
1/17/2021 AAS - LPRVWeUSeVVLRQV.cRP

hWWSV://aaV237-aaV.LSRVWeUVeVVLRQV.cRP/DefaXOW.aVS[?V=14-2E-85-57-B7-AA-BB-94-75-7D-43-D4-26-0B-79-CB&SdfSULQW=WUXe&gXeVWYLeZ=WUXe 1/16

NRQ-PaUaPHWULc SSKHULcaO JHaQV MaVV
EVWLPaWLRQ ZLWK B-SSOLQHV

NabHHO RHKHPWXOOa{, MRQLca VaOOXUL{, aQd EXJHQH VaVLOLHYt,u

{ DHSaUWPHQW RI AVWURQRP\, UQLYHUVLW\ RI MLcKLJaQ, 1085 S. UQLYHUVLW\ AYH., AQQ AUbRU, MI 48109, USA
t IQVWLWXWH RI AVWURQRP\, UQLYHUVLW\ RI CaPbULdJH, MaQdLQJOH\ RRad, CaPbULdJH, UK, CB3 0HA

u LHbHdHY PK\VLcaO IQVWLWXWH, LHQLQVN\ PURVSHNW 53, MRVcRZ, RXVVLa, 119991

PRE6EN7ED A7:



1/17/2021 AAS - LPRVWeUSeVVLRQV.cRP

hWWSV://aaV237-aaV.LSRVWeUVeVVLRQV.cRP/DefaXOW.aVS[?V=14-2E-85-57-B7-AA-BB-94-75-7D-43-D4-26-0B-79-CB&SdfSULQW=WUXe&gXeVWYLeZ=WUXe 2/16

1. MOTIVATION

:WOLYPJHS�1LHUZ�4VKLSPUN

VeUVaWile WechQiTXe ZiWh maQ\ aSSlicaWiRQV

AVVXmeV VSheUical V\mmeWU\ aQd d\Qamical eTXilibUiXm

DeWeUmiQe daUk maWWeU diVWUibXWiRQ iQ Milk\ Wa\-like gala[ieV XViQg Whe eVWimaWed cXmXlaWiYe maVV SURfile 0(< U) fURm JeaQV
mRdeliQg

 

;OL�:WOLYPJHS�1LHUZ�,X\H[PVU

(JeaQV 1915, BiQQe\ & TUePaiQe 2008)

v  Uadial YelRciW\, v  a]iPXWhal YelRciW\, v  SRlaU YelRciW\, ȡ WUaceU QXPbeU deQViW\, β YelRciW\ aQiVRWURS\: 

 

MRVW cXUUeQW LPSOePeQWaWLRQV Rf JeaQV UadLaOO\ bLQ daWa aQd/RU fLW SRZeU-OaZV WR YelRciW\ aQd deQViW\ SURfileV. (e.g. XXe eW
al. 2008, GQediQ eW al. 2010, Kafle eW al. 2018) CRQYeQLeQW, bXW ZLWh dUaZbacNV:

PRZeU-laZV aUe SaUameWUic fiWWiQg cXUYeV

BiQQiQg makeV deSeQdeQce RQ chRice Rf biQV

 

.VHSZ!

DeYelRS a QRYel JeaQV mRdeliQg URXWiQe ZiWhRXW WheVe dUaZbackV aQd YalidaWe iW RQ mRck daWaVeWV

AVVeVV effecWV Rf QRQ-VSheUiciW\ aQd QRQ-eTXilibUiXm

LaWeU, aSSl\ RXU URXWiQe WR MW halR VWaUV XViQg Gaia, DESI, aQd laWeU LSST daWa WR PaS Whe RXWeU UeacheV Rf RXU
gaOa[\

r φ ș
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2. OUR ROUTINE AND VALIDATION

)�:WSPULZ

B-SSliQeV aUe defiQed b\ cXbic SRl\QRmial fXQcWiRQV beWZeeQ VXcceVViYe gUid SRiQWV (kQRWV). We faYRU Whem becaXVe Whe\
SURYide QRQ-SaUaPeWULc cXUYeV, aQaO\WLcaO deULYaWLYeV, aQd Whe\ dR VR ZLWhRXW bLQQLQg.

