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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 VUYV spectrometer (16 - 122 nm)
* 4- channel X-ray spectrometer (1.8 -122 nm)
e radiometer (0.25-122 nm)






OPTICAL SCEME OF THE X-RAY-EUV

SPECTROMETER
6,41° PEM
A =198,1nm
X
80,47°  86,67° \
61,71° T 74,19° \
e VAL A \
88° TN ’ - —
) -

| e S - '. = A=0
D 7z 7, #]
/ Diffraction grating Exit slit
E

ntrance window
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OPTICAL SCEME OF THE VUV SPECTROMETER
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What kind of beamline 1s 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
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Now SR program on the VEPP-2000 1s shutdown



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

SR

...and new soft X-ray beamline




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
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Layout of the metrology beamline in the experimental hall
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Users beam - 2006




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 Nel0 in the experimental hall
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Experimental chamber for the calibration of the Space solar patrol




Position of the X-ray spectrometer in the experimental chamber




Position of the X-ray spectrometer in the experimental chamber

with 4-degree-freedom adjustable system

S

-

e

1
L

]
: 1
=L p
W
CEhiiaE

TN ﬁ\\\ S N o NN o







Photon flux from the «Methrology» station (BLNe10-4) for different
energy of electrons in the VEPP-4 storage ring.

Beamline parameters:
aperture - 5X5 mm, distance to the source - 30 m bandwidth AE/E=10-3
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Spectral range of the apparatus of the Space Solar Patrol
and photon flux from the VEPP-4 storage ring

Photon flux, quanta per sec 0.1% BW

k5)
2
>
- s
< radiometer >\ \
\‘ \

100 1000 10 000
Energy of photons, eV




Calibration of the spectrometer using
the reference absolute detector

M h ‘ reference
} onochromator
VEPP-4 detector




Optical schemes of the detector — based calibration of EUV

spectrometer
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Calibration of EUV-soft X-ray spectrometer in the 6-122 nm
spectral range
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gwo -multilayver-mirrors monochromator of the
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Whence to take the reference detector?

*To buy is
*To calibrate it on one's own

*...0r 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)




The transmitted spectrum of SR behind different filters.
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The signal of the irradiated detector 1s associated
with the calculated SR spectrum as follows:

[w(E)-exp(—p,(E)-h)-s(E)E = I,
ASVEL AN LA A Qi

w(E) — the spectral radiant power of the SR, W/keV;

4(E) — the X-ray mass absorption coefficient of the i-index filter, cm?/g;
h. — the mass thickness of the i-index filter, g/cm?;

s(E) — the spectral responsivity of the detector, A/W;

I, — 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:

S(E) = k.- exp(= . (EMh, =ty (EDhy)

k.. — the charge carriers’ collection coefficient in the semiconductor;

e — the electron charge, equal to 1.6x10°1° C;

@ — the energy of pair creation in Si, which is assumed to be equal to
3.66 eV/pair [3];

h,. — the mass thickness of the aluminum contact deposited on the
detector surface, g/cm?;

h,— the mass thickness of the dead layer, g/cm?.



Spectral responsivity / AW

Uncertainty / %

Detector parameters restored from the
measurements

Parameter SPPD11 SPPD11-04
Certificate | Experiment | Certificate | Experiment
K. 1 0.79 £0.05 1 0.84 +£0.07
hy (mg/cm?®) | 0.05+0.02 | 0.02+0.01 | 0.05+0.02 | 0.04+0.01
0.2 0.4 0.6 Photon energy / keV 1.2 1.4 1.6
| | | ) | ) | | ) 0.2 0.4 0.6 Photon energy / keV 1.2 1.4 1.6
. | | | . | . | -
certlflcatc-a‘___r_r_,,,—~ L certificate ...
experiment
experiment
0.1 o [ =
] X 014 L
] 8
| SPPD11 g SPPD11-04
3
0.01 1 ‘ 1 1 0.01 | : | |
20 — r 20 — -
£
@
0 T T T i T i T T % 0 T T T " T T T
0.2 0.4 0.6 Photon energy / keV 1.2 1.4 1.6 0.2 0.4 0.6 Photon energy / keV 1.2 1.4 1.6



Particularities of the SR calibration

*Time modulation of the SR beam
*Phase-space volume

*SR polarisation
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The time scale of flashes of SR.
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Phase-space volume
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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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Measurements of the X-ray transmittance of filters
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Transmittance

Experimental and calculated transmission of
filter Cu.42um) + CH(0.15um)
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Comparison of the photon flux from the «Methrology» stations for of
the VEPP-3 and VEPP-4 storage rings.

Beamline and monochromatization parameters:
aperture - 5X5 mm, bandwidth AE/E=10-3

VEPP-3 parameters:
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First step:

Creation of two detectors with the “identical” spectral
characteristic

VEPP-4 Monochromator




First step:

Creation of two detectors with the “identical” spectral
characteristic
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Second step:

Calibration of the monochromator
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Second step:

Calibration of the monochromator
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Third step:

Absolute calibration of the detectors using reference source

Detectors

VEPP-4 Calibrated
reference source monochromator
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Third step:

Absolute calibration of the detectors using reference source

VEPP-4 Calibrated
reference source monochromator

Detectors




