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CALIBRATION OF THE APPARATUS OF THE 
SPACE SOLAR PATROL USING SINCHROTRON 

RADIATION

Spectral range: 0.25 - 122 nm; 

Accuracy - about 10%

Including:
• 5-channel  VUV spectrometer (16 - 122 nm)

• 4- channel  X-ray spectrometer (1.8 -122 nm)

• radiometer (0.25-122 nm)



4- channel  X-ray-EUF spectrometer (1.8 -122 nm)



OPTICAL SCEME OF THE X-RAY-EUV 
SPECTROMETER



Radiometer

(0.25-122 nm)

VUV spectrometer

(16-122 nm)

APPARATUS OF THE SPACE SOLAR PATROLOF THE SPACE SOLAR PATROL



OPTICAL SCEME OF THE VUV SPECTROMETER
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Scientific SSP instrumentation at the solar - oriented platform designed 
by OAO "VNIITRANSMACH" (variant).
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What kind of beamline is necessary for 
calibration the Space Solar Patrol?

(main performance requirements)

• UHV compatible
• Without any vacuum-separating foils 
• Differential pumping
• Fast closing system
• White SR beam
• Collimating system 
• Monochromators 0.6-120 nm
• Mirrors
• Filters 
• . . .



Soft X-ray&VUV metrology in the BINP before 2000  
was based on the VEPP-2 storage ring

VEPPVEPP--20002000

Now SR program on the VEPP-2000 is shutdown

BINP



VEPP-3
SR

The 25-years-old SR experimental hall for hard X-ray …

…and new soft X-ray beamline BINP



Layout of the metrology soft X-ray beamline on the VEPP-3 
storage ring (0.2-15 nm)

distance to the source



Layout of the metrology beamline in hall of VEPP-3

distance to the source



Photo of the metrology beamline in hall of VEPP-3



Layout of the metrology beamline in the experimental hall

distance to the source



Photo of the metrology soft X-ray beamline (0.2-15 nm)
in the experimental hall

The monochromator:

crystals & multilayer mirrors



VEPP-4
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Experimental hall for the working with SR from the Experimental hall for the working with SR from the 
VEPPVEPP--4 storage ring4 storage ring

BeamlineBeamline №10 for the “Metrology” station  (designing)№10 for the “Metrology” station  (designing)
Users beam Users beam -- 20062006



28 m to the source point  

Layout of the “Metrology” soft X-ray and VUV beamline 

(0.6-120 nm) on the VEPP-4 storage ring



28 m to the source point  

Layout of the beamline №10 in the experimental hall



600 mm

830 mm

SR

Experimental chamber for the calibration of the Space solar patrol



SR

Position of the X-ray spectrometer in the experimental chamber



SR

Position of the X-ray spectrometer in the experimental chamber 

with 4-degree-freedom adjustable system
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Current: 
I=10 mA,

Energy of electrons
E=1.8 ... 6 GeV 

Energy of the photons, eV
10 100 1000 10 000

E=6  GeV

E=5  GeV

E=4  GeV

E=3  GeV

E=2  GeV

E=1.8 GeV

Photon flux from the «Methrology» station (BL№10-4) for different 
energy of electrons in the VEPP-4 storage ring.
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Beamline parameters:
aperture - 5X5 mm, distance to the source - 30 m bandwidth ∆E/E=10-3
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Storage ring parameters:



10 100 1000 10 000

Spectral range of the apparatus of the Space Solar Patrol

and photon flux from the VEPP-4 storage ring 
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Calibration of the spectrometer using 
the reference absolute detector

VEPP-4
reference 
detectorMonochromator

Spectrometer



Normal incidence 
mirrors

Beam-deflecting 
mirror

Diffraction 
grating

Collimating 
aperture

VEPP-4   

EUV Spectrometer 

Optical schemes of the detector – based calibration of EUV 
spectrometer 

reference 
detector



VEPP-4   

Two-multylayer 
mirrors 

monochromator

Collimating 
aperture

VEPP-4   
storage ring

X-ray/EUV Spectrometer Filters

Calibration of EUV-soft X-ray spectrometer in the 6-122 nm 
spectral range



Two-multilayer-mirrors  monochromator of the 
“Metrology” station 

Spectral range - 100 eV-2000 eV



Whence to take the reference detector?

