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POPULATION OF DOUBLE WHITE DWARFS
IN THE GALACTIC CENTER

Abstract. Upcoming space-born gravitational wave interferometers will monitor gravitational radiation at low
frequency range. This will allow to study double white dwarf mergers and improve our understanding of physical
processes involved. High stellar densities in galactic cores may imply enhanced binary compact object formation and
coalescence compared to the galactic field. In this paper we analyze data from direct one-million-body simulation of
the Milky Way Galactic center to describe properties of double white dwarf binaries and discuss their contribution to
the gravitational radiation. We show that ~7% of all white dwarf - white dwarf pairs are likely to undergo the
gravitational wave driven merger resulting in a merger rate of ~ 10_7yr_1. Therefore, we show that double white
dwarf merger rate in the Galactic center is larger than that in the Galactic field. The obtained results may be used in
future studies of white dwarf merger outcomes and their contribution to the gravitational radiation.

Key words: Galactic center, white dwarfbinaries, gravitational waves.

1. Introduction.

The Milky Way Galaxy center is comprised of a central supermassive black hole surrounded by a
dense cluster of stars (see e.g. [1], for a review). Due to high stellar densities, the Galactic center is a
favorable place for frequent close encounters between stars that eventually may lead to the formation of
compact binary pairs. Or, initially closely bound binary may undergo a number of encounters with single
stars that eventually reduce its semimajor axis (e.g. [2], [3]). These processes may enhance merger rates of
double degenerate binaries. In this paper, we focus on white dwarf - white dwarf (WD-WD) binary
systems, which are subject to low-frequency gravitational radiation [4][5]. The gravitational wave
emission originating from the compact double white dwarfbinaries may be detected by future space-borne
interferometers such as LISA [6] and TianQin [7]. The merger may result in a Supernova type la
explosion or in a new WD of heavier mass ([8]; [9]. Thus, studying the spatial distribution of potential
merger candidates and the event rates may serve as a necessary step towards understanding complex
physical processes involved during double WD coalescence.

In order to do our study, we analyze the central 10 parsec region of the Galaxy at 5 Gyr after the
formation time. The data are provided by a recent direct million-body simulation of the Galactic
center [3].
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2. Overview of the simulation.

The simulation described in [3] features direct N-body methods to model the Milky Way nuclear star
cluster (NSC). The authors achieved the highest to-date resolution in particle number for the Galactic
center simulations by modeling the entire NSC with one million stars. Such features as accurate treatment
of close encounters [10], formation and evolution of binary stars, single and binary stellar evolution
[11][12], provide a large step towards increasing physical realism of the simulation. We refer to the
original paper [3] for a more detailed description ofthe initial conditions and the simulation set up.

3. Results

In figure 1 we show the overall distribution of WD-WD binaries from the simulation in the plane of
orbital elements a (semi-major axis, in the units of the astronomical unit, AU) and e (eccentricity). As we
can see from the figure, the potential mergers -- binaries with small semi-major axes -- have almost
circular orbits. The binaries with eccentric orbits have relatively large separations. According to [13] the
merger time of the white dwarfs (each of the components has mass of 1 Mg separated by 1010 cm
(i.,e ~6.7 x 10~4AU) is about 3 x 10 _4 years. The separation of the order of 1 AU can result in a merger
time, which is larger than a Hubble time. Therefore, in this work, we focus on WD-WD binaries with
circular orbits as they have small values of the semi-major axis.

Figure 1- Distribution of eccentricities and semimajor axis for all double white dwarf (WD-WD) pairs

Figure 2 demonstrates how the WD-WD binaries are distributed spatially within the nuclear cluster in
the simulation. Cumulative number distribution of all WD-WD binaries in the cluster and those of them
with e = 0 only are shown in blue and orange colors respectively. We can see that about 28% of all double
W Ds are circular.
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Figure 2 - Cumulative number of WD-WD pairs as function of distance to the supermassive black hole.
Blue and orange lines show all pairs and those with small eccentricities
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Figure 3 - Distribution of semi-major axes of double WDs (given in AU)
as a function of distance from the supermassive black hole (in parsecs)

A more detailed analysis of relative orbital elements of WD-WD pairs shows that there is no clear
trend oftheir semi-major axes with distance from the massive black hole (figure 3).

