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Abstract

Measurements of galaxy rotation curves provide direct measurements of the distribution of baryonic
and dark matter in galaxies. Here, we present spectroscopic confirmation and one such rotation
curve for a z=0.5325 galaxy observed with Keck |/MOSFIRE as a filler target for the Web Epoch of
Reionization Survey. The rotation curve was derived from Ha 6563 A emission out to a galactocentric
radius of approximately 24 kpc. The target's rotation curve is well fit by an arctangent curve, that
when combined with broadbanned photometric constraints on the galaxy's stellar mass, predicts a
dark matter fraction consistent with results from the literature for z~0.5. We constrain the estimate

for this galaxy's dark matter fraction to be 93%, out to a galactocentric radius of 30kpc.
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1. Introduction

Galaxy rotation curves provide valuable insight into the evolution of the baryonic and dark matter
components of our universe, as they enable direct measurement of the distribution of matter within
those galaxies (Sofue & Rubin 2001). When measured in tandem with photometric observations, we
can determine the total dynamical mass as a function of galactocentric radius and estimate the
fractional mass of dark matter (Carignan & Freeman 1985). Here we examine the resolved spectrum
of a serendipitously observed z~ 0.5 galaxy. In Section 2 of this note we detail the observations for
the target, and in Section 3 we outline the analysis of the rotation curve, present our measurements
of dynamical mass and the dark matter fraction for the target, and discuss our results and

conclusions.

2. Observational Information

C0OS J100047+022256 was chosen initially as a filler target for the Web Epoch of Reionization Lya
Survey (WERLS, a Keck Key Strategic Mission Support Program supported by NASA, Casey et al.
2023, in preparation, Cooper et al. 2023, in preparation), and is located at 10"00™47:05 +02922™M56:
0 (J2000). WERLS targets the COSMOS field with the goal of obtaining spectroscopic redshift
measurements for photometrically-selected galaxies. Our target's observations were taken at the W.
M. Keck Observatory with the MultiObject Spectrometer for Infra-Red Exploration (MOSFIRE;
McLean et al. 2012) on 2022 February 14 and 2022 March 14 with 0#7 seeing. We reduced the raw
data using the public MOSFIRE data reduction pipeline (mospy ). The mospy pipeline provides a
sky-subtracted, flat-fielded, and rectified 2D slit spectrum per slit object. The reduced spectra are
wavelength-calibrated using telluric sky emission lines built specifically for the instrument. COS
J100047+022256 is in the COSM0S2020 catalog with ID: 106340 (Weaver et al. 2022). We
measured the redshift to be z = 0.5325 by identifying Ha 6563 A, [N11] 6583 A, and [N11] 6548 A in
the one-dimensional spectrum; we derive the spectroscopic redshift solution by fitting a Gaussian to
the Ha emission line. This measured redshift agrees well with the LePhare-Farmer photometric
redshift estimate of z = 0.5318 £+ 0.008 from COSMQS2020. Further analysis of the target's two-
dimensional spectrum revealed kinematically resolved spectral features, most notably Ha 6563 A
and [N1]] 6583 A.

3. Rotation Curve Analysis

The rotation curve was extracted from the two-dimensional Ha spectrum, shown in Figure 1(a). To
perform this extraction, we first identified the region which contains the entirety of the spectral
feature, in both wavelength-space and spatial extent. After identifying the object's spatial extent, the
units of that axis were converted to kiloparsecs using the MOSFIRE pixel scale. After converting the
spatial axis from pixels to arcseconds and kiloparsecs in proper units based on angualr diameter
distance at z=0.5, we then plotted the measured velocities against spatial offset. We determined the
maximum extent of the Ha emission to lie at a galactocentric radius of approximately 24 kpc. To
measure a rotation curve we extract a 1D spectrum along each spatial pixel (whose scale=0/18=~
2.69 kpc); we precisely measure a centroid wavelength for the emission line in each spatial row to
then calculate a velocity relative to the systemic. The data were then fit to the following arctangent
function (Courteau 1997; Weiner et al. 2006):

Solving for the knee radius ry, the correction for the galaxy's center position ry, and the asymptotic
velocity V,, we extrapolated the dynamical mass of the target according to the following equation
(Erb et al. 2006):

in units of solar masses, where V,, is the value of the fit function at r,,, =24 kpc. We utilized the best
fit values of ry =19.2+4.3kpc, ro=—6.4kpc and V, =151.4+22kms™" to produce the rotation curve
shown in Figure 1(c), as well as to produce an estimate for the dynamical mass of the target out to a
galactocentric radius of 30kpc (i.e., r,, —rg). The dynamical mass estimate is (6.7 +3.1) x10"° M,..
Using this dynamical mass estimates and the stellar mass estimate derived from the Farmer-
extracted photometry from the COSMOS catalog M. = (4.7 +0.4) x10° M, we can then determine an

estimate for the dark matter fraction for this target according to the following equation:

