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Soft X-ray (SXR) diagnostics is routinely used in Uragan-3M (U-3M) torsatron. One of the SXR diagnostic
applications is based on the plasma temperature estimation. The ratio of SXR signals passed through two different
foils depends only on the plasma temperature and can be used for its estimation. An influence of spectral sensitivity
of the photodiode on the two foils temperature estimations technique is considered in present work numerically. The
influence is negligible in the case of the flat sensitivity in the energy range 5...500 eV in the case of thin
1.5/2.25 um Al foils. In the opposite case of very low spectral sensitivity in 5...500 eV range and its increase at the
1 keV range the signals ratio can be very high. This result can explain high signals ratio experimentally observed in
Uragan-3M stellarator, where photodiodes with unknown spectral sensitivity were used.

PACS: 52.55.Hc; 52.70.La

INTRODUCTION

The Soft X-ray diagnostics is one of the most
important basic diagnostics to study the magnetically
confined plasma in stellarators, tokamak, reverse field
pinch, etc [1-3]. The SXR diagnostics is mainly used for
magnetohydrodynamic studies and impurity
accumulation studies. One of the SXR diagnostic
applications in small fusion devises, where more
sophisticated diagnostics are missing, is the estimation
of the electron temperature (T,) of the plasma via two
foils technique. This temperature evaluation method
based on a strong dependence of the continuum
Bremsstrahlung SXR radiation on the electron
temperature. A broadband light emission from plasma is
filtered by fin beryllium or aluminum foil in order to
separate SXR emission from visible part of the plasma
emission. The SXR energy spectrum, passed through
the foil, depends on the foil thickness and material. The
two foils technique used for the estimation of the
electron temperature is based on the ratio R of the SXR
brightness passed through different foils. Thin foils are
used in small fusion device Uragan-3M (U-3M) due to
low level of the SXR emission from low density and
low temperature plasma. Application of the two foils
technique in rather thin foils case is described in Ref.
[4]. According to this work contribution of the spectral
lines emission to the SXR emission can be ignored. We
are considering Bremsstrahlung emission only in
present work. The Bremsstrahlung formula has the
following form:
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where dW is the radiation power emitted in the photon
energy interval dE and ne, Zg, and T, are electron
density, effective plasma charge and electron
temperature, respectively. The SXR emission is filtered
by two aluminum or beryllium foils with different
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thicknesses. The foil material and thickness define the
energy absorption threshold. In the case of higher SXR
energy, the emission is passed through thicker foil.
Thus, the ratio of SXR emission measured by two
different foils contains information about emission
energy the electron temperature consequently. The SXR
intensity in the detector for the Maxwellian plasma is:
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where is the first integral along the line of sight path |
represent the integral nature of the SXR emission from
the plasma and the second integral represent the
integration of local emission and absorption of the SXR
emission by the foil versus energy. The function & is:
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where p/p is the mass energy absorption coefficients of
the foil, t is the foil thickness. Generally, the problem is
complex and needs inversion due to the first integral
another line of sight. According to experimental
measurements [5, 6] the shape of SXR profile have a
very peaked form in U-3M. The major contribution to
the line-integrated SXR signal comes from most central
part of the SXR line-of-sight. The contribution from the
plasma periphery can be neglected. In this case, the
SXR signal in the detector is expressed as follow:
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The integral part of this formula depends on just the
central electron temperature. Concerning the ratio of
SXR signals passed through two foils they depend only
on the central temperature:
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This formula supports the two foils technique
applicability. Due to the complex y(E)/p dependence

the ratio R of the signals is usually calculated
numerically. Previous numerical calculations [7] shows
that the ratio R is weakly depend on the plasma
temperature in the case of the 1.5 and 2.25 um aluminum
foil. Thicker second foil is strongly required for viewable
dependence of the ratio R on the plasma temperature.
However high R was observed experimentally in U-3M
in these thin foils case [8]. One of the possible reasons for
the discrepancy is based on the possible influence of the
spectral sensitivity of the photodiodes, which are used in
the SXR measurement systems. Real dependence of the
sensitivity on the SXR wavelength can substantially
modify the ratio of the signal, especially in the case of the
low difference between thicknesses of the foil. According
to the Ref. [9] spectral sensitivity of the SXR photodiode
introduces additional term in Eq. (3) as follows:
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where F is a spectral sensitivity of the photodiode. This
influence is negligible if F is constant in the 5...500 eV
energy range [9]. Old photodiodes with unknown and
undocumented spectral response F was used in U-3M
experiments [8]. The F function of these diodes can be
different to the Ref. [9] estimations. Different shape of
the spectral response function F is used in present work.
The F functions with very low spectral sensitivity in
5...500 eV range with strong increase in 1 keV range is
used in the present work.

