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Abstract

It has recently been suggested that the nearby galaxies Maffei 1 and 2 are farther in distance than previously
thought, such that they no longer are members of the same galaxy group as IC342. We reanalyze near-infrared
photometry from the Hubble Space Telescope, and find a distance to Maffei2 of 5.73±0.40Mpc. With this
distance, the Maffei Group lies 2.5Mpc behind the IC342 Group and has a peculiar velocity toward the Local
Group of −128±33 kms−1. The negative peculiar velocities of both of these distinct galaxy groups are likely the
manifestation of void expansion from the direction of Perseus-Pisces.

Key words: distance scale – galaxies: distances and redshifts – galaxies: groups: individual (Maffei) – galaxies:
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1. Introduction

Our collaboration (Wu et al. 2014) determined an averaged
distance to the galaxies Maffei 1 and 2 of 3.4±0.2 Mpc from
Tip of the Red Giant Branch (TRGB) measurements based on
near-infrared photometry of Hubble Space Telescope (HST)
images. At this distance, the Maffei Group, along with the
galaxies around IC342, would be the nearest substantial
concentration of galaxies to our Local Group. Subsequently,
Tikhonov & Galazutdinova (2018) have re-evaluated the same
HST images and determined an averaged distance of
6.7±0.5 Mpc for the Maffei pair, twice the Wu et al. value.
At issue is a potential confusion between the brightest stars of
the Red Giant Branch (RGB) and the onset of Asymptotic
Giant Branch (AGB) stars, a concern pointed out in other cases
(Aloisi et al. 2007; Schweizer et al. 2008; Anand et al. 2018b).

Here, we have re-analyzed the same HST images. Our new
results confirm the greater distances found by Tikhonov &
Galazutdinova (2018), although there are important differences
in the details. The larger distance has interesting implications
regarding the peculiar velocity of the Maffei Group. There is
agreement that IC342 is much closer, so the Maffei and
IC342 groups are quite distinct.

2. Distances

2.1. The Tip of the Red Giant Branch

Stars at the TRGB can be used as a standard candle due to
their uniform nature just before undergoing the helium flash
(Da Costa & Armandroff 1990; Lee et al. 1993). The only
corrections required are dependencies on metallicity, which are
small in the optical (Rizzi et al. 2007), and somewhat larger in
the near-infrared (NIR; Dalcanton et al. 2012; Wu et al. 2014).
TRGB distances to unobscured galaxies within 10Mpc can be
achieved with a single orbit with HST (Rizzi et al. 2007), with
some programs pushing out to almost 20Mpc with substantial
time investments (Beaton et al. 2016; Hatt et al. 2018).

In brief, our reduction and analysis procedure is as follows.
We perform point-spread function (PSF) photometry with
DOLPHOT (Dolphin 2000, 2016) on images obtained from the
HST archives using the parameters recommended in the user’s
manual. We then use DOLPHOT to perform artificial star

experiments to quantify the levels of photometric errors, bias,
and completeness present in the genuine stellar photometry.
The stellar catalogs are trimmed to only include sources of the
highest quality- for this work, we apply the rigorous “

*.gst”
cuts developed for WFC3/infrared (IR) photometry by
Dalcanton et al. (2012).
We determine the magnitude of the TRGB with the method

described in Makarov et al. (2006), which involves fitting a
broken-power-law luminosity function to the AGB and RGB
populations, with the break indicating the location of the
TRGB. The apparent magnitude and color of the TRGB is
corrected for foreground dust extinction, and the metallicity-
dependent absolute magnitude of the TRGB is obtained from
existing calibrations. This procedure has been used for many
papers; for additional recent examples and more in-depth
descriptions, see Rizzi et al. (2017) or Anand et al. (2018a).
In the optical, the TRGB is typically determined solely in the

F814W filter. In the NIR, color–magnitude diagrams (CMDs)
are developed in both F110W and F160W versus F110W–

F160W. This is because while observations in F110W
experience more extinction, the absolute magnitude of the
TRGB is only half as sensitive to the metallicity (and hence
color) when compared to F160W. Although the analyses are
not independent, calculating distances from both filters allows
uncertainties to be reduced.
The DOLPHOT photometry, color–magnitude diagrams, and

derived values from this work are all available on the CMDs/
TRGB catalog of the Extragalactic Distance Database4 (Jacobs
et al. 2009; Tully et al. 2009).

