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‘Why study binaries?
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Because stellar mult1pl1c1ty affects or-is tied to
practlcally every area of astronomy'
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SDSSN 'A’POGEAE-Z . Overview

Infrared H band accesses all maJor populatlons of the M1lky Way

ngh resolutlon spectra R ~ 22 500

“Public: well documented and avallable for all' | .. _

Multrfepoch. s1gn,s of .unseen companlons?

SDSS DR17 Release Paper (Abdurro uf+2022) - .. = 0 o Bol =t ~ Kollmeier+2017 :
Sept 30 2022 ' : CMD — CCAPPSympos1um ) A S 3 /_-33



SDSS IV APOGEE 2 Spectra

Spectroscoplc Bmary 1 (SB1)

= Only see clear spectral features
from the photometrlc primary’

é_ Lines Doppler\shlfted perlodlcally
due to orbital motion

[Fe/H]=-0.331
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— Convert those shifts into radial
velocities (RVs) |
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SDSS 1V: APOGEE 2 Spectra

Spectroscoplc Bmary 1 (SB1)

ARVpmay = 15.55 km s~1

— Only see clear spectral features .
from the photometrlc primary’

é_ Lines Doppler‘shlfted perlodlcally
due to orbital motion

Flux [10~Yergs~t cm~2 A-1]

[Fe/H]=-0.331

— Convert those shifts into radial
velocities (RVs) |

ARVpmax = 12.65 km s71

“Spectroscopic Binary 2 (SB2)
— See clear spectral features from
both primary and secondary

log(g) =4.189
Tefr = 4858 K
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[Fe/H]=-0.162

g i Line blend]ng and‘ incdnsistent' RV 15735 15740 15745 15750 15755;\ [A]15760 15765 15770 15775 15780
determination can confound the ' T
APOGEE pipeline
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| RV Curves - Theory

100 P=1d (logP=0.0)

RV, (t) = K sini (cos(v(t) + w) + ecosw)

* K : semi-amplitude -
. ixinclination ... 7, . | 07 G 08
* e : eccentricity ‘ st Orbital Phase

Maximum possible RV shift.= 2K

; SR 7 i . 06 0.8
* P: period-, - & Orbital Phase
* g : mass ratio, my/m;
* a: orbital separation
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RV Curves Sparsely Sampled ARVmaX

Problem Survey Planning

Gettmg spectra for hundreds of thousands
- of stars means you can’t get targeted RVs
for most of them | ,

1 QC APOGEE DR17

Sept. 30, 2022 | . CMD — CCAPP Symposium b ~ - 7 /33



. properties of stars...and they are not

RV Curves Sparsely Sampled ARVmaX

Problem Survey Planning
Binaries .° . Loghorm

Gettmg spectra for hundreds of thousahdé 5 g
- of stars means you can’t get targeted AP, = [f(P)dP

for most of»them e e : B (P,qe) = f(P)f(qQ)f(e)

Problem It’s Compllcated

Mult1pl1c1ty statistics are strong funct1ons |
“of the intrinsic and evolutionary

0.00 0.25 0.50 0.75 1.00

independent. of each other. ' _ a log (P [day))
| | | NSF Grant AST-1909022

Sept. 30,2022 | A CMD — CCAPP Symposium b - - 8 /-33



. properties of stars...and they are not

RV Curves Sparsely Sampled ARVmaX

Problem Survey Planning
Binaries .° . Loghorm

Gettmg spectra for hundreds of thousahds 5 g
- of stars means you can’t get targeted N ., = [f(P)dP

for most of»them g - Bt : B f(P.qe) = f(P)f(Qf(e)

Problem It’s Compllcated

Mult1pl1c1ty statistics are strong functlons |
“of the intrinsic and evolutionary

0.00 0.25 0.50 0.75 1.00

mdependent. of each other. , _ a log (P [day))
: ‘ ' NSF Grant AST-1909022

To constram mult1pl1c1ty ina complex mult1var1ate space of stellar
properties, we need large samples of well-measured stars. |

Sept. 30,2022 | . CMD — CCAPP Symposium b : - 9 /-33



- RV Curves - Sparsely-Sampled + ARV,

Ou_r Solution: Don’t fit RV curves — —————
_ just.use the data you have! |

ARVinax = |RV_fnax = Rvminl" e

fry e NARVmaX >2Xkms™t : | O' 0N |frvvar (1 — fRVvar)
var — & - . = _ .
Ntotal_ fR_V‘Iar Ntotal :

