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1 DATESHMEESEM(/); 1.2 m DATESSitb R (47).

Fig.1 Concept structure of DATES5 (left); 1.2 m DATES scaled antenna (right).
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Fig.2 Optical telescope mounted on terahertz antenna

*k1 AFBREFESH
Table 1 Optical telescope parameters

Aperture Type Focal length  F-number  Field of view  Angular resolution

100 mm  reflecting 714 mm F/7 1.08° x 0.825° 1.09”

£ 2 CCDHEH S

Table 2 CCD camera parameters

CCD camera CCD chip Number of pixels Pixel size Readout noise

QHY23 ICX814 3468 x 2728 3.69 x 3.69 um Se” —Te”
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extract information calculating coordinate

‘ Universal time | | J2000 RA/Dec ‘ Control interface

convert convert extract information
| Local Sidereal Time “ Local time RA/Dec | l AZ/SL in oblique axis coordinates ‘
coordinate transformation coordinate fransformation

| AZ/EL in horizontal coordinate I | AZ/EL in horizontal coordinate |

subtract

FE 3 HIEAERER. J2000F R EELITIE F 200076, RARRHFA. DecRanidh. AZERFMA. SLER
#ihsa. ELFRMANA.

Fig.3 Data processing flow chart. J2000 represents 2000 epoch in Julian era, RA represents right
ascension, Dec represents declination, AZ represents azimuth angle, SL represents slant angle, and EL

represents elevation angle.
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Fig.4 Repetition error: azimuth direction (left); elevation direction (right).
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Fig.5 Sample distribution of directional measurements
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* 3 HEENERTHEZErms
Table 3 Residual rms before model fitting

First group Second group Third group Fourth group  Average

rms-AZ/" 622.7921 612.0006 612.7328 617.2222 616.1869
rms-EL/” 1661.9599 1663.1455 1669.3593 1673.7995 1667.0661
rms-tot /" 1735.7417 1734.3197 1740.5862 1745.8736 1739.1303

RN T B BB AR R — LB R BEATL e 2 R B AR SRR )
GEHTSENE, 55— P ENER RN ER T ER SR E, 15205 2 75 IR 7
5 1) R R B B A B TR . AR AL RS I A RS S AR ZErms B 2 B R T
F5.

69-8



62 % JSERRAH A T Al B i e 00 P K 2 R B4R 1] R ZE B RUAIT 5L 6 39

15 : : : : : 15
10 . . ] 10 |
51 51
m O o o
© ©
5 5
A0} . ] A0t
-15 L L L L L -15
15 10 5 0 5 10 15 15 10 5 0 5 10 15
dAZ/" dAZ/"
(a) (b)
15 15
10 10
5 N 5 L
g o 2 0
© ©
5t 5
A0} ] 10t
15 ‘ ‘ ‘ ‘ ‘ 15 ‘ ‘ ‘ ‘ ‘
45 -10 -5 0 5 10 15 A5 -10 -5 0 5 10 15
dAZ/" dAZ)"
(c) (d)

K6 230l a RkZES K 8(a)—(d)EmF—RIAEEER, dAZRRTTALH 75 W5 10000 58 f 7= 1E,
dELZRZS AN A 77 6 5 10 U0 &35 (8 1) 22 48 .

Fig.6 Residual distribution by using 23 term fitting: panels (a)—(d) are the four groups of data on the
same day, dAZ represents the deviation between the azimuth direction and the mean value of ten
measurements, dEL represents the deviation between the elevation direction and the mean value of ten

measurements.

R4 REHEFENZEms
Table 4 Residual rms after model fitting

First group Second group Third group Fourth group Average

rms-AZ/" 2.0209 1.5973 2.0058 1.5886 1.8032
rms-EL/” 3.4245 3.1064 3.057 3.0461 3.1585
rms-tot /" 3.7503 3.3373 3.4268 3.2836 3.4495

e AN i, P14 A 5B 60 ) 348 R 5 e Mt £ R
37, rmsPRIEHIAEA" DI, BRI B 0K PERIT,
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Fig. 7 Residual distribution: panels (a)—(d) show the fitting residual distribution of four groups of

detection sets in elevation directions and azimuth directions on the same day
x5 MAEKENms: RA—FHIBERIEE. Z—FIERENE
Table 5 The rms of fitting residuals: using half of the data as the training set and

the other half as the detection set
First group Second group Third group Fourth group

rms-AZ/" 2.2292 1.601 2.2805 2.0668
rms-EL/” 3.4029 2.8131 3.3731 2.9242
rms-tot /" 3.8167 3.0662 3.8197 3.3086
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Fig.8 The change curve of the angle between the optical axis and the electrical axis with the increase of

the antenna elevation angle

69-11



62 & X X %= K 6

FEJa B2 TAErh, BATTEAG 5 18 R B8 52 3 (¥ 't r bR 2E 53, i EL 120 P
Ak BRI 6 R EAT B 58, AT S R SR 8 i 2% £ 520

