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INTRODUCTION

The objective is to determine the dark matter fraction of galaxies at low and high
redshift (different epochs), with two different methods: position-velocity diagram
along the major axis and 3D BBarolo.
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SUMMARY

1] Methodology with position-velocity diagram along the major axis
11] 3D Barolo's method
l11] Determination of the mass of dark matter

V] Discussion
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Par Merikanto — Created using the Balmer formula:Whereis the
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4
) METHODOLOGY WITH VELOCITY PROFILE

e Galfit
e Total rotation curves
e Results
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a) Galfit

\IMPLE
IITPIX
IAXIS

{AXI51
(AXI52
AXIS3
EXTEND

T / file does conform to FITS standard
-32 / number of bits per data pixel
3 / number of data axes
150 / length of data axis 1
150 / length of data axis 2
62 / length of data axis 3
T / FITS dataset may contain extensions

COMMENT  FITS (Flexible Image Transport System) format 1s defined in 'Astronomy
COMMENT  and Astrophysics', volume 376, page 359; bibcode: 2001A&A,..376..359H

CRPIX1 = 7.6000000000E+01 /
CRVALL = 1.1422708333E+62 /
CDELT1 =  -4,4444445521E-03 /
CTYPEL = 'RA---SIN' /
CUNIT1 = 'DEGREE ' /
CRPIX2 = 7.6000000000E401 /
CRVAL2 = 6.55688868889E+01 /
CDELT? = 4,4444445521E-83 /
CTYPEZ = 'DEC--SIN' /
CUNIT2 = 'DEGREE ' /
‘EHPIIi - 1.06060000000E+00 /
CRVAL3 = 2.8961096900E+02 /
(COELT3 = -5,1528600080E+00 /
hETYFEE = 'VELO-HEL' /
JCUNIT3 = 'KM/S| | | ! /
DRVAL3 = 1.4190278410E+69 / |
[BUNIT = *JY/BEAM ' /
BMA) = 1.6480218619€-02 /
panlu = 1.6279267147€-02 /
BPA =  -7.9446372986E+81 /
BTYPE = "intensity! /
0BJECT = 'ngc24e3 ! /
EPOCH = 2.0000800006E+AT /
TELESCOP= VLA ' [
FREQD = 1.4204057500E+09 | -
DATAMAX, = 2.5004282961E-01 |
gtgg:ég = -5,6104497053E-03 J '
INSTRUME= 'VLA T ; }:EEHEEIHEE S

NITERS =

IUHIGIH = 'WFITS VERSION 1.3' / VERSION OF THE GIPSY PROGRAM

| 2213320

Header:

Gives many informations about the
observations

Sersic

Froe = QWREEE exp (H)TLH_EHF

Frroe total luminosity. >, surface brightness.
R, effective radius. ¢ minor axis on major axis ratio.

texp €Xposure time.
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b) Determination of the

6

rotational curve

Ist step | — oae
Define ellipses along the major axis. |

2nd step |
Define the velocity of each spaxels R N

inside the ellipse.

Velocity (km/s)

3rd step
Do the mean velocity inside each
ellipses.




c) Resulting rotation curves

NGC 2403 U3 25160
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11) 3D BAROLO'S METHOD

o o8

e |nitial parameters
e Explication of different graphs
e Result

e ——

Tilted-ring model of M83 by Rogstad
et al. (1974)

Observatory of Strasbourg|2024



Observatory of Strasbourg |2024

a) Initial parameters

Fixed parameters

Initial position
Systematic velocity
Number of radii

Free parameters

Rotational velocity
Dispersion velocity
Angular position

FITSFILE ngc24e3.fits
THREADS 4

07/ 3DFIT parameters [f//////777/1/
3DFIT true

// Input rings

NRADIT 30

RADSEP 43.61762361
VS5YS 132.8
XPO5S 77

YPOS 77

VROT 120

VDISP 8

INC (1%

PA 123.7

0 1@

// Free parameters
FREE VROT VDISP PA
// Normalization type
NORM LOCAL

// Mask

MASK SEARCH

// Other options
LTYPE 2

FTYPE 2
DISTANCE 3.2
BWEIGHT 1

WFUNC 2
TWOSTAGE true
ADRIFT true

FLAGERRORS true
LTI TRy
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b) Graphs

Intensity and velocity maps
NGC 2403 U3 25160
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c) Resulting rotation curves
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111) DETERMINATION OF THE MASS 12
OF DARK MATTER

The total velocity should be: For the velocity of the dark matter halo, we
assume an NFW model (Navarro et al., 1996):

_ )
VTDt \/ disk gaﬁ + VDI\.I ,(J('T“) - 0

r

N (0 — !\ !2 10

Fraction of dark matter inside a radiusr: ﬂJ(U — 437?/ ﬁ(e‘“f)f“f dr’
0

Mpm(r)
. \7 — - GJ"[ A(
fDM( ) ﬂ"fa:iif-;l{(?j) + ﬁf‘fﬁns(r) + AIDM(F) VDh-'I — \/ -
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V?2

real =

(Genzel et al., 2017):

V) DISCUSSION

a) Correction of pressure

i

obs

I

2
adel

—_—

Oln(X) , Odln(e*)