 

We fiW B-SSliQeV WR Whe YelRciW\ aQd deQViW\ SURfileV

PeQali]ed VSliQe UegUeVViRQ WR fiW B-SSliQeV WR Y , Y  , Y  

PeQali]ed VSliQe deQViW\ eVWimaWiRQ fRU WUaceU QXmbeU deQViW\ ȡ

OXU fiWV aUe SeUfRUmed ZiWh Agama (hWWSV://giWhXb.cRm/GalacWicD\QamicV-O[fRUd/Agama) (VaVilieY 2019) aV fXQcWiRQV Rf lQ(U)
aQd XVe lRgaUiWhmicall\ VSaced kQRWV. 

AgaPa UefeUeQce (hWWSV://giWhXb.cRP/GalacWicD\QaPicV-O[fRUd/AgaPa/blRb/PaVWeU/dRc/UefeUeQce.Sdf) VecWiRQ A.2.2 fRU PRUe iQfRUPaWiRQ
RQ B-VSliQeV

 

=HSPKH[PUN�V\Y�9V\[PUL

We YalidaWe Whe URXWiQe ZiWh WeVWV RQ mRck daWaVeWV Rf WZR W\SeV:

1. SPRRWh, eTXLOLbULXP diVWUibXWiRQV geQeUaWed ZiWh Agama

2. LaWWe (WeW]el eW al. 2016): cRVPRORgLcaO h\dURd\QaPLc MW-OLNe V\VWePV VimXlaWed ZiWh Whe FIRE-2 Sh\VicV mRdel
(HRSkiQV eW al 2018)

 

*VTWHYPZVU�^P[O�7V^LY�SH^Z

We alVR imSlemeQW a URXWiQe XViQg SRZeU-laZV WR cRmSaUe RXU B-SSliQe UeVXlWV ZiWh.

FiW SRZeU-laZ Rf fRUm    WR Y , Y  , Y  , aQd cXmXlaWiYe WUaceU cRXQW &(< U)
Calculate ρ with 

The miQimXm UadiXV Rf Whe eVWimaWiRQ mXVW be be\RQd Whe bUeak UadiXV Rf Whe NFW deQViW\ SURfile
if not, the density profile doesn't resemble a power-law shape and the estimation is very poor

Our B-Spline has no such restriction

We dR QRW claim WhiV iV Whe beVW JeaQV SRZeU-laZ URXWiQe
Regardless, it demonstrates how well or how poorly power-laws adapt to different systems
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3. TESTS WITH SMOOTH EQUILIBRIUM MODELS

/HSV�HSVUL�TVKLSZ

V\VWemV cRQWaiQiQg a VSheURidal halR iQ eTXilibUiXm ZiWh a[iV UaWiR (T) YaU\iQg fURm T 1.00 (VSheUical) WR T 0.80 aQd QR diVk RU
bXlge

IPSOLcaWLRQV

The T 1.00 V\VWem VaWiVfieV VSheUiciW\ aQd eTXilibUiXm, VR Ze e[SecW a SeUfecW eVWimaWiRQ
It is near perfect, indicating little to no systematic error in our routine yet

T 0.80 VWead\ eUURU aURXQd 5%
error at small radii likely due to noise in the simulation
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CRPSaULVRQ ZLWh PRZeU-OaZ URXWLQe

EUURUV gUeaWeU WhaQ B-SSliQeV almRVW eYeU\ZheUe

MXVW eYalXaWe SaVW 25 kSc WR aYRid Whe iQQeU deQViW\ SURfile VhaSe
A single power-law would poorly represent the inner and outer density profiles together

/HSV��+PZR��)\SNL�TVKLSZ

V\VWemV cRQWaiQiQg a VSheUical halR, a diVk, aQd a VSheUical bXlge ± all iQ eTXilibUiXm aQd Vcaled WR be Milk\-Wa\ like

HalR aQd diVk SURSeUWieV fURm BlaQd-HaZWhRUQ & GeUhaUd 2016
Disk is a mass-weighted average of the thin and thick disk

BXlge SURSeUWieV fURm McMiliaQ 2017

VaUiaWiRQV Rf 'halR, diVk, bXlge' fRU addiWiRQal WeVWiQg:

1. SamSle 50% Rf diVk SaUWicleV iQWR JeaQV iQSXW WR WeVW fRU VeQViWiYiW\ WR cRQWamiQaWiRQ

2. RecUeaWe Whe V\VWem ZiWh a OViSkRY-MeUUiWW SURfile (OViSkRY 1979, MeUUiWW 1985a & MeUUiWW 1985b)
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IPSOLcaWLRQV

All WhUee SeUfRUm e[celleQWl\ ZiWh <5% eUURU aW mRVW Uadii
The B-Splines adapted well to the different scenarios

SRme eUURU aW Vmall Uadii likel\ dXe WR QRiVe

CRPSaULVRQ ZLWh PRZeU-OaZ URXWLQe

LaUgeU, leVV VWable eUURUV

AccXUac\ iV YeU\ VeQViWiYe WR iQSXW cRQWamiQaWiRQ aQd VlighWl\ VeQViWiYe WR Whe OViSkRY-MeUUiWW SURfile
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4. TESTS WITH LATTE FIRE-2 SIMULATIONS

3H[[L�TVKLSZ

We XVe Whe P12f, P12L, aQd P12P LaWWe gala[ieV. We XVe a meWalliciW\ cXWV WR iVRlaWe halR VWaU SaUWicleV, UeTXiUiQg WhaW Whe\
haYe [M/H] < -1.00.

IPSOLcaWLRQV

DeVSiWe VLgQLfLcaQW deYLaWLRQV fURP VSheULcLW\ aQd eTXLOLbULXP (illXVWUaWed belRZ iQ m12i), Whe URXWiQe iV accXUaWe:
�15% eUURU aW all Uadii.

ThiV ZaV made SRVVible b\ iQcUeaViQg Whe VmRRWhiQg RQ Whe B-SSliQeV
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Face RQ image Rf m12i VhRZiQg dUamaWic VWUeamV aQd VXbhalRV (SaQdeUVRQ eW al. 2020)
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CRPSaULVRQ ZLWh SRZeU-OaZ URXWLQe

MXch laUgeU eUURUV WhaQ B-SSliQeV

SWabiliW\ Rf eVWimaWiRQ iV mRdel deSeQdeQW
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5. PERFORMANCE SUMMAR<
The UeVXlWV fURm each iQdiYidXal WeVW eOXcLdaWe Whe behaYLRU Rf RXU JeaQV PRdeOLQg B-SSOLQe URXWLQe.

FURm VmRRWh eTXilibUiXm mRdelV

Ne[W WR QR eUURU ZheQ VSheULcLW\ aQd eTXLOLbULXP aUe PeW
Slight stable error (a5%) with a flattened (T=0.80) halo

IQclXViRQ Rf dLVN aQd bXOge LQWURdXceV aOPRVW QR addLWLRQaO eUURU

ReVXlWV aUe mRVWl\ LQVeQVLWLYe WR LQSXW cRQWaPLQaWLRQ fURP dLVN SaUWLcOeV aQd chaQge LQ β SURfLOe

FURm cRVmRlRgical h\dURd\Qamic LaWWe mRdelV

IQcUeaVed B-SSOLQe VPRRWhLQg PaLQWaLQV accXUac\ (�15% eUURU) fRU V\VWemV ZiWh YeU\ UealiVWic, cRmSle[ d\QamicV

FURm cRmSaUiVRQ ZiWh SRZeU-laZ URXWiQe

B-SSliQeV RffeU VWabOe, adaSWabOe fLWV aQd PRUe SUedLcWabOe eUURUV

EUURU iQ SRZeU-laZ URXWiQe likel\ cRmeV fURm Whe SaUameWUic cXUYeV SRRUl\ UeSUeVeQWiQg Whe YelRciW\ SURfileV 
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6. FUTURE APPLICATION:
GAIA, DESI, AND LSST
ASSO\ RXU URXWLQe WR daWa RQ MW fLeOd haOR VWaUV

GaLa Zill SURYide SURSeU mRWiRQV RXW WR a50 kSc

The Legac\ SXUYe\ Rf SSace aQd Time (LSST) aQd Whe VeUa RXbLQ TeOeVcRSe Zill SURYide SURSeU mRWiRQV WR >100 kSc

