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ABSTRACT

Dwarf and low surface brightness galaxies are ideal obfectest modified Newtonian dynamics (MOND),
because in most of these galaxies the accelerations falhitble threshold below where MOND supposedly
applies. We have selected from the literature a sample oh@&rfénd low surface brightness galaxies. MOND
is successful in explaining the general shape of the obdentation curves for roughly three quarters of the
galaxies in the sample presented here. However, for theinamgajuarter, MOND does not adequately explain
the observed rotation curves. Considering the unceréaiimidistances and inclinations for the galaxies in our
sample, a small fraction of poor MOND predictions is expd&ad is not necessarily a problem for MOND.
We have also made fits taking the MOND acceleration conségngs a free parameter in order to identify
any systematic trends. We find that there appears to be daiwrebetween central surface brightness and
the best-fit value ofy, in the sense that lower surface brightness galaxies tehav®loweray. However, this
correlation depends strongly on a small number of galaxiesse rotation curves might be uncertain due to
either bars or warps. Without these galaxies, there is l@dsiece of a trend, but the average value we find for
ao ~ 0.7 x 108 cm s? is somewhat lower than derived from previous studies. Sowfet fitted values oy
could occur if external gravitational fields are important.

Subject headingsgalaxies: dwarfs — galaxies: kinematics and dynamics

1. INTRODUCTION cations of MOND because for most of these galaxies the au-

Modified Newtonian dynamics (MOND) was proposed by thors identified an obvious problem with the observed rotati
Milgrom (1983a,b) as an alternative to dark matter. MOND CUrve (e.g., uncertain inclination or distance) or with tse
posits that the effective gravitational force deviatesrfrihe of the rotation curve as a tracer of the gravitational foecg (

Newtonian force: at accelerations below a critical valg,  disturbed velocity fields). . .
the gravitational force is proportional to the square rdahe Although MOND appears to explain the magnitude of the

Newtonian force; at higher accelerations, the force is ewt discrepancy in spiral galaxies, it has has long been knoam th
nian. In principle, MOND predicts the shape and amplitude the theory predicts more matter than is observed in clusfers
of the observed rotation curves from the observed mass dis32/@xies (€.9., Sanders 1999). In this sense the famoustbul
tribution, i.e., gas and stars, with only the mass-to-ligitio cluster”, which has been presented as direct emprical evede
(ML) of the stellar disk as adjustable parameter. for the existence of dark matter (e.g., Clowe et al. 2006¢;sdo
The rotation curves of a large number of spiral galaxies N0t POSe @ new problem for MOND. Additional undetected
have been considered in the context of MOND. For exam- Matter in some dissipationless form does seem to be required
ple, Begeman et al. (1991), Sanders (1996), Sanders & Verd" clusters in the context of MOND. In any case, additional
heijen (1998), and 'Sanders & Noordermeer (2007) demon-required matter is not formally a falsification of MOND and
strated that fo’r the spiral galaxies the observed rotatioves in no sense detracts from the success of this algorithm on the

were, in most cases, predicted in detail, using the MOND scalgof galaxies. | d by siral aalaxies with well
prescription, from the observed light and gas distribution , MOND is more strongly tested by spiral galaxies with well-

Moreover, the M/Ls derived from these fits are generally as- getermined distances t|>ecause aheie%endg inverselly u?on .
trophysically plausible and consistent with stellar papion istance. Bottema et al. (2002) considered a sample of 4 spi-

synthesis models. In a handful of these galaxies the ratatio 12! galaxies with well-measured rotation curves and Cephei
curves predicted by MOND are noticeably different from the based distances determined as part of the HST program on the

observed rotation curves. These were not considered falsifi £xtragalactic distance scale (Sakai et al. 2000). Two galax
ies are in good agreement with MOND predictions, but for

NGC 2841 and NGC 3198 the rotation curves are notin agree-

rob@swaters.net . . .
L Department of Physics and Astronomy, Johns Hopkins Urityers ~ Ment with MOND, unless the distance to NGC 2841 is at
3400 N. Charles Str., Baltimore, MD 21218 least 20% larger, and the distance to NGC 3198 is at least

% Space Telescope Science Institute, 3700 San Martin DrtinBat, 10% smaller than their Cepheid distances indicate. Bottema
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TABLE 1
GALAXY PROPERTIES
Name Source B pR h Mg M i Viot  @mp/a0
Mpc magr? kpc mag 18My °  kms?

1) 2 (3) (4) (%) () (7) (8) 9) (10)
UGC 731 SMBB 8.0 23.0 165 -16.6 7.37 57 74 0.25
UGC 3371 SVBA 12.8 23.3 3.09 -17.7 12.2 49 86 0.23
UGC 4173 dBB 18.0 24.3 4.77 -18.0 24.3 40 57 0.08
UGC 4325 SMBB 10.8 21.6 174 -18.2 8.61 41 93 0.44
UGC 4499 SMBB 13.9 215 159 -179 13.6 50 74 0.20
UGC 5005 dBB 56 229 471 -18.8 332 41 99 0.11
UGC 5414 SSAH 10.7 21.8 159 -17.7 7.42 55 61 0.26
UGC 5721 SMBB 6.6 20.2 045 -16.6 6.63 61 79 0.28
UGC 5750 dBMR 60 22.6 599 -19.6 11.4 64 79 0.09
UGC 6446 SSAH 12.8 21.4 2.00 -185 154 52 80 0.20
UGC 7232 SSAH 35 20.2 0.33 -15.3 0.71 59 44 0.62
UGC 7323 SSAH 8.7 21.2 235 -19.0 8.48 47 86 0.38
UGC 7399 SSAH 8.4 20.7 0.79 -17.1 7.40 55 109 0.35
UGC 7524 SSAH 4.6 22.2 3.37 -18.7 16.7 46 84 0.22
UGC 7559 SSAH 4.9 23.8 1.02 -14.6 1.71 61 33 0.11
UGC 7577 SSAH 2.5¢ 225 0.60 -149 0.42 63 18 0.06
UGC 7603 dBB 7.3 20.8 0.96 -17.0 6.13 78 64 0.21
UGC 8490 SMBB 4.6 205 0.62 -17.1 7.01 50 80 0.21
UGC 9211 dBB 12.6 226 132 -16.2 105 44 66 0.17

UGC 11707 SMBB 17.0 231 461 -188 42.7 68 100 0.20
UGC 11861 SMBB 27 214 6.48 -209 817 50 153 0.43

UGC 12060 SSAH 16.8 216 189 -181 20.7 40 75 0.16
UGC 12632 SSAH 6.9 235 257 -171 8.66 46 76 0.22
F568-V1 SMBB 86 22.8 342 -18.8 28.1 40 118 0.24
F574-1 SMBB 103 226 4.60 -19.3 39.7 65 100 0.22
F583-1 dBMR 34 220 171 -17.5 199 63 84 0.15
F583-4 dBMR 52 224 289 -17.8 6.30 55 70 0.22