Sept. 30,2022 | A CMD — CCAPP Symposium b ~ - 10 /-33



RV Curves - Sparsely-Sampled + ARV,

mi =1 Mgy, log(g)=4.5

Perit « R3/2
MS RC TRGB TAGB

Interacting
Binaries

o
o
s3]

APOGEE 1+2
Max Baseline
2011-2021

N/Ntotal

100 10!
ARVpmax [km s71])

2 4
log(Period [days])

* Low ARV.'ma); f‘_cofe’f dominated by isihgle- sté'_rs-(gray)y+ long-period bi'na’r;i'es
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RV Curves - Sparsely-Sampled + ARV yq,

Pcrit « R3/2 my=1 Mo, log(g)=4.5
MS RC TRGB TAGB

Interacting
Binaries

o
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APOGEE 1+2
Max Baseline
2011-2021

e
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10° 10! 102

2 4 6
ARV pax [km s71])

log(Period [days])

K Low ARVmaX core dommated by smgle stars (gray) + long perlod bmarles

g ngh -ARVia “tall” dommated by short- perlod bmarles
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RV Curves - Sparsely-Sampled + ARV yq,

Pcrit « R3/2 my=1 Mo, log(g)=4.5

MS RC TRGB TAGB

Interacting
Binaries

o
o
s3]

e
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APOGEE 1+2
Max Baseline
2011-2021

2 4 10° 10! 102
log(Period [days]) ARV max [km s71])

K Low ARVmaX ‘ core dommated by smgle stars (gray) + long perlod bmarles i
e ngh ARVm;X “tall” dommated by short -period bmarles $ T
» Choose a threshold ARVmaX value to defme RV varlablllty
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Mazzola+2020
APOGEE DR14 Dwarfs + subgiants

[

10°

Close Binary Fraction

vy

log( J, (kpc kms™1))

T (Gyn

Ve (kms™1)

L ek
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Terr (K) M (Mo) [Fe/H] [Mg/H] [Si/H] T (Gyn) log( J, (kpc kms™%))  vg (kms™?)
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~ CBF and Chemistry - Results

| S“tro‘nger’ ant-i-to_ri’élatio'n"
‘between CBF and o
than with Fe,

but...

Strongly non-monotonic -
at solar [Fe/H]!

Sept. 30, 2022

Close Binary Fraction
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‘Adapted from Mazzola+2020
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CBF and Chemlstry - Interpretatlon

Models predict an anti-correlation
between [Fe/H] and protostellar 5
| d]Sk fragmentatlon

. Metal-poor cores are hotter,?larger,‘- o
and more gravitationally unstable.

* Metal-poor disks have lower-optical
depths, promoting coolmg and

fragmentatlon . Co e | Adapted from
: A ‘ : Mazzola+2020
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~ So What_about'a abundances?

Sept. 30,2022 | A CMD — CCAPP Symposium b - - 16 /-33



CBF and Chemlstry - Interpretat:on

Models predict an anti-correlation
between [Fe/H] and protostellar 5
| d]Sk fragmentatlon

| . Metal-poor cores are hotter,?larger,‘- o
and more gravitationally unstable.

* Metal-poor disks have lower-optical
depths, promoting coollng and

fragmentatlon . o e e | Adapted from
: A ‘ : Mazzola+2020
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- So What about' a abundances7

For [d/Fe] < O 05 these effects produce an even stronger anti: correlatlon
~witha abundance than with Fe! - -

Sept. 30,2022 | A CMD — CCAPP Symposium b - - 17 /-33



CBF and Chemlstry - Interpretat:on

Models predict an anti-correlation
between [Fe/H] and protostellar 5
| d]Sk fragmentatlon

| . Metal-poor cores are hotter,?larger,‘- o
and more gravitationally unstable.

* Metal-poor disks have lower-optical
depths, promoting coollng and

fragmentatlon . o e e | Adapted from
: A ‘ : Mazzola+2020
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- So What about' a abundances7

For [d/Fe] < O 05 these effects produce an even stronger anti: correlatlon
~witha abundance than with Fe! - -

For [a/Fe] > Of05, a,chemlstry-lndependent floor ef- CBF ~ '10% emerges.-'

Sept. 30,2022 | A CMD — CCAPP Symposium b - - 18 /-33



~ CBF and M dwarfs - Motivation - ,
A floor of CBF.‘~ 10% has e'me'rge_d' élsewhere vtoo—'M/ browndwar'fs!,

| APerhaps this floor is universal, But why? - ,
N £ . ; o Winters+2019
- Two leading explanations: . -

