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PacnpeneneHMQ NO MeTanJiIMYHOCTU
cTapbIxX 06bekToB "anakTuku
AeMOHCTpUPYHOT B OKpecTHocTu [Fe/H] # -1.0 :

nposan U3NIom
LWapOBbIE CKOMJIeHUs AUPUABT NONS

16 — a)
<> =.].57+0.02 S

14 < 01 5-=038-00 ]

N=271 /TN

/T - /1IN
10 4 il \~ 7

] / \| 20 - <>« -0.58 = 0.05
8 / o \‘\ = 7 ] | o =0.36=0.04

4 ,' Vs d N-46

J \l

6 - A'l "_.- 1] Z x

-4 - '/ ‘ . ]

M/ ® 104 S

4 A \,Q
24 ]

| [ [] \E\\ ' N~
0 0 TR P G TR SRy PEEL S - 0 + T N - - - - L'\.

-2.8 -2.4 =20 -1.6 -1,2 0.8 04 0.0 04 [Fe ,“] -3,0 2.5 -2,0 -1.5 -1.0 05 0.0
[Fe/’H]

MM@HHO MO MeTaNJIMYHOCTU 3TU OO BEeKTbI OObIMHO pas.qensu-oT Ha
TONCTBIA AUCK " rano



lLlaposbie ckonneHus:
CBS3b METANIMYHOCTU C yAANeHUeM OT ranakTUYecKoU NNOoCKOCTU

0.0 1

-2.5

: | : |
-30 -20 -10



BepoaTHOCTHbLIV meToA BbIAeieHUs 3BE3A, Pa3HbIX
noacuctem Nanaktukum

T. Bensbhy, S. Feldzing, I. Lungstrem,
Astron. and Astrophvs. 410. 527 (2003)
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$OpMysbI BbIUUCIIEHUS BEPOSTHOCTU NPUHAASIEXHOCTU 3Be3AbI NoNS

TOﬂCTOMy .D.VICKY OTHOCUTEeJ1IbHO TOHKOIro AMCka U rano.
TD/D = Iﬁ . ﬁ_:'" TD/H = @ Jm
.-'TS.D __ﬁ_‘j *I-.'-I': ﬁ

" Oy | Ov | Ow Vasvm
Tonkmii quck (D) 0,94 35120 | 16 -lé
Toacrorit muck(TD) | 0,06 67 [ 38 | 35 -46
I'ago(H) 0,0015 | 160 | 90 | 90 | -220




Llenb paboTbr:

CpaBHeHue XUMUYECKOro cocTaea
BbIAENeHHbIX no KUHEMATUYECKOMY
KpUTEepUro B NOACUCTEMY TOJICTOFO AUCKA
Wwaposbl X 3Be3AHbIX CKOMJMEHUA U [BYX
TUNOB 3Be3A nong - 6nmskux F-G-kapnukos
U FTUraHTOoB, U 38e34 muna RR Lyrae.



McxoaHbIe aaHHbIe
LLlaposble 3Be3aHbIEe CKONNeHUs

TTpocTpaHcTBeHHbIe nonoxeHus ana 157 WC w3 Harris (2010);
KOMNOHeHTbI NpOCTPAHCTBEHHBIX CKOpOCTeW U 3nemeHTs opbuTt 115 LLIC us (Chemel
et al., 2018) NnoNy4YeHbI Ha OCHOBe AAHHBLIX COBpeMeHHbIX rnybokmx 0630pos.

