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Abstract 
DALI is an accelerator-based terahertz (THz) light 

source that uses multiple superconducting accelerators to 
drive CW electron bunches through undulators to emit ul-
tra-intense THz pulses, including two ELBE SRF photo in-
jects as the e- sources for high bunch charge beamline and 
for the UED, respectively. It requires a versatile portfolio 
of photocathodes to support diverse electron gun configu-
rations and beam parameters targets. For the SRF gun com-
missioning, robust polycrystalline copper cathodes and 
magnesium cathodes will be employed, providing reliable 
performance and simplified handling during initial RF con-
ditioning. Beam commissioning and routine user operation 
will firstly rely on the mature Cs₂Te photocathode, chosen 
for their proven robust, stability and realiable quantum ef-
ficiency. To enhance operational flexibility, especially in 
scenarios where UV laser generation presents challenges 
for special user appliations, we will consider to apply high-
efficiency “green” photocathode optimized for visible-
wavelength drive lasers. In parallel, an ultra-low-emittance 
photocathode in tens of micrometers will be under investi-
gation to meet the stringent beam quality requirements of 
UED applications. This multi-cathode strategy ensures re-
liable commissioning, user-friendly operation, and state-
of-the-art beam performance across all beamlines of the 
new accelerator facility. 

INTRODUCTION 
 DALI is planned as a next-generation SRF accelerator 

facility for multifunctional user applications. The facility 
aims to deliver high-quality electron beams with flexible 
beam parameters to support accelerator research, compact 
THz radiation sources, positron source and ultrafast 
electron diffraction [1]. Such versatility imposes 
demanding requirements on the electron sources. 
Photocathodes are a key component of photoinjectors 
because they directly determine operational stability and 
the reachable beam quality. No single photocathode 
material can simultaneously satisfy all operational 
requirements of DALI. Therefore, a diversified 
photocathode strategy is required. 

The proposed development plan builds upon more than 
ten years of operational experience with the ELBE SRF 
gun-II at HZDR [2], together with recent collaborative 
developments on new semiconductor photocathodes. The 
goal is to establish a flexible photocathode platform 

capable of supporting different operation regimes within 
DALI. 

The photocathode program focuses on three major 
cathode families. Metallic photocathodes are considered 
for gun commissioning and ultra-low emittance 
applications, Cs2Te photocathodes are intended for reliable 
high-current operation, and bi-alkali antimonide 
photocathodes are being developed for high-QE visible-
light operation and energy-efficient photoinjectors. In 
parallel, supporting technologies including cathode 
preparation systems, UHV transfer systems, surface 
cleaning techniques, and cathode characterization methods 
will be discussed as well. 

CATHODE PLAN  
The DALI facility foresees multiple operational modes 

requiring substantially different beam characteristics. For 
high-field THz radiation and compact positron source ap-
plications, stable high-bunch-charge and high-average-cur-
rent operation is essential. On the other hand, UED appli-
cation requires extremely low transverse emittance and 
high beam coherence [3].  

 
Figure 1: ELBE-style cathode with replaceable plug. The 
inset photo is a Mg cathode.   

To satisfy these requirements, the photocathode system 
must provide high quantum efficiency (QE), low intrinsic 
emittance, long operational lifetime, compatibility with 
SRF environments, low dark current, and fast temporal re-
sponse while maintaining high operational reproducibility. 
Experience from the ELBE SRF gun demonstrates the im-
portance of reliable cathode preparation and exchange pro-
cedures in long-term SRF operation. Therefore, the DALI 
photocathode program emphasizes not only cathode per-
formance itself, but also operational robustness and repro-
ducibility.   ____________________________________________  
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Figure 1 shows the ELBE-style photocathode design 
with a replaceable cathode plug concept developed for SRF 
gun operation. The cathode assembly consists of a copper 
stalk with a diameter of 10 mm and a photocathode plug 
screwed at the tip. In this example, a magnesium cathode 
plug is installed, as shown in the inset photograph. The 
cathode holder uses a bayonet-type mechanical connection 
combined with a spring to ensure reliable fixation, stable 
electrical contact, and good thermal conductivity during 
operation in gun. A conical interface between the cathode 
and its holder (cathode stalk) provides precise positioning 
and efficient thermal contact, which are essential for stable 
SRF gun performance. The replaceable plug concept al-
lows different photocathode materials to be exchanged ef-
ficiently without changing the entire cathode design. 

Metallic Photocathodes for Gun Test and UED 
Metallic photocathodes provide exceptional robustness 

and compatibility with SRF gun. Although their QE is rel-
atively low compared with semiconductor cathodes, they 
remain attractive for applications requiring excellent beam 
quality and operational simplicity. 

