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10.

11.

MNHCTPYKIIUS

. Dror Tect anurcs 5 wacoB. Bam zammarsTt 1.5 pyOsis.

. Utorosnre PEe3y/IbTaThl BBLIIIOJIHEHNA IIYHKTOB 3aHOCUTE

Ha Ba>XHbII JIMCT. YKaKUTe Ha HEM KO/l y9aCTHHKa.

. dasa rpacdukoB ucnojib3yiite juctol «I'padpuks.

Ha kaxkiom jucre yKasKuTe:
® KOJI yYaCTHUKA,
& HOMeED 3a]1a4H,
e HOMep rpaduKa U IMOJHOE UX KOJUIECTBO.

. i 3anmceit peneHuit HCIOIb3yiTe JIMCTHI OTBETOB.

Ha kaxkmom Jjicre yKaxkure:
® KOJ| YY4aCTHHKA,
® HOMED 3aJa4H,
® HOMED JINCTA U IIOJIHOE UX KOJIUYECTBO.

. Kaxyto 3aja4y HadnnaiiTe ¢ HOBOrO JIMCTA.

He mnummure Ha o000poTHOI CTOpOHE JIKCTA.
Bad€pKHyTOE HE MIPOBEPSIETCSI.

. HOCTapa.IU/ITGCb IIOMOYb 4YJjIeHaM 2KIOpH IIOHATH Bac.

UcrnionpayiiTe s$3bIK MAaTEeMATHKU U KOPOTKHE (HOpasbl
Ha, PYHIJIAIIIE.

Ilokumars pabouee mecTo 6e3 pas3pelleHusl HEIb3s.
Curnajunsupyiire o mpobjeMax IMOIHSITHEM PYKH.

. FpOMKI/Ie 3BYKOBbBIE CHUTI'HAJIBI IIPO3BYYaT B HavaJie

¥ KOHIIE TECTa, & TaK2Ke 3a 15 MUHYT JI0 €10 OKOHYaHUS.

. Ilo okomuammm Tecra NpeKpaTuTe MucarTh. HyKHbIE

GyMarn TIOJIOXKUTE B OJHY CTOIKY, HEHYXKHbIE —
B apyryo. C coboil He yHOCHTE.

OxxunaiiTe, oKa y Bac He 0TOEpyT paboTy U HE BBHITO-
HAT U3 ayauropuu. MoxKere BBIJIOXHYTh.

Tabsmmiy KOHCTAHT CMOTpUTE HA CTPAHUIE 2.

The data analysis competition lasts for 5 hours and is worth
a total of 150 points.

Dedicated IOAA Summary Answer Sheets are provided
for writing your answers. Enter the final answers into
the appropriate boxes in the corresponding Summary Answer
Sheet. On each Answer Sheet, please fill in

e Student Code

Graph Paper is required for your solutions. On each Graph
Paper sheet, please fill in

e Student Code

e Question No

e Graph no. and total number of graph paper sheets used.

There are Answer Sheets for carrying out detailed work /rough
work. On each Answer Sheet, please fill in

e Student Code

e Question No

e Page no. and total number of pages.

Start each problem on a separate Answer Sheet.

Please write only on the printed side of the sheet. Do not
use the reverse side. If you have written something on any
sheet which you do not want to be marked, cross it out.

Use as many mathematical expressions as you think may help
the graders to better understand your solutions. The graders
may not understand your language. If it is necessary to explain
something in words, please use short phrases (if possible
in English).

You are not allowed to leave your working desk without
permission. If you need any assistance (malfunctioning
calculator, need to visit a restroom, need more Answer
Sheets, Graph Paper etc.), please put up your hand to signal
the invigilator.

The beginning and end of the competition will be indicated
by a long sound signal. Additionally, there will be a short sound
signal fifteen minutes before the end of the competition (before
the final long sound signal).

At the end of the competition you must stop writing
immediately. Sort and put your Summary Answer Sheets,
Graph Papers, and Answer Sheets in one stack. Put all
other papers in another stack. You are not allowed to take any
sheet of paper out of the examination area.

Wait at your table until your envelope is collected. Once all
envelopes are collected, your student guide will escort you out
of the competition room.

A list of constants is given on the next page.

