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Introduction



Galaxy Rotation Curve Problem

1

* Kepler's laws: v « 7

* where v is orbital velocity,
and ris radius.

1.6 T T T
Galaxy Rotation Curve
Credit: Matthew Newby, Milkyway@home
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e Observed: v = constant

1.2

Observed

e Dark Matter £ 10
g _Dark Matter
e can’t be observed directly e
ey . . E 0.6 ‘x Xpecte
e study itis by gravity currently © =
i H”“‘*-mh__ Disk (light)
0.2 _ Bulge (light) |
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Radius, r (kpc)
Source: https://milkyway.cs.rpi.edu/milkyway/science.php



https://milkyway.cs.rpi.edu/milkyway/science.php

Dark Matter Candidates

WIMP (Weakly Interacting Massive Particles)
* hypothetical particles

MACHOs (MAssive Compact Halo Objects)

 dim objects with M < 1M,
* e.g. brown dwarfs, white dwarfs, black holes

* AXions
* hypothetical elementary particles
e tiny mass: 107° to 1072 eV/c?

Compare to WIMP and MACHOs, Axions assemble less in
the inner part of galaxies.



About My Project and Data



Goal

* Look into the inner part of NGC 628.

* Find out the dynamical mass
composition.

* Estimate the proportion of dark
matter.

Source: https://almascience.nao.ac.jp/aq/

Mdynamical — Mmolecular + Matomic + lV[stellar + 1v[dust + 1V[black hole T Mdark matter



https://almascience.nao.ac.jp/aq/

Data Selection

* ALMA Archive i

* Project Code:
* 2013.1.00532.5

* Tracing Molecule:
e CO(1-0),
 rest frequency ~115.27 GHz

e Spectral window:
* 114.516 GHz (central frequency)

Source: https://almascience.nao.ac.jp/aq/



https://almascience.nao.ac.jp/aq/

Data Feathering

* 12m Array * Total Power Array
 Resolution: 3.35" x 2.03"  Resolution: 56.71" x 56.71"

Moment0 Map Moment0 Map
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MomentO and Momentl Map

(12m Array & TP Array)

Moment0 Map Momentl Map
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NGC628.moment0—raster

PV Diagram
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NGC 628 PV Diagram
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PV Diagram

NGC 628 PV Diagram NGC 628 Rotation Curve
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Mass Estimation In the Inner
Part of NGC 628

Selected Region: Region Within 1 kpc Centered On NGC 628



Estimation of Dynamical Mass
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Estimation of Molecular Gas Mass

. — 4 2 Xco
N[H2 = 1.2 %X 10" X D* X SCO(l—O) X 2x1020
* Mpo1 = 1.36 X My, (An-Li TSAl et al. 2009)
* D = 9 Mpc (Jiayi Sun, 2018)
* Sco1-o0) = 87.80 (Jy kms™h)
* Xco =2 x10%° (em™?/(Kkm s™1)) (Bolatto et al. 2013) NGC 628 FluxDensity
N 7 =15

Radio Velocity (kmjs)

Selected area: a circle with radius 1000 pc Integral range: 630 ~ 680 (km/s)



Estimation of Stellar Mass

* Wide-field Infrared Survey Explorer (WISE)
* Band 1 (central frequency: 3.4 um)
* Coadd_ld. 0234p151_aC51 WISE—Band—1.fits—raster

* DN-to-Jy conv. (cutriet al. 2012)

+ Jy/DN = 1.935 x 107° |
AN vy b

log (M@) = 1.0810g(L®) . @

« XQ Wen et al. (2013)

@

8 15%45'
01h36™Ms51° 45° 42° 39% 36° 33°
J2000 Right Ascension

Source: WISE data from NASA/IPAC Infrared Science Archive

Selected area: a circle with radius 1000 pc



Estimation of Black Hole Mass
(Dong & De Robertis, 2006)

M
. log(Mi(:) = 6.7

MBH ~ 5.0 X 106 M@




Estimation of Atomic Gas Mass
(R. Auld et al, 2018)

* Telescope
* Arecibo L-band Feed Array (ALFA)

* Arecibo Galaxy Environment Survey (AGES)

* Field of view
e total region of NGC 628

MHI ~ 9.1 i 0.1 X 108 M@

Overestimated for 1 kpc




Estimation of Dust Mass
(G. Aniano et.al, 2012)

* Telescope
* Spitzer and Herschel

* Field of view
e a circle with radius of 9.4 kpc

Mg ~ 2.9 + 0.4 x 107 Mg

Overestimated for 1 kpc



Estimation of Dark Matter Mass

Mass Composition In 1 kpc Region of NGC 628
Mgynamical (M@) 4.0 x 10?
Mmolecular (M) 7.7 x 107
Mstellar (M@) 9.3 x 108
Mplack hole (M) 5.0 x 10°
Matomic (MQ) 9.1 x 10° Overestimpated for 1 kpc
Mdust (MG)) 2.9 x 107 Overestimpated for 1 kpc
Mdark matter (MG)) 2.1x10° Underesti||nated for 1 kpc

Mdynamical = Mmolecular + Mstellar + Mblack hole T Matomic + Mdust + Mdark matter

20




Summary

NGC 628 MASS COMPOSITION IN 1000 PC
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9
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Mdynamical = 1v[molecular + Mstellar + Mblack hole T Matomic + Mdust + Mdark matter
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Thanks For Your Listening.



