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Abstract The tension between luminous matter and dynamical matteddray been an interesting and
controversial topic in the investigation of galaxies. Tigigarticularly true when we study spiral galaxies
for which we have high quality observations of rotation @gvThe solutions to the tension are proposed in
two different approaches, one is the dark matter hypotlaesishe other is MOdified Newtonian Dynamics
(MOND) theory. When we test the solutions by using obseovedi data of rotation curves, the controversy
arises when we apply them to both low surface brightness Ylg8Bixies and high surface brightness (HSB)
galaxies. Usually one likes to use the rotation curves of lgaRxies, since dark matter is needed or the
Newtonian acceleration falls below the characteristiefmationa, in most regions of such galaxies, even
near their centers. But for HSB galaxies, dark matter is eded Newtonian acceleration falls below the
characteristic acceleratiag only in their outer regions so it is helpful to single out HS&Haxies from some
large sample to test the solutions. To this end, we employpasample of the rotation curves consisting of
45 non-bulgy HSB galaxies selected from the Spitzer Photignaed Accurate Rotation Curves (SPARC)
database to test two dark halo models (NFW and Burkert) andNDIOMe find that, among the three
models, the core-dominated Burkert halo modél & 1.00) provides a better description of the observed
data than the NFW modekf = 1.44) or MOND model > = 1.87). This is not consistent with the
most recent numerical simulations, which tend to favor soospy density profiles for HSB galaxies. For
MOND, when we take:, as a free parameter, there is no obvious correlation betagand disk central
surface brightness at 3i6m of these HSB spiral galaxies, which is in line with the bassumption of
MOND thatag should be a universal constant, but is surprisingly not istest with the results when LSB
galaxies are included. Furthermore, our fittings giyean average value .74 + 0.45) x 10~ %cms~2,
which only marginally supports the standard valua©f1.21 x 10~8cms~2). Since the standard value of
ag is strongly supported when both HSB and LSB galaxies araudted in the large SPARC sample, we
conclude that our slightly smaller value @f cannot be explained by the so called external field effect in
MOND theory.
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1 INTRODUCTION visible matter alone, and the most common hypothesis
to explain the discrepancy between the dynamical mass

For spiral galaxies, rotation curves.(¥) (the circular- and the luminous mass is to postulate the existence of
d dark matter in these galaxies. Dark matter is the least

speed is a function of the radiug can be measure i
by using the 21-cm line of interstellar neutral hydrogenWeII understood component of galaxies. As a type of

out to radii well beyond the outer edge of the Ste”artheo_retically_assumed matter particle, we requirethairitc
distribution. It is found that the rotation curves of lumirso pr_owde gravity and have slow rf'indom velocity (compared
spirals remain flat even at galactocentric distances a\g'th the speed of light), and is thus dubbed cold dark

much as 10 times the scale length of the stellar disk_matter (CDM). CDM particles have no electromagnetic

