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The BESSY Il Lattice

A highly competitive non-standard lattice for a 4th gen. Light Source
with Metrology and Timing Capabilities
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Two partners & two synchrotron radiation sources

ernsehturm am Alexanderplatz

From Wikipedia: WISTA
WTSTA Plan; CC-BY-8A4.0, "
d=94360137

PIB

Physikalisch-Technische Bundesanstait
Braunschweig und Berlin

M LS Metrology Light Source
630 MeV, DBA
100 nm rad, 200 mA
48 m, 4 Straights

HZB Helmholtz
Zentrum Berlin

BESSY I
1.7 GeV, DBA,
5 nm rad, 300 mA
240 m, 16 Straights, 5 m

since 1998 since 2007
Soft and tender X-rays THz / IR to VUV, EUV
Spectro-Microscopy Optimised for low a,
Timing: low a, femto-slicing SSMB studies
SB, VSR, TRIBs/2-Orbits wednesday

on
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BESSY Ill Objectives & Requirements

14+ M scientific demands
1o ] for BESSY Il

Relative Requests

PTB/BAM

Photon Energy (eV)
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1t undulator harmonics 1.
polarized up to 1 keV
from conventional APPLE-II

Diffraction limited till 1 keV 2.
Stay in Berlin-Adlershof 3.
Nanometer spatial res. & 4,

phase space matching

PTB/BAM metrology 5.
applications
6.

Already at BESSY Il, a 3rd
generation without
combined function bends

Ring parameters

Ring Energy 2.5 GeV
(1.7 GeV)
Emittance 100 pmrad
(5 nm rad)
Circumference 350m
16 straights @ 5.6 m
(240m @ 4.5 m)

Low beta straights &
maybe round beams

Metrology source

Homogenous bends
Measuring the field at the source point with a NMR
probe in a volume of 10x10x10 mm

Momentum >1.0e-4

compaction factor

BESSY Il
Light Source

3 HZB
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PTB - Metrology Sources, Homogenous Bends PTB @ AQML

(Physikalisch Technische Bundesanstalt)

Braunschweig und Berlin

EUV Litography system (200 - 300M€)

An absolute measurement of the radiation power with highest accuracy

e Schwinger equation with its parameters R. Klein et al., Phys. Rev. STAB 11 (2008) 110701

o Electron Energy W with rel. unc. <5e-4 D\ = OA\(A W, B, 1,3 y,.d.r)

o Electron Current| with rel. unc. <2e-4

o Magnetic Field B with rel. unc. <1le-4

o Source size & div.  with rel. unc. <20 %

o Distance to apert. with rel. unc.~2 mm

107"'F T T T =
> 1072} - orbital plane
£ g 105% | [T | b s S e
) [ total ]
§ 5 B _A/_// ='2E_3 """""""""" mEHygﬂ%j Products v v v s v Di Aboutus Contactus 0O
5 18¥E— == — =~ 3
) £ - - 7 Vi P PT2026 W Praciin Tkt
- F AB/B=1E-3 Ad =10 mm]
o L i
2 10-4L Aww=1E4 _ PT2026 NMR Precision Teslameter
E 3 The world's most precise magnetometer
Nuclear Mognetic Resonance is the most precise technology to measure mognetic
mmﬂﬁmkhmpxuiuNMHMgMWB:::!mh
107° P . A.}:/Z.=.O'.2?. L - Bt s is just one of the features brought by the FT2026: high fieids,
1000 10000
photon energy / eV Courtesy R. Klein, PTB
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Lattice Design - 4th Generation Lightsource Lattices

The Higher Order Achromat, HOA-MBA The Hybrid, HMBA

e Distributed sextupoles e Localised sextupoles
e MAXIV,SLS2.0...upto 3 GeV e ESRF-EBS, PETRA IV, asu, ... above 3 GeV
o J.Bengtsson, A. Streun, S. Leeman, et al. o P.Raimondi,...
- - s . gas - V= 2363 Bp/p=0.000
0.04 V= 0862 1period,C= 26374
0.03 0.1
_ 0.02 :
E 000 ‘
§ E Eg:xacmr
|51 s =
: 14 —
g - § o,
= A
=
% ‘51 dipole
=3 quadrupole
% f total
2 0
~
0 5 10 15 20 s [m]
Figure 2.3: Optical functions and field components for one TBA-arc where the center LGB
by a super-LGB of 5.5 T peak field. Bending magnets are in dark blue, quadrupoles rec Lsggt_ ;’éztr,buted
RB “Yes
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LEGO Approach - Basic building blocks of one sector

