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ABSTRACT

This paper concludes a systematic search for evidence dfithheoceros Ring and Canis
Major dwarf galaxy around the Galactic Plane. Presentee &er the results for the Galactic
longitude range of = (280 - 025). Testing the claim that the Monoceros Ring encircles the
entire Galaxy, this survey attempts to document the pasibibthe Monoceros Ring with
increasing Galactic longitude. Additionally, with the clizery of the purported Canis Major
dwarf galaxy, searching for more evidence of its interact®imperative to tracing its path
through the Galaxy and understanding its role in the evatutif the Milky Way. Two new
detections of the Monoceros Ring have been found, &) = (280;+ 15) and (300+ 10) .
Interestingly, in general there seem to be more detectioogethe Plane than below it; in this
survey arountg of the rm Monoceros Ring detections are in the North. Thigncides with
the Northern detections appearing to be qualitatively deasd broader than their Southern
counterparts. The maximum of the Galactic Warp in the Sauéthso probed in this survey. It
is found that these elds do not resemble those in the Cani®Magion suggesting that the
Warp does not change the shape of the CMD as is witnessedda@amis Major. The origins
and morphology of the Monoceros Ring is still elusive priilyadue to its enormous extent
on the sky. Continued probing of the Galactic Outer Disc mdeel before a consensus can be
reached on its nature.
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1 INTRODUCTION QUEST data has also revealed the presence of the MRi and inves
tigated the overdensity in Canis Major (Vivas & Zinn 2006; tela

The Monoceros Ring (MRi), discovered in 2002 (Newberg et al. etal. 2007).

2002) has now been traced around the Galaxy freri5 - 260, as Residing in the Thick Disc of the Milky Way (MW), the MR

shown through the Sloan Digital Sky Survey (Newberg et 20230 is revealed only by obtaining deep photometry of large pegabf

Two-micron All Sky Survey (Rocha-Pinto et al. 2003), IsaaaN sky, typically greater than 1 square degree. In this prelam rst

ton Telescope Wide Field Camera Survey (Ibata et al. 2008}jren pass of the MW, the Thick Disc was sampled at Galactic lagisud

Anglo-Australian Telescope Wide Field Imager Survey (Cetal. nominally betweerb = 10 -20 and about every 20 degrees in
2005a). Continuing around the Galactic plane, this surxégnels Galactic longitude. To date, the entire survey has strotectiens
these previous results to complete the rst Wide Field Intage- of the MRi in 14 regions with 3 additional tentative detensmut

vey of the MRi around the Galaxy that began with the INT/WFCin of 25 regions observed. It has been found on both sides of the
Conn et al. (2005a). Studies into this structure have besudsed Galactic plane at Galactic latitudes from 420 and its extent

in Paper | of this series, (Conn et al. 2007), and referereagin. away from the plane is as yet undetermined although SDS8gesu
Additional to this, an RR-Lyrae survey of the Galactic Haking suggest that it could be as high as +3Belokurov et al. 2007).
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Table 1. Summary of the observations of Monoceros Ring/Canis MajdalTStream with the AAT/WFI, ordered in ascending Galatiegitude (). The

number of CCDs available during the different runs varies thnis has effected

the total area or Field of View observed.

Fields (,b) Regions per eld  Average Seeing (arcsec) Total Amdag?) Monoceros Ring  Average E(B-V)  Date (dd/mmlyy)
(280, 15) 4 1.3 1.21 No 0.128 01/02/04
(280;+ 15) 3 1.0 0.93 Yes 0.083 25,30/01/04
(300, 20) 1 1.3 0.3 No 0.109 31/01/04
(3004 10) 3 1.2 0.93 Yes 0.171 25/01/04
(340;+ 20) 4 2.8,1.6 0.91 No 0.095 15-16/08/05
(350, 20) 4 2.2 0.91 No 0.055 15/08/05
(350;+ 20) 4 1.4 0.91 No 0.112 16/08/05
(025, 20) 5 2.0 1.14 No 0.137 15-16/08/05
(025;+ 20) 5 2.0 1.14 No 0.098 15-16/08/05

Numerical simulations of the MRi as a tidal stream predidbit
have multiple wraps around MW, although the current dateset
not distinguish between different aspects of the streamvhether
the different detections are part of a coherent structuigurg 1
shows the previous detections of the MRi as reported in Cbah e
(2005a) and Conn et al. (2007). Figure 2 of Paper | shows heseth
CMDs can be interpreted by showing the approximate locaifon
the Thin, Thick and Halo stars in the eld. Figure 5 of Papek | i
lustrates which components are being referenced whenssiedu
in the text. Each of the elds in this gure are pixelated Cote
Magnitude diagrams. The pixel values represent the sqoatesf
the number of stars in that pixel. Ordered by increasing Giala
Longitude, Figure 1 tentatively shows the changing stteragtd
thickness of the MRi around the Plane. Qualitatively, thrersjth
of the MRi can be seen in comparison with the MW components.
Additionally, the only apparent difference between Nonthand
Southern detections is perhaps that the Southern MRi fesatp-
pear qualitatively narrower than their Northern counteipd here
is no clear explanation as to why this is the case.

