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Synchrotron radiation as an absolute radiometric source

Synchrotron radiation

Calculable
Primary radiation standard
From IR to x-ray
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Synchrotron radiation compared with blackbody

Blackbody Synchrotron radiation

Spectral range IR to near UV IR to x-ray

Governing equation

Fundamental parameters

Planck equation Schwinger equation

Temperature,
Emissivity

electron energy, orbital radius,
beam current

Spatial distribution uniform highly collimated in one 
direction

Polarization unpolarized highly polarized



1 10 100 1000 10000 100000
Wavelength λ (nm)

0

1014

2*1014

3*1014

4*1014

5*1014

6*1014
Fl

ux
 (P

ho
to

ns
 / 

s)
 a

t ∆
θ 

= 
4°

, 1
00

 m
A,

 1
%

 b
.w

.
380 MeV, λc = 8.5 nm
331 MeV, λc = 13 nm
284 MeV, λc = 20 nm
234 MeV, λc = 36 nm
183 MeV, λc = 76 nm
131 MeV, λc = 210 nm
78 MeV, λc = 976 nm
37 MeV, λc = 9533 nm
Blackbody 3000 K

DUV

Visible

EUV

SURF III spectral output with electron energy from 
37MeV to 380MeV
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Filter radiometer

SURF III

Measuring angular distribution of synchrotron 
radiation using a filter radiometer
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Irradiance responsivity of  a 400nm 
filter radiometer

aperture

diffuser
interference 
filter

UV Si
photodiode

Typical narrow-band filtered radiometer with interference filter
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Calibration of filter radiometer using tunable laser system at 
Spectral Irradiance and Radiance Responsivity Calibrations using Uniform Sources 

(SIRCUS)
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Measured and calculated absolute irradiance at SURF III 
at 380 MeV



With the measured angular signal from filter radiometer (FR) 
exposed to synchrotron radiation (SR), given

Irradiance response of FR Irradiance of SR

Calculated SR irradiance Irradiance response of FR
?

What information about filter radiometer can be derived 
through angular scan?
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Can we fit measured angular distribution with calculated 
single wavelength distribution? If yes, what’s the physical 
meaning of that wavelength?



Measurement equation for filter radiometers

When exposed to light, the signal from the filter radiometer is given by
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E(λ) : spectral irradiance of the incident light
R(λ) : irradiance responsivity of the filter

If E(λ) is a well behaved and smooth function and R(λ) is a narrow 
function then
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Measurement equation for filter radiometers measuring 
synchrotron radiation

Integrated irradiance response:

Response-weighted mean wavelength:

R(λ) is the irradiance responsivity of 
the filter radiometer at wavelength λ

),()( 0λψψ ERS i= ψ is the angle

Ri and λ0 can be determined by curve fitting S(ψ) with 
calculated angular distribution.
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Wavelength sensitivity of 200nm angular distribution for 
SURF III at 380 MeV

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

0 1 2 3 4 5 6

Angle (mrad)

(E
20

1n
m

-E
20

0n
m

)/E
20

0n
m



λ
λ
λψ

λψ
ψ %5.0),(

),(
1)( ∗

∂
∂

=Ω
E

E

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

0 2 4 6 8 10

Angle (mrad)

200nm

400nm

600nm

800nmR
el

at
iv

e 
Ω

(ψ
) i

n 
pe

rc
en

t

Wavelength sensitivity analysis on angular distribution for 
SURF III at 380 MeV



• Synchrotron radiation can be used to characterize the    
integrated response and the mean wavelength of a 
narrow band filter radiometer

• Simple and fast measurement, no need for transfer 
standards.

• Applies to a broad spectral range from x-ray to IR.
• Measurement requires good control of scattered light at 

off-orbital plane angles.
• Possible application to medium-broad-band filter 

radiometers.

Conclusion


