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Abstract

FLUTE (Ferninfrarot Linac- und Test-Experiment) is a
compact versatile linear accelerator at KIT. Its main goal is
to serve as a platform for a variety of accelerator studies as
well as for the generation of strong ultra-short THz pulses
for photon science. Also, it will be used as an injector for
the Very Large Acceptance compact Storage Ring (VLA-
cSR), which is being realized at KIT in the framework of
the compact STorage ring for Accelerator Research and
Technology (cSTART) project. To achieve acceleration of
electrons in the RF photoinjector and linac with high sta-
bility, it is necessary to provide stable RF power. For this
goal, an upgrade of the existing RF system design was pro-
posed and implemented. In this contribution an RF system
design and the status of the RF photoinjector, linac and
bunch compressor commissioning will be reported.

INTRODUCTION

Experimental studies of the Compact Transverse De-
flecting System (CTDS) [1-3], investigations of cohérent
THz radiation [4], medical irradiation experiments{5], and
injection into cSTART [6] require a highly stable‘electron
beam. To achieve the required beam stabilityzrasnew RE
system was designed, constructed, and commissioned.

The new RF system consists of ah RF photoinjector
powered by a K100 RF unit (Scandinova) equippéd with a
10 MW S-band klystron (Canon). The RF photoinjector:
(RadiaBeam) can accelerate £lectronsup to' 6 MeV. After
passing through the first diagnostic section,,the electron
beam is furthensaceeleratedyin a 5.3 m long S-banddlinac
(Research Iaistruments) powered by a K300 RF unit(Scan-
dinova)awvith a 37 MW S-band klystron (Canon).

Downstream of the linae, the beamypropagates through a
second diagnostic section and subsequently enters a mag-
netic bunch compressor consisting of fourdipole magnets
(Danfysik)»A third diagnostic section is located after the
bunch compressor, followed by a beam dump at the end of
the beamline, where the electron beam is safely decelerated
and absorbed.

In the following sections different subsystems will be de-
scribed in detail.

RF PHOTOINJECTOR AND
LOW ENERGY SECTION

Fig. 1 shows the new RF photoinjector system (built by
RadiaBeam). It includes the following major components:
RF photoinjector, solenoid, waveguide coupler for both
forward and reflected RF power signals, RF probe, which
allows to measure the field amplitude inside the first half-
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cell of the RF photoinjector, and an alignment stand for the
RF photoinjector. The solenoid is also installed on top of
the remotely controlled KIT alignment, stand, which pro-
vides additional flexibility in electron beam alignment. The
RF photoinjector has 1.5 cells. The cQoling system was up-
graded. A separate temperature_control unit isyproviding
cooling for the RF photoinjeefor whichyallows to stabilize
the temperature deviation t¢ 0.3 K. The cathode'is remov-
able from the backside,off the RF photoinjector, but this
would require opening the vacuum volume and,after that
RF corditioning would be required. Downstream of the RF
photo-injector, the laser is injected on-axis using a metal
mirror installéd in,vacuum in the diagnostics section.

VAR ey e 2 aale
Figure L: Layout of the new RF photoinjector system. 1 —
RF photoinjector, 2 — solenoid, 3 — waveguide section with
a directional coupler for monitoring forward and reflected
RF power, 4 — RF probe (not directly visible in the figure),
5 — motorized alignment stands for the RF photoinjector.

Fig. 2 shows the waveguide system designed to trans-
mit RF power from the 10 MW klystron of the K100 RF
unit to the RF photoinjector while an RF circulator is pro-
tecting the klystron from reflected RF power originating
from the cavity. Only the short waveguide section contain-
ing the circulator is filled with SF¢ gas in order to avoid
arcs, whereas the remaining waveguide system designed
by KIT and manufactured by Spinner is operated under
vacuum at pressures in the low 10~ mbar range. The wave-
guide system is water-cooled using a dedicated chiller in-
stalled in the basement of the experimental hall.

Experimental studies at FLUTE were performed over a
wide range of bunch charges, from 70 fC up to 800 pC.
Figure 3 shows the dependence of the emitted electron
bunch charge on the laser pulse energy. From this measure-
ment, the photocathode quantum efficiency was deter-
mined to be 9.7x1075. For bunch charges above 500 pC, a
longer laser pulse and a larger laser spot size on the cathode



were used, allowing bunch charges of up to 800 pC to be
achieved (see Table 1).

Figure 2: Waveguide system from 10 MW klystron to the
RF photoinjector. 1 — 10 MW klystron, 2 — circulator, 3 —
RF windows separating SF6 gas and vacuum, 4 — RF pho-
toinjector.

600
500
400
300
200

100

Electron bunch charge, pC

Unit
MW
MeV
0.07- 800 pC
120 MV/m
50 Hz

Peak cathod

Maximum repe
tion rate

Operating fre- 2.998 GHz

quency

The electron beam stability was evaluated in the low-en-
ergy section upstream of the linac, and the results are pre-
sented in Fig. 4. The measurements demonstrate an ap-
proximately tenfold improvement in both the horizontal
beam position stability and beam jitter following the RF
system upgrade. This substantial enhancement enabled op-
eration of the Compact Transverse Deflecting System

described in [1], which features a split-ring resonator gap
aperture of only 20 pm.