•To buy is
•To calibrate it on one's own
•…or to use both ways



SPPD-11 - candidates for the reference 
X-ray detectors and absorbed filters 

calibrated in the BINP with collaboration with VNIIEF 
spectral range of calibration – 0.06-10 nm,

average inaccuracy is about 5-7%
(ISTC project #438)

Spread metal coating

substrate -polyparaxylylene (CH)n



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.0

0.2

0.4

0.6

0.8

1.0

Tr
an

sm
itt

ed
 s

pe
ct

ru
m

 / 
no

rm
al

iz
ed

Photon energy / keV

 none 500 Mev
 Mg 500 MeV
 Fe 500 MeV
 Cu 500 MeV
 none 391 MeV
 Cr 391 MeV

The transmitted spectrum of SR behind different filters. 
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The signal of the irradiated detector is associated 
with the calculated SR spectrum as follows:

ψ(E) – the spectral radiant power of the SR, W/keV;
µi(E) – the X-ray mass absorption coefficient of the i-index filter, cm2/g;
hi – the mass thickness of the i-index filter, g/cm2;
s(E) – the spectral responsivity of the detector, A/W;
Ii – the detector current during the irradiation behind the i-index filter, A.



Solution of such a system of integral equations is extremely unstable if it has been 
calculated without a priori information. In our case, such information consisted in the 

parametrical form of the spectral responsivity defined as:

( )ddcccc hEhEekEs )()(exp)( µµ
ω

−−⋅⋅=

kcc – the charge carriers’ collection coefficient in the semiconductor;
e – the electron charge, equal to 1.6×10-19 C;
ω – the energy of pair creation in Si, which is assumed to be equal to      

3.66 eV/pair [3];
hc – the mass thickness of the aluminum contact deposited on the  

detector surface, g/cm2;
hd – the mass thickness of the dead layer, g/cm2.



Parameter SPPD11 SPPD11-04
Certificate Experiment Certificate Experiment

kcc 1 0.79 ± 0.05 1 0.84 ± 0.07
hd (mg/cm2) 0.05 ± 0.02 0.02 ± 0.01 0.05 ± 0.02 0.04 ± 0.01
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Detector parameters restored from the 
measurements



Particularities of the SR calibration

•Time modulation of the SR beam 
•Phase-space volume 
•SR polarisation 



Particularities of the SR calibration

•Time modulation of the SR beam 
•Phase-space volume 
•SR polarisation 



Time, ns.

The time scale of flashes of SR.

SR
e+ orbit

e+

0.3 ns

1 mks



Particularities of the SR calibration

•Time modulation of the SR beam 
•Phase-space volume 
•SR polarisation 



Phase-space volume

Sun

SR

Spectrometer



Phase-space volume

Sun
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Spectrometer
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Particularities of the SR calibration

•Time modulation of the SR beam 
•Phase-space volume 
•SR polarisation



Conclusion:

It is offered the absolute calibration procedures at the synchrotron radiation 
sources in the spectral range from 0.25 up to 122 nm (5000 - 10 eV) for the 
Space Solar Patrol (SSP) instrumentation. Thus, the methods of reference 
detectors and selective absorbing filters are accepted as a basis. BINP at 
cooperation with SOI has sufficient opportunities for calibration SSP in this 
spectral range with accuracy about 10%. 
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VEPP-2M
storage ring

SR

SR beamline

Monochromator
(multilayer mirrors)

Experimental chamber

Selective filter

Detector AXUV-100

17 m

Diaphragm

A

Prefilter

Measurements of the X-ray transmittance of filters
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Experimental and calculated transmission of
filter Cu(0.42µm) + CH(0.15µm)
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Current: 
I=10 mA,

Energy of electrons
E=1.8 ... 6 GeV 

Energy of the photons, eV
10 100 1000 10 000

E=6  GeV

E=5  GeV

E=4  GeV

E=3  GeV

E=2  GeV

E=1.8 GeV

Comparison of the photon flux from the «Methrology» stations for of 
the VEPP-3 and VEPP-4 storage rings.
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Beamline and monochromatization parameters:
aperture - 5X5 mm, bandwidth ∆E/E=10-3

109

VEPP-4 parameters:

VEPP-3 parameters:
Current: 
I=10 mA,

Energy of electrons
E=2 GeV 
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First step:

Creation of two detectors with the “identical” spectral 
characteristic

VEPP-4 Monochromator
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First step:

Creation of two detectors with the “identical” spectral 
characteristic

VEPP-4 Monochromator

Detectors



VEPP-4
1

2

preliminary
monochromator

monochromator
under calibration

Second step:

Calibration of the monochromator

Detector

Detector



VEPP-4

1 2

preliminary
monochromator

Second step:

Calibration of the monochromator

DetectorDetector
monochromator
under calibration
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Third step:

Absolute calibration of the detectors using reference source

VEPP-4

Detectors

Calibrated
monochromatorreference source
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Third step:

Absolute calibration of the detectors using reference source

VEPP-4 Detectors
Calibrated

monochromatorreference source


