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SPECTROPHOTOMETRIC STANDARDS 8"- 10",
1. EQUIPMENT, METHODS AND FIRST RESULTS

Abstract. Justification of the task of creation a network the spectrophotometric of standards 8™-10™ is given.
Standards of this brightness are necessary for calibration of spectral observations using large telescopes. Selection of
stars — candidates in spectrophotometric standards and primary standards was made. As candidates in the standards
selected stars of spectral classes A and B which are located in the equatorial zone with declination £3°. The used
equipment - a new CCD spectrograph is briefly described. Dispersing element of a spectrograph is the concave
toroidal grating which simultaneously serves as collimator and as camera. The spectrograph operates in the slitless
mode. As the receiver of radiation the CCD camera ATIC-490EX was used. The new spectrograph allows to
investigate an energy distribution in the spectra of much dimer stars than in case of observations with spectrometers.
Observations on the telescopes AZT-8 and Zeiss-600 at Kavenskoe plato carry out. The differential method of
observations was used. Processing of CCD-spectrograms and numerical reductions detail is described. The energy
distribution in spectral region 340 — 660nm is investigated, spectral resolution of the obtained data be 5 nm, the
relative standard deviation - from 3 to 6%. The absolute energy distribution in spectra of two candidates for
standards is presented.

Key words: stars, spectrophotometric standards, CCD-spectrograph, method of observations.

Introduction. Study of energy distribution in the spectra of stars is the traditional subject of the
Fesenkov Astrophysical Institute. The created in the institute spectrophotometric catalogue of stars [1]
continues to be the most voluminous in the world. The spectral energy distribution is used to determine
the physical parameters of stars and interstellar medium. In addition, stars with a known distribution of
energy are used for standardization of spectrophotometric observations of diverse celestial objects and for
calibration of equipment. Usually as the spectrophotometric standards serve stars of the early classes. In
their spectra be available the extend ranges that is free from strong spectral lines. Spectrophotometric data
is present in two forms: "unbroken" and "porous". In "unbroken" form data about spectral outside
atmosphere illumination are presented continuously through a certain interval. This interval equals to
interval of the averaging of intensities. Thus illumination was presented in histogram form. In "porous"
form data are given for selected wavelengths. At present, unbroken energy distribution (integral spectrum)
for more than 1500 stars studied. Almost all of them are brighter 6™ [1-6]. In the literature and in the
database SIMBAD, there are several tens stars-standards 7" - 8" [7-10] and only a few - weaker.

The standards should be as much as possible, since from their numbers is influenced performance
observation and accuracy of data. Obviously, observations at large telescopes require weaker standards.
Therefore, adding to the available weak standards of even a few stars makes sense and task of creating
weak spectrophotometric standards is relevant. It can be said that their creation is an "eternal" task, since
over time weaker standards, more accurate, with higher spectral resolution and in a wider range of the
spectrum are required. We decided to expand the list of standards toward weaker ones compared to thouse
available in catalogues of stars and create network spectrophotometric standards 8™-10™. The present
work is the first of a planned series of publications devoted to its creation.

The equipment. Energy distribution in the spectra of stars in the above papers [1-10] was obtained
using singlechannel spectrometers, in which photomultipliers served as the radiation. For the study of
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energy distribution in the spectra of stars 8m-10m we specially made spectrograph [11], in which the
radiation receiver is a CCD camera. We emphasize that we have not encountered special studies of the
energy distribution in the spectra of stars with the help of CCD spectrographs.

Apparently, the lack of such studies is due not so much to the loss of their relevance as to the
methodological difficulties that arise in their implementation.