NUMERICAL MODELING OF SIGNALS
RATIO R VERSUS SPECTRAL
SENSTIFIVITY F

The various form of decayed spectral sensitivity
function was used in our simulation following [9]. For
calculations, we used the spectral sensitivity of the
photodiode in the form:

F(E):epoEij“] 0

In this form the Ej, value defines start of the
spectral sensitivity decay and a value define the decay
speed. Set of modeling functions F and corresponding
shown in
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Fig. 1. Modeling F functions described by Eq (7) for
=5, and set E;;, as it is shown in the legend
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The ratio of signals passed through the 1.5 and
2.25 um aluminum filters are weakly depends on the
plasma temperature (see Fig. 2). More detailed analysis
of this type of F [9] shows, that a variation of the
decayed function F cannot increase the ratio R up to the
experimentally observed values. Set of rising modeling
functions is described as:

F(E) = Sin(B7 +oE)+1. (8)

These modeling functions are shown in Fig. 3.
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Fig. 2. Calculated R-function for Al 1.5 / 2.25 um case
and F-functions from Fig. 1
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Fig. 3. Modeling F functions, values of  are shown in
the legend
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Fig. 4. R function for Al 1.5 / 2.25 um and F functions
from Fig. 3

Very high signals ratio R can be observed in the case
of very low spectral sensitivity in the energy range of
5...250eV (B8=0.8 case), as shown in Fig.4. The
dependence of the photodiode senstitivity in this range
is crucial for the temperature estimation in the thin
(1.5/2.25 um) Al foils case. This type of F function can
explain high SXR signals ratio observed in U-3M even
in the case of pure Bremsstrahlung radiation from
Maxwellian plasma.
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SUMMARY AND CONCLUSIONS

The ratio of SXR signals passed through two
different foils depends only on the plasma temperature
and can be used for its estimation. An influence of
spectral sensitivity of the photodiode on the two foils
temperature estimations technique is numerically
evaluated in present work. Our calculations for the
1.5/2.25 um Al foils and pure Bremsstrahlung emission
from the Maxwellian plasma show that:

a) The influence of spectral sensitivity is negligible
if the spectral sensitivity is weakly depends on SXR
energy in the energy range of 5...500 eV.

b) Strong contribution form the spectral sensitivity is
observed if it is low in the 5...500 eV range and
drastically increases in the 1keV range.

These results can explain the high SXR signals ratio,
which is observed experimentally in URAGAN-3M. The
unknown and undocumented spectral sensitivity function of
old photodiodes can cause these experimental observations.
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BJIUSTHUE CIIEKTPAJIBHOM YYBCTBUTEJBHOCTU ®OTOANOIA HA PACYET
TEMIIEPATYPBI 11O JAHHBIM MAT'KOTI'O PEHTTEHOBCKOT' O U3JIYYEHUSA
C UCITOJIB30OBAHUEM TOHKHUX ®MJIBTPYIOIIUX ®OJIbI' HA YPAT'AHE-3M

