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FEBCFHIE 0. B 5 Martinez-Valpuesta fl Gerhard' i H, % 52 BLAFA X0 o () 4R 22
1) 4 B - FERE BRI 40 A5, W06 R R AT W K B /A RV B3 Y (B0 S b A A
I, %9 4.5 kpe) #EBEAELE—E 04 B ERERRE. SBRXAE, AATIOBE B Th it B T 4R
i B PO BRI TR ) R B RREE . XL, ABAIRARRER, TR 2Rl g S A e 5
lEE R (E) = E — 0,L.) IERSHE, REFEBIINE )RR, HiXe R ke
FER 2 A 7 4 R ELE TR AR T L R e (AR A0 A X 4 S B EA A T4 B 1 7T 4 R e R
TETR A I AR S ARG S ok M A R S B A X3, T 0 30T 58 TR 038 43 70 98 R W B o T o e 5 4
JERAEE 15, MIZE LI b 85 T 1 R T BB . X AR R R IZ A,
HP AR R — 2, TEHR RAERR RS R, BRI RS 5] 11353 (9,) TEEfREE
B IRAS, B T LA B R S I 4 ke BRI, AT R A JE LA
TR AR A% IR 1] 48 = A FEE T 1 B AR AR I L

SPARIA ZRAZ Rk b3 0 428 B TG B ) — R RE . H Bekki Al Tsujimoto' 4G4
He, BUER A BRI AR BN BTG AR, T2 (AN B AN R 48 = B 4 A 1 2 2Rk (v
B B4 SN KBRS IR, BT AL R ARG AR, R e
BT 4 R R BN, TR REE K, 0 R AR A T R T R
B, TR R UREEE N, 7 R T B R Bk 4 e v A A L A R Ak
$o 5K TR B R, T AR I [ 4B BB RS, Fragkoudi 22 A" % Di Matteo %5



33 HUfh, S BRI RALER 2 R R R BR L A — T BE R B ) 2 PR AL 379

Nt 1 P AL %) LA 22 280 465 W ) 22 A DR TR SR AR R 1) T 10 8 = P BB (O TR PR 3
Tt AL AR B A — AN UL DR 2 AR R AL ER Y R A B A BT RE T R XA 2
AR, IXEWRE IR REAAAE 2 EIRAOILFEEL, TR L2 R A W RESk B 7
HANE B

Debattista 45 N S8 T —F0AS [ 10 22 40 BERL, A ATIA I HIT 46 0 42 5o 3 K B A A 7
PEANE B AN F R R E I EZR R, IR R R IR A6 T AR IR R A R . 7E
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20 46 J8 = FEE 5 FEE 0 A BO0T bE A I 7 HA ARS8 B 7 A B ERRT A% BR R ) < J8 T B B R AR E
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DR BERRIE, AT 2 AT . TSR 4 oA B B 45 R
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WO TR B A RUEE B (IR, AT Ness 25 N Rl R C J& T /5 8k
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4.1 #EkEEGREFEB B RIS

AR 2 BT3RS 18, FRATT N8 4RIT SR AZBR 1K 2723 ) 2 A2 (1 2 1) 4 =F B
JE T B2 VT A% 3K TR B0 A P B PR AN RS e 1k, LA 1) A0 [ (1 38 B2 DR ACZE X A o A
AR E AT E AR . FRATT 3 B A 5] <5 s A 0 B2 R A AR R AN [ 358 A IS 221 ) 422 1) R T [ 5
FETRB AT, A5 RWE 4 FioR. B ARAIIIRES T = 0 &, 2 RESIEHE R
THUR JE AR E BALH) T = 0.6 Ga W%, JERUZIRIC JE # AR E A A2 (T = 1.8
Ga I Z, HEHEATER), BIRGHWELTEROFERRER (T = 4.8 Ga %), AFTE
B, ATRAKH T EMMBERS ), RAEEGEF R RS 508 e 2 5 N
0.3 ~ 0.6 dex (W14 ¥-1%: 0~ 1kpe), 0~ 0.3 dex (BIh¥12: 1~ 2kpe), —0.3 ~ 0 dex (¥
AL 2 ~ 3 kpe), —0.6 ~ —0.3 dex (WIEhF4E: 3 ~ 4 kpe) M1 —0.9 ~ —0.6 dex (¥I4h
At 4~ 5 kpe) TANESY,  FFE ) AR ) 02 )k SR BRI AL