It is worth noting that the accuracy of recording the radiation fluxes of a CCD camera is lower
compared to photomultipliers. Nevertheless, the binding of spectral observations of a variety of celestial
objects obtained with CCD spectrographs to standard stars in certain sections of the spectrum is quite
often performed (see, for example, [12-13]). In our spectrograph for absolute measurements (SAM) a
dispersive element is a toroidal diffraction grating. The constant of grating - 150 strokes/mm, the size of
the shaded part of the grating - 20 * 20mm, the focal length - approximately 242mm. The dispersion of
spectrograph is 25nm/mm, field size - 20 mm. Spectrograph runs essentially in a slitless mode. Entrance
slit has a width of about 1 mm, which is clearly larger than the image of star in telescope with a focal
length less than 20m. A wide slit and diaphragm is required for absolute measurements - so that there is
no vignetting of the beam. Since the spectral resolution of the data is only 5 nm, the gapless version is
quite acceptable. The main advantage of the grating used is that it provides a flat spectrum in the range
from 300 to 800 nm. This property allows us to use the CCD-matrix as a radiation receiver. As the
radiation receiver is a CCD camera ATIK-490EX. The main parameters of the matrix of this camera are
the following: the number of pixels is 3380 * 2704, the size of pixels is 3.69 * 3.69 microns, the length of
the matrix is 12.5 mm. The camera cooling is 25K below the air temperature, the spectral sensitivity range
is from 320 to 860mk, the reading noise is 5 e. A detailed description of the spectrograph is given in [11].
Notice, that the SAM was originally designed to operate with 1 Zeiss-1000 telescope (1: 10 aperture light)
located in the high-altitude TSAO. In connection with the installation of optical reducers on these
telescopes, observations were made on the telescopes AZT-8 and Zeiss-600, located on the Kamenskoye
Plateau. On the plateau, the transparency of the atmosphere is worse and, accordingly, the accuracy of the
obtained data turned out to be lower than expected. One of the drawbacks of SAM is that the size of the
matrix of the camera used does not allow us to simultaneously cover all the available area of the spectrum.
When replacing the CCD camera with a larger one, the SAM will be eliminated.

Table 1 - List and characteristics of stars - candidates in weak spectrophotometric standards.

Hip (Tyc) HD (BD) a 2000 5 2000 v B-V Sp
1241 1112 00" 15" 27.3° 03°39'15" | 9.105" | -0.066" BOV
9152 12021 0157 56.1 -02 05 58 8.843 0.071 A0
13917 18571 0259 16.8 01 14 40 8.632 +0.038 AOV
18243 24520 0354 07.0 021102 8.626 +0.118 B9

20778 28190 0427 03.5 0416 51 9.021 +0.125 BOV
24053 289997 0510 07.8 -00 16 58 9.964 +0.077 B8V
29258 42334 06 10 08.7 00 42 36 9327 +0.025 BSIII
32634 50087 06 51 40.6 00 19 36 9.084 +0.047 BOIIl
38123 63367 0748444 015621 8.990 +0.060 BOV
Tyc210-680 BD+01 2119 083243.6 00 53 49 10.13 -0.07 A0
48704 86027 09 55 59.6 0247 55 8.356 -0.029 AOV
55011 97917 1115 48.3 20217 58 8.880 -0.145 B9

Tyc281-353 BD+01 2668 1213 25.3 0109 22 10.29 20.09 B5?
66372 BD+02 2711 1342 19.0 013018 10.263 0.1 B5

Tyc317-603 BD-02 2790 14 14 25.9 0147 58 10.11 0.03 A0
74972 136161 1519 14.7 0210 02 8.891 0.330 A3V
82133 151355 16 46 47.0 021234 8.826 -0.092 B4/5V
87417 162628 1751 52.6 0253 59 8.258 0.192 B9.5V
92559 174648 1851410 01 45 35 8.827 0.118 B9.5V

Tycd79-625 185296 1938 21.0 0130 14 9.741 0.210 BOII

101541 BD-03 4950 2034 43.6 20241 44 10.010 | +0.141 A0

Tyc 531-232 BD+01 4436 2110115 02 1420 9.99 +0.03 A0

112149 215112 2242 58.0 2024057 8.240 20.041 BOV
Tyc 581-756 BD-+02 4661 2323 38.20 025557 10.05 0.38 F2
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The selection of candidate stars in standards and primary standards. As weak spectrophotometric
standards, we selected 24 stars of the early spectral classes of 8"-10™ , located uniformly along the
equator (0 = £3°). This choice is due to two factors: the spectra of these stars have extended spectral
regions that are free of strong lines and can be used as standards for observations in both hemispheres of
the Earth. Naturally, the basic requirement for any standards must be met - they must be unchanged. The
list of candidate stars in the standards is presented in Table 1.

The brightest candidate for standards is the star HD 151355 (V = 8.25™), the weakest one is BD + 02
2711 (V = 10.37™). The absolute majority of the stars in the list meet the requirements. Only one star is
located outside the dedicated band and only one star has the spectral class F2. As with the creation of all
the catalogs [1-10], observations are performed by a differential method. Stars - candidate in
spectrophotometric standards were attached to stars for which the spectral distribution of energy was
known in advance (they can be called secondary standards). As the last, 9 AOV stars of 7-8 values from
the catalog [1], which are also located in the equatorial region, were taken. Their list and main
characteristics are given in Table 2. The absolute distribution for them in the regions occupied by the
Balmer lines was preliminarily graphically interpolated. In view of the limited volume of the article, we
do not present interpolated data here.