Now, we follow [13] to compute the time left for these systems to merge due to the gravitational
radiation:

£ =20 (1)
256 G3m Im2(m1+m2) -

where a is the semi-major axis, ¢ is the speed of light, G is the gravitational constant, m1 and m 2 are
masses of two bodies (in our case white dwarfs). Note that this expression already takes into account that
e~0.
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Figure 4 - Top panel. Distribution of time intervals left to merge due to gravitational wave emission for WD-WD pairs with
circular orbits. Y-axis shows the total number of pairs in each logarithmic bin. Bottom panel. The same as above, but shows
cumulative distribution normalized to the total number of double WD binaries considered in this analysis. Shared X-axis for both
panels shows time in years. Vertical dashed line indicates the time of 9 Gyr

The computed time intervals are shown in figure 4. Since we take data at the moment of 5 Gyr after
the NSC formation, we check how many binaries merge in ~9 Gyr to select those that merge in a Hubble
time after formation. The data yields ~ 24% (~1300 in absolute number) of double WD binaries ending up
in coalescence mediated by gravitational emission. Summarizing our findings, we get:
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merge = 0.24Nwd(e = 0) = 0.24 X 0.28Nwd(all) = 0.067Nwd(all), (2)

meaning that ~7% of all double white dwarf binaries within 10 pc from the supermassive black hole are
likely candidates to undergo gravitational wave driven merger.

We can divide the total number by the time span to get the average rate of these merger events per
year:

®)

where tH is the Hubble time and t0 = 5Gyr.
Thus, our basic calculations predict 1 - 2 events per 10 Myr for the Milky Way Galactic center.

4. Conclusion

We studied the population of double WD binaries in the Galactic center that are likely to undergo
gravitational wave driven mergers. We showed that ~7% of all double WDs are good candidates to result
in a merger. The obtained number rates imply much higher WD-WD merger rates in the Galaxy center
than in the field (see [9], for the latest numbers). Thus, there may be a bigger chance for a simultaneous
gravitational wave and electromagnetic observation of a WD merger originating from a galaxy center.

Spatial distribution of double WDs provided by our study may serve as a motivation to conduct more
detailed analysis of WD-WD pairs, for example such as computation of gravitational waveforms to
account for the background gravitational wave noise detected in LISA range (e.g. [14]).
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FANAKTUKA OPTANBbITbIHAAT A LLOC AL, EPTEXEWL XX¥NAbI3OAP