—~
NN
~
e
e
a
=
3
=

O B A F G K M L
Spectral Type

Sept. 30, 2022 CMD. — CCAPP Symposium
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'CBF and M dwarfs - Motivation - _
A floor of CBF.‘~ 10% has e'me'rge_d' élsewhere vtoo—'M/ browndwar'fs!,

' APerhaps this 'flbo'r is universal, But why?_f_- |

- » ) ‘ Winters+2019
- Two leading explanations:

1) At least 10% of protostellar discs fragment early |
on, regardless of their chemistry or-final'my:.
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A F G K
Spectral Type
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'CBF and M dwarfs - Motivation - _
A floor of CBF.‘~ 10% has e'me'rge_d' élsewhere vtoo—'M/ browndwar'fs!,

' APerhaps this 'flbo'r is universal, But why?_f_- |

- » ) ‘ Winters+2019
- Two leading explanations:

1) At least 10% of protostellar discs fragment early |
on, regardless of their chemistry or-final'my:.

—~
NN
~
>
ppaet
e
Q
._E
3
=

2) -Metal-rich and/or low-mass.discs can’t :
“fragment, but a small fraction of cores
fragment on larger scales and decay into closer
binaries, leading to CBF ~ 10%

A F G K
Spectral Type
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CBF and M dwarfs Motrvatron

A floor of CBF ~ 10% has emerged elsewhere too M/brown dwarfs'

Perhaps this floor is umversal But why7 '

Winters+2019
- Two leading explanatlons

1) At least 10% of protostellar discs fragment early |
on, regardless of their chemistry or:final'm;: -

—~
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=

,2)_».Me‘tal-rich and/or low-mass.discs can"t :
fragment, but a small fraction of cores
fragment on larger scales and decay into closer

: A F G K
binaries, leading to CBF ~ 10%

Spectral Type

: “"How the M-dwarf CBF varies With'ehemistry can
distinguish between these two possibilities.

Sept. 30,2022 | A CMD — CCAPP Symposium b - - 22 /33



CBF and M dwarfs - Preliminary Data

- APOGEE DR17 RVs, T, log(g), Spectral  Ten log(9)

chemical abundances - e ¢ Type Range Range N Nrvear
5 - fa o E S e - 5960 — 7220 3.39 -~ 4.69 8125 1304
» Gaia EDR3 Bailer-Jones distances : 5325 — 5960 3.56 — 5.39 21776 2050
- ' FINPE : ‘ 3800 — 5325 4.12 -~ 5.81 25041 2404
"¢ HR-select dwarfs, Te=assisgn MK G F 3000 — 3890 4.36— 6.10 4127 492

Sept. 30, 2022 : CMD. — CCAPP Symposium | : . 23 /-33



~ CBF and M dwarfs - Preliminary Data
. APO_GEE DR17 RVS, _Tefo l;Og(g).’ ' BT
chemical ab_ur.\,danlce.Sv g .
- ‘Géia EDR3 B’ail'er"_-‘Jones di’st'anCeSA

"« HR-select dwarfs, Tef_f'aSSign‘ MKG F

Sept. 30, 2022

" [Fe/H]

Spectral

Type

CMD — CCAPP Symposium

Teff
Range
5960 — 7220
5325 — 5960
3890 — 5325
3000 — 3890

log(g)
Range

3.39 — 4.69
3.56 — 5.39
4.12 - 5.81
4.36 - 6.10

N

8125
21776
25041

4127

Nrvvar
1304
2050
2404

492

24 /-33



CBF and M dwarfs Prellmmary Resul ts

Compare the cumulatwe distributions of [Fe/H] for
"RV varlables VS. the full populatlon of M vs.. K vs. G dwarfs.

=
-

—— Full Sample, N=1888
—— ARVjax = 1.0 kms™1, N=242
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3500<Te <3750
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[N]
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Sept. 30,2022

—— Full Sample, N =6628 —— Full Sample, N=10897
—— ARVjax = 1.0 kms™!, N =664 —— ARVjax = 1.0 kms™!, N=834

K dwarfs G dwarfs

4400<Ter <4650 5400<Te <5650

Daher+2022 (in prep)
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CBF and M dwarfs - Preliminary Results

Shift the T bin centerv slowly and

measure the difference between the — ' T
| cumulatlve hlstograms each t1me = Ze” ira) Diternce ot 0%

I +osp from 250 Bootstraps
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Correlation
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3500 4000 4500 5000 5500 6000 6500 7000
Teff [K]

