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• Why an X? 
- Evidence before 2010 
- Actual scenario  
- Spatial interpretation 

• Kinematical behavior  
- Characterization at (l,b)=(0,-6): RV and PM 
- What say models?
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• Evidence before 2010:

RC stars can be used to 
trace morphology



• Evidence before 2010:

Stanek et al. 1994



• Evidence before 2010:

explain all these observational results in the same scenario. In
any case, this subject is still not resolved. If we consider, for
example, Izumiura et al.’s (1995) results using SiO masers at
jlj < 15! and 3! < jbj < 15!, excluding strips at 4! < jbj < 5!

and 7! < jbj < 8!, they found a higher rotational rate of Vrot ¼
73:5 km s#1 R kpc#1. Disk contamination and/or small num-
bers has been considered as a factor to explain such high rates
(Rich et al. 2007).

4.2.1. Bulge BHB Stars

In addition to the RGB bulge sample, we also explored the
kinematics of another stellar population that lives in the bulge,
the blue horizontal branch (BHB) of metal-poor stars. They can
be seen in the opticalBVCMDof Figure 2, as a low-density fea-
ture at #0:5 < B# V < 0:45 and 15 < V < 17, comprising a
total of 103 stars. Their proper-motion distribution looks a bit
noisier but very similar to the observed for the bulge RGB stars
sample in Figure 5, which makes a very good case for these
stars being bona fide members of the bulge, despite the fact that
this sample is almost five times smaller than the bulge RGB
one. Three of the BHB stars have very high proper motions.
Once these stars are discarded, the measured proper-motion dis-
persion is (!l;!b) ¼ (4:23 $ 0:30; 3:48 $ 0:25) mas yr#1, a re-
sult which is about 6Y7 ! away from the dispersion obtainedwith
the bulge RGB stars. Halo contamination, more probable in this
part of the CMD, could be responsible for this higher value. The
observed anisotropy is !l/!b ¼ 1:22 $ 0:12, which is within the
error bars of the anisotropy measured with bulge RGB stars.
Taking this number as a face value indicates that proper-motion
anisotropy does not change with metallicity, as observed by
Spaenhauer et al. (1992). These numbers must be taken with
caution, however, since several factors affect them, including
small numbers, halo contamination, and evenMS disk stars con-
tamination, since our optical photographic photometry is not
precise enough to select a clean sample.

4.3. Metallicity Distribution in the Bulge:
Proper Motions Versus [M/H]

We have also explored the metallicity distribution of our bulge
sample, by using the method explained in Zoccali et al. (2003). A
family of hyperbolas in the plane MK ; (V # K )0 represent the
upper RGBs of globular clusters that have a range of metallici-
ties. An inversion of the hyperbolas produces a value of metal-
licity for each star. Thismethod required using ourV photographic
magnitude with theKmagnitude from 2MASS, and despite the
lower precision of our optical photometry, the dispersion in
V # K was similar to the one observed in Figure 12 of Zoccali
et al. (2003), which uses CCD data alone.

Due to the high sensitivity of V # K to metallicity, it is very
important to make the best possible reddening correction. Once
again, based on the Cardelli et al. (1989) extinction law for AV

and our measurement of AK , we obtain

E(V # K ) ¼ AV # AK ¼ 3:1E(B# V )½ & # 0:05

¼ 3:1 ; 0:25ð Þ # 0:05 ¼ 0:73 mag:

Coming back to Zoccali et al. (2003), we have applied the cor-
responding inversion of their equation (1), to get [M/H] for each
star in the bulge sample. Following the recommendations of that
paper, only stars fainter than MK ¼ #4:5 and (V # K )0 > 2:8
were considered for the inversion, which left us with a subsample
of 60 stars. Results can be seen in Figure 11, which can be com-
pared with Figures 9 and 12 from Zoccali et al. (2003). Despite
our small number statistics, the similarity between the plots is
very good. A histogram of the metallicities obtained is shown
in Figure 12, displaying the distribution peak at ½M/H& ) #0:1
with a somewhat extendedmetal-poor tail, and)30%of the stars
with supersolar metallicity, i.e., ½M/H& > 0. Again, the results
are similar to those observed in Zoccali et al. (2003), which are
plotted in gray. Since the slightly bluer and brighter sequence of