We love you © RUS
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Macca

Pammyc

Yckoperne ¢BOOOIHOTO TIaIEHUST
HakjioneHnue sKIUITUKA
Tpormueckuii To;1
Cunepudaeckuii Tox

Annbeno

Macca

Pamuyc

Cpennee paccrosinne 3emiisi— JIyHa
Haxkionenne opOUTHI K SKJIUIITHKE
Anbbeno

Bunnmast 3B€3aHast BeuanHa
B cpe/iHee TIOJIHOJIyHHUE

Macca

Pauyc

CBeTuMOCTh

AbGcosoTHas 3BE3IHAS BEIMYMHA,

Temmeparypa MOBEPXHOCTH

Buaumbrit yriioBoit fuamerp Ha 3emiie

OpbuTajibHast CKOPOCTh B ['ajakTuike

Paccrosnue ot nentpa lanaktuxku

AcTrpoHoMuyecKas eIuHUIA,
ITIapcek

I'paBuTanoHHasl MOCTOSTHHAST
ITocrosianas Ilmanka

ITocrognnas BosbmMmana
ITocrosinnast Credpana— Bobimana
Ilocrosinmas Xab0J1a

CkopocTh cBeTa B BaKyyMe
MaranTnast nocrosgsHHas

Auckuit

Al = —
0610 % zIn10

TABJIMIIA KOHCTAHT

Mass

Radius

Acceleration of gravity
Obliquity of Ecliptic
Length of Tropic Year
Length of Sidereal Day
Albedo

Mass

Radius

Mean Earth —Moon distance
Orbital inclination with the Ecliptic
Albedo

Apparent magnitude (mean full moon)

Mass

Radius

Luminosity

Absolute Magnitude
Surface Temperature
Angular diameter at Earth
Orbital velocity in Galaxy

Distance from Galactic center

Gravitational constant

Planck constant

Boltzmann constant

Stefan — Boltzmann constant
Hubble constant

Speed of light in vacuum

Magnetic Permeability of free space

Jansky

1 au

5.98 x 10%* kg

6.38 x 10% m

9.81 ms~!

23°27

365.2422 mean solar days
365.2564 mean solar days
0.39

3eMJa

7.35 x 10?2 kg
1.74 x 105 m
3.84 x 103 m
5.14°

0.14

Jlyna

—12.74

1.99 x 103 kg
6.96 x 108 m
3.83 x 106 W
4.80

5772 K

30/

220 kms~!
8.5 kpc

CouHIiie

1.50 x 10" m

206265 au

6.67 x 10~ Nm? kg2
6.62 x 10734 Js

1.38 x 10723 JK—!
5.67 x 1078 Wm—2K~*
67.8 kms~! Mpc~!
299792458 m s~

47 x 107" Hm™!

10726 Wm—2Hz !
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(D1) IIbwie u Mosioabie 3BE3AbI
75 banrnoe

B obmacTsax 3Be3moobpa3oBaHnst MEXK3BE3IHAS TIBLITE TTOTJIO-
maer yabrpaduoser (UV) u onrudeckoe usjydeHue u re-
peusiydaer B nanékoM uHbpakpacuom jguanasone (FIR),
Ha JymHax BojaH 10 < 300 pm.

1.1. B UV-crekTp rajlakTwukym HauOOJbINUI BKJIAJ BHO-
CUT MOJIOZI0€ 3BE3IHOe HaceeHue, moyromy UV-cBeTuMoCThb
SIBJISIETCST MHIMKATOPOM TemIia 3Be31000pasosanus (SFR)
B rajiaktuke. llockonbky mabmogaemass UV-cBeTuMOCTD
CUJIBHO OCJIabJIeHa TBLIBI0, BO BHEMAJIAKTUIECKON acTPOHO-
MUW UCIHOJIB3YETCsI MHIEKC — Hakaon UV xowmunyyma 5:

Hh=Q-

e fr [Wm™2m™!| — miornocts MoHOXpoMaTHUECKOrO
A;

MOTOKA W3JIyUeHWsT TaJakKTUKNA HA JIJINHE BOJIHBI
ko3 durmeHT () 3a31aéT HEKOTOPYIO HOPMHUPOBKY.

D1.1.1. Baeck B doromerpuyeckoit cucreme AB ompee-
JISTETCS KaK

mag = —2.5log

st tunmanoii ranaxktukun AB-6seck B UV npumepno

nocToaHHbI. Yemy paBen HakJoH UV-KOHTHMHYyyMa

takoii ranaktuku?! Vcnonbsyiite coornomenune (6 xoneexk)

As a by-product of the star-forming process in a galaxy,
interstellar dust can significantly absorb stellar light
in ultraviolet (UV) and optical bands, and then re-emit
in far-infrared (FIR), which corresponds to a wavelength range
of 10—300 pm.

