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Principle

We want to know pulse duration
B Hard to measure directly
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Principle
Fourier transform
Time domain Frequency domain
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We want to know pulse duration g , . 3
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B Hard to measure directly i N 7]

One can exploit connection
between time and frequency domains:
B With of spectral spikes is inversely proportional to pulse duration and vice-versa

B Spectral correlation function is calculated

] | European XFEL



Pulse duration reconstruction, DESY, 16.01.2018 Svitozar Serkez, SPF/WP72, XPD/WP74

Principle
Fourier transform
Time domain Frequency domain

A bA

I/ \\ - %

= | \tco ©

. iRy (| ¢ E

We want to know pulse duration o ) \ g

. 1 \
B Hard to measure directly y ' 7]

One can exploit connection

between time and frequency domains:
B With of spectral spikes is inversely proportional to pulse duration and vice-versa

Bl Spectral correlation function is calculated

(I(w-Aw/2) I(w+Aw/2))
(I(w—Aw/2)) (I(w+Aw/2))

Measure g, (Aw) =
Fit to theory
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Simulation (SASE with Gaussian envelopes)

Simulated Gaussian SASE pulse
BN 500 eV

B Length 5 um (16.5 fs) fwhm
B Bandwidth 6 eV

B 500 events
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Simulation (SASE with Gaussian envelopes)
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B 500 events

Spec.density [arb.units]
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_ (l(w-Aw/2) I(w+Aw/2)) 3
g2(Aw) = (I(w-Aw/2)) (I(w+Aw/2))
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Simulation (SASE with Gaussian envelopes)
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Simulation (SASE with Gaussian envelopes)
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Simulation (SASE with Gaussian envelopes)
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Simulation (SASE with Gaussian envelopes)

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

B Wigner distribution (kind of spectrogram)
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)
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Simulation (SASE with 100pC beam)

510

505

3 500
w
495
490
490 495 500 505 510
E [eV]

] | European XFEL

Svitozar Serkez, SPF/WP72, XPD/WP74

22



Pulse duration reconstruction, DESY, 16.01.2018

Simulation (SASE with 100pC beam)
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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)
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Autocorrelation of Wigner

Co(w,Aw) = (I(w — Aw/2) I(w + Aw/2)) — {I(w — Aw/2)) {I[(w + Aw/2))
(assuming Gaussian = (F'( — Aw/2)E*(w + Aw/2)) (E(w — Aw/2)E*(w + Aw/2))*

random process)

FrplCr(w, Aw)} = Fro{E(w — Aw/2)E*(w + Aw/2)) (E(w — Aw/2)E*(w + Aw/2))*}
(using convolution theorem) = TAw{(E(a) - Aw/Z)E*(w + Aw/Z))} * :FAw{(E((U - Aa)/Z)E*(a) + A(U/Z))}*
(by definition) = (W(a), T)) * (W(w’f»*
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Autocorrelation of Wigner (SASE with flat-top beam)
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Autocorrelation of Wigner (SASE with chirped flat-top beam)
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Autocorrelation of Wigner (SASE with chirped flat-top beam)
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Autocorrelation of Wigner (SASE with chirped flat-top beam)
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Autocorrelation of Wigner (SASE with chirped flat-top beam)
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The following slides were intentionally removed,
since they contained unpublished experimental results
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