This could not be explained by Newtonian gravity of themteractions among themselves or with other ordinary
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matter, otherwise they could be directly observed. Thido non-baryonic dark matter in explaining the flat
same property also means that CDM particles canngtart of rotation curves, Modified Newtonian Dynamics
dissipate energy. It is well known that the formation of a(MOND, Milgrom 1983ha) is the most remarkable. It
rapidly rotating thin disk such as the solar system or thénypothesizes a modification of dynamics by introducing
disk of a spiral galaxy requires dissipation, which relsasea characteristic constant acceleratiof, below which
energy and conserves angular momentum. Since CDNlewtonian dynamics break down and MONDian dynamics
particles cannot dissipate energy, they are expected take effect anders & McGaugh 2002The reason that
aggregate in an approximately spherical halo surroundinlyl OND could survive for decades can be attributed largely
the luminous disk of a spiral galaxy. to the fact that it can successfully explain rotation curve
There is no direct observational evidence on thePPServations without the dark matter hypothesis.
density profile of dark halos around spirals. On the  Usually, it is believed that dwarf and LSB galaxies
theoretical side, numerical simulations of the formatiébn o whose accelerations fall below the MOND acceleration
dark halos can predict various density profiles (dependintimit «¢ are the best candidates to test MOND. When
on the physical processes considered), but the validity dfoth the LSB and HSB galaxies are included, some
the predictions must be verified, among others, by thauthors Swaters etal. 20)0found that roughly three
observational data on rotation curves. N-body simulationgjuarters of their sample are consistent with MOND to
for pure CDM particles indicate that dark matter halosreproduce acceptable fits of the observed rotation curves.
have spherically averaged density profiles that can be fitteBwaters et al.(2010Q also investigated the correlation
by the Navarro-Frenk-White (NFW) profil®&l@varro etal. betweena, and the extrapolated central disk surface
1996h 1997. But the center of the NFW model is brightness. They found that there appears to be some
cuspy, which contradicts the observed rotation curves oévidence of a correlation between them, in the sense that
dwarf galaxies de Blok et al. 2001 Gentile et al. 2004 lower surface brightness galaxies tend to have lawemnd
2007 Zonoozi & Haghi 201 the latter prefers some vice versa, which would be in contradiction with MOND
density profile with a constant corde Blok et al.(200§  thata, should be a universal constant. They explained that
investigated the rotation curves of 19 galaxies of the Thehis correlation is just possible because the rotationesirv
HI Nearby Galaxies Survey (THINGS) sample to testof a few HSB galaxies may be uncertain because of bars or
the cuspy NFW model and the observationally motivatedvarps.

central density core model. They found thatthe two models |, this paper, we select a sample consisting of only

explain the observed rotation curves equally well forygg gajaxies with the most recent high quality rotation
massive, disk-dominated galaxies. For low-mass galaxieg,;es to test the dark halo models (with or without
however, rotation curves prefer a core-dominated halg core) and MOND simultaneously. For dark halos, we
over an NFW halo. To solve the cusp-core controversy, iT’er on NFW as a typical cuspy model and the Burkert
turns out that the baryon effects are essential in numericz&lensity profile Burkert 1995 as a typical cored model.
simulations. The central mass density of CDM halos camy ; aim is to test whether or not the two models can
be affected by various baryonic processes. The adiabatgzxmain HSB galaxy data equally well and compare our
contractions can make baryons pull more dark mattefogits with those ofle Blok et al.(2008. For MOND

into the center and steepen central dens@yddin etal. e know that HSB galaxies present small discrepancies
2004 Gustafssonetal. 2006 Sellwood & McGaugh  henyeen the visible mass and the dynamical mass; within

2009, while stellar feedback Navarroetal. 19982 e pright inner regions, they are in the high acceleration
Read & Gilmore 2005 Pontzen & Governato 2012 i the Newtonian regime; MOND thus predicts that

and dynamical friction Veinberg & Katz 200¢ can e rotation curves should rapidly rise and then fall in
induce expansion of the CDM halo and produce &, gimost Keplerian fashion to the final asymptotic value.
core (e.g.,Shapiro etal. 1999Mashchenko etal. 2006 1y is in contrast to LSB galaxies, for which, the internal
2008 Gnedin & Zhao 2002 Penarrubiaetal. 2012 ,ccelerations are low, and MOND predicts that their
Maxwell et al. 20150Morbe et al. 2018Chan etal. 2015 gtation curves should slowly rise to the final asymptotic

Tollet et al. 2015, circular velocity. Thus we utilize this same HSB galaxy

Up to date, there has been no direct experimentadample to verify this prediction and to test whether or not
evidence or strong theoretical justification for CDM. As the correlation between, and the extrapolated central
far as rotation curves are concerned, it is possible thalisk surface brightness arises from uncertainties inigytat
the flat part may suggest some failure of Newtoniancurves of HSB galaxies as suggested $waters et al.
theory, rather than a problem of missing mass, at leag010. Furthermore, we have a chance to compare dark
on galactic scales. Among others, as an alternativealo models with MOND.
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This paper is organized as follows: In Secti@nwe For the CDM approach, there are three components:
briefly describe the sample of HSB galaxies that is usedtars, gas and dark matter. The contributions to the
in our fitting. In Section3, we introduce three theoretical observed rotation curves from each component can be
models of galaxy structures and rotation velocities. Wecalculated if we know their density profiles. We rely on
apply the Markov Chain Monte Carlo (MCMC) technique the derived surface-brightness profiles for each galaxy
to fit the galaxy rotation curves and pick out the bestof our sample to calculate the stellar contribution by
model in Sectior. The discussions and conclusions aresolving the Poisson equation for a disk with finite thickness

presented in Sectidh (Casertano 1983 Similarly, the contributions from gas
are calculated by using the gas density profiles from HI