While there is more and more evidence regarding the true ex-
tent of this structure, there is very little information cenning
many of its generic properties. As such, no direct measunenfe
the density pro le of any part of the stream around the skylieen
made, nor a complete understanding of its true extent orkihérs
the region covered by the SDSS, Juric et al. (2008) and dtzal.
(2008), report on the presence of the MRi with regard to iteiper
density, metallicity and kinematics. A clear overdensitgtars can
be seen at a distance of 16 kpc (Juric et al. 2008) and Ivéat e
(2008) reports a mean metallicity of [Fe/H] = -0.95 with atsea
of around 0.15 dex. Kinematically, they show a spread ofcits
rotating consistently faster than the Local Standard ot Bed in
accordance with the predictions of Pefarrubia et al. (005

The only possible candidate for the stream's progenitonis a
overdensity of stars found in Canis Major but possible csiufi
with the Galactic Warp has created doubts on this detechonr.
merical simulations created using the properties of thizse have
predicted the location and extent of the MRi with good accyra
and so adds support to the dwarf galaxy scenario. This amggoi
debate centres on whether observations of the Canis Magar ov
density conform to known Galactic structure, such as thep\ar
can be considered truly additional. Paper | of this seridfinas
some of the possible inconsistencies between predictqubpies
of the Galactic Warp and direct observations of these sirast In
response to this Lopez-Corredoira et al. (2007) have ptedean
explanation relying on only rst order Galactic structufeurther

re nement of the properties of the MRi are needed to deteemin
whether CMa is the most likely candidate as its progenitor.

2 OBSERVATIONS AND REDUCTION

The Anglo-Australian Telescope Wide Field Imager (AAT/WE&l
Siding Spring Observatory in New South Wales, Australia uwsex

to conduct the current survey. The AAT/WFI is mounted at grim
focus with a eld of view of approximately 33 arcminutes onides

It consists of eight 4k 2k CCDs with a pixel scale of 0.2295 arcsec
per pixel.

The observations were taken over three observing runs, the
rst on the 22-25 January 2004, the second on 30, 31st of Jgnua
and 01 February 2004 with the third on the 14, 15 and 16th of Au-
gust 2004. To minimise the fringing effects that are presdmn
observing with other Iters we employed thee(WFI SDSS #90)
andr (WFI SDSS #91) lters. Exposure times used were a single
600 second exposure gnand two 450 second exposures imwi-
light ats along with bias and dark frames were used for aalilon,
and Landolt Standard Star elds were observed roughly etwoy
hours. Data reduction was performed using the CambridgemAst
nomical Survey Unit (CASU) Pipeline (Irwin & Lewis 2001), a
thorough description of this process and the necessafyrattns
are outlined in Paper | of this series.

This paper presents the nal section of the survey using the
AAT/WFI which observed elds from = (280 - 25) across the
Galactic bulge. This is in addition to Paper | which covereids
in the regiond = (195 - 276) . Nine elds have been observed, and
in general each eld is approximately one square degree or fo
WFI pointings. A summary of the results of this survey is shaw
Table 1.

3 ANALYSIS

The magnitude completeness of the data has been estimatea in
same manner as described in Paper I. In essence, this isudirgy
overlapping regions of the observed elds to determine thm-c
pleteness. The eld at,p) = (300,-20) has only one pointing and
so with this approach no completeness estimate is pos$diée 2
presents the completeness pro les of each eld based ondbe-e
tion
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Estimating the completeness provides a way to evaluate the
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- ", Table 2. Parameters used to model the completeness of each eldientde

' B:I.m ascending Galactic longitud®.(m¢ is the estimated 50% completeness
.. leyel for each Iter with describing the width of the rollover function (see

ETbtion 1 and further details in Paper I).

Fields(l,b) me(@) me(r)

(280, 15) 22.40 21.40 0.55
(280,+ 15) 23.85 22.60 0.60
(300, 20) no estimate possible
(300,+ 10) 23.30 22.40 0.30
(340,+ 20) 21.80 20.70 0.45
(350, 20) 23.10 22.30 0.30
(350,+ 20) 23.40 22.40 0.75
(025, 20) 22.60 21.70 0.60
(025,+ 20) 22.60 21.70 0.60

agnitude. With these factors, the MRi is not as cledbgva

oise as in Paper I.