AHHOTauMA. FapbllWTbIK rpaBUTaUMAIbIK-TONKbIHABIK MHTepdepoMeTpsiep TEMEHN XULIKTep aimarbiHAarbl
XXyMbIC 0Teing” On, xxocnap 60lbIHLIA, FPaBUTaUMANbIK CayeneHyALlW, MOHUTOPUHIH XYPri3eTiH 6onagbl. Byn kKoc
aK eprexeninwepaly, 6ipiryiH sepTTeyre, X3He 6ipiry kesiHie (pusnKasbiK yaeptoTep Typasbl 6i3aw, TYCiHIirimisgi
XakcapTyra MYMKIHAIK 6epefn ManakTuKaibIK agponaparb! Xorapbl Xyn4bl3fbl ThIrbI3gbIKTap OHAArbl KOC LiarbIiH
06bEKTINEPAIL, KanbINTacyblHa XX3He onappbll 6ipiry KapkblHbIH yAratobiHa 3kenyi MYMKIH. Byn XXymbicTa Koc ak
eprexeiini xynapi3fapablil, ranakTvka opTaiblKTapbliHAa Tapanybl, AMHAMUKAbIK KacueTTepi XaHe rpaBuTauusnbiK
TONKbIH TapaTyra KocaTblH YnecTepi kapacTbipbiiraH. Kyc >Kofbl ranakTvKacbiHbIL OpTanbirbl XXYA4bl3gapabil,
ThbIrbI3 LUOTbIPbIMEH KOPLUA/raH, OpTasiblK aca MaccuBn Kapa KypabIMHaH Typagbl [1]. XKyngbisgbl Teirbi3gblKTapablLl
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YNkeH M3HAepPi >KyngpisfapAbll, e3apa >KakblHAACYbIHbIL, >XWi naiga 60nyblHa bIKNa1 €TLW, LWarbiH KOC
06beKTiNepAil, KanbinTacyblHa anbIn Keayi MyMKil. Erep 6acTankbiga Thirbi3 6aiifaHbICKaH KOC XyNnabisabl xYVe
KaurbI3 Xynabl3gapMeH 6ipHelle 'COKTbIrbICTap' apKbiibl eTeTw 60/Ca, OHAA 3HEPrUs asiMacy HaTuXecLufe,
onapfbil, e3apa KalbIKTbIrbl aliTap/biKTali asailybl MYMKIH (Mbicanibl [2], [3] Kapaibik). >Korapblga cunattaaraH
YfepicTep KOC >Xynfbi3fapAbll, KOCbINy bIKTUMaNAbIIbITEI MEH CaHbIH apTTbipybl MYMKiH. OcCbl XyMbICTa 6i3 aK
eprexeiinepre Ken Hasap ayfapambi3, ce6ebi onap TbIlbI3 XaKblHAacy KesiHAe rpaBUTauMANbIK CayfeneHy Kesi
6onbin Tabblnagbl. XKaHe onapfbily XWWKNK cunattamanapbl LISA (6) xaHe TianQin (7) cuvaKTbl rapbiWThIK
[eTeKTopnapaply, cesiMTanfblK aiMarbiHia >kaTafbl. paBUTauMANbIK C3y/lefieHy 3CeplleH KOC aK eprexeinwep
3HepruscbiH "KoranTa'™ 6acTaifbl, HITVKeCiHAe Kocblly Yaepici opbiHAanagbl. Kocbinygbil Kangpirbl petwge la
TUNTEC aca >Kaua >Xynabi3jap HemMece maccacbl Xorapbl aK eprexeisilep naiiga 6onybl MYMKiH [8][9]. 3epTTey
XYprisy YuwiH, 6i3 aca Maccasibl Kapa KypAbIMHaH 10 napcek paguycTarbl ranakTuKaHblil OpTasbIK aliMarbiH Taugan
anambi3. XK3He ranakTUKaHblL, OPTa/bIK XYAAbI3Abl WOrbIP Ka/biNTacyblHa AeiiiH 5 MUAAnaps Xbla yakbIT Ke3iHHeH
bacTan npoueccTepdi Tangaimbls. byn 3epTTeygi icke acbipy YwiH Kyc >Xonbl [anakTukacbl OpTasbirbiHbIL
MWIVOH-AeHe-CUMYIALUMACBIHBIL, LWbITbIC M3IMETTEPiHE Tangay >kacasbiHAbl. BapfbiK KOC akeprexeiiwepa,
~7% rpaBuTaUMAIbIK TONKbIH TapaTta 6ipiryi MYMKIH, X3He 6ipiry KapkbiHbl LaMameH XbliblHa ~ 10_760naTbIHbI
6aranaHgbl. Ocbinaiiwa, 6i3 [ManakTMka opTacblHfa KOC aK eprexeininepgiy 6ipiry KapKblHbl 0fapAbil
ra/lakTKasbIK epicTeri Kocblly KapKbIHbIHAH acbin TypraHbiH KepceTTiK. ANbIHraH HaTuXenep 6onallakTa Koc ak
eprexeiininepgiy, 6ipiryiH >kxaHe onappbly, Xannbl rpaBATaUMsIbIK TOMKbIH TapaTyra KocaTblH Y7eciH ogaH 3pi
3epTTeyre apHaaraH XXymbicTapia KongaHblnybl MYMKIH.
TYWiH cesgep. ManakTuka opTanbIrbl, KOC aK eprexeiinii Xypi3aap, rpaButaumsnbIK ToAKbIHAAP.
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OBOWVHBLIE BENIbIE KAPJIMKW B LLEHTPE FANTAKTUKMN

AHHOTaUMA. 3annaHMpoBaHHble KOCMUYECKME FPaBUTaLMOHHO-BO/THOBbIE UHTeP(ePOMeTPbI 6yAyT NPOBOANTL
MOHUTOPUHI TPaBUTAUMOHHOIO W3/Ty4eHUS Ha HM3KUX [ManasoHax 4acToT. OTO MNO03BOAUT usydaTb CAWUSHWE
[BOMHbIX 6eNblX Kap/MKOB W yNy4lUUTb Halle MOHMMaHve NPoTeKalwWwMX Mpu CAUAHUA (PU3NYECKUX MPOLLECCOB.
BbicOoKMe 3Be3fHble MIOTHOCTU B raslakKTUYECKUX A4pax MOryT NMPUBECTU K YBEIMUYEHHOMY 4yuciy GopmMupoBaHus
[BOMHbIX KOMMaKTHbIX 06BeKTOB 1 UX CAINSHUIA N0 CPaBHEHMIO C FalaKTUYECKUM MoJIeM.

