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FITS FILE
& FITSS {44554

7 S\
HEADER Unit

ASCTT enirine B0har log each * primary header and data unit(HDU)

Some keywords are reserved
HISTORY & COMMENT ASCII text

END is the last keyword %K%ﬁﬁ—% i& EFEEAJ_-‘D

‘Primary S DATA Unit * Conforming Extensions(optional)

Contains your data as an array

HDUS * HDU (required) Qggltlgvt?p?sgiﬁi%i% Fnufr?ﬁga%%trbe presen; ﬂjﬁ E]’(] fl:f %

: T HEADER Unit Hl e ZERNHDUZE IR FITS SCRR 9 ZEAilh
EXtEIlSlOIl(S) ----- )J: Similar to the Header in Primary HDU ;

i (Dptional) ) § However, it begins with kwd XTENSION i

1 FITSSCH: (Basic FITS file)
e T E Y R TSR N

DATA Unit
¢ Similar to Data Unit in Primary HDU

] Ty iy ot A e By, 4 FECE (Multi-Extension FITS,MEF)




KO e

* http://paperdata.china-vo.org/yuheng/material.zip
o RKA& gal _info _dr7 v5 2.fit.gz
e 1% frame-[gir]-003712-3-0187 fits

1 hydrogen.fits *

1 SIMPLE = T / FITS STANDARD BITPIX = 16 / FITS
BITS/PIXEL NAXIS = 2 / NUMBER OF AXES NAXIS1
= 1855 / NAXIS2 =
/ BSCALE = 1.4004783875E-1 / REAL = TAPE*BSCALE + BZERO BZERO =
4.5975484295E3 / ORIGIN = ‘KPNO-IRAF' /
DATE = '2005-08-11T19:57:30" IRAFNAME= 'j91k100a@ step7.fits' / NAME OF IRAF IMAGE
FILE IRAF-MAX= 9.185516E3 / DATA MAX IRAF-MIN= 9.581234E0 / DATA
MIN IRAF-BPX= 32 / DATA BITS/PIXEL IRAFTYPE= 'REAL
' / PIXEL TYPE ORIGIN = 'NOAO-IRAF FITS Image Kernel July 2003' / FITS file originator
DATE = '2005-08-11T19:57:3@"' / Date FITS file was generated NEXTEND = 3 / Number of standard
extensions FILETYPE= 'SCI ' / type of data found in data
file TELESCOP= 'HST® / telescope
used to acquire data INSTRUME= 'ACS ' / identifier for instrument used to acquire data EQUINOX =
2000.0 / equinox of celestial coord.
system / DATA DESCRIPTION
KEYWORDS ROOTNAME=
'j91k100a0" / rootname of the observation set IMAGETYP= 'EXT '/ type of exposure
identifier PRIMESI = 'ACS ! / instrument designated as
prime / TARGET
INFORMATION
TARGNAME= 'N4038+39-MIDDLE '/ proposer's target name RA_TARG = 1.804715833333E+02 / right ascension of the target
(deg) (J2000) DEC_TARG= -1.888178611111E+01 / declination of the target (deg)
(J2000)
END

Line: [1/1239] - Col: [2714] - [LF] - [INS]



http://paperdata.china-vo.org/yuheng/material.zip

FITS WV A4-=L Header

File Edit Font

SIMPLE
BITPIX
NAXIS

NAXIS1
NAXISZ2
BSCALE
BZERO
ORIGIN
DATE

IRAFNAME=
IRAF-MAX=
IRAF-MIN=
IRAF-BPX=
IRAFTYPE=
ORIGIN
DATE

NEXTEND =
FILETYPE=

TELESCOP=
INSTRUME=
EQUINOX =

1.4004783875E-1
4.5975484295E3

'"KPNO-IRAF'

T / FITS STANDARD
16 / FITS BITS/PIXEL
2 / NUMBER OF AXES
1055 /
1075 /
/ REAL = TAPE*BSCALE + BZERO
/
/

'2005-08-11T19:57:30"

'j91k100a0 step7.fits'

/ NAME OF IRAF IMAGE FILE

9.185516E3 / DATA MAX
9.581234E0 / DATA MIN

"REAL '

32 / DATA BITS/PIXEL
/ PIXEL TYPE

"NOAO-IRAF FITS Image Kernel July 2003' / FITS file ¢
'2005-08-11T19:57:30"' / Date FITS file was generated

