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ABSTRACT

RR Lyrae are a well-known class of pulsating horizontal branch stars widely used as tracers
of old, metal-poor stellar populations. However, mounting observational evidence shows that
a significant fraction of these stars may be young and metal-rich. Here, through detailed
binary stellar evolution modelling, we show that all such metal-rich RR Lyrae can be naturally
produced through binary interactions. Binary companions of such RR Lyrae partly strip their
progenitor’s envelopes during a preceding red giant phase. As a result, stripped horizontal
branch stars become bluer compared to their isolated stellar evolution counterparts and thus end
up in the instability strip. In contrast, in the single evolution scenario, the stars can attain such
colours only at large age and low metallicity. While RR Lyrae from binary evolution generally
can have any ages and metallicities, the Galactic population is relatively young (1 — 9 Gyr)
and dominated by the Thin Disc and the Bulge. We show that Galactic RR Lyrae from binary
evolution are produced at rates compatible with the observed metal-rich population and have
consistent G-band magnitudes, Galactic kinematics and pulsation properties. Furthermore,
these systems dominate the RR Lyrae population in the Solar Neighbourhood. We predict
that all metal-rich RR Lyrae have a long-period (P > 1000d) A, F, G or K-type companion.
Observationally characterising the orbital periods and masses of such stellar companions will
provide valuable new constraints on mass and angular momentum-loss efficiency for Sun-like
accretors and the nature of RR Lyrae populations.

https://arxiv.org/abs/2208.04332
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“Unfortunately, the exact ZAHB temperature of a Iog(Teff)
star cannot be predicted a priori, depending as it
does on how much mass the star may have lost on

s ascent of the RGB" Pulsating Stars, Catelan & Smith



broo>xeT macchbl

» Macca renuesoro sgpa npumepHo oaunHakosa 0.5M
* Mopgenu npeackasbiBaloT YTO 3Be34bl C Ha4YaIbHbIMW Maccamu

nopsaka 0.6 — 0.8M, moryT ctatb PP Jlnpamu

» TNnyHas noTeps macchl Ha BeTBK KpacHbix ruranTos 0.1 — 0.3M

YT100bI 06HaXXUTb AP0 (U ctaTb PP Jlnpown) 3Besne B maccou

M > 0.8M, Hy>kHO cBpocuTb ropasfo 6osblie Macchl Ha CTagun

r’mraHTa



Bonpoc MeTaJlI/IM4YHOCTU

e MeTannnyHble 3Be30bl 9BOIIOLMOHNPYIOT MeaJIEHHEE

3sespac [Fe/H] =—2 M = 0.7M_ xuset 7 mnpg, net Ha IT]
3Be3pac [Fe/H] = 0 cugnt Ha M1 13 mnppg neT
* MeTannnyHble 060104YKN MEHee NPO3pPaYHbl, 3HAYUT HY>KHO U

Ha4YMHaTb C MEHbLLEN MacCcon Un copackiBaTb 60nbLUe YTOObI

nodbutb o lNonocbl HectabmnbHOCTK

Y100bI cTatb PP Jlnpon metaninyHomn 3se3ge Hy>KHO NMpOBECTU Ha
[T1 6onblue BpemeHn Xabbna (nnn cOpocnTb OrpoOMHOE KOIMYECTBO

MaCCbl Ha BETBW I'VIFaHTOB)



KoHceHcyC B y4ebHUuKax

* Tonbko cTapble (>8 Mnpg NeT) n NPenMyLLECTBEHHO Maso
MeTanIn4YHble 3B8e30bl MOryT ObITb PP Jlnpamu

* PP Jlnpbl - XapakTepHble npeactasutenn “rano” MneyHoro [yTu



HabnioneHusa PP Jlnp B rano Nanaktmkn

 MHOIMe WwapoBble cKoMNeHUs: npenen Ha so3pact >10 mnpa neT
e Bce KapnnkoBble ranakTUKnN-CNyTHUKN

e 3Be30Hble “noToKn” n “obnaka”
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Penkue aK30TUYHbIE HAXO0OKW

* OTnenbHble cunbHO MeTamnyHble PP Jlnpbl B okpecTHocTn ConHua

nonaganuck y>xe gasHo (cM. Hanpumep b.B. KykapkuH 1949)

 [[ansa nomorna pasobparbcsi ¢ KNHEMATUKON MeTanIMYHbiX PP Jlnp:

(VR2+V22)1/2 [km S-1]

OHW OKa3a/ncb NPeacTaBUTENIIMMN HACeNeHNsa anucka (CM. HarnpumMep

Marsakov et al 2018, Zinn et al 2020, Prudil et al 2020)
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HeBo3mo>xHble PP JIinpbi?