Table 2 - List of the secondary spectrophotometric of standards and their characteristic

Neri/nt HD 02000 82000 m(mas) \% B-V Sp
1 009716 01"35.1™ -02° 20' 5.29 7.43™ 0.16™ A0V
2 023009 03 41.6 -00 10 6.20 8.64 0.21 A0V
3 036117 05 29.5 -00 03 6.09 7.99 0.10 A0
4 075620 08 51.1 00 28 4.01 7.97 0.11 AQOV
5 100237 1132.0 -01 47 331 7.34 -0.01 AQV
6 121513 13 55.8 0131 3.25 8.00 0.11 A0V
7 147470 16 22.9 00 30 7.19 7.67 0.10 A0V
8 185198 19 37.9 01 30 1.60 7.32 0.19 B9.5V
9 216261 2251.6 -01 49 4.02 8.16 0.16 A0V

Methods of observation and processing. Observations were performed by the method equal heights,
which makes it possible to use in the reductions for absorption in the atmosphere the average value of the
spectral transparency coefficient for the place of observation. Its values were taken from [11], in which
they are given for the summer and winter seasons. The difference of air mass AM between the standard
records and the candidate for the standards did not exceed 0.10 on the average. Each star was observed
from 4 to 7 times. For various reasons (instrumental and atmospheric), some of the spectra records were
discarded. The duration of exposures ranged from 100 to 500 seconds. The temperature of the camera and
the binning for program and standard stars should be the same. Recording modes of their spectra differ
only in exposure.

Stars, for which the absolute energy distribution is obtained by binding to secondary standards, can
be called tertiary standards. Briefly describe the procedure for processing frames and the data obtained
from them. In detail, it is set out in the instructions that we compiled. The result of observations with
SAM are "raw" frames of spectra of stars in the "FIT" format, which must be "brought to the number". An
example of one of the received frames is shown in Figure 1. Frames are processed in the "MaxIm DL-6"
package in the standard way.

Figure 1 - The spectrogram of HD1112 (9.10™; B9V)

—— Y4 ——
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The first stage of the processing of the captured frames begins with their clearing from the "hot"
pixels generated by the matrix defects and cosmic rays. The second stage is the so-called calibration. This
is a standard procedure, allowing for the use of additional frames (a flat field, biass and dark) to take into
account all the hardware distortions. In our case, a plane field was not recorded because of the uniformity
of the matrix used. The third step is subtraction of the background and conversion of frames into a
numeric array in the Excel package. As a result, in the computer memory we have a set of numerical
values of the charges (impulses) accumulated on the matrix, which are proportional to the fluxes from the
stars at the corresponding wavelengths. The Excel program allows you to present it as a graph - a
registrogram. The fourth stage is the identification on the register of wavelengths. It is carried out
manually, "by eye". The cursor is directed to the center of depression in the spectrum caused by this or
that line. For stars of early spectral classes, the Balmer lines of Ha, HP and Hy serve as reference points,
for stars of class G - lines H and K. A very important step is the division into 50-angstrom intervals.
Dispersion of the spectrograph is practically linear. In our spectrograph 50A corresponds to 25.5 pixels.
Due to small spectral shifts at different positions of the spectrograph, the start of the first 50-A interval
must be determinate for each frame. A table of numbers of pixel was prepared in advance, corresponding
to the beginning and end of the 50-angstrom intervals (template). The monitor marker was exposed to the
center of the HP line. The number of pixel of center of the line was fixed and the table (template) was
shifted to the ultraviolet or red part of the spectrum. The accuracy of the identification is 1-2 pixels (2-
5A). For secondary standards, one more operation is required - it is necessary to perform interpolation of
the continuous spectrum in the plots of the spectrum occupied by the Balmer lines. Interpolation is carried
out after breaking the registrogram into 50-angstrem intervals. Interpolated table values, their values were
monitored graphically, "by eye", which requires a certain skill. Because of the shortness of the intervals
such an interpolation is carried out quite confidently. Naturally, the manual interpolation method takes
considerable time, but in our case this is the best option. An example of a registrogram is shown in Fig. 2.