2.2. Maffei 2

In analyzing their photometry for Maffei 2, Wu et al. (2014)
found mTRGB=23.602±0.037 in the F110W filter, and
22.021±0.046 in F160W. They also noted the presence of a
second break in the luminosity function at F110W=24.845,
but decide that this is unlikely to correspond to the TRGB
based on the distances to Maffei 1 and IC 342.
Tikhonov & Galazutdinova (2018) performed a reanalysis of

this data set and claim that Wu et al. (2014) mistook the tip of
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Figure 1. (a) Color image of Maffei 2 generated from 2MASS J, H, and Ks photometry. The cyan box is the WFC3/IR field of view. (b) An F110W exposure: the
field is separated into regions based on proximity to the center of Maffei 2. Region 1 is considerably less crowded than Region 3, despite being on the same chip.
(c) CMDs generated from each of the three regions in (b). Our new distance is calculated from only Region 1. Due to the combined effects of crowding and a large
AGB population, the CMD for Region 3 is shifted upward, and the break (incorrectly) assumed to be the TRGB is much brighter in magnitude.
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the AGB for the TRGB, and that this second discontinuity is
the true TRGB. This places Maffei 2 much farther than the
3.52±0.20Mpc found by Wu et al. (2014), out at
6.83±0.48Mpc (though this depends greatly on the assumed
color and extinction).

Tikhonov & Galazutdinova (2018) also claimed the detec-
tion of a tip in the parallel Advanced Camera for Surveys
(ACS) observations of Maffei 2 that would correspond with
this farther distance, though a reanalysis of this data by us
shows that the tip feature is deep in the realm of noise. We do
not consider their photometric quality cuts to be appropriate;
DOLPHOT’s “Chi” parameter is not recommended for
selections, and there is no mention of any signal to noise or
crowding cuts.

To get to the bottom of this confusion, we performed a
careful analysis of the stellar populations revealed by the HST
photometry. In developing the CMDs to feed into the TRGB
fitting software, we first chose to examine the spatial
distribution of stars in an interactive fashion with glue,5 a
Python software package built for astronomical data explora-
tion and visualization. During this process, we found a
significant difference in the CMDs obtained from different
regions of the field. The difference is quite dramatic (see
Figure 1), more than most cases that we have seen. The regions
farthest (Region 1) and closest (Region 3) to the center of
Maffei 2 exhibit two main differences. First, the CMD from
Region 1 extends ∼0.5 mag deeper, as the effects of crowding
are substantially less. Second, the discontinuity previously
assumed to be the TRGB disappears from Region 3 to Region 1
(radially away from the galaxy), and the fainter discontinuity
noted by Wu et al. (2014) and Tikhonov & Galazutdinova
(2018) is unambiguously revealed. It is now clear that a
significant population of AGB stars have been masking the true
TRGB, and that this AGB population is greatly reduced (but
not eliminated) by limiting the analysis to the far edge of the
WFC3/IR chip.

After limiting the analysis to only Region 1, we perform our
TRGB measurements on the two CMDs separately in order to
obtain two different (but not completely independent) measure-
ments. We find mTRGB to be 24.93±0.02 in the F110W filter,
and 23.45±0.03 in F160W. We assume the extinction value
of E(B− V )=1.165±0.08 from Wu et al. (2014), which
was calculated by using the TRILEGAL code (Vanhollebeke
et al. 2009). TRILEGAL simulates foreground (galactic) stars,
and thus allows for a robust determination of the extinction
value by carefully fitting the simulated galactic population to
what is observed in the CMD. This value matches excellently
with the value of - = -

+( )E B V 1.17 0.06
0.04 (Green et al. 2018)

derived from the Panoramic Survey Telescope and Rapid
Response System (Pan-STARRS) and the Two Micron All-Sky
Survey (2MASS) photometry of foreground stars.

