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Abstract. The main aim of the Thomson scattering system és rtieasurement of electron temperature and density
profiles with high time and spatial resolution. €over the whole laser beam line (1.6 m) through flaesma cross
section, two ports are provided for the observatiptics, which image the scattering volumes (eaith 288 mm length

and 9 mm diameter) onto fiber bundles. The obsemwabptics are important components of the diagocstt-up,
because their imaging properties determine thetpeand spatial resolution of the whole systemer&fore the design

of the optics must be optimized according to thengetrical constrains of the observation ports imgeof position and
dimensions. To optimize this optical engineeringg tommercial ZEMAX program is used. The compositid the
optical system is elaborated to minimize lossesalfected light with wavelength from 700 nm up t664 nm.

Environmental criteria (e.g. neutrons, ECR plasmatifgaand temperature) will be considered choosipgcal
materials. First results of calculations will begented.
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INTRODUCTION

The goal of the Thomson scattering diagnostic ahdfééstein 7— X stellerator is to provide reliaklectron
temperature and density profiles in both core atgkeaegions of the plasma. The system has to neasunplete
Te and ne profiles with spatial resolution of 2 icnthe range 20 eV <& 10 keV and 5- 1 m® < n, < 5-16° m*.
To reach this goal, three collection optical systesnould be designed for the W7-X Thomson scatjetiagnostic
to optimize the coverage view and the optical tiglgaut. In this article, we describe first designdsts of one of
the collection optic covering the core and the eafghe half diameter of the plasma.

GENERAL DESCRIPTION OF THE SYSTEM

Description of the Optical Device

In order to achieve the required performance, thenTson scattering systems employ a set of 5 Nd: Yas@r
beams. The system, which is allocated in port AEMaBd AEN 31, covers a line of sight of 1.6 m, bsven in
Figure 1. In this paper, we present one of theo$etollection optics allocated in AEM 31 port. Tl¢her two
systems will be allocated in AEN 31 port. The st light is imaged onto optical fiber bundlegaied inside the
port, which transmit the light to the spectra amily system (polychromator). The collection optisssituated
inside the port and in air, protected by a circgjaartz window of 220 mm diameter and 20 mm thisknevhich is
mounted in front of the lenses as shown in figur&tis window is used as a vacuum seal. A shutchanism is
installed in front of the window. Lasers and polgaiators are located in a diagnostic room, outideorus hall.

Inside the port where optics are located, we haveonsider space between the port and the inteailal of
optics because of thermal movement of the ports Margin space is 2 cm. During the optical desigtimization,
we also consider the dimension of the structuratefnal rails which support lenses.
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FIGURE 1. Optical system in AEM 31. A laser fan with five NdAG laser beams is shown.
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FIGURE 2. Collection optics allocated inside the AEM 31 port.

Environmental Constraints

The first constraint is carbon deposition on thewan window. During diagnostics measurement, nelteri
deposition can appear and reduce the transmisdidgheowindow. This deposition is a recurrent coaisir for
observation optics in fusion devices. To resolis thsue, a shutter is set to protect the windawnfrmaterial
deposition between measurements. Nevertheless rafiay experiments, the carbon deposit on the windaw
reduce the visibility of our optics. In order tocé lower transmission by carbon deposit layer,emgisage the
possibility to heat the window in order to remowe ttarbon deposition and restore the good tranemisg the
optical set'. The second constraint is the neutron radiatisidthe port. In the port we could reach a neution
up to 710° cm? s* during discharge knowing that the allowed limifiieed to a neutron flux of-20"° cm? per year.
We use neutron radiation resistant materials forsystem. The third constraint is the magneticdfielhich can
reach up to 3T on the plasma axis. Due to thatwesr’t use any magnetic materials € 1,05) for our observation
system . The fourth constraint is the temperataresed by plasma radiation and ECRH stray radiaiorhomson
scattering port which is roughly 30 kWinTherefore a cooling system inside the port ie$een.