NoTE. — (1) the name of the galaxy, (2) source of the rotation cudeeBlok et al. (2001, dBMR), de Blok

& Bosma (2002; dBB), Swaters et al. (2003a; SMBB), Swateral.ef2003b; SVBA), Swaters et al. (2009;
SSAH), (3) adopted distance, taken from Swaters & Balc29?), except that distances for galaxies marked
with * were taken from Karachentev et al. (2003), those marked itvere taken from Méndez et al. (2002)
(4-6) surface brightness, scale length, and absolute moagnifrom Swaters & Balcells (2002), de Blok et al.
(1995), and McGaugh & Bothun (1994), (7) HI mass, from Sweatdral. (2003), de Blok et al. (1996), and
van der Hulst et al. (1993) (8) inclinations, from Swaterale{2004) and de Blok et al. (1996), (9) maximum
rotation velocity, (10) acceleration at the last measu@dtpf the rotation curve.

et al. (2002) argued that NGC 3198 is probably consistentthese the rotation curves can be well explained by MOND as
with MOND within the uncertainties of the Cepheid distance. well.
With respect to NGC 2841, Milgrom and Sanders (2008) have The results for dwarf galaxies show a fairly large spread.
demonstrated that a reasonable match to the observed rotavilgrom & Braun (1988) concluded that the observed rota-
tion curve can be achieved with alternative forms of the func tion curve of DDO 154 is in very good agreement with the
tion that described the transition from the Newtonian to the rotation curve predicted by MOND. Lake (1989) considered a
MOND regime. sample of 6 dwarf galaxies in the context of MOND and con-
Dwarf and low surface brightness (LSB) galaxies provide cluded that acceptable fits require systematically lowkras
an especially good test for MOND, because in most of thesefor ag than were found for spiral galaxies. In addition, Lake
galaxies the acceleration is below the MOND threshold of (1989) found an apparent correlation between the asynaptoti
ap~ 108 cm s2 (determined empirically from rotation curve rotation velocity and the fitted value af. Milgrom (1991),
fits, see e.g., Sanders & McGaugh 2002) at all radii, whereashowever, pointed out that uncertainties in inclinationd dis-
in high surface brightness spiral galaxies the acceleratio tances can well explain the fact that MOND appears to fail for
is usually above the threshold in the inner parts. Milgrom these galaxies. The rotation curves of the dwarf galaxies in
(1983Db) predicted that LSB galaxies should exhibit a large cluded in the samples of Begeman et al. (1991) and Sanders
discrepancy between the detectable and Newtonian dynami{1996) also agree well with those calculated with MOND. On
cal mass within the optical disk, and this prediction haseain the other hand, Blais-Ouellette et al. (2001) reported that
been confirmed (e.g., de Blok & McGaugh 1997; McGaugh MOND provides poor predictions of the rotation curves of
& de Blok 1998; Swaters et al. 2000). the three dwarf galaxies in their sample, and reported that a
Apart from this general prediction, the MOND prescription higher value ofy is needed to make their rotation curves de-
is successful in predicting the detailed rotation curvels3iB rived from Fabry-Perot observations consistent with MOND.
galaxies as well. De Blok & McGaugh (1998) found that for More recently, Milgrom & Sanders (2007) concluded that the
their sample of 15 LSB galaxies all rotation curves are well fi  rotation curves of the four low-mass galaxies in their s&mpl
ted with MOND, although for 6 galaxies modest adjustments are explain well in the context of MOND.
of the inclination were necessary in order to get an accéptab ~ Given this apparent spread in conclusions on whether
match to the rotation curve. The sample presented in Sander$1OND correctly predicts the rotation curves of dwarf galax-
& Verheijen (1998) contains 12 LSB galaxies, and most of ies, we here test MOND against a sample of rotation curves of
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FIG. 1.— MOND predictions. The dots represent the measurediontaelocities and their errors. The dashed line represtm@ contribution of the HI to
the rotation curve. In cases where there is little or no Hhaalsradii in the HI disks, the HI at larger radii produces & oetward gravitational force, which is
represented here by the negative velocities. The thin finkdrepresents the contribution of the stars. The thiciddole is the best MOND fit with only the
stellar mass-to-light ratio as a free parameter. The dditteds the best MOND fit with both the mass-to-light ratio ¢hd distance as free parameter.
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dwarf and LSB galaxies that have recently become availablelow quality. UGC 7524 was also excluded because this galaxy
in the literature. We included both dwarf and LSB galaxies is well resolved by the Hobservations and the rotation curve
because the physical properties of these galaxies areasimil derived from the two-dimensional data probably gives a bet-
although some dwarf galaxies have high surface brightnesster representation of the gravitational potential thandhe
and some LSB galaxies are large in size. derived from long-slit data. The rotation curves preseired
There are several difficulties inherent to such a sample. Forde Blok & Bosma (2002) have been combined with thé H
example, because most dwarf galaxies are nearby, differentotation curves presented in SSAH as described in de Blok &
methods to estimate the distance have been used, and this m&osma (2002).
introduce a dispersion in the derived parameters. Inétinat The fifth and final source is the rotation curve of UGC 3371
is another uncertainty for a class of objects which are knownpresented in Swaters et al. (2003b). They obtained high-
to be irregular with, in some cases, large scale asymmetriesresolution, two-dimensional &ddata for this galaxy.
Moreover, the assumption that the rotation curve is a tracer Where the samples are overlapping, we have used them in
of the radial force distribution may, itself, be questiolesibn this order of decreasing priority: Swaters et al. (2003b)aS
cases where asymmetries are present. Bearing these aensidders et al. (2003a), de Blok & Bosma (2002), de Blok et al.
ations in mind, one might not expect, a priori, the agreement(2001), SSAH. Most rotation curves in our sample have been
between the predicted and observed rotation curves to be aderived from Hv data for the central parts andIHlata for
good as noted for earlier samples. A systematic failure,-how the outer parts. However, for the 10 galaxies that came from
ever, would be problematic for MOND. SSAH (see column 2 in Tabld 1) the rotation curves are en-
The outline of this paper is as follows. In Sectidn 2 we de- tirely based on H data. We have not corrected the rotation
scribe the sample used in this paper. In Sedflon 3 we describeurves in these samples for pressure support, because these
the fitting procedure, and in Sectioh 4 the fitting resultsxiNe  corrections tend to be small in comparison to the rotation ve
we comment on individual galaxies in Sectidn 5. We describe locities, and probably uncertain (see also SSAH).
the uncertainties in Sectidd 6, and we discuss the results in The combined sample does not constitute a complete sam-
Sectior Y. Finally, we present our conclusions in Se¢flon 8. ple of dwarf and LSB galaxies. Nonetheless, this sample con-
tains galaxies with a wide range in luminosity and surface
2. THE SAMPLE brightness for which high-quality rotation curve are aafhié.
The sample we present here is compiled from data from five This sample is therefore well suited to test MOND in lateetyp
studies. A large fraction comes from thel lfotation curves  dwarf and LSB galaxies.
of a sample of 62 dwarf galaxies (Swaters 1999; Swaters et Because many of the galaxies in our sample are at small dis-
al. 2009, hereafter SSAH). The resolution of the HI data usedtances, their systemic velocities are a poor indicator eirth
to derive the rotation curves is 80Because of this relatively — distance. Where possible, we use other distance indigators
low resolution, the data have been corrected for beam smearbased on the compilation of distances found in the liteeatur
ing as described in Swaters (1999) and SSAH. From this orig-presented in Swaters & Balcells (2002), supplemented with
inal sample of 62 dwarf galaxies, we selected galaxies with other recent distance estimates based on the tip of the red gi
inclination in the range 40< i < 80°, and we only included  ant branch (Méndez et al. 2002; Karachentsev et al. 2003).
rotation curves that were classified by SSAH as high quality. In order of decreasing priority, the distances present&ain
Galaxies classified by SSAH as having lower quality either ble[d are based on Cepheids, the tip of the red giant branch,
have a signal-to-noise ratio that is too low, or are too asym- brightest stars, group membership, and the recessioniveloc
metric to derive a reliable rotation curve. To avoid the unce ties corrected for Virgocentric flow as described in Swagers
tainties associated with these low quality rotation cuyrves Balcells (2002). For a more complete discussion on the dis-
have excluded these from our sample. The resulting sampldances to these dwarf galaxies, see Swaters & Balcells 2002
contains 19 rotation curves. The galaxies in our sample that are not in the SSAH sample
The second source is the sample ef Hbtation curves pre-  are all at large distances, and for these the distances keave b
sented in Swaters et al. (2003a). They obtained high resolucalculated based on a Hubble constant of 70 ki\dpc™?,
tion rotation curves from H long-slit spectroscopy forasam-  following Sanders & McGaugh (2002).
ple of 10 dwarf that are part of the SSAH sample described
above, and 5 LSB galaxies from the sample presented in de 3. FITTING PROCEDURE
Blok et al. (1996). As described in Swaters et al. (2003a), To calculate the MOND rotation curves, we have used the
these Hv rotation curves have been combined with the H same method as used in Sanders (1996) and Sanders & Ver-
data presented SSAH and de Blok et al. (1996). Galaxies withheijen (1998). To calculate the contribution of the stedlam-
i <40° ori > 80° were notincluded in the sample here. F568- ponent to the disk, we have assumed that the stellar mass re-
3 was also excluded because of its strong bar. sides in an infinitely thin disk, that tHe-band light accurately
The third source is the sample of LSB galaxies presentedtraces the mass distribution of the stellar component, laaid t
in de Blok, et al. (2001). They present long-slitvHotation the stellar mass-to-light ratio is constant with radiuse Glas
curves for a sample of 30 LSB galaxies. From their sample wemass distribution is also assumed to be in a thin disk. We
have selected those galaxies for which optical photomeisly a assumed that the His optically thin, and we corrected for
H 1 imaging are available and with inclinations in the range the mass fraction of helium by scaling the rhass by a fac-
40° < < 80°. tor of 1.32. The optical radial profiles were taken from Swa-
The fourth source is the sample presented in de Blok & ters & Balcells (2002), de Blok et al. (1995) and McGaugh &
Bosma (2002), consisting of HHa hybrid rotation curves.  Bothun (1994). The H radial profiles were taken from Swa-
From this sample we have selected the galaxies that overlapers et al. (2002), de Blok et al. (1996), and van der Hulst
with the SSAH sample. We excluded UGC 3851 because itset al. (1993). For the galaxies in which thel Histribution
rotation curve depends heavily on the uncertainrdtation is poorly resolved, we calculated the radial profiles foHow
curve as derived by SSAH and which they deemed to be ofing the algorithm described by Warmels (1988) that uses a