2 THE ROTATION CURVE DATA observations (corrected for the contribution of helium)
(Katz et al. 201Y. To do this, we start by assuming that a

2.1 Rotation Curves disk with finite thickness has an axisymmetric density for

both stars and gas
We select the HSB galaxies from the Spitzer Photometry

and Accurate Rotation Curves (SPARC) database p(R,z) = S(R)n(z). (1)
(Lellietal. 201§. SPARC is a sample of 175 nearby ppysically, such a density implies that a cross-section
galaxies with new surface photometry at 88, and  iprough the disk always has the same shape, no matter
high-quality rotation curves from previous HI/H studies. ot \yhat radius? is taken. In particular, the characteristic
SPARC is the largest sample of ro'Fat|on curves to date fog. e height of the disk is independeniyfan assumption
every galaxy. For the purpose of this study, we remove thg, 5t is jn reasonable agreement with observations of edge-
galaxies that have a bulge component. This can simplify,, gisk galaxies. We require that the functigin) satisfies

our fits and improve the fitting quality, since the Very iha normalization conditiorf 7(z)dz = 1, such that(R)

different mass-to-light ratid/../ L between the bulge and s {he total surface density ant{ R)n(z)d is the surface
the disk would introduce additional uncertainties into Ourdensity of the layer of material of thickneds that lies a

fittings. distance: above the equatorial plane. As usual, we assume
an exponential form for function(z)
2.2 Data Selection 1
: . . 0(z) = 5—e /7,
As we did before\Wang & Chen 201 firstly, we require 2zq

that each galaxy have at least six data points on its rotatioghere =4 is the scale height. In cylindrical coordinates

curve, and to account for the inclination of the disk in (R, ¢, z), Poisson’s equation for axisymmetric systems is
the plane of the sky, the observed velocities have been )
modified by a factor ofﬁ. We exclude the galaxies li (RW) + 8_(1) = 47Gp(R, 2). 2)
with i < 30°. Because of the random orientation of ROR OR 922
the disks, this will not introduce any selection bias. WeWe apply zero order radial Hankel transforms to both sides
also remove the asymmetric rotation velocities of theof Equation @)
galaxies, because such rotation speeds arise from non- 0z
. . S . 9z 0*P(k, 2)
circular motion. Considering these constraints, our sempl —k*®(k,z) + Q2
was reduced from 175 to 147. Secondly, we distinguish z
the HSB galaxies from LSB galaxies by their effective@nd the solution of this equation is
surface brightness: higher than 109 pc—?2 are regarded
as HSB galaxiesLlliet al. 201§. We then obtain 76
?lécnggs z;zl)z:se's\:,reo%rltﬁ;g:rl:;?;:slzzl_z;;%ﬁtzl?sfgvhere we have applied the conditions that the density

galaxies such that none of them have a measurable bul gmshes alz| — oo. In ordgr to calculate the rotation
component elocity V(R) on the equatorial plane (= 0), we need the

inverse Hankel transform of Equatio#)) @nd its derivative
with respect taR, then letz = 0 to give

= 4nGp(k, z), 3)

oo
221G [ _kja—t)

i)(k,z) =-

p(k,t)dt, — (4)

— 00

3 THEORETICAL MODELSAND THE ROTATION

2 0
CURVES % e / J1(kR)
0
In this paper, we decompose the mass modeling into <l e dX(s)
a multi-component model, and derive the total resulting {/0 ¢ [/0 Ji(ks) ds Sds] n(t)dt} dk.

rotation curve to fit the observed data. (5)



271-4 L. Wang & D. M. Chen: Halo Models vs. MOND

This is the formula for SPARC to calculate their rotation s = Myir (10)
velocities contributed from stars or gas when surface Arr3In(1 + cvir) — 772

density ¥(R) is given. For stars,V... is calculated \we then define the halo virial velocity as

utilizing the observed 3.6m surface brightness profile

and extrapolating the exponential fit & — oo, unless Viir = VGMyir [ Ryir. (11)
the profile shows a clear truncation; for gég,.s is
either computed using Hsurface density profiles or
taken from published mass modelkelli et al. 201§.

