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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 ~ 1077yr~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.
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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 dwarf binaries may be detected by future space-borne
interferometers such as LISA [6] and TianQin [7]. The merger may result in a Supernova type Ia
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 of the 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 10° cm
(i.e ~6.7 X 107*AU) is about 3 X 10~* 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.
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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
WDs 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 of their 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:
5 a*cs
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where a is the semi-major axis, ¢ is the speed of light, G is the gravitational constant, m; and m, 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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Npnerge = 0.24N,4(e = 0) = 0.24 X 0.28N,,q(all) = 0.067N,,4(all), )

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:
Nmerge -7 -1
= — =1.0X
tn—to) 1.5x 107 "yr=, 3)
where ty is the Hubble time and t, = 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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TAJTAKTHUKA OPTAJIBIFBIHJIAFA KOC AK EPTEXEWJII XKYJIBI3JIAP

AHHOTanusi. FapbliThIK rpaBUTALMSIIBIK-TOIKBIHIBIK HHTEPHEPOMETPIIEp TOMEHTI KHUIIKTEp aiiMarbIHIarbl
xyMbIc icreiai. Omn, sxocrap OObIHIIA, TPABUTALUSIIBIK CIYJIeTICHYIIH MOHUTOPUHTIH JKYpri3eTin 6oiansl. by koc
aK eprexeiiiepain Oipiryin 3eprreyre, jxoHe Oipiry kesinae (U3MKaJbIK yIepicTep Typaiibl 0i3/1iH TYCIHIrIMIi3Ii
KakcapTyra MYMKiHAIK Oepei. ["anakTHKaibIK sSApONIapaaFsl )KOFaphl XKYJIbI3AbI THIFBI3BIKTAP OHAAFbI KOC IAFbIH
00BEKTUIEP/IiH KaJbITaCyblHA YKOHE ONap.IblH Oipiry KapKbIHBIH YJIFAlObIHA Kyl MYMKiH. By xymbicTa Koc ak
epresKeiini KYJIIBI3Ap/IbIH FATAKTHKA OPTAIBIKTAPBIHAA Tapaybl, JMHAMHKAIBIK KACUETTEP] HKOHE TPaBUTAIMSIIBIK
TOJIKBIH TapaTyFa KOCAThIH yliectepi KapacTeipbuirad. Kyc JKoibl ralakTHKACBIHBIH OPTANBIFBI KYJIIBI3IapIbIH