Testing MOND in Dwarf and LSB Galaxies 5

iterative deconvolution scheme (Lucy 1974) to correct ffer t C —
effects of beam smearing (see Swaters et al. 2002 for more de- 6
tails). For both the stellar and the gaseous disk, we assumed -
that the mass distribution is well represented by the radlial 4
erage.

To calculate the MOND rotation curves of the visible com-
ponents, ideally the MOND field equation of Bekenstein &
Milgrom (1984) should be used. However, this is computa-
tionally expensive, and Milgrom (1986) has shown that the
differences between the results derived for the field equa-
tion and those from the original MOND prescription are usu-
ally much smaller than, and practically never larger than 5%
Therefore, we apply the usual MOND formula: .

(1) ’

11(9v/80)Iy = ON,

where ay is the MOND acceleration parametagy is the L 7 7 B
MOND accelerationgy is the Newtonian acceleration, and 0

Number of galaxies

N

M(X) = X(1+ XZ)_l/Za (2) (Vi Viagt) / AV gy

which is f[he Com.monly assumed fo.rm. havmg th.e requwed FIG. 2.— Histogram of the difference between the MOND-prediate-
asymptotic behaviour. Fay>> ag gravity is Newtonian, and  tation velocity and the observed velocity at the last messymint of the
for g < ap gravity is of the MOND form withg = (gNaO)l/Z_ rotation curve (top panel). The bottom panel shows the saffezahce, but
A little algebra shows that the rotation curve for MOND can normalized by the uncertainty in the observed rotation cigloat the last
be expressed as: measured point.

o= 1 Gty @ T

Here,r is the radius and

2 2 2 2
Vsum= T.dVg +T*.bvb+vga (4)

with vy, vp anduvg the contribution of the stellar disk, bulge
and gas to the rotation curve, respectively, calculatedhén t
Newtonian regime as described above, ahg andY . p are
the stellar mass-to-light ratios of the disk and the bulgg[3=
is fit to the observed rotation curve with a least-squares al- |
gorithm. None of the galaxies in our sample have significant % V %
bulges, which eliminate¥ .., as a free parameter. 0 1 o 1

It should be noted that in the context of MOND the internal Log( T, , (My/Ly) )
dynamics of a system is affected by the external acceleratio ’
field. If the external field becomes comparable to or larger  FIG. 3.— Histogram of best fil'.. 4 values for models with onli('. 4 as a
thanao, a galaxy in this external field will always be in the free parameter. Two galaxies with best¥it. 4 = 0 are not shown.
Newtonian regime, even if the internal accelerations ane lo
(Milgrom 1983a,b).