 

 
Figure 2: Clean Mg sample with Ar+ ion and study surface 
with XPS (PHI 5600).  

Metallic cathodes offer several important advantages for 
SRF photoinjectors. Their surfaces are generally stable un-
der UHV conditions, they exhibit low dark current under 
high RF field, and they can tolerate handling and vacuum 
fluctuations better than semiconductor cathodes. In addi-
tion, their fast photoemission response and excellent com-
patibility with high-gradient RF operation make them 
highly suitable for beam commissioning. Copper and mag-
nesium are considered primary candidates for gun commis-
sioning and UED operation. Copper cathodes typically ex-
hibit QE values on the order of 10-5 at 258 nm illumination, 
while magnesium cathodes can reach QE values approach-
ing 10-3 under similar ultraviolet excitation conditions [2].  

For UED applications, low intrinsic emittance is partic-
ularly important. Nanostructured or patterned metallic 
cathodes may provide opportunities to optimize beam 
emission characteristics and improve transverse coherence. 
Therefore, future studies will investigate surface engineer-
ing techniques and structured cathode geometries. 

A part of the development program concerns surface 
treatment and cleaning methods for copper and magnesium 

cathodes. Surface contamination and oxide layer strongly 
influences QE and dark current performance. Several 
cleaning techniques, including laser cleaning, thermal 
treatment, and ion cleaning, will therefore be systemati-
cally studied. Initial X-ray photoelectron spectroscopy 
studies combined with Ar+-ion sputtering have already 
demonstrated controlled surface modification of magne-
sium cathodes (see Fig. 2) [4]. The extensive operational 
experience gained from the ELBE SRF gun provides an 
important foundation for these developments and reduces 
the technical risks associated with implementing metallic 
photocathodes in DALI.  

Cs2Te for High-Current Operation 
Cs2Te photocathodes are currently the most mature sem-

iconductor photocathodes for SRF gun operation at HZDR. 
Since 2019, they have been routinely operated in the ELBE 
SRF gun and have demonstrated reliable high-current per-
formance under regular user operation. Typically, one or 
two cathodes are consumed per year, and operational life-
times exceeding 1000 hours have been demonstrated. Ex-
tracted charges up to approximately 50 C per cathode have 
been routinely achieved under user operation conditions. 

One of the main advantages of Cs2Te is its relatively high 
QE in the ultraviolet spectral range combined with com-
paratively robust operation in SRF environments. Typical 
QE values exceeding 1 % at 258 nm can be achieved, al-
lowing efficient beam generation at moderate laser power. 
The cathodes can support stable high-average-current op-
eration over extended periods while maintaining accepta-
ble operational lifetime. 

The in-house preparation process developed at HZDR 
starts with diamond turning of copper substrates, followed 
by thermal baking at approximately 300°C to remove rest 
gases on surface. Subsequently, tellurium and cesium are 
sequentially evaporated onto the substrate surface. During 
cesium coating, the substrate temperature is maintained at 
120°C until the maximum photocurrent is reached. Figure 
3 presents the QE evolution of a Cs2Te photocathode oper-
ated in the ELBE SRF gun system. The photocathode was 
prepared on a copper substrate, transported to the acceler-
ator hall and operated in gun for about five months. The 
photocathode initially reached QE values close to 6% in 
the preparation chamber. After transport and insertion into 
the SRF gun, the QE gradually decreased over time due to 
cathode aging and operational effects, but still remained at 
a level above 3 – 4% during gun operation. The inset im-
ages on the right side show spatial QE maps measured at 
different stages of operation. These maps reveal the evolu-
tion of the photocathode surface uniformity over time. Alt-
hough some degradation and non-uniformity appear during 
operation, the overall emission profile remains sufficiently 
homogeneous for stable beam generation.  

Despite these successes, several technical challenges re-
main. The most critical concern is the possible contamina-
tion of the SRF cavity by cesium during cathode operation 
in gun. Future development efforts will focus on reducing 
contamination risks inside the SRF gun environment, as 
well as improving QE reproducibility, extending 

Prep
rin

t



 

 

operational lifetime and studying cathode degradation 
mechanisms. 

 
Figure 3: The QE history of a Cs2Te photocathode used in 
the ELBE SRF Gun. 

Na-K-Sb Photocathodes 
Bi-alkali antimonide photocathodes represent one of the 

most promising options for high-efficiency photoinjectors. 
Compared with Cs2Te, these cathodes can operate effi-
ciently with visible-light, significantly reducing the re-
quired laser power and relaxing the request of ultraviolet 
laser optics. In addition to their high QE in the visible spec-
tral range, bi-alkali antimonide cathodes may also offer 
lower thermal emittance compared with many conven-
tional photocathode materials. Furthermore, unlike Cs-
containing photocathodes, Na-K-Sb photocathodes do not 
require cesium in their composition. This feature is partic-
ularly attractive for SRF gun applications. By eliminating 
cesium from the material, Na-K-Sb cathodes may reduce 
the contamination risk for the SRF cavity.  

