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ABSTRACT. Thirty three spectra of the Polaris
system obtained in August-December 2019 and
February—April 2020 at the 0.81m telescope of the
Three College Observatory (TCO, North Carolina,
USA) were used to determine the radial velocities (RV)
and effective temperature of the Cepheid Polaris Aa.
These new data have been added to the entire Polaris
system RV data collection (over 2,500 measurements)
to compute a new orbit of the Polaris Aa companion.
Furthermore we have used our eight observational
datasets taken in 2015-2020 and eight datasets taken
in 2011-2018 by Anderson (2019) to check for possible
influence of the orbital motion of Polaris Ab on the
Polaris Aa pulsational activity. It was found that the
mean pulsational period in 2015-2020 was quite stable
(3.976+0.012 days), while the pulsational amplitude
showed evident changes: a growth before HJD 2457350
with a following decrease. This fact could be due to
the Polaris Ab passing through the periastron.

Key words: « UMi (Polaris Aa and Polaris Ab)
system: radial velocities; Polaris Aa effective temper-
atures; Polaris Aa pulsational period and amplitude;
orbital elements.

AHOTAIIIYA. Tpuaiiats TPH COEKTPU  CHCTEMH
Ilonsprol, orpumani B ceprHi-rpyaai 2019 Ta moTomy-
xeitai 2020 pp. #a 0.81-m remeckoni ObcepBaTopil
Tprox Koanemxis (TCO, Iisuiuna Kaposina, CIITA)
Oyau  BUKODHUCTAHI I OTPUMAHHS  PaIiaJIbHUX

mBUAKOCTEH Ta edekTuBHUX TeMmeparyp Iedeinn
IMonspuol Aa. Ili womi mammi Oyam momaHi 10
3araJibHOI KOJIeKIl pajiaabHol tmBuakocti [lonsproT
(b wizk 2500 omjiHOK), mO6G PO3paxyBaTH HOBY
opbity cynyrauka tnedeinn — [lomsgprol Ab. Vi
wamn 187 cmextpu, 1o Oyanm OTPpUMaHi 3a mEpiofn
2015-2020 pp. Yy BOCBMHU CHOCTEPEKHUX CEPiAX 3a
JomatkoM BockMmu cepiit 2011-2018 pp. 3 poboru
Anpepcona (2019, 164 cnekrpa) 6y/iu BUKOPHCTAH,
106 TIepeBipUTH MOKJIUBUN BIIMB OPOITATIBHOIO PYXY
[omsprol Ab ma mynbcamiitny aktusHicTh [lomaprol
Aa. lleit crocrepekumit TEPIOH, € IHKABUM, TOMY
0 BiH OXOIUIIOE Yac MPOXOAKeHHsl depe3 IepiacTp
Ta BUCXigHUI By30a cynyrtauka llogapma Ab. DBymo
BCTAQHOBJAEHO, IO CEPEeNHIN Tymbcalifiamit mepion y
2015-2020 pp. 6yB gocuth crabiasaum (3.972240.001
Hi6), Toml dK aMIUITYIa IIyJbCallil MOKasye HasgBHI
3MIHU: gpict mo HJD 2457350 3 HacTymHHM
smenbiieHHasiM.  [uit dakT Moxke OyTu MOsICHEHUH
npoxomkennsaM [loaspuol Ab depes nepiactp opbith.
3riIH0 3 MOBENIHKOI MNyJAbCAIitHOl aMILITYH, MK
MOXKeMO 1epebaunTy 11 NOBEHKY YV HaHOIMKuoMy
MaiibyTHBOMY. V 3B’S3KY 3 IIUM, OB OTPUMAHHS
padiaJbHUX MIBUAKOCTENH cucremu [loasapaol A Maiorh
Oyxe BaxkjnBe 3HadeHHs. OpbitampHuil pyx 30pi
[onsprurol Ab Mae BIINB Ha My bCAIIIHY aMILTITYLY
[Monsiprol Aa B 3amexuocti Bif opbitaasuol dazu. A
cepenns edektupHa Temneparypa medeinn [oaspaol
Aa mokazye moMITHUH 3picT 3a KOXKHUN CITOCTEPEyKHIA
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in addition to studies of its pulsation period changes
and the amplitude of the pulsation curve of the main
component, the Cepheid Polaris Aa, are important for
clarifying the properties of the Polaris Ab companion
and the dynamics of this binary system. Over 2,500
RV estimates that cover four orbital cycles of Polaris
Ab have been obtained in the last about 130 years (see
Fig. 1).

