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Raw data of HD79186
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33250 O fits ol header ;5 O (S slem Cond o 5 Aoy Jasl 5 5 Ola) a0 b g o LoDl -y ioean

el odalie J.-LB Y—fJ@)) 45.,\.&[.»&

55 pslas b ke pslias J S 5 Jlissl o i3 (1 a8 ol Iz sla Ll e 3 S ¢ fits LG

SIMPLE
BITPIX
NAXIS
NAXIS1
EXTEND
ORIGIN
IRAF-TLM
OBJECT
COMMENT
COMMENT
DATE
CTYPE1
CUNIT1
BUNIT
CRVAL1
CRPIX1
CDELT1
LAMRMS
LAMNLIN
CRDER1
CSYER1
TELESCOP
INSTRUME=
RA

DEC
EQUINOX =
RADECSYS=
MID-0BS =
DATE-0BS=
uTC

LST
PI-COI
OBSERVER
ARCFILE
DATAMDS
PIPEFILE
EXPTIME
cDp1_1

T
-32
1
5856
F

.J}flv& oalanu!

/ Written by IDL: Fri Mar 29 09:34:86 2019
/ Bits per pixel

/ Number of axes

/ Axis length

/ File may contain extensions

'"NOAO-IRAF FITS Image Kernel July 2883' [/ FITS file originator

'2019-83-22T722:54:31'

'HD79186 '

1.
0.025179634126815
0.801151
P
7.91E-05
0.000318
'"ESO-VLT-U2'
"UVES '
137.768372
-44.8679
2000.
'FK5 '
56977.337456129

'2014-11-16T08:05:56.

29152.

25532.081
"UNKNOWN '
"UNKNOWN '

/ Time of last modification
/ Name of the object observed

FITS (Flexible Image Transport System) format is defined in 'Astronomy

and Astrophysics', volume 376, page 359; bibcode: 2081A&A...376..359H

'2019-03-22T22:54:31

"LINEAR '

"Angstrom’

'ADU '
8899.33105468751

' | file creation date (YYYY-MM-DDThh:mm:ss UT)

/ Wavelength units

RMS of wavelength solution [CUNIT1]

Mo. of lines used in wavelength solution
Wavelength uncertainty [CUNIT1]

Typical systematic wavelength error [CUNIT1]
ESO Telescope Name

Instrument used.

09:11:04.4 RA (J2000) pointing
-44:52:04.4 DEC (J2000) pointing
Standard FK5

Coordinate reference frame

MID start (2014-11-16T08:05:56.210)

209' [ Date of observation

J 08:05:52.000 UTC at start

J 07:05:32.081 LST at start

/ PI-COI name.

/ Name of observer.

S, T T S S S S S S S S

'"UVES.2014-11-16T08:05:56.210.Ffits' / Archive File Name
'8667fF36b46875abBA40079299d6224c' / MD5 checksum
'red science redu.fits' / Filename of data product

9.9993
0.025179634126815

/ Total integration time

HDVAVA? o bew & b5y e fits o header : Y- ¥ JKo

!Flexible Image Transport System
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Fan o b a5 sl A VY

Loy glasl ‘{_)*5}”@9’\&9)°°M£Kujﬁ)l€0‘}3& (F s ol b U 5 6l

3305 o3lid [ Y] SKYCALC L 5 [\ ] Molecfit slaasl ,; 5|

ot pmawih ¢ Jod 55587 55 @3l (VN2 Y JS2) T VLT sl e o)l ol Sl @ 425 b

A5 6l sl ol 5l el o 35230 SKYCALC ool sl 53 O olsp 5 Ol ledbl 5 ol

Site

Time

Target

YA] 55 2 ool o g ods ab

| 2640m (VLT Cerro Paranal) b

Paranal -24°.6274, -70°.4039 (-24°37:38 ,-70°24:14)
Apparent horizon altitude = -1°.95

® UT|16/11/2014 08:05:52 Time step forward/back Lo+

O MID 56977.3

Paranal Local Civil Time  LCT = 05:05:52
Paranal Local Sidereal Time LST = 07:05:33

