0.15
N.points 50 ~0.10
25

Guess bunchlength failed -0.15
Showbucket|  Eat |

o000 ]

o
]
©
®
°

o000

sfsf4Q-New, momAcc_rf: ~ 6.0 %

cfcf, momAcc_rf: ~8.0%

25 3.0

P.Goslawski, Status of the BESSY IIl Lattice, 10th LowEmittanceRings, 08.10.2025, DESY, Hamburg, Germany

13 HZB Eizﬁvslcl)urce



Local momentum acceptance
Chromatic tune shift and rf momentum acceptance well adapted/matched

. . Ve = 1.0 MV, frr = 501 MHz
Well balanced non-linear setup, by matching: s & &
e Transverse chromatic tune shift - 10 W
momentum acceptance of the transverse dynamics ;
' . §| = NNl Tiak “Ta " SN A S el T Tk "W T
e Therf momentum acceptance, given by the long. dynamics < O — 6w —- Grma == Om
S
- 5 - 5 = N N §¥ X # § =N _§ N N N ¥ NWS
-10
-15
0 5 10 15 20
s [m]

LMA (%)

s position (m)
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What do we have?

Bare Lattice(s)

(HOA, hybrid not studied yet)

o

16
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0.0000
0.0000
0.000€
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to do
0.0000

e  Pure fundamental lattice - periodic sector cell:
Only big beam guiding elements: bends, quads, sexts
e  Only two sextupole families (SF, SD) to correct natural
chromaticy - start of non-linear dynamics
° First non-linear optimisation - sextupole split up, octupoles
£ Optics Design =
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0.0000

Simulated Commissioning Lattice

Real Technical Lattice

®  Perturbing the periodic sector cell:
Injection straight & straight ID adaption

. First non-linear optimisation - sextupole split up, octupoles

e  Robustness analysis: Misalignments, SC

Correction Schemes: Orbit Correction (BPMs & Corr.), ..
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Real Lattice
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What is next/going on?
Courtesy: S.Joly

Real Technical Lattice, SC

Emittance blow-up in BESSY Il

050=9.8x107%, 0,0=3.5x107% [m]

— E(k=2%)  — & (k=10%) — & (x=100%)

Assuming the following zero-current parameters: &y =10"1" [m.rad]

e
Comparison Elegant/Xsuite

The equilibrium emittance differential equation can be solved numerically
Already existing tool in Elegant (ibsEmittance®) but no preexisting one in
Xsuite — | have implemented my own.

Xsuite
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What s next/%om gon?
Courtesy: M.Abo-Bakr, P.Goslawski

Real Technical Lattice, SC
Injection

e Howtoinjectinto a/our 4th gen. MBA lattice?

o  4-Kicker Injection, Single Kicker Injection
o  Non-Linear Kicker (NLK) Injection
o Swap-In Swap-Out Injection

e  For (horizontal) injection one needs
large (horizontal) amplitude acceptance,
given by the large beta_x-function

o  For4-kicker injection it needs to be high
at the septum (phase advance unimportant)

o  For NLKinjection, it needs to be high at the
non-linear kicker (phase advance important)

n Progy ess
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What s next/%om gon? lnpngress

Courtesy: M.Abo-Bakr, P.Goslawski

Real Technical Lattice, SC
Injection

e Howtoinjectinto a/our 4th gen. MBA lattice?

o  4-Kicker Injection, Single Kicker Injection
o  Non-Linear Kicker (NLK) Injection
o Swap-In Swap-Out Injection

e  For (horizontal) injection one needs
large (horizontal) amplitude acceptance,
given by the large beta_x-function

o  For4-kicker injection it needs to be high
at the septum (phase advance unimportant)

o  For NLKinjection, it needs to be high at the
non-linear kicker (phase advance important)
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What is next/going on?
Courtesy: M.Abo-Bakr, P.Goslawski
Real Technical Lattice, SC