= 10

ol [z o @E - He/vw o e T

Figure 2 - The registrogram of HD24520 (8.63™; B9)

Numerical reduction. The counts within the 50-angstrom intervals are summed and normalized, that
is, the registrogram is converted into a histogram. All calculations and numerical reductions are
performed in the Excel package. Reductions for the difference in exposure of the star and the standard and
for the different absorption of radiation from them in the Earth's atmosphere are made according to the
classical formula of differential spectrophotometry:

E*(V)=E(W)X[T* (M) I\ X[ Ao/ At*]Xpay(h) M, 1

where E*(A) and Ey (A) are the outside atmospheric values of the spectral densities of the energy
illuminations produced by the star and the standard;

I*(X) and Iy()) are averaged over the Snm range for the star and the standard (when referenced to two
standard entries, the average of the two observations); Aty and At* - duration of exposures in seconds per
standard and star; p,, (1) is the average value of the transparency coefficient for the observation site;

AM = My, - M* - the difference of air masses between the standard and the star.
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For secondary standards we took values of monochromatic illumination and corresponding
measurements not for the integral spectrum, but for quasi-continuous. For the studied stars, integral
readings are taken within the intervals with the same pixel numbers (wavelengths of the centers of S0A
intervals).

Table 3 - Pacipesenenne sueprun B cnexrpax E(L) gt HD1112 n HD 12021 (egumums! - 107wt/m’m)

A, A 1112 12021 A, A 1112 12021 A, A 1112 12021
3425 80.5 178 4525 141.6 206 5625 80.1 108
3475 81.8 176 4575 137.0 200 5675 78.7 103
3525 84.9 178 4625 135.0 196 5725 75.2 101
3575 80.5 165 4675 130.6 189 5775 73.5 97
3625 79.9 169 4725 125.4 181 5825 72.0 96
3675 81.8 166 4775 121.9 172 5875 724 94
3725 92.8 173 4825 118.0 160 5925 68.8 91
3775 106.1 192 4875 111.3 154 5975 67.4 89
3825 131.0 226 4925 108.8 155 6025 66.4 88
3875 159.6 265 4975 109.3 154 6075 64.7 83
3925 168.1 272 5025 107.0 149 6125 63.2 82
3975 186.1 299 5075 105.2 145 6175 60.4 81
4025 191.3 309 5125 102.2 141 6225 57.5 76
4075 186.8 292 5175 99.7 137 6275 57.8 74
4125 178.6 274 5225 96.3 133 6325 56.2 72
4175 174.2 270 5275 93.6 127 6375 54.8 71
4225 171.6 263 5325 91.0 124 6425 54.5 68
4275 169.2 249 5375 88.4 121 6475 54.4 66
4325 158.8 229 5425 87.7 117 6525 50.5 63
4375 150.0 224 5475 86.9 115 6575 48.0 60
4425 146.4 220 5525 83.5 111 6625 47.0 63
4475 145.0 213 5575 80.5 111 6675 47.5 63

Here we present the results for two stars - the candidates for the standards: HD1112 and
HD12021.The outside atmospheric energy distribution in the spectra of these stellar spectrophotometric
standards are given in Table 3. The accuracy of the obtained data, characterized by a relative mean-square
error, is from 3 to 6%. For stars 9™-10™ this accuracy of absolute measurements can be considered quite
satisfactory.

The work was supported by the funding program BR05236322 of the Ministry of Education and
Science of the Republic of Kazakhstan.
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CHEKTPO®OTOMETPJIIK CTAHAAPTTAP 8"-10". 1. AIIITAPATYPA,
9AICTEME KOHE AJIFAIIKBI HOTUXKEJIEP

