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Soft X-ray: 1 to 20 keV
Most of the time Semi conductor technology

Provide lots of many useful informations (impurity
distribution, electron density and temperature, plasma
shape, magneto hydrodynamic instabilities...)

In ITER : very hot plasma (100 millions °C), high heat
fluxes, high fluxes of neutron, gammas and hard X-ray.

Impossible to put detectors near the plasma

Necessity to propose and develop a new system to transport
SXR information far away from plasma with the idea to
protect the detection system (for us a new domain)
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C2A BRIEF REMINDER

Polycapillary lenses or Kumakhov* optics

Principle : SXR transmission by multiple reflexions

First lenses: years 1980

Figure 3 : entry of a polycapillairy

* . http://www.xrayoptic.ru/e_rentoptics.htm | PAGESS |

Figure 2 : full lens
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C2A BRIEF REMINDER

Glass refraction index for X-rays : n,=1-d=1—a—iff (1)avec a,f «1

a and B coefficients are calculated from photon energy and optical material properties

In our conventions :

Normale au point Snell-Descartes law (parallel incidence) :
Anele crit d’incidence ny.cos(0;) = n,.cos(6;)
Rayon incident <& " <Y i Rayon réfléchi n,=1 (vacuum), ‘Coi(Q_C) =cos(6;) =1
2

— 6. =+2a critical angle critique which
c g q

r .
depends on material

Milieu d’indice n,

Milieu d’indice n,

|
L\
I
1

Parallel incidence
Rayon réfracté

If 6;> 6, photon is refracted and absorbed inside material otherwise it is reflected with
attenuation:

2 0; : incident angle

Bi—JBiZ—ZS(E) E : energy of the photon
<1

R(6,E) =

9i+\/9i2—25(E)

Avec : §(E) = a(E) +if(E)

D. MAZON| Channeling 2014 Capri | PAGE 6
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Photon curvature in between two surfaces
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Enceinte 1 contenant

Enceinte 2 le polycapillaire 3 =
contenant le Collimateur et la cible [/ SRS,
-

polycapillaire
Focalisant

Arrivée du

'ilh; 4.

isé au laboratoire CPRIAS d’impacts du
laser sur une cible en aluminium

C : urg)

Installatlons au Iart0|re CELIA
Laser chain Ti :Saphir In one cavity: X source : Cu, Al targets
frequency :10 Hz Collimation and Focalisation using
Energy beam100mJ polycapillaries
Pulse duration: 35-40 femtosecondes In the other cavity detector: spectrum
2 vacuum cavity measurement

| PAGE 10
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C22) 2. RESULTS USING IFG POLYCAPILLARIES

. Polycapillary
Polycapillary focalisation

collimator CCD detector

Source (laser impact
point on Cu target)

/

Isotropic emission

Experimental set-up

Transmission calculation :

with N;,, and N,,,; photon/steradian
Nipy X Qi XT = Nyye X Qoue Q;, and Q,,,; solid angles (steradian)
| PAGE 11
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C22 CALCULATED TRANSMISSION FROM MEASURED SPECTRA

0,5

0,4 ; : .
Transmission of one of the polycapillary

0,3 \[

Transmission

Transmission calculated from serie 1

Transmission calculated from serie 2

Laser instability in energy

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Energie (eV)
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CZ2A MODEL ALGORITHM (RAY TRACING)

1. Discretisation ; generation of the ‘” —

incident photon trajectories [[otvise 1 surface de a source ]
2. Calcul of intersection points [Ormiwraesemee ] S q
3. Radius Transmission inside Erabii Téquation de 1a drofte
po chap' I Iary du rayon incident S
Trajectories calculation

Multiplication of the light intensity by reflection
coeff R

Calcule I'intersection entre

N

le rayon incident et la paroi 2

interne du capillaire

4. At the polycapillary exit: calculation

of the impact point coordinates 0o ekt s O
Tran S m ISS I O n Cal Cu |at| O n Calcule la direction Caleul 'angle d’'incidence rasant Enregitre Ie:/coordonne'es
du rayon réflechis (grazing angle)
3

‘angle incident rasant

oul Trace le point d'impact du

est-il plus petit que |'angle critique ?

A

Nph_in—Nph_ab reflexions;
PRt | ‘R(9;;,Ein)

photon sur |'écran en sortie

T =
Nph,_in

i :
e
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C248  MODE-EXPERIMENT COMPARISON

Good agreement but slight difference between 3-5 keV
(matérial?, rugosity?, ordering of polycapillary?)
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PARAMETRISATION: CAPILLARY DIAMETER
— INFLUENCE

« High energy photon
transmission is
Independent from
polycapillary diameter

« Partial absorption of
photons (trough R) is the
main attenuation cause
of transmission at high
energy.

otons absorbes

Transmission de la lentille
en fonction de I'energie des photons
pour des capillaires de diametre variables

0 5000 10000 15000
E (eV)

Nombre de photons absorbes par la lentille
en fonction de leur energie
pour des capillaires de diametre variables

din =50 ym
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A RECHERCHE A LINDUSTRIE

CZA INFLUENCE OF LENGTH

Capillary transmission at Fixed Energy
(5keV) and diameter (30 um)

: : (point source)
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CONCLUSIONS

« Atransmission model has been developed and validated
on SXR source induced by laser at CELIA

« Good agreement between model and experiment

« Authorise simulations and optimisation of polycapillaries
for application to tokamaks.

« Model will be tested soon on a continuous source at
CEA laboratory.

\ Magnification
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