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Abstract

The BESSY III project evolves from a pre-CDR phase
into the CDR phase. And for lattice design, it means, that
one of the different Higher-Order-Achromat MBA lattice
candidates has to be chosen as the baseline lattice for the
iterations with the construction department. Therefore it is
essential that the At BESSY III, it is requested, that the bends
be used as bending sources in different regimes, the soft-
X-ray (<2 keV), in the tender (2-10 keV), and hard X-rays
(>10 keV). In this contribution, we will give an overview of
the BESSY III project and its bending sources and discuss
briefly the baseline lattice.

INTRODUCTION

HZB is preparing for its future light source with two
main projects [1]: the BESSY II+ project and BESSY III.
BESSY II+ is a refurbishment and modernization project of
the exiting 1.7 GeV BESSY II facility with the main focus
on operando capabilities in the experimental hall, to enable
state-of-the-art operation for the next decade. It will act as a
bridge towards BESSY III helping to shape the science case
and driving technology developments [2]. The BESSY III
project aims to establish a greenfield 4™ generation light
source based on a 6-MBA (multi-bend-achromat) lattice. A
first sketch of the facility was recently published in a "Pre-
Conceptual Design Report" [3].

THE BASELINE LATTICE

The lattice design process is extensively described and
summarized in [4] and references therein. To deliver a robust
design with good control of non-linear beam dynamics, we
chose the Higher-Order Achromat (HOA) approach [5], fix-
ing the phase advance between the distributed and repetitive
two chromatic sextupole families within the MBA structure.

Due to the necessarily low dispersion and the strong fo-
cusing of MBA lattices, their strong sextupoles lead to de-
manding non-linear behavior. Since the non-linearities in
the transverse plane limit the performance of many! MBA
lattices, we focused right from the beginning of the lattice
design process on relaxing the transverse non-linear beam dy-
namics, despite providing the required emittance 100 pm rad.
Therefore we followed a systematic and deterministic lattice
design approach [6]. We studied in detail the various pos-
sibilities to set up the different basic building blocks of an
MBA lattice, which are the inner MBA-unit-cell (UC), the
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dispersion suppression cell (DSC), and the dispersion free
matching cell (MC) to reduce the sextupole power needed
for the correction of the transverse natural chromaticity and
provide the necessary phase matching for cancellation of
the lower order resonance driving terms. For the MBA-UC,
which consists of the main bend, two focusing, and two chro-
maticity correcting components in the x-plane and y-plane
respectively, we could show that utilizing a setup build-up on
a separated function (sf) bend reduces the sextupole power
by factor 2, resulting in a factor ~2 better momentum accep-
tance compared to a combined function (cf) bend solution.
Comparing lattices with only two sextupole families for cor-
recting the horizontal and vertical natural chromaticity [4]
the momentum acceptance is limited to 2 % for the cf lattices
and extends to 3.8 % for the best sf lattice. By splitting up
the sextupoles families and introducing chromatic octupoles,
it can be improved to ~3 % for cf and ~5 % for sf>.

To circumvent issues with non-linearities in the longitudi-
nal plane & collective effects described during the SLS2.0
design process [7, 8] for very small or even negative momen-
tum compaction factor, @, the design value for BESSY III
was set to a9 > 1.0 x 107 from the beginning. However, the
two solutions (sf, cf) show different longitudinal behavior,
which will be described in the following.

Non-Linearities in the Longitudinal Plane

Figure 1 (left) shows the comparison of the development
of the momentum acceptance in the longitudinal plane, i.e.,
the rf bucket height for the cf and sf lattice, when increasing
the rf voltage. Whereas the cf lattice shows saturation at
2.3MV and ~8 % momentum acceptance, the sf lattice is
limited much earlier in voltage at 0.9 MV and ~3.7 % mo-
mentum acceptance.

(@ (b)

Figure 1: RF momentum acceptance in the longitudinal
plane.

The reason for the limitation are the non-linear higher
order contributions to the momentum compaction factor
and dispersion. These non-linearities start to dominate the

2 In this stage of the design process the numbers belong to bare lattices
without errors.
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longitudinal phase space, i.e., the oscillation in phase and
momentum deviation § = Ap/py, see Fig. 1 (right) and
might become a problem for "quasi-isochronous storage
rings" [9]. That means, that higher orders of the momentum
compaction factor

AL/Lo=a(8)6=ayd+ai 6 +... (1)
1 (D
ay = — —ds 2
" LoJ p
1 D? D,
= — + —d 3
ay I 3 - s (3)

and of the dispersion
x=xg+D5+D; & +... 4)

will define the dynamics. The ratio of %’ defines the bal-
ance between the on-momentum unstable fixed point, which
determines the well-known fish-like rf bucket and the off-
momentum unstable fixed point which, if dominating, limits
the momentum acceptance independent of the rf voltage.

The ratio is 20 = Ll for the cf-lattice and D= 55 for

the sf—lattice.a 1Sincse.sall lattice candidates have been con-
structed in a way to achieve a momentum compaction factor
@y > 1.0 x 1074, the limit is given by ;.

Inspecting Eq. (3), there must be a difference between
the two lattices (cf & sf) in the derivative of the dispersion
D’ and/or the 2" order dispersion D . Both quantities are
plotted for the two lattices in Fig. 2 (left). The right plot
shows their individual contribution to the integral DT/Z (red)

and % (blue). Clearly, the additional vertically focusing

T T R

Figure 2: Origins for the high a - the non-linearities in the
longitudinal plane.

quadrupole in the sf lattices applies an additional kick to the
dispersion, which is best seen in its derivative (red). Since
the dispersion derivative contributes quadratically to the
integral, it is the driving factor for the larger @ and the
momentum acceptance limit in the longitudinal plane for the
sf lattice. The contribution of the 2" order dispersion D is
negligible.