For a given spherically symmetric density profile:), we
can derive from Poisson’s equation

The data for mass models (velocity data, baryonic 10 o
N S o — (22 = 4nG (12)
contributions, inclination-corrected stellar densitgfiles) 2o\ ) TP
can be downloaded from webpdgfet p: / / ast r oneb. ) )
case. edu/ SPARC/ . We then add W (r) calculated the circular velocity
from an NFW or Burkert profile to the stellar and gas d¢ 4nG [T
2 2
components, Visrg = ; p(r')yrdr’, (13)
. . wherelim, o V(r) — 0 has been assumed. Accordingly,
Ve(r) = \/VDM (1)2 + Vpar(r) ©) we find,
= \/VDM ()2 + Vgas(7) [Vgas(r)| + (M / L)V stard7)? . 3 r r
Vi = 4nGps—= {ln (1 + —) — ]
r T r+rs

For MOND, as there is no dark matter, the stellar

contributions and gas contributions can also be calculated = e n(1+=)—— ] .
rn(l + cyip) — 58] T r4rs

from their observed density profiles, but by relying on T+cyir (14)
a MONDian mechanism after solving Poisson’s equation
.3below).
(see Seca.3below) 3.2 Burkert Model
3.1 NFW Model The central part of the Burkert halo has a core structure

The dark matter distribution of halos frorhCDM while the slope approximates3 at infinity (Burkert 1999,

simulations is traditionally described as the NFW profile p(r) = PO (15)
(Navarro et al. 1996b1997. The generality of an NFW (L+7/ro)(1+ (r/ro)?)

profile has been confirmed by many studiésle & Lacey  \yhere p, is the central CDM density ane, the scale
1996 Carlberg et al. 1997Tormen et al. 1997Jing 2000  [adius. The total halo mass is

Bartelmann et al. 1998

parsd M(r) = mpor

pNFw(r) = ———, (7) {m {1+(L)2

16
r(r+rs)2 r }_( )

:| + 2In(1 + L) — 2arctan(—)
70 ro

o
wherer, andpg are the halo scale radius and characteristic
density, respectively. We can see that the NFW model >0 for the Burkert model, the dark matter component
steepens from~! near the center of the halo to? at ~ contributes to the rotation curve as
large distances. V2 o ﬁ

We define the virial mass of a halo to be the mass’bM — “7P0 r
within ry;, (as the radius where the average halo density r r r
equalsA times the critical density of the Universe where {hl {1 + (%)2] +2In(1 + E) -2 arctan(%)} .
A = 93.6. In this work, we choosé&l, = 73 km s! 17)
Mpc~1!) and for the NFW model it reads
3.3 MOND Mode

M ir — 4 o 2 =4 s 3 vir . .
v 7T/O prdr = dmpsrs f (evir), ®) According to MOND theory Kilgrom 1983ha),

Newtonian dynamics no longer hold when the acceleration
is approaching or falls below the critical acceleratign
it pdp Coir The effective acceleratiop is related to the Newtonian
flevir) = ———— =In(1 + ¢yir) — , :
o (1+2?) 1+ copr acceleration by
) w(g/ao)g = goar, (18)

with ¢yi, = 744 /75 the concentration parameter, and
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Fig. 1 The best-fitting rotation curves of HSB galaxies with difietmodels. Left panels represent the fits to NFW, middle
panels to Burkert and right panels to MOND. In each panelbthe curve is the fit to the stellar disk, the yellow curve to
the gas and the black curve to the dark matter component, tisged line means the best fit model and the crosses are
the observed data. The full figure is availabléat p: / / www. r aa- j our nal . or g/ docs/ Supp/ ns4941fi gl.