 KnuHemaTumnka n XmmMunsi ykasbiBaroT Ha Bo3pacTa MeHbLUe 8 mnppg NeT
 Mopgenn n HabnogeHnsa B WIAPOBbLIX CKOMNeHunsx TpebytoT >10 mnpa

netTt

EonHcTBEeHHOEe 0O BbACHEHUE

Pepnkune npegcraButenn MMUYeckoro ctaporo (oONcTopmnyeckoro)

TOHKOro gmncka Mne4dHoro Nytn?



BepxyLiuka ancbepra

 MopgennpoBaHue HaceneHusa PP Jlnp no Bcemy HeBy B AaHHbIX [ ans
DR2 BbisiBUNO guckosyto coctasnstowyto (lorio & Belokurov 2020)
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zg [kpc]

®ypop B Gaia DR3

 HoBble gaHHbIe ['ann gann BO3MOXXHOCTb pa3rnsaets PP Jlnpbl B
ONCKe BO BCeu Kpace a Takxe 6onee TO4YHO OLEHUTb UX
MeTa/IM4HOCTb (Bobrick et al 2022)
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Mopnenun PP Jlnp Kak
pe3ysibTaT 9BOJ1IOLUN
B OBOVHOWN CUCTEME



[TonyNALUMOHHbIN CUHTES
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CueHapuu ¢ OBOUHbIMU

Amount of envelope lost
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Pa3HoobOpa3ue 3Be30 opn3oHTasibHOU BeTBU
MOJIY4YMBLLUMXCS B pe3yJibTaTe 3BOJIIOLIMN OBOUHOWN
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e [loka3aHbl TO/bKO MoAdesin 3aKerwume renun B d0pe n otoaswine 4HaCTtb MaCCbl KOMIMNaHbOHY
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Tenepb PP Jlnpon moXxeT ctaTb 3Be30a J1lo6on
MeTaniIn4HocTn m roboro Bo3pacTta (>1Mnpng ner)
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[Meprnonbl OBOUHBLIX YBESTUYUIINCD
B pe3yJsibTaTe TpaHcdoepa macchl
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 HayanbHble nepuopn 6binn B gnanasoHe 100-500 gHen
o KoHeuHo cyuwecTsytoT PP JInpbl ¢ KOMnaHboOHaMn KOTopble pa3smBannch B n3onsauum (KoMmnaHbOH
Obl1 CAINWIKOM Aaneko Unm CAnwKoM MasioMaccuBeH YTobbl MHNLMMPOBAaTb TpaHcdep Maccehl)



PP Jlnpbl “>xusyLimne pagom” ¢ KomMmnaHbOHamMmu npoTuB
PP Jlnp nonyumeLLnxcs B pe3ysibTaTe B3auMO0ENCTBUS

PP Jlnpbl nonyynslumnecs B
pesyfibTate B3aMMoOeNCTBUSA
cnerka Tyckrnee obblyHbix PP

Jlnp

KomMnaHbOoHbI “XXuByLine
psagom” ¢ PP Jlnpamun Ha
nopsaokK unu asa cnabee
KOMMaHbOHOB CAeNnaBLLnNX U3
cBounx cocenok PP Jlnpel
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A 4TO ecyin NOOKPYTUTb BETEP?
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NToro

 MexaHnam co3gaHusa PP Jlnpbl B peaynbTtaTta TpaHcdepa Mmacchl Ha
3Be30y KOMMaHbOH - O4YeHb HEAMMMEKTNBEH

* Ho! 3aTo 3Be3n npapoguTenen B ANCKe o4eHb MHOIO

* B pesynbTarte Mmbl npeackasbiBaeM 10% Bcex PP Jlnp B Nanaktuke
ato PP Jlnpbl nonyuymnelumnecs B pesynbTaTe 3BoOUNN OBOVNHbIX
CUCTEM