Following the method employed by Ibata et al. (2003), Conn
et al. (2005a) and Paper I, we have used a main sequence |ducia
tol @stimate the distance to the features seen in the CMDsa For
camplete explanation of the process and errors involvec4de?

off Paper I. The furthest distance to which this method can nd
tl Ri is dif cult to estimate. The number density of MRi sta

eld and the distance to the MRi are obviously importamt t

& Wwhether a detection is made. Additionally, the quality & thata in

se elds will again directly in uence the likelihood of detec-
ian. Poor seeing and insuf cient sky coverage could easffgct
ability of this method to make a successful detectior. Tid-
1'BINgs of this survey suggest that if the MRi is withirR0 kpc it will

be gdetectable. Beyond this, it is highly dependent on thength

n 20 kpc. A possible reason for this is that a detectiondis-a
ce of 20 - 30 kpc involves a shift of 1.5 - 2.2 magnitudesnfro
ase position at 11 kpg € 19.5). The turn-off of the shifted
in sequence is now located a22 magnitude where the pho-
etric errors are starting to increase and thereby speathe
in sequence. In the absence of very deep or wide surveyathi
afént limit of 20 kpc may remain the practical limit for nding
MRIi.

4 properties. While this approach is not favoured by sontas$
ew advantages. Firstly, and quite importantly it allovieel sur-
dyito be completed in a reasonable time frame. Adding arextr

reased the time needed. Secondly, the dynamic range sfith
g@yameans that the brighter end of the survey can test thécpedd
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Figure 2. This gure shows the location of the survey elds presentad i
this paper. The symbols denote the number of pointings pler Ehe cir-
cles with plus signs represent ve pointings; the emptylescfour point-
ings; the triangles, three pointings; the square, two paist and the cross
one pointing. Each eld was intended to have four- ve pongs, however,
weather and time constraints have resulted in many eldgaioimg less.
The survey was originally designed to contain a more corapeverage of
the Galactic plane, however, weather again signi cantlyited the number
of photometric or near-photometric elds with useful dafée resultant
elds have been selected based on data quality and infoomatbntent.
While ideally four pointings would correspond to about 1&eudegree of
sky, observations undertaken during August 2004 had onlj & @CDs
available, and those taken during February 2006 had only & 6CDs
available. This has limited the amount of sky surveyed, ideggtempts to
reduce its impact. The actual Field of View observed can bedan Table 1
under the Total Area column.

in the Thick Disc/Halo part of the CMD, searching for its prase
relies on looking at the fainter end of the CMD. The Canis Majo
dwarf galaxy feature as discussed in Paper |, is located ordess

in the Thin Disc component. Indeed, since most of the delmte ¢

Table 3. Summary of the observations of Monoceros Ring/Canis Major
Tidal Stream with the AAT/WFI, ordered in ascending Gaadbngitude

(). The offset is measured in magnitudes from the zero offesitipn of

the Newberg et al. (2002) detections at 11 kpc.

Fields (,b) MRioffset MRidist MW/CMa offset MW/CMa dist
(mag) (kpc) (mag) (kpc)

(280, 15) - - - -
(280;+ 15) 0.0 11.0 - -
(300, 20) - - 0.8 7.6
(300;+ 10) 0.8 15.9 0.8 7.6
(340;+ 20) - - 0.2 10.0
(350, 20) - - 0.5 8.7
(350;+ 20) - - +0.2 12.1
(025, 20) - - 2.0 4.4
(0255 20) - - 2.2 4.0

overlay are with respect to this Newberg et al. (2002) deteait
11.0 kpc. Table 3 summarizes the outcome of this study ansl use
the same formatting as in Paper I. It should be noted though th
this paper does not nd evidence of the Canis Major dwarf dred t
nal column of Table 3 simply presents where the ducial mai
guence has been placed. In general, for this part of the wuthe
Besancon model is well matched to the data and as such thie dom
nant main sequence is easily attributed to known Galagctictstre.

The CMDs that we have used are density maps of the underlying
distribution. Each pixel is the square root of the numbertafssin
that part of the CMD. This method provides better contraghef
structures especially in regions if high stellar densitypr&ésenta-
tion of all the elds from previous AAT and INT surveys in whic
the Monoceros Ring is present can be seen in Figure 1. In the fo
lowing sections we will provide the distance estimates &rttajor
features present in each CMD from this part of the survey waiith
analysis of these results being presented in the Discugsidn

cerning CMa revolves around whether the CMDs observed in the 3.2.1 Fields(280; 15)

CMa region are explainable in terms of purely Disc compasent
whether an extra component exists in the same Colour-Madmit
space. It is for the latter possibility that the distancehe edge

of the Thin Disc component has been determined for the efds i
this part of the survey. Checking their position with regpgeahe
model provides an opportunity to assess whether it is diffeand
perhaps could be related to the CMa overdensity. For sonus, el
measuring the faint edge of the Thin disc cut-off has not heEn
sible due to the CMDs not showing a clear edge. For these, elds
the distance to the bright edge of the Thin Disc region has bee
found. So for each eld there are three possible structuwédeetex-
amined: the faint MRi component, which may represent aolakiti
MW substructure; the faint edge of the Thin Disc, which mgy-re
resent a mis-identi ed CMa-type population as per Paper the
upper edge of the Thin Disc, which tests the model in theszdir
tions. The results of these parameters are presented ia Jabl