€
£ 0.34 _ —
£ Toiq = 55 UM = Opey = 5.3 um
© 0.24
2 0.1
a
R O R e a2 A oy L TV N
&
£ -0.14
g 0.2
s ] Old FLUTE RF (until 2022)
-g -0.3 {—— New FLUTE RF system (since
I T
0 20

UTE accelerator in-
11. The linac wave-

Hz, allowing acceleration
eV. Operation at the nom-
power of 37 MW is expected to provide
gies of up to 90 MeV.

4 v 7 ; | —.
Figure 5: Overview of the FLUTE accelerator: 1 — RF pho-
toinjector, 2 — first diagnostic section, 3 — linac, 4 — quad-
rupole triplet, 5 — magnetic chicane (bunch compressor
consisting of four dipole magnets), 6 — in-air experiment
section, 7 — beam dump.

Figure 6 shows an example of the transverse electron
beam profile measured at the end of the FLUTE using the
in-vacuum screen monitor shown in Fig. 7. The measured
beam distribution demonstrates stable beam transport
through the accelerator and confirms successful operation
of the upgraded RF system at beam energy up to 56 MeV
and bunch charges up to 450 pC at the end of FLUTE. The
screen system installed in the final diagnostic section ena-
bles routine monitoring and optimization of the transverse
beam parameters before the beam reaches the in-air exper-
iment area and the beam dump [8].
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Figure 6: Beam profile with a charge of 450 pC and energy
of 56 MeV on the screen after the bunch compressor.
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LUTE end section from the beam
compressor, 2 — screen monitor, 3 —
ection, 4 — beam dump.

he end section of FLUTE. After the
exit of the vacuum realized by a metal foil the in-air
section [8] provides flexible access for the installation and
operation of various experiments, including material or
bio-medical irradiation studies.

CONCLUSION

The implementation of the new RF system at FLUTE
improved the electron beam stability by approximately one
order of magnitude compared to the original one. This en-
hancement enabled reliable operation of the Compact
Transverse Deflecting System and significantly increased
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the precision of medical irradiation experiments. It will
also provide improved conditions for beam injection into
the Very Large Acceptance compact Storage Ring (VLA-
cSR) for non-equilibrium accelerator research, which is be-
ing realized at KIT in the framework of the compact STor-
age Ring for Accelerator Research and Technology
(cSTART) project.

In addition, the upgraded RF system supports operation
at repetition rates of up to 50 Hz and.will deliver beam en-
ergies of up to 90 MeV.

ACKNOWLEDG

We would like to thank all
whose contributions made t
the presented results possi
to acknowledge Ed
Thiemo melzer, J
fen Schott, Till Borko
Schmid, Michael Bank,

., “Terahertz streaking detection for longi-
ch diagnostics at FLUTE”, in Proc. IPAC'25, Tai-
, Jun. 2025, pp. 2822-2825.
8429/JACoW-IPAC2025-THPM064

~“Glukhov et al., “Possibilities for performance enhance-
ent of a compact TDS at FLUTE”, in Proc. IPAC’25, Taipei,
an, Jun. 2025, pp. 2862-2865.

do 3429/JACoW-IPAC2025-THPMO087

[3] J. Schéfer, “Feasibility studies for a transverse deflecting
structure measurement at FLUTE”, Ph.D. thesis, Phys. Dept.,
Karlsruhe Institute of Technology, Karlsruhe, Germany,
2024. doi:10.5445/IR/1000170357

[4] J. Schaefer et al., “Characterization of THz radiation at
FLUTE”, presented at the IPAC"26, Deauville, France, May
2026, paper THP2119, this conference.

[5] M. Brosi, A. Malygin, A.-S. Mueller, M. Nasse, and J. Peh-
livan, “Finding operation conditions for ultra-high dose-rate
electron beam delivery at FLUTE”, presented at the IPAC'26,
Deauville, France, May 2026, paper THP2093, this confer-
ence.

[6] R. Ruprecht et al., “cSTART — Status on the compact electron
STorage ring for non-equilibrium Accelerator Research and
Technology”, presented at the IPAC'26, Deauville, France,
May 2026, paper TUP3016, this conference.

[7]1 A. Malygin et al., “Commissioning status of FLUTE”, in
Proc. IPAC'l8, Vancouver, Canada, Apr.-May 2018, pp.
4229-4231. doi:10.18429/JACoW-IPAC2018-THPMF068

[8] M. J. Nasse et al., “Ultra-high dose-rate irradiation experi-
ments at FLUTE”, presented at the IPAC'26, Deauville,
France, May 2026, paper TUP8008, this conference.



http://doi.org/10.18429/JACoW-IPAC2025-THPM064
http://doi.org/10.18429/JACoW-IPAC2025-THPM087
https://doi.org/10.5445/IR/1000170357
http://doi.org/10.18429/JACoW-IPAC2018-THPMF068

	INTRODUCTION
	RF PHOTOINJECTOR ANDLOW ENERGY SECTION
	HIGH ENERGY SECTION
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES


<<

  /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 1.6

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 /Preserve

  /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 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /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 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /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 (None)

  /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 true

      /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 [595.000 792.000]

>> setpagedevice



