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Abstract

The installation of the SLS2.0 storage ring will start in
October 2023. Most of the vacuum chambers comprising
the 288 m long storage ring will be made out of copper to
dissipate the synchrotron radiation heat and to decrease
resistive wall impedance. The nominal inner diameter of
the vacuum chambers is 18 mm, with a wall thickness
minimum of one millimeter, and their clearance to
neighboring magnet poles, in some cases, 0.3mm. In the
bending magnet locations, the chambers will have an
antechambers, with a Glidcop crotch absorber at each end.
The whole ring will be NEG-coated to speed up the
vacuum conditioning. Each arc is approximately 18 m long
built up without any bellows, thus requiring the NEG
activation performed in an oven outside the tunnel. The
installation of this completed arc into the magnet apertures
will be a delicate crane transport. This paper describes the
design and production of the different vacuum
components, as well as the first test of components.

SLS 2.0 VACUUM CONCEPT

The SLS 2.0 storage ring [1] is based on a seven bend
achromat design which combines longitudinal gradient
bends with reverse bends. Permanent magnets are used to
achieve this high magnet density per unit cell with the
consequence that magnet aperture minimum must be 22
mm to get enough field strength. The nominal inner cross
section of the SLS2.0 arc vacuum chamber is 18 mm,
which means poor pumping conductance and high photon
flux impinging on the inner chamber surfaces. These
surfaces are coated with Non-Evaporable-Getter (NEG) to
limit photon stimulated desorption (PSD) [2-4].

Storage Ring Layout and Simulations

The storage ring consists of twelve identical arcs, each
approximatelyl8 m in length (Fig. 1). Due to the high
packing of magnets, no bellows can be installed, thus
preventing any bake-out and NEG activation after
installation in the tunnel. The arc includes seven bending
magnet vacuum chambers each ending with a stainless
steel cube with a 55 1/s ion pump (#Vaclon Plus 55), a getter
pump (#CapaciTorr Z400) and a Glidcop crotch absorber
[5]- The arc design of Fig.1 was simulated in MOLFLOW
[6] to predict the pressure profile along the beam orbit (Fig.
2). The outgassing rate of the inner surfaces was
preliminary simulated with the code SYNRAD[6], taking
into account the magnetic field maps, the presence or not
of NEG, and the different cumulated photon dose
illumination, which is proportional to the beam dose in A.h.
NEG coating of the inner surface helps speed up the
vacuum conditioning time allowing the required pressure
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for nominal beam lifetime of 1.0x10"° mbar equivalent CO
to be reached after 100 A.h of beam time. Without NEG
coating at least an order of magnitude more conditioning
time (1000 A.h) would be required.
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Figure 1: 3D plots of an SLS2 arc including all magnets
(top) and of the vacuum chambers arc assembly (bottom).
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Figure 2: Pressure profile simulated with SYNRAD /
MOLFLOW.

VACUUM CHAMBERS DESIGN

About 500 vacuum chambers of length ranging between
150 and 1500 mm are needed for the 12 arcs. The chambers
are assembled together with flat silver-plated copper
gaskets (VATseal type), having sealing lips protruding by
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200 um and which deform to roughly 150 pm after
tightening, in between. The main chamber types are
described in this section.

Bending Magnet Chambers

The most complicated chambers of the arcs, in terms of
fabrication, are the dipole magnet chambers (CB series).
Most of these chambers are produced in-house and the rest
of the arc chambers are provided by the company FMB
GmbH [7]. The inner cross section portion of the vacuum
chambers, in which the electron beam travels, has an
octagonal shape of 18 mm inner diameter and a minimum
of 1 mm wall thickness (Fig. 3). This cross-sectional area
is 4 times smaller in comparison to SLSI1, significantly
increasing the Synchrotron Radiation (SR) power
deposition on surfaces. An antechamber leads from the
octagonal chamber by a slit with a 3 mm height allowing
the dipole-generated SR to escape. A slit with a 10 mm
height in the first dipole chamber of every arc allows
undulator light originating farther away to be extracted.
This slit height corresponds to a maximum vertical opening
angle of 1 mrad.

Figure 3: Cross section view at the middle of the dipole
chamber in the case of SLS 1 (top) and SLS 2.0 (bottom).