3.2 Survey Fields

The location of each eld, in Galactic coordinates, is shaywaph-
ically in Figure 2. Each eld is presented in the followingctiens
showing the CMDs with the appropriate main sequence type ove
lay as taken from the original Newberg et al. (2002) detectind
described in Paper I. All magnitude offsets of the main sagee

The (280,-15) eld (Figure 3) is approximately 40 degrees from
the purported dwarf galaxy in Canis Major and the features he
seem less de ned than in nearer elds. This is perhaps dukgdiots
differences in the photometric solution for each frame ciodb
with the brighter limiting magnitude. The strong main same
seen in [(b) = (273,-9) (Figure 20 of Paper 1) is not seen here
although the increase in latitude away from the Galactiog@tzould
account for this change. Deeper imaging of this region iessary
to con rm the lack of the CMa feature and to investigate thgtgl
excess of stars inthe regign > 21 and ¢-r) < 1.0.

3.2.2 Fields(280; +15)

The (280,+15) eld (Figure 4) is similar to its corresponding
eld below the plane at (280,-15) The comparison eld from the
Besancon model is presented here with the ducial main eege

at the location of the additional main sequence presentei#ta.
This main sequence has been interpreted as the Monocergs Rin
Interestingly, the MRi feature in this eld is more extendin in
others. The stream is perhaps extended or wrapped in thigfar
the sky or the MW components here have different strengidus th
the Besangon model predicts. A mix of the two is also possibl
The ducial shown marks the brighter edge of this featurethwi
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Observed and Modelled CMDs for field (280,-15)°
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Figure 3. Hess plot of (,b) = (280,-15) and the corresponding Besangon
model. A Hess plot is created by pixelating the Colour-Magie dia-
gram and generating a grayscale on the basis of the squarefrdoe
pixel number density. The same process is applied to bottdate (Left
panel) and model (Right panel). The synthetic galaxy modas wen-
erated via the Besangon online galaxy model website (fitpon.obs-
besancon.fr/modele/). The distance interval applied ¢ontlodel is a line-
of-sight from the Sun out to 100 kpc. This ensures that nccaticuts can
enter into the CMDs via distance effects. The model is setbictg; r in the
CFHTLS system and the convertedgor of the AAT/WFI via the colour
conversions discussed in Section 4.1 of Paper |.

only a small shift from the nearby detection at (276,+1@ge Fig-

ure 1, the offset used for this feature is 0.8 magnitudesspond-

ing to 15.9 kpc heliocentrically. In comparison to the détetat
(276,+12), this is about 4 kpc further away. The lower edge of this
feature is approximately 0.5 magnitudes fainter and thuslavbe
estimated at around 20 kpc. No attempt has been made to &stima
the width of this feature.

3.2.3 Fields(300; 20)

At (300,-20) (Figure 5), the main sequence crossing the middle of
the CMD is well matched by the synthetic CMD and corresponds t
the location of the Disc stars seen in the model. The oveslajfset

at -0.8 magnitudes or 7.6 kpc. There is perhaps a main sequence
belonging to the MRi at the faint blue end of the CMD however
the model does indicate that some stars should be expecthdtin
location. Given the overall noisy quality of the CMD, no atigt is
made to identify whether those stars may belong to the MR&. Th
strong main sequence de ned by the ducial is a good matcin wit
the model and thus is most likely of Galactic origin.

3.2.4 Field4300; +10)
The (300,+10) eld (Figure 6) contains an obvious additional

main sequence more distant than the expected Milky Way com-

ponent. The original data for this eld was slightly misaiied in
colour after all the photometric calibrations were appligéd try
to ensure the smallest shift possible when correcting this,r

5

Observed and Modelled CMDs for field (280,+15)°
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Figure 4. Hess plot of [,b) = (280,+15) and the corresponding Besangon
model. The gure is otherwise the same as Figure 3. The majnesee
tted here for the Monoceros Ring is offset by 0.8 magnitudBise helio-
centric distance related to this offset is then 15.9 kpc. Morer signal to
noise estimate has been derived for this feature.