The first orbital cycle (HJD 2414900 — 2426000) is
the most covered compared to the second one (HID
2426000 — 2436500), while the third cycle is the least
covered. The observations taken between HJD 2445000
and 2447500 were carried out quite frequently. These
data were obtained with photographic plates. A large
fraction of the most recent observations taken during
the fourth covered orbital cycle (since HID 2447500)
was obtained with CCD detectors.

An abrupt decrease of the pulsation amplitude is
clearly visible in Fig. 1. It had began precisely in the
“third orbit” time lag, especially near the ascending
node of the orbit. Since the orbital motion of Polaris
Ab is retrograde (Evans et al. 2018), the moment of its
periastron passage occurs before passing through the
point of the ascending node. It can be noted that no
frequent spectroscopic observations were reported be-
tween 2007 and 2011 except for a few measurements.
Our observations between 2015 and 2018 (Usenko et
al. 2016, 2017, 2018) and those presented by Ander-
son (2019) were taken around these important orbital
phases (see Fig. 2).

Additionally, according to our estimates, the pulsa-
tion period of Polaris Aa has increased compared to
that of 2016—2017, and the pulsation amplitude showed
a tendency to decrease (Usenko et al. 2018). However,
Anderson (2019) indicates an amplitude constancy in
2011-2018. In this regard, the question arises: what
are the roles of the orbital configuration and the or-
bital motion itself in changing the Polaris Aa pulsation
amplitude?

To answer this question, we carried out further spec-
troscopic observations of the Polaris system from Au-
gust 2018 to April 2020 and analyzed the results of
the RV measurements relative to the orbital system’s
motion. In particular, the following goals were set:

1. To choose short-term data sets (from 10 to 150

HJD 2400000+

Figure 1: Polaris radial velocity estimations over the
last ~130 years.
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Figure 2: Radial velocity measurements of Polaris Aa
from 2011 to 2020. Data from Anderson (2019) are
shown by filled circles, our data obtained from 2015
to the first half of 2018 (open circles), September 2018
— January 2019 (open squares), second half of 2019 —
first half 2020 (filled squares).

days) during which RV changes due to orbital mo-
tion could be neglected.

2. To obtain the best purely sinusoidal approxima-
tion for each of these data sets and to determine
parameters of every orbit/pulsational cycle (pe-
riod, amplitude, mean heliocentric velocity and
the cycle’s initial phase).

3. To determine the mean heliocentric velocity val-
ues (y-velocity) to calculate the orbit of Polaris
system.

4. To subtract the orbital velocity values from the
estimated heliocentric velocity ones.

5. To derive the pulsational cycle parameters from
all our measurements.





1http://www.shelyak.com
http://www.gazinur.com/DECH-software.html
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Table 1: Observational data of & UMi (NL — number of lines)

HID T o Phase RV(kms™')
2450000+ K K Metals o NL Hea Hg H,

8368.5931 6058 21 0.934 1449 1.70 176 -14.45 -14.84 -14.67
8411.4928 6057 20 0.731 -11.50 1.77 159 -12.23 -9.93 —8.58
8413.5843 6055 19 0.258 -11.68 1.68 189 -12.23 -8.92 -10.96
8416.5683 6073 23 0.009 -13.01 1.61 173 -13.42 -7.80 -11.84
8421.6551 5984 18 0.289 -11.19 1.78 166 -11.20 -7.53 -10.24
8422.6439 5969 21  0.538 -9.95 1.8 157 -9.47 —4.03 -8.90
8439.6274 6038 22 0.812 1235 1.69 147 -12.07 -9.87 -11.31
8440.6117 608 21 0.060 -13.20 1.91 155 -13.40 -10.75 -12.20
8442.6074 6050 21 0.562 -10.69 1.86 163 -10.18 —6.94 —8.58
8443.6292 6117 23 0.819 1237 1.60 153 -13.25 -8.88 -11.26
8458.6511 6074 21 0.600 -10.72 1.48 158 -11.30 -8.21 -8.81
8469.5308 6007 21 0.338 -11.29 1.47 159 -10.92 —8.52 -9.70
8470.5557 6083 25 0.596 -10.63 1.59 164 -10.74 —6.97 -9.46
8475.5715 6095 24 0.859 -13.30 1.20 161 -14.05 -9.15 -11.57
8477.5626 5948 20 0.360 -11.40 1.34 159 -10.33 —8.56 -9.44
8479.5699 6102 22 0.865 -13.09 1.45 170 -13.39 -10.70 -12.34
8489.5582 6041 20 0.379 -11.07 1.561 164 -10.38 —7.44 -9.77
8499.5614 6090 22 0.897 -11.85 1.37 160 -11.89 -8.81 -10.80
8509.5801 6050 22 0.418 -10.21 1.46 171 -10.12 —7.02 -8.83
8514.6088 6042 27 0.684 -11.03 1.63 170 -11.47 -9.57 -9.53