2 L -

Number of galaxies

uncertainties, the thin solid line shows the contributibthe
stellar disk, and the dashed line the contribution of the HI.
4. RESULTS The best fitting MOND rotation curve is indicated by the thick

) " . solid line.
We made MOND fits by fitting Eq.3 to the observed rotation —— - . P
curves with a least squ)gres a%go(gtlhm. Becaaise a univer- A first inspection of the MOND fits presented in Figlie 1

; , ' ; shows that roughly three quarters of the rotation curves are
sal constant in MOND, we first made fits with orily, 4 as a - h -
free parameter. Following e.g., Sanders & McGaugh (2002),WeII fit by MOND, with only T, 4 as a free parameter. This

. . s > is perhaps surprising, given the possible uncertaintiestdu
the acceleration parameter was fixed@t 1.0 x 10 cm s inclination, distance, and asymmetries. A closer look show

(= 3080 knt s> kpc™). that more than half of the galaxies deviate somewhat from the

In addition to the one parameter fits, we have also madegpserved rotation rotation in a systematic way: the MOND
MOND fits with the distance and inclination as free parame- cyrve predicts higher rotation velocities in in the outer re

ters in order to investigate the effects of uncertaintieth@se  gions, and lower in the central regions. This is seen clearly
parameters. In addition, we made fits wathas a free param- e g., UGC 6446 and UGC 12060, and it is also visible, al-
eter to measurap and look for trends. though less pronounced, in e.g., UGC 731 and UGC 3371.
The degree to which MOND appears to predict higher ve-
. locities in the outer rotation curves is shown in Figule 2, in
4.1. One-parameter MOND fits which a histogram of the difference between the observed and
The one-parameter MOND fits, with only..4 as a free pa-  model velocities is presented, as well as one in which the dif
rameter, are shown in Figuté 1. In each panel of this figure,ferences have been normalized by the uncertainty in the ro-
the dots represent the measured rotation velocities arid the tation velocity of the last measured point. In 21 out of 27
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TABLE 2
BEST FIT PARAMETERS
ag fixed aq free distance free inclination free
uUGC Trx ap Aag TRy d Ad Trd i Ai

(MIL)e  km?s?kpct (ML)g ML) ° °  (ML)e

(1) 2 3) 4 (5) ® O (8) 9 @0 (@11
UGC 731 4.3 1460 445 85 0.61 0.15 46 38 5 10.2
UGC 3371 28 2050 590 42 081 0.06 29 41 5 4.3
UGC 4173 0.1 550 350 0.6 0.43 0.08 01 24 5 0.7
UGC 4325 3.8 800 500 6.4 041 0.15 25 24 5 12.9
UGC 4499 0.3 3510 480 0.2 107 0.07 03 54 6 0.2
UGC 5005 0.5 1890 1100 1.3 0.78 0.21 0.8 35 6 1.3
UGC 5414 0.5 1880 1200 1.0 0.78 0.20 0.7 43 20 11
UGC 5721 3.9 9340 900 15 1.81 0.09 39 69 3 4.4
UGC 5750 0.3 5350 1600 0.0 132 042 0.0 63 30 0.3
UGC 6446 1.1 1710 300 2.1 0.69 0.09 1.3 39 3 25
UGC 7232 1.3 15300 7000 0.0 220 0.57 0.1 63 22 1.2
UGC 7323 0.8 4270 1740 05 116 0.25 0.8 57 18 0.5
UGC 7399 9.6 14200 1500 1.8 221 0.10 72 72 3 11.5
UGC 7524 0.9 1290 350 24 061 0.11 1.2 33 3 3.0
UGC 7559 0.0 650 680 3.2 048 0.27 0.8 32 9 3.4
UGC 7577 0.0 80 325 0.8 022 0.21 0.0 20 10 0.8
UGC 7603 0.8 6080 1100 0.2 140 0.13 0.4 63 10 0.3
UGC 8490 3.0 6690 700 1.3 151 0.08 26 67 3 2.6
UGC 9211 2.4 2110 1000 45 0.82 0.26 32 38 8 4.7
UGC 11707 1.2 1240 190 3.8 0.58 0.07 1.9 86 2 8.9
UGC 11861 20 2310 500 25 070 0.12 1.8 39 5 3.2
UGC 12060 1.8 690 270 56 0.32 0.10 16 21 4 13.7
UGC 12632 3.0 1190 390 8.0 054 0.14 3.6 30 5 11.4
F568-V1 5.4 1740 700 8.3 0.67 0.20 51 31 5 10.7
F574-1 3.0 950 460 6.5 034 0.14 21 90 2 475
F583-1 24 2590 990 29 091 0.20 25 52 18 2.9
F583-4 1.9 610 3500 6.9 0.24 0.68 16 24 11 17.2

galaxies, MOND predicts higher than observed rotation ve- H | the points are correlated, and because the rotation curves
locities, whereas it predicts lower velocities in only 6&sas  and the errors on the points may be affected by systematic ef-
The discrepancy is more than twice the uncertainty in the las fects, the confidence levels and the uncertainties deriesa f
measured pointin 11 galaxies. them should be considered estimates.

In Figure[3 we give the histogram of the best fit values for  In Fig.[4 the distribution ofl is shown. The best fit frac-
T.q4. The mass-to-light ratios span a large range, from O uptional distance changes tend to be smaller than 1. As can
to 10. The averagB-bandY. 4 as derived from the best fits be seen in the bottom panel of Fig. 4, this is mostly due to
its 2Mg /L. galaxies at larger distances and for which the distances wer

L determined from the Hubble flow. For these galaxies, the av-
4.2. MOND fits with distance free erage fractional distance chang® is 0.68, with a dispersion
Given that some of the adopted distances may be uncerof 0.29. Given that all these galaxies are at relatively large
tain, it is possible that, for some of the galaxies for which distances, it is unlikely that the Hubble flow distances are u
MOND does not correctly predict the rotation curves, we have certain by that much, in particular because srdare found
adopted an incorrect distance. We will investigate this by even for galaxies at the largest distances.
leaving the distance as a free parameter in the fits. For galaxies that are close by (L0 Mpc; middle panel of

With distance as a free parameter, not only does the ra-Fig.[4), the best fit fractional distance changes appearai sc
dial scale of the rotation curve change, but at the same timeter aroundd = 1 (i.e., no distance change). Such a large scatter
Vg X 1/\/6 anduvg o v/d, whered = Dmonp/Da is the frac- is not unexpected because the galaxies are close-by aad diff
tional distance change. Strictly speaking, these relatame ~ ent methods have been employed to determine the distances
only correct if both the stellar and Hdisks are infinitely ~ to these galaxies.
thin. For disks with finite thicknesses, the shape of the ro- T
tation curves depends on the assumed thickness of the disk, 4.3. MOND fits with inclination free
and hence the shape of the rotation will change slightly if a For most galaxies in our sample the inclination cannot be
difference distance is assumed. determined from the kinematics, because the rotation surve