Observed and Modelled CMDs for field (300, 20)°
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Figure 5. Hess plot of (,b) = (300,-20) and the corresponding Besangon
model. The gure is in the same format as Figure 3. The maiusedges
tted here are offset by -0.8 magnitudes. The heliocentigtashce of this
offsetis 7.6 kpc. The similarity with the synthetic CMD sgts this main
sequence in the data is associated with Galactic disc.

magnitudes have all been shifted #¥.1 magnitudes. Taking the
eld without any differential extinction and shifting thettzers to
match aligns the nal CMD in the correct colour range andabo
the main sequence overlay to be used to estimate the dist@hce
course, shifting the data in this manner weakens the acgucac
which we can determine the distance. While the shift was Ismal
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Observed and Modelled CMDs for field (300,+10)°
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Figure 6. Hess plot of [,b) = (300,+10) and the corresponding Besangon
model. The gure is otherwise the same as Figure 3. The majnesges
tted here are offset by -0.8 and 0.8 magnitudes. The hefiteedistance
of these offsets are 7.6 and 15.9 kpc. The Galaxy componeealaied to
the closer feature and the MRi to the more distant feature Ouhe data
having been shifted by 0.1 magnitudes ito align the CMD in colour, the
distances have an additional source of uncertainty.

all the distances reported for this eld can only be seen dia:
tive and do not have the accuracy as reported in the othes eld
of the survey. The two overlays are offset by -0.8 magnitides
the brighter main sequence and 0.8 for the fainter main segue
These result in distance estimates of.6 kpc and 15.9 kpc re-
spectively. The stronger main sequence is clearly relatethe
Galaxy given the good correlation with the model.

3.2.5 Field(340; +20)

The data in this eld (Figure 7) is a combination of two poirgs
which resulted in different limiting magnitude when cadibed.
This could partly contribute to the lack of coherence in tla¢ad
toward the limiting magnitude of the shallower sammge (22.5).
When combining the two datasets the selection criteria leas b
tightened; in the other elds, if the object is classi ed aastn

one lter and only possibly a star in the other it is acceptéfith

this CMD, only if in both lters the object is classi ed as aast
has it been plotted. This was done to try and remove some of the
additional noise in the CMD. Additionally however, an aligent

in colour by 0.1 magnitudes redward was also required. This
will impact on the accuracy of any distance estimates otaires
within this eld. The overlay is tted to the lower extreme ofie
Milky Way main sequence and is a good match to the predictions
of the model.

3.2.6 Fields(350; 20)

This eld (Figure 8) shows a broad main sequence with an over-
lay placed with an offset of -0.5 magnitudes (8.7 kpc helitide
distance). There is an obvious problem with the predictmfrthe

Observed and Modelled CMDs for field (340,+20)°

Bo = To

Figure 7. As for Figure 3, Hess plot oflp) = (340,+20) . The offset is
placed at -0.2 magnitudes, or 10.0 kpc heliocentrically @nclearly as-
sociated with the MW component in the model. The original CMas
slightly offset in colour and this has been corrected withrelb shift of

0.1 magnitudes im towards the red. The distance estimates becomes less
accurate due to this shift.

B T Tq

Observed and Modelled CMDs for field (350,-20)°
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Figure 8. Hess plots of I(b) = (350,-20) . The overlay is placed at -0.5
magnitudes or 8.7 kpc heliocentric. The model clearly hablems with
this direction on the sky and any differences are not expectee real. The
data does not seem to have an MRi-like component.

model. In the following eld, this problem was avoided by &ie
ing a eld nearby which reproduced an acceptable CMD. Unfort
nately, there was no nearby eld in the model which resemiihed
data here and so was left as is. Indeed, comparing with thdtses
of the Northern eld it suggests that the data here consistdysof
Galactic components.
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Figure 9. Hess plots of I(b) = (350,+20) and its counterpart synthetic
CMD. The synthetic CMD used here is actually (347.5,+2@he model
eld with the same coordinates is very similar to that seerfrigure 8. It
was found though that with a small shift in longitude, the elagtrieves
a CMD similar to the data. Since there is no reason to accaurgifch a
drastic change in the CMD in this direction, the (347.5,+2@)d is used
instead. The overlay here is at 0.2 magnitudes of offset dr kpc helio-
centric distance. The overlay is tted “by-eye” to the lowexttremity of the
dominant main sequence and is a good match to the model.

3.2.7 Field(350; +20)

As for the Southern eld at this Galactic longitude, this dealso

had a problematic model CMD. However, it was noticed that a
slight change in coordinates in the model produced a CMD much
more similar to the data. So for this eld, the comparisondes
(347.5,+20) rather than (350,+20)(Figure 9). The (347.5,+20)
synthetic eld is used here due to its similarity with the @athe
contrast between the data and the model for the eld in thelSisu
deemed a glitch rather than a aw in the entire model. The layer
here is placed at 0.2 magnitudes and corresponds to therfaitige

of the main sequence. It can be found at a heliocentric distaf
12.1 kpc, although, as with the Southern eld, the main seqae

in the model does seem to be stronger than the data. On the whol
though, they are much more similar here than in previousseld

3.2.8 Fieldg025; 20)

This eld (Figure 10) completes the Monoceros Ring survelptye
the Galactic plane which began with the INT/WFC survey. tesp
having seeing of typically®, the limiting magnitude of the data is
still relatively deep. In comparison with the model, thesty main
sequence is conspicuously missing from the data. In an pttem
compare the features, the bright end of the weak Milky Waynmai
sequence in the data has been t with an offset of -2.0 madagu
This converts to a distance estimate of 4.4 kpc which is regtse
match with the model. It is uncertain why this eld lacks aostg
Thin Disc presence in the data.

