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X-ray pulse duration measurement
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Model description
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Model description
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First and second order correlations
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Model description

First and second order correlations functions
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For non-linear regime, we

run numerical simulations
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Model description

Correlation of the intensity at the exit of the spectrometer
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Procedure to calculate G2
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G2 function for different X(t) profiles

( )

( )

2

0

2 2
2

2

,
( )

2

e X T
G d

ζ δωξ

ο ζ
δω ζ

πσ

−
−

+∞

−∞

= ∫
%

0
2 2

2 a m

m a

σ σ
σ ω

σ σ
=

+

2

0 02 2

a

m a

σ
ξ ω

σ σ
=

+

To find an analytical expression for G2 we need just to plug in 

the X(t) average profile
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G2 with Gaussian profile
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G2 with flat top profile
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Non stationary ωωωω0 and FEL gain jitter
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Non stationary ωωωω0 and FEL gain jitter

Shot to shot gain as random variable with average G

correlate spectral
intensities
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Numerical simulations

2) Recover bunch length and spectrometer resolution

1) Verify that relations hold well enough in saturation
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Verify relation
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Simulated measurements results

Retrieved
spectrometer

resolutions

Long bunch

Short bunch

4(1.01 0.01) 10−± ×
4(2.05 0.05) 10−± ×

4(0.98 0.03) 10−± ×
4(1.98 0.09) 10−± ×
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Experimental results

Experimental demonstration performed at LCLS

Photon energy 1.5 keV

Electron charge 250 pC

Different undulator length

Different peak current

Controlling lasing part of electron bunch with slotted foil
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Different undulators distance

Measured
spectrometer

relative 

resolution σm
4(1.00 0.04) 10−± ×

Electron bunch length

Measured

x-rays are 

shorter than
the electron 

bunch
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Different peak currents

Measured
x-rays pulse

durations are 

consistent
with electron 

bunch length
change.



19
FEL Conference 2011

Shanghai, 24.August.2011

Slotted foil measurements
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Thank you for your attention