TBIFBI3 IIOFBIPBIMEH KOPILAJIFaH, OPTAJIBIK aca MACCUBTI Kapa KypAbIMHaH Typajbl [1]. JKYIABI3/1bI THIFBI3BIKTAPIBIH
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YIKeH MOHIEpl S>KYIObI3ZApABIH ©3apa JKAKbIHAACYBIHBIH KMi Iaiaga OoiyblHa BIKHOAd eTil, IIarblH KOC
OOBEKTIIepIH KaJIBIITAaCyblHA aJbIll Kelyi MyMKiH. Erep OacTankpiia THIFBI3 OailaHBICKAH KOC JKYJIABI3IBI JKYie
KAJIFBI3 KYIIbI3apMeH OipHeme "COKTHIFBICTAp" apKbLIbl ©TETiH 0osica, OHJA SHEPrusl ajaMacy HOTHXKECIHZE,
OJIap/bIH 63apa KALIBIKTHIFBl aWTapibIKTai a3ailybl MyMKiH (Mbicansl [2], [3] kapaiibik). JKorapelga cunarrairad
yIepictep KOC KYJIIbI3AapblH KOCbUTy BIKTUMAJJIBUIBIFBI MEH CaHbIH apTThIpybl MyMKiH. Ochbl xyMbIcTa 0i3 aK
eprexeiisiepre Kem Hazap ayaapambl3, ce0eOi oyap THIFBI3 JKaKbIHIAcy Ke3iH/e I'PaBHTAlMSUIBIK COyJICJICHY Ke3i
Ooubin Tabbansl. JKoHe onapablH KMUTIKTIK cunarramaiapsl LISA (6) sxoHe TianQin (7) CHSKTBI FapbILITHIK
JIETEKTOPJIap/AblH Ce3IMTAABIK aliMarblHAa JKaTalbl. | paBUTALMSJIBIK COYJICJIEHY OCEpiHEH KOC aK eprexeiiiep
SHEPrUsACHH "KoFanTa" OacTaiiibl, HOTWKECIHAEC KOCBUTYy yIepici opeiHmamansl. KocsuryablH Kaineirsl peTiame la
TUTOITEC aca XKaHa KYIAb3IAp HEMece Maccachl JKOFaphl aK eprexeiriep maima Oomysl mymKkiH [8][9]. 3eprrey
KYPrisy yimiH, 0i3 aca Maccaibl Kapa KypAbIMHaH 10 mapcek pajuycCTarbl TalaKTHKAHBIH OPTabIK allMarblH TaHAAIl
anaMbi3. JKoHe ralmakTHKaHbIH OPTaJIbIK JKYJIIBI3ABI LIOFBIP KAJIBIITACYBIHA ASHIH 5 MUJUIMApPA JKbUI YaKbIT Ke3iHHEH
Oacran mporeccrepai TanpaiiMbeiz. By 3eprreyni icke aceipy yuriH Kyc Xospl [anakThkacel OpTabIFbIHBIH
MUJUTHOH-JIeHe-CUMYJIILUACHIHBIH IIBIFBIC MONIMETTEepiHe Tajjay »KacalblHABL bBapiblk Koc akeprexeiinepnin
~7% TpaBUTALMSUIBIK TOJNKBIH TapaTa Gipiryi MyMKiH, 5koHe Oipiry KapKbIHbI IIAMaMeH KbUIbiHA ~ 1077 601aThIHbI
Oaranmanapl. Ocbutaiima, 0i3 [amakThka oOpTacklHAa KOC aK epreeisiiepaiH Oipiry KapKbIHBI OJapblH
raJlaKTUKAJIBIK ©pICTeri KOChUTYy KapKbIHBIHAH aChIIl TYPFaHBIH KOPCETTIK. AJIBIHFAH HOTWXKeNep Ooamakra Koc ak
eprexeininepaiy OipiryiH >KoHE ONlapAbIH JKallbl I'PaBUTAlMSUIBIK TOJIKBIH TapaTyFa KOCAaThIH YJIECIH OlaH opi
3epTTeyre apHaJFaH )KYMBICTap/ia KOJIaHbLTYbl MYMKIH.
Tyiiin ce3aep. ['amakTiKa OpTaNBIFEL, KOC aK €preKeiili >KYJIIbpI3aap, TPaBUTAIHSIIBIK TOJTKBIHIAP.
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JIBOMHBIE BEJBIE KAPJIUKHU B HEHTPE FTAJIAKTUKH