H M / UC - Unit Cell

| | b9 DSC - Dispersion Suppress..
\ i MC - Matching Cell

20 - \ | f “ \ | E—o.oz
?0.0l
\ ! o A 6-MBA has 5-MBA-UC
15- |/1|| Di . ,H 4 pure UC and
) '\ Sunpression | "% | 1(2x%2)broken UC > DSC
| Cell (DSC) x2 ," Matching Cell r-o-025
: | HOA-MBA unit cell (UC) x4 (2x %2 UC) (MC) + Straight; &
[ S - . T 2ET 0.0
,“f;lo-i I 1
: | 16 straights & sectors:
i .
i |
54! M 360° /16 =22.5° per sector
i I 4*4.5° main UC bend &
= i 2*2.25° DSC bend
i I
ol |
fiu ! 5 10 15 20 I
[ LF l| ) F N ’ N __ B F I * N * B ‘L! L |
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LEGO Approach - Basic building blocks of one sector
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The process towards a BESSY Il lattice

A deterministic lattice approach

e Stepwise: Power and Function of each
Component &“Knob” > LEGO approach

L Limiting the hardware (conservative ansatz)
Sustainability - permanent magnets

O

O O O O O

Bore diameter of 25 mm

Diameter inner/outer vac. pipe of 18/21 mm
Bendsupto 14T

Combined fct. Bend 0.8 T& 15 T/m or 30 T/m
Quads up to 60 - 80 T/m (depends on RB)
Sextupoles up to 4000 T/m?

Spacing between magnets 100 mm

e HigherOrderAchromat Approach:

(@)

6MBA + homogenous metrology bend

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland

;’:tlk b)_/ B Kuske, Tuesday
erministic approach to MBa lattice des;
ign

Talk by J, Vélker on Thursday

Two lattice candidates Sustainabilty at Bessy
e Different hardware solutions:

o cf-lattice: combined function bend
In center of 6MBA (community standard)
sf-cf-cf-cf-cf-sf
cf-cf-cf-cf-cf-cf

o -lattice: separated (homogenous)
Bend in the center of 6MBA (metrology):
cf - - cf
sf - - sf

e PTB needs a metrology bend,
one would be enough

B Quadrupole Reverse Bend I Combined-fct. Bend Homogenous Bend B Sextupole

)
:

0.0 25 5.0 7 10.0 12.5 15.0 17.5 20.0

position s / m
BESSY Il
8 HZB Light Source




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 | |~ | - | tew | vew ny | vy | a sae dear J"E”_m—- _m— o | Hoo= = | new | vew My | vy | aw sae dear |W—
. s - o g . op IR0
community standard ) # \\ e metrology solution N | o
e > g .
/ - —— \\\ oo Ng’:: (€3 0203 L - o : 222;91

0
0.0

1.0 1.5
| |

0.5
s

2.0

B 1.0000()

Ener [GeY] 2500
0Ly |EmitA  [omed] 0104
¢ EmitB [imrel] 00000
0.025 |dEfum  [keV] 55
:E Espread [E-3)

& [TeA [ms 267
4 [TeB s 6%

TeuE [ms]

00000
0.0000
0.4000

| S N 1117

0
0.0

0.5 1.0 1.5 2.0 2.5
_— -

Ty [Emitafmed) 0121

-0.02  [Emi8_[mmig] 00000
5 |dEhm 46
T |Espread pE) 117

0ab [TauA [ms] 4037
i [TeuB

1.0000¢

Energy  [GeV] 2500

[ms] 9550

TauE [ms]
END
2630
5428
00000
2646
0.0000
005

00000
0.0000

SX, RB, SY, B,...
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SX, RB, QD, SY, B, ...
s HZB

BESSY Il
Light Source



—
A. Streun, NIM-A, 737 (2014), 148-154

Linea r Beam Dynamics The anti-bend cell for ultralow emittance storage ring lattices
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
Maonat arranaamant
CF-UC with Tm long main bends SF-UC with 1m long main bends
Jx=1.7
=00 @ Emittancein pmrad A mom. comp. factor 1.0e-4 8 @ Emittancein pmrad A mom. com. factor 1.0e-4 A
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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 \
&
//
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 | 95pm 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 | 95pmrad -0.26° (k = 6.8) -0.802, -0.278 3905.21
L=0.125*2 27.96, -34.22
P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland 11 HZB
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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