Kl @ a) SR 7 BRRFERIARIRES B A A R R AR 9] ST SR L o FHEE R EETREL 02 7E R
=5 kpe WA, 435 FIAS TR (1 SE R BOR R 2R B R aR.  v] LLIE I 24N [R] 42 40 1)
< R 7 FE R N (¥~ 250 FE R, Bl A A G N i B A1 X SR 1) 2 R A FE AR 80 A
R P T B R O A R R & 8 b) SR R R R BT G i 1R TR 2L AR RS, A
[F) B2 R AL [A) I DR HR o JUPAER RN, A2 FEEIREL op 7 E BERAA. 216
J& B IRRE R AT A0 2 kpe Y87 AR AR FE VR op SURIIGM, H5ZAHLLE &8
BIRIAE R E TR op JUTFEA KAV R, 2RI B JE AR E VEE AL
(K@), ANFEERBARFEREIRE op AR B A, 10 [ RE o, B35
i, HIXANERE R R AELE O PREER XK (0 ~ 2 kpe)o AZBRE AN FR O TV Ak 1 i 24
Gl R, [ P R ORI DR P SR B LA 0 Jop SIBEI—AMECNRaEE™ . F,
FERRRANES E A RS T BOm AR AR IR op WITTE )@ B MR, 128 i ASAEE 1t
M S 3RAF R R ) 2 [ R o, HIX R X 6 B R AE 7 () b2 o 90 B K 1) 2 LG L
FATTI 5 11 2 ) T RE SR RS AR 1) S B SR LB 02 /o 2008 0.8, 378 i T HE AR v 4 (1 2
Wl oz/opr ~ 0.3, BFET T T 9CPRI R AR BB AR PO LS B (W22 30k [27]).
I HAEBAY b A% IR Y B 5 AR R, TR 1 3 o 5k 32 5/ A 5 4 I 3l B2 SR AP B A
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== 0.3<[M/H]<0.6
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e ERRERAEER or, BARKEFREEIRN o7 F2THEL. M a). b). o)y d) 735X T BRI
WHIAFEB B 2B RAIGEIRE T = 0, HESHERAIMIK T = 0.6 Ga, AZBRJE AT E ths L 8 op
T = 1.8 Ga, MEHMEREEE KMEREMNILE T = 4.8 Ga.

4 RURBKOUFE-HHFREN AR ZERETRNZINENFSH

oz/or WHILPRIFRGE (WK B d)), XARIZERTE [ &8 -F R th 2 (R AR E

PATIARIT S AR b i = 0 A T R LR S 5 “ w1 R,

1) BRI PR AN E T UL RE AR 2 FI 45 PR UK, &R F BRI E 2 A T O
DXk, I X 1E R IR T BR AR IR IREY o g

2) MERIE B i AR S AL, AR EEIRAT 7 RO A BN LR L IR L o M2 IR 1E
B IRSRAF R T [ TR BE RN 07, AT o5 4 BE K A0 3 B S [RIVE T, T A R mp A 7 5k P
B op BUNAE SR RL TSR B AE O SR AT X AR i R AR R N TR R T T ) ) <
JE AR

PRI, 72 AR ALK ) T 1) 42 JB S FE B B IO IR, Debattista 25 A" i 0 O 1 33
PR Belcki Ml Tsujimoto T s 1 i) T [ 3 FE SR MU TE S A AR BN L BAE ), 96 LT %
08 T A% R A T s PR A R T8 5 ) LA A I R A% 3ok vl e 1) o R /R 05 440 ) o 2 /R ) U AL
oz /or VIR ZR AL A BRI AL AE RO 25 2 RAR ) B RE SR A A R, B2 R H R 25
T IR LSRR o3 A BATINA, IR 220 5 2 AL I 24 A5 47 8 T oA R R &R
W GAR AL R -8 D) 2 B o
4.2 SRARRIKPREBARI IS — MR