To properly evacuate the SR heat (there is 150 W
dissipated in the vacuum chambers walls every two meters
of unit cell), copper is used as base material. The chambers
were designed using a brazing procedure. PSI has
extensive know-how in copper OFHC brazing and a large
suitable oven (4 m capability). The central part of the
chamber (Fig. 4) consists of two half shells that are milled
from plates and brazed together in a horizontal position
(step 1). The rest of the copper parts are fabricated by a
combination of milling (outer contours) and wire erosion
(inner contours). The roughness obtained after wire erosion
is better than Ra < 0.8 um, which is compatible with our
impedance specifications. The stainless-steel parts in 316-
LN are also pre-brazed with their copper neighbours.
Finally, all the parts are stacked vertically including the
cooling channels and brazed together (step 2) at a slightly
lower temperature than the one used in the first brazing
step.

The production of the series has already started, with 5
chambers out of 91 which are leak tight and NEG
coated [8]. An average production rate of two chambers per
week is expected. For the NEG coating, a magnetron
sputtering setup with thin solenoids has been developed in-
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house. The first three dipole chambers were successfully
coated with almost full surface coverage of a 0.5 um thick
layer. Only the area where macor wire spacers were located
remained uncoated, yielding a final surface coating of more
than 99.8%. (Fig. 5).
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{

Figure 4: Bending magnet dipole chamber, 3D Exploded
view (top) and picture (bottom).

Figure 5: Endoscope picture of the inner octagon after
NEG coating, the red marked areas are zones where copper
is barely visible, and correspond to the locations of the
Macor spacers.

Beam Position Monitor (BPM) Chamber

The BPM chambers, made out of stainless steel 316LN
(Fig. 6), are both wire-eroded, to form the inside cavities,
flat seal (3D view) on its CuCrZr support (picture).and
milled, to create the outside surfaces. The inner diameter is
chamber and to avoid SR heat-up. The BPM buttons are
glass isolated Inconel pins which are TIG welded into the
45 degrees facets of the BPM block. The wall thickness of
the pipe following the BPM block is only 0.5 mm to allow
a good penetration of the fast-changing magnetic field of
the corrector magnets which are positioned there. To limit
resistive wakefields, the inner side is coated by
electroplating with 5 um of copper. On top of the copper a
NEG layeris deposited. The BPM chamber is mounted on
a water cooled Glidcop part to make a thermal barrier
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between the warm BPM block (40 °C) and the main steel
support (24 °C). This should limit the thermal drifts.
Eleven BPM chambers out of 120 were already produced
by FMB.

Figure 6: Beam position monitor chamber (CSS) with its
21 mm in order to stay in the shadow of the upstream.

Valves and Bellows

There is a gate valve at each extremity of the arc marking
the separation between arc and straight sections. These
valves are always connected to bellows which are then the
first / last components of the straight sections (Fig. 7). The
inner cross sections are round and 21 mm in diameter. The
main constraint in the valves and bellows design came
from the RF impedance compatibility [9].

Stainless steel

Finger sleeve stainless
steel without Ag coating

RF backshield Outer
Ring for DC contact

Finger ring stainless steel
with Ag coating

Figure 7: 3D Cross-section view of the inner part of a valve
(left) — bellow (right) assembly.

The RF shielding designs for the valve and bellows were
co-developed with the company VAT [10]. A combs design
in stainless steel [11] was adopted (Fig. 8) for the valve RF
shielding as the more standard finger barrel design created
some unacceptable beam instabilities. Still, some high
order modes (HOM) resonance persists, dissipating 28 W
in the combs leading to about 80 °C peak temperature [9].
Due to these temperature cycles a stainless-steel flat gasket
is used rather than copper one. The bellows shielding
consists of 3 finger barrels in stainless steel. The two
extremity finger sleeves (shown in pink in Fig. 7) are
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spring-loaded outward and have noses protruding at the
inner diameter. These features allow the sleeves to mate
with the adjacent flanges very accurately centered and
without any axial gap. The central barrel has the largest
diameter and overlaps the two sleeves.

. Wspring loaded

Figure 8: Pictures of the 21mm dimeter RF shielding of the
bellow (left) and valve (right).

