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SDSS-IIIJAPOGEE

* Infrared H-band spectra for |00k stars in disk, bulge, and halo
* high resolution (R ~ 22,500)
* S/N > 100 / pixel

+ (J-Ks)o> 0.5,H <~ 13.8

* NOW: Vios , WOrking on [Fe/H], logg, Teff, + other abundances
e e 0,000 stars, 4,000 disk stars
* Pl. Majewski, + many people
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MODEL INGREDIENTS

p(vies|l, b,(J — K 8)o, Hy, v.(R), Ry, 'v%?l, DF,iso)

= Z P(dwarf /giant) / dd p(vies|d, 1, b, ve(R), Ro, v&", DF)

dwarf /giant

x p(d|l,b, (J — Ks)o, Hy, DF, iso, dwarf /giant).

* "no’” distances! Marginalize over distance
* no logg yet! Marginalize over dwarf/giant (expect |10 - 20% dwartfs)
> MeaE:

* rotation curve

 DF: at least velocity dispersion, scale length

» Solar position and velocrity
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MODEL INGREDIENTS

P(vios|L, b,(J — K s)o, Ho, ve(R), Ro, v&", DF, iso)

= Z P(dwa.rf/gia.nt) /ddp(zlos|a' l,b,v (R),Ro,v,%-?l,DF)

dwarf /giant

1 (d|l b, (J As) Hy. D, iso dmf/glant)

p(d|l,b, J — Ks, H,DF,iso) x p((J — Ks)o, Hold.iso) p(d, [, b|DF)
= iso(Hy — p(d), (J — Ks)o) Vu(R, z|DF) d* cos b

zal Z = 0019 a5
- Glants: Average isochrones for [ .
constant SFR, Chabrier IMF, : 2
solar metallicity FHR: ;
» Dwarfs: Must be local, 4(d) I e O

(1 K .,[mi]
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MODEL INGREDIENTS

P('Ulos“: b(] - KS)O, H(), 'UC(R), Ro, 'U,%-?l, DF iSO)
= Z P(dwarf /giant) /ddp(-vlos|d. [,b,v.(R), Ry, v%f‘], DF)

dwarf /giant

{ p(d|l,b, (J — K)o, Ho, DF, iso, dwarf /giant). §

p(d|l,b,J — Ks, H,DF,iso) o p((J — Ks)o, Ho|d, iso) p(d, [, b|DF)

= iso(Hy — p(d), (J — Ks)o) Vu(R, z|DF) d* cos b

270°

» Glants: Average Isochrones for
constant SFR, Chabrier IMF,
solar metallicity

» Dwarfs: Must be local, 4(d)

9°
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MODEL INGREDIENTS

P(vios|L, b,(J — K s)o, Ho, ve(R), Ro, v&", DF, iso)

= Z P(dwarf /giant) / clﬁp(-z.?105|a'., L. b, v: B, Ro: v%f‘], DF
dwarf /giant e A e

x p(d|l,b, (J — Ks)o, Hy, DF, iso, dwarf /giant).

gal __  helio

Vi, = Viog  — CO8lvp g +sinldg Ry

» Approximate DF with Gaussian:

mean (v.(R) — va(R;0, hg, hy))sin(¢ + 1) and variance o (1 + sin®(¢ + 1) (X? — 1))

* mean azimuthal velocity calculated using asymmetric drift:

ARy 3]s 1 2
oZfR) 2 _X S hp " h,

* Marginalize over tangential velocity
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BSOS T EMATICS
Asymmetric drift:

T || e e e e e e e W e
| h,. = 6kpc |
e 005F d
T =" =t
=Y [An=2kpc
~— I —
= 0.00 — e
l hr = 4kpc
S 005 F .
_.()1(] ................... g
0 ) 10 15 2() 25
R [kpc]

Multiple populations

Isochrones, metallicity, extinction
Using a Gaussian rather than 1(})
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Bovy et al. (2012)
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A 1CS

hr = 2 kpc
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Be WISINGAT THE DISKWITH “MONO ABUNDANCE”
miFE S ES RECAP

_
D w an
&

B EEWEmeasures [Fe/=l], [a/Fe] | S
for ~30,000 stars between 300 pc |
B oS R <~ |3 = |
kpc " Fe/H

radial scale length [kpc]

- I 1 1
o'
- |
. [ [~} N
- -

* We fit density and kinematics in

narrow A[Fe/H] = 0.1 dex, Ala/
Fe] = 0.05 dex

la/} (.‘]
[ ]

* Result: each abundance- B it
bin=simple exponential In R and g =g R
/|, 1sothermal 0(z) 2
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S THE THICK DISK A DISTINCT COMPONENT?

—4_1 T T l ] T T l T T T I T

» [wo-exponential fits to stellar 6 ~i=0.70-0.80
density: fitting function that : :
cannot distinguish between 2 and
many components

. S, BT [ U
-4000 -2000 0 2000 4000

REREis rore than |
exponential component

» But there I1s no reason to think 3
that the disk would be a simple =
exponential

-11-10 -9 -8 -7

6000 7000 8000 9000 10000
Abundances... R (pe) Juric et al. (2008)
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ABUNDANCES ARE EXPENSIVE

» High-resolution samples are small, local, and heterogeneous:

* Fuhrmann’s volume-complete sample: out to 25 pc, only |5
“thick disk’” stars, some Iincluded outside of sample bounds!