Injection

e Horizontal phase space and
injected bunch at

watch—point phase space——input: b3_PhaseSpace.ele lattice: 2025January_nkk.lte
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What is next/going on?
Courtesy: M.Abo-Bakr, P.Goslawski

Real Technical Lattice, SC
Injection

e Horizontal phase space and
injected bunch at

o  Asstored beam

/ N

{/
4 {
m  Atthenon-lin. kicker ! \ i o/

watch—point phase space——input: b3.ele lattice: 2025January_nkk.lte

P.Goslawski, Status of the BESSY Ill Lattice, 10th LowEmittanceRings, 08.10.2025, DESY, Hamburg, Germany
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Aperture and Magnets

T T T
e Hor. Ap. va=s Ver. Ap. [ Sext [MDip [ Quad|

What is next/going on?
Courtesy: S.Joly, B.Alberdi, M.Arlandoo

Real Technical Lattice, SC
Orbit Correction, Optics Correction

T T .
0 5 10 15 20

Bl Ms and CMs

HC \I VCM IBP \

e  Orbit correction, i I | I | | | | | | |
BPM &CO"’ECtOf mmm Dipoles Sextupoles mmm Monitors Il I
Quadrupoles B Multipoles
scheme 6 1
with py. AT-SC 8 Bx — [ Y “ﬁ’iT\Tiﬂ"r\T 1
s L d
“— B, IS
matlab-AT-SC =% R r I 1
— = ] =]
2 Y AT Collaboration 4_ %)
& N, | |
2 & t : |
(elegant, opa) o 0k Lm0 e L L [ (O VO ] ]
0 5 10 15 20 I l I I ‘i
mmm Hor. Cor. mmm \Ver. Cor. B Skew Quad. Hmm Monitors ' I | J
D VU BTN PN P BTN UL 1\ — -~ L - s
0 5 10 15 20 s
s [m]
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Beta Function Distortion Dispersion Error Dynamic Aperture
100 - 100 — 100 - a-
What i t/goi ? F '
a Is nex OIng ono 80 v 80 ap ',_r' ! 80
Courtesy: T.Hellert, B.Alberdi ! L '
K60 ' =60 o £ 60 1
° ° 3 Y [ L (% :
Real Technical Lattice, SC 8 wl : 8 L & 4l
1 P Tr
) P 1
H 20 1 [— Horizontal 20 O - ey 20 | .
Robustness Analysis, Tolerances K==t Horioutal
r -
[| ] DS ——a 0 a” : ! () - . . |
10" 10 10% 0 5 10 0 10 20 30
AB/By (%) An [mm) DA :mm"v
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. . P '.‘ il
e  SCwith pyAT-SC (L. Malina, S. Joly) 801 o 80
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What is next/going on?
Courtesy: T.Hellert, B.Alberdi

Real Technical Lattice, SC
Robustness Analysis, Tolerances | ~

SC with matlab-AT-SC (T.Hellert, B.Alberdi)

SC with pyAT-SC (L. Malina, S. Joly)
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Questions
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Transverse Resonance Island Buckets user mode

e Experience with Transverse Resonance Island Buckets
(TRIBs) which was successfully demonstrated in BESSY Il
e Can be achieved in BESSYIII*

3" order resonance P. Goslawski
Island orbit closes 0.2

after 3 turns

M. Arlandoo

0.1
ER

Standard orbit = "
Island orbit o
~0.2

0.3

-1 0 1
2 [mm|
. . £ scientific reports
Two stable independent orbits = —
capable to store e ¢ Two-color synchrotron X-ray gcl)-IWSUI'\(":%TIONS
i_ spectroscopy based on transverse

two independent fill pattern

resonance island buckets

K. Molldsck, C. Schilr Langehein’, N.Pontur’, T Kache, 7. Baumgictl,
.W. Windso’, . Zabe, . Gosawsk' M. Koopmars & M. Ries

-03 -02 -0.1 0.0 0.1 0.2 0.3
X position / mm

unprecedented speed

olldach ristiar !, Paul Goslawski', Niko Pontius', Torsten Kachel’,
clix Armborst® !, Markus Ries', Andreas Schalicke!, Michael Scheer!, Winfried Frentrup! & Johannes Bahrdt!