CneKkTpocKonu4yeckme onpeaeneHns OTHOCUTENbHBIX COAepXaHUM

Mg, Si, Ca u Ti B 38e3pax 69 WUC, (Mapcakos u ap., 2019)

B3aTbI U3 101 cTatbu, onybnukosaHHou ¢ 1986 no 2018 roabr.
BHewHaa cxoaumocTs - <aglel/Fe]> < 0.10 + 0.06

TTepemeHHbIe 38e3abI TUNA RR Lyrae

TTpocTpaHcTBEHHbIE NOMoXeHUs, CO6CTBeHHbIe ABUXEHUS U NyYeBbIe CKOPOCTU
ana 392 nupua u3 katanora faméuca u ap. (2013),

CneKkTpockonuyeckue onpeaeneHns OTHOCUTESNbHBIX COAEPXAHUU
Mg, Si, Ca, Ti 8 100 nupuaax B3aTteI U3 22 ctaten, onybnukoBaHHbIX ¢ 1995 no
2016 roapr. (Mapcakos v ap., 2018) BHelwHaa cxoamumocTb - <afa/Fe]> = 0.10
Ana cpasHeHwWs 38€3AbI NOSA U3 KATASIOrOB:
Venn et al. (2004), 785 3se3n nona
BO BCeEM UHTepeCcyrOWUM HaC AManasoHe MeTariyiIM4yHOCTHU,

Bensby et al. (2014), 714 F-G-kapnukoB nons TOHKOroO AUCKA
copepxaHus Fe, Mg, Si, Ca, Ti U KOMNOHEHTLL CKOPOCTEM.



UJGPOBbIZ CKOMMeHUa U 38e34bI NONSA C KUHEMATUKOW TOSICTOro AUCKA
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PacnpeaeneHusa no yaaneHuro OT ranakTUYeckon NNOCKOCTU CKOMeHUN,
ApUHAANEXAWUX NO KUHEeMATUKe pasHbIM NoacucTemam anaxkTukm
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3aBUCUMOCTb OTHOCUTENbHBIX COLI.@p)KClHMIZ d-3J1eMeHTOoB OT
METANNJTUYHOCTU AN4d 3Be34 NoJia U WapoOBbIX CKonJieHU
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Auarpamma "metannuuHocTb - BO3pact” AN BCeX WAPOBLIX CKOMNMEHUM

BepTukanbHas WTpuxosas MUHUS NpUMEpPHO
COOTBETCTBYET NMpoBasy Ha PYHKLUU
MEeTAsNTMYHOCTU, G FOPU3OHTASbHAS - 3HAYEHUIO
Bo3pacta 11.5 mnpa. net
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[Ca,Ti/Fe]

3aBUCUMOCTb OTHOCUTENbHBIX COLI.@p)KClHMIZ d-3J1eMeHTOoB OT
METANNJTUYHOCTU AN4d 3Be34 NoJia U WapoOBbIX CKonJieHU
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3aBUCUMOCTb OTHOCUTENbHBLIX CO.D.ep)KClHMl;i d-31eMeHTOoB OT MeTaNnJnMYHOCTU an4

[Ca,Ti/Fe]
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OTHOCUTenNbHbIE COACPKAHUS d-3JIeMEeHTOB U CKOPOCTEM Y HECKOSTbKUX AeCATKOB ThICAY 3Be3f,
B npeaenax 15 knk ot ConHua B BbI6OpKe, COCTABMIEHHOW NyTem KpOoCC-UAeHTUPUKaLUU
mexay katanoramm SDSS-APOGEE DR14 v Gaia DR2
CAeaH BLIBOA O 3aXBaTe Ha paHHUX 3Tanax 3BOSFOUUMU Hawel anaKkTUKoOM MacCUBHOM

(~10° M) ranakTUKM-cNyTHUKA
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Mackereth, et al., MNRAS (2018)

Figure 1. The [Mg/Fe]-|Fe/H] plane in APOGEE DR14, coloured by orbital eccentricity e, as estimated using the method of Mackereth & Bovy (2018).
The points are plotted with the highest e stars overlaying the points at lower e, such that the highest e populations stand out. Plotted also are the mean error
bars within [Fe/H] bins of width 0.5 dex between -2.5 and -0.5 dex. It is clear that a population extends from ([Fe/H],[Mg/Fe]) ~ (-2.0, 0.3) to ~ (-1.0, 0.1)
that appears to consist mainly of stars on highly eccentric orbits, with a distinct element abundance pattern to that of the Galactic disc (at [Fe/H]> —0.7). The
dotted gray line reflects the cut in [Fe/H] which is imposed to perform the k-means analysis.