1.1. In the UV spectrum of a galaxy, the major contribution
is from the light of the young stellar population generated
in recent star-formation processes, thus the UV luminosity
can act as a reliable tracer of the star-formation rate (SFR)
of a galaxy. Since the observed UV luminosity is strongly
affected by dust attenuation, extragalactic astronomers define
an index called the UV continuum slope () to quantify the shape
of the UV continuum:

N

where f) is the monochromatic flux of the galaxy at a given
wavelength A (in the unit of Wm™3) and @ is a scaling constant.

(D1.1.1) (6 points) AB magnitude is a specific magnitude system.
The AB magnitude is defined as:

Jv
3631 Jy’

The AB magnitude of a typical galaxy is roughly constant
in the UV band. What is the UV continuum slope of this
kind of galaxy? Hint:

f,Av = [LAN.

D1.1.2. B Tabaune 1 npuBeseHbl pe3ybTaThbl HaOJIIO/IA-
emoit FIR-doromerpun rajgakruku CR7 Ha 2 6.60.
[Tom zaronoBkom Figure 1 moctpoiiTe rpaduk 3aBucH-
Mmoct AB-6isiecka rasakruku CR7 map oT Jiorapudpma
71ab0paTOPHOlT JITIMHEL BOMHBL. (12 Koneex)

D 1.1.3. Boerunciaure pasymabiMu crocobavmu HakjgoHn UV-
KOHTHHYyMa rajaktuku CR7, mnpoBenuTe NPsAMYIO
Ha Figure 1 u cpaBHuTe c pesymbraToMm dactu D 1.1.1.
Conepxur Jgu CR7 ©Gosblle MbLIH, raJIaKTHKA
u3 D1.1.1 — orBerbTe YES mam NO.

VKazaHue: BbIpa3uTe Map 9epe3 JJIUHY BOJHBI A U M1600,
rjae migoo — 910 AB-6Gieck ma A\g = 160 nm (1600 A)

(5 xoneerx)

qeM

(D1.1.2) (12 points) Table 1 presents the observed IR photometry
results for a z = 6.60 galaxy called CR7. Plot the AB magnitude
of CR7 versus the logarithm of the rest-frame wavelength
on graph paper and labelled as Figure 1.

(D1.1.3) (5 points) Calculate CR7’s UV slope, plot the best-
fit UV continuum on Figure 1 and make a comparison
with the results you obtained in (D1.1.1). Is it dustier than
the typical galaxy in (D1.1.1)?

Please answer with [YES] or [NOJ.

Hint: Express map as a function of A and mgog, where mgog
is the AB magnitude at Ao = 160 nm (1600 A).

Tabnuna 1. Habmonaemas: FIR-doromerpus ranakruku CR7 (z = 6.60)

ITosoca Y

J

H K

Lentp (pm) 1.05

maB

1.25
2471 +£0.11 24.63£0.13 25.08+0.14 25.15=£0.15

1.65 2.15
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1.2. B mpenmosioykeHnu, 9TO NBLIMHKHU ITOTVIOMAIOT YHEP-
ruio B UV u mepemsiydaroT €€ 4epHOTEIbHO, COOTHOIIIE-
une Mexkny uHakigonom UV-kontunyyma (3, morokom B UV
Ha aymmHe BoJHBI 1600 A u noroxom B FIR BBITVISIIAT TaK:

IRX = log

rae Frr Habmomaembiit morok B FIR, Figoo
Ha «aaboparopubix» 160 nm (1600 A) 3aech morok Fly
onpejessiercs: Kak Fy = Af). B rabuie 2 npecrasieHbr
suavenus 3, Frr u Figoo i 20 OJIM3KUX rajlakTHK.

FFIR

Fieo

1.2. Under the assumption that dust grains in the galaxy absorb
the energy of UV photons and re-emit it by blackbody radiation,
the relation between the UV continuum slope (8), UV brightness
(at 1600 A) and FIR brightness could be established:

= 5(b),

where Fpr is the observed far-infrared flux and Figoo
is the observed flux at rest-frame wavelength 160 nm (1600 A)
(The “flux” F) is defined as F\ = X - f)). Table 2 presents
20 measurements of 8, Frir and Figgp in nearby galaxies (Meurer
et al. 1999).