8704.6331 6011 20 0.557 -10.81 1.30 172 -10.82 -8.18 -10.98
8705.5884 6073 24 0.798 12,78 1.30 164 -12.85 -11.23 -13.38
8724.5957 6058 19 0.588 -10.84 1.32 171 -10.43 -7.25 -10.49
8729.5863 6072 20 0.846 -13.05 1.38 181 -13.91 -8.96 -12.10
8755.7058 5931 23 0.429 -11.05 1.43 161 -11.09 -7.48 -10.23
8760.6257 6158 27 0.669 -11.35 1.62 164 -11.37 -9.05 -10.88
8766.6023 6032 29 0.176 -13.41 140 163 -14.03 -10.60 -12.85
8767.6403 6009 22 0.437 -11.29 1.26 164 -11.17 -7.81 -11.16
8768.6482 5985 26 0.691 -11.54 1.23 160 -11.54 -8.85 -11.43
8771.6134 6042 24 0439 -11.32 148 159 -11.28 -8.256 -10.17
8774.5861 6078 23 0.188 -13.26 149 163 -14.76 -11.46 -12.86
8775.5933 608 24 0.442 -12.00 1.29 164 -12.21 -9.79 -11.66
8780.5991 6049 18 0.703 -11.70 1.28 163 -11.95 -9.45 -11.51
8781.5251 6079 25 0.937 -13.67 1.37 158 -15.00 -11.83 -13.99
8784.5618 6078 23 0.702 -11.67 1.33 165 -11.20 -7.97 -10.52
8789.6421 6122 25 0.983 1353 1.54 170 1550 -12.51 -13.87
8790.5904 6057 25 0.222 1277 1.29 159 -14.39 -10.87 -12.06
8791.6463 5999 24 0.488 -10.85 1.46 160 -11.31 —7.85 -9.83
8812.5489 6056 21 0.756 -11.93 144 163 -12.30 -9.40 -10.66
8822.5455 6083 23 0.275 12,02 1.45 168 -13.87 -10.18 -11.67
8823.5373 6050 20 0.525 -10.77 1.30 162 -10.54 —7.66 -9.60
8829.5468 6078 18 0.040 -13.41 147 161 -15.32 -11.08 -12.95
8833.5510 6040 26 0.049 1341 1.61 163 -15.63 -11.38 -13.32
8837.5157 6159 25 0.049 -13.65 1.62 192 -1521 -11.81 -13.19

8907.6854 6031 20 0.734 -12.01 1.56 166 -12.26 -9.55 -10.86
8909.6695 6051 23 0.234 -13.61 1.63 196 -14.32 -14.73 -12.94
8916.6189 6121 23 0.986 -14.30 1.43 156 -14.86 -12.14 -13.28
8936.5658 6106 21 0.013 -14.20 1.85 197 -15.00 -11.32 -12.85
8942.5727 6034 22 0.527 -11.73 1.14 157 -11.45 -9.05 -10.31
8943.6633 6079 18 0.802 -12.62 1.17 153 -12.17 -9.44 -11.01
8944.6059 6145 24 0.040 -14.08 1.40 159 1515 -11.92 -13.34
8949.6344 6118 29 0.307 -13.07 1.49 157 -14.01 -10.48 -11.38
8955.5861 6100 23 0.807 -12.88 1.47 194 -12.85 -10.62 -11.78
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Table 2: Polaris RV dataset during our and H FRM ES observational sets.