pdf .
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Fig.2 The correlation between galaxies’ disk central

surface brightness and MOND acceleration constaiy.
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Fig.4 The correlation between central densifigsnd the
core radiusy.

where gnsr = GM/r? is the Newtonian acceleration
anday ~ 1.2 x 10~8cms~2 is the critical acceleration.
Milgrom (19830 suggested that < ag could describe the
dynamics of galaxies without the dark matter hypothesis.
The interpolation functionu(z) has the asymptotic
behaviors:y(z) = z for z — 0 andu(z) = 1 for

x — oo. We choose the simple interpolation function as
(Famaey & Binney 2008McGaugh 2008

oz
14

p(x) (19)

Combining Equation¥8) and Equation19), we can derive

g as
1 4a
g = 5 bar <1 +4/1+ (—°)> . (20)
Gbar

SinceV = /gr and Vpar = +/gpar, the corresponding
rotation velocity is given by

_ v%gf+ ngr+’4ra0vg;

Yo = ; @

and

Voarr) = /Vaad )| Vaad1)| + (ML) Vaard )2, (22)

4 BEST-FITTING RESULTS
4.1 Comparisonsof the Three Models

In this section, we apply the previously described
models to the fits of our selected sample of 45 HSB
galaxies by utilizing the open source Python package
emcee (Foreman-Mackeyetal. 2013 For the NFW
model, we map the posterior distributions of three free
parameters:log,,(Veir), logyg(cyir) and log,q(M./L)

as done byKatzetal. (2017). We make 10.0 <

Veir < 500.0km s, 1.0 < ¢y < 100.0

and place a constraint od/./L such that0.3 <
M,./L < 0.8 (Meidt et al. 2014 McGaugh & Schombert
2014 Schombert & McGaugh 20)4We fit the observed
rotation curves with the Burkert model of three free
parameterspg, ro and M,/ L. For the MOND model, we
leaveay and M. /L as two free parameters. The fitting
results are presented in Figuteand Tablel. From the
fitting results, we find that the Burkert halo model exhibits
the best fits compared with NFW and MOND models,
as indicated by their corresponding median reduced chi-
squarex2=1.00, y2=1.44 andy?=1.87. This means that
the HSB spiral galaxy halos prefer a constant density
core rather than a cuspy center. The same tendency is
also indicated by the result that the number of HSB
galaxies that are best explained by the Burkert model (27
galaxies) doubles that of the NFW model (15 galaxies),
but in contrast, only three galaxies are best explained by
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MOND. It turns out as a whole, however, that the threean obvious correlation betweeg andr, for our sample,
models provide acceptable fits to our HSB sample (reduced

W2 <3): 78% (35/45, Burkert), 69% (31/45, NFW) and log(po)
67% (30/45, MOND). In particular, we find that for two which is plotted in Figuret. We note that our fits based
galaxies (NGC 2903 and NGC 2998), all three modelson the Burkert model give essentially the same correlation
provide poor fits {2 > 3). It seems possible that two relationship as that for the “pseudo-isothermal sphere”
such complex galaxies may have small undetected bulg@odel Kormendy & Freeman 20046pano et al. 2008
components which perturb the innermost velocities.

= —1.39 x log(rg) + 8.61, (23)

Particularly, for MOND, our fits give the acceleration 5 DISCUSSIONSAND CONCLUSIONS

constaniy an average value @89 x 10~%cms™2. This e have presented the fits between the predictions of two
value is smaller than the standard valuBeyeman etal. §ark halo models and MOND theory to a sub-sample of 45
(1991 but consistent with the value dBottemaetal. pon-pulgy HSB spiral galaxies selected from the SPARC
(2002 (0.9 x 10~ *cms~?). However, when we present an sample which consists of 175 nearby galaxies with modern
analysis of the correlation betwee and the galaxies’ grface photometry at 3iin and high quality rotation
disk central surface brightness (FB), we find that most  cyryes. The large majority of spiral galaxy rotation curves
of our fits exhibit low values od, except the three highest presented here can be explained well by the NFW model
values. After excluding the three highest valuesofrom (69%), Burkert model (78%) and MOND with, free
our fits, we findag = (0.74 £ 0.45) x 10~ ®cms™>. Asa  (579). Among these three models, the core-dominated
comparison, afteBwaters et al(201Q excluded the three  gyrkert halo model provides a better description of the
highestay values from their fits, they found an average gpserved datax(=1.00) than the NFW x2=1.44) and
value ofay = 0.70 x 10~8cms~2, which is very close  MOND models §2=1.87). Or put another way, about
to ours. three-fifths (27/45) of spiral galaxies are best explained