Stot ~ %[kg(s) D(s) — k1(s)] B(s) ds

e The sf MBA-UC: g —

P. Goslaw

SetUp Length | alpha Emittance RB angle Nat Chrom SUM(b3 *L)> for Chrom =0
SF, SD [1/m?]
SX,RB, QD, SY,B | 2670 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 | 2610m | 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 | 2700 m | 2.0e-4 98 pm rad -0.19° (k= 8.4) -0.835, -0.232 2781.58
Rings workshop, February 2024, CERN, Geneva, Switze'rla=n00"|3 *2 19.39, -31.86

2 HZB

BESSY Il
Llight Source



Linear Beam Dynamics
LEGO approach - Unit Cell -

e Thetwo different MBA-UCs: cf & sf

e UC(4.5°:Q_xy=(0.4,0.1), Chrom_xy = (0.0, 0.0)

AQ
Ap/p

ot ~ ]4 ka(s) D(s) — ki(s)] B(s) ds

§ = —k1(s)B(s)ds

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland

and for the hardware specifications of our project

Impact of reverse bend on alpha & emittance v
Magnet arrangement
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Non-Linear Beam Dynamics - TSWM, Chromatic Tune Shift
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Non-Linear Beam Dynamics - TSWM, Chromatic Tune Shift

.07 .
b w— cfcf Dispersion 0% w— sfcf Dispersion
cfsf Dispersion sfsf Dispersion
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Non-Linear Beam Dynamics - Sextupole Split Up

Non-linear optimization

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

Target parameters: (benchmark MAX IV, 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

Knobs:

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

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, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland

In
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— f{ﬁ;ﬁi{?}jﬁi‘?.ﬁ?ﬁi '“gﬁ 3 SF2 S ﬁ 1 SF2 SF3
poaladlof] e LI i T e
spoles o @ R b ‘= ‘ - , “, h
\WEHSh3T SD2 sl sD2 T H Iy
SF: SF-Splitting, dQx & dQy
02 @ sf dQx
| sf dQy
sf3, dQx
sf3, dQy
e 572, QX
= == 5f2 dQy
m— 5T1, dQX
= == sf1, dQy
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(] [ ] o l
Non-Linear Beam Dynamics - Sextupole Split Up " Progpes
Non-linear optimization
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Alpha buckets - higher order of mom.com
Limiting the momentum acceptance in the longitudinal plane

e cfcf, sfsf4Q

Th /
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Alpha buckets - higher order of mom.com '”Pngress

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, Qxy = QXy (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% ~ 4% 1.0/12.1 S
e The often forgotten longitudinal plane ... r=x5+ D § + Dy 52

o Three oscillators in x, y, delta with three natural 2
chromaticities, but only two sextupolesfamilies AL/LO = 05(5) 0=apd+a10” +..
for correction

1 [ D 1 [D? D
o a,isthe 2"d order path lengthening is ag=— ¢ — ds o] = ]{ + L
the longitudinal chromaticity Lo J p Lo 2 p

o Ratio of a /a, defines the alpha bucket (unstable off-momentum fix point),
and starts to limit the rf momentum acceptance
P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland 19 HZB EiEg?\?YSIOIurce



Alpha buckets - higher order of mom.com Progregs

Mlch
L] o L3 L] A
Natural Chromaticity in long. plane & Knobs for Correction (or Attack) "ango,
e Ratio of ¢ /a, limits the rf momentum acceptance ] D D’2
® Increasea, reduce RB &/or lengthen main bend g = — ¢ — dS a1 = - 7{ =L ds
0

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

Mlch
L] L] L] L] A
Natural Chromaticity in long. plane & Knobs for Correction (or Attack) "ango,

e Ratio of ¢ /a. limits the rf momentum acceptance
O/ 1 P 1 D 1 D/2 Dl

® Increasea, reduce RB &/or lengthen main bend Qo = L_o — dS a1 = - 9 ’
0

ds

e Reducea,figure out what is the biggest contribution

CFCF sexts. off CFCF sexts. on

00— ] 0.