- Daher+2022 (in prep)
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CBF and M dwarfs - Preliminary Results

Shift the T bin centerv slowly and

measure the difference between the — ' T
— = [o/H], Difference at 50%

I +osp from 250 Bootstraps

| cumulatlve hlstograms each t1me | “er {FelH), Diference t 50%

e Correlation
O Trans_ltlon seems--to OCcCcur around

Tetr ~ 3800 K (0.45 My)
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3500 4000 4500 5000 5500 6000 6500 7000
Teff [K]

- Daher+2022 (in prep)
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CBF and M dwarfs - Preliminary Results

Shift the T bin center slowly and _
measure the difference between the — ' T

— = [o/H], Difference at 50%

cumulatlve hlstograms each t1me | “er {FelH), Diference t 50%

I +osp from 250 Bootstraps

o
=

e Correlation
O Trans_ltlon seems--to OCcCcur around

Ter ~ 3800 K (0.45 M)

o
o

e The differences reach an mflectlon
- - point around 4750 K- (0. 8 Mg)
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3500 4000 4500 5000 5500 6000 6500 7000
Teff [K]

- Daher+2022 (in prep)
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CBF and M dwarfs - Preliminary Results

Shift the T bin center slowly and o
measure the difference between the - — ' T

— = [o/H], Difference at 50%

| cumUlative histograms each time. ' Ce [Fel, Difference at 50%

I +osp from 250 Bootstraps

o
=

) : el ' | S Correlation
* Transition seems-to occur around

Ter ~ 3800 K (0.45 M)

o
o

. The differences reach an mflectlon
- - point around 4750 K- (0. 8 Mg)
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I
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fa
I
S
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I
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o

|
o
N

. For G/F, the dlfference flattens out
. 3500 4000 4500 5000 5500 6000 6500 7000
and gets no1sy . oL ' T [KI]

S o o L - Daher+2022 (in prep)
No matter the bin width or shift, and for :

all ARV,.., thresholds of 1,2,3,10
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| - CBF and M dwarfs - Preliminary Interp.

1) At least 10% of protostellar discs fragment .

_early on, regardless of their chemistry or - ' ' A s
. > e _ ; : i ; . Tefr bin size - [a/H],’Difference at 50%
f]nal m1 02 —e— [Fe/H], Difference at 50%

I +osp from 250 Bootstraps

o
=

2) Metal-rich and/or low-mass discs can’t
fragment, but a small fraction of cores
fragment on larger scales and decay into :
closer binaries, leading to CBF ~ 10%

Correlation
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N

3500 4000 4500 5000 5500 6000 6500 7000
Teff [K]

- Daher+2022 (in prep)
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| - CBF and M dwarfs - Preliminary Interp.

1) At least 10% of protostellar discs fragment .

_early on, regardless of their chemistry or - ' ' A s
. > e _ ; : i ; . Tefr bin size - [a/H],’Difference at 50%
f]nal m1 02 —e— [Fe/H], Difference at 50%

I +osp from 250 Bootstraps

o
=

2) Metal-nci. nd/or low-mas<~ uiscs can’t
fragment, but < ~ma!'""raction of cores
fragment on a7 cr sco'es and decay into - -
closer bir_iies, leading to c?F ~ 10%

Correlation

o
o
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N

3500 4000 4500 5000 5500 6000 6500 7000
Teff [K]

- Daher+2022 (in prep)
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CBF and M dWarfs— Preliminary Interp.

1) At least 10% of protostellar discs fragment . -

_early on, regardless of their chemistry or - ' ' A s
. G &g s Es : i . . Tefr bin size - [a/H],’Difference at 50%
f]nal m1 02 —e— [Fe/H], Difference at 50%

I +osp from 250 Bootstraps

o
=

2) Metal-nci. nd/or low-mas<~ uiscs can’t
fragment, but < ~ma!'""raction of cores
fragment on a7 cr sco'es and decay into - -
closer bir_iies, leading to c?F ~ 10%

Correlation

o
o

]
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S
>
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29
—
I
S~
fa
I
S
—
I
=~
o

Inflection at 0.8 Mg is curious - theory + past ..
data say this is where a positive correlation
with M should begin. . 3500 4000 4500 5000 5500 6000 6500 7000

|
o
N

Teff [K]