Most importantly, we also find in Figur2 that there by the Burkert model. Accordingly, we can say that about
are no obvious correlations betwe@(m and the ga|axies’ three-fifths of HSB gaIaXieS host a constant denSity core
disk central surface brightness This result is consistent in their centers rather than a cusp in our sample, or
with Gentile et al.(2011) and also supports the result of that the HSB galaxies prefer a halo with a core-density
Swaters et al(2010 in the sense that there are only a few profile over the cuspy model. Our results are consistent
HSB galaxies in their sample which are the major sourc&vith de Blok et al. (2008, but are not consistent with
of the correlations. Lietal. (2019 who fits the observed rotation curves of
nine HSB galaxies, but none of them can be fitted well
by the core-modified model. Furthermore, our fits for the
Burkert model affirm that there is an obvious correlation
betweenpy, andry, which is consistent with the rotation
curves fitted by the “pseudo-isothermal sphere” model
“(Kormendy & Freeman 2008pano et al. 2008

When MOND is fitted with two free parameters,(
and M. /L), it turns out that about 33% of spiral galaxies
cannot be explained well. This may not signal a failure
of MOND theory, however, but rather, it may reflect the
too simple MOND model and the uncertainties associated
with the observations for these spiral galaxies. On therothe
hand, there are only two galaxies (NGC 2903 and NGC
4.2 Burkert Halo Scaling Laws 2998) in our sample, for which none of the theoretical

models (core-dominated density profile, the NFW model

As mentioned, the generally accepted explanation obr MOND) are adequate to describe the data. Similarly, this
flatness about galaxy rotation curves is that spiral gataxieshould not seem unexpected, since the physical processes
consist of a visible component surrounded by a moref luminous matter can complicate both the dark matter
massive and extensive dark component which dominatedistribution and the spherical MOND model presented in
the gravitational field in the outer regionErimble 1987%.  this paper.
Our sample has demonstrated that the Burkert halo Onthe other hand, when MOND is fitted wiih as the
provides a better description of the observed rotatioronly free parameter, its average value tale89+0.73) x
curves than the NFW halo. We further find that there isl0~8cms™2 or (0.74 + 0.45) x 10~8cm s~2 respectively,

We also fit the observed rotation curves with the
MOND model by keepinga, fixed. We choose three
such values: standard valuey(= 1.21 x 10~ 8cms™2),
our mean fit value 00.89 x 10~8cms~2 and 0.74 x
10~8cms~2. The corresponding median reduced chi
square values arex?=13.09, x2=5.61 and x2=4.72,
respectively. Figur® displays the cumulative distribution
function (CDF) of x2 for ap = 0.89 x 10~ %cms~?
(blue line),ap = 0.74 x 10~8ecms~2 (black line) and
ag = 1.21 x 1078cms~2 (red line). Obviouslyay =
0.74 x 10~8cms—2 gives the best fit for our sample.
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Table 1 The Fitted Results for Three Different Models: NFW, Burkantd MOND

NFW Burkert MOND
Samples c Vir M./L| x2 | po 0 M./L| x2 | M./L ] ao x>
(kms~—1) (h2]\/1®kpc73) (kpc/h) (ms—2)