Valuable addition to the user case!

M. Arlandoo, 10.18452/29179
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What do we have?

BESSY lll Requirements & Objectives

100x times more brightness than BESSY Il &

1000x times smaller focus at sample (10pn

Emittance /y* (nm)

10° g

107

N

e
&
T

10°

10"

ALS BESSYII
[ J

SPEAR 3@

Elettra-

L
ALS-Uy gadli

SOLEIL-U g

@ 3rd generation facilities

® existing MBA based facilities
@ planned MBA based facilities
@ planned MBA based facilities with reverse bends

PETRA IV

10™
100

1000
Circumference (m)

m down to 10nm)
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BESSY Illl - Radiation Sources

Z Prejp,

VUV to Hard 5eV-20keV XPS, HAXPES, NEXAFS, STXM Catalysis, ' ln nary
1 XPS, HAXPES, NEXAFS, STXM (Storage, F pl‘og
o o o L]
Prell mina ry Bea m l.l he- Po rtfollo DIP 20eV-15keV | UPS/XPS, NEXAFS,EXAFS,XPS,  Energy, Catalys..
UPS, ARPES
Soft & Tender 100 eV -4 keV PES, HAXPES, TXM, XAS, XPCS Energy (Batteries), Quantum
2 Resonant Scattering, CDI Energy, Quantum
DIP 2- 14 keV Diffraction/ EXAFS/XRF, NEXAFS Energy, Quantum, Catalysis
. XUV to Soft 60eV-1.5keV BEIChem, XPS Catalysis, Chemistry
U nd u Iato rs: BEIChem, XPS Catalysis, Chemistry
~ i 3
L4 7x 100 eV up to 2 keV (3, 4) 40 mm period length DIP 2-14 keV XRD/ EXAFS, WAXS, SAXS, HAXPES ~ Quantum, Energy
° 3x upto 10 keV (8) ~20-30 mm period length Quantum, Energy
° 2X up to 20 keV ~<20mm period [ength Magnetic Imaging 150 eV-2keV Lensless Imaging, X-ray Quantum, Energy
holography, XPCS
STXM, Resonant Scattering,
. . 4 3D mag. tomogr.
Bendlng Beamllnes' DIP 100 eV-1.5keV | XMCD, XAS with magnetic vector  Quantum, Energy, Catalysis
° 9x up to 2 keV (3 4) fields Quantum, Energy, Catalysis
J
° 4x up to 20 keV (11 14) XUV Spectroscopy 5-200eV ARPES Quantum, Energy, Catalysis
’ 5 nano-ARPES Quantum, Energy, Catalysis
DIP 80eV-4keV NEXAFS, XPS Catalysis, Energy, Quantum
Undefined Soft & Tender Imaging 180eV-8keV  TXM, FIB-TXM Life Sciences, Energy
° 5keV-120keV - BAMline 6 Tender TXM, Tomography Life Sciences, Energy
DIP 20eV-1.5keV Soft X-ray Dynamics Catalysis, Energy, Quantum
Inelastic Scattering 180 eV-3 keV RIXS Quantum, Energy, Catalysis
PTB: PGM/EUV 60eV-1.85keV | Reflectometry/Scatterometry Metrology for Industry 7 meV@1keV RIXS Quantum, Energy, Catalysis
i Reflectometry/Scatterometry Metrology for Industry DIP 20eV_1.5keV Soft X-ray Dynamics open port
DIBEIBEECH L7keVe Lkey, i:::y :?I‘eocrtr:)e:':rgt/r MEtoloEY Spectro Microscopy 100eV-1.8keV | (S)PEEM, PEEM, Ptychography Quantum, Energy, Catalysis
y Yy 8 nano-ARPES Quantum, Energy, Catalysis
G RCEURES BSOSy i:;:y zpzztzgzgy mg::z:: ngg:zgy DIP 100 eV-4 keV Broad band soft + tender X-ray open port
74 i Y 3/ spectroscopy
DIRRTE:wihiitelight S0IVE20EV ::rsnsavr)ll“source standard Metrology Macromol. Crystallography  5-20 keV X-ray Diffraction Life Sciences
9 X-ray Diffraction Life Sciences
PTB: Tender X-ray 1 keV-10 keV U-XRF/(GI)SAXS /Ptychography Materials Metrology, Energy
- U-XRF/(Gl)SAXS /Ptychography Materials Metrology, Energy a7 BoevazKel Soft X-ray spectroscopy OPENRO:
DIP PTB: XPBF/ESA 1 keV-3 keV X-ray optics for astrophysics in-line Metrology for Multimodal Spectroscopy 20eV-8keV Multimodal Spectroscopy open port
Manufacturing 10 Time-resolved spectroscopy open port
14 BAMline 5keV-120keV  Diffraction, XRF, uCT Materials Metrology DIp 20eV-3 keV Declined beamline, Multimodal Catalysis
Diffraction, XRF, uC Materials Metrology spectroscopy
T
BESSY Il
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What do we have? BESSY Il - Bending Sources
Comparison of BESSY Il / lll - soft-to-tender X-rays (10 eV - 10 keV)

