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Millimeter/Submillimeter wave radio astronomy is a crucial tool for probing
the universe. Observations on key spectral lines can provide invaluable information
such as star formation activities and many other characteristics in the form of physical,
chemical, and spatial information. The detector of choice at (sub)millimeter
wavelengths is heterodyne receivers, especially because they have high-spectral
resolution. There has been a big push in recent years to accelerate the scientific output
from heterodyne receivers by upgrading key aspects of the detector. One notable
upgrade is from a single-beam receiver to a multibeam receiver which has a larger
field-of-view (FoV) on the sky. The larger FoV is particularly advantageous for wide-
field studies aiming to observe a large area of the sky.

Heterodyne receivers are complex instruments even as single-beam
instruments. Multibeam heterodyne receivers are often developed for a large single-
dish telescope with sufficient room or for a dedicated cryostat in an antenna.

One unique development plan 1s that of the Atacama Large
Millimeter/Submillimeter Array (ALMA) development roadmap. Here, the replacement
of the current single-beam receivers to multibeam receivers has been a highlight as the
next mid to long term upgrade. The antennas are designed for single-beam receivers
and thus impose a uniquely challenging setting for implementing a multibeam receiver
as the antenna was originally meant for single-beam receivers. In this situation, the
number of pixels that can be integrated on the receiver will be limited by the antenna
itself, and thus only a modest number of pixels may be implemented. It is inevitable to
then design the individual pixels to have as high of performance as possible. However,
the design of the receiver front-end components; the receiver tertiary optics, feed horns,
and waveguide block, have not had sufficient considerations.

In this thesis, several topics concerning the design and integration of
multibeam heterodyne receiver front-ends under the setting of replacing a single-beam
receiver in a radio telescope are discussed.

One critical aspect of the receiver optics 1s the effect of aberrations.
Aberrations are the errors introduced by an optical system which causes degradation
in optical efficiency. For a radio telescope, the effect of aberrations will lower its
aperture efficiency. In a multibeam receiver, each pixel is located at a different position
in the focal plane of the telescope meaning they all see different amounts of aberrations.
A comprehensive understanding of aberrations is crucial towards aiming for high-
efficiency receiver optics. This thesis presents the development of software code to
rapidly calculate the aperture efficiency affected by aberrations.

This thesis also investigates the detailed design of the receiver tertiary optics
to obtain frequency independent designs. Frequency independent design has been well
established in single-beam receivers. The expansion of the design to multibeam has not
been discussed much. Frequency independent optics come with the very attractive
merit of constant aperture efficiency within the frequency band. However, the demerit
is more complex optical designs that require more consideration. This thesis looks at
the design and analysis of individual pixels in a multibeam receiver and solves the
conditions to obtain frequency independent illumination at the sub-reflector utilizing
ray tracing and physical optics simulations.

This thesis also looks at the design of re-imaging optics for overcoming the
strong constraint introduced by a cryostat and its window. Cryogenically cooled



receivers are put in a cryostat to lower its physical temperature. The cryostat itself
imposes strong constraints on the design of the receiver optics. Re-imaging optics can
be used to redirect beams to pass through a small aperture such as a cryostat window.
Here, the re-imaging optics were used to both redirect receiver beams from a multibeam
receiver to pass through a small 35 mm diameter aperture, but also to obtain the
frequency independent condition for each receiver beam.

Finally, a novel wideband waveguide-based Magic Tee junction was developed
for tackling potential issues for the waveguide block and Local Oscillator distribution
circuits. The Magic Tee is a 4-port junction that has exceptional port-to-port isolation,
which i1s a crucial trait for key waveguide components. Here, a wideband Magic Tee was
designed to replace the conventional 3-port junctions used in current split-block
receivers waveguide blocks.