ESO079-G014| 2.17 291.00 0.71 3.86 1.92e+07 1.07e+01| 0.41 1.01 0.53 1.03e-13| 3.49
ESO563-G021| 3.47 332.00 0.79 18.39 5.84e+07 1.13e+01| 0.31 8.62 0.71 1.21e-13| 17.21
F571-8 1.83 403.00 0.30 10.11 1.74e+07 1.07e+01| 0.30 3.12 0.30 2.21e-13| 37.16
NGC 0024 15.60 73.30 0.72 0.83 2.15e+08 2.09e+00| 0.44 0.79 0.77 1.46e-13| 1.09
NGC 0289 5.41 137.00 0.62 1.92 4.28e+06 2.04e+01| 0.75 2.02 0.71 3.67e-14| 1.87
NGC 0300 451 109.00 0.60 0.68 2.03e+07 5.65e+00| 0.66 0.56 0.38 1.40e-13| 0.80
NGC 0801 1.36 213.00 0.62 5.48 2.36e+06 2.89e+01| 0.62 6.97 0.60 2.26e-14 | 5.68
NGC 1003 291 118.00 0.70 231 3.60e+06 1.61e+01| 0.79 3.32 0.35 8.10e-14 | 4.71
NGC 1090 7.32 120.00 0.46 2.52 3.66e+07 6.95e+00| 0.32 141 0.56 4.05e-14 | 2.55
NGC 2403 12.80 92.70 0.32 9.15 1.72e+07 7.99e+00| 0.79 11.43 0.52 1.09e-13| 13.06
NGC 2903 18.40 119.00 0.30 6.38 7.12e+07 5.64e+00| 0.35 6.75 0.35 1.58e-13| 7.91
NGC 2915 12.90 64.00 0.37 0.89 7.35e+07 2.76e+00| 0.37 0.49 0.47 2.76e-13| 1.66
NGC 2976 1.81 102.00 0.78 1.12 6.33e+07 2.82e+00| 0.45 0.47 0.73 1.71e-14| 1.04
NGC 2998 11.90 143.00 0.38 2.48 3.74e+06 2.46e+01| 0.78 3.12 0.72 3.96e-14 | 2.65
NGC 3198 8.29 116.00 0.45 1.39 8.47e+06 1.29e+01| 0.71 141 0.61 5.34e-14 | 2.45
NGC 3521 2.81 322.00 0.54 0.25 9.29e+06 1.95e+01| 0.58 0.19 0.48 1.11e-13| 0.52
NGC 3726 1.62 218.00 0.51 2.25 2.77e+06 2.48e+01| 0.57 2.29 0.40 5.05e-14 | 2.78
NGC 3769 8.44 94.40 0.35 0.68 1.77e+07 7.52e+00| 0.40 0.57 0.36 7.66e-14 | 0.84
NGC 3877 13.10 104.00 0.32 5.01 9.61e+07 3.81e+00| 0.32 2.66 0.47 5.05e-14 | 7.95
NGC 3893 13.70 121.00 0.37 0.69 7.38e+07 5.16e+00| 0.40 0.20 0.40 1.41e-13| 0.67
NGC 3917 3.02 166.00 0.78 3.45 2.94e+07 6.43e+00| 0.42 1.12 0.72 5.00e-14 | 2.77
NGC 3949 4.81 197.00 0.41 0.47 4.87e+07 4.64e+00| 0.43 0.70 0.37 1.08e-13| 0.39
NGC 3953 14.00 98.90 0.65 4.15 8.49e+07 4.39e+00| 0.56 1.11 0.74 1.67e-14| 0.67
NGC 3972 3.01 247.00 0.50 1.37 3.96e+07 5.24e+00| 0.44 0.82 0.41 1.38e-13| 1.42
NGC 3992 14.10 160.00 0.52 0.54 5.74e+07 8.61e+00| 0.42 0.67 0.78 5.46e-14 | 1.57
NGC 4051 14.40 60.60 0.55 1.53 5.87e+07 3.38e+00| 0.49 0.82 0.54 2.20e-14| 1.54
NGC 4085 2.61 323.00 0.33 5.28 2.98e+07 6.86e+00| 0.33 2.92 0.33 8.72e-14| 5.15
NGC 4088 241 200.00 0.36 0.50 1.77e+07 8.67e+00| 0.32 0.92 0.33 4.64e-14| 0.67
NGC 4100 15.20 107.00 0.51 0.90 9.75e+07 457e+00| 0.40 0.54 0.70 5.45e-14| 1.41
NGC 4559 6.77 98.10 0.36 0.26 8.10e+06 1.05e+01| 0.54 0.24 0.44 4.93e-14| 0.53
NGC 5055 10.80 133.00 0.31 2.72 9.82e+06 1.45e+01| 0.43 2.10 0.39 5.87e-14| 8.24
NGC 5371 20.70 122.00 0.31 4.74 1.05e+08 5.12e+00| 0.32 10.02 0.62 1.07e-14 | 11.40
NGC 5907 17.20 142.00 0.31 4.91 6.25e+07 7.41e+00| 0.31 8.52 0.77 3.40e-14 | 6.37
NGC 6015 13.90 102.00 0.49 8.50 2.32e+07 7.36e+00| 0.80 17.35 0.79 5.25e-14 | 10.31
NGC 6503 11.60 85.00 0.39 1.44 1.94e+07 6.86e+00| 0.57 2.36 0.43 9.88e-14| 2.85
NGC 7793 5.74 89.70 0.65 0.90 2.36e+07 4.46e+00| 0.73 0.76 0.56 5.81e-14| 0.77
UGC 5721 21.90 51.40 0.44 0.98 2.39e+08 1.44e+00| 0.58 0.40 0.73 2.03e-13| 1.67
UGC 6923 2.80 163.00 0.46 1.25 2.28e+07 4.60e+00| 0.50 0.64 0.41 7.18e-14| 1.10
UGC 7399 13.90 80.50 0.52 1.17 1.58e+08 2.15e+00| 0.62 0.93 0.61 3.91e-13| 1.51
UGC 7690 20.80 32.10 0.59 0.43 2.09e+08 9.59e-01 0.56 0.16 0.69 4.13e-14| 0.69
UGC 8490 16.80 53.60 0.55 0.12 9.85e+07 2.16e+00| 0.73 0.53 0.77 1.08e-13| 0.45
UGC 9037 1.56 264.00 0.31 2.51 6.26e+06 1.59e+01| 0.31 1.34 0.30 4.66e-14 | 3.32
UGC 11455 1.54 402.00 0.53 5.09 3.19e+07 1.21e+01| 0.31 1.96 0.39 1.04e-13| 4.76
UGC 11557 1.71 92.80 0.36 1.39 5.60e+06 7.56e+00| 0.35 0.85 0.35 1.35e-14| 1.21
UGC 12506 | 16.00 157.00 0.47 0.17 7.87e+07 7.33e+00| 0.40 0.71 0.79 9.03e-14 | 2.79