Maybe a slow hand-off between metallicity-driven .~ - Daher+2022 (in prep)
fragmentation and mass-driven fragmentation?
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5 S'u'mmary' |
. Bmarles are fundamental to our understandmg of astrophysrcs

e+ large samples of bmarles are needed to dlsentangle varlous
“correlations from one another

| ,' Chemistry + CBF = clue_s to’the- formation" of -close'binaries -

Sept. 30,2022 L . CMD — CCAPP Symposium . : - 33 /-33



Future Work - Bayesran Inference i Porb

| Another consequence of these theorles
is that companions should be
vskewed towards shorter perlods

ThlS leads to an lncrease in hlgh ARVmaX |
stars, which to our method is degenerate
with an increased close binary fraction. -

Sept. 30,2022 | A CMD — CCAPP Symposium b ~ - 34 /33



Future Work - Bayesran Inference i Porb

Another consequence of these theorles
is that companions should be
-skewed towards shorter perlods

Th]S leads to an mcrease in hlgh ARVmaX
stars, which to our method is degenerate
with an increased close binary fraction. -

—— [Fe/H] < —0.5
—— —0.5<[Fe/H] <0
oF — [Fe/H|>0

EW, N, =5599

| MKB+19

There’s evidence for this .s‘hift
~with [Fe/H] from ASAS-SN
.- variable stars!
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| Future WOI‘kF Bayesian Infer ence + Porb

o

o
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o
(V)

o
o

Time [year] log10(Period)

NSF Grant AST-1909022

~ It may be-j impo‘ss'ible,to tightly constrain a ‘given binary"s_ Porp With 2-3 'RVs...
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| Future Work - Bayesian Inference + Porb

/s
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o
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QO =
o O
o
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Radial Velocity [km/s]

o
o

Time [year] log10(Period)

ONSF G rant AST-1909022
. It may bé' imposs'ible,to tightly constrain a ‘given b,inary"s_ P.ib with 2-3 'RVs...

But we can constrain P, as a function of Fe and a abundances usmg the -
weak constramts of 100, OOOS of APOGEE/ MWM stars' ;
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~ Future Work - Bayesian Inference + Py

[Fe/H] = +0.5

: 4
R MKB+19 log P (days)
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' EX: RV Curves - Historical Approach -

Rad. vel. (km/s)

Rad. vel. (km/s)

llllllll

Rad. vel. (km/s)

T1Tl_lflil

BD +18 2757
P=1163d

1
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HD 135148
P=1411d
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RADIAL VELOCITY (kmn s™")

" Duquennoy & Mayor 1991
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Carney+2003
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BD +18 2890
P=476d
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P =1365d
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EX RV Curves - ‘Modern Approach

Example Binary Systems: Short Baseline

Use the data y_ou:have + Eree———— A T
the leaps in computing of N, ] f
the last few decades!

100 ;

v, — vy [kms™!]
]\'12.111111 [I\/Iu]

| | | |
—50 0 50 100 150 200 250 300

T T I T T T T T
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2M091935514-3429514 9 visits

® MMT

—440 F * Keck 1
] ] ]
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Time [YYYY-MM-DD]

A{Z min [1\/1 (0] ]

0 —vg [kms ]

. 7|50 (I) 5|0 1(|)0 1;)0 2(|)0 2;)0 3(|)0
Price-Whelan+2020
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- EX: MarginalizeOver Inclination
Slmulate 1000 systems with inclinations randomly sampled from a.
umform dlstr1butlon

P=1d (logP=0.0) 2K = 268 km s~1

............. s

0.4 0.6 . : T

Orbital Phase

ppeeetts

0.4 0.6 ) . 4 5 6 7 8 9
Orbital Phase Number of Observations
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EX RV Curves Sparsely Sampled ARVmaX

- Raghavan+2010 lognormalPdlstrlbutlon

Perit < R3/2
for Sun like stars in the Solar nelghborhood SE1 S
'-Mass transfer can occur when the 9 N o Interacting

prlmary overflows its Roche lobe' e e APOGEE 142

Max Baseline
2011-2021

Critical period fOr*RLOF |
to occur at g = Mp/M=1:

4 6
log(Period [days])

P changes as the prlmary evolves:

Increases as the star expands (ascends RGB)
. Decreases once the star. shrlnks (He fusion). |

Binary Star tWikip’edia] !
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- EX: RV Errors - Observed

log(S/N per Visit)

1.25

- APOGEE repbr’ts -100 m/s |

| Milky Way Mapper (SDSS-V)_<hop'es"for 10 m/s!