The fits with distance as a free parameter are shown ifiFig. Ifor most of the galaxies in this sample rise slowly without a
as the dotted lines. From this figure it is clear that, with dis well-defined flat part. As a result, for most galaxies in our
tance as a free parameter, good fits are obtained in virtuallysample the inclinations have been estimated from the mor-
all cases. This demonstrates that a different distancengan i phology. For the galaxies in the SSAH sample, the inclina-
prove the fit. The best fit values fdr the fractional distance tions mostly have been determined from the axis ratios of the
change, are listed in Tallé 2. The uncertaintied bave been  outer isophotes (as described by Swaters & Balcells 2002),
derived from the 68% confidence levels. However, becauseexcept for those galaxies were the velocity field allowed-a re
the errors on the rotation curves are non-Gaussian, becauskable estimate (see SSAH for details). For the LSB galaxies
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FIG. 4.— Histograms ofl, the ratio between the best fit distancgdip
found from a MOND fit with distance free, andsthe adopted distance, for
all galaxies (top panel), galaxies wibhy < 10 Mpc (middle panel), and for
galaxies withDa > 10 Mpc (bottom panel). The filled areas represent galax-
ies with distances determined from theirl Hecession velocities, the open
areas represent galaxies with tip-of-the-RGB distanbeshatched areas rep-
resent brightest star distances, and the cross-hatchesign@ip membership
distances.

the inclinations have been taken from de Blok & McGaugh
(1997), who used the Hmaps and optical images to estimate
the inclinations. Given how these inclinations have been de L
rived, the inclinations of some of the galaxies in our sample PR R
are likely to be uncertain. To investigate whether some of S
MOND-predicted rotation curves can be improved by chang- Vimax
ing their inclinations, we have made MOND fits with inclina-

tion as a free parameter.

If the inclination is left free in the fits, the amplitude of
the rotation curve changes with sig)/ sini, and at the same
time, the contribution of the Hand the stars to the rotation
curve change with cogi()/ cosi (if optically thin). The latter
is only valid for modest changes in the inclination, esplgcia
at high inclinations. When the changes are large, the ootati
curves and density distributions may also change in shape. L

In Table[2 we list the best fit inclinations. Uncertainties on 4.4. Fits with & free
the inclinations have been estimated from the 68% confidenceBecausey is a universal parameter in MOND, the MOND fits
levels in the fit, with the same caveats as described above foshould be made withy fixed. However, leavingy free pro-
the fits with distance free. We do not show the best fits in vides both a means to measag(e.g., Begeman et al. 1991,
Fig.[, because the fits with inclinations free are almost in- Sanders & McGaugh 2002), and a way to test MONDRylis
distinguishable from those with distance as a free paramete truly universal, it should not depend on galaxy properties.
except for UGCs 5721, 7323, 7399, and 8490, for which the test this, we have made fits witly as a free parameter. The
fits are nearly indistinguishable from the original fit withlp best fitag for each galaxy is listed in Tadlé 2, along with an es-
T.q as afree parameter. timate of the uncertainties, for which the same caveat as men

In Figure[3 we plot the histogram of inclination changes, tioned above apply. The best fits are not shown separately in
defined as —ig. The inclination changes span a wide range, Fig.[, because these fits are virtually indistinguishalwenf
from -30° (more edge-on in MOND) ta-40° (more face-  the fits withd as a free parameter.
on in MOND). For most galaxies the inclination changes are Lake (1989) reported that the acceleration parameter $or hi
positive, which might be explained through bars. Note that free fits correlated with the amplitude of the rotation cuive
in some cases the differences between the MOND and theFig.[d we have plotted our best fiy versus the maximum
adopted inclinations may be substantial, which meanstiatf rotation velocityvmax. We find no evidence for a correlation
these fits the method used to fit the inclination may break between these parameters.
down because the change in inclination is large enough to Interestingly, as can be seen in Hig. 7, there does appear
make the rotation curve shape change as well. However, weto be a correlation betweesy and surface brightness, in the
are mainly interested in investigating the general tremas a sense that in galaxies with lower surface brightness lowakr v
not to get a measurement of the inclination change in thisues forag are found. Taken at face value, the slope of the best
fit. If the best fit MOND inclination change for a particu- fit to these points is -0.32, i.eay drops by a factor of two for

log( a, (km? s=2 kpc!) )

N N
100 150
(km s 1)

FiG. 6.— Plot of the best fit acceleration paramedgrversus the maxi-
mum rotation velocityUmax. The correlation between these two parameters
as reported by Lake (1989) is not found for the sample predemgre.

lar galaxy is large, this likely indicates that MOND cannot
be made compatible with that rotation curve by changing the
galaxy’sinclination, because for most galaxies the uagety

in the inclinations are less thanL0
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i ‘ i UGC 3371— The rotation curve of this galaxy has been
- g derived from a high-resolutionddvelocity field (see Swaters
i 1 et al. 2003b). The MOND curve is in good agreement with
I L s T the observed rotation curve, although it is slightly abdwe t
L s 3 T3 i outer few points.
f UGC 4173— The MOND curve based on thelkalone al-
g % E E } 1 ready predicts significantly higher rotation velocitieartare
T $ £ E T observed. This galaxy has an optical bar, with a faint sur-
J ] rounding disk, making the inclination difficult to deterrgin
% 4 An inclination of 25 to 3(° is consistent with the H mor-
- g phology, and would make this galaxy consistent with MOND,
r 1 and also bring it closer to the Tully-Fisher relation.
2r 7 UGC 4325— The MOND curve and the data agree fairly
P I P B well. The MOND curve falls slightly above the observed
points in the outer parts.
UGC 4499— There is good general agreement between the
T A AT A SRR A SR MOND prediction and the observed rotation curve, although
7. there is considerable scatter in derived rotation velesitiear
| Semg. & the center.
%iii ted UGC 5005— There is good agreement between the data
b vl 3 and the MOND curve.
| | | | ‘ | | ‘ |
L DL IR L B
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UGC 5414— The MOND curve is in excellent agreement
with the rotation curve.

UGC 5721— For this compact, high-surface brightness
galaxy, the MOND curve fails to describe the observed ro-
tation curve. Even with the inclination or the distance as a
free parameter, no good fit can be found. There is evidence
of twisting isophotes in the central regions (see Swaters &

<0 22 <4 <0 22 24 Balcells 2002), perhaps indicating the presence of a bar. If
Mg (mag arcsec™?) so, the associated noncircular motions could have affébted
derived rotation curve.

FIG. 7.— The top panel shows a plot of the best-fit acceleratioarpater UGC 5750— The MOND curve is in good general agree-
ap against the e_xtrapolated central disk surface brightpgsé’here appears ment with the observed rotation curve.
1 b Corletion betheen lese e paracters, AMABEET SO UGC 6446- The MOND curve falls below the observed
brightness end (see Sectlan 7). In the top panel, like indbeaf this paper,  rotation curve in the central parts, and above the rotatiovec
the adopted distances listed in Tdble 2 are used in the fitsetw, for many in the outer parts. If this galaxy is part of the Ursa Majorselu
B o e e poce e o ot s g oo 1 (9. Tull etal. 1096) the ncreased distance of 10
is shown for each four differer?t methods of distance deteation (ﬂtﬁ)bble (Tu”y.& Pierce 2000) would '.””ake thls.galaxy less compati-
flow, group membership, brightest star, and tip of the redtdimanch). It is ble with MOND. However, this galaxy is on the edge of the
clear that the apparent trend does not depend on the meteddaimeasure  boundary taken to define the UMa cluster in both velocity and
the distance. angle on the sky, so it may not be a genuine cluster member.

