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大规模巡天简史

人眼时代

1609 – 1850s 1850s – 1980s 1980s – present

照相底片时代 数字化时代



大规模巡天简史

天文观测：测光+光谱



大规模巡天简史

多波段星等

天体红移、化学组成

PS1 SDSS

SkyMapper

2MASS

Galex WISE

DESI



大规模巡天简史

天体位置、自行、视差

天体视向速度、化学组成

完备相空间
信息：三维
位置、三维
速度+年龄+Z

90°

-180°

-90°

180°

1 2 3 4 5 6 7 8
stars per square degree

Hipparcos巡天 Gaia巡天



大规模巡天简史

SDSS 
2.5m, 7deg2, ugriz
r < 22

PS1
1.8m, 7deg2, grizY
r < 22.8

LSST 
8.4m, 10deg2, ugrizy
r < 27.8

ZTF 
1.2m, 47deg2, gr
r < 20.4

Skymapper
1.35m, 5.7deg2, uvgriz
r < 22.6

XSTPS-GAC 
1.04m, 3.8deg2, gri
r < 19

拍动图拍照片

Survey the sky faster and faster

拍电影
SiTian (54 telescopes)
1.0m, 25 deg2, gri
r < 21 



大规模巡天简史

行星大科学：关乎生命起
源的行星大科学，是集系外行星、
太阳系行星、天体生物学、天体
化学、地质学研究方法于一体的
高度交叉学科，旨在探索行星与
生命的起源和演化

多信使天文学：使用引
力波、中微子、宇宙线等非电磁
手段来研究致密天体性质、丈量
宇宙时空、追踪剧烈天体物理过
程、检验基本物理规律

时域天文学：采用多波段、
多时标方式研究动态宇宙，通过
重复观测来揭示宇宙中各类天体
的变化，发现和探索新天体、揭
示未知的新现象、新规律

多波段、手段联合
观测：不同侧面、
不同类型天体更加
全面的信息

大天区面积深度巡
天：覆盖尽可能多
的天体类型和数量

高频率采样、长期
持续监测：暂现源
和变源的长期/短
时标的变化特点

+   +   +

自然基金委《天文学十四五及中长期规划》景益鹏+



大规模巡天简史

系外行星及宜居性
宿主恒星活动性
系外行星生命信号

动态宇宙新窗口
多信使多波段
瞬变天体
致密天体

驱动星系生长
黑洞星系共同
演化等



大规模巡天简史

GW170817的电磁对应体观测
q光学发现：11小时后探测到ß1米Swope巡天
q触发后随光学光谱：1天之后获取
q探测到后期光变和光谱可以由中子星重元素衰变解释，
但反应更关键物理的早期信息被丢失，因此无法区分最
核心追求的致密天体模型！
q问题：需要五个小时内的极早期光变来区分模型！

引力波探测获2017年
诺贝尔物理奖  

->引力波天文学：致密天体并合之电磁对应体



大规模巡天简史

特点：

天去覆盖：单次曝光>1平方度

数据量：GB->TB 每晚

探测器：CCD/CMOS

要求：

处理模式：全自动

实效性：数分钟模式（变源瞬变源）/离线模式

精度要求：1-3%/毫星等



大规模巡天简史
Volume：数据量大

Variety：种类繁多（图像、时序、不同层级的星表等）

Value：我们想要的最有价值的信息

Velocity：时效性（真正的挑战）-- 分钟量级

Veracity：怎样在大海捞针下捞到针 

What happened?
What is happening?

What will happen?
What will it happen?

What should we do?
Why should I do it?

我们需要在几十台司天望远镜不停拍摄的同时作上述判断与决定



准备知识

Noises of CCD photometry
𝑆
𝑁 =

𝑁∗

𝑁∗ + 𝑛"#$ (𝑁%&' + 𝑁( + 𝑁)(* )

N*: the total number of photons collected from the object of interest
npix: the total number of pixels under the object of interest; for ground based telescope, 𝑛!"# =

$%!

!"#&' (")&
(r given by the typical seeing)

Nsky: the total number of photons per pixel from the sky background
ND: the total number of dark current electrons per pixel
𝑁*+, : the total number of electrons per pixel resulting from the read noise

Those noises are determined by the site station and camera properties and can not be 
reduced more once the station and camera been chosen!