OPTICAL DESIGN

The collection optics for Thomson scattering systershown in figure 4. The system of 9 lenses Egieed to
achieve a full field of view of 25,5°. In order t@mve good collectivity, optics have a diameter 80 Inm. The
imagef-number is 1,37 for a focal length of 193 mm. Timage numerical aperture is 0,33. The scattered igh
collected onto optical fiber bundle arrays andyetha long distance to the polychromator, whichlacated at the
Thomson diagnostic room. The shape of each fibadleunput is designed to be rectangular with adisurface (7
mn?) which corresponds to the circular shape (3 mnmdiar) of each fiber bundle output according to the



polycromator desigh. The optics are optimized for spectral range fi@®0 nm up to 1064 nm according to the
Thomson scattering spectra of electron temperafpite 10 keV.

Optical Parameters

In order to provide a good edge and core view afriigon scattering laser with optical performancecetqd as
a demagnification greater than 6:1 and an imageenical aperture of 0,37 determined by our fibers, started
focusing on field of view, spot size and spectealge parameters of the system. The first designpeesrmed on
spot size by optimizing curvature, thickness arasgitypes. Target values like magnification, imagenerical and
field of view were considered. We performed thdemtion optics on the AEM 31 port in order to cotee line of
sight of 820 mm from the edge to the core of tlesipla, which is tilted of 25,8° to the optical asdghe collection
optics.

Scheimpflug Condition

According to the geometrical constraints of theesbation port, the line of sight is not perpendiculo the
optical axis of our collection optic in AEM31 poitherefore the magnification along the image plaflebe non-
uniform. To know and control the magnification afrsystem, we have to consider the Scheimpflug ingag he
Scheimpflug condition says that if the object Itetl from the lens optical axis than the image elaiill be also
tilted. The Scheimpflug condition indicates howfitad the image plane tilt produced by an objechpléilted with
respect of the optical axis. The way to constrhet $cheimpflug condition is described by the figBr&he object
plane (AB) must intersect the object principal gld@ defining the point of intersection of the imadane (A'B’)
with the image principal plane P’. If this conditits satisfied, the image is sharp. We want to enaach volume of
scattered light to one specific fiber bundle witketl input. Our fiber bundle array associated wiith image plane
must be located in the sharp area and thus owraystust satisfy Scheimpflug condition.

B
FIGURE 3. Scheimpflug condition for a thick optical system.

In this case the magnifications dependfoand the object height h. Thus, the differentialalomagnification
along the image plane can be described by thewllpequations, where s, s'9, 6" are described in figure 3:
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Correspondingly there is a keystone distortiorhim $cheimpflug imaging. This geometrical distortieaults in
a trapezoidal image of a nominally rectangular otf}eThis shape deformation must be predicted in oalelesign
the appropriate dimension of the fiber bundle ispithis oblique imaging case doesn’t need spelgfises. It is
shown that non oblique imaging lens systems whiiwsgood imaging properties can give good resulishlique
imaging if they satisfy Scheimpflug condition

Results

The system is able to collect the scattered lightavquartz window by a set of BK7, LAK9 and SF@inen
resistant glasses constituted by a 4 achromatsaameniscus has been added to enhance the imageicalme
aperture. The ray tracing of this set of lens iscdbed in the following figure 4.



FIGURE 4. ZEMAX programray tracing.

When we start the design of the first set of caidecoptics, we wanted to reach a demagnificatietidn than
6:1. Considering the scattering geometry and optieaign, we could cover half of the line of siglitthe plasma
with one optical system reaching a non-uniform dgmifecation from 11:1 for the edge and to 6:1 foe ttore. The
Thomson scattering collection optics presents aetigng less than 10% from the optical axis up 28 4nm. The
distance of the optical axis to the plasma cest&20 mm. This line of sight covers the plasmaaughé separatrix.
Beyond the separatrix, in the island region, viingtcomes important and reaches 56 % at the eityrerithe line
of sight, as shown in figure 5. The edge of theipla can be observed.
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FIGURE 5. Vignetting diagram.

V. FUTURE WORK

On one hand, in order to improve the optimizatiwa,want to focus our ZEMAX calculations on reducsppt
size and chromatic aberrations according to théadpasolution expected. On the second hand, viledesign the
optics for the AEN 31 port to cover the other h&lthe plasma and study the possibilities to use amtwo sets of
the optics due to the geometry constraints of t&&I81 port. Than fiber bundles will be designed.
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