The merger that led to the formation of the Milky Way's inner
stellar halo and thick disk (Helmi et al. 2018 Natur. 563.85)

«Cpeou uccnedo8aHHbIX 36e30HbIX 00BLEKNO8 COMHU AUPUO U OOJlee OI0NHCUHBL ULAPOBBIX CKONTEeHU
obpaszosanucs 6 eanakmuxe I'ea-Onyenao. Ilpuuem causnue npueeno k ounamudeckomy "pazoepegy”
npeodutecmeeHHuKa moacmozo oucka I anaxmuxu npumepro 10 mapo. nem Hazao.»
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Fig. 2. Astrophysical properties of stars in Gaia-Enceladus. Panel a) shows the chemical
abundances for a sample of stars located within 5 kpe from the Sun resulting from the cross-match
between Gaia and APOGEE. The blue circles correspond to 590 stars that have —1500 < L.
150 kim/s kpe and E > —1.8 x 10° kin?/s? (as in Fig. 1n. but now for a larger volume to increase
the sample size. see Methods). Note the clear separation between the thick disk and the sequence
defined by the majority of the stars in the retrograde structure, except for a small amount of

contamination (17%) by thick disk stars (i.e. on the a-rich sequence) that share a similar phase-



Myeong et al. 2019 MNRAS
Evidence for Two Early Accretion Events That Built the Milky
Way Stellar Halo

We cross-match the positions of stars between Gaia DR2 and DECaPS.

The Gaia Sausage is the major accretion event that built the stellar halo
of the Milky Way galaxy (5x101°0 M,).

We provide dynamical and chemical evidence for a second
substantial accretion episode, distinct from the Gaia Sausage.

The Sequoia Event provided the bulk of the high energy retrograde stars
in the stellar halo. The total mass the Sequoia galaxy is ~ 101° M,

Possible infall times between 9 and 11 Gyr.

There is a possibility that the Sausage and the Sequoia galaxies were
accreted at a comparable epoch.



3aBUCUMOCTU OTHOCUTESBHBLIX COAEPKAHUU d-351eMeHTOB OT MeTaINTMYHOCTU AN
38e3A nonsa u 3se3q tuna RR Lyrae nong
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HeobbIYHOCTb XUMUYECKOro cocTaea 6oraTbIX MeTanamm nupua nons;
QHOMAJTbHO HU3KME OTOCUTeSbHbIEe COAepXaHUS HEKOTOPLIX
XUMUYECKUX NTIeMeHTOB

[Ti/Fe]
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Brisoabr:

TToacuctema ToncToro aucka B Nanaktmuke okasbieaeTcs
COCTABHOW U BHYTPU ee CyLeCTBYHOT He3aBUCUMO NO
KpanHen mepe Tpu cocTasnarolme:

=Camaa cTapas - 3TO MeTansIMYHbIe LWapoBbIe
CKOMsieHusa, KoTopble 0bpa3oBanuUCb U3 eauHoro
npoToranaktuyeckoro obnaka BCKope nocne
Ha4ana BChbIWeK B Hem CBepxXHOBLIX Tuna Ia.
=3aTtem obpa3osanacb NOACUCTEMA 3Be3A MNOoSA TONCTOro
AUCKG B  pe3ynbTaTe  'pasorpeea’  3Be3d  yxe
obpa3oeaswerocs B ["anaxkTuke TOHKOro AUCKA ynaslueu
Ha Hee AOBOJSIbHO MACCUBHOW KAPSIMKOBOW FANAKTUKMU-
CNyTHUKQ.
"M, HaKkoHel, noacucTema 3Be3f NoNS C KUHEeMATUKOU He
TOJIbKO TONICTOrO, HO AdXe U TOHKOro AUCKA, BLINABLUMX HA
"anaKTUKy U3 3TOU 3aXBAYEHHOU ranNaKTUKU-CMYTHUKA.



C yAOBONbCTBUEM
OoTBeuvy
Ha BCe BaAWWU
BOMNpOCHI!