H.b. /lpesany, E.B. Typanckaa, A.C. Ilazyp
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JluarHoctuka mia3Mbl Ha 0a3e MSIrKOrO PEHTTEHOBCKOTO HM3JIYYEHHs MOCTOSHHO HCIIOJIB3YeTCsl Ha TOPCAaTPOHE
VYparas-3M. OpHUM U3 AWATHOCTHYECKUX IMPUJIOKEHHH 3TOM AMArHOCTHKU SBJISETCS OLICHKA TEMIIepaTyphbl IUIa3MBL.
COOTHOIIIEHHE CUTHAJIOB MSITKOTO PEHTTEHOBCKOTO M3JIy4eHUs], IIPOLIEAIINX Yepe3 IBe pa3Hble ()OJIbIY, 3aBUCHT TOJIBKO
OT TeMIIepaTypbl IJIa3Mbl U MOXET MCIIOJB30BAThCS JUISl €€ OLEHKU. UMCIEHHO pacCMOTPEHO BIIMSHUE CHEKTPaIbHON
YyBCTBUTEJIBHOCTH (HOTOJHMOA HA METOIMKY OLEHKH TEeMIIEpaTyphl IUIa3Mbl METO/IOM IBYX (honsr. B cirydae mmockoit
CIIEKTPaAJIbHON YyBCTBUTEIBHOCTH B quana3one sHepruii 5...500 3B u tonkux 1,5/2,25 MkM amroMHHHEBBIX (DOJIBI 3TO
BIIMSIHUE HE3HAYMTENbHO. B cilydae oueHb HM3KOW CHEKTPAIbHONW YyBCTBHTENBHOCTH B juanasone 5...5003B u ee
TIOBBILIEHKS B J(Hara3oHe | k3B OTHOIIEHHE CUrHAOB, MPOLIEAIINX Yepe3 ABE (DOIBIH, MOXKET OBITh OUYEHb BBICOKHM.
OTOT pe3yabTaT MOXET OOBSICHUTH BBICOKOE COOTHONIEHHWE CHTHAJIOB MSTKOTO PEHTTEHOBCKOTO M3ITydeHHS,
JKCIIEpUMEHTAIFHO HaOmomaeMoe B cTeiuaparope YparaH-3M, Te HCHONIb30BaINCh (OTOIAMOABI C HEW3BECTHOU
CIIEKTPAJIbHOM YyBCTBUTEILHOCTHIO.

BILIUB CIIEKTPAJIBHOI UYTJIUBOCTI ®OTOJIIOAIB HA PO3PAXYHOK TEMIIEPATYPH 3A
JAHUMU M’SIKOI'O PEHTTEHIBCBKOI'O BUITPOMIHIOBAHHS 3 BUKOPUCTAHHSM TOHKUX
OUIBTPYIOUUX ®OJIbI' HA YPAT'AHI-3M
M.B. /lpesans, O.B. Typancvka, A.C. Ilazyp

JiarnocTrka 1mia3mMy Ha 0a3i M'SIKOTO PEHTTeHIBCHKOTO BHUIIPOMIHIOBAHHS 3aBXK/IM BUKOPHUCTOBYETHCS Ha TOPCATPOHi
VYparan-3M. OmHuM 3 AiarHOCTHYHUX 3aCTOCYBaHb IIi€l JIarHOCTUKH € OIliHKa TeMIepaTypH Iuia3Mu. CIiBBiTHOIICHHS
CHTHAJIB M'SKOTO PEHTIeHIBCHKOTO BHIPOMIHIOBAHHS, IO HPOMIIIM 4epe3 ABI pi3HI (OJIBIH, 3aICKHUTh TUIBKU BiJ
TEMIIEpaTypH IIa3MH 1 MO>Ke BUKOPUCTOBYBATHCSI JUT ii OLIHKU. UKCENbHO pO3IIISHYTO BIUIUB CIIEKTPAJIbHOT 4y TJIMBOCTI
(doTomiona Ha METOAMKY OINHKH TeMIlepaTypu IUIa3MH METOIOM JBOX (poyibr. Y BHIAIKy IUIOCKOI CIIEKTPAILHOI
YyTIMBOCTI B jiama3oHi edepriii 5...500 eB i Tonkmx 1,5/2,25 Mxm amtominieBux (oibru meil BIUIMB HE3HAYHHH. Y
BUMAJKy JyX€ HHM3bKOIO CIEeKTpajbHOI uyTimBocTi B aianasoni 5...500eB i 1 migBumieHHs B aianasoni 1 xeB
CIiBBiTHOIIICHHS CUTHAJIIB, IO MPOUIILTN Yepe3 Bi Gosbru Moxke OyTH ayke BUCOKMM. Lleit pe3yapTaT Moxke HOSICHUTH
BHCOKE CITIBBiJJHOIIICHHSI CUTHAJIB M'SIKOTO PEHTTEHIBCHKOTO BHIIPOMIHIOBaHHS, [0 €KCIIEPUMEHTAIBHO CIIOCTEPIraocs
B cTesiapatopi Yparan-3M, Jie BUKOpUCTOBYBaIIMCS (POTO/I0/IH 3 HEBLIOMOIO CIIEKTPAIBEHOO Yy TIMBICTIO.
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