'SCI '

"HST'
"ACS

3 / Number of standard extensions
/ type of data found in data fi

/ telescope used to acquire dat:
/ 1identifier for instrument uses
2000.0 / equinox of celestial coord. s

L2880 i AN AL H 2R
TS0 N FZRT (BE8hi NES)
ITHUN36 IS EL

2SSy

HALE ASCINTFAF

PLENDZS

HARBEARE

SIMPLE Z4EA = $8 I U B SR & A FITS
Pt o

BITPIX B H A & fa R — MEotE AL EL
NAXIS 25 Ar & F5 AL AR 2L

NAXIS1 BE A & 45 IR N Bl Boc 3.
NAXIS2 BE A & 45 IR N o Boc 3.



python+ FITS  (@)astropy

A Community Python Library for Astronomy

* PYFITS

https://pythonhosted.org/pyfits/
20161 H 29 H 8 Ja — K MAL K AT v3.4.0

* astroPy

https://github.com/astropy/astropy
Read, write and manipulate all aspects of FITS files
(Extensions, headers, images, tables)

from astropy.io import fits as pyfits

o HAMABLEL:  fitsio (cfitsio) sunpy



https://github.com/astropy/astropy

FITSH 540 £

———

e hdu = fits.open('frame-g-003712-3-0187.fits")

 hdu.info()
Filename: frame-g-003712-3-0187.fits

No. Name Ver Type Cards
© PRIMARY 1 PrimaryHDU 96
1 1 ImageHDU 6
2 1 BinTableHDU 27
3 1 BinTableHDU 79

Filename: gal info dr7 v5 2.fit

No. Name Ver Type Cards
© PRIMARY 1 PrimaryHDU 4
1 1 BinTableHDU 67

Dimensions Format

(2048, 1489)  float32

(2048,) float32

1R x 3C [49152E, 2048E, 1489E]

1R x 31C [3, 3A, 3, A, D, D, 23, 3, ..

Dimensions Format

0

927552R x 25C [I, J, I, 5I, E, E, ..

E]

12A]



1. FITSZR4%

TOPCAT S~
File Views Graphics Joins Windows VO Interop Help
B & e: Z LW]edo &&EmX

rTable List
1: gal _info dr7 v5 2.fit

ilrCurrent Table Properties

[

121 /1721 M

TOPCAT(1): Table Browser

Window Rows Help

of

@ X

Table Browser for

1: gal_info_dr7 _v5 2.fit

Label: [gal info dr7 v5_ 2.0t PLATEID] M/D | FIBERID ( PHOTOID } RA DEC (

o ; 1 266 | 51602 1 (756, 1, 1, 206, 129 146.714 1.8413 | (18.9564, 17.2|~
lM:;:ﬁ:: ﬁz:::igg:gﬁg:lﬁ:ﬁ:ﬂg:::i::E:g::g;‘::z: 2 266 | 51602 2 [(756. 1, 1, 208, 235) 146.919 -0.990492 | (22.52, 20.337/=]

: 3 266 | 51602 4 [(752, 1, 2, 22, 228) 146.86 -9.808902 | (22.6119, 20.3

Hlres clinain 4 266 | 51602 5 (752, 1, 2, 21, 293) 146.763 ~9.810433 | (23.4776, 22.2

Columns: 25 5 266 | 51682 & | (756, 1, 2, 208, 268) 146.964 9.545083 | (21.9843, 20.2

Sort Order: {} | B3 6 266 | 51602 8 [(752, 1, 1, 20, 106) 146.607 1.24075 |(21.0303, 19.1

) 7 266 | 51602 10 | (756, 1, 2, 206, 162) 146.728 9.55688 | (21.5454, 19.3
"‘“ws“b“t' 8 266 | 51602 11 [ (752, 1, 2, 21, 274) 146.744 -9.652191 | (22.3534, 20.4
Activation Actions: 1/ 2 9 266 | 51602 12 | (752, 1, 2, 20, 20) 146,593 -0.760256 | (20.5935, 19.1
10 266 | 51602 13 [ (752, 1, 2, 22, 112) 146.034 79.670404 | (21.4245, 19.3