Tabnuma 2. Ceenennst o 20 GIM3KUX raJaKTHKAX

Haknon UV-
lamaxTHKa, B——— log % log %
NGC4861 —2.46 —9.89 —9.97
Mrk 153 —2.41 —10.37 —10.92
Tol 1924-416 —2.12 —10.05 —10.17
UGC 9560 —2.02 —10.38 —10.41
NGC 3991 —1.91 —10.14 —9.80
Mrk 357 —1.80 —10.58 —10.37
Mrk 36 —1.72 —10.68 —10.94
NGC 4670 —1.65 —10.02 —9.85
NGC 3125 —1.49 —10.19 —9.64
UGC 3838 —1.41 —10.81 —10.55
NGC 7250 —1.33 —10.23 —9.77
NGC 7714 —1.23 —10.16 —9.32
NGC 3049 —1.14 —10.69 —9.84
NGC 3310 —1.05 —9.84 —8.83
NGC 2782 —0.90 —10.50 —9.33
NGC 1614 —0.76 —10.91 —8.84
NGC 6052 —0.72 —10.62 —9.48
NGC 3504 —0.56 —10.41 —8.96
NGC 4194 —0.26 —10.62 —8.99
NGC 3256 0.16 —10.32 —8.44

D1.2.1. Ucnonb3yss manabie u3 TabaHIBI 2, MOCTPOITE
rpacduk IRX (), ozarnasbre «Figure 2» ¥ AlIPOKCUMU-
pyiiTe 3Ty 3aBUCUMOCTDb pa3yMHBIM criocobom. [Tonmydennoe
coornormenue sujia IRX = a - 8+ b ykaxkute Ha TOM 2Ke
sgucre. (14 xoneex)

D 1.2.2. Burunciure mucnepcuro IRX B emmunmax dex
(emHUIBI, B KOTODPBIX <«U3MEpsIeTCsl» 10g;), HAIpPUMeEp,
log10% — log10* = 5 dex). Jlja MaJorpaMOTHBIX —
dopmyna st Beruucienust: (6 xoneex)

S (AIRX,)?2
N —

rae AIRX; = IRX; opbs — IRX pred — Pa3HOCTH BETMYIHHEI
HabJIIOIAEMOIl M BLIYHUCJIEHHON Yepe3 allllPOKCUMAIINIO.

(D1.2.1) (14 points) Based on the data given in Table 2, plot
the IRX 3 diagram on graph paper and labelled as Figure 2
and find a linear fit to the data. Write down your best-fit
equation (i.e. IRX =a -+ b) by the side of your diagram.

(D1.2.2) (6 points) Quantify the dispersion (in units of dex,
dexz = 10%; for example, log 10° — log 10* = 5 dex) between
the predicted IRX,p,s and expected IRXcq using the following
equation:

1 [dex] )

where AIRX; = IRX; obs — IRXj pred-
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1.3. B pamkax Toit ke pusndeckoit Moje1u

1.3. Under the previous assumption of the energy transfer
process, the ratio of Fpr to Figoo can be expressed as:

FFIR ~ 100-4A1600 -1
b

F1600

rie Figop — HOTOK 10 morvonienusi, a Ay — moronienne
Ha JJIMHE BOJHBI A (B 3BE3/IHBIX BEJMIHHAX).

D 1.3.1. Beipasure Ajg0p uepes IRX. (6 xoneex)

D1.3.2. [lo gampbpiM Tabaumbl 2 W 3aBUCHMOCTH
A1600(IRX) mocrpoiite rpadur Aig(f), osariasbre
«Figure 3» W aNIPOKCUMUDYHITE 3Ty JIMHEHHYIO 3aBUCH-
MOCTb pa3yMHBIM crocoboMm. IlosrydeHHOE COOTHOIIEHNE
Buga Aigoo = a' - B+ b ykaxkure Ha TOM »Ke JMCTe.

(12 xoneex)

D 1.3.3. Kakos oxkumaemsbiii HakJioH UV-KOHTUHYyyMa
Bo B ramakTuke 6e3 nbln?! (2 xonetxu)

where Figoo is the unattenuated flux and A, is the dust
absorption (in magnitudes) as a function of wavelength \.

(D1.3.1) (6 points) Express A1g00 as a function of IRX.