准备知识

一流台址

新疆南山

河北兴隆

NAOC 2.16m
NAOC LAMOST (4m)

USTC & PMO 2.5m
THU MUST 6.5m

NAOC 4m
BNU 1.9m

青海冷湖

YNAO 2.4m
YNU 1.6m



准备知识

一流台址

新疆南山

河北兴隆

NAOC 2.16m
NAOC LAMOST (4m)

USTC & PMO 2.5m
THU MUST 6.5m

NAOC 4m
BNU 1.9m

青海冷湖

YNAO 2.4m
YNU 1.6m

Deng et al. 2021



准备知识

一流台址

Ma et al. 2020



准备知识

https://sites.astro.caltech.edu/~george/ay122/Bessel2005ARAA43p293.pdf



准备知识
XingLong Station: 

Background: V = 21.0 mag/srcsec^2

Atmospheric extinction: kV = 035 mag/airmass

Telescope efficiency: 40% (assumed)

Aperture: 1m in diameter

Pixel scale: 0.6 arcsec/pixel

Seeing: 1.5 arcsec

CCD290-99 Sensor designed by e2v

Homework #1

Limiting magnitude? 
(5sigma; @1.2 airmass)

@ 2s
@ 20s
@ 200s

And which one dominates 
the error?



准备知识

流量标准星 https://www.eso.org/sci/observing/tools/standards/spectra.html



准备知识

望远镜空间分辨本领：



准备知识

望远镜空间分辨本领：

衍射极限

大气湍流

探测器采样
（焦面比例尺）
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准备知识

望远镜空间分辨本领：

衍射极限

大气湍流

探测器采样
（焦面比例尺）



测光数据处理纵览



测光数据处理纵览



探测器性能标定

CCD Cross-talk:

BASS CCD #1 Four 
amplifiers

Cross-talk effect: 
typically in the level of 
1:1000 to 1:10000.



探测器性能标定



探测器性能标定



探测器性能标定



Before After

探测器性能标定



探测器性能标定

CCD RoN & Gain:

𝜎+,- = ./01234 5267/
8065

𝜎+,- = 9:;<8065
8065



探测器性能标定

CCD RoN & Gain:

Gain = 9:=;>9:*; ?(9A=;>9A*;)
C!"#!$
$ ?C%"#%$

$

Readout noise = 8065<C%"#%$
*



探测器性能标定



Readout noise

20160207

探测器性能标定



探测器性能标定

Readout noise

20160204



探测器性能标定

Gain

20160207



探测器性能标定

Gain

20160204



Bias (X, t)

探测器性能标定



Overscans can monitor the time 
variations of the median bias and also 
roughly monitor the large-scale pattern 
variations along the X/Y direction.

探测器性能标定

Overscan(s)



Bias Bias - overscan

探测器性能标定

Overscan(s)



Overscan(s)
探测器性能标定



Flat: small (QE) + large (dust, vignetting) spatial variations 

Dome flat Sky flat

探测器性能标定



Dome/Sky

Dome: S*L*I

Sky: S (low SNR)*L

探测器性能标定

Flat: small (QE) + large (dust, vignetting) spatial variations 



Dome/Smooth(Dome/Sky) Flat

探测器性能标定
Flat: small (QE) + large (dust, vignetting) spatial variations 



Wavelength (& 
positional)-dependent 
instrumental response 
function

Marshall et al. 2013

探测器性能标定



Flat-fielding strategy

探测器性能标定

Marshall et al. 2013



“Star flats” (Manfroid 1995, 1996)

探测器性能标定



Cosmic rays

Multi-visits (including different bands): comparison or sigma-clipping

Single visit: median filter (2-3 s/frame) 

探测器性能标定



Satellite lines

Hough transformation (Hough 1962)

探测器性能标定



探测器性能标定



天测与测光



Aperture Photometry

References:

Da Costa, 1992, ASP Conf Ser 23
Stetson, 1987, PASP, 99, 191
Stetson, 1990, PASP, 102, 932

天测与测光



Aperture Photometry

天测与测光



Center
Sky background
Aperture radius

Aperture Photometry

天测与测光



Selecting the right aperture 

• Too small: not enough to include the whole stellar light 

• Too big: too many “noise pixels”

Aperture Photometry

天测与测光



CCD Equation: Signal-to-Noise

0.4 arcsec pixel scale
1.2 arcsec FWHM seeing
Howell 1989

Aperture Photometry

天测与测光



CCD Equation: Signal-to-Noise

0.4 arcsec pixel scale
1.2 arcsec FWHM seeing
Howell 1989

Aperture Photometry

天测与测光



Aperture correction & growth curves

• Select a relative small aperture size (~1.5 FWHM)
• Construct growth curves using isolated and bright stars in the field
• Apply aperture corrections