We correct the color and magnitude of the TRGB for the
derived dust extinction, and apply the absolute magnitude
calibrations of Wu et al. (2014). We find distance moduli of
μ110=28.81±0.16, and μ160=28.77±0.18. These results
correspond to distances of D110=5.78±0.40Mpc, and
D160=5.67±0.48Mpc. We adopt a final distance of
d=5.73±0.40Mpc.

2.3. Maffei 1

The situation with Maffei 1 is not as clear as with Maffei 2.
The issue with crowding is more extreme than with Maffei 2,
as the observations peer closer to the center of the galaxy. This
results in the final CMDs being ∼1 mag less deep when the
same photometric cuts are applied. Wu et al. (2014) found
mTRGB=23.642±0.074 in F110W, which likely corresponds
to the onset of the AGB in our spatially restricted CMD (see
Figure 2). While there is the hint of a discontinuity present in
our CMD at m∼24.5, this is too close to the detection limit to
provide a stable result. Tikhonov & Galazutdinova (2018)
quoted mTRGB=24.53±0.15, but again, we question the
reliability of their photometric quality cuts.
Given their similar velocities (Δvhel=83 kms−1), close

proximity (0°.67), and uncertainty in the distance to Maffei 1,
both Maffei 1 and 2 likely lie at the same distance, and so we
place Maffei 1 in the same group as Maffei 2.

2.4. IC 342

The distance to IC 342 is much more well constrained, as
there is less than half the foreground extinction when compared
to Maffei 1 or Maffei 2. This allowed Wu et al. (2014) to find
distances with both the ACS and WFC3/IR observations. Their
final distance of 3.45±0.13Mpc also matches closely with
the value from Tikhonov & Galazutdinova (2018) of
4.02±0.30Mpc, with the difference mainly due to differences
in adopted extinction coefficients.

Figure 2. CMD of Maffei 1 obtained from the least crowded region of the
WFC3/IR chip. The photometry is ∼1 mag less deep than that of Maffei 2 and
prohibits a reliable measurement of the magnitude of the TRGB.

5 http://docs.glueviz.org/en/stable/index.html
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Because the data obtained from the HST archives receives
regular recalibration, while DOLPHOT also receives regular
enhancements, we decided to redo the analysis. First, we do not
find the large spatial variation in CMDs seen with Maffei 1 and
Maffei 2. We obtain distance moduli of μ110=27.56±0.10,
and μ160=27.57±0.13, which correspond to distances of
D110=3.25±0.15Mpc, and D160=3.27±0.19Mpc. These
closely match the near-infrared distances (D110= 3.31±
0.20Mpc, and D160=3.30± 0.22Mpc) of Wu et al. (2014).

3. The Maffei Group and Peculiar Velocity

Kourkchi & Tully (2017) assigned eight galaxies to the
Maffei Group. Figure7 in Wu et al. (2014) shows the projected
distribution of these galaxies, illustrating the proximity on the
sky of the IC342 Group and the seriousness of obscuration
in the Maffei direction. Here we would add two galaxies to the
Maffei Group, KKH5 with Vhelio=61 kms−1 and KKH12
with Vhelio=70 kms−1, but reject one galaxy, KKH11, distant
in projection from the group center and with the discordant
velocity Vhelio=296 kms−1.

Of the nine galaxies considered as group members, only
Maffei2 has a reliable distance. Table 1 identifies the members
and their observed velocities. It is seen that Maffei2 has the
most negative velocity, although not statistically discrepant. On
the other hand, the dwarf galaxy MB1 has a velocity
substantially above the group mean. MB1 is only 30kpc in
projection from the dominant galaxy Maffei1. The group mean,
absent MB1, is 302±13 kms−1 in the Local Sheet reference
frame (Tully et al. 2008) with an rms dispersion 38 kms−1. The
velocity of MB1 of 430 kms−1 is 128 kms−1 higher, which
would not be unusual for a near satellite of a massive galaxy.
Including MB1 in an unweighted averaging, the group velocity
is 316±18 kms−1 with dispersion 55 kms−1.