A collaborative program between HZDR and HZB has 
been initiated to develop Na-K-Sb photocathodes for 
DALI. Recent laboratory experiments demonstrated QE 
values exceeding 5% at a wavelength of 520 nm. The first 
beam generation using such a cathode in the SEALab SRF 
gun has already been successfully demonstrated, confirm-
ing the feasibility of integrating these materials into SRF 
injector environments [5]. 

However, bi-alkali photocathodes are significantly more 
sensitive to vacuum conditions and contamination than 
metallic or Cs2Te cathodes. Their preparation requires pre-
cise control of stoichiometry during growth, careful sub-
strate preparation, and extremely clean handling condi-
tions. Within the DALI development program, Na-K-Sb 
cathodes will continue to be prepared and characterized at 
HZB. Additional work is therefore required to develop re-
liable cathode transfer system. The long-term objective is 
to establish a reliable visible-light photocathode platform 
suitable for routine accelerator operation. 

SUPPORTING TECHNOLOGIES  
In addition to photocathode material development, 

DALI requires a comprehensive supporting technologies 
for photocathode preparation, transport, characterization, 

and operation. The planned infrastructure includes dedi-
cated cathode preparation chambers, ultra-high-vacuum 
transport systems, load-lock exchange mechanisms, sur-
face characterization tools, automated QE distribution 
tracking, and photocathode lifetime monitoring diagnos-
tics. A precise cathode transfer system is especially im-
portant for the safe transport of activated photocathodes 
between preparation chambers and SRF injectors without 
exposing them to contamination. 

The collaborative work on SRF photoinjector cathode 
transfer systems with LCLS-II and MSU/FRIB already 
provides a strong technological basis for implementing 
such infrastructure at DALI [6]. In parallel, advanced diag-
nostics including X-ray photoelectron spectroscopy, scan-
ning electron microscopy, optical microscopy, and beam-
based characterization techniques will provide the possi-
bility to correlate cathode surface properties with electron 
beam performance. Such an integrated infrastructure is es-
sential for achieving reliable long-term operation and for 
accelerating future photocathode research and optimiza-
tion.  

CONCLUSION 
The DALI multifunctional facility requires a flexible and 

reliable photocathode strategy capable of supporting a 
broad range of accelerator applications. Based on extensive 
operational experience from the ELBE SRF gun and ongo-
ing collaborative developments, a diversified photocathode 
program has been proposed. Together with dedicated prep-
aration, transport, cleaning, and diagnostic infrastructure, 
these developments will establish a versatile photocathode 
plan for DALI.  

REFERENCES 
[1] DALI, https://www.hzdr.de/db/Cms?pOid=71543 
[2] J. Teichert et al., “Successful user operation of a supercon-

ducting radio-frequency photo electron gun with Mg cath-
odes at ELBE”, Phys. Rev. Accel. Beams, vol. 24, p. 033401, 
2021.    doi:10.1103/PhysRevAccelBeams.24.033401 

[3] R. Niemczyk et al., “First demonstration of MeV electron dif-
fraction using the superconducting RF photoinjector at the 
Helmholtz-Zentrum Dresden-Rossendorf”, presented at 
IPAC’26, Deauville, France, May 2026, paper THP2125, this 
conference. 

[4] R. Xiang et al., “Surface cleaning and chemical process anal-
ysis of high quantum efficiency magnesium photocathode”, 
in Proc. IPAC'25, Taipei, Taiwan, Jun. 2025, pp. 1249-1251. 
doi:10.18429/JACoW-IPAC2025-TUPM043 

[5] C. Wang et al. “Triple evaporation growth of sodium–potas-
sium–antimonide thin films as photoemission source for elec-
tron accelerators", J. Physics D: Appl. Phys., vol.59, no. 7, p. 
075102, 2026. doi:10.1088/1361-6463/ae4246 

[6] R. Xiang et al., “Development of a particle-free cathode load-
lock system for SRF-gun”, presented at IPAC’26, Deauville, 
France, May 2026, paper THP2133, this conference. 

Prep
rin

t

https://doi.org/10.1103/physrevaccelbeams.24.033401
https://doi.org/10.18429/JACOW-IPAC2025-TUPM043
https://doi.org/10.1088/1361-6463/ae4246

	INTRODUCTION
	CATHODE PLAN 
	Metallic Photocathodes for Gun Test and UED
	Cs2Te for High-Current Operation
	Na-K-Sb Photocathodes

	SUPPORTING TECHNOLOGIES 
	CONCLUSION
	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



