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Motivation

➡Uncorrelated (slice) energy spread is an important property in FELs, where high brightness is required. 

➡However, usually energy spread from injector is too low and must be increased using the laser 
heater (LH) to increase SASE performance due to the microbunching instability.  Typically increased to 
8keV with the LH int he euXFEL. 

➡Regardless, understanding uncorrelated energy spread is necessary to improve machine reproducibility 
and understanding. 

➡Dynamics not understood, unable to recreate measured slice energy spread spread values with 
simulations.
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➡ 2020: Intrabeam scattering measured at Fermi, but result highly dependent on initial energy spread, 
which was treated as a free parameter. 
➡ 2020 New J. Phys. 22 083053 

➡ 2020: SwissFEL— energy spread measurement in the injector using an energy scan—15keV @ 200pC 
& >100MeV . 
➡ 10.1103/PhysRevAccelBeams.23.090701 

➡EuXFEL 2021 — Similar approaching involving a dispersion scan—6keV @ 250pC & 130MeV. 
➡ 10.1103/PhysRevAccelBeams.24.064201 

➡  PITZ 2022 – 2 keV @ 250pC & 20MeV. 
➡ 10.1103/PhysRevAccelBeams.25.083401 

➡  SwissFEL 2022 — contribution of the microbunching instability and intra-beam scattering evidenced by 
varying the optics -> reduced by adjusting optics. 
➡ 10.1103/PhysRevAccelBeams.25.104401 

➡This talk: recent measurements and new results from November 2022.

4

Context
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The Usual Approach

Streak with TDS
Measure central slice

width  at local
dispersion  

Only provides an upper limit on 
uncorrelated spread  

Neglected contributions to size: 

➡Betatronic 
➡TDS-induced energy spread 
➡ Imaging resolution  

In the injector these contributions 
can be larger than the slice 
energy spread's contribution! 

Need to separate these effects... 

σE
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Separating the contributions to the slice size
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Assuming no correlation between 
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Measurement technique

130MeV
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Derived values
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Setting up the Injector for Slice Energy Spread Measurements

✓Calibrate the gun phase. 

✓Turn off AH1 for minimum chirp contribution to energy 
spread. 

✓Go on crest in A1, adjust the voltage so we are at 
130MeV at the screen. 

✓Turn laser heater off. 

✓Apply special optics (larger D at screen with a fixed, 
small beta). 

✓Match central slice. 

✓Measure the dispersion.
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Special optics for measurement from TDS to the screen Optics developed by Nina

Screen

TDS

Dipole
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Measurement procedure
Take 30 beam images and 5 
background images: 

➡ at each voltage in TDS scan 
➡ and each dispersion in dispersion 

scan 

Then: 

➡Subtract background 
➡Mask to remove isolated blobs 
➡Pick the largest connected non-

zero pixel blob to be "the beam" 
➡Fit a Gaussian to 10 slices centred 

on highest energy slice & average 
➡Repeat 

Validated in simulations to work: 
➡ 10.1103/PhysRevAccelBeams.24.064201
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New analysis
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Implemented a new analysis tool based on the 
dispersion/TDS scan method: 

➡Aims to be fast and simple to run, allowing for 
analysis in the control room. 

➡Quick results (before: analyse data the next 
day). 

➡ Input: Simple markup file giving locations of 
image files and information about the TDS. 

➡Outputs: Full suite of analysis plots for every 
image, every scan data point, and, of course, 
the energy spread, among  others
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New Analysis Tool Validation against published February 2021 results
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28th November 2022 Measurements

Aim: 

➡Repeat measurement from 2021 
publication.   

➡Match beamline configuration from that 
time as much as possible. 

➡Particular attention to: 
➡Gun gradient: 54.7 
➡Solenoid: 326A 

➡Cathode changed this year! 