5 Hit5RE

RAT S 4L RS G 1.2 mApH KA 22 K 2k TF R T 623 40 B4 14 Wk ) S 30 B 5T,
FIF—& ﬂ%fﬁ%*mtmmmmﬂ%ﬁ%ﬁ% B I R e S T B, 34
TR T2 1 T A RS B, R T S B SR S T R RS I TERR, il
SR (47 B A A LI 2255 52 R IR A, 2 T — 540
Bra3AN R 2E I Akt 2 SR TR G 0 T AR, 0 LS TR R 1 S B0 MO R T, %4 R
FE TR A M TEFR AR TR 22, STILAA3” B &R B, O FL L e s O Ra e bt i
5, S STIE A B R P 0 S B AR S PR — S % A0 A A T 7 S B
bR 5. @3 AT IE, BoAiE T R 62 T B B A A 2% 6 2 16 IR R4 140 3R 2545 1E 1
AT, Sy KA 2 S50 0 e 8 16 OSBRI T — Bl T (1 5 R e R

R

] Yang J, Zuo Y X, Lou Z, et al. RAA, 2013, 13: 1493
1 BEARUE, THRE, BRK, % RICHAR, 2015, 56: 165
] Yu L F, Wang J Q, Zhao R B, et al. ChA&A, 2015, 39: 524
] mnlkg], i, A, % RS, 2016, 13: 408
| RS, G WA, 5. RSCTTUSEOR, 2007, 4: 188
] Greve A, Panis J F, Thum C. A&AS, 1996, 115: 379
] Poppi S, Pernechele C, Pisanu T, et al. Proceedings of SPIE, 2010: 7733
] Matsuzawa A, Saito M, Iguchi S, et al. Astronomical Telescopes and Instrumentation, 2014: 9145
] Assawaworrarit S, Padin S. PASP, 2012, 124: 242
| BRGRIR. TR ICE ORI B AR S IERT AT, Bell: i E RSB R 2 (P E R 22 BOE BRI AT, 2020: 9
| FESA. ROCEEBRERMBTR: Gh. 0Ah SRt XSy Sk Eiiss. Junt: T EAREHER H AL, 2003:
118-119
] Ulich B L. IJIMW, 1981, 2: 293
] %R, R4, KEE, % RIUFR, 2015, 56: 189
] Lou Z, Cheng J Q, Zuo Y X, et al. ChA&A, 2015, 39: 538
[15] Feng S, Deng Z, Yuan D, et al. RAA, 2020, 20: 117
1 BN, TR T RSO B 28R, dE5T: WA EE AL, 2003: 106-108
1 ARk S, XUIRIFR], ERRS, 25, B R (A AEE), 2005, 41: 356
| IR, ERZE, AW, % ST, 2007, 43: 37

69-12



62 % JSERRAH A T Al B i e 00 P K 2 R B4R 1] R ZE B RUAIT 5L 6 39

Study on the Pointing Error Model of Terahertz
Telescopes with Optically Assisted Pointing
Measurements

YING Xiao-ke'?3  LOU Zheng’?  LIU Wei?  ZUO Ying-xil+?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)
(8 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)

AsstracTt In view of the scarcity of terahertz astronomical point source targets,
this paper studies the method of using a small optical telescope coaxial with terahertz
antenna to assist the pointing measurement of terahertz telescope and establish the
pointing error correction model. Based on the 1.2 m oblique axis terahertz antenna of
Purple Mountain Observatory, the experiment of optical aided pointing measurement
is carried out. A 100 mm aperture refractive optical telescope mounted on the antenna
back frame is used to obtain the pointing measurement accuracy better than 2”. In
addition, by analyzing the structure of the slant axis antenna and the error sources
of atmospheric refraction and local star time deviation, a slant axis optical pointing
correction model with 23 error terms is established, and the fitting accuracy of about
3" is achieved. Finally, with the help of high-precision digital photogrammetry, the
photoelectric axis consistency is calibrated, and its influence on the pointing model
accuracy is discussed. The research results of this paper will provide technical reference
for the 5 m Dome A Terahertz Explorer (DATES5) and other terahertz telescopes in
pointing measurement and correction.

Key words terahertz telescope, slant-axis, CCD (Charge-Coupled Device) image pro-
cessing, pointing model, optically assisted pointing measurement
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