005 v U | 005+
0.00 | 0.00°
~0.05 | ~0.05+
-o10f * 1 |4 -010-

0.004

g 28ng8 8 BREwm 5% 8 Rsuik B
g 28 g2 g : . P
-0.15 | -0.15:
0.003
-0.20 | -0.20+
—— D(2nd), .
Dle 0. -0.25

6=1Dolp
6=0pip

.0 1 0.002 —= D)/(Z/z - —a =] 1, ¢E[g"v"] 1 2 3 = -2 1 ve[gnv"] 1 2 3
' 0.001
—0.2{ — D" = dD,/d6
—o3l— Dj = dD,/ds 0.000 1
=
4% 2.5 5.0 75 10.0 125 15.0 17.5 20.0 00045 2.5 5.0 75 10.0 125 15.0 17.5 20.0 The Sf—UC W|th the additional
s[m] s[m]
SFeFAQ ses of FFE vertical focussing quadrupole
2888 E aBEwz8a @ 8BEwEeR 2 ABEwE8R £ 98EKE8R ¢ a8EwElR B & 883 853 B a%EnE8R 2 GBEwEBR 2 SBEwE8R 2 88EwEeR 2 88EwEdR B 8§83 . .
sy | With very good separation of
0008 beta_xy functions at the
oo chromatic sextupoles which
— oy guarantees for good TSWM,
0.002
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0.001
~02{ — o= apyas generates small mom. Acc. in the
—— DL=dDyds 0.000 . .
By longitudinal plane
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[ d l
Alpha buckets - higher order of mom.com M7C‘;7f0gress
. . el 4

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

e Ratio of ¢ /a, limits the rf momentum acceptance

D/2 1
® Increasea, reduce RB &/or lengthen main bend a1 = - 7{ — ds
0
[ J

Reduce a , figure out what is the biggest contribution

— A

2| — D@ = dp,/d6
—— D}, =dD/ds

— Dx

CFCF sexts. off

25

2| — D@ = dD,/d6
2] — Di=dDyJds

— Dx

VimY

Ongoing;:

Optimise the MBA-Lattice (unit-cell), so
wene- o that both planes (trans, long.) will have
equal/similar momentum acceptance!

D,[(Z"d]/p
0.002
— DR
0.001
0.000

—0.001

sssssssssss

15

0

The sf-UC with the additional
vertical focussing quadrupole
with very good separation of
beta_xy functions at the
chromatic sextupoles which
guarantees for good TSWM,

generates small mom. Acc. in the
longitudinal plane
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The process towards a
BESSY Ill lattice

Robustness Analysis &
Simulated Commissioning

e J.Bengtsson with tracy or thor_scsi

o  Robustness analysis against
misalignments and magnet field
uncertainties (errors),

HOA, Phase Advance, Periodicity

o  Conclusion: Two stable and
robust solutions cfcf, sfsf4Q with
~ 3%, 5% momentum acceptance

e T.Hellert with AT and Simulated
Commissioning

o BBA, Correct Orbit, LOCO

Beta Function Distortion

Dispersion Error

Dynamic Aperture

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland
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The process towards a BESSY Ill lattice - Summary

LEGO approach - the UC

° TWO rObUSt SOlUtionS' Cfo Sfo4Q I Quadrupole Reverse Bend Homogenous Bend Il Sextupole
. ) E
, : & e
o cfcf: less magnets, little bit shorter, = 0050
but mom.acc_xy only ~2-3% 5 s
()
o
o  sfsf4Q: more magnets, strongly reduced g 0.000 p
sextupole strength for chromaticity Loy — 5
correction, mom.acc_xy ~4-5% -
8_
o  Matching with longitudinal plane! -
s 6 -
e Currently ongoing / Next steps: E
> 4
o  Non-linear optimisation scheme 2
o  Robustness & Tolerance analysis 2]
o Injection scheme & Collective effects 0
o , 1L 1 1 A
o Intensify discussions with 0 5 10 15 20
::I::sat:t%'g:{' & engineering position s / m

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland 24 HZB Eﬁfys!urce



Thank you for your attention !
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Overview - BESSY II+/ 11l

Towards BESSY lll by using BESSY Il, BESSY II+

BESSY II+

BESSY Il

BESSY I+ paves the way to BESSY Il

W Operation
2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 2035 | 2036
Beamline Transfer
CDR Project/Construction Com. Operation
2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036

BESSY lI+ application/project: operando capabilities, modernization, and sustainability.
100 M€ (25 % HZB, 25% strategic partners or third-party projects, 50 % request funding bodies) split up in

Future BESSY I
Science Case

50 % for 8 new beamlines, endstations & sample environment,
15 % for improving the sustainability of BESSY I,

35 % modernization of the accelerator complex

Active Higher-Harmonic Cavities §
together with ALBA & DESY ’

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland

» | BESSY Il
Hardware / Tech.