) ) ) In this paper, we have adopted a distance of 12.8 Mpc.

each magnitude the surface brightness gets fainter. As€an b ygc 7232— The MOND curve and the data agree fairly
seen in the bottom panels of Hig. 7, this trend does not depengyg.
on the method with which the distance was determined (for  yGc 7323— The MOND curve is somewhat higher than
galaxies with different distance estimates we made meltipl the observed curve in the central parts, but there is good gen
fits, but elsewhere only the fit results for the adopted destan  rg| agreement.
as listed in Tabll2 are presented). _ UGC 7399— For this compact galaxy, the MOND curve

The apparent trend between the acceleration parameter angoes not agree with the observed rotation curve, as it predic
the central disk surface brightness depends strongly on the; mych steeper central gradient than is observed in thémotat
galaxies brighter thapg = 21 mag arcseé. We cannotrule  curve. The bar in this galaxy may have affected the derived
out that this trend is the result of uncertainties (see cesb rotation curve.
andT). UGC 7524— The MOND curve and the observed rotation
curve for this well-resolved galaxy agree well, except ia th
5. REMARKS ON INDIVIDUAL GALAXIES outer points.

Below we discuss the fits shown in Fig. 1. Unless otherwise UGC 7559— The MOND curve agrees well with the ob-
indicated, the ‘MOND curve’ refers to the fit with only, q served curve in the inner parts, but it predicts signifigantl
as a free parameter. higher-than-observed rotation velocities in the outertgar

UGC 731— Swaters et al. (1999) showed that this galaxy Like UGC 5721, this galaxy appears to have a bar, and the as-
is lopsided in its kinematics, with a rotation curve thaesis  sociated noncircular motions could have affected the ddriv
more steeply on one side of the galaxy than on the other. Therotation curve.
average rotation curve, as presented in Fiddire 1 is in good UGC 7577— The observed rotation curve of this galaxy
agreement with MOND, except that in the outer parts MOND can be explained by gas and stars alone, even with Newto-
predicts somewhat higher rotation velocities. nian gravity. Consequently, the MOND curve predicts sig-

\‘HH‘HIH‘HH llHH lHllHll
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nificantly higher rotation velocities in the outer parts. A

whereas the same uncertainties can lead to very poor MOND

lower distance and a lower inclination would help to make the predictions of the rotation curves. It is therefore impemt

MOND prediction more compatible with the observed curve.
UGC 7603— Although the MOND curve falls somewhat

to consider the uncertainties that may play a role for tha dat
presented here before we can discuss the implications of our

below the observed rotation curve in the outer parts, threre i results for MOND.

good general agreement.
UGC 8490— The MOND prediction for this galaxy falls

6.1. Observational uncertainties

systematically below the observed flat part of this rotation Given that the sample presented here consist in large part of
curve. A larger distance makes this rotation curve more con-nearby dwarf galaxies, uncertainties in distances wiklik

sistent with the MOND curve, although the MOND curve still
falls short of the observed rotation curve near the turnaver

play arole. For those nearby galaxies, the distances have be
determined with different methods: Hubble flow, group mem-

the rotation curve. Because of the large warp in this galaxy, bership, brightest stars, and tip of the red giant brancmeso

the shape and amplitude of the rotation curve are uncertain.
UGC 9211— The curve predicted by MOND and the ob-
served curve are in good agreement.
UGC 11707— The rotation curve predicted by MOND

falls below the inner rotation curve, and above the outer ro-

tation curve.

UGC 11861— The MOND curve and the observations are
in good agreement.

UGC 12060— The rotation curve as predicted by MOND
falls below the observed one in the inner parts of the ratatio

of these methods can produce uncertain distance measure-

ments. As we have shown in this paper, the MOND fits can be

improved by adopting different distances. It is likely that

individual cases incorrect distance estimates have durérl

to poor MOND predictions of the rotation curves. However,

it is unlikely that changes in distance alone can explaithall

poor predictions, because that would require the galaxies i

our sample to be preferentially closer, even galaxies gelar

distances which presumably have more accurate distances.
Another important factor that may contribute to uncertain-

curve, and is above the observed one in the outer parts. Arties in the MOND fits are the inclinations of the galaxies in

inclination of 20" in stead of 40 is required for agreement

our sample. As described in Sectlonl4.3, many of the galax-

between MOND and the observations. Such a low inclination ies in our sample have irregular appearances and slowly ris-

is consistent with the optical morphology of this galaxyt bu
appears inconsistent with the Tully-Fisher relation.
UGC 12632— The rotation curve predicted by MOND

ing rotation curves, making it difficult to determine thair i
clinations from either their morphology or their kinematic
Moreover, towards more face-on galaxies, intrinsic naneir

falls below the observed curve in the inner parts and abovelar shapes may lead to an overestimate of the inclinatiath, an

the observed curve in the outer parts.

F568-V1-— There is good agreement between the MOND
prediction and the observed rotation curve.

F574-1— Except for the one outermost point in the
MOND prediction, which may well be due to uncertainties
in the contribution of the H to rotation curve, the MOND
curve and the observed one are in good agreement.

F583-1— Although the MOND curve falls slightly above
the observed velocities in the center, and slightly beloim-at
termediate radii, there is good general agreement betieen t
observed rotation curve and the MOND prediction.

towards higher inclinations the uncertainties in the irgi¢
thicknesses of these galaxies may affect the derived mclin
tions. Thus, the inclinations of the galaxies in our sample
may be uncertain.

We have shown that the MOND fits can significantly be
improved by adopting different inclinations. Moreovery fo
some galaxies, like UGC 4173 and UGC 12060, the MOND-
preferred inclinations not only improve the MOND fits, but
also are compatible with the galaxies morphology and kine-
matics. In the case of UGC 4173, the MOND-preferred incli-
nation also brings the galaxy closer to the Tully-Fishea+el

F583-4— There is good agreement between the observedtion. However, for most galaxies the required changes ilirinc

and the MOND predicted rotation curves.

