
Point Spread Function dominated
imaging with SR

Åke Andersson

Emittance Measurements for Light Sources 
and FELs, ALBA 2018



Emittance Measurements for Light Sources 
and FELs, ALBA 2018

• Background & Some examples

• Measurements at the MAX IV 3 GeV ring 

• PSF imaging at the coming DLSR?

Outline



Emittance Measurements for Light Sources 
and FELs, ALBA 2018

Background
An early SR imaging
publication:

Basic tasks, but still today
extremely important!!! 
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Background

On the other hand, at that
time, the PSF was probably
<< the beam size.
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Example

A. Hansson et al, “Transverse electron beam imaging system 
using visible SR at MAX III", Nucl. Instrum. Meth. A 671, 94-102 
(2012).

Fig. 4. Example of beam profile measurement with σ-polarized light at 488 nm. 
Measured image, filament-beam-spread function and deconvoluted image for baffle 
aperture 20 mm (±5.4 mrad horizontal opening angle). Pixel size 3.75μm.

FBSF denotes better the image 
formed by SR from a single
electron!

30 
μm 
rms



Emittance Measurements for Light Sources 
and FELs, ALBA 2018

Example

Fig. 7. Example of beam profile measurement with π-polarized light at 488 nm. 
Measured image, filament-beam-spread function and deconvoluted image for 
baffle aperture 20 mm (±5.4 mrad horizontal opening angle). Pixel size 3.75μm.

A. Hansson et al, “Transverse electron beam imaging system 
using visible SR at MAX III", Nucl. Instrum. Meth. A 671, 94-102 
(2012).

Here the FBSF contributes largely
to the measured image.

30 
μm 
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Resolving a vertical beam size < 5 μm

In this case the vertical image 
profile will be dominated by the 
FBSF, but can still reveal the true
vertical beam size.

Theoretical prediction of the FBSF is crucial. We use 
the code SRW: 
O. Chubar and P. Elleaume, "Accurate and efficient computation of 
synchrotron radiation in the near field region", EPAC1998, Stockholm, 
Sweden, p. 1177.

SRW

Pi-pol. Method:
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Resolving a vertical beam size < 5 μm



Diffractometer Method:

The diffractometer method was implemented at 
the SLS (TIARA collaboration): σy = 4.7 ± 0.1 μm

J. Breunlin et al, "Methods for measuring sub-pm rad vertical 
emittance at the Swiss Light Source", Nucl. Instrum. Meth. A 803, 
55-64 (2015).

SRW

Resolving a vertical beam size < 5 μm
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Emittance monitor B320B

Slide by Jonas Breunlin



B320B Cold Finger Absorber & Mirror
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Top view
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Courtesy J. Breunlin



Daily measurements of diffraction pattern; σ-pol 

Coupling control => y=6.4 ± 1 pm.rad

Data: M.Sjöström
Emittance Measurements for Light Sources 

and FELs, ALBA 2018

σx=20.2 ± 0.2 μm σy=10.2 ± 0.4 μm
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Both images with σ-pol SR @ 930 nm NIR and a thin 1.7 mradV x-ray
absorber.
Top: Horizontal acceptance 10.66 mradH ; Upright obstacle 2.25 
mradH

Bottom: Horizontal acceptance 12 mradH ; No upright obstacle

Theory SRWMeasurements on a newly installed 2nd diag. BL  

Clearly
assymetric
properties of
the emitted SR!
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FBSF imaging at the coming DLSR?
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Optical functions of a proposed 19-BA lattice, to replace the present MAX 
IV 3 GeV lattice.

εx = 16 pm.rad

In the dipoles:
βx ~ 0.5 m

=> σx ~ 3 μm

Note:
A dipole bends 1 
degree = 17.5 mrad



FBSF imaging at the coming DLSR?
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SRW images with σ-pol SR @ 488 nm and a thin 1.7 mradV x-ray
absorber.
Horizontal acceptance 14 mradH ; Upright obstacle 6 mradH

Blue: σx = 4 μm

Red: FBSF



Conclusions

• FBSF dominated imaging with near visible SR can resolve beam sizes below
5 μm in both planes.

• The method relies on precise calculation of the FBSF, done by the SRW 
code.

• To reach sufficient horizontal resolution for future SR sources, the method
requires rather large horizontal acceptance angle of the beam line, 10 to 
15 mradH , and probably optics for near or mid UV (280 to 380 nm).
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