* Bce meTannnyHbele PP Jlnpbl HangeHHbIe HA cerogHAWHNN MOMEHT B

okpecTHocTax ConHua ato “aBounHble” PP Jlnpbl



3Ha4yeHus cywiectBoBaHua PP Jlvp
NOJZTY4YMUBLLUNXCS B pe3ysibTaTe
B3aMMOO0enCTBUA OBOUHbIX CUCTEM

e Tak Kak 000J104KWN ObINM NOTEPSIHBI Pa3HbiMK crnocobamu (3Be3OHbLIN
BETEP NPOTUB TPaHCdEepPa MaccChl) TO AeTanu nysiscaumm n KpuBbIX
bnecka MoryT oT/in4aTbCs

e “I1BOVHbIE” PP JInpbl UMEOT O4YEHb MOXOXXYI HO HE NOEHTUYHYIO
CBETUMOCTb (CUCTEMATUYECKUN HENPaBW/bHbIE PACCTOAHNSA B
BblOBOpPKax ¢ HEM3BECTHON METaNSIMYHOCTbIO)

e “IlnHnamnyeckune” aBonHble PP Jlnpbl morytT obpasoBbiBaTbCS B

LLHAPOBbIX CKOMJMEHNAX



MeTtannmnyHoie PP Jivpbl B
OUCKax Opyrux ranaktuk?

Red Giants Red Giants
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Grady et al 2019




A MmoXeT 6bITb MneyHbin INyTb 6611 AUCKOM
Ha 6o1bLUMNX KpaCcHbIX cmeLleHunsax? Hert!

Mano-metannuyHble 38e30bl B MI1 Obln po>XAeHbl B XaOTUYHOM U Typ6yﬂeHTHOM COCTOAHUN
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YTO eLLle MHTEPECHOIr0O MOXXHO Y3HaTb MpPOo
3Be30bl C KOMNaHboHaMu B gaHHbIX [[ana?
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YTO eLle NHTEpPECHOro MOXXHO y3HaTb MpPoO
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ABSTRACT

For stars with unresolved companions, motions of the centre of light and that of mass decouple,
causing a single-source astrometric model to perform poorly. We show that such stars can be
easily detected with the reduced x? statistic, or renormalized unit weight error (RUWE),
provided as part of Gaia DR2. We convert RUWE into the amplitude of the image centroid
wobble, which, if scaled by the source distance, is proportional to the physical separation
between companions (for periods up to several years). We test this idea on a sample of known
spectroscopic binaries and demonstrate that the amplitude of the centroid perturbation scales
with the binary period and the mass ratio as expected. We apply this technique to the Gaia
DR2 data and show how the binary fraction evolves across the Hertzsprung—Russell diagram.
The observed incidence of unresolved companions is high for massive young stars and drops
steadily with stellar mass, reaching its lowest levels for white dwarfs. We highlight the elevated
binary fraction for the nearby blue stragglers and blue horizontal branch stars. We also illustrate
how unresolved hierarchical triples inflate the relative velocity signal in wide binaries. Finally,
we point out a hint of evidence for the existence of additional companions to the hosts of
extrasolar hot Jupiters.



HioaHC acTpoOMeTpUYEeCKOro OeTeKTmposaHus
cMeLLeHunss oToLeHTpa OBONHOWN

o CMmelleHne hoToUEHTpa Hepa3peELLEHHOW
OBONHON CUCTEMbI NPONOPLMOHASTIbHO
pasmepy opbuTol.

« KoadhdbunumeHT nponopLmoHanbHOCTH 5ql

3aBUCUT OT OTHOLLUEHNA Macc n
OTHOLLEHNSA CBEeTMMOCTEN
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% of DWDs

Mo>xHO oTKannbpoBaTb dU3NKYy B cTagum “obLLen

e AMNINTYOA OTKJ/IOHEHUSA aCTPOMETPUYECKOIrO X1 KBagparT
nponopunoHanbHa pasmepy opouTbl ABONHOW
* MO>XXHO N3MepuUTb pacnpegerieHne pasmepos opbnT OBONHbLIX

benbix kapnukos (Korol et al 2020)
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