7

Figure 10. Hess plots of I(b) = (025,-20) and its counterpart synthetic
CMD. As for Figure 3. The overlay is placed at an offset of ;2ligning
with the bright end of the Milky Way main sequence featuréhindata. The
D is4.4 kpc.

3.2.9 Fieldg025; +20)

The nal eld of the survey on the Northern side of the planedg+
ure 11) is remarkably similar to its Southern counterpagaif the
model predicts strong main sequence for the Thin Disc compon
which is not present in the data. To provide some point of com-
parison the approximate bright end of the weak Milky Way main
sequence has been estimated and is found at an offset of a&2 m
nitudes or 4.0 kpc. The model predicts this edge here toa€Tike
no evidence of the Monoceros Ring in this eld.

4 DISCUSSION

To date there are only two numerical simulations of the Menos
Ring and Canis Major structures, these are from Martin ¢28D5)
and Pefarrubia et al. (2005). The primary difference betbese
two models is that the Martin et al. (2005) model uses thegntgs

of the Canis Major overdensity as its constraints and timaReabia

et al. (2005) model uses the data collected on the Monoceras R
up to that time. The following two sections compare the rgsn

of this paper, Paper | and the INT/WFC paper (Conn et al. 2005a
with these models. To make the comparison meaningful, inéxée
sections the MRi is assumed to be a tidal stream.

4.1 Comparing the observations with the Martin et al. (2005)
model

The numerical simulation of Martin et al. (2005) has beert-plo
ted with the results from the entire survey (this paper, Papad
(Conn et al. 2005a)) in Figure 12. The top panel shows the hiode
(I,b) space dividing the points, by colour, for those above atalbe
the Galactic Plane. All of the elds from the three papersébeen
overplotted as either full or open stars. Full stars repressds
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Figure 12. Comparison of the (Martin et al. 2005) numerical simulatirihe Monoceros Ring/Canis Major streams and the locat@musdistances of the
detections (including tentative ones) arising from theveyr The top panel shows the simulation in Galactic cootdsahe centre panel shows only those
elds and points from the model above the Galactic Planereggaieliocentric distance and the lower panel is for thosetpdelow the Galactic Plane. In the
centre and lower panels, the points with the opposite cdlaer, green instead of red or vice versa) are the prediddrite of the model in the direction
of the observed elds. The lled stars show elds with detiests of the MRi and empty stars show elds in which the MRi was detected. Empty squares
show the location of the proposed CMa feature at that lodgits per the ndings of Paper I.

with a Monoceros Ring detection and open stars are elds-with
out a Monoceros Ring detection. Tentative detections haen b
included in this gure.

The middle panel contains only the points above the Plane
plotted against Heliocentric distance. For each eld, thediction
of the model for that location,p), is shown in green. This then al-
lows direct comparison between the nding of the survey viita
prediction of the model. To avoid clutter, the top panel astipwed
MRi detections but for completeness the CMa detections fPam
per |, which reside in the same elds, are plotted as openregua
The elds betweer = (200 - 300) do seem to correspond well to
the model although there are a spread of distances whicloasé p
ble. The elds at [,b) =(118,+16) and (150,+15) are at distances
greater than the predicted location but they do vary in-stéh
the model and so could just represent the model stream baeing t
close heliocentrically. Atl(b) = (90,+10) there is a conspicuous
absence of the MRi. While in other elds the overall data dfyair
area covered could be a reason for a non-detection, but here t
is no such problem. It is unclear why the feature is absenttheo

(I,b) = (75,+15) eld the detection again matches the model while
the detection atl) = (61,+15) does not correspond well. The
reasons for this is also uncertain.

The lower panel shows the predictions for the stream model
below the Plane. Arounld= (240 - 276) the detections do roughly
correspond with the model and frdns (60 - 240) the connection
is more or less correlated with the general direction of theasn.
The two interesting omissions in the South dyie)(= (90,-10) and
(I,b) = (280,-15) as both these elds were expected to have MRi
components. As per the Northern eld bt 90 , the data qual-
ity in its Southern counterpart eld is suf ciently high tabustly
conclude no MRi feature is present here. Forlthe280 eld, the
limiting magnitude is the second worst in the sample butryivet
the predicted distance is more or less that of the originedadien
by (Newberg et al. 2002) it should be visible. The streametfuee
does not pass through this eld at the distances suggesteteby
model.

Non-detections of the stream also provide an opportunity to
test the model. In all but a few cases the non-detectionseinléta
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(th]

Figure 11.Hess plots ofI(b) = (025,+20) (Left) and its counterpart syn-
thetic CMD (Right). As for Figure 3. Despite the lack of a stgomain
sequence in the data, a main sequence overlay is tted to iwlestimated
as the bright end of the Milky Way main sequence. This is at gnitade
offsetof -2.2orD 4.0 kpc, in rough accordance with the model.

are supported as non-detection regions in the model. Thesis
too sparse to draw conclusions as to a potential path fortteara
but it does serve as a basis for future studies and models.