(D1.3.2) (12 points) Based on Table 2 data and the function
of A1600(IRX) you derived above, plot the Ajg00— [ diagram
on graph paper and label it as Figure 3 and find a linear fit
to the data. Write down your best-fit equation (i.e. Ajg00 =
=a' - B+ V) by the side of your diagram.

(D1.3.3) (2 points) If your linear model in (D1.3.2) is correct,
what is the expected UV continuum slope Sy of a dust-free
galaxy?
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(D2) KomnakTHbIiT 00bEKT B JIBOIiHOII cucTeme
75 bannos

B xome skcniepumenta APOGEE acrporoMbr 06HADY KUTH
HEOOBIYHYIO JBOMHYIO CHCTEMY B CO3Be3auu Bos3HUIEro.
Bocmiponseectu ux OTKpBITHE HETPY/IHO, U TVIYIO YIIYCKATD
TAKyI0 BO3MOKHOCTb.

Jlist IoncKa KOMIIAKTHBIX OOBEKTOB B JIBOMHBIX CHCTEMAX
UCIIOJIb3yeTcst MeTo| JiydeBbix ckopocreii (RV). Cuauana
[0 CIIEKTPAM <«OJIMHOYHBIX» 3BE3J OBLIN OIpPEIeIeHbl UX
JsiyaeBble ckopocTu. Cpeiu JBYX COTEH 3BE3J ¢ HAUOOJIb-
UMY U3MEHEHUSIMU JIYIEBBIX CKOPOCTEH ObLIN BbIJIE/ICHbI
Te, IEPUOJIUIECKIE BapUaINy OJIeCKa KOTOPBIX 110 JIAHHBIM

ASAS-SN makcuMaJibHBI, — KaHJIWJIATHl HA TPAH3UTHI,
SJUTUTICOUTATHHYTO MEePEMEHHOCTD TN 3BE3THBIE
usitha. B pesysbrare  ObLTa  BBIJIEJIEHA  3BE3JA
2M05215658+4359220 ¢ OGoJsibIAME  KoJieDaHUsIMU

JIy9I€eBOil CKOpOCTH U OJIeCKA.

2.1. B Tabsune 3 npuBeIeHBI TPU CIIEKTPOCKOIINIECKUX M3~
MepeHus JIydeBoit ckopocTu 3Be311bl 2M052156584-4359220
npoekta APOGEE. IIpeanonaraercss, 400 U3MEHEHHE €€
JIyI€BOI CKOPOCTHU MPOUCXOIUT W3-3a HAJUYIUST HEBUIUMO-
ro KomnanboHa. COOCTBEHHBIM JIBUYKEHUEM CUCTEMBI OYIeM
npeHebperars.

Astronomers discovered an extraordinary binary system
in the constellation of Auriga during the course of the Apache
Point Observatory Galactic Evolution Experiment (APOGEE).
In these questions, you will try to analyse the data and recreate
their discovery for yourself.

The research team is aiming to find compact stars in binary
systems using the radial velocity (RV) technique. They examined
archival APOGEE spectra of “single” stars and measured
the apparent variation of their RV within this data. Among
~ 200 stars with the highest accelerations, researchers searched
for periodic photometric variations in data from the All-Sky
Automated Survey for Supernovae (ASAS-SN) that might be
indicative of transits, ellipsoidal variations or starspots. After
this process, they spotted a star named 2M05215658-+4359220,
with a large variation in RV and photometric variability.

2.1. The following table presents the radial velocity
measurements of 2M05215658+4359220 during three epochs
of APOGEE spectroscopic observation. Here we assume
the variation of its RV is due to the existence of an unseen
companion. The proper motion of the stars can be ignored.

Tabsmuma 3. Jlyuesas ckopocts RV (mo APOGEE)

Ne MJD

RV (kms™!)

