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Abstract— An efficient intermodal decomposition technique $
developed for an accurate reconstruction of the RField obeying
a paraxial approximation such as the output of a gtron. This
method requires complete RF beam information i.e. t$
amplitude, measured using infrared thermography tebnique,
and phase, which is calculated by an accurate phagetrieval
method using complete scalar diffraction integral.The complex
RF field evaluated at several positions along theimction of
propagation is then used in our modal decompositiomethod
which is based on minimizing the error between theriginal field
and the optimized field. The minimization method is
implemented such that it evaluates the optimized did by
calculating the beam parameters and the complex cHieient of
each mode simultaneously. During the beam propagatin, after
phase retrieval method, it is observed that in seval cases the
output RF beam cannot be analyzed using simple Gasian beam
equation and therefore, we extended our method to anore
general case of astigmatic Gaussian beam of higherder modes
rotating along the optic axis of propagation.

I. INTRODUCTIONAND BACKGROUND

temporally (single frequency) coherent RF beamgiolgethe
paraxial approximation.

Il.  INTERMODAL DECOMPOSITIONTECHNIQUE

1) The intensity measurements of the RF output amdenah
few locations along the beam propagation directiming
infrared thermography technique. After the necessiata
processing, Iterative Phase Retrieval Algorithmiclrhuses an
accurate diffraction integral propagation techniqué, is
applied to access the phase information. Once tineplete
RF field information is obtained, we propagate tfiedd at
several locations along the beam path.

2) The measured (reconstructed) RF fialat,y;z) can be
represented as a linear sum of the orthogonal ifuretas
higher order Hermite-Gaussian modes multiplied bgirt
complex coefficienCyy,, i.e.

u(x,y:z) ZZCmn ut® (x,y;z;p) @

N HIGH POWER millimeter-wave gyrotrons, a quasi-

optical internal mode converter is used to conwbe

operating cavity mode to a Gaussian beam. The mog@gnhere, u" (x,y;z;p)represents an astigmatic Hermite

converter which includes a launcher, formed as lacdieor
step-wise cut of a circular waveguide, and a systéuasi-
optical mirrors generates a spatially and tempypratiherent
RF beam obeying the paraxial approximation. Théecdbn
and diffraction on various generic surfaces ofltacher and
mirrors introduces aberration effects which strgngfluence
the beam quality and its propagation, and theretbeeoutput
RF beam cannot be completely approximated by
fundamental Gaussian mode. This distorted beamupssd
diffraction losses when coupled to an HEvaveguide for
transmission using a set of quasi-optical mirrara Matching
Optics Unit. The description of Gaussian conterdlysis of
an RF beam based on optimizing the various beaanpters
and simultaneously maximizing the vector correlatad the
measured amplitude with a fundamental mode Gausgam
(TEMgo mode) at a given axial position does not guaratitee
correct beam parameters and accurate RF field seécmtion.
This requires the precise knowledge of modal powefethe
other higher order modes and their relative phas¥s.
perform a detailed study to properly analyse the bHeEam
quality, its intermodal decomposition and propagatiising a
rotating astigmatic Gaussian beam of higher ordedes. The
method can be applied to any kind of spatially dnsource
generating one Gaussian beam with higher order s)cated
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Gaussian mode [2] of ordanf) at a locatiorg, depending on
a set of parametefs

P =1 Xys YorWo, \Woy, 1 Zo, +Z ,Go,ﬁ (2)
0z

ox*Woy 14k 1“0y

Here, &o,yo) are the beam axis coordinatesi.v,,) are the
beam waists and ¢zz,,) are their corresponding locations in x
and y directions®, represents the initial rotation of the RF
field in the transverse-y plane at any axial location and
de/dz corresponds to the rate of rotation of the RFdfedbng
the propagation axis. The unknown beam parametesise
optimized by minimizing the error function as afelience of
the measured and optimized RF field and is defaswd

u(x, y;z)- ZZCmn Gne (X,y:2;P)| dxdy
3)

Whereu(x,y;z) is the normalized RF field obtained from the
phase reconstruction algorithm & positions along the
direction of propagationQ represents the dimensions of
transverse plane and tilde quantity representgahees which
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are different from the actual beam parameters. ddmaplex
mode coefficients are calculated as,

Con = [[ulxyiz) e (x,viz:p)dxdy  (4)

The constraint applied on the total modal power is,
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During the analytical study on the mode coeffictemsing the
rotating astigmatic Hermite Gaussian beam theayy 3§ it is

verified that rate of variation of the modal coeifints remains
constant along the direction of propagation, amdefore, one
can put one additional constraint i.e.

aiémn(pi;wo (5b)
zZ

Ill. RESULTSAND DISCUSSION

The above said modal decomposition technique idieapp
on the theoretical data of the first prototype dEU
170GHz/2MW coaxial cavity gyrotron for ITER” [1]. A
preliminary set of the optimized results are plhbtire figure 1,
2 and 3. The optimization technique for
decomposition is subjected to further study which include
the measurement accuracies such as noise, misaiignetc.

Figure 1 shows the convergence of the various bean

parameters, figure 2 shows the theoretical andnstoacted
beam amplitude and phase in the window plane, valseri@
figure(3), theoretical and reconstructed amplitadd phase at
1000mm from the window plane are shown. Total nundfe
modes used in the optimization of the beam paramete256.
An excellent agreement can be seen between theetivad
and reconstructed field profiles. The calculatedusaéan
content of the RF field using the set of optimizedameters
is ~63.5%. The coupling coefficient of the optindzéeld
calculated by projecting it on the theoreticaldied ~99.4%.
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Fig. 1: Convergence of the various parameters during the éunctior
minimization (eq. 3).
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Fig. 2: Theoretical reconstructed (intermodal decontipod
amplitude and phase profile are plotted in the eutgindow plane at Omm
on a plane size of 100mm. The isoAtours of the amplitude are plotte:
every -3dB from the peak value. Phase is wrappdider-modulo.
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Fig. 3: Theoretical and reconstructed (intermodadcainpositior

amplitude and phase profile are plotted at 1000mum the window plan
on a plane size of 350mm. The isoatours of the amplitude are plotte:
every -3dB from the peak value. Phase is wrappéldeirzt-modulo.
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