Source JD range JDid NL Period ¥ K To

2450000+ 2450000+ (days) (kms™) (kms™ ) 24500004 (days)
Roemer  14876—-14951 14918 21 3.958540.002  —11.9240.11 3.7554£0.18 14874.59140.025
Roemer  15378—15403 15391 16 3.9098+0.029  —13.27+£0.50 2.3584+0.79 15374.715+0.171
Roemer 1878418878 18831 16 3.8087+0.020 —16.84+0.82 2.426+1.20 18778.901+0.292
Roemer  29792—-29833 29816 11 4.0371£0.015  —16.79£0.03  2.047+0.15 29787.812+0.073
Roemer 3449234576 34534 16 3.9847+0.005 —18.41+£0.15 2.2404+0.23  34488.449+0.054
Roemer  36440—-36501 36472 8 3.9323£0.023  —10.75+£0.10 2.288+0.13  36434.439+0.038
Hermesl 55816—55901 55872 10  3.9681+0.015  —19.18+0.23 1.466+0.33  55813.885+0.18
Hermes2  56546—56554 56550 9  3.9553£0.004 —19.17£0.02 1.675+0.03  56540.7954+0.01
Hermes3  56855—56866 56862 11 3.9586+£0.006 —18.73£0.04 1.821+0.05 56850.6321+0.02
Hermes4  57283—57293 57288 9  3.9805+0.013  —17.20+£0.07 1.829+0.13  57279.526+0.03
Hermes6  57994—58077 58033 22 3.971940.003 —11.674+0.08 1.775+£0.12 57990.51640.038
Hermes7  58141—-58248 58196 14 3.9719£0.002  —11.77£0.09 1.733+0.13 58137.504£0.047
Hermes8  58379—58439 58402 9 3.96334+0.0028 —12.29+0.05 1.751+0.06 58375.814+0.024
TCO1 5728357376 57332 21 3.975440.011  —16.724+0.41 2.052+0.60 57279.45940.174
TCO2 57623—-57744 57690 37 3.97874+0.009  —12.754+0.40 1.717+£0.60 57617.046+0.218
TCO3 5777257816 57798 12 4.0029+0.016  —11.78+£0.17 1.5924+0.20 57767.853+0.137
TCO4 57971—-58109 58048 29  3.96334+0.004 —11.134+0.23 1.731+£0.36 57966.92740.109
TCO5 58120—-58248 58196 38  3.97384+0.008 —11.654+0.24 1.115+£0.36 58113.63940.184
TCO6 58368—58514 58453 18  3.9754+0.005 —11.85+£0.23 1.510+0.33 58363.854+0.139
TCO7 58704—58837 58778 24 3.969240.007 —12.314+0.20 1.353+0.27 58701.53240.140
TCOS8 58907 —58955 58934 9  3.9659+0.007 —12.92+0.10 1.362+0.15 58904.094+0.065

Table 3: Orbital Parameters of Polaris systems.
Parameter Roemer Kamper Turner et al. Anderson This work
(1965) (1996) (2007) (2019)

P, yrs 30.46+0.10 29.59+0.02 29.71+0.09 29.32+0.13 29.254+0.03
e 0.639+0.012 0.608+0.005 0.5434+0.010 0.62010.008 0.633+0.044
To, yr 1928.484+0.08 1928.48+0.08 1928.57+0.06  2016.194+0.1 1987.2240.1
w, deg 307.2441.82 303.01+0.75 309.61+0.7 307.2+2.5 302.5+2.7
K, kms™? 4.094+0.1 3.7240.03 4.414+0.07 3.768+0.073 3.934+0.12
v, kms™? —16.41 —16.42+0.03 —15.904+0.06 —15.387+£0.04 —16.61£0.12
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RV measurements from our data, those published
by Anderson (2019), and some other sources have
been analyzed.

4. Using these data, the orbit of the Polaris A binary
system has been determined.

5. The mean pulsational period during five years
demonstrates a certain stability.

6. The pulsational amplitude of Polaris Aa shows
very strong changes, which contain a growth be-
fore HID 2457350 with a subsequent decline. It is
interesting that the decline has begun before the
periastron passage.

7. Judging from the pulsational amplitude be-
haviour, we can predict its further decrease in the
nearest future. Therefore further Polaris A RV
observations are essential.

8. Orbital motion of Polaris Ab has an influence on
the Polaris Aa pulsational amplitude depending
on the orbital phase.
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