e Extract up to two bending beamlines per 6-MBA arc
e Some flexibility to adjust the critical photon energy with Longitudinal Gradient Bends (LGB)

“l o a1l 17T [T —— -

R Sy

||H||N mﬂ“ HFWI]M] *HH‘ -WﬂlmﬂW-NIIHII

Magnetic Field: 0.64T 15T
Critical Photon Energy: 2.6 keV 6.23 keV 16 62 keV
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BESSY lll - Insertion Devices:

Undulators for soft- and tender X-rays

BESSY I, 300 mA e e
T — T T — T T — T
— i —— Gz T 1 VUV to Hard 5eV-20keV UES0+CPMU21
= 1021 E DiuEe = 2 Soft and Tend 100 eV - 4 keV IVUE 42-24 (DOPU
g E IVUE38 E oft and Tender eV-4ke =24 ( )
25 1|——IVUE42 ] 3 XUV to Soft 60 eV -1.5keV U0
S 1 [——UE80 | ic Imagi
N~ J J 4 Magnetic Imaging 150 eV -2 keV IVUE42
©
© 1 020 il — a 5 VUV Spectroscopy 5eV-200eV UE140 or UE150
Ng E E 6 Soft and Tender Imaging 180 eV -8 keV IVUE38
= 1 1 i Inelastic Scattering 180 eV -3 keV IVUE42
] B .
Q 8 Spectro-Microscopy 100eV - 1.8 keV UE56
510" 5 _
3 E 3 9 Macromolecular Crystallography 5keV -20 keV CPMU18
1] ] ]
g 1 b 10 Multimodal Spectroscopy 20 eV -8 keV UE80 + IVUE24
(=
ke "1 o
S 418
= 10'° 4 v
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T ] ]
+= 1 ]
1 ] ]
2
»n 10" . — =~
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4th Generation Lightsource Lattices

Development
of Hybrid Lattice

PANTALEO RAIMONDI and SIMONE MARIA LIUZZO

PHYS. REV. ACCEL. BEAMS 26, 021601 (2023)

20
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~—
= 76210 / \ /
v~ 27.340,C= 843.978 / \ / ccs |

X=-1x, (A4,~15, B11,~05)

FIG. 4. Optics functions and magnet layout for the EBS H7BA cell.