4.2 Comparing the observations with the PBarrubia et al.
(2005) model

Interpreting the predictions of the Pefarrubia et al. ©0fodel
has been done in the same way as for the Martin et al. (2005)
model, primarily by comparing the locations and distandethe
observed structures with the distances and locations alkcprd
by the model (Figure 13). The lower two panels show the ptedic
stream locations from the model in each of the regions sediey
Given that the Pefilarrubia et al. (2005) model uses feweic|easr
than the Martin et al. (2005) model; a slightly bigger ares lbaen
chosen around each eld to sample enough model data poihes. T
correspondence with data is seemingly poorer for the Peffiaret

al. (2005) model and several non-detection regions arecseuiy
populated by the stream.

For the Northern elds, many of the distances do seem to
match the predictions of the model. Close inspection of toeeh
shows that the detections are located on the wrong arm. Most o
the elds observed are located in sparsely populated regidthe
model and do not probe the predicted path of the model to highe
latitudes. The eld at =25 is possibly undetected due to the pre-
dicted distance of the stream here. As discussed B) it is esti-
mated that the technique used is only sensitive to objessstlan
20 kpc distant. The elds atlp) = (61 - 75) could be seen as
con rmation of the stream however the non-detectionldt)) =
(90,+ 10) s dif cult to explain. At (I,b)) = (118;+ 16) , the de-
tection is at least 5 kpc closer than the distance estimate fhe
model. For the eld centred onl,p)) = (150#+ 15) , it resides in
an almost empty region of the model but seemingly the dedecte
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stream here corresponds with the tidal arm at higher lagudhe
discrepancy for this model around ttre 240 region is known and
has been commented on by other authors. The elds at longstud
| = (260 - 360) are simply unable to observe the stream according
to the model. The latitude for these elds is not so much a [ewob
and detections reported in this paper do not match the modd! a

In the South, the match with the model is good arobm@®0 ,
123 and close to the Plane around 25The remaining elds oc-
cupy regions of low density in the model. A few elds, like g®
atl =90 present real discrepancies with the model. The main dif-
ference between the Northern elds is that most of the ptedic
stream locations in the South should have been detectatiecby
technigue used here. In favour of the model though, a sigmitc
proportion of the model is not sampled in the survey as it @vab
a latitude of 20. Finally, in comparison to the original data used to
create the model (see Figure 2, Pefarrubia et al. (2005)t ofithe
data points there reside betwden (110 - 240). This corresponds
to a relatively sparse sampling in this survey. Another cangon
of this model against the available data is presented irPeifia
et al. (2007).

4.3 Key locations to test the models

Each model predicts that in key areas of the Galaxy thereigre s
ni cant changes in the stream which could be used to boththest
model and provide further support to the tidal stream séeres

a whole. In particular, these are the regions south of thpgoted
Canis Major dwarf galaxy over the longitude rarige(200 - 250)
since in this location the two models predict different agmhes
for the stream into the core. The regibs (130 - 220) is where
the Martin et al. (2005) model predicts the leading tidal afrthe
dwarf galaxy should decrease in latitude and enter into tise.D
Finally the regionl = (025 - 050): here the stream is predicted to
be close to the PlandE 10 ) in the Martin et al. (2005) model
and away from the Plan& & 20 ) in the Pefarrubia et al. (2005)
model. Knowledge of the stream around the Bulge is needed to
constrain its position in all four quadrants of the Galaxye Bulge
presents an additional challenge in that the distance ofaifyets
and the high density of foreground stars will make the MRi-dif
cult to detect. The current dataset is unable to detect theaVitRe
distances predicted by the Pefarrubia et al. (2005) m@#el 80
kpc) and the Martin et al. (2005) model predictions of 15 - p6 k
are yet to be tested so close the Plane.

4.4 Insights into the nature of the Galactic Warp

One of the key properties of the Galactic Disc is the Warp.ufwcb

| =90 the Disc curves up from the= 0 position and arounti=

270 it curves down. Studies into the putative Canis Major dwarf
galaxy have had to contend with the close proximity of the War
and much debate has centred on whether the CMDs in this region
can be fully explained by the Warp or require an additionarse

of stars. This part of the survey provides an opportunityrides-
stand the impact of the Galactic Warp on CMDs, through a close
inspection of elds (,b) = (280, 15) (Figures 3,4). At = 280
these elds are very near the maxima of the Southern Warptl§ir
both these elds are well matched by the model and the Warp is
seen clearly as an excess of stars in the Southern eld. Thism
ifest as both as a general increase in star counts and anusbvio
thickening of the Thin and Thick Disc components as seenen th
Southern eld. How to identify the different components tiet
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Figure 13. As for Figure 12, but using the numerical simulation of Retfizia et al. (2005). This model is useful for comparisort asés the Monoceros Ring
detections known at that time as constraints, rather thebrdensity of stars in the Canis Major region as used byiMer al. (2005).