3740741 |1 | |hDuF V| |

Last third of night

Target coordinates from CDS Simbad searching by

Name or ID:|.i. debaran / HIP20109 / M33 .. | | search |

a|137.768372

| 1 |-44.85?9 : toggle units

Barycentric velocity correction dv = -15.766 km/s, dz = -5.259e-5
Hour Angle HA = 21:54:29

Target az = 136°.52 alt = 57°.57

Zenith distance = 32°.43

Airmass = 1.185

Ecliptic heliocentric coords = -73°.16 , -56°.80

Galactic coords = 267°.34 , 2°.25 Al Airmass

Moon/target separation = 54°.34

SKYCALC oWl (asl  Joses 1Y ¥ JS

2Very Large Telescope

oY
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Sun alt =-21°.18 , az = 123°.83

o = 231°.51 6, =-18°74

Sunrise / noon / set = 09:40/ 16:23/23:12UT
Monthly Avg. Solar Radio Flux = 155.74 sfu

Sun

Note: The Cerro Paranal Advanced Sky Model 21 Las;itg;‘rtd of

does not take telluric scattered sun light into account

Moon alt = 27°.61 increasing

o, =163°.21 ,6, = 4°48

Moonrise / culm. / set = 05:48 / 11:58 / 18:08 UT
Phase angle=288°.91 , FLI = 0.338 Waning

Moon

Position angle=111°.56 , Zenith angle=232°.40

Earth/Moon distance normalised = 1.04139

Apparent diameter = 0°.49726 = 00°2950"
SKYCALC M (5asb o Jases 1 ¥_F S

Ol « SKYCALC (s4sb 5 Jases 55 HDVAVAS o)l doy a5 bgs o leDUbl 093 5 5505 L
13305 ol 3= 03linl 0Lay8" (g1 Tasci o 51 L oS 23 S 0151 0SB S sla s
S ol B eslid 3550 e 534S el 03l UsLs Sl dB 5 ol 31 SG ASCIT Jsl : ascii
T35 b S Gosl (slas Sliamses 5 Sl 5 S Cundse 4 bgy o (o smae Ol ib
il e odalin LB VoY 5 5 F 0¥ sla S0 55 (ol
J3) 558 03l San - 5ud 5 iy 31 Lot oS ol 23Y i (g0 Ml i sl ) 14 5
b o 230 g0 Usb (503 e 5 (ol 35513 oy 5 B 350 e e (L0l 5 O
15,8 bl co b e b e U5k o3l 515 5o

3 American Standard Code for Information Interchange
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Transmission

0.7 I -

transmission fracticn
=}
n
1

1 l 1 1 1 | 1
900 900.5 301 8901.5 02 902.5 903 903.5 904

Air Wavelength / nm

Sl Yoot mpds b (o gmas Oda b VoY IS

(A=Y JS3) oS

# Import some libraries that we need

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from scipy.interpolate import interpid

5L 350 slaaBols ALY K

-(Q—Yp)ﬁ&““bﬁbb asciiJ:-L%J&i@\)gwg&@)fl};@éuubw

# Import Raw data & Synthetic data
Raw _data = 'Raw.ascii’

Synthetic_data = 'Synthetic.ascii’

g y&@jrﬁ@éuobb 399 ‘\—\CJS.&

(V=¥ S8 aS e w4 oS 5 0l | Laesls caalsl 5o
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# Read & convert comma-separated values (csv) files into arrays

df = pd.read_csv(Raw_data, header = None, sep = r'\s+')

dF = pd.read_csv(Synthetic_data, header = HNone, sep = r'\s+')
X,y = np.array(df[@]),np.array(df[1])

X,Y = np.array(dF[0]),np.array(dF[1])

al )l & Laesls LS 5 0Ll 1V ¥ S

(35D 335 0SS T Jsb Sladals 1ol b s 5L (g laslows 5 avlis gl I
LIS ol 48 03 8 K olin Tads (e s e 5 - ik 53 o ol Ly b s