Median RV error (km/s)

-1
[Fe/H]

Troup+2016
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.~ APOGEE reports ~100 m/s
% _Mil'k'y WayMabper ($DSS-‘V):-hop'es"fdr_ 1'0_“_rﬁ/-s!'

~ Truthfully, RV errors are hard...
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~ EX: RV Errors.- Observed

RV errors, aAnd thus the ARVm'aX core, jn'crease based on sample»prOperties.
« lower log(g) (RV jitter) = i

_+ lower [Fe/H] (weaker lines) - g _.

o ’ : a " Badenes, CMD+2018

3.25>log(g)>4.93 : ARV, = 10km/s 0.07>log(g)>1.46 : ARV, = 10km/s

— Low [Fe/H] — Low [Fe/H]
— High [Fe/H] — High [Fe/H]
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Dwarfs |

Gaussian

m— 13,5
Gaussian
Constant
APOGEE DR14

e | TR T
Dwarfs | o A RVpax (kms™1)

107

Student’s t ' & g 'Mazzbla+2020
3.5 ' e

Some success modeling with a
‘Student’s t distribution as .
- compared to Gaussian

10!
A RVpax [kms™1]
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CBF and Chemistry - Previous Studies

Kepler EBs (Kirk+16)

Volume Limited (Raghavan+10) “Fr _ Meta-analyS]S by M0e2 Kratte'r)' &
APOGEE RV Variables (Badenes+ 18) TS : Badenes 2019 found that the '
High—Proper—Motion SBs (Latham+02) N : CBF ]ncreased by 3 factor 3 6
across their [Fe/H] range after
Moe, Kratte.r, & Badenes '2019 , oS | - COr'reCting for‘ biases; |
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EX: CBF and Chemistry - Previous Studies
* In APOGEE DR16, Price-Whelan+2020 0, Main Sequence Stars, Ty < 6500 K |

found an-anti-correlation between
fbm_and [M/H].

"binary fraction”
)
Ot

0.005———10  —05 0.0
metallicity, [M/H]

Price-Whelan+2020
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'EX: CBF and Stellar Mass/T,y;

Primary mass is stro-ngly correlated with the close binary fraction.

L

o
A
=
™
!
V
a
)
o
4
N
o
G

Moe 2019-

10 : - o ; :
Primary Mass M, (Mg) o red point is for solar-type pre-MS stars..

Moe & Di Stefano 2017
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~ EX: CBF and M dwarfs - Preliminary Data
"« APOGEE DR17 RVs, Tug, log(g), o ' ‘ S
chemical labundanc.e_s P '

Spectral Type T.g Range log(g/cm s=2) Range N

1
NRV variable

_ 5960 — 7220 8125 1304
| Ll o Shaw 31965 2625
* Gaia EDR3 Bailer-Jones distances - . ’ ’

2l : : S T 15 - 5. 36540 3422
« HR-select dwarfs, T.¢-assign MK G F 5 1.36 - 5. 4033 511

[Fe/H]=0.0, N = 2687 [Fe/H] = 0.0, N=13504 [Fe/H]=0.0, N=11201 )
[Fe/H]= —0.25, N=1772 [Fe/Hl= —0.25, N=6617

[Fe/H1= 0.0, N=857
[Fe/H]= —0.25, N=7690 [Fe/H]= —0.25, N=1024

Daher+2022 (in prep):-
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* EX: CBF and M dwarfs - Preliminary Results

2.0 0.5 1.0

. . [MI/H], Difference at 50"2; [

Tetr bin size ——. [a/H], Difference at 50% 4 [ ARVpmax = 1.0 kms™?
—t— —e— [Fe/H], Difference at 50% [
I =*osp from 250 Bootstraps 1

o
N

o
=

Correlation

o
o

]
o
=

©
>
>
=
T
S~
ol
I
e
=
T
~
fal

Anti-Correlation

—0.2 G F ’ M

1 M 1 M 1 M 1 M 1 M 1 M 1 M 1 —2 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1
3500 4000 4500 5000 5500 6000 6500 7000 10 3500 4000 4500 5000 5500 6000 6500 7000
Terr  [K] Terr  [K]

Daher+2022"(in prep)

See a very strong trend with in T.¢ / mass!
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'EX: CBF and Rotation - Gaia RUWEs

10° I All APOGEE I ARV pay < 1 kms™!

1 APOGEE, HR cut
[ RG - [ ARVpax =1 kms™?

3 MS [ vsini< 10 kms~?

] vsini= 10 kms ™!

-« RUWES are larger for MS than for RG |
* RUWEs are larger for RV variables and rapld rotators
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