Optical design and verification of the sub-millimeter limb sounder TELIS
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Abstract Cold optics design & amplitude-phase measurements
TELIS (Terahertz and submm Limb Sounder) is a
cooperation between European institutes, DLR, RAL
and SRON, to build a three-channel balloon-borne .
heterodyne spectrometer for atmospheric research. Integrated lens-antenna (L6) o
The optical front-end of the instrument consists of a Magnetic shieid \
dual-offset Cassegrain pointing telescope (elliptical x—ﬁL| Elipse (L)  Wiregid o Lens-anterina
shape 28x14 cm), calibration blackbody and the relay 1 s ™ E
optics (common for the three channels). Beam g,
separation between the channels is performed g Lo
quasioptically by a dichroic filter and a polarizer. After {EE Parabola (L1) £« N
the splitting, the three beams enter the liquid helium N Termination load kg
cooled cryostat, where each receiver has dedicated H— ] 2
cold optics and mixer elements. Cryostat .
In this poster we present the optical design and Parabola (L5)  Hyperbola (L4) b B - i
verification of the quasioptical 500 - 650 GHz channel Position, mm
for TELIS. It is based on a phase-locked '
Superconducting Integrated Receiver (SIR). The SIR Lavout of the SIR cold ch | In the test fiaht th Sgg%?éri(ggtﬁ?elifg‘)j ?:vi Iq&%ﬁggiﬁ% i(rfotltii gg?d)
ip i ipti ayout ol e cold channel. In the test Tlit e

(s::'llilc‘:)olnS pllsrc\:sd %Trrﬁ?r? ﬂaetmba(i:ri:tesug?gg Olfetr:]siae}:ltfﬁlﬁgl Sll{ will operate in double sideband mode; SSgB filter channel. The curved mirrors (L1), (L3), (L4) and

. g . 9 A . is replaced by a set of two plane mirrors (not shown L5), the window (L2) and the integrated lens-
Further shaping and relaying of the beam is done by in the picture). antenna (L6) are given schematically as thin

means of reflective optics. vertical lines, representing thin lenses.
Design and validation of the optics, as well as
estimation of optical components tolerances, have
been performed using commercial software packages
ZEMAX and GRASP.

We present experimental results of the far field
amplitude beam measurements of the integrated lens-
antenna, amplitude-phase measurements of the SIR
cold optics and first results of the vertical beam profile
of the complete instrument performed at 600 GHz.
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Schematics of the 500-650 GHz channel optics. The telescope
is rotatgd arouWnd thedaxisI coincidir&gdwirt]h the Idirection ofdthe
output beam. Wire grid polarizer and dichroic plate are used to .
separate this receiver from the two other frequency channels Calculated by GRASP far field 1-D vertical
Far-field 2D scan of the integrated lens- (not shown). The cold optics and mixer element are located elevatlon’g cut and Azimuthally Collapsed
antenna beam pattern. The isolines are inside the cryostat at the ambient temperature 4.2 K. ntenna Pattern (ACAP) at 625 GHz.
at-5dB, -10 dB, -15 dB, -20 dB etc
2 Summary
> Intlegrated lens-antenna has been modeled using PILRAP. Far field amplitude beam measured at 600GHz is in a good agreement with
simulations.
f "’Gh' » The optics has been desi%ned using 1-D MathCad tool and verified by GRASP. Amplitude-phase beam measurements of the cold optics
1 n[ ‘h grze4;3/erformed at 600GHz. The measured beam waist is 2.25mm (within1% of the designed value), Gaussisity of the measured beam is
@ 4%.
= Il‘_ » Compact range (copy of the TELIS telescope with horizontally oriented slit source at the focus) is setup for the vertical beam profile
§ 10 LW measurements. Preliminary tests indicate 0.4deg FWHM beam at 600GHz, in excellent agreement with the design. The corresponding
g \L. r'- beamsize at tangent point is 1.6km.
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