0.1

dispersion [m]

TOWARD A DIFFRACTION LIMITED LIGHT SOURCE

PHYS. REV. ACCEL. BEAMS 26, 021601 (2023)

P.Goslawski, Status of the BESSY Ill Lattice, 10th Low
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FIG. 5. Optics functions and magnet layout for an H6BA lattice cell designed for a 6 GeV, 72 cells SR lattice.
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The process towards a BESSY lll lattice - Linear Beam Dynamics
LEGO approach - the “one and only” (deterministic) MBA-Unit Cell (UC) for

e Thetwo different MBA-UCs: cf & sf and for the hardware specifications of our project

e UC(4.5°:Q_xy=(0.4,0.1), Chrom_xy = (0.0, 0.0) Impact of reverse bend on alpha & emittance
Magnet arrangement

= o | < H | = | = | mw | vew mo | vop | am save dear | [perodic = |- - e Hoo= = | new | vew My | vow | am sae dear i
_ B Periods 1 . ) Periogs 1

J

AT ey 0.0¢ Lengh [m] 2300 i Lengh [m] 263
. re B ' fogle_[deg] 4500 . Agle[deg) 4500
community standard P "y . e g s | | Metrology solution oot |Aostoge deg) 570
~ 4 N - TuneA 040001 7. N - _ TuneA 040001
p A i, i TuneB 01000 o ) 9.03 TuneB 0.1000(
1 /’ o ChromA 0697 . b Chroma 0000
7 - TN ChromB 0,356 0.000
£ - - \ 0.01 €- _
— e N Agha (€3] 0203 0.01 ) o
b A 26388 236591

JB 1.0000(

9500, B 1.0000(

S Erergy [GeV] 2500 71 , 3 0.0 |CHSEENS[EENIN 250

1 R Enm% 0104 : o [Emie g 0121
7 N . |EmiB_[mr) 00000 H / -0, Emi@ [wmi] 00000
\ -0.025 \ dEpum

0.025 |dEfum  [keV] 55 46

By
Espread  [xE-3] H 2
.03t |Toh[ms) 26 i + [TaA g |40
i (TeuB[ms] 69 H / \ 1 [TeB [mg) 9550
TaE  [ng sl 4 -0, Tl [mg)
END 5 END
-0.0
2300
41
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219
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4 1
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0.0000
0
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I — — | RS N 1111 - - . - =
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The process towards a BESSY lll lattice - Linear Beam Dynamics
LEGO approach - Unit Cell - Impact of Reverse Bend

e Thetwo different MBA-UCs: cf & sf and for the hardware specifications of our project
e UC(4.5°:Q_xy=(0.4,0.1), Chrom_xy = (0.0, 0.0) Impact of reverse bend on alpha & emittance
Maaonat arrancamant
CF-UC with Tm long main bends SF-UC with 1m long main bends E
Jx=1.7
=00 @ Emittancein pmrad A mom. comp. factor 1.0e-4 8 @ Emittancein pmrad A mom. com. factor 1.0e-4 A
T T
% L%
400 6 S S
@ = ® =
® 5 ® B
€ 300 4 8 £ 8
S 5 o 5
E 'é E '§
& 200 2 £ 3 £
£ 8 £ 8
& E & £
100 0 < =
= =
o o
E =
0 \ -2 y
0.8 0.6 0.4 0.2 0.0 0.8 0.6 0.4 0.2 0.0
Reverse bend angle in ° Cq’y2 15 Reverse bend angle in °
€0 = — D
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The process towards a BESSY lll lattice - Linear Beam Dynamics

LEGO approach - Unit Cell - Magnet arrangement

e How tosetupthe MBA-UC?

e Magnet positioning/arrangementin
that way, to reduce the sextupole
strength for the chromatic correction