depending on if we include or exclude three highest values  Finally, Figure2 displays a large scatter for the distri-
of ap. Note that these two average values are both smalldyution ofag, which enables us to conclude that there is no
than its standard value df21 x 10~ %cms~2. We also correlation between, and the central surface brightness.
fit the observed rotation curves in our sample with This is, of course, required by MOND. However, our
fixed at its standard value df.21 x 10~8%cms~2, our average best fitted value af is slightly smaller than the
average value.89 x 10~ 8cms~—2 and0.74 x 10 8cms~2.  standard one, which cannot be simply explained by the
We find thatag = 0.74 x 10 8%cms~2 provides the external field effect of MOND $waters et al. 2000The
better fits (median reduced chi-squayé=4.72) over the reason is that our HSB sample is selected from SPARC,
standard value (median reduced chi-squgfe;13.09) and  which includes more LSB galaxies than HSB galaxies. The
0.89x 10~%cm s~2 (median reduced chi-squang,=5.61).  existence of an external field will always reduce the value
That is to say, the rotation curves of our sample tend t®f ag for both galaxy types, but it should reduce the value
favoragp = 0.74 x 10~8cms~2, which is consistent with of ay even further for LSB galaxies compared with that
Swaters et al(2010 (Fig. 3). for HSB galaxies. Therefore, if we fit the whole SPARC
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sample, we should obtain an even smaller valug,adhan

271-9

Kormendy, J., & Freeman, K. C. 2004, in Dark Matter in

that presented here. However, by performing a Bayesian Galaxies, eds. S. Ryder, D. Pisano, M. Walker, & K. Freeman,
analysis on galaxy rotation curves from the whole SPARC 220, 377

databaselietal. (2018 found strong evidence for a
characteristic acceleration scalg = 1.2 x 10~ 8cms™2,
the standard value.
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