11 266 | 51602 15 | (756, 1, 2, 208, 171) 146.95 -9.592202 | (20.8887, 19.4

12 266 | 51602 16 | (756, 1, 1, 206, 196) 146.632 -9.988278 | (20.7851, 19.6

13 266 | 51602 17 | (752, 1, 2, 20, 121) 146.629 -9.765137 | (20.9802, 19.1

14 266 | 51602 18 | (756, 1, 1, 206, 260} 146.623 -9.951385 | (22.7968, 21.2

15 266 | 51602 19 [ (752, 1, 2, 22, 69) 146.858 79.662852 | (21.9907, 20.8

16 266 | 51602 20 | (752, 1, 2, 23, 132) 146.064 -9.759352 | (21.4902, 19.6

17 266 | 51602 23 | (756, 1, 3, 208, 285) 146.924 -9.105143 | (23.8691, 21.7

18 266 | 51602 24 | (756, 1, 3, 208, 453) 147.023 -9.160004 | (22.1161, 20.6

19 266 | 51602 25 | (756, 1, 3, 208, 266) 146.011 ~9.874559 | (23.6719, 20.9

20 266 | 51602 26 | (752, 1, 3, 23, 153) 146.956 9.3423 | (22.1773, 20.1

21 266 | 51602 27 | (752, 1, 3, 22, 157) 146.92 -9.306462 | (21.7579, 20.1

22 266 | 51602 30 (752, 1, 3, 24, 142) 147.176 -9.354057 | (20.4418, 19.3

23 266 | 51602 33 [ (752, 1, 4, 25, 99) 147.33 0.028903 | (20.0638, 18.3

. 24 266 | 51602 35 | (756, 1, 3, 210, 109} 147.248 ~9.835724 | (21.4001, 19.1
A i | O 25 266 | 51602 36 | (756, 1, 2, 209, 180) 147.187 -0.493813 | (21.4481, 19.4 |
S AMp 26 266 | 51602 37 | (756, 1, 3, 209, 151) 147.115 -9.165218 | (22.2914, 19.9|=
g — q] Il | [v]

Messages:| O | Clients: |@$f°_, ‘ ﬁ Total: 927,552 Visible: 927,552 Selected: 0




FITS A% 2 HX

e from astropy.io import fits
e hdu = fits.open('gal info dr7 v5 2.fit')

 print(hdu[©@].header) SIMPLE = T
e print(hdu[ "primary'].header BITPIX = 8
pr (hdu["p y'] ) NAXTC o o
 print(repr(hdu[@].header)) EXTEND = T
» print(hdu[@].header.keys()) ['SIMPLE', 'BITPIX', 'NAXIS', 'EXTEND']
e print(repr(hdu[1l].header[:5])) [ 'PLATEID', 'MJD', 'FIBERID', 'PHOTOID',
. pr'int(len(hdu[l].data)) "RA', 'DEC', 'PLUG_MAG', 'PRIMTARGET',
. 'SECTARGET', 'TARGETTYPE', 'SPECTROTYPE',
¢ print(hdu[1].data.names) 'SUBCLASS', 'Z', 'Z ERR', 'Z WARNING',
e ra = hdu[1].data['ra'] 'V_DISP', 'V_DISP_ERR', 'SN_MEDIAN',
_ "E_BV_SFD', "ZTWEAK', "ZTWEAK ERR',
* dec = hdu[l].data.field(5) 'SPECTRO_MAG', 'KCOR_MAG',

e hdu.close() 'KCOR_MODEL_MAG', 'RELEASE']



1.1 KX 75

80 1
e import pylab as plt .
e plt.figure() o
e plt.plot(ra,dec, ', ") 40 - _
e plt.show() . * .
20 - “ ;.?_
e plt.x1im([0,360]) ] —
e plt.ylim([-90,90]) _———
T e $o 280 B0 mo 30

e plt.plot(ra[ra>-360],dec[ra>-360],",")
e Plt.grid("on
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52 K (subplot)

e plt.subplot(111l, projection="aitoff")

e plt.axes(projection="mollweide"')
‘aitoff', "hammer', 'lambert’', 'mollweide’', 'polar', ......

75° Aitoff . Mollweide




Basemap

» MatplotlibHEZE | 1 3th B 5 s B
o N —4f NCartopy

o Hal %@ .