Hybrid-Permanent Magnets
- replace power hungry (30 kW)
bending electromagnet

in BESSY Il transferline

- metrology suitable PM dipole

)

28 HZB

BESSY Il
Light Source



BESSY Il Specialties

HZB

BESSY I
1.7 GeV, DBA,

o e SO Gy WEPOWOL11, R. Miiller,

E s PPRE IPAC2016, Busan, Korea

€ 2

g2 £

3, :

A AL [
=70 ! time (ns) "~ . TT--B00
AFET ! K JIRRREE
cal ' ited Rk separated

i s
|

-

‘Undumor

‘mono-
chromator

COMMUNICAI ' e

PHYSICS T =
SR | e

ARTICLE o | el | e D

opE vt Erry (01

Flipping the helicity of X-rays from an undulator at
unprecedented speed

Karsten Holldack® ', Christian Schiissler-Langeheine!, Paul Goslawski!, Niko P{
Felix Armborst® !, Markus Ries!, Andreas Schalicke!, Michael Scheer!, Winfried H

5 nm rad, 300 mA
240 m, 16 Straights, 5 m
since 1998

Soft and tender X-rays
Spectro-Microscopy
Timing: low a, femto-slicing
SB, VSR, TRIBs/2-Orbits

3rd order resonance
Island orbit closes
after 3 turns

Standard orbit
Island orbit

Two stable independent orbits
capable to store
two independent fill pattern

scientific reports

OFEN Two-color synchrotron X-ray
spectroscopy based on transverse
resonance island buckets

K. Holldack*?, C. SchiiBler-Langeheine, N. Pontius!, T. Kachel, P. Baumgartel*,
Y. W. Windsor?, D. Zahn?, P. Goslawski!, M. Koopmans' & M. Ries®

Solar Energy

Photon Science

Chemical Energy

Accelerators

Quantum & Functional Materials

Scientific Instrumentation & Support

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland

2 PhD Thesis | exmm e cnmmmem

A new Bunch Separation Scheme

Armborst, Felix

Transverse Resonance Island Buckets at BESSY II

Transverse Resonance Island Buckets in
Advanced Light Sources

Arlandoo, Michael

BESSY Il
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BESSY Il
100x times more brightness than BESSY Il &

1000x times smaller focus at sample (10pum down to 10nm)

Emittance /y* (nm)

10°

T T T

107

10°®

T

10°

10—10

BESSY II
SPEAR 3@ as [ J

[ )
ASP @SS @
ALBA oo @

TPs®

NSLSII
MAXIV @
@]

© Sirius

L
ALS-Uy gadli

@ 3rd generation facilities
® existing MBA based facilities
@ planned MBA based facilities
@ planned MBA based facilities with reverse bends

PETRA IV
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Higher Order Achromat

Periodicity of Sextupoles and Phase Advance between Sextupoles

Geometric resonance driving terms cancel

if the phase advance between sextupole

cells is chosen wisely.