AHHOTanus. 3alUlaHUPOBaHHBIE KOCMUUECKHE I'PaBUTAIIMOHHO-BOIIHOBBIE HHTEP(EpOMeTphl OYyT NPOBOIUTH
MOHHUTOPUHI' TI'PABUTALIMOHHOTI'O M3JIYUYCHHS Ha HHU3KHUX Juamna3oHax 4YacToT. DTO MO3BOJUT n3y4yaTtb CJIHAHUEC
JIBOMHBIX OCNBIX KApJIMKOB M YIYYIIUTH HAIle MOHWMAaHHE MPOTEKAIONIMX MPH CIUSHUHA (PU3UICCKUX MPOIECCOB.
Bricokue 3Be3HBIC IDIOTHOCTH B TAJAKTHYECKUX SIPaX MOTYT IMPUBECTH K YBEIUYCHHOMY YHUCITYy (POPMHPOBAHUS
JIBOMHBIX KOMITAKTHBIX OOBEKTOB U UX CIHSIHUH 110 CPABHCHUIO C TAIAKTUICCKUM ITOJIEM.

Lentp ranaktuku — Miteunsiii [1yTh — COCTOUT U3 LIEHTPAJIILHON CBEPXMACCUBHOM YEPHOU ABIPBI, OKPYKEHHOM
IUIOTHBIM CKoruteHHeM 3Be3x [1]. Bonpmmme 3HaYeHHWs 3BE3NHBIX IUIOTHOCTEH CIOCOOCTBYIOT 0Ooiee dacToMy
BO3HMKHOBEHHIO TECHBIX COJNMKEHHH 3BE3/, KOTOpbIe, B KOHEYHOM CUETe, MOTYT IPUBECTH K (DOPMHUPOBAHHUIO
KOMITaKTHBIX TBOMHBIX 00BbEKTOB. ECiH ke n3Ha4abHO TECHO CBSI3aHHAS JBOMHAS 3BE3/IHAS CUCTEMA MPOUIET Yepes
PSLI «CTOJIKHOBEHHI» C OJMHOYHBIMH 3BE3/1aMH, TO B Pe3yJIbTaTe SHEPreTHYECKOro oOMeHa, B3aUMHOE PacCTOsSHHE
JIBOMHOM MOXXET 3HAUMUTENBHO yMEHbIIMTHCS (cM. Hampumep [2], [3]). OmnmcaHHBIE BBIIIE MPOLECCHl MOTYT
YBEJIMYMTh YUCIIO CIIUSHUI BBIPOXKIACHHBIX IBOWHBIX 3Be3l. B HacTosiieii padotre Mbl (POKyCHpyeM CBOC BHUMAaHUE
Ha IlBOf/iH])lX 6eHbIX KapJinkax, KOTOpbIC, IPpU TECHOM C6J'II/I)KGHI/II/I, ABJIAKOTCA HMCTOYHUKOM TI'PABUTALIMOHHOTO
W3IYYCHUS, YaCTOTHBIC XapaKTEPUCTUKHA KOTOPOTO TOMANAIOT B JHMANA30H YYBCTBUTEIHLHOCTH 3aIUIAHHPOBAHHBIX
KOCMHYECKHUX JAETEKTOPOB, TakuX Kak LISA [6] u TianQin [7]. B pe3ynbraTe «I0TEpH» SHEPTHHA JTBOWHBIMHU OCIBIMHU
KapJMKaMy 4Yepe3 TPaBUTALMOHHOTO H3JIyY€HHE, NPOUCXOANT CIHMSHUE, KOHEYHBIM IPOAYKTOM KOTOPOTO MOXET
CTaTh CBEpXHOBAs THII la mim Oonee MacCHBHBIHN Oeibrii kKapimuk [8][9].

Jis ipoBeIeHNsI HCCIIENOBAHISI, MBI aHATTU3UPYEM [IEHTPATBHYIO 001aCTh TAIAKTHKH, 3aKIIOUCHHYIO B painyce
10 mapcek OT cBEpXMACCHBHOI YepHOH IBIPEI B MOMEHT BPEMEHH 5 MIUUIAAPIOB JIET OT Hadana (OpPMHUPOBAHUSI
HEHTPAIIFHOTO 3BE3JHOTO CKOIUICHHS TajaKTHKH. B HacTosmied paboTe MBI HCIIONB3yeM JAaHHBIE MOJCIHPOBAHUS
LeHTpa rajakTUKd Mueunsiii [IyTh, KoTOpoe OBIJIO IPOBENEHO METOAOM IPSIMOTO MHTETPHPOBAHUS C HCIOJIB30-
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BaHHEM OJHOTO MHJUIMOHA YaCTHII, YTOOBI HCCIIEI0OBATH CBOCTBA MOMYJISILIMY IBOWHBIX OEJIbIX KapjHKOB M OLICHUTh
MX BKJIQJl B IPaBUTAllMOHHOE M3JyueHHe. Pe3ynbTarhl 1mokaszaiu, 4to [uisi ~7% Bcex map Oesblil kapyiuk — Oelblid
KAPJIUK U3JIy4YeHHe IPABUTALMOHHBIX BOJIH MOMKET HPUBECTH K CIMSHHIO CO CKOPOCThIO ~ 1077 cobbITuii B rog.
TakuM 00pazoM, CKOPOCTh CIHMSIHHSI JBOMHBIX O€JIbIX KapjMKOB B IEHTpe ['allakTHKM MPEBBINIAET MX CKOPOCTh
ciusaus B [NanakTraeckoM mose. Hamm pesynbraThl MOTYT OBITH HMCHOJB30BaHBI B JAIBHEHIINX HCCICIOBAHUIX
MPOAYKTOB CIIHSHUS OEBIX KapJIUKOB U MX BKJIaJa B TPaBUTAIIMOHHOE U3ITyUCHUE.

KuroueBsie ciioBa: ieHTp ["anakTuky, JBOWHBIC O€bIe KAPJIUKU, TPABUTAIIIOHHBIC BOJTHEIL.
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