* Anaconda $&/~1 F#ii A\ conda install basemap
2%

o PHWL https://www.lfd.uci.edu/~gohlke/pythonlibs/ | %k ZZ & A,

e basemap-1.2.0-cp36-cp36m-win32.whl
e basemap-1.2.0-cp36-cp36mM-win amd64.whl

 pip install basemap-1.2.0-*
o (BT EMIKIICR, Ulgeos, pyproj &5

[ ]
U



https://www.lfd.uci.edu/%7Egohlke/pythonlibs/

from mpl_toolkits.basemap import Basemap Basemap ::7%%&5"/

import numpy as np

import matplotlib.pyplot as plt

import os
# os.environ[ 'PROJ_LIB'] = 'PATH\\Anaconda3\\Library\\share' # for windows
os.environ[ 'PROJ _LIB'] = 'PATH/anaconda3/share/proj' # for linux

m = Basemap(projection="moll',lon_0=180)

xpt, ypt = m(r‘a[ . 24] 5 dec[ . 14]) MullweidE.Prnjectinn

m.plot(xpt,ypt, '.', ms=2)

# draw parallels and meridians.
m.drawparallels(np.arange(-90.,120.,30.))
m.drawmeridians(np.arange(0.,420.,60.))
plt.title("Mollweide Projection")




H == +H 1 ]
1”22_::‘ Ylfhfiﬁz <:]j:‘5;> .
« NEXRTHRIAE £ M101 =
(210.08759 , 54.876254) J& 54 -
SEEALY N A & £ [ RA, DEC, z 52 -
P r\ad — 5 202 204 206 208 210 212 214 216 1R

centroid = [210.08759 , 54.876254]
ind = ( np.abs(ra -centroid[©])< rad ) *

( np.abs(dec -centroid[1])< rad )

print(np.sum(ind))
field = np.r_[ra[ind],dec[ind],z[ind]]



SkyCoord i

e from astropy import units as u

from astropy.coordinates import SkyCoord

O O O 0O 0O 0O

= SkyCoord(ra=10.625*u.degree, dec=41.2*u.degree)

= SkyCoord(10.625, 41.2, unit='deg')

= SkyCoord('00h42m30s’', '+41d12meos’)

SkyCoord('00h42.5m', '+41d12m')

SkyCoord('00 42 30 +41 12 00', unit=(u.hourangle, u.deg))
SkyCoord('00:42.5 +41:12"', unit=(u.hourangle, u.deg))

.ra, c.ra.hour, c.ra.hms, c.dec,
.dec.degree, c.dec.radian



AA TR it

e c.to string('decimal’) e u'10.625 41.2"

ec.to string('dms") e u'10d37m30s 41d12meos'’

e c.to string('hmsdms') e Uu'00h42m30s +41d12meoos’

e c.galactic e <SkyCoord (Galactic): (1,

e c.galactic.l b) in deg (121.12334339,
e c.galactic.b -21.6403587)>

e gc = SkyCoord(1l=0*u.degree, b=45*u.degree, frame='galactic')
e gc.ftk5, gc.icrs



8l

cl = SkyCoord(ra=10*u.degree, dec=9*u.degree)
c2 = SkyCoord(ra=11*u.degree, dec=10*u.degree)
cl.separation(c2)

cl.separation(c2).degree

cl = SkyCoord(ra=10*u.degree, dec=9*u.degree,frame="fk5")
cl = SkyCoord(ra=10*u.degree, dec=9*u.degree,frame="icrs")

cl.separation(c2)



S (7

S
S

2 X 450

4
N

kyCoord(ra_n, dec _n,unit="deg")
kyCoord(ra=centroid[@]*u.degree,
dec=centroid[1]*u.degree)

e ind = cl.separation(c2).degree < rad

e print(np.sum(ind))

e fiel

°*ra_n

d

= np.r _[ra_n[ind],dec n[ind],z n[ind]]

ra[fral!=-9999]

e dec_n = dec[ra!=-9999]

*zZ n

z[ra!=-9999]
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S 55N

from mpl toolkits.basemap import Basemap

50°N |

width = 1500000 # 1in meters | | | | |
m = Basemap(width=width, height=width, S

projection="aeqd', lat @=centroid[©@],lon_©=centroid[1])
m.drawparallels(np.arange(40,70,5),labels=[1,1,0,0]) # left, right
m.drawmeridians(np.arange(200,230,5),labels=[0,0,0,1]) # up, bottom
xpt, ypt = m(ra_n[ind], dec_n[ind])

m.plot(xpt,ypt, '.', ms=2)

plt.savefig("sky real.png")

import os

os.environ[ 'PROJ _LIB'] = '/home/gerry/prog/anaconda3/share/proj'



KX E (EH)

e« import matplotlib.pyplot as plt

e from mpl toolkits.basemap import Basemap

fig, ax = plt.subplots()

m = Basemap(projection='ortho', lon @ = 210, lat @ = 55)

m.drawparallels(np.arange(-90.,120.,30.))

m.drawmeridians(np.arange(0.,420.,60.))