If stellar PSF Gaussian distribution:

0.85 FWHM = 2 sigma = 95.45%
1.27 FWHM = 3 sigma = 99.73%
1.70 FWHM = 4 sigma = 99.99%
2.12 FWHM = 5 sigma = ~100%Stetson 1990

Aperture Photometry

天测与测光



BASS 64222 天区 r波段 
RA：06:14:35; Dec：56:15:44
gl: 158.01138; gb: 17.461039

观测时间：20160203 212s 曝光观测时间：20160203 163s 曝光

64222A (seeing – 2”) 64222B (seeing ~ 1.5”)

天测与测光



Scamp64222A
Ref: Gaia EDR3

First solution: Run SExtractor of reduced image with initial WCS solution from pointing model from the telescope 

天测与测光



64222A
Ref: Gaia EDR3

First solution: Run SExtractor of reduced image with initial WCS solution from pointing model from the telescope 

Scamp

天测与测光



64222A
Ref: Gaia EDR3 Scamp

天测与测光



64222A
Ref: Gaia EDR3 Scamp

天测与测光



64222A 64222B

sigma (RA) ~ 22 mas
sigma (Dec) ~ 24 mas

sigma (RA) ~ 20 mas
sigma (Dec) ~ 22 mas

Scamp

天测与测光



64222 A v.s. B 
Scamp

天测与测光



SExtractor + PSFEx

64222 A

64222 B 

Aperture magnitude
(4 pixels)

天测与测光



SExtractor + PSFEx

Aperture correction:

天测与测光



SExtractor + PSFEx64222 A versus B

天测与测光



64222 A versus B SExtractor + PSFEx

天测与测光



Compared to Gaia G

64222A

SExtractor + PSFEx

天测与测光



Compared to Gaia G

64222A

SExtractor + PSFEx

天测与测光



64222B

Compared to Gaia G

SExtractor + PSFEx

天测与测光



64222B

Compared to Gaia G

SExtractor + PSFEx

天测与测光



SExtractor + PSFEx

天测与测光



64222 A versus B

SExtractor + PSFEx

天测与测光



天测与测光



𝒇𝐀𝐃𝐔 = 𝜿𝒇

𝑓: the )lux of an object at earth above the atmosphere
𝑓ADU: the detected instrumental flux 
𝜅 depends on the exposure time, detector efficiency, filter responses, 
the telescope optical system, the optical path through the atmosphere, 
the SED of the objects in question 

𝑚ADU = 𝑚 − 2.5log10 (𝜅)

−2.5log10 𝜅 = 𝑎 𝑖, 𝑗; 𝑡 + 𝑘 𝑡 𝑥 + 𝑓 𝑖, 𝑗; 𝑡 + …

流量定标
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流量定标

The optical response of the 
telescope and detectors



𝒇𝐀𝐃𝐔 = 𝜿𝒇

𝑓: the )lux of an object at earth above the atmosphere
𝑓ADU: the detected instrumental flux 
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流量定标

Atmospheric extinction



𝒇𝐀𝐃𝐔 = 𝜿𝒇

𝑓: the )lux of an object at earth above the atmosphere
𝑓ADU: the detected instrumental flux 
𝜅 depends on the exposure time, detector efficiency, filter responses, 
the telescope optical system, the optical path through the atmosphere, 
the SED of the objects in question 

𝑚ADU = 𝑚 − 2.5log10 (𝜅)
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流量定标

Detector flat fields



流量定标

Traditional methods: standard stars
Landolt standards (Landolt 1983; 1992): provide magnitudes accurate to < 1% in the 
UBVRI bands for 500 stars in the V magnitude range 11.5-16.

Stetson standards (Stetson 2000; 2005): extend Landolt’s work to fainter magnitudes 
and provided the community with ~1-2% accurate magnitudes in the BVRI bands for 
~15,000 stars in the magnitude range V < 20.

Ivezic standards (2007): present 1.01 million nonvariable unresolved objects from the 
equatorial stripe 82  with <1% accurate magnitudes in ugriz bands in the V band 
magnitude range 14-22. 



流量定标

Relative calibrations:
• Ubercalibration (Ivezic et al. 2007; Padmanabhan et al. 2008)

• Stellar locus/color regression (SLR/SCR; High et al. 2009; Yuan et al. 2015)
• Purely based on photometry (High et al. 2009)
• Spectroscopy+photometry (Yuan et al. 2015)



几十至几千平方度

谢谢！