. . ra L
> as less as possible non-linear power %
. \
rd
"
Gion ~ Plka(s) Do)~ k(o)) Bl ds ||
e The cf MBA-UC:
SetUp Length alpha Emittance RB angle Nat Chrom SUM(b3 *L)> for Chrom =0
SF, SD [1/m?]
SX, RB, SY, B 2.446 m 2.5e-4 95 pm rad -0.38 ° (k=6.7) -0.701, -0.355 2324.77
L=0.163*2 21.02, -26.84
RB, SX, SY, B 2.490 m 2.7e-4 95 pm rad -0.26° (k = 6.8) -0.802, -0.278 3905.21
L=0.125*2 27.96, -34.22
P.Goslawski, Status of the BESSY Il Lattice, 10th LowEmittanceRings, 08.10.2025, DESY, Hamburg, Germany 37 HZB
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The process towards a BESSY lll lattice - Linear Beam Dynamics

LEGO approach - Unit Cell - Magnet arrangement

e How tosetupthe MBA-UC?

e Magnet positioning/arrangementin
that way, to reduce the sextupole
strength for the chromatic correction
> as less as possible non-linear power

e = s

P.Goslaw

— *
[e, 10th LowEmittanceRings, 08.10.2025, DESY, Ham bl!rg,_GQrﬂQny 2

>
Guo ~ Plbas) D(s) ~ a(s)] B(s) ds ||
e Thesf MBA-UC: -
SetUp Length | alpha Emittance RB angle Nat Chrom SUM(b3 *L)> for Chrom =0
SF, SD [1/m?]
SX,RB, QD, SY,B | 2.670 m | 2.0e-4 100 pm rad -0.23 ° (k = 8.6) -0.751, -0.277 901.43
L=0.175"2 10.56, -18.42
SX,RB, SY,QD,B | 2610 m | 2.1e-4 98 pm rad -0.23° (k= 8.5) -0.740, -0.295 1500.19
L=0.14*2 17.60, -20.98
RB, SX,QD, SY,B | 2.700 m | 2.0e-4 98 pm rad -0.19° (k= 8.4) -0.835, -0.232 2781.58
19.39, -31.86
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The process towards a BESSY Il lattice - Non-Linear Bear_||_1SD I\5I|amics

= cfcf Dispersion  sicf Dispersion
0.06 cfsf Dispersion 0.06 sfsf Dispersion
£ I3 [An/ [ sfsfQ4 Dispersion
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Non-Linear Beam Dynamics - Sextupole Split Up

Non-linear optimization

e Defining target parameters for non-linear optimization and “knobs”

e Target parameters: (benchmark MAX 1V, SLS2):

o Tune Shift With Momentum TSWM:
AQx, AQy ~ 0.1 at Ap = +-3% (+-5%)
o Tune Shift with Amplitude TSWA:
AQx, AQy ~ 0.1 limits acceptance ~3mm

e Knobs:

o Chromatic Octupoles for 2" order chromaticity
o  Split up of chromatic sextupoles (TSWM + TSWA)

e Findings, Results:

o  Thetwo lattice candidates show an
opposite behavior in order to reduce TSWM

m  SF3with biggest impact at sf lattice
m  SF1 with biggest impact at cf lattice

P.Goslawski, Status of the BESSY IIl Lattice, 10th LowEmittanceRings, 08.10.2025, DESY, Hamburg, Germany
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prOgresS
— T SF2  SF1  SF2  gp3
s e LI i T e
e o b
\WEHSh3T SD2 sl sD2 T H Iy
SF: SF-Splitting, dQx & dQy
02 @ sf dQx
| sf dQy
sf3, dQx
sf3, dQy
m— 52 dQX
= == 5f2 dQy
— 51, dQX
= == sf1, dQy
dp /%
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Alpha buckets - higher order of mom.com