X,y = m(210,45)
m.scatter(x, y, s=25*np.pi, c='b', alpha=0.5)



X Ew (FEIE)

from matplotlib.path import Path

import matplotlib.patches as patches

[m(205,50), m(215,50), m(215,60), m(205,60),m(205,50)]
[Path.MOVETO, Path.LINETO, Path.LINETO,
Path.LINETO, Path.CLOSEPOLY]

e verts

e codes

path = Path(verts, codes)
e patch = patches.PathPatch(path, facecolor='r', lw=2, alpha=0.5)
e ax.add patch(patch)



# L: Logical (Boolean)
’ # B: Unsigned Byte
- ,f%T # 1. 16-bit Integer
_ ? # ). 32-bit Integer
# K: 64-bit Integer
# E: Single-precision Floating Point
# D: Double-precision Floating Point
# C: Single-precision Complex
# M: Double-precision Complex
cols = [ ] # A: Character

1114

1.4 FITSZR K% 4]

cols .append(fits.Column(name='RA"', format='E', array=ra_n[ind]))
cols .append(fits.Column(name='DEC', format='E', array=dec n[ind]))
cols .append(fits.Column(name='z"', format='E', array=dec _n[ind]))
cols = fits.ColDefs(cols )

hdu = fits.BinTableHDU.from columns(cols)



e # fJ%E PrimaryHDU X%

e hdr = fits.Header()

e hdr[ 'OBSERVER'] = 'SDSS'

e hdr[ '"COMMENT'] = "SDSS galaxy around M101."
e primary_hdu = fits.PrimaryHDU(header=hdr)

o #4545 PrimaryHDUAIHDURT %, I H B ANFITS A
e hdul = fits.HDUList([primary hdu, hdu])
e hdul.writeto('M101 r5.fits")



2. FITS

) SADImage ds9

12013 014015 10 16

Line Plot Tool...
Bar Plot Toal..
Scatter Plot Tool...

» SAOImage ds9 — O *
File Edit View Frame Bin Zoom 5Scale Color Region WCS | Analysis Help
| File frame-g-003712-3-00187fits | [T T o oo oo oo oo
Object 335 Pixel Table...
Value Mask Parameters... S RS
WCS
1 . Contours. 3
Physical X ¥
Image % . Contour Parameters...
Frame 1 x 0.279 0.000 |= Coordinate Grid
file || edit | view | frame || bin || zoom || scale || Coordinate Grid Parameters... elp
linear ” log | power | square root ” squared || asinh || si  Smooth cale
Smooth Parameters...
Mame Resolution...
Image Servers
Archives
Search for Catalogs
Catalog Tool...

Clear All
Match

Database 4

Virtual Observatory...

Web Browser...

Infrared 4

Analysis Command Log

High Energy 4
Radio L

Load Analysis Commands...

Clear Analysis Commands

Observation Logs  *

0.4

1.0 21 45 a1

18.3 36.9

736

File | Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help
o 87 fits
Obje  Undo Contral-Z
Valug ¢ Contral-X
WES Copy Contral-C
Physi Paste Control-V
Imag ]
Fram Nclrne 0.000 |=
v Paointer
file Crosshair :“ bin H zoom ” scale ” color || reg
line.  Colorbar root squared asinh sinh histogram
Pan 0.1
foom
Rotate ; ; )
Crop
Examine ' '
Preferences... '

ASCC-2.5
Carlsberg Meridian 14
GSC 1.2

GSC 2.2

GSC 2.3

AC 2000.2
NOMAD

PPMX

SAO J2000
SDSS Release 5
SDSS Release 6

Tycho-2

USNO-A2.0

USNO-B1.0

USNO UCAC2

USNO UCAC2 Bright Star Sup
USNO UCAC3




FITS IR 2R

e from astropy.io import fits

e hdu f=fits.open("frame-g-003712-3-0187.fits")
e print(hdu_f.info())

e print(hdu_f[0].header)

e print(hdu_f[0].header[ 'BITPIX'])

e print(hdu_f[0@].header.comments[ 'BITPIX'])

e print(hdu_f[0].header[ "NAXIS2'])