Galaxy in the CMDs is shown in Figure 2 of Paper |. Secondly, previously reported detections of the survey are preseanté&iy-
we see that the in uence of the Galactic Warp does not change ure 1. Comparing the relative strengths of the MRi and thenmai
the shape of the CMD. The Northern eld &t 280 is essen- MW population it appears qualitatively that the stream insd®

tially a shifted version of its Southern counterpart. Tlismpor- and broader above the Plane than below but as such there is no
tant because a comparison of the almost symmetric eldig € explanation why this would be the case. The part of the olvsual
(240,+10) and (,b) = (240,-9) (See Figure 1 or Figures 10 and vey presented here shows no evidence of the strong Canig Majo
17 from Paper 1.) is remarkably different. While the eldslat dwarf main sequence in the CMDs. The CMa sequence is histori-

280 have more of a sharp edge to Thin-Thick Disc boundary the cally identi ed as a shift in the position and shape of thestrest
Canis Major eld shows a true curving Main Sequence which is main sequence in the CMD. For the elds presented here, the do
unmatched in the Northern eld. Since tthe= 280 elds show inant main sequence feature in the CMDs is easily attribtdede
that the Warp does not seem to have an impact on the shape of thel'hin and Thick Discs. In each instance where the distancédas
CMD, the elds in Canis Major must be considered anomalous to determined to these structures itis in accordance with #saBcon
the usual Galactic Warp scenario. Whether this anomalyusezh synthetic galaxy model predictions. Therefore they can dre-c

by a dwarf galaxy is uncertain, however these qualitatifedi dentially associated with the MW. The only eld which migh¢ b
ences in the CMDs should be investigated so that our unaelista expected, from the Martin et al. (2005) model, to containGivia
of this region is more complete. signature isl(b) = (280,-15) . This eld does not show this CMa-

style sequence in the CMD (Figure 3).
Comparing these new MRIi detections with the two current nu-
merical simulations of the stream and putative dwarf galgbor
5 CONCLUSION genitor, has led to inconclusive results. The Martin et 2006)
This paper reports on 2 new detections and 7 non-detectidhe o model north of the Galactic Plane roughly traces the looatiof
Monoceros Ring tidal stream. The results presented herdumbs the detections. In the South the correspondence betweendtiel
a survey tracing this feature around the entire Galactingldhe and the detections is adequate with some noted exceptiens. S
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eral detections presented in this survey indicate, witlsarable
certainty, the locations in which the model is incorrectr Hoe
Pefarrubia et al. (2005) model, there is less correlatEtwéen
the data points and the predicted stream locations tharis\sith
the Martin et al. (2005) model. Although some points do seem t
represent a better titis important to note though that asgnt
proportion of the Pefarrubia et al. (2005) model does essidside
of a Galactic latitude ob = 20 . So much of the model has not
been sampled by this survey. Indeed, it is easy to see tizasini
vey is too narrow in Galactic latitude in comparison with teta
used to construct the model and the predictions it makesviDga
a conclusion based on these results in inadvisable but ihdite
tle here to strongly support this model. Both models obviousil
require reworking to include the new information availableng
with more observations to test their predictions.

With regard to the Besancon synthetic galaxy model, there i
no presence of the MRi as part of natural Galactic structural-
most all elds in this survey, the bulk Milky Way component§ o
Thin, Thick Disc have been accurately modelled. There isyse s
tematic discrepancy between the model and data even innegio
containing the Galactic Warp. Only the regions around Chftas
jor, as discussed in Paper I, show a de nite shift from thecobs-
tional data. Given the data supports the predictions of gsaBcon
model in all but the MRi detections, it is reasonable to assthis
structure is indeed additional to the usual Galactic corapts

Determining the density prole of this feature around the
Galaxy and indeed connecting detections is an importaritsieg
in resolving its origins. To date, targeted deep surveysh sis this,
have resolved many important questions surrounding thiststre.
This survey sheds some light on the impact of the GalactigpWar
on the Colour-Magnitude Diagrams showing it does not efifisct
morphology signi cantly and that the Besan¢con model iscadde
for most elds. This has implications with regard how the dslin
the Canis Major region are to be interpreted as the eldssheave
obviously different characteristics. While the nature leé Mono-
ceros Ring still remains quite elusive, this is primarilyedio its
large extent on the sky and its location close to the Planetteo
time being, both the Galactic origin scenario and the tittaasn
hypothesis are still possibilities for this structure. Tdwnpleted
survey, presented here, has shown that a targeted camgagn o
servations can provide insights on not only this structurediso
generic Galactic structures as well.
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