Mismatch in momentum acceptance between longitudinal and transverse plane

Lattice Mom.Acc. transverse Mom.Acc. longit. Alpha buckets
variants | plane 4__ Xy plane s_ .
Chromatic Tune Shift ’
TSWM, Qx,y = QX’y (0) | rf Acceptance Ratio between «/a,
cfcf 2% — 3% 8% 1.1/5.5
D Rot_)i.n, E. Forest et al., o
sfsf4Q 4% — 5% ~3.0% 1.0/12.1 Sﬁ;;“;::f“;:gf“;z‘gf’;?gggf;gs’
e The often forgotten longitudinal plane ... r=x5+ D § + Dy 52
o Non-linearities in the longitudinal plane limits 2
the momentum acceptance AL/Ly=a(d) 6 = apd + a1 0” + ...
o a, isthe 2" order path lengthening is N 1 D s N 1 %D’Q N D, s
3 . . o« . 0  — —_— 1 pu—
the longitudinal chromaticity Lo P Lo 9 P
o Ratio of a /a, defines the alpha bucket (unstable off-momentum fix point),

and starts to limit the rf momentum acceptance
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Alpha buckets - higher order of mom.com

Natural Chromaticity in long. plane & Knobs for Correction (or Attack)
e Ratio of ¢ /a, limits the rf momentum acceptance

1 [D 1 [D? D
® Increasea, reduce RB &/or lengthen main bend Qo = L_o ? ds a1 = L_% 5 + 7 ds
0

® Reducea,figure out what is the biggest contribution
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Alpha buckets - higher order of mom.com

Natural Chromaticity in long. plane & Knobs for Correction (or Attack)

e Ratioof a /a. limits the rf momentum acceptance
0/ 1 P 1 D d 1 D’? D4
a0 p— — as —

= = + ds
Lo J p Lo 2 p

® Increasea, reduce RB &/or lengthen main bend

® Reducea,figure out what is the biggest contribution

CFCF sexts. off CFCF sexts. on
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Longitudinal momentum acceptance
Improving the sfsf4Q lattice

Lattice Mom.Acc. transverse Mom.Acc. longit. Alpha buckets

variants | plane 4__ Xy plane s_ .

Chromatic Tune Shift ’

TSWM, Qx’y = QX,y (0) | rf Acceptance Ratio between «/a,
cfcf 2% — 3% ~ 8% 1.1/55=0.2
sfsf4Q 4% — 5% ~ 3.5% 1.0/12.1=0.08
sfsfAQ* | 4% — 5% ~ 5% - 6% 1.3/9.4=0.14

e Countermeasures to improve the momentum acceptance in the longitudinal plane:
> Increase a, and decrease a,

e Reduction of the main bending angle (4.375° ---> 4.25°) and rebalancing bending into DSC (2.5° ---> 2.75°)
o This allowed for reducing the reverse bend angle

e  Omitting the reverse bend in the DSC
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What do we have? A lattice for the CDR/TDR phase

48} Optics Design == a X
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What do we have?

Courtesy: Jens Volker

Towards a combination of permanent & electro magnets

Dipole Quadrupole Reverse Bends Sextupole
80 T/m
Field/gradient 0.6-0.8T 50-90 T/m + <4000 T/m?
0.18-0.22T
Quality 01+-107* ~1-107* ~1-10"* thd
Stability <1-107%
Variation - 10% 5% 100%
Power
consumption [ 0 kW / 290 kW <25 kw / ~600 kW >100 kW
(P / electro)

Strong magnetic fields
High field Quality

Stable field operation

4. Small parameter Variation

=

-> high magnetic field energy / electric power

-> high mechanical and alignment precision

-> minimization of ripple and vibrations

-> constant magnet operation next to design value
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First design idea for magnets

min. aperture radius for all magnets: 12.5mm

-
.@

96 Dipoles

446 Quadrupoles

NL Multipoles
(240 Sextupoles,
32 Octupoles

Total| ca. 1000 kW ca. 150 kW

BESSY IlI
conventional

BESSYIlI
PM

ca. 290 kw 0 kw
ca. 600 kw <25 kW
ca. 130kw

BESSY Il
Light Source
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What is going on? Pushing the lattice towards technical design

Courtesy: Sven Lederer
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™\ UHYV knife edge seal integrated
<+’ in the absorber body

Power blocking head

From ESRF-EBS (toothed shape)
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