(BI#% 1 Separate Sheet 1)

Results of the doctoral thesis defense

LR SCFERM R

B S BoE s

T i t 1 e
i X H A Study on the Design of Receiver Optics and Waveguide Components

Towards High-Performance (Sub)Millimeter Wave Multibeam Receivers

BREERFETEIAT oA TR EZER AT LAICBAT L ZEI0X Y HEHEGE
FE) S FRBEN MM R L L RIEFWICEHWHE COBMZ AR ELE SE 5, LrL, 2OHIEIEZD
NETEHEEI UVR—3 FRPMEAR - KFERBEFOHMNIC I AR PEEL SHh
T&7e, AMETEH, ~T XA FXEHHA LoD, v v FE—AfbxFEB L, A
MOmmIKESEREEY FERTHRMROZEHE I AT LOMBELZHET L OTH D,
KT, v L FE—b - ~TFaX A HFROZERS 2T MO EFICAT TR,
(DA SRER L WBEF O — v — A ZE$i:Atacama Large Millimeter/Submillimeter
Array (ALMA) 2% %L LIz~ L FE— LA ZEREFRZORT . BLIOR@Q)~LF v— a1k
DRBED 1> THDHREFFEIBEES O - @O SR sk % EBL T 5 Magic Tee O
MG AT o T,

Kﬂ%f@v»?f%bﬁiﬁgVﬁwfi JERREBRE E B OREEHE FIEEHAS
DEERFH T 7y PEFROMEERE - WEOKELZFHMT 2 FELZRE, TLTELE
NT L B 72 8 I O N iR 2 1R 5 @kbk:/ﬂﬁkﬁvw?f~A%$%%F?ﬁ
5LMICHETLIRELHERLTND, T vV TFE—LRERFHITENT, BE—2%-
HFHRFEEMC LD BEARMEN 1 DOMEE RV E D, KR CRE I N AHBEL
LEHAREHAEFELZMEAGDLE L FIEIX, Bk, EERXRXLER LY oB CHEHAIN
TELEMENEFHEICHNERHEICHAE TE, RHREESNT A —FRRELZDFEHIZ
ﬁié:k#%\E—Aﬁﬂﬁsz<T%%OH%@vw?t—At% iz T —
RIZIKSIER SN2 ZERMHfFsn s, WIT, B—E—LAh - ~Tr ¥ A FATRII N
tuuMAfﬁ\RF%ﬁéﬁ#&fﬁ%ﬂf(xw~7yb8muUﬂ%Lm¢é#%_
BV ERN™ S D, ABFIETIX. BE D RER A E B ISR U CTRAT L 72 W JE B B T fig &
HlR SR E Lic BT K& EERELZHRLEZE -8 2 O ALMA v /L FE— A
ZEMOFEBRRENEZ R T ZEICHE L, TOREREZRTIENTEL, TRETH
TREA VTR TOYNLVTFE—LZEHROREIIITONTE 2, FAERBM MR THRE S
NWRTENE 22 <0 RPZEIEFEREICEBE O ARFNIHIR LI LB ST TRV, FFITHK
HCTOMBMEZ EHEOE—LARHOO/NSVWHAIZZBERTE D X912 T 572Dz, 22
DV ANERNPDRDLBEMEBEFEREEANL, 7 T4 FAF Y b 4K AT =V DO
WW*%E—Amﬁﬁ%@%’%%T%él%%ﬁokik?%é

WCAHESE T Magic Tee BAFEWFIEIZIB W TIX, & - I ILMEZEE L S>> 30-50

GHz #fI2B W Tiah « /EL. A— MHASBEEZ-20 dB, K& %K-19 dB &l 50% D
EHBICIE W TEBTEL2RBLARREIELZ, Y7 IV ERFOI LR L EEET~D



JEFAPEIZ DWW TG Sl & FEM R RN IS D 2, AFRIE, HEE X 2R
RIBEBSORGEAEL T AZERERO LT E— 2L OREMP~EERT EREL S
25,

INHO TEEEMNIREHREIEE L~ L FE— LN ERRE ] BXO [REHEIE
BHEOERNE - GHBEDSFAREZ KB 5Lk Magic Tee BAFEBFZE) 1oxf LT,
FHIXERAICIRVMAA, EETOMEREICITEZOBOVMAERNEEND Z LITHS N
Thbd, UEDHHBIZLY, BEZBERIT., K XPHE LR REICHE T 2 & Al L7z,



	
	物理7_天文3・政井崇帆（論文要旨）
	物理7_天文3・政井崇帆（審査報告書）