BRI R IER A A B AT B R R 0 E 4R R ([Fe/H] >
—0.5) ST AR AR A 7 A R G2 1R A 2 F TR RS2 I e T A% 3K 3T e T 0
([Fe/H] < —0.5) HIRIF A H R LA FE R A, 3B R R T iR w2,
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AT “L a7 ™ LR N R S R Z RS, TTRELLE R T RS
R4 R . TRATIO BRI, 4R 25 R AL (AN R P T A A e 4 4
B = BE A3 A 7 A KR R T A0, T AF 24— 355 BRI S R B AR IR T4, 5k
P E SRS M. IRER AT SIS 5L, R4S b = —8° MHEk @ T LRI A
([Fe/H] < —0.5) HITTARTT LUK F] 15%, X — b 75 4RIAT ZR A% BR (09 4 Ja8 = o 12 Ak 1 1
AT 2R, BB T AT R BRI &8 R B AL IR 5, AT AR ER T 9T
JB = N R F AR AL T — R OB 9 A P

boM &

VAN

ST AR AR BB R A 23 2, JRATTIR T — b T AR AR BBk
1 G J 2 B T (A0 FEE (TR AL TRAT T 90 65 SR 4 5y L R DU A5

1) 4R Z K IS8 AL b AR AASE M AR I R 28 AR 48 o FE O 2 58 S L IR
Zr, FLATUATR AR5 A 794 PO TR e ) 2 ) i B = PR P

2) WATRE T —A “Wish” Mk F R A FE, i AR R AR 2R A% Bk op 2 1]
SRR . ELVEANHT T 5 55 R BRI 00 A [0 2 G 11 A 1) P SR o TR )
HERE 07 B LA 2RV P () 2 R

3) MR RILIRT 4B TGN [Fe/H] < —0.5 MASBIEA, BT alfef s, 22
SEPITTIRAN, AL SR SR, L TTRTEARLE b = —8° MHE A 15%.

4) B BRI SR E A B T B P 2 R, TTRR ARG — e E
Sy A R BB S A B A, TR — A BT AN R AL R R A

FRATHR th (AR R A% IR (4L 22 3 7 MR B A7 /E — e R R, 1ol T ZE R R =R
ST KE 7 £ 3 1 4 J o BRI, 7 BRI AR S A E WU AR 1 4 B T R . (HLR 6 TH4R
i R IR A A, RSB B A G . AN, FERUR A Rk 4
JBEE S AR AN b, BTEE— S LRI T, TR R IR TR X U4
FIRIERE ™, L% APOGEE ML o o B A Bk oh ST 25 T b 0 TE 42 160 4 J8 = FEE 6 BE 1O T
W™ AT BN S E AR, FRATTR T AR SRR v, A AR S O
DLTE A BT Rl I 5 B RATTAE AR (9 AR opr o i 34 B AR E— B A, Bty
A AR A3 (KA LA B B LD o N B SR T2, 54k, X FRARTET R AKER I
57 AL FEE A AR 2R K ISR Th i S AEE, TRATT IR RE AT AR AW i
FH B S 55 2% (AR S BRI T B AL R e, DU B3 & B 4518
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A Possible Dynamical Origin of the Vertical Metallicity
Gradient in the Milky Way Bulge
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2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Department of Astronomy,
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Physics and Cosmology, Shanghai 200240, China)

Abstract: Observations show a clear vertical metallicity gradient in the Galactic bulge. It
is often regarded as a counter-argument against the ‘secular evolution’ of the Milky Way
bulge, as the strong mixing of the internal instabilities in the secular evolution may erase
the pre-existing vertical chemical gradient. Inspired by some previous work, we use a thin
disk model that self-consistently forms a boxy/peanut bulge via the bar and buckling insta-
bilities, to explore the origin of this chemical gradient. We find the vertical gradient can be
established if the initial disk is set up with a radial metallicity gradient, as in the evolution
the metal-poor particles in the outer region move inward and get more vertically thickened
than the inner metal-rich particles. This is because the formation of the bar always tend
to heat the in-plane random motions (o) of the metal-poor population at larger radius
more, therefore when the oz /og of all populations finally reach a similar value about 0.8
in the buckling instabilities, the vertical random motion (oz) of metal-poor population is
also more heated. This formation mechanism revealed by our simplest secular evolution disk
model must also be in action in other more complicated disk models that experienced similar
internal instabilities. Our chemo-dynamical model can produce the multiple “peaks” in the
metallicity distribution functions found in many recent bulge observations. We also discuss

other implications and the weaknesses of this model.

Key words: Galaxy; Galaxy bulge; Galaxy evolution; Galaxy abundance
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