LleHTp ranakTvku - MneyHbli MyTb - COCTOUT U3 LeHTPasIbHOM CBEPXMACCUBHOW YepHOI Ablpbl, OKPYXeHHOW
NAOTHbIM cKonneHvem 3Be3d [1]. Bonbline 3HayYeHMsA 3Be3AHbIX MNOTHOCTElM CMOCOGCTBYIOT 6osiee vacTomy
BO3HWKHOBEHWIO TECHbIX COAMKEHWI 3Be3f, KOTOpble, B KOHEYHOM CYeTe, MOryT MPMBECTM K (POPMUPOBaHMIO
KOMMNaKTHbIX ABOMHbIX 06BeKTOB. ECnn Xe n3HavasibHO TECHO CBA3aHHas ABOlHAas 3Be3AHas cucTeMa npongeT yepes
PS4 «CTOIKHOBEHWIA» C OLMHOYHbLIMUW 3BE3JaMKn, TO B pe3y/ibTaTe 3HepreTUYecKoro o6mMeHa, B3avIMHOe pPacCTOsiHUE
[BOMHOWA MOXeT 3HAauYUTeNbHO YMeHbLMTbCA (cM. Hanpumep [2], [3]). OnucaHHble Bblle MNPOLECCbI MOTYT
YBEIMUNTb YMCNO CANSAHUIA BbIPOXAEHHbIX ABOMHbIX 3Be34. B HacTosiwe paboTe Mbl POKyCMPyeM CBOE BHMMaHUe
Ha [BOMHbIX 6OeNblX Kapaunkax, KOTOpble, MPW TECHOM COMVDKEHWW, ABNSAKTCA WCTOYHWUKOM FpaBUTaLMOHHOI0O
M3y4eHNs,, YacTOTHble XapaKTepUCTUKU KOTOPOro nonajalwT B AuanasoH YyBCTBMTE/IbHOCTU 3ar/aHMpOBaHHbIX
KOCMWUYECKNX JeTEKTOPOB, Takux Kak LISA [6] n TianQin [7]. B pesynbTarte «noTepu» 3Heprumn 4BONHbIMK GenbiMun
KapnkKammn 4yepe3 rpaBuMTaUMOHHOIO W3Ny4YeHWe, NMPOUCXOAUT C/UAHUE, KOHEYHbIM MPOLYKTOM KOTOPOro MOXeT
cTaTb cBepxHoBasi Tun la unn 6onee MaccuBHbIN 6enblin kapamk [8][9].

[na npoBefeHna uccnefoBaHns, Mbl aHaIM3NPYEM LeHTPanbHY0 061acTb ranakTuKK, 3aKI0YEHHYI0 B pagnyce
10 mapcek OT CBEPXMAcCMBHOI YepHOl Ablpbl B MOMEHT BpPeMeHW 5 MunavappoB feT 0T Hadana hopMUpoBaHUS
LeHTPasbHOro 3Be34HOM0 CKOM/EHUSA FaNakTvKn. B HacToswel paboTe Mbl UCMO/b3yeM faHHblE MOLEMPOBaHNS
LeHTpa ranaktuky MneuHblidi MyTb, KOTOpoe 6bl10 NPOBEAEHO MeTOAOM MPSAMOr0 MHTErpUpPOBaHWS C UCMO/b30-
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BaHVEM OHOT0 MWJ/IIMOHA YacTuL, YTOGbI UCCMeA0BaTb CBOMCTBA MOMYNSALMM ABOMHBLIX GefbIX Kap/IMKOB U OLEHUTb
UX BK/af B rpaBUTaLMOHHOE U3/lydeHUe. Pe3ynbTaTbl Nokasanu, 4To Ans ~7% Bcex nap 6enblii Kapiuk - 6enblia
Kap/vK WU3/ly4yeHne rpaBUTALMOHHBIX BOJIH MOXET MPUBECTM K C/IMSIHUIO CO CKOPOCTbi0 ~ 10_7 coGbITWIA B rof.
Takum 06pasom, CKOpPOCTb C/USIHWSL ABOMHbIX 6GeNblX Kap/JUKOB B LeHTpe anakTVKy MpeBbIIaeT MX CKOPOCTb
cnusHua B ManakTuyeckoM nosie. Hawwy pesy/nibTaTbl MOTYT GbiTh WMCMO/Mb30BaHbl B fa/ibHEMLLMX MCCNefoBaHUSX
NPOAYKTOB CMSIHWS GefibIX Kap/IMKOB U UX BK/Afa B rpaBUTALMOHHOE U3MTyUeHNe.

KntoueBble cnoBa: LUeHTp ManakTvku, ABOVHbIE Genble Kap/vKu, FpaBUTalyoOHHbIE BOJTHbI.
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