Outcome: 
➡Three energy spread measurements 

over 8 hours: 
1. Gun gradient 54.7, solenoid 326A, 

gun phase -43 (most similar to 2021 
result) 

2. Gun gradient to 56.5, solenoid to 
336A,  

3. Solenoid to 335A, gun phase to -41.
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Results
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Nov. 2022 Measurements: 
1. Gun gradient 54.7, solenoid 326A, 

gun phase -43 (most similar to 2021 
result) 

2. Gun gradient to 56.5, solenoid to 
336A,  

3. Solenoid to 335A, gun phase to -41.
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Measurement details
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TDS Calibration 28th November 2022

➡Measure               at a 
range of "amplitudes" 
up front. 

➡Then use this curve 
henceforth to 
determine the slope 
(and ultimately the 
TDS voltage) for all 
scan datapoints. 

➡Faster than measuring 
each time but still 
difficult.

d ⟨Δy⟩
dt
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Beam matching
➡Central slice always 

matched for measurements 
➡Very important, otherwise 

can get an artificially 
deflated energy spread 
result! 

➡Use screen just in front of 
TDS 

➡We remeasured the 
dispersion at every single 
point in the dispersion scan 
and once per TDS scan. 
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Do we get a kick from A1 when measuring the dispersion?
➡Measurement at 

lowest dispersion 
(~0.6m) followed by at 
highest dispersion 
(1.1m). 
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Beta Scan σ2
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Vary Fix

σ2
M = Aβ + σ2

B = Aβ + Bββx

➡Can also measure the emittance by scanning beta 
➡We know the beta function at the TDS and therefore at 

the screen by linear optics. 
➡Scan QI.61.I1 (before dipole) to vary β without 

changing D.

QI.61.I1
εn,β = (0.2402 ± 0.0002) mm ⋅ mrad
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Consistency of results
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➡What I've used so far: ➡Alternative functions:

➡Both should be equivalent!
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2022 data with beta scan 
(Attempting to recreate 2021)
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Conclusion

➡The measured energy spread in the injector has decreased since Feb. 2021 from 5.8keV to 4.2keV. 

➡Still not the value predicted by theory (Erion's simulations predict ≈2keV with IBS). 

➡ In this period only the cathode has changed, or maybe something else.  

➡Suggests some long term drift in the energy spread. 

➡Hints at relationship between solenoid and gun configuration and energy spread shown. 

➡ Ideally would continue to monitor the energy spread over time and further establish relationship. 

➡Needs to be faster, could be done in <5mins in principle, but needs more code development.



Energy Spread Measurements in the EuXFEL Injector Stuart Walker, MXL 24

Outlook

➡Controlling and measuring energy spread is important. 

➡Measurement could be used to calibrate laser heater. 

➡Know gun/injector condition more precisely. 

➡Boost reproducibility in the machine.  

➡Need more diagnostics after each shutdown/blue week to see changes as they happen. 

➡Currently simply takes too long: setup time: >2 hours, taking data: (0.5-1)hr per measurement. 

➡Analysis has been sped up to take <1 minute.  Data taking could take < 5 minutes ⟹ requires code development. 

➡Measurement procedure could be extended to BC2: 

➡Unique opportunity at the EuXFEL to directly measure intrabeam scattering in an FEL.
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Final Slide

➡Thanks also to: 

➡Bolko (TDS calibration + support) 

➡Matthias (fast/reliable matching tool + support) 

➡Frank (beam energy coming out of the gun measurement) 

➡Torsten (useful and interesting conversations regarding laser heater) 

➡Questions?
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Central Pixel Widths in the TDS Voltage Scans
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Central Pixel Widths in the Dispersion Scans

➡Same for TDS voltage scan
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TDS Calibration

TDS Knobs: 

➡Phase    
➡Amplitude in %  

➡Need this in volts! 
➡Actually not that easy...



Energy Spread Measurements in the EuXFEL Injector Stuart Walker, MXL 29

TDS Calibration
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Courtesy of Bolko and his tool