. print(len(h&u_f[@].data))

e import pylab as plt

e plt.imshow(hdu f[0].data)
e plt.colorbar()

e plt.show()

200
400
600
800 %
1000
1200

S
=



G B

import pylab as plt

flux = hdu_f[0@].data.flatten()
print(np.max(flux),np.min(flux))
np.histogram(flux)

flux@ = flux[flux>0]
plt.hist(np.loglo(fluxe),100)
plt.show

img=hdu_f[0©].data
img[img<le-6]=1e-6
plt.imshow(np.log(img),cmap="jet")
plt.show()

(=} (=] (=} =} (=1 (= =]
[=] (=1 [=]
= —~ —



FITS =& 1% 4 ik

e import matplotlib.pyplot as plt

e from astropy.io import fits

e from astropy.visualization import make_ lupton_rgb

e im r = fits.open('frame-i-003712-3-0187.fits')[0].data

e im g = fits.open('frame-r-003712-3-0187.fits')[0].data

e im b = fits.open('frame-g-003712-3-0187.fits')[0].data

* rgb_default = make lupton rgb(im r, im g, im b, Q=10, stretch=0.3,
. filename="sdss rgb.png")

 plt.imshow(rgb_default, origin='lower")

EE~Trs == == =
100 ] T

Transmitance[%s]

[ || L s .. : ;} .
e

PUEEREED.NN

300 =300 S00 SO00 Foo 800 SO0 1000 1100




SRS

for band in "irg":

. fname = 'frame-'+band+'-003712-3-0187.fits’

. data = fits.open(fname)

. print(fname)

. print(data[@].header[ '"NAXIS1'],data[@].header[ '"NAXIS2'])

. print(data[@].header[ 'RA'],data[@].header[ 'DEC'])




FITS % U]

« from astropy.nddata import Cutout2D

e from astropy import wcs

e n_cent = [210.7194019, 54.4090593]
e imfile = "frame-i-003712-3-0187"

e hdu f = fits.open(imfile+".fits")
e im = hdu_f[0].data

e w = wcs.WCS(hdu_f[0@].header)
 center = SkyCoord(n_cent[0]*u.deg, n_cent[1]*u.deg, frame='fk5")

e # then make an array cutout

e co = Cutout2D(im, center, size=1000, wcs=w)



FITSEE RAT

plt.imshow(co.data,cmap="jet")
print(co.data.shape)
plt.show()

# create a new FITS HDU

hdu = fits.PrimaryHDU(data=co.data, header=co.wcs.to_header())

# write to disk

hdu.writeto(imfile+' crop.fits',clobber=True)



APLpy 2 IR B &

* pip3 install montage-wrapper / MontagePy

import aplpy

aplpy.make rgb cube(['i.fits', 'r.fits', 'g.fits'],
'M101 cube.fits"')

aplpy.make rgb image('M101 cube.fits', 'sdss rgb.png')




2.2 APLpyfE K

e pip install aplpy

o {KHHTNumpy, Matplotlib, Astropy, #84rTIfE
BT BEpyregion, PyAVM, PILEE JLAMEEL ) 37 #F

e import aplpy
e import pylab as plt
e fig = aplpy.FITSFigure('i.fits")

« fig.show _colorscale()
plt.show()

fig.recenter(210.802, 54.349, width=0.03, height=0.03)
fig.add label(210.802, 54.349, 'center',color='r',size=12)
fig.show circles(210.802, 54.349,0.01,color="r',lw=3)


https://pypi.python.org/pypi/pyregion
https://pypi.python.org/pypi/PyAVM

2 Br A ik B

fig = aplpy.FITSFigure('frame-i-003712-3-0187.fits")
fig.show colorscale(cmap="gray r", vmin=le-1, stretch="log")

fig.add colorbar()

fig.show contour('M101 NVSS.fits', levels=8, cmap="hot")
#fig.show regions('ml@l.reg')

hdu t = fits.open('table ml1@1l r5.fits")
ra = hdu t[1l].data[ 'ra’]

14n02™40%

dec = hdu_t[1l].data.field('dec")

fig.show markers(ra, dec, layer='marker set 1', edgecolor='r',

(5421h 220

facecolor="none', marker='0', s=100, alpha=0.8)
plt.show()