ARC TRANSPORT AND ACTIVATION

Each arc will be assembled in a clean room and then
suspended from a supporting frame with chains. The frame
and arc assembly are then to be transported with the SLS
building crane to an oven where the arc will be baked out
and activated. The arcs are then to be stored under vacuum
until final assembly on the girders.

Figure 9: 3D view of the vacuum arc attached to its lifting
girder (top) and baking oven in SLS building (bottom).

VACUUM COMPONENTS IN STRAIGHTS

The straight components and especially the undulator
vacuum chambers are still in the design phase. An
aluminium extruded pipe with a 9mm ID, and NEG coated,
will be used for the soft X-ray undulators’ vacuum
chambers. The hard x-ray in-vacuum undulators have a
special design where their vacuum chambers are
incorporated in the magnet array supporting frame. The
vacuum chamber for the superconducting undulator, with
an ID of 4 mm, a wall thickness below 0.2 mm, and a length
of 1.4 m, will certainly be an engineering challenge.

THPA147
4303

=gz Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.




14th International Particle Accelerator Conference,Venice, Italy

JACoW Publishing

ISBN: 978-3-95450-231-8

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2023-THPA147

MC7.T14: Vacuum Technology

4303

THPA: Thursday Poster Session: THPA

THPA147

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


@2z Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.

ISBN: 978-3-95450-231-8

[1]

14th International Particle Accelerator Conference,Venice, Italy

REFERENCES

H.-H. Braun et al., “SLS 2.0 storage ring. Technical design
report”, Paul Scherrer Institut, Villigen, Switzerland, Rep.
21-02, 2021, https://www.dora.lib4ri.ch/psi/
islandora/object/psi:39635

Y. Tanimoto, T. Nogami, X. G. Jin, M. Yamamoto, R. Takai,
and T. Honda, “Vacuum performance of the NEG-coated
chamber for U#19 at PF-ring”, in Proc. IPAC’I9,
Melbourne, Australia, May 2019.
doi:10.18429/JACoW-IPAC2019-TUPMPO19

M. Grabski and E. Al-Dmour, “Commissioning and
operation status of the MAX IV 3 GeV storage ring vacuum
system”, J. Synchrotron Radiat., vol. 28, no. 3, pp. 718-731,
2021. doi:10.1107/51600577521002599

L. Liu et al., “Status of Sirius operation”, in Proc. [IPAC'22,
Bangkok, Thailand, Jun. 2022, pp. 1385-1388.
doi:10.18429/JACoW-IPAC2022-TUPOMS002

C. Rosenberg et al., “SLS 2.0 crotch absorbers design”,
presented at IPAC’23, Venice, Italy, May 2023, paper
THPA 148, this conference.

THPA147

4304

ISSN: 2673-5490

(6]
[7]

(8]

JACoW Publishing
doi: 10.18429/JACoW-IPAC2023-THPA147

Molflow, https://molflow.web.cern.ch/.

FMB GmbH, https://www.fmb-berlin.de/
index.php/de/.

N. Kirchgeorg et al., “A new NEG coating setup with
travelling thin solenoids for the SLS 2.0 complex vacuum
chambers”, presented at IPAC’23, Venice, Italy, May 2023.,
paper THPA 149 (unpublished), this conference.

A. Citterio, J. P. Braschoss IV, M. Dehler, S. Dordevic,
D. Stephan, and L. Stingelin, “Machine impedance
calculation and optimization of vacuum components in SLS
2.0”, presented at IPAC’23, Venice, Italy, May 2023, paper
MOPMO16, this conference.

VAT, https://www.vatvalve.com/.

1 Y. Suetsugu, K. Kanazawa, N. Ohuchi, K. Shibata, and

M. Shirai, “Application of comb-type RF shield to bellows
chambers and gate valves”, in Proc. PAC 05, Knoxville, TN,
USA, May 2005, paper RPPE052, pp. 3203-3205.

THPA: Thursday Poster Session: THPA
MC7.T14: Vacuum Technology




14th International Particle Accelerator Conference,Venice, Italy

JACoW Publishing

ISBN: 978-3-95450-231-8

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2023-THPA147

4304

MC7.T14: Vacuum Technology

THPA147

THPA: Thursday Poster Session: THPA

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