Fig. 10.—Histogram of the Plaut’s window catalog in the JHK 2MASS bands
for stars with 0:45 < J # H < 0:8. The HB red clump is easily observed as the
brighter peak in the histograms. The vertical line marks the mean observed mag-
nitude of the red clump stars. The second fainter peak corresponds to the RGB
bump. A Gaussian kernel of 0.2 mag width was used to compute the histograms.

Fig. 11.—The VK CMD of bulge giants compared with the analytical RGB
templates for different metallicities, fromZoccali et al. (2003). The leftmost curve
corresponds to ½M/H& ¼ #1:0. The ½M/H& value increases by 0.2 dex for the curves
on the right. The insert on the upper left side is a zoom-out of the same plot,
showing all 482 bulge star data. Only stars withMK > #4:5 and (V # K )0 > 2:8
were used to determine the metallicity distribution, as shown in Fig. 12.
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Figure 5. Red clump number count histograms and best-fitting profiles using density model E2 for 34 OGLE-II fields with−4◦ ! l ! 6◦ . Fields are arranged
roughly in order of descending Galactic longitude. Field numbers are given in each set of axes. A ‘L’ or ‘R’ in the axes of rows 4 – 6 indicates whether the
vertical scale corresponds to left or right vertical axis of the row.

Vieira et al. 2007

Rattenbury et al.  2007

(l,b) = (0,-8)

(l,b) = (0,-6)



• Evidence for X-shaped Bulge:

McWilliam & Zoccali 2010

(l,b) = (0,-6)

Observational 
evidence of two RCs 
a long the minor axis

2010s:  
➡ Nataf et al. 2010 
➡ McWilliam & Zoccali 2010 
➡ Saito at al. 2011
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Two overdensities 
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• Why X-shaped Bulge?:

Wegg & Gerhard (2013) - VVV photometry



• Why X-shaped Bulge?:

Wegg & Gerhard (2013) - VVV photometry



• Why X-shaped Bulge?:

NGC 4710

Wegg & Gerhard (2013) - VVV photometry



• Evidence for X-shaped Bulge:



• Evidence for X-shaped Bulge:



• Characterizing the X-shaped Bulge:

(l,b) = (0,-6)

Our study at b=-6º: 
Kinematics

‣IMACS@LCO + GIRAFFE@VLT spectra 
‣Region (l, b) = 0, -6 
‣~200 targets Bright Red Clump (BRC) 
‣~250 targets Faint Red Clump (FRC)

NGC 6558

Field 2Field 3

Field 1b=-6º
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• Characterizing the X-shaped Bulge:

(l,b) = (0,-6)

Full PM catalogue from WFI images (time baseline of 11 yr)



Full PM catalogue from WFI images (time baseline of 11 yr)

• Characterizing the X-shaped Bulge:

(l,b) = (0,-6)



Spectroscopic targets

• Characterizing the X-shaped Bulge:

(l,b) = (0,-6)



• What about models?

Pfenniger & Friedli (1991)



• X-shaped bulges from models:

Martinez-Valpuesta et al. (2006)



(l,b) = (0,-6)

• What about models?



Model from Debattista 
et al. 2005
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• What about models?





• Conclusions:

➡ First detection of streaming motions along the X-shaped bulge, i. e. 
difference in radial velocity between both red clumps 

➡ Proper motions show differences in galactic longitude, which is bigger when  
we select the most extreme radial velocities for each clump 

➡ Spatial velocities show that red clump stars in the Bulge are preferentially in 
more elongated orbits (banana orbits) 

➡ 3D velocities are pretty consistent with models which form X-Shaped 
bulges 

➡ Proper motions from VVV + spectroscopic surveys as GIBS will provide the 
3D kinematics + metallicity distribution for the inner bulge for the first time 
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