RA (ICRS)



345> FITS)GiE

o BLEUIFZ:] N A ARG
* spec-1939-53389-0138.fits
* apStar-r8-2M09273449+2847577 .fits




hdu=fits.open("spec-1939-53389-0138.fits")
hdu.info()

Filename: spec-1939-53389-0138.fits

No. Name Ver Type Cards Dimensions Format
© PRIMARY 1 PrimaryHDU 139 ()
1 COADD 1 BinTableHDU 26  3847R x 8C [E, E, E, 3, J, E, E, E]
2 SPECOBJ 1 BinTableHDU 262 IR x 126C [6A, 4A, 16A, 23A, 16A,

8SA, E, E, E, J, E, E, J, B, B, B, B, B, B, J, 22A, 19A, 19A, 22A, 19A, I, 3A,
3A, 1A, J, D, D, D, E, E, 19A, 8A, J, J, 31, 3, K, K, 3, 3, 3, 3, 3, 3, K, K, K,
K, I, 3, 1, 3, 3, 53, D, D, 6A, 21A, E, E, E, J, E, 24A, 103, J, 10E, E, E, E,

, E, E, J, E, E, E, J, E, 5E, E, 10E, 10E, 10E, SE, SE, SE, SE, S5E, J, J, E, E,
, E, E, E, 25A, 21A, 10A, E, E, E, E, E, E, E, E, J, E, E, J, 1A, 1A, E, E, J,
, 1A, 5E, 5E]

3 SPZLINE 1 BinTableHDU 48 29R x 19C [J, 3, 3, 13A, D, E, E, E,
E, E, E, E, E, E, E, J, J, E, E]

o mom



hdu2=fits.open("apStar-r8-2M09273449+2847577 .fits")
hdu2[©@].header()

hdu2.info()

Filename: apStar-r8-2M09273449+2847577.fits

No. Name Ver Type Cards Dimensions Format
© PRIMARY 1 PrimaryHDU 538 ()
1 1 ImageHDU 13 (8575, 25) float32
2 1 ImageHDU 13 (8575, 25) float32
3 1 ImageHDU 13 (8575, 25) 1intlé6
4 1 ImageHDU 13 (8575, 25) float32
5 1 ImageHDU 13 (8575, 25) float32
6 1 ImageHDU 13 (8575, 25) float32
7 1 ImageHDU 13 (8575, 25) float32
8 1 ImageHDU 29 (26,) floate4d
9 1 BinTableHDU 99 1R x 33C  [690A, 23I, 92A, 233, 23I,

23D, 23E, 23E, 23E, 23E, 2I, 2E, 2E, 2E, 2E, E, E, E, E, E, 23E, 23E, 23E, 23E,
23E, 23E, 23E, 10025E, 10025E, 401E, D, D, 401E]



HISTORY APSTAR: HDU® = Header only
HISTORY APSTAR: All image extensions have:

HISTORY APSTAR: row 1: combined spectrum with individual pixel weighting
HISTORY APSTAR: row 2: combined spectrum with global weighting
HISTORY APSTAR: row 3-nvisits+2: individual resampled visit spectra

HISTORY APSTAR: unless nvisits=1, which only have a single row
HISTORY APSTAR: All spectra shifted to rest (vacuum) wavelength scale
HISTORY APSTAR: HDUl1l - Flux (16”~-17 ergs/s/cm”~2/Ang)

HISTORY APSTAR: HDU2 - Error (107-17 ergs/s/cm”2/Ang)

HISTORY APSTAR: HDU3 - Flag mask:

HISTORY APSTAR: row 1: bitwise OR of all visits
HISTORY APSTAR: row 2: bitwise AND of all visits
HISTORY APSTAR: row 3-nvisits+2: individual visit masks

HISTORY APSTAR: HDU4

Sky (167~-17 ergs/s/cm”2/Ang)
HISTORY APSTAR: HDU5 - Sky Error (107-17 ergs/s/cm”2/Ang)
HISTORY APSTAR: HDU6 - Telluric

HISTORY APSTAR: HDU7 - Telluric Error

HISTORY APSTAR: HDU8 - LSF coefficients

HISTORY APSTAR: HDU9 - RV and CCF structure



Flux [10717 erglcm?/siA]

Flux [10Y7 ergicm?/siA]
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