The estimate for fpy is 0.93+0.03 (out to a galactocentric radius of 30 kpc). The radius for
measurement was chosen specifically to be both larger than ri, and to be in the flatter section of the
arctangent curve, placing our radius of measurement well within the dark matter halo of this galaxy.
This dark matter fraction is largely consistent with what is expected both for z~ 0.5 galaxies as well
as galaxies in the local universe (Rubin et al. 1980). However, we note that this dark matter fraction
does not directly account for the gas content of this galaxy or underestimation of the stellar mass
(e.g., Maraston et al. 2010), each of which would cause an overestimation of the DM fraction. For
example, if the galaxy has a gas mass equal in magnitude to its stellar mass, the dark matter fraction
would be reduced to fo~0.86. Conversely, resolved imaging of the galaxy suggests it is face-on,
which could lead to an underestimation of fpy. This underestimation could be accounted for by
implementing an inclination correction. A more reliable estimate of dark matter content requires both

gas observations and ideally Integral Field Unit spectroscopy.
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Figure 1. (a) (top) Optimally extracted one-dimensional (1D) spectrum of our target in
normalized arbitrary flux units. The triangular marks indicate emission lines redshifted to the
measured source redshift, and each mark is labeled with its feature's name and rest-frame
wavelength (in Angstroms). (bottom) Signal-to-noise two-dimensional (2D) spectrum of our
target. (b) LePhare Spectral Energy Distribution (SED) fit to Farmer-extracted photometry for
COSMOS ID 106340 from the COSMOS catalog. The vertical dashed line marks where Ha was
observed. (c) Rotation curve extracted from the 2D-spectrum, with the spatial offset
converted to kiloparsecs. The red curve is an arctangent fit function with r, =19.2 +4.3kpc.
(d) RGB image of COSMOS ID 106340 generated from three HST images taken in the F6O6W,
F814W, and F125W bands. The MOSFIRE slit is shown in yellow, and the cyan circle outlines

the region on the slit in which the target lies. The dimensions of this cutout are 15" by 15"
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The authors wish to recognize and acknowledge the very significant cultural role and reverence that
the summit of Maunakea has always had within the indigenous Hawaiian community. We are most

fortunate to have the opportunity to conduct observations from this mountain.

Footnotes

+ Show References

IOPSCIENCE IOP PUBLISHING

Journals Copyright 2024 IOP Publishing
Books Terms and Conditions

|OP Conference Series Disclaimer

About IOPscience Privacy and Cookie Policy
Contact Us Text and Data mining policy
Developing countries access

|OP Publishing open access policy

Accessibility

e This site uses cookies. By continuing to use this site you agree to our use of cookies.

Article metrics
465 Total downloads

Citations % 2

Share this article
B § X &

Abstract

1. Introduction

2. Observational Information
3. Rotation Curve Analysis
Footnotes

References

PUBLISHING SUPPORT

Authors
Reviewers

Conference Organisers

yOInNnD % &

AlA
A o

A publishing partnership

Publishing



https://iopscience.iop.org/journal/2515-5172
https://iopscience.iop.org/volume/2515-5172/7
https://iopscience.iop.org/issue/2515-5172/7/5
https://iopscience.iop.org/article/10.3847/2515-5172/acd940
http://creativecommons.org/licenses/by/4.0
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib7
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib1
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib5
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib8
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib2
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib9
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib3
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib6
https://iopscience.iop.org/article/10.3847/2515-5172/acd9a5#rnaasacd9a5bib4
https://keck-datareductionpipelines.github.io/MosfireDRP/
https://iopscience.iop.org/journal/2515-5172
https://ioppublishing.org/
mailto:?subject=Rotation%20Curve%20Measurement%20of%20Dark%20Matter%20Content%20of%20a%20z%E2%80%89%E2%88%BC%E2%80%890.5%20Galaxy&body=Rotation%20Curve%20Measurement%20of%20Dark%20Matter%20Content%20of%20a%20z%E2%80%89%E2%88%BC%E2%80%890.5%20Galaxy%20-%20https://doi.org/10.3847/2515-5172/acd9a5
https://www.facebook.com/sharer.php?u=https%3A%2F%2Fdoi.org%2F10.3847%2F2515-5172%2Facd9a5
https://twitter.com/share?url=https%3A%2F%2Fdoi.org%2F10.3847%2F2515-5172%2Facd9a5&text=Rotation+Curve+Measurement+of+Dark+Matter+Content+of+a+z%E2%80%89%E2%88%BC%E2%80%890.5+Galaxy&via=AAS_Publishing
https://www.mendeley.com/import/?doi=10.3847%2F2515-5172%2Facd9a5
https://iopscience.iop.org/journalList
https://iopscience.iop.org/booklistinfo/home
https://iopscience.iop.org/conference-series
https://iopscience.iop.org/page/aboutiopscience
https://ioppublishing.org/about-us/contact-us/
https://iopscience.iop.org/info/page/developing-countries-access
https://publishingsupport.iopscience.iop.org/open_access/
https://iopscience.iop.org/page/accessibility
https://ioppublishing.org/legal/copyright/
https://iopscience.iop.org/page/terms
https://iopscience.iop.org/page/disclaimer
https://ioppublishing.org/legal/privacy-cookies-policy/
https://ioppublishing.org/legal/textanddataminingpolicy/
https://publishingsupport.iopscience.iop.org/
https://publishingsupport.iopscience.iop.org/publishing-support/reviewers/
https://publishingsupport.iopscience.iop.org/publishing-support/organisers/