(¥ —

Oln(r) ' Oln(r)
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(Sharma et al., 2021):

e Ill{ll".'uh.h:]l

JdIn(r)
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b) Comparison

NGC 2403
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i Bbarolo
Without pressure correction
_ Bbarolo
With pressure correction
] Sampling
Without pressure correction
Sampling
~  With pressure correction
2.i5 5.I0 ?.15 1(3;.0 12:.5 15I.0 1'1'..5 201.0
Distance to the centre of the galaxy (kpc)
BBarolo without correction | 2.11 - 10! | 9.15
BBarolo with correction 2.24 - 10" | 9.35




c) Dark matter fractions 15

Dark matter ratio 0.59, 1.89, 2.95
times the effective radius
for the galaxy NGC 2403 at low redshift.

| ® BBarolo method without pressure correction
0.84 [ m BBarolo method with pressure correction
K Sampling along the major axis method
= ®  without pressure correction
0.82 Sampling along the major axis method
f | ith pressure correction
= 0.80 o
Q
b u
£
x 0.78
¥
o
Distance | 2.37
0.76 [ - =
Bbarolo without | 0.74
. Bbarolo with | 0.73
0.74 Sampling without | ©.74
M Sampling with | 0.74
2 - 6 8 10

Distance from the centre of the galaxy (kpc)



c) Dark matter fractions

Dark matter ratio 0.59, 1.89, 2.95
times the effective radius

for the galaxy U3 25160 at high redshift.
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CONCLUSION

criticism and limits of the methods

@ Velocity profile method @ 3D Barolo method

Assumption: flat disk Assumption: disk made of concentric
rings mutually inclined

Caveats:
e Alot of assumptions (galaxies at equilibrium, circular disk,...)
e PSF of the instrument not taken into account
e Several models for dark matter

Observatory of Strasbourg |2024



Observatory of Strasbourg | 2024

THANKYOU



References

Genzel, R., Schreiber, N. M. F., Ubler, H., Lang, P., Naab, T., Bender, R., Tacconi, L. J., Wisnioski, E., Wuyts, S., Alexander, T., Beifiori, A., Belli, S., Brammer,
G., Burkert, A., Carollo, C. M., Chan, J., Davies, R., Fossati, M., Galametz, A.,. .. Wilman, D. (2017). Strongly baryon-dominated disk galaxies at the peak of
galaxy formation ten billion years ago. Nature, 543(7645), 397-401. https://doi.org/10.1038/nature21685

Sharma, G., Salucci, P., Harrison, C. M., Van de Ven, G., & Lapi, A. (2021). Flat rotation curves of z 1 star-forming galaxies. Monthly Notices Of The
Royal Astronomical Society, 503(2), 1753-1772. https://doi.org/10.1093/mnras/stab249

Sharma, G., Freundlich, J., De Ven G, V., Famaey, B., Salucci, P., Martorano, M., & Renaud, F. (2023). Dark Matter Fraction in Disk-Like Galaxies Over the
Past 10 Gyr. arXiv (Cornell University). https://doi.org/10.48550/arxiv.2309.0454

Fraternali, F., Van Moorsel, G., Sancisi, R., & Oosterloo, T. (2002). Deep H [CSC]i[/CSC] Survey of the Spiral Galaxy NGC 2403. OThe OAstronomical
Journal, 123(6), 3124-3140. https://doi.org/10.1086/340358

The Dawes Review 1. Kinematic studies of star-forming galaxies across cosmic time - Karl Glazebrook. (s. d.).
https://ned.ipac.caltech.edu/level5/March15/Glazebrook/Glazebrook4.html

9. The kinematics and dynamics of galactic rotation (Dynamics and Astrophysics of Galaxies). (s. d.). https://galaxiesbook.org/chapters/Il-02.-Galactic-
Rotation.html

Barrera-Ballesteros, J. K., Falcon-Barroso, J., Garcia-Lorenzo, B., Van de Ven, G., Aguerri, J. A. L., Mendez-Abreu, J., Spekkens, K., Lyubenova, M., Sanchez,
S. F., Husemann, B., Mast, D., Garcia-Benito, R., Iglesias-Paramo, J., Del Olmo, A., Marquez, |., Masegosa, J., Kehrig, C., Marino, R. A., Verdes-Montenegro,
L.,. .. Walcher, C. J. (2014). Kinematic alignment of non-interacting CALIFA galaxies. Astronomy & Astrophysics, 568, A70. https://doi.org/10.1051/0004-
6361/201423488

Peng, C. Y. 2012, Galfit User's Manual, https://users.obs.carnegiescience. edu/peng/work/galfit/README.pdf

Navarro, J. F., Frenk, C. S., & White, S. D. M. (1996). The Structure of Cold Dark Matter Halos. Astrophysical Journal/OThe OAstrophysical Journal, 462,
563. https://doi.org/10.1086/177173




ROTATION CURVES OF STELLAR
DISK AND GAS
| Ist step

Surface brightness

9 2nd step
Luminosity
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3rd step L(r) =27 [, 3(r")dr’

Rotation curve




Vitesse radiale (km/s)

NGC_2403

Courbes de rotation le long du demi grand axe de la galaxie
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Complete rotation curves

—— Vitesse du disque

—— Vitesse du gaz

—— Vitesse observée

—— Vitesse des baryons

—— Vitesse du halo de matiére noire
—— \itesse totale theorique
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