OV K83 580 sl b0

# Co-scaling the wavelength unit (Angstrom) of Raw data and Synthetic data

X, ¥ = (10*X), Y

# Interpolation in Raw data for generating data in identical wavelengths with Synthetic data,
# to obtain comparison ability

f1 = interpid(x, y, kind="cubic')

y = f1(X)
X X

ooyl (golwaslin T dsb sladals sleolas Vo S

jo)urb%bmkyf&)}u.b}k}rw ‘&LM\W \Y-fp)sc\{mﬂwmm
Al SIS Glaie (o yaas ol i

ov
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Raw vs Synthetic

6000 -

AT

4000 -

3000 A

Transmission(*6100) vs Count

2000 -

1000 A

—— Raw data
—— scaled Synthetic

T T T T T T T T T
9000 9005 9010 9015 9020 92025 9030 9035 9040
Wavelength (A)

02y M5 s e YUY

bﬁbc}guﬁ‘g‘f V"‘S&f g_a.b-(sbu.:b)\ b &3‘)})3 L}L}j OJ;WM&M b LA43\)TJL>-
VY2 JS2) M8 o SUST 15 A3l o + /A0 1 a8 gl JLasl S o8 blas plas V¥ IS5 o

# Convert arrays to lists

XX = X.tolist()
YY = Y.tolist()
XX = X.tolist()
yy = y.tolist()

# Eliminate absorption regions for generating Continuum

X_continuum

y_continuum

n==~0

for 1 in YY:

if 1 >= 0.954:

%_continuum.append(xx[n])
y_continuum.append(yy[n])
n=n+1

[]
[]

else:
n=n+1

ol i 5 G5k b slas G 5 e @ Laall LS VT S
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# Eliminate Raw data useless regions at the end of both sides

xCO = []
m=0
for 1 in xx:
if min(x_continuum) < 1 < max(x_continuum):
XCO.append(xx[m])
m=m+ 1
else:
m=m+ 1

# Produce Continuum in absorption regions for generating Continuum

f2 = interpid(x_continuum, y continuum, kind='cubic')
y_Continuum = f2(xCa8)
x_Continuum = xC@

eﬁu)d}w@ﬁjwlﬁoj)sjsjﬂddlauub \Y—\CJQJ

Continuum (linear) vs Raw data

6000

5000 -

4000

3000 A

Count

2000

1000 -

—— Raw data
—— Continuum

T T T T T T T T T
9000 9005 9010 9015 92020 9025 9030 9035 9040
Wavelength (A)
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Continuum (cubic) vs Raw data

6000

5000 -

4000

3000 A

Count

2000 -

1000 A

—— Raw data
—— Continuum
04

T T T T T T T T T
9000 9005 9010 9015 9020 9025 9030 9035 9040
Wavelength (A)
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# Keep the Synthetic transmission fraction data in the Continuum wavelength region,
# to obtain comparison ability

=[]
=0
i in xx:
if min(x_continuum) < 1 < max(x_continuum):
YYC.append(YY[m])
m=m+ 1
else:
m=m+ 1

0y g_i:la‘_;l.ac}a Jsb U blus Jal gla ,uS (giluldar Vo F K3

S b ey b laz e Jsb b Bl JUESI S 3 0 i count palie oy b
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# Amount of multiplication of Continuum's count and Synthetic transmission fraction

Y¥m = (Y¥YC)*(y_Continuum)

o)t 3 g5 BT Jald g5 & bglas 5 opah g ST O 3 & b A 5 (sl o0 il VA K2
A2l

b 3y o) sowe 6ucy Jsb L ,blus pl> b count sleesls 3l cws O ol Jl
OJLIM"..&)).?-VAJ::JBJ‘ALJ&UL}L.})J uo)uekyﬁﬁmq:;uﬁ.z&»&\fjobw‘»fb
o o Jsb 2 55 (o Jel count sl 1y eliledl pl- b count pslie s

(V¥ S S

# Keep the Raw data' count in the Continuum wavelength region
# to obtain comparison ability

yyC = []
q=0
for 1 in xx:

if min(x_continuum) < 1 < max(x_continuum):
yyC.append(yy[q])
g=9q+1
else:
qg=q9g+1
# Specify the star effect in the Raw data