1 56204.9537
2 56229.9213
3 56233.8732

—37.417£0.011
34.846 £ 0.010
42.567 £ 0.010

D2.1.1. B juneiitnoM npuO/INKEHNH OIEHUTE HADJII0IaeMOoe
MaKCHMaJIbHOE yCKOPEeHMe 3Be3/bl: (6 Koneek)

ARV
max — At

max

D 2.1.2. Ouennre Maccy HEBUANMOIO KOMIIOHEHTA B MaCCaX
Coutaia. Dto Gyer Haleil HaYaIbHOMN OIeHKOM. (9 Koneex)

(D2.1.1) (6 points) Use the data and a simple linear model
to obtain an initial estimate of the apparent maximum
acceleration of the star:

[kms™' day ']

(D2.1.2) (9 points) Now use the data to obtain an initial estimate
of the mass of its unseen companion.
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2.2. Tlocme OTKpBITUST STOW 3Be37bl ObLIM ITPOBEIEHDI
JIOTIOTHUTEIbHbIE M3MepeHnsT Ha 1.5-MeTPOBOM TeJIeCKOIIe
TRES — cMm. Tabnuy 4:

(D2.1.2) (9 points) After discovering this peculiar star,
astronomers conducted follow-up observations using the 1.5-m
Tillinghast Reflector Echelle Spectrograph (TRES) at the Fred
Lawrence Whipple Observatory (FLWO) located on Mt. Hopkins
in Arizona, USA. The following table presents the RV
measurements using this instrument:

Tabmuna 4. Emg usmepenust RV (mo TRES)

MJD

RV (kms™)

58006.9760
08023.9823
58039.9004
58051.9851
58070.9964
58099.8073
58106.9178
58112.8188
58123.7971
58136.6004
58143.7844

0.000 £ 0.075

—43.313 £ 0.075
—27.963 £ 0.045

10.928 £0.118
43.782 £0.075

—30.033 £ 0.054
—42.872 £0.135
—44.863 £ 0.088
—25.810 £0.115

15.691 £ 0.146
34.281 + 0.087

D 2.2.1. TlocTpoiitTe rpadpuk 3aBUCUMOCTHA JIYIEBBIX CKO-
pocreii, namepennbix Ha TRES, or Bpemenn. Osariasbre
ero «<Figure 4» u crjiajpre rapMOHUYECKO# (pyHKIMEd
(mpoBesuTe cuHycommasibHyo Kpusyioo). Ilo rpaduky
orpeieanTe opOuTaAIbHBIA mepuot Py, 1 aDCOJIOTHYIO Be-
JIMUUHY aMILTUTY/IbI JIy9eBoii ckopoctu K. (14 koneex)

D 2.2.2. Cunras, 9T0 3BE3/a JIBUKETCS 110 KPYyTrOBOil 0pOu-
Te, OIpeJe/nTe MUHUMAJIbHOE BO3MOXKHOE 3HAYEHHe
OpOUTATIBHOIO PAJIUYCA T'orl, 3BE3/IbI B €IMHUNAX Re 1 act-
POHOMUYECKUX eJuHunax (au). (4 xonetku)

D 2.2.3. Oyuxiusa Macc JBORHON CUCTEMBI 33/1a6TCsI KAK

f(MbMQ) ==

/e UHJIEKC 1 cOOTBETCTBYET INTaBHOM 3Be3Jie, a 2 — KOMIa-
HBOHY; Torh, — HAKJOHEHHE IIJIOCKOCTH OPOUT K KApPTHUHHOMN
IJIOCKOCTH. Bourancinre pyHKITUIO Macc 9TOW CUCTEMBI,
orser Bbipasure B Mg . (7 koneex)

(D2.2.1) (14 points) Plot the diagram of RV variation (measured
with TRES) versus time on your graph paper and label it
as Figure 4. Draw a suitable sinusoidal function to fit the given
data. Estimate the orbital period (P,) and radial velocity
amplitude (K) from your plot.

(D2.2.2) (4 points) If the star is moving in a circular orbit,
calculate the minimum value of the orbital radius (romp)
of the star in units of both R and au.

(D2.2.3) (7 points) The mass function of a binary system
is defined as:

(M, sin o)
(M + My)?~

where the subscript “1” represents the primary star and “2”
represents its companion. The parameter i, is the orbital
inclination of the binary system. This mass function can also
be expressed in terms of observable parameters. Calculate
the mass function of this system in units of Mg.
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2.3. Tlo coBokymaoctn u3amepennit APOGEE, TRES u
GATA 6bL1H IOy 9eHBI HEKOTOPBIE (DU3UIECKUE TTAPAMETPHI
3BE3/IbL:

2.3. Based on a detailed analysis on APOGEE, TRES
spectra and GAIA parallax measurements, astronomers derived
the following stellar parameters:

Tabmuma 5. Mz6pannbie cBeennst o0 9TOH 3Be3e

Db dexTuBHALA Yckopenne cBOOOTHOTO Tlana/UiaKe W3mepennas cCKOpOCTh Bostomerpuuecknii
TeMieparypa aJeHnsd Ha IIOBEPXHOCTU Wp (mas) OCEBOI'0 BpalleHU OTOK
Ter (K) log —%— Vyot Sind (kms™t) F (Wm™?)
cm s—2
4890 £+ 130 22401 0.272 £0.049 14.14+0.6 (L.1£0.1) x 10712

AHajm3 Kpupoii 6JiecKa II0Ka3aJl, YTO IIEPUOJLI OCEBOIO
1 OpOMUTAIBLHOIO BpallleHusl 3Be3/bl paBHbL. Kpome Toro,
PaBHBI COOTBETCTBYIOI[NE HAKJ/JIOHECHUA:

Photometric observations indicate that the period of its light
curve is identical to its orbital period, thus we may assume that
the rotation period and the inclination satisfy

Prot:PorbEP;

Lorb = lrot = 1.

D2.3.1. Bpramcanre cunyc yria HaKJIOHEHUS Sin ¢, paJin-
yc¢ Ry (B Rg), ceerumocts Ly (B Lg), maccy My (B M)
BHJIIMOTO KOMIIOHeHTa. OIEHUTE HOrPEeNTHOCTh MOJIy Y€H-
HBIX pe3ysbraToB. (16 xoneek)

D 2.3.2. Onpeznenure tun 3Be3/b! (yKaxure mudpy):
(1) rosy6oii TuranT

2) kéaTas 3B€3/1a MJIABHON 110C/IE[0BATEIHHOCTI

3) KpacHBIit IHTaHT

4) kpacHasi 3Be3/la [VIABHOM II0C/IEJI0BATEIbHOCTH

5) OeJiblit KapJIUK

(4 xonetiku)

(
(
(
(

D 2.3.3. Ucnonssys dyukmuio mace f(Mq, M), mocTpoii-
te rpaduk sasucumoctu My (mo Beprukasu) or M
(1o ropm3oHTAM) 1O/ 3aroJioBKoM Figure 5.
Ucnonb3yiiTe nonyydennyio B gactu D 2.3.1 Besmauny sin ¢
KaK COOTBETCTBYIOILYIO CaMOil BeposiTHOI KpuBoit Mo (M),
a Takke 3HaveHUs sini + Asini Kak rpaHuvHbie. B urore
Ha BameM rpaduke Gyjer Tpu Kpusbix. (10 koneex)

D2.3.4. Ha Figure 5:

JIByMsl BEPTUKAJIbHBIMUA IPSAMbIMA M IITPUXOBKOIA
BolesuTe obsacts (M — AMy, My + AM,];

[IPOBEIMTE JIB€ TOPU30HTAJIbHbIE IIyHKTUPHbIE JIMHUM,
COOTBETCTBYIOIHE IPEIEJIbHBIM MaccaM OeJIbIX KapJ/IMKOB
1 HEHTPOHHBIX 3BE3I.

Kaxoit Moxker OBITH Macca HEBHIUMOIO KOMIIOHEHTA,
1 O0OBEKTOM KAKOTO THIIA OH OIPEIEJIEHHO SBJISIETCS?
(5 xoneerx)

(D2.3.1) (16 points) Calculate the luminosity (L, in unit
of Lg), radius (Ry, in unit of Ry ), sine of the inclination angle
(sini), as well as mass (M, in unit of Mg) of the visible star.
Please include the uncertainty in your results.

(D2.3.2) (4 points) Choose the correct type of this star
from the following options:

(1) Blue Giant

(2) Yellow main sequence star

(3) Red Giant

(4) Red main sequence star

(5) White Dwarf

(D2.3.3) (10 points) Based on the mass function f(M;, M)
of the binary system, plot the rough relationship of M,
(as vertical axis) and M; (as horizontal axis) on your graph
paper and label it as Figure 5. Plot the most probable relation
(by using sin i), upper limit (with sini 4+ Asini) and lower limit
(with siné — Asing) derived in (D2.3.1).

(D2.3.4) (5 points) Draw a vertical shaded region of
[My — AMy, My + AM,], as well as two horizontal dashed lines
showing the maximum mass of the white dwarf and neutron star,
on your Figure 5. What is the possible mass of the invisible
companion, and what kind of celestial object could it be?



