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Dwarf Galaxies

* Most abundant, low luminosity, low mass,
small size

* NGC445] ~ 16,304 ly in diameter

®

e Milky Way ~ 100,000 ly in diameter

* Hard to spot

NGC 5692

* Dominated by dark matter SDSS

NGC 6106

SDSS



Dark Matter History

Lord Kelvin estimates Jacobus Kapteyn Vera Rubin provides
mass of galaxy to differ suggests dark matter evidence for dark
from the mass of visible exists from stellar matter from galaxy
stars = presence of dark velocities rotation curves
bodies
@ @ @ @ @

Henri Poincaré coins the Fritz Zwicky obtained

term “dark matter” when evidence of dark matter

describing Kelvin’s work from galaxy clusters

(Carnegie Institution of VWashington
via Associated Press)
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Dark Matter Gallaxy Rotation Curve

Credit: Matthew Newby, Milkyway@home
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Simulated Cusp, Observed Core
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Adapted from Bullock & Boylan-Kolchin et al. 2017

Possible Causes:
Core-Cusp Problem * Dark matter functions differently than we understand

* Baryonic physics




Chronology and My role

Setup, astronomy & scientific python overview
Plot CO velocity fields and rotation curves
Read papers, compare CO data to Ha data, cleanup code

Determine error to CO rotation curves using Monte Carlo method, find dynamical mass

v A W

Compare rotation curve geometric parameters between datasets, find inner slope of dark matter
density and dark matter rotational velocity

6. Start final presentation and paper, fix error on fits, plot comparisons between observed and
simulated data, compare dark matter concentrations to other galaxy parameters

Finalize graphs and code, write presentation ’Mr

Finish presentation and poster




Saintonge et al. 2017
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* Carbon Monoxide (CO)

* Measuring the spectrum:
amount of light emitted by
that molecule at different
frequencies
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Dynamical Mass & its
Breakdown
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LITTLE THINGS: Oh et al. (2015)
THINGS: Oh et al. (2011)

Adams et al. (2014)

Simon et al. (2005)

Truong et al. (2017)

Relatores et al. (2019)

This Work
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Tollet et al. (2016)

NFW Profile

FIRE/FIRE-2: Lazar et al. (in prep.)
FIRE: Chan et al. (2015)

This Work
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ters necessary to run

his function will therf File "/thurstonZ/lcooke/research/ALMADwarfCORotCurves/scripts/FitTiltedRings.pﬁf

thLocation

| /fromnumeric.py”, line 86, in “wrapreduction

|

X SR
WARNINC

NGt VerifyWarning: Card 'RESTFREQ
ng: "1.15271e+11'). Fixed 'RESTFREQ
o.fits.verify]

WARNING: Verlnyarnlng Note: astropy.i
[astropy.io.fits. verify]

Traceback (most recent call last
File "fittingwrapper.py", LJHt 1_;, 1n <module>

R, eR, Vrot, eVrot, Vrad, evrad, avsys, edVsys, chisq, chisqr = fit tilted r}

ings(gal,vheader, vfield, evfield, RA+1, Dec+changeDec, PA+changePA, Inc+changelg }
nc, Vsys+changeVsys) |

€s zero-based indexing.

Y Uine 315, in fit tilted rings
r rings = getrlngs(vel list,PA,inc,Vsys, bmaj)

e
File "/tb: rston/lcooke/: eScaICn/ALhADwasfCORotCurves/scr1pts/F1tT11tedR1ngs P
y ', uine 13z, in (etrings ,

10,2 m3¥ r = np.max(r thisring) i

— o= e Keep track of where our data is coming from
/fromnumeric.py", line 2505, in amax ;
e

initial=initial) _ :
File "/n/astromake/opt/python/anaconda3/lib/python3.6/site-packages/numpy/cor

return ufunc.reduce(obj, axis, dtype, out, f*passkyargs) . ' .
ValueError: zero-size array to reduction operation maximum which has no 1dent1ty.v

]thurston% ¥
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Dark matter Simulations agree Core-Cusp problem

distribution is best with in dwarf galaxies

affected by feedback observations when may be explained
baryonic physics are with baryonic
included physics

Conclusions