6. UNCERTAINTIES

nation are larger than the expected uncertainties. Iniaddit
if changes in inclination would be the main cause of the poor
MOND predictions of the rotation curves, then the majority o

As is clear from the notes on individual galaxies and the fits the galaxies in our sample would have to be more face-on than
shown in Fig[lL, for about a quarter of the galaxies in the sam-the inclinations reported in Tadlé 1. This could be possible
ple there are noticeable discrepancies between the oloservethe galaxies in our sample have significant intrinsic atipt
and the predicted curves, and in a few instances there are sigties or strong bars. However, to explain differences of up to

nificant inconsistencies. On the one hand, these inconsiste

20° even at inclinations of about 50we estimate an intrinsic

cies may signal a problem for MOND, but, on the other, they ellipticity of 0.35 is needed. Such large intrinsic elljties

might be the result of uncertainties associated with thaxgal

are not seen among late-type disk galaxies (e.g., Schoenmak

ies in this sample. Because MOND fits are essentially one-ers et al. 1997; Andersen et al. 2001), although they might

parameter fits, with only the mass-to-light ratio of the Stas

occur in low luminosity systems (Sung et al. 1998). How-

a free parameter, it is much more sensitive to observationalever, there is little evidence of the perturbations in tHe ity
uncertainties than fits with dark matter halos. For such fits fields associated with such strong ellipticities (Schoéekara

with dark matter halos, any uncertainties in the rotatiorveu

et al. 1997) in the velocity fields presented in Swaters et al.

or in the contribution of the stars and gas, for example as a re (2002). It is therefore unlikely that all the poor MOND pre-

sult of uncertainties in distance or inclination, can beocacec

dictions can be explained by uncertainties in the inclorati

modated by changing the parameters of the dark matter haloalone, but it is likely that in some individual cases incatre

The MOND fits, which are directly tied to the distribution of

adopted inclinations can be the main reason for poor MOND

the gas and stars, cannot accommodate these uncertaintiepredictions.

As a result, uncertainties in e.g., the rotation curvesdibe

Naturally, it is also possible that both the adopted inelina

tances, or the inclinations can lead to apparently good darktion and distance are incorrect. We investigated this irfibur

matter fits (although likely with incorrect halo paramejers

ting process but found that in all but a few of our fits, dis&nc
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and inclination are generally strongly covariant, and irstno  of the possible correlation betweagpand surface brightness
cases it was not possible to constrain both of these paramas shown in Figll7. When Ef] 5 is used, galaxies that are
eters simultaneously. Still, when compared to leaving only deeper in the MOND regime (i.e., the LSB galaxies) tend to
the distance or the inclination free in the fits, if both arié le  end up with lower values faay, whereas the derived values
free, on average smaller changes are required to make théor ay; change little for high surface brightness galaxies.
MOND-predicted curve more compatible with observed ro- The fact that some of the rotation curves in our sample have
tation curve. At the same time, the required changes ate stil been derived from a combination of IHand Hxy data might
systematic, i.e., on average the galaxies still need todsecl  have affected our fit results, because the long-stit dthta
and more face-on. sample only a single slice through the velocity field, mak-
In addition to the uncertainties in distance and inclimatio  ing them more sensitive to the effects of noncircular mation
other factors may also play a role. These include beam smearin addition, the higher spatial sampling in the galaxy cente
ing, noncircular motions, morphological asymmetriesyeor might bias the fits. However, any such bias would, at least
tions for asymmetric drift, and uncertainties in the photdm  partly, be offset by the usually larger uncertainties onHiae
ric calibration. Even though the Hotation curves presented rotation velocities. Even though such a bias could havegalay
here have been corrected for beam smearing (see SSAH), tha role, we find it does not for the galaxies in our sample. For
inner rotation curve shape may be uncertain simply due toall galaxies for which we have hybrid HH« rotation curves,
lack of resolution. For many galaxies in our sample high- we have made fits to the Honly rotation curves and found
resolution Hy rotation curves are available to mitigate this no significant differences. This is also illustrated by thetf
effect, but Ry rotation curves themselves may be uncertain that there are no systematic differences between the galaxi
because they are determined along a one-dimensional slicén our sample for which we have Honly rotation curves, and
and not from the velocity field as a whole and hence are morethose for which we have hybrid rotation curves.
susceptible to noncircular motions. In addition, the rotat Perhaps the biggest uncertainties on the derived parasneter
curves presented here have not been corrected for asymmetre from the fitting process itself. The values reported in Ta
ric drift because it was deemed not to be important. Anotherble[2 are best-fit parameters. However, in some cases, the
potential factor are morphological and kinematical asymme best-fit values suggest large changes in distance, inidimat
tries. Not only can these affect the derived baryon distribu or ag, even though the nominal values provide fits that are
tions and rotation curves, they are also incompatible viith t  nearly as good in & sense (e.g, UGC 5414 and F583-4). In
underlying assumption of axisymmetry used in calculatirgt  most of these cases, the estimated uncertainties on tivederi
MOND-predicted rotation curves. All these factors combine parameters are large, thereby indicating that a large ramge
could result in a derived rotation curve that is not représen  parameter space produces fits of similar quality. In a number

tive of the true circular velocity. of cases, however, the best-fit values for the derived parame
ters are off from the nominal value by a large amount, even
6.2. Fitting uncertainties when a visual comparison of the MOND fits and the fits with

additional free parameters suggests that both fits are a@mpa
(ple in quality. Examples of this are UGC 3371, UGC 11861,
and F574-1. In light of the uncertainties on the rotatioroeel

In addition to observational uncertainties, the qualitytod
fits may be affected by the fitting process and the associate

assumptions. An example is the adopted thickness for the H ity uncertainties, as was also mentioned in §kc. 4, thefliest-

and stellar disks. Here, for ease of comparison with other . !
studies, we have assumed that the gaseous and stellarisks avalues derived from the fits should not be taken at face value.

infinitely thin. Compared to a stellar disk that is assumed to 7. DISCUSSION
have a scale height of 0.2 disk scale lengths, as was adopted
Swaters (1999), the rotation curve calculated for an irdipit
thin disk rises more steeply, on average by 15%, but reachin
up to 40% for galaxies with central concentrations of light.
The amplitude in the thin disk case is about 5-10% higher than
in the thick disk case. Thus, taking a thick disk in stead of a
thin disk would results in M/Ls that are 10% to 20% higher
and values fogg that are correspondingly lower. The rotation
curve of the H is less sensitive to the adopted thickness. The
difference between an infinitely thin disk and a disk with a
scale height of 0.2 optical disk scale lengths is in geneedil w
below 5%, and hence the choice of thickness of thieditk

has little influence on the fits.

