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Coherent transition radiation (CTR) 
of femtosecond electron bunches.  

Summary & Outlook. 

Motivation. 

A Double-Prism Spectrometer  
for the Longitudinal Diagnosis of fs-Electron Bunches with 
Mid-Infrared Transition Radiation.  
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• The operation of free-electron lasers delivering x-ray pulses with 
femtosecond lengths requires electron bunch lengths in the same 
order of magnitude 

• Electron bunch lengths on the sub-10 fs scale are a also direct 
consequence from the process of laser-driven plasma wake field 
acceleration 

• Spectroscopy of characteristic radiation of these bunches is an 
attractive and cost-effective method to measure the  

 bunch length 
• The capability for single-shot operation and an increased 

sensitivity to handle decreasing bunch charges < 10 pC are key 
requirements for conventional and novel acceleration concepts 
     

Double-Prism Spectrometer. 
 Dispersive stage – ZnSe prisms 

• Sensitivity  ≈ 100 times higher than for pyro-electric detectors 
• Line-array of 128 elements (InfraRed Associates Inc.) 
• Parallel read-out electronics for single-shot operation 
• Cooled to 77 K for low-noise operation 

ZnSe 

ZnSe 

Detectivity  [3] 

• Measurements taken at the CTR source  
 at FLASH at DESY in Hamburg 
• Spectrometer is set up and calibrated 
 using band pass filters between (2 – 16) µm 
• Cross-calibration with calibrated multi-stage grating 

spectrometer CRISP4 [1, 2] 
• Comparative measurements conducted for two 

bunch compression settings 
• Bunch lengths ~ 50 fs (rms) according to the 

transverse deflecting structure (TDS) 
• Bunch charges of 232 pC (setting 1) and  
 146 pC (setting 2) 
• Beam energy 970 MeV 

• Double-prism spectrometer for sub-10 fs 
electron bunches yielding pC charges 

• Single-stage measurements from  
 (2 – 18) µm in a single-shot with a
 detector array providing a high  
 signal-to-noise ratio 
• Agreement with established diagnostics 
• Absolute detector response 
 under investigation: calibration at an 
 intensity and wavelength standard 
 in preparation 

• Coherent spectrum carries  
 bunch length information [1] 
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 other prism spectrometer setups e.g. at 
 HZDR (multi-path, single-prism, MCT) [4] 

 and LCLS (single-prism, pyros) [5] 
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Further references can be found in the 
proceedings contribution. 

(preliminary) (preliminary) 

with the form factor 

• Phase retrieval processes can access a possible  
 time-domain profile, showing an impressive  agreement with 
 direct time-domain diagnostics [2] 

Compression setting 2 Compression setting 1 

Multi-stage spectrometer CRISP4  

• Two sets of four gratings 
 covering (5 – 430) µm  
• 120 calibrated pyro-electric detectors 
• Retrieved time-domain profiles 
 in striking accordance with the 
 transverse deflecting structure (TDS) 

Overview of the FLASH facility 

wavelength range (2 – 18) µm 

• Continuous dispersion without higher orders 
• Double-prism design to adapt the dispersion to 

the detector array  
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Spectrometer response 

Form factors for lengths < 10 fs for 
3D Gaussian (solid) and  

rectangular (dashed) shape 

 Detector System – Mercury Cadmium Telluride (HgCdTe, MCT) 

Calibration 

Linear dispersion 
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