The DaUk EQeUg\ SSecWURVcRSic IQVWUXmeQW (DESI) MW VXUYe\ Zill SURYide liQe-Rf-VighW YelRciWieV aQd
VSecWURShRWRmeWUic diVWaQceV WR 150 kSc

The UeVXlW Zill be aQ eVWimaWed 0(< U) SURfile Rf Whe MW LOOXPLQaWLQg Whe dLVWULbXWLRQ Rf daUN PaWWeU LQ RXU gaOa[\.
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The Gaia VaWelliWe
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DESI mRXQWed RQ Whe 4-m Ma\all WeleVcRSe

The LSST
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ABSTRACT
SSheUical JeaQV mRdeliQg iV Zidel\ XVed WR eVWimaWe maVV SURfileV Rf V\VWemV fURm VWaU clXVWeUV WR galacWic VWellaU halRV WR
clXVWeUV Rf gala[ieV. IW deUiYeV Whe cXmXlaWiYe maVV SURfile, M(<U), fURm kiQemaWicV Rf WUaceUV Rf Whe SRWeQWial XQdeU Whe
aVVXmSWiRQV Rf VSheUical V\mmeWU\ aQd d\Qamical eTXilibUiXm. We cRQVideU Whe aSSlicaWiRQ Rf JeaQV mRdeliQg WR maSSiQg
Whe RXWeU UeacheV Rf Whe Milk\ Wa\, VSecificall\ WR deWeUmiQe Whe daUk maWWeU diVWUibXWiRQ fURm field halR VWaUV. We SUeVeQW a
QRYel XQbiQQed QRQ-SaUameWUic URXWiQe fRU VRlYiQg Whe VSheUical JeaQV eTXaWiRQ b\ fiWWiQg B-SSliQeV WR Whe 3-dimeQViRQal
YelRciW\ aQd deQViW\ diVWUibXWiRQV Rf halR VWaUV RbWaiQed b\ Whe Gaia VXUYe\ aQd VSecWURVcRSic VXUYe\V VXch aV DESI. While
mRVW imSlemeQWaWiRQV Rf JeaQV aVVXme SaUameWUic fRUmV fRU WheVe SURfileV, B-SSliQeV SURYide QRQ-SaUameWUic fiW cXUYeV aQd
make QR VacUifice iQ Whe cRQYeQieQce RU accXUac\ Rf WheiU deUiYaWiYeV. DeVSiWe JeaQV mRdeliQg¶V SUeYaleQce, WheUe iV liWWle
ZRUk TXaQWif\iQg Whe eUURUV iQWURdXced ZheQ bUeakiQg Whe aVVXmSWiRQV. We YalidaWe RXU URXWiQe RQ VeYeUal SURgUeVViYel\
mRUe cRmSle[ aQd UealiVWic mRck daWaVeWV WhaW bUeak WheVe aVVXmSWiRQV iQ diffeUeQW Za\V. We fiQd WhaW RXU URXWiQe UecRYeUV
Whe maVV SURfileV Rf eTXilibUiXm V\VWemV ZiWh eYeQ TXiWe flaWWeQed halRV aQd V\VWemV iQclXdiQg a VWellaU diVk aQd bXlge
e[celleQWl\ (<= 5% eUURU). We alVR SeUfRUm WeVWV ZiWh Whe QRQ-eTXilibUiXm aQd QRQ-VSheUical mRdelV fURm Whe LaWWe
cRVmRlRgical VimXlaWiRQV, Zhich SeUfRUm UeaVRQabl\ Zell (<=15% eUURU). ThiV laUgeU eUURU VXggeVWV WhaW Whe RXWSXW Rf
VSheUical JeaQV mRdeliQg iV mRUe VeQViWiYe WR deYiaWiRQV fURm d\Qamical eTXilibUiXm aQd Whe SUeVeQce Rf VXbVWUXcWXUe iQ Whe
halR WhaQ deYiaWiRQV fURm VSheUiciW\. 

 

M.V. iV VXSSRUWed iQ SaUW b\ NASA gUaQWV NNX15AK79G aQd 80NSSC20K0509 aQd a MICDE CaWal\VW GUaQW.
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