
We present a novel method to determine the extinction law towards the Nuclear Bulge by kinematically selecting Red Clump (RC) 
stars using proper motions from VVV/VVVX Survey. We find a total-to-selective extinction ratio of AK/E(H−K)=1.265 ± 0.074, consistent 
with recent independent measurements, and show that the commonly used RC slope overestimates this ratio due to a 
distance-extinction degeneracy. Using our extinction law, we constructed the highest-resolution reddening map available for this 
region, revealing filamentary structures and an extinction gradient over the Brick molecular cloud. Finally, from 
completeness-corrected RC star counts, we derived an empirical stellar mass of 12.2 ± 2.6 × 108 M⊙ for the NB, consistent with 
dynamical model predictions.
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Method
We observed five fields in the Nuclear Bulge with VLT/HAWK-I in H and K bands, covering ~320 arcmin². We selected Red Clump 
stars and used their proper motions from VVV/VVVX to kinematically separate foreground from background stars. Stars on the near 
side of the Galactic Center rotate in the opposite direction to those on the far side — we exploit this to identify RC stars at the GC 
distance and anchor the extinction law to a known distance, breaking the distance-extinction degeneracy that affects traditional 
RC slope methods.

Extinction Law

High-resolution reddening map

Stellar mass
We performed a least-squares fit using the five fields 
kinematic centers and the anchor RC position, tied to the 
known GC distance. This breaks the distance-extinction 
degeneracy that biases traditional RC slope methods.

● AK/E(H−K) = 1.265 ± 0.074                 AH/AK = 1.791 ± 0.046

Consistent with independent measurements from Cepheids, 
Mira variables, and multi-wavelength RC methods. The 
commonly used RC slope of 1.456 overestimates the 
extinction ratio by more than 2σ due to a distance-extinction 
degeneracy.

Fig. 1 High resolution 
reddening map using 
HAWK-I/VLT data. This map 
is publicly available in CDS.

Using our extinction law and the positions of kinematically-selected RC stars, we constructed the highest-resolution reddening 
map available for the Nuclear Bulge, with a spatial resolution of 4.5'' × 4.5''. We find filamentary structures towards negative 
longitudes, tracing dust lanes along the Galactic plane and extinction gradient over the Brick: the northern part is less extincted 
than the southern part, consistent with the Brick lying in front of the NB. The gradient over the Brick does not correlate with gas 
column density, suggesting a complex 3D structure yet to be fully understood

From completeness-corrected RC star counts, scaled 
empirically from Valenti et al. (2016):
● Observed mass (observed region): 1.85 ± 0.30 × 10⁸ M☉
● Scaled mass (whole NB): 12.2 ± 2.6 × 10⁸ M☉

Consistent with dynamical model predictions from Sormani 
et al. (2022) and Launhardt et al. (2002). Our estimate is fully 
empirical and does not rely on dynamical models.

Fig. 2. Kinematic determination of extinction law using RC proper 
motions

Fig. 3. Stellar mass comparison with literature.
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