Ratio = (yyC)/(¥¥m)

e)tmd43i{HjAr{*ubéj;gﬁzgiw‘stﬁLshﬁpﬁ VA e

Saucw‘&—&:\kcaﬁdjwCountﬁ.ﬁuﬂ).}OJL;MA?L)?J&WJ?‘;L&,@*J@Q%L@);
YN ¥ 5 Yo S0 dal g ) 5 ol 0l w92 VL s oS

# To obtain the modified spectrum, multiply the Ratio in the amount of Continuum' count

Alakfit = (Ratio)*(y_Continuum)

# Plotting Raw data and modified spectrum together
plt.plot(xx, yy, x_Continuum, Alakfit)

plt.legend([ 'Raw data', 'modified spectrum'], loc='best')
plt.show()

(aburbo\fw4;QTV.M:JJAMCW\M.:LJ:J)S@L@JU\}JAL;‘JJ&\MBJJ :\’~_\°J§,‘i
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Alakfit corrected spectrum vs Raw data (HD79186)

—— Raw data

8000 modified spectrum
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Synthetic reselution effect in Alakfit corrected spectrum for HD79186

—— Raw data
7000 4 —— modified spectrum (400 bins)
—— medified spectrum (4000 bins)
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Count

Count

Maximum transmission fraction selected effect in Alakfit corrected spectrum (HD79186)
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—— Raw data
—— modified spectrum (T_max = 0.97)
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Maximum transmission fraction selected effect in Alakfit corrected spectrum (HD79186)
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Maximum transmission fraction selected effect in Alakfit corrected spectrum (HD79186)

—— Raw data

7000 4 —— modified spectrum (T_max = 0.90)
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cubic interpolation vs linear interpolation in Alakfit corrected spectrum for HD79186

8000 —— Raw data
—— modified spectrum (linear)

—— modified spectrum (cubic)
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HD79186

—— uncorrected spectrum
—— Alakfit corrected spectrum
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Characteristics Molecfit TelFit TAPAS
Wavelength coverage (pum) 0.3-30 0.3-2.4 0.35-2.5
Radiative transfer code LBLRTM LBLRTM LBLRTM
Spectroscopic database HITRAN 2008/12 HITRAN 2008/12 HITRAN
Weather models database GDAS GDAS ETHER
Default atmospheric profile Merged Mid-latitude Arletty

Other atmospheric profiles Equatorial, Mid-latitude GDAS Equatorial, Mid-latitude
Automatic download profile v X X

Fitting atmospheric transmission v v X

Atmospheric transmission options:

Molecules: H.0,C0,,05, N2O, CHy, O v v v
CO,NO,50y, NO», NH3, HNO3 v+11 others v X
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Abstract:

When the light of celestial bodies passes through the Earth’s atmosphere and is recorded by
the spectrograph of terrestrial telescopes, it is affected by various absorptions from the Earth’s
atmosphere, such as nitrogen molecules, oxygen, water, and so on. This is while astronomers,
interested in studying the spectrum of objects out of the atmosphere. One way to eliminate
these effects is to use space telescopes, But this is very costly, so you have to look for another
way to remove traces of the atmosphere from the ground.

The traditional method of astronomers is to use standard stars in which there are mostly only
hydrogen effects, or in certain cases, to use G-type stars that are very similar to the Sun and
have less hydrogen effect in their spectrum and are well known. For various reasons, such as
climate changes, the relation of absorption with the celestial position, etc., these stars must be
observed shortly before or after the main observation and in the same celestial position; it is
more cost-effective to spend time using large telescopes to observe the main targets and correct
atmospheric absorption effects in another way.

An alternative method is to solve radiative transfer equations with the presence of many atoms
and molecules in the Earth’s atmosphere. Examples of these equations can be found in pro-
grams such as Molecfit [1] and SKYCALC [2]. In these programs, radiative transfer equations
are solved using recorded meteorological data and modeled using atomic transitions, absorp-
tion lines, or the emission of the Earth’s atmosphere. These programs modify the spectrum
well, but one of its disadvantages is that the correction of atmospheric lines is not always ac-
curate due to the unknown atmospheric layers.

Our goal in this project is to understand the details of how this program works, try to localize

it, and finally use it as a tool for the National Observatory of Iran.

Keywords: radiative transfer — atmospheric effects — spectroscopic — observational — data anal-

ysis
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