Unfortunately, in terms of momentum acceptance for both
kinds of lattice candidates, it is a very mal-adjusted situation:

* The cfcf-lattice provides 2-3% momentum acceptance
in the transverse plane and ~8 % in the longitudinal
plane.
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¢ The sfsf-lattice has 4-5% momentum acceptance in the
transverse plane and only ~3.7 % in the longitudinal
plane.

Especially the situation of the sf-lattice is unsatisfactory. The
additional vertically focusing quadrupole, which increases
the decoupling of the B-functions at the positions of the chro-
matic sextupoles and improves the transverse momentum
acceptance, kicks the despersion, which limits the momen-
tum acceptance in the longitudinal plane. The individual
basic blocks of the lattice (UC, DSC, MC) have been inves-
tigated once more to increase @ and to reduce a; and find a
better matching of momentum acceptances in the transverse
and longitudinal plane. The most effective countermeasures
have been the reduction of the main bend angle and balanc-
ing more bending in the DSC bend and the increase of main
bend length. Both reduced the emittance and allow to reduce
the RB angle. In addition the RB was omitted or reduced in
the DSC. This allowed to reduce the non-linearities in the
longitudinal plane to g—? = %, improving the longitudinal
momentum acceptance to ~6 %.

With a first non-linear optimization using OPA3, ie.,
by splitting up the two sextupole families into individual
magnets and the introduction of one chromatic "mainly"
horizontally-acting octupole in the DSC the transverse mo-
mentum acceptance could be improved to nearly 5 %, which
suits very well to the longitudinal one. Currently, we are
working to develop a well-defined recipe to optimize the
non-linear knobs and beam dynamics [11]. The BESSY III
baseline lattice with its most important parameters is shown
in Fig. 3.

aiods S
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Figure 3: The BESSY III baseline lattice.

Bending Magnets as Radiation Sources

The flux density and the brilliance of the bending sources
at BESSY II and the intended bending sources at BESSY III
are shown in Fig. 4. BESSY II currently provides two differ-
ent types of bending sources: Homogeneous bends based on
iron yoke electromagnets at 1.3 T@1.7 GeV, which provide a
critical photon energy of 2.5 keV (blue) and superconducting
wavelength shifters with 7T@1.7 GeV, providing a critical
photon energy of 13keV (orange).

3 see https://ados.web.psi.ch/opa/index.html
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Figure 4: Flux and brilliance of different bending sources
at BESSY II (blue and orange) and of bending sources dis-
cussed for BESSY III (green, red, and brown).

For BESSY III users request also bending beamlines with
different spectral ranges, from EUV to soft X-rays (0.01 keV
to 2keV), from soft to tender X-rays (2 keV to 10 keV) and
hard X-rays (>10keV).

For geometric reasons, radiation can be best extracted
from three inner dipole magnets (#2, #3, #4) of the arc of
the BESSY III 6-MBA sector, shown in Fig. 5 (top). It is
foreseen to provide at least one bending beamline per arc,
two might also be possible.

#1 #2 #3 #4 #5 #6
L o O gy

NI

Figure 5: (top) The magnetic arrangement of a BESSY III
sector (bends - blue, quadrupoles - red, reverse bends (shifted
quadrupoles) - purple, sextupoles - green). (bottom) The
magnetic peak field for the different magnets.

The standard homogeneous bend at BESSY III based on
permanent magnets technology with 0.64 T@2.5 GeV does
nicely match PTB’s needs for metrology applications, pro-
viding a critical photon energy of 2.6 keV (green) and de-
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livers nearly the same spectral range as the bending magnet
at BESSY II, but increases the flux density by a factor 2
and the brilliance by 100, as shown in Fig. 4. It is under
discussion if the request for higher photon energies can be
covered by longitudinal gradient bends (LGB). As a first
guess, the homogeneous bend was separated into three areas
supplying a higher field at the center and reduced fields at
the beginning and end, see Fig. 5 (bottom). Initial studies
showed no severe impact on the beam dynamics when mod-
ifying the main bend as long as the phase advances over
the MBA-UC and the matching conditions for the optical
functions are maintained. Without changing the vacuum
pipe diameter a field of up to 1.5 T could be possible using
permanent magnet solutions, which would provide a critical
photon energy of 6.2keV (red). A superconducting solu-
tion with 4 T would push the critical energy up to 16.3 keV,
but this solution needs more technical R&D and would in-
crease the project risks. So far, our investigations show no
notable emittance-reducing impact of the LGB. As the phase
advance is kept constant and the optical functions are not
adapted to the higher field, no emittance-reducing effect is
expected. Further studies should investigate the impact of
adjusted optical functions on the overall performance with
LGBs. So far, it is foreseen to use the LGBs as adapted
bending sources.

CONCLUSION & OUTLOOK

In a careful process, focusing on suppressing non-linear
beam dynamics contributions, a BESSY III baseline lattice
was developed based on a 6-MBA HOA with separate func-
tion dipoles. Limitations of the longitudinal momentum
acceptance were analyzed and could be mitigated without
corrupting other design criteria. Plans for supplying dif-
ferent wavelengths from the bending magnets were intro-
duced. For moderate field increase and/or a limited number
of higher field bending magnets, no relevant deterioration
of the dynamic was observed. As the next steps, we are
looking forward to pushing the BESSY III lattice toward the
TDR phase (technical adaption, injection straight, robustness
against errors, collective effects, ... ).
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