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Energy spread measured at FERMI
S Di Mitri et al, Experimental evidence of intrabeam scattering 
in a free-electron laser driver, New J. Phys. 22 (2020) 083053

Q = 650 pC

Q = 100 pC

100 pC 650 pC
With IBS 0.9 2.4
Without IBS 5.5-6.8 4.3

Estimated energy spread in keV
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Energy spread measured at SwissFEL
E Prat et al, High-resolution dispersion-based measurement 
of theelectron beam energy spread, PRAB 23 (2020) 090701

E = 100 - 400 MeVE0 = 300 MeV
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Energy spread measured at SwissFEL

10 pC 200 pC
Direct measurement 7.1 ± 0.6 15.1 ± 0.6
With TDS induced 6.5 ± 0.3 15 ± 0.3
Without TDS induces 6.3 14.8

Estimated energy spread in keV

E = 100 - 430 MeVE0 = 300 MeV
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Energy scan method at the European XFEL

E = 70 - 210 MeV
E0 = 130 MeV

V = 0.61 MV

D = 1.2 m

Distance between pixels
on the screen:
energy axis - 13.7369µm
time axis - 11.1756 µm
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Energy scan method at the European XFEL
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Energy scan method at the European XFEL
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Energy scan method at the European XFEL
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Energy scan method at the European XFEL

E = 90 - 190 MeV

Conditions at different energies
Constant emittance
Constant optical functions
The same slice is measured
Constant slice energy spread

E0 = 130 MeV
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Dispersion scan method at the European XFEL
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Dispersion scan method at the European XFEL

E0 = 130 MeV V = 0.38 - 0.75 MV

D0 = 1.2 m
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Dispersion scan method at the European XFEL

E0 = 130 MeV V0 = 0.61 MV

D = 0.6 -1.2 m
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Dispersion scan method at the European XFEL
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Dispersion scan method at the European XFEL
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Impact of systematic and random instrumental errors
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Dispersion scan method at the European XFEL
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Magnetic lattice and its properties
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Magnetic lattice and its properties

Only there quads are used to 
change the dispersion at the 
screen
The horizontal beta-function at 
the screen is constant
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Modelling of energy scan method

The energy spread is increased 
from 0.6 keV to approx. 6 keV 
with random generator at position 
z=3.2 meters after the cathode
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Modelling of energy scan method

The RF focusing in A1 depends 
on energy
Matching to the optics is required
The slice emittance changes
The energy spread due to space 
charge and IBS changes
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Modelling of energy scan method

R51 and R52 increase width of 
the slices on the screen for the 
slices outside of the extremum
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Modelling of energy scan method

R51 and R52 increase width of 
the slices on the screen for the 
slices outside of the extremum
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Modelling of energy scan method
Beam matched at each energy Beam matched only at 130 MeV

The RF focusing in A1 depends 
on energy
Matching to the optics is required
The slice emittance changes
IBS is not included
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Modelling of energy scan method
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Modelling of dispersion scan method

Reconstruction
5.97 keV for 5.9 keV
2.13 keV for 2 keV
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Measurement with dispersion scan method
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Measurement with dispersion scan method
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Measurement with energy scan method

The RF focusing in A1 
depends on energy
Matching to the optics was 
done at each energy
The slice emittance changes
The energy spread due to 
space charge and IBS 
changes
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Validation of the experimental results

- direct calculation at 130 MeV gives 7.9 keV.(1)

(2)
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Validation

(3)



32S2E Meeting Igor Zagorodnov et al, 16.03.2021

Validation of the experimental results

(4)
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Discussion
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Discussion: intrabeam scattering
S Di Mitri et al, Experimental evidence of intrabeam scattering in a free-electron laser driver, 
New J. Phys. 22 (2020) 083053

Z. Huang, Intrabeam Scattering in an X-ray FEL Driver, SLAC-TN-05-026, 2002.

𝑄 = 250 pC
𝜀!" = 0.42 𝜇m
𝜎# = 1.2 mm
𝜎! = 0.13 mm
∆𝑠 = 41m

𝜎$,&'( = 2 keV
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Summary

We have considered two methods for measurement of the 
uncorrelated energy spread in the injector section of the European 
XFEL

For our setup the dispersion scan method is accurate and easy to 
carry out in the experiment

For our setup we have not managed to obtain accurate results 
from the energy scan method 

The energy spread of 5.9 keV is almost three times smaller as the 
one measured for 200 pC at SwissFEL. However, it is still several 
times larger than one predicted by theoretical models.
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