Another uncertainty on the results is the adopted form of
(see Eq[11), that describes the transition between the Newto
nian and MOND regimes. In the results reported in the Tables
and Figures in this paper, we have used the commonly use(iln
form given in Eq[R. We have also tried the form:

b\Ne have found that the rotation curves as predicted by MOND
for the sample of dwarf and LSB galaxies presented in this
gpaper are generally in good agreement with the observed ro-
tation curves for roughly three quarters of the sample. Ehis
remarkable, given that MOND is a one parameter fit with only
M/L as a free parameter. It is even more remarkable, in light
' of the uncertainties associated with a sample of low surface
brightness and dwarf galaxies, as was discussed in motié deta
in the previous section. Given these uncertainties, aifmact
of around a quarter of galaxies for which MOND does not ad-
equately predict the observed rotation curves does not seem
unexpected, and hence the differences between the observed
rotation curves and the MOND fits may not signal a failure
of MOND, but rather reflect the uncertainties associatel wit
the galaxies in this sample.
Despite these uncertainties, there are a number of interest
g results from our study. One is that the MOND fits ap-
pear to deviate in a systematic way from the observed rota-
11(X) = X/ (1+X), (5) tion curves. In almost 80% of the galaxies (21 out of 27) the
MOND curve predicts higher rotation velocities in the outer
as used by Famaey & Binney (2005) and McGaugh (2008).parts than are observed. In 40% of the galaxies in our sample,
This revised transition formula results in more noticeatde MOND predicts rotation velocities that are higher by more
viations from Newtonian gravity at higher accelerationkisT ~ than twice the uncertainty in the rotation velocity of thetla
has an effect on the fits, and we looked in particular in terms measured point of the rotation curve. As we have shown,
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these discrepancies can be explained if these galaxies havis placed in a Newtonian external acceleration that is large
different inclinations or distances. To explain the appare thanay, its kinematics would be entirely Newtonian. If one
systematic deviations between the MOND curves and the ob-were to fitag in that case, one would derive a value of zero,
served rotation curves in terms of changes in distance or in-because the object would never enter the MOND regime. Of
clination, the galaxies in our sample need to be prefergntia course, the effects of the external fields are much smalfer fo
closer, need to have preferentially lower inclinationshoth, the galaxies in our sample. Even for the galaxy in our sam-
which seems unlikely. ple with the closest neighbor (UGC 7577, near NGC 4449),
An alternative explanation for the fact that most MOND- the external acceleration is estimated to be I0° cm s2
predicted curves tend to have higher rotation velocitighén  (assuming a projected distance of 14.4 Mpc). Even though
outer parts than is observed, is that the valueafois prefer-  the amplitude of the external field is difficult to determires b
entially lower. Of course, in MONy is a universal constant  cause it depends on the details of the galaxy environment, it
and should not vary from galaxy to galaxy. In the MOND can only lower the value ody in fits whereag is left free.
fits presented here, we have adopige 3080 knt s72 kpc™ Moreover, any external fields will have the strongest effect
(e.g., Sanders & McGaugh 2002). If we averagedhele- in LSB galaxies, where the internal accelerations are lawes
rived from our fits with the acceleration parameter free, we Thus, while external fields may contribute to the apparent co
find ap = 3350 knf s kpc't, consistent with the value used relation between surface brightness amdit is difficult to
by Sanders & McGaugh (2002). However, as can be seen inestablish this quantitatively.

[, most of our fits result in low values fap. Excluding the Given the uncertainties in the distances, the inclinations
three highest values fap, we findag = 2150 kn? s72 kpc™. other observationa_l uncertainties, uncertainties !n ttimdii
Thus, a somewhat lower value fag would, on average, lead ~ Process, an_d possible effects of external fields, it seeats th
to improved fits for the galaxies in our sample. the correlation between surface brightness anchay not be

We also have found what appears to be a correlation be-significant. Perhaps more certain is the finding that thexgala
tweenag and surface brightness. Such a trend, if real, would i€s in the sample presented here suggest a lower valug for
be a problem for MOND, becausg is a universal constant. than the adopted value of 3080 k12 kpc ™.

However, it seems that this correlation is largely caused by ~ To thoroughly test MOND in the LSB and dwarf galaxy
small number of galaxies at the high surface brightness endfegime, galaxies are needed with reliable distance measure
for which large values foag were found: UGC 5721, UGC ments and inclinations, well-resolved rotation curves and
7232, UGC 7399, UGC 7603, and UGC 8490. As we noted in symmetric appearance, both in morphology and kinematics.
Sec[%, UGC 5721 and UGC 7399 are compact galaxies withNone of the galaxies in our sample meet all these criteria si-
a central bar, and hence the inner rotation curve could be afmultaneously. However, there are four galaxies that méet al
fected by noncircular motions. UGC 8490 has a strong warp,but one: UGC 3371, UGC 6446, UGC 7524, and UGC 12632.
making the outer rotation curve less certain. UGC 7232 only UGC 7524 is the only one with a reliable distance measure-
has four points in its rotation curve and large uncertagntie ~ ment from the TRGB (Karachentsev et al. 2003), but it has
the fitted value ofy. Considering these factors, it is possible asymmetric kinematics (Swaters et al. 1999).

that the apparent correlation is the result of uncertantad
not of a true underlying relation.

Previous studies of MOND rotation curves that included 8. SUMMARY AND CONCLUSIONS
LSB galaxies in their samples have not reported a trend be- i
tween surface brightness aagl De Blok & McGaugh (1998)  We have presented MOND fits for a sample of 27 dwarf and
analyzed the H rotation curves presented in de Blok et al. LSB galaxies. MOND is remarkably successful at predicting
(1996) in the context of MOND, and found most galaxies to the general shape of the rotation curves in this sample. Only
be consistent with MOND, although for a few adjustments for approximately a quarter of the galaxies MOND does not
to distance and inclination had to be made. The sampleadequately predict the observed rotation curves. This-is re
presented in Sanders & Verheijen (1998) contained 12 LSBMarkable given the uncertainties associated with the gadax
galaxies, but the authors did not report a trend betwaen in this sample, especially the uncertainties in distanckian
and surface brightness. Neither does an inspection of tBe LS clination. Close inspection of the fits indicates that fonast
galaxies in their sample show the prediction by MOND of sys- 80% of the galaxies MOND predicts higher velocities in the
tematically faster rotation in the outer rotation curvéee is = outer rotation curves than is observed. Although this cbeld
seen in our sample, except for UGC 6446, which is a galaxythe result of uncertainties, this systematic deviation also
also included in this sample. However, our sample extendsbe explained if the MOND acceleration parameter is slightly
more than a magnitude deeper in surface brightness, makindower than usually assumed, with a valueagf= 2150 knf
the sample presented here more sensitive to effects that mag? kpc™ (or 0.7 x 108 cm s2). We find that there appears
play a role at low surface brightness. to be some evidence of a correlation betwagand the cen-

Interestingly, it may be possible to explain, within the €on tral extrapolated disk surface brightness but this possible
text of MOND, why at least some galaxies would appear to correlation depends heavily on a few galaxies at high sarfac
have a low value foey whenay is left as a free parameter brightness, whose rotation curves may be uncertain because
in rotation curve fits. In the results presented here, we haveof bars or warps. At the low surface brightness end, the de-
only considered the accelerations within the galaxies them rived values ofay could be be biased towards low values if
selves. However, whether an object is in the MOND regime external fields are important. Overall, the uncertaintEsoa
is determined by the overall acceleration, which includes e ciated with this sample make it difficult to draw strong cancl
ternal effects (Milgrom 1983a,b). Thus, if an object, with i  sions. Improved distances and inclination estimates fesdh
ternal accelerations that would place it in the MOND regime, galaxies could make it possible to test MOND more strongly.
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