2000

1000

BB

BB

BB
sp

QD

MBB
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s [m]
3388 B 98Fnz88 3 GSEnE8R 3 GSEME8R 3 68EwE8s s8s4%82 8 & § 83
First Order Second Order Third Order S8 88 2 gEna o e @ @ @ @ ah g g 2 8888
Geometric Chromatic Geometric Geometric 1
cel | v, v, v, av, [veav, [veav, | o, [oav, | v, [ av, Joveey, [oveav | sy, [vay, [veav, [oveay, Toveay, T 5000
1 | 0400 | 0100 | 25055 [ 040 [ 120 | 020 | 060 [ o080 | 020 | 160 | 040 | o060 100 | 200 | 000 [ o080 | 100 1.40 201 h2100
2 | o800 [ 0200 080 | 240 | o040 | 120 | 160 [ 040 | 320 | om0 | 120 200 [ 400 | 000 | 160 | 200 2.80 h1011
3 | 1200 [ 0300 120 | 360 | 060 | 180 [ 240 | 060 | 480 | 120 | 180 300 | 600 | 000 | 240 | 300 420 —— h1002
4 | 1600 | 0400 160 | 480 [ 080 | 240 [ 320 | 080 | 640 | 160 [ 240 400 | 800 | 000 | 320 | 400 560 —— h1020
5 2.000 0.500 2.00 6.00 1.00 3.00 4.00 1.00 8.00 2.00 3.00 5.00 10.00 0.00 4.00 5.00 7.00 30 4
Geometric Chromatic Geometric Geometric
cel [ v, we v, sv, [veav, [veav, | o, Toav, | v, [ av, Toveey, [oveav | sy, [y, [veav, [oveay, Toveoy,
1 | 0420 | 0143 | 37,17 [ o043 | 1290 [ 014 | 071 [ 086 [ 029 | 171 | 057 [ 057 114 | 214 [ 014 | 100 [ 100 157 20)
2 | oss7 | o286 086 | 257 | 020 | 143 | 171 [ 057 | 343 | 1aa | 1aa | 220 | 420 [ 029 [ 200 | 200 314
3 | 1286 [ 0429 129 | 386 | 043 | 214 [ 257 | o086 | 514 | 171 | 171 343 | 643 [ 043 | 300 | 300 471 }=‘
4 | 1714 | osn 171 | 514 [ 057 | 286 [ 343 | 114 | 686 | 220 [ 22 457 | 857 | 057 | 400 | 400 6.29 —\ |
5 2,143 0714 214 643 071 357 429 143 857 2.86 2.86 a7 10.71 -0.71 5.00 5.00 7.86 109
6 | 2571 [ oss7 257 | 771 [ o086 | 420 | 514 | 171 [ 1020 | 343 | 343 686 | 1286 | 086 | 600 | 6.00 9.43 v— —
7 3.000 1.000 3.00 9.00 1.00 5.00 6.00 200 12.00 4.00 4.00 8.00 15.00 -1.00 7.00 7.00 11.00
0
0 10 15 20
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The process towards a BESSY lll lattice - Non-Linear Beam Dynamics

0.201{cfcf, cfsf - TSWA: dQx vs Ax,Ay — cfcf dQx Vs x - (cficf, cfsf - TSWA: dQy vs Ax,Ay | — cfcf dQy vs x
m— cfcf dQx vs y w— cfcf dQy vs y
e Cfsf QX VS X 0.15 e Cfsf dQy VS X
cfsf dQx vs y cfsf dQy vs y
—————————————————————————————————————————————————— 0.10 Fmmm o= e e e e e e e e
0.05
=
%’ 0.00 1=
-0.05
1B e e TR B B o e R -0.10
-0.15 -0.15 \
\
-0.20 —-0.20
00 05 10 15 20 25 3.0 35 40 45 50 55 6.0 00 05 10 15 20 25 3.0 35 40 45 50 55 6.0
x/y position in mm x/y position in mm
0.20 [Sfo, sfsf, sfsf4Q - TSWA: dQx vs AX.AY] m— sfcf dQx vs x [sfcf, sfsf, sfsf4Q - TSWA: dQy vs AX,Ay | === sfcf dQy vs x
— sfcf dQx vs y — sfcf dQy vs y
0.15 e 5fSf QX VS X 0.15 = sfsf dQy VS X
sfsf dQx vs y sfsf dQy vs y
L o e A it Ittt et I sfsf4Q dQx vs x = O O et et e At Rt Ittt Ittt sfsf4Q dQx vs x
sfsf4Q dQy vs y sfsf4Q dQy vs y
0.05 0.05
3 53
S 0.00 S 0.00
-0.05 -0.05
-0.107 R . — =0.10 T———————r——— TR\ TS T
-0.15 -0.15
—-0.20 \ -0.20 ;
00 05 10 15 20 25 30 35 40 45 50 55 6.0 0.0 05 1.0 1.5 20 25 30 35 40 45 50 55 6.0
x/y position in mm x/y position in mm
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TSWA
Amplitude Dependent
Tune Shift
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BESSY lli

Beamline Requests & Portfolio

Beamline requests / Energy bin

25

20

PETRA IV

{ I BESSY Il total
B o718 | BAM

1m-10m
10m-100m
100m-1

1

5

800-1000

2-3k

Photon Energy [eV]