Accepting the one reliable distance of Maffei2 for the
group of d=5.73±0.40Mpc, the anticipated Hubble expan-
sion velocity H0d=430±30 kms−1 assuming H0=
75 kms−1Mpc−1, consistent with the Cosmicflows−3 com-
pendium of distances (Tully et al. 2016). The dependence on
the assumed value of H0 is weak; if the value 73 is assumed,
then the expansion velocity is 420 kms−1. Continuing with the
assumption of H0=75 kms−1Mpc−1, the Maffei Group has a
radial peculiar velocity of −128±33 kms−1 if we accept the
group velocity without MB1 of 302 or −114±35 kms−1 if
MB1 is included. In either case and any reasonable value of H0,
the Maffei Group has a significant peculiar velocity toward us.

3.1. Relation to the IC342 Group

We confirm the previous measurements of the distance of
IC342, here deriving 3.26±0.15Mpc with our NIR measure-
ment. In combination with the optical measurement, we accept a
distance of 3.45±0.13Mpc (Wu et al. 2014). Kourkchi & Tully
(2017) identified eight galaxies associated with the IC342 Group,
seven with TRGB distances. The weighted average of the moduli
gives a group distance of 3.22±0.10Mpc. The averaged group
velocity is −36 kms−1 heliocentric and 180±27 kms−1 in the
Local Sheet frame, with dispersion 72 kms−1. The anticipated
Hubble expansion velocity for the group is 242±8 kms−1 so the
radial peculiar velocity is −60±28 kms−1.

With the nearer distance for the Maffei Group given by Wu
et al. (2014), IC342 would only be 700kpc from Maffei 1 and
2 and all the galaxies associated with these principal galaxies

would be within a common infall region. However, at the
greater distance advocated here, the Maffei Group is
2.5±0.5Mpc separated from the IC342 Group and these
two entities are quite distinct.

4. Summary

Tikhonov & Galazutdinova (2018) were correct in question-
ing the distance to the Maffei Group found in our earlier work.
The AGB and RGB can be easily confused, especially at NIR
bands where the two stellar branches have similar colors. The
situation with the Maffei Group is aggravated by substantial
obscuration and crowding. By limiting our analysis to the region
furthest from the center of Maffei 2, we are able to clearly isolate
the true TRGB. In detail, we find a distance to Maffei2 of
5.73±0.40Mpc, significantly closer than the value of 6.83±
0.48Mpc given by Tikhonov & Galazutdinova (2018). We
cannot offer a distance to Maffei1 with the observational
material available.
The Maffei and IC342 groups should be seen as two distinct

entities separated by 2.5Mpc. Both groups have peculiar
velocities toward us, of −134 and −60 kms−1, respectively.
Both entities lie with us on the supergalactic equator, so we cannot
see components of motion perpendicular to the equatorial sheet, as
has become familiarly associated with evacuation of the Local
Void (Rizzi et al. 2017; Shaya et al. 2017). Nonetheless, the
mapping of flows with the full Cosmicflows−3 compilation of
distances anticipates flows toward us from the direction of the
Maffei Group. It is well known that there is a major void to the
foreground of the Perseus-Pisces complex at 5000 kms−1

(Haynes & Giovanelli 1986). Indeed, it is becoming evident that
the Local Void and the void in front of the Perseus-Pisces filament
are one and the same. The Maffei and IC342 groups are projected
in front of the Perseus-Pisces structure and the void in that
direction. We are witnessing expansion of the void toward us.
We are currently analyzing distances to several other galaxies on

the fringes of the Local Void and will reserve further discussion on
the structure and dynamics of the Local Void to a later paper.
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Table 1
Maffei Group Members

Galaxy Name Ty Ks Log(LK) Vh VLS

Maffei 1 E 4.28 11.12 66 305
Maffei 2 Sbc 4.93 10.85 −17 220
Dwingeloo 1 Sbc 8.37 9.48 112 341
Dwingeloo 2 Irr 10.2 8.75 94 325
MB1 Sdm 10.5 8.63 190 430
KK22 Irr 10.9 8.47 59 289
KKH6 Irr 11.8 8.11 53 294
KKH5 Irr 13.5 7.43 61 294
KKH12 Irr 13.5 7.43 70 311

Note. A summary of the members of the Maffei group, including galaxy type,
reddening corrected Ks magnitudes, LK luminosity (Lʘ) assuming d = 5.73 Mpc,
and velocities in the heliocentric and Local Sheet reference frames (km s−1).
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