» Other high-resolution samples (e.g.,, Reddy et al., Navarro et
al.): kinematic selection that emphasizes high-[a/le] stars,
selection effects hard to correct for

uuuuuuuuuuuuuuuuuuuuu

Thursday, April 12, 12




BREEIR@5C OPIC SELECTION EFFECTS ARESEVISRE

0.6 T T T 8 4 8 T T T T T Y
lo

e 190 2% 25

T T T L4 v

g0 N

‘~-
- -
-~
-~

w

1
e
(=)

1
o
o

1
<
-

selection fraction

0.0

nnnnnnnnnnnnnnnn

-1.0 -0.5 0.0
Lee etal. (2011)  [Fe/H]

» SEGUE has a relatively simple color-magnitude selection, but
the sample Is high-latitude, weighted toward the faint end, and
welghted toward more low-mass, metal-poor stars

* Impossible to draw conclusions from the figure on the left
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REERIEINMERESOLUTION [A/FE]

o V1
£ 05
* Many [a/Fe] lines In SEGUE §
spectral window &
. . . . 0.7}
» Comparison with high-resolution : 2 sy
4520 4540 4560 4580 5050 5150 5200 5250
shows that procedure works at vweeah e et al. (201) wsesarn
hlgh S/N - 6.4d<('g-r'i(,<]0.55.-1.5é[ﬁe/H] <05
041 w=-0.00,6=005
- Repeated observations show L Y
internal consistency at low S/N oo GRS
=B el
0.2
aia _ Lee et al,, In prep.
.—20-__:4_0_.-I6-0- 80 —
S/N
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MEERSIMERESOLUTION [A/FE]: SCIENCE VERIFICRIESIN

R — Ry
o

0.2, R) = (0:(0. Ro) + puz + pas?) exp (
Vertical dispersion  pl:slope

T T 1 &) . . . . . 1
4 4
p 15 . .
55 ] {
4 4
4 - 1
4 0 4
n . )4 -
.- L |
. i
4 =145 'y 1
4 d 1
4 — - - 1 3 .
40 = .
{
{

Smoothly i "§ - A i
increasing = :
dispersion

Approximately -
sothermal 3|

profile
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MEERSIMERESOLUTION [A/FE]: SCIENCE VERIFICRIESIN

o
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: with Gaussian prior :
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* proper model Is a Poisson process

» observed density of stars A(l,b,d,r,g-r,[Fe/H]):
A b,d,r,g —r, [Fe/H]) =

p(r,g —r

* log likelihood:
InL=>» {lnA({l.b.d,r, g—r [Fe/H]}|0)}

|Fe/H||R,Z,0) x v, (R, Z.0) x |J(R,Z,¢:1,b,d)| x S(plate,r, g — r)

— /dl dbdddrd(g — r)d[Fe/H] A({,b,d,r,g — r, [Fe/H]|0)

* allows us to derive the number normalization factor

Bovy et al. (2012);arXiv:| | ].1724
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DOES THE IVIH_KY\/\/AY HAVE A THICK DISK?
CHEMICAL BI-MODALITY

0.5 raw sample counts —'-I
0.4} :
s
S 02 1
0.1 -

;;;;;;;;;;;;;;;;;;

Bovy, Rix, & Hogg (2012), ApJ, in press, arXiv:| | | [.6585
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DOES TH IVIH_KY\/\/AY HAVE A THICK DISK?
CHEMICAL BI-MODALITY

1 |

........... | — d

0.5} raw sample counts i-I 0.5} mass weighted -
0.4F 1 0.4F -—_L‘

— — !

i 0.2} - -E‘ 02} 4 L
0.1 ! 0.1 ! I
0.0} —I : 0.0}

: | [ : ‘
1.5 1.0 0.5 0.0 0.5 1.5 1.0 0.5 0.0 0.5
Fe/H] [Fe/H]

Bovy, Rix, & Hogg (2012), ApJ, in press, arXiv:| | | [.6585
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DOES THE I\’IH_KY\/\/AY HAVE A THICK DISK?
SCALE-HEIGHT BI-MODALITY

| | ' | ' 0.50
10V | ) A
0.40
".\f]_‘
lo 0.35

Q —_—

0.30 .
~ _
— 0.25 =
V T cj

< 0.20
~—

Rl
T 0.15
A
0.10
10-2 | points use A[Fe/H| = 0.1, : -
Ala/Fe| = 0.05 bins : .
l | l | ' 0.00

200 400 600 800 1000 1200
vertical scale height A, [pc]

Bovy, Rix, & Hogg (2012), ApJ, in press, arXiv:| | | [.6585
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DOES THE IVIH_KY\/\/AY HAVE A THICK DISK?
KINEMATICS BI-MODALITY

0.50
0.45
0.40
C?l_l
& 0.35
@F
o 0.30 —
E%L 025 &
AN S,
- 0.20
p
o 40.15
N

0.10

10-2 | points use A[Fe/H| = 0.1,
A[a/Fe] = (). 05 bins

0.05

L l ' ' L 1

1 bt 0.00
222 322 302 452 502

vertical velocity dispersion squared [km?* s 2]
B IRIET A (2012), arXiv:1202.2819
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CONCLUSIONS

» On our way to constrain MWV rotation curve with APOGEE
» APOGEE data prefers low value of circular velocity

» Analysis of SEGUE data implies no break between “thin™ and
“thick’ disk components
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