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AbcTpaKT

X-ray spectroscopy is a powerful tool to study high temperature plasma. This is
almost routinely approach to estimate plasma parameters from relative
intensities of He-like and H-like lines. There are enough reliable models to
describe intensities of He-like lines so that comparison of experimental spectra
with calculated one permits to extract plasma electron temperature and density.
Other effects which should be taken into account in best accurate way are :
optical density, presence of electromagnetic fields, collisional exchange between
levels, etc.

Experiments carried out on Z-pinches within last two decades have shown, that
He-like lines are polarized. The reason for polarization is assumed to be the
presence of electromagnetic field and/or electron beams. Today the general
recommendation is: first to analyze the degree of polarization of lines used for
diagnostics, then chose the model to be used for their analysis. Study of
polarized emission of pulsed plasma is important to get information on the
physical processes in plasma, on the application ranges of conventional
diagnostics approaches, it open perspectives to create new type of diagnostics.

Recently it was found that single hexagonal, trigonal or cubic crystal serves as
polarimeter. Polarization analysis of pulsed irreproducible x-ray sources is
usually carried out with two identical polarizers or with single crystal
polarimeter. This paper describes the design of two types of spectropolarimeters,
which are intended to diagnose polarization of X-ray lines. The example of their
application is also presented.



MoTtusauua

Pa3BuUTb cyLlecTByloLLLee HanpaB/ieHUe PeHTTeHOBCKOM CEKTPOCKONUU —
PEeHTreHOBCKYIO NONAPU3aLUOHHYIO CMEKTPOCKONUIO N1a3mbl.
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The base for X-ray polarization analysis

X-Ray polarization analysis is based on the diffraction properties of
crystals, where the integral reflection coefficient P, for symmetrical cut
of ideal crystal is expressed as follows:

Po = (16/37)(e%/mc*)(d?/V) tg 0 K | Fy |
where e, m —electron charge and mass, A - wavelength, 8 — Bragg angle,
corresponding to condition 2d sin8; = kA, d — intermediate crystal
distance, k — reflection order, F,,—atomic factor for hkl reflection, V=
112 A3 — volume of unit crystal cell, K = (1+ | cos26, | )/2 — polarization

factor for naturally polarized rays. K = 7 for o- component, K= | cos26
8 | /2 for x-component.

if @;=45°thenonly o-component is reflected and crystal serves as
polarizer.

Polarimeter is a device, which separates two mutually perpendicular
polarizations with equal effectiveness. A combination of two
perpendicularly oriented identical polarizes is a polarimeter.



Scheme for X-ray polarization analysis

Polarization measurements can be done:

1.

3.

single rotated crystal, which detects one polarization component, then rotated
to 902 to detect second polarization component, works for stationary x-ray
sources and pulsed sources with reproducible parameters.

Two identical crystals at O; =45°, oriented perpendicular to each other, looking
to plasma from same direction

Single crystal polarimeter, based on hexagonal or cubic crystals



Typical He-like spectra, widely used to extract Te,Ne.
Maja plasma focus facility, Poland
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ArXVIl, ArXVIill in 2,3,4, orders of reflection, Angara, 4AMA,

shot 2406.
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Experiments carried out on point-like source
Maya Facility, Poland, together with Dr. L.Yakubowski
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Spectra of ArXVIl, taken by two spectrometers A,B with
mutually perpendicular dispersive planes.

Conclusion:in z pinches with discharge current 150, 500 kA the relative intensities of
Y, W lines were different for the two spectrometers, used in one the same
experiment



Two crystal spectropolarimeter

1. Polarizers take spectra from same direction
2. Source size control
3. Mica crystals, A= for B=45°

3 slits, 1x13mm?