3-5k

sources: DESY,HZB,PTB, BAM

Epea=30 keV

5-10k
10-20k
20-50k

..
I,
|

50-100k —{NI

100-150k —

150-200k |

# Name Photon Energy Main Methods Main Applications
XPS, HAXPES, NEXAFS, STXM (Storage, Batteries, Solar
VUV to Hard 5eV-20keV 4 &
1 s = & XPS, HAXPES, NEXAFS, STXM Fuels)
DIP 20eV-15keV UPS/XPS, NEXAFS, EXAFS, XPS, UPS, ARPES
Soft & Tender 100 eV - 4 keV PES, HAXPES, TXM, XAS, XPCS (Batteries), Quantum
2, Resonant Scattering, CDI , Quantum
DIP 2-14 keV Diffraction/ EXAFS/XRF, NEXAFS, , Quantum,
BEIChem, XPS Chemistry
XUV to Soft 60eV-1.5keV d 3
3 920 € €Y |BEIChem, XPs , Chemistry
DIP 2-14 keV XRD/ EXAFS, WAXS, SAXS, HAXPES b
5 : Lensless Imaging, X-ray holography, XPCS Quantum,
M tic | 150 eV - 2 keV
4 agnsticimaging & = STXM, Resonant Scattering, 3D mag. tomogr. Quantum,
DIP 100 eV - 1.5 keV |XMCD, XAS with magnetic vector fields Quantum,
ARPES Quantum, b
5 XUV Spectroscopy 5-200eV hano-ARPES Quantiim;
DIP 80eV-4keV NEXAFS, XPS b , Quantum
TXM, FIB-TXM Life Sciences
Soft & Tender | i 180 eV - 8 keV ’ ’
6 o Shcerimaging & < Tender TXM, Tomography Life Sciences,
DIP 20 eV 1.5 keV Soft X-ray spectroscopy 3 , Quantum
’ i RIXS Quantum
Inelastic Scatt 180 eV -3 keV !
7 DElRtEEaNenie & €Y |mev@1keV RIXS Quantum, ,
DIP 20eV- 1.5 keV Soft X-ray Dynamics open port
g (S)PEEM, PEEM, Ptychography Quantum, 5
Spectro M 100 eV - 1.8 keV
8 RECHOICILIOCORY S < nano-ARPES Quantum, 5
DIP 100 eV - 4 keV Broad band soft + tender X-ray spectroscopy open port
X-ray Diffraction Life Sciences
M I. Crystall h 5-20keV
9 e e i X-ray Diffraction Life Sciences
DIP 80 eV -2 keV Soft X-ray spectroscopy open port
Multimodal Spectroscopy 20 eV- 8 keV Multlmodal Spectioscony open port
10 Time-resolved spectroscopy open port
DIP 20 eV -3 keV Declined b line, Multimodal spectroscopy
Reflectometry / Scatterometry Metrology for Industry
PTB: V- 1.
il e EvEY i Reflectometry / Scatterometry Metrology for Industry
DIP PTB: FCM 1.7 keV-11keV |X-ray radiometry / X-ray reflectometry Metrology
. i X-ray spectometry Materials Metrology
12 TR A i X-ray spectometry Materials Metrology
DIP PTB: white light 40 eV - 20 keV Primary source standard BESSY IIl Metrology
5 g : W-XRF/ (GI)SAXS / Ptychography Materials Metrology,
13 PR TN =Dy W-XRF/ (GI)SAXS / Ptychography Materials Metrology,
DIP PTB: XPBF/ESA 1 keV - 3 keV X-ray optics for astrophysics in-line Metrology for Manufacturing
12 BAMIine 5 keV - 120 keV. Diffraction, XRF, uCT Materials Metrology

Diffraction, XRF, uCT

Materials Metrology

P. Goslawski, iFAST - 9th Low Emittance Rings workshop, February 2024, CERN, Geneva, Switzerland
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1st Milestone Lattice: HOA - Linear Beam Dynamics

LEGO approach - UC -
Angle distribution between UC & DSC

Distribution of bending angles

3
60N¢

16 sectors > 360/16 =22.5°

With a 6-MBA: oat+t4+72
O 2.25°+4.5°+4.5°+4.5°+45°+2.25°

For our 6-MBA with 16 straightsitis a
20-30% reduction

o at UC~4.0°and DSC ~ 3.25°

emittance €y / a.u.
o
w

Bending angle between UC & DSC

e
o

o
&)

o
I

— 0~ 4% P+ 2% PFsc
m— Epsc ~ 2*¢Ssc

2 3 4 5 6
angle of DSC/ °

4.0 3.5
angle of UC/ °

3.0
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