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Principle

We want to know pulse duration
Hard to measure directly
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Principle

We want to know pulse duration
Hard to measure directly
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Principle

We want to know pulse duration
Hard to measure directly

One can exploit connection 
between time and frequency domains:

With of spectral spikes is inversely proportional to pulse duration and vice-versa
Spectral correlation function is calculated
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Principle

We want to know pulse duration
Hard to measure directly

One can exploit connection 
between time and frequency domains:

With of spectral spikes is inversely proportional to pulse duration and vice-versa
Spectral correlation function is calculated

Fourier transform
Time domain Frequency domain
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Fit to theory
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It was done before

at LCLS

at FLASH
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Simulated Gaussian SASE pulse
500 eV
Length 5 um (16.5 fs) fwhm
Bandwidth 6 eV
500 events

Simulation (SASE with Gaussian envelopes)
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Simulated Gaussian SASE pulse
500 eV
Length 5 um (16.5 fs) fwhm
Bandwidth 6 eV
500 events
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Simulation (SASE with Gaussian envelopes)
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��Δ�� �
� �	��/ 		� ����/

� �	��/ 		 � ����/

Simulated Gaussian SASE pulse
500 eV
Length 5 um (16.5 fs) fwhm
Bandwidth 6 eV
500 events

T~16 fs

Simulation (SASE with Gaussian envelopes)
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Fourier transform
Time domain Frequency domain
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non-normalized (C2)
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Simulated Gaussian SASE pulse
500 eV
Length 5 um (16.5 fs) fwhm
Bandwidth 6 eV
500 events

T~16.5 fs

Simulation (SASE with Gaussian envelopes)
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E, dE

Normalized (g2)C2
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Simulated Gaussian SASE pulse
500 eV
Length 5 um (16.5 fs) fwhm
Bandwidth 6 eV
500 events

Simulation (SASE with Gaussian envelopes)
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Wigner distribution (kind of spectrogram)

Single-shot

Simulation (SASE with Gaussian envelopes)
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Wigner distribution (kind of spectrogram)

Single-shot Averaged

Simulation (SASE with Gaussian envelopes)
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Wigner distribution (kind of spectrogram)

Single-shot Averaged

Simulation (SASE with Gaussian envelopes)

Same duration
At all energies
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Simulation (SASE with 100pC beam)

Generated with model beamGenerated with 100pC beam

Same duration
At all energies
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Simulation (SASE with 100pC beam)

Generated with model beamGenerated with 100pC beam

Different duration
At different energies

Same duration
At all energies
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Simulation (SASE with 100pC beam)

100 pC electron beamWigner

http://www.desy.de/fel-beam/s2e/xfel.html
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Simulation (SASE with 100pC beam)

SpectrumWigner
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Simulation (SASE with 100pC beam)

Wigner Spectrum
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Simulation (SASE with 100pC beam)

C2 (E1, E2)
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Simulation (SASE with 100pC beam)

E

dE

C2 (E1, E2)
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Simulation (SASE with 100pC beam)

E

dE

C2 (E1, E2)
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Simulation (SASE with 100pC beam)
Fourier Transform over dE
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)
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Autocorrelation of Wigner (SASE with flat-top beam)

6 um (20fs)
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Autocorrelation of Wigner

� �, Δ� � � � � Δ�/2 		� � � Δ�/2 � � � � Δ�/2 		 � � � Δ�/2

� � � � Δ�/2 �∗ � � Δ�/2 		 � � � Δ�/2 �∗ � � Δ�/2 ∗

��� � �, Δ� � ��� � � � Δ�/2 �∗ � � Δ�/2 		 � � � Δ�/2 �∗ � � Δ�/2 ∗

� ��� � � � Δ�/2 �∗ � � Δ�/2 ∗ ��� � � � Δ�/2 �∗ � � Δ�/2 ∗

�  ��, �� ∗  ��, �� ∗

(assuming Gaussian 
random process)

(by definition)

(using convolution theorem)
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Autocorrelation of Wigner (SASE with flat-top beam)

6 um (20fs)
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Autocorrelation of Wigner (SASE with chirped flat-top beam)

6 um (20fs)
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Autocorrelation of Wigner (SASE with chirped flat-top beam)

Reconstructed duration
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Autocorrelation of Wigner (SASE with chirped flat-top beam)

Reconstructed duration

illustration
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Autocorrelation of Wigner (SASE with chirped flat-top beam)

illustration

Reconstructed duration
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The following slides were intentionally removed, 
since they contained unpublished experimental results
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