20pum Be

h
‘\ Pin. image
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100um pinhole, 20um Be

Lead, 0.5 mm

Four channel de Broglie spectropolarimeter’



Super compact two crystal spectropolarimeter

Drawings are done by “Inventor”



Positioning of spectrometers and polarimeters

KAP R250 convé
spectrometer,
1 channel

3 crystal spectropolarimeter Mini 2 crystal spectropolarimeter
with pinhole, 4 channels 2 channels



O, Cu LII spectrain sigle shot
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OaHOKpUCTanNbHbIN PEHTTEHOBCKUW NONAPUMETP

E.O.Baronova, M.M.Stepanenko, and A.M.Stepanenko, Review of Scientific Instruments, 79, 1-4, (2008).
Patent RRC KI Ne 2322684,Bul. N211,(20.4.2008).

incoming X-ray beam —10(-1)0 planes

11{-2)0 planes
what is 8?7 how to determine P, P_ directions?

[TonapumeTp oTpaxaet 06€ KOMNOHEHTbI
nonaApu3aLunm, cneuunanbHO Bbipe3aHHbIN
KpMCTana MoXeT paboTaTb Kak NoNApUMeTp



TectupoBaHue paboTbl nonapmumerTpa
Ha PEeHTreHOBCKOM TpybKe

(Cu K-alpha)
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Selection of polarized component in ideal (quartz,
SI...) and mozaic(mica..) crystals

R,=16/3/pi*e?/m/c?*d,, 2F, . /V*tgQ*(1+abs(cos2Q))/2*A ;
R,=16/3/pi*e?/m/c?*d, F,,,/V*tgQ*(1+cos?2Q)/2*A_;

At 45 deg

Sigma- component Pi-component



Ideal or mozaic crystals FOR SPECTROPOLARIMETRY?

Reflection coeff. for X-rays, Bragg,s reflection
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Ideal crystals:

|perp/ lpar= €052Q

flat quartz, does not need
calibration, separates
polarized component
within 42-47 Bragg angle,
bent quartz-??

Ideal Mozaic crystals

lperp /oar= €05%2Q,
mica-mozaic crystal, needs
calibration, separates
polarized component
within 37-53 Bragg angles

R,=16/3/pi*e?/m/c?*d, *F, . /V*tgQ*(1+abs(cos2Q))/2*A,;

R,=16/3/pi*e?/m/c?*d, 2F, . ,/V*tgQ*(1+cos?2Q)/2*A ;



BbiBOAbI

1. PeHTreHOBCKUM NONAPU3aLUOHHDbIN aHANIN3 ABNAAETCA HEOBXoaUMbIM
MeToA0M UCCNef0BaHUA NapamMeTpoB NMUHYEBOM N1Aa3Mbl

2. [ABYXKpUCTaibHble U  OAHOKPUCTa/ibHble pPeHTreHOBCKue
CNeKTpononApumeTpbl AOKasann CBOK paborocnocobHOCTb B
YCNOBUAX UX MPUMEHEHUA JANAa  peannsaumu nonAapusalMoOHHOro
aHa/nu3a MMNY/IbCHbIX  UCTOYHMKOB TrOpAYeu nsa3mbl Manoro
pasmepa.

3. ABYXKpUCTa/ZibHbIiA PEHTFeHOBCKMU nonapumetp obnagaer 6onee
IWWMPOKMM  AMANA30OHOM AJIMH  BOJH  ANA  OCYLUeCTB/IEHMUA
NONAPU3ALUOHHOINO aHanAm3a U bonee nNpPoOCTOM HACTPOUKOU B
CpaBHEHUU C OOHOKPUCTANIbHbIM. Hepoctatkom cuutaerca
Hebonbloe HecoBnageHue VYINOB 3pPeHUMA [ABYX KPUCTANNIOB ¢
Heob6xoaumocTb NnpeaBapuUTeIbHOU KannbpoBKM 06enx KaHanoB.

4. OQHOKPUCTANbHLIW PEHTFEHOBCKUU NONAPUMETP - eAUHCTBEHHbIU
npubop, B KoTopom o0b6e nonapmsauMoHHble KOMMOHEHTbI BblAENAKTCA
C paBHOU 3P PEKTUBHOCTBIO U PETUCTPUPYIOTCA C OAHOTO U TOro e
HanpaB/ieHUA Ha UCTOUYHMUK.
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