Annoranus. 8"-10" cruexTpo)OTOMETPIIIK CTaHAAPTTapAbIH JKYHECIH Kypy MiHIETTEpiHiH HeTi3meMeci KemTipimi.
Ocbl JKapKbULOBIH CTaHIAPTBl iIpi TeNECKONTapAa CIEKTPHiK OakbllaylapiblH KaluOpPOBKAchl YIIIH KaXKeTTi.
CrnexTpoOTOMETpINIK CTaHAAPTTapAbIH JKOHE AIIFAIIKbl CTAHOAPTTapAbIH O KYIABI3-KaHAWAATTAPABIH TaHIaMallapbl
skacanapl. CTaHIapTTapAblH KaHAUAATTapbl peTiHge +3°0eiiMIeslyMeH dJKBATOPJBIK aliMaKkTa OpHaJacKaH A jxoHe B
CHEKTPJIIK TONTapBIHBIH S>KYIABI3AApHl TaHZANAbl. llaiifanaHbUIaTeIH anmapaTypaHbIH KbICKAlla CHUIATTaMachl — JKaHa
3bA-criektporpad. bip yakpITTa KOIIMMAaTOp JKOHE Kamepa OOJIBII KBI3MET aTKapaThlH OHBIK TOPOHATHL TOP
cneKTporpadThiH BIABIPATKBINI 3JeMEHTI Ooisbin TaObuIamel. CrekTporpad) CaHbUIAYChI3 PEXKHUMAC MKYMBIC ICTEHII.
Coyneneny kaObuinarbim petinge 3BII-xkamepa ATIC - 490EX naiinanansinansl. XKana cnexrporpad >HEPrUsSHBIH
TapalyblH 3epTTeyre MYMKIHAIK Oepemi. EpTepekTeri CHEKTpOMETPMEH JKYJABI3AAp CIEKTpiepinae Oipa3 oncis.
bakpinaynap A3T-8 xome Ileiicc-600 TeneckonTapbiHIa OpblHAANABL. bakputaynbiH  auddepeHaniblK  ofici
naiganansuiael.  Criextporpammanapme 3BbA-kanprmap eHIey mpomeccTepi HAKTBUIAN CYPETTENreH. OHEPrHsHBIH
tapainysl 340 - 660HM CHeKTpiiK aliMakTapAa 3epTTelelli, alblHFaH MOJIIMETTEP/IH CHEKTPIIK pYKcaThl SHM Kypauuibl,
CAJIBICTBIPMAITBI C.K.O. - OT 3 JeH 6% neiin. CTaHAapTTapablH eKi KaHIUIaTTapbIHbIH CHEKTPIIePiHe SHEPTUSHBIH HAKTHI
Tapaybl YCHIHBIIIBL.
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CHNEKTPO®OTOMETPUYECKHUE CTAHAAPTBI 8"-10™. 1. ATIITAPATYPA,
METO/JUKA U IIEPBBIE PE3YJIbTATHI

Annoraumsi. [IpuBeneHo 00OCHOBaHHME 3alaud CO3JAHHS CETH CHEKTPO(POTOMETPHYECCKHX cTaHaaptoB 8"-10".
CraHgapTel JaHHOTO Onecka HEOOXOAWMBI Al KaaMOPOBKM CIIEKTPAIBHBIX HAOMIOACHMH Ha KPYHHBIX TEIECKOMax.
Craenana BbIOOpKa 3B€3/-KaHIUJATOB B CIEKTPO(OTOMETPUYECKUE CTaHAAPThI M IEPBUYHBIX CTaHIApTOB. B kauecTBe
KaHIUAaTOB B CTaHIAPTHI BHIOPAHBI 3BE3IbI CIIEKTPAIBHBIX KJIAcCOB A W B, KOTOpBIE pacroiioeHbl B IKBATOPHAIBHOM
obmactu co ckiaoHeHmeM 13°. Kparko ommcaHa wucmonb3yemas ammaparypa - HoBbIi II3C-cmekrporpad. ducrep-
THPYIOIIUM JJIEMEHTOM cIieKTporpada sBIsieTcs BOTHYTas TOPOHMIANbHAs penieTka, KOTOpas OZHOBPEMEHHO CIYXKHT
KoJuTMMaTopoM u kamepoil. Cnekrporpad pabGoraer B OeciuesnieBOM pexume. B kadecTBE NPHUEMHHUKA H3ITyYCHHS
ucnonesyercs [13C-kamepa ATIC-490EX. HoBelil criekTporpad Mmo3BONSE€T HCCICIOBATH PACIPEACICHUE SHEPIHH B
CIIEKTpax HaMHOIo 0oJiee TYCKJBIX 3BE3Jl, YeM CO creKTpoMmerpamu. HabmroneHus BbmonHeHsl Ha Teneckonax A3T-8 u
Ieitcc-600. Hcnonb3oBaics auddepeHnnanbabiii Meron Habmoaenuid. [loagpoOHo omucanbl Meton obpabotku I13C-
CIEKTPOrpaMM M 4YMCIICHHBIE peAyKIUH. PacnpeneneHue sHeprum uccieayercs B creKTpainbHoi obnactu 340 - 660HM,
CIEKTPAIbHOE pa3pelleHne MOMYIeHHBIX JAHHBIX COCTAaBISIET SHM, OTHOCHTENBHAS C.K.0. - OT 3 1o 6%. IIpencraBneHo
a0COIIOTHOE pacIpeesIeHUue SHEPIUU B CIIEKTPaX ABYX KaHAUNATOB B CTAaHIAPTHI.
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