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Overview

This document provides a description of the first public data release for the ALMA Central Molecular Zone
Exploration Survey (ACES). ACES is an ALMA Large Program designed to provide a contiguous, multi-scale
view of the inner ∼ 100 parsecs of the Milky Way, known as the Central Molecular Zone (CMZ). The survey
covers the Galactic centre from l = 359.4◦ to 0.8◦ and |b| ≤ 0.25◦ in ALMA Band 3 (85–102 GHz).

To map this region, the survey was broken down into 45 individual sub-mosaics (labelled alphabetically from
’a’ to ’as’, see Figure 1). The observations combine data from ALMA’s 12m, 7m, and Total Power (TP)
arrays to capture both compact structures and extended emission. The region IDs, field coordinates, and
12m, 7m, and TP MOUS IDs are given in Table 2. The spectral setup is given in Table 1.

At an angular resolution of approximately 2”, ACES represents the largest contiguous mosaic ever observed
with ALMA, capturing the 3 mm continuum and over 70 molecular line transitions to trace the physical,
kinematic, and chemical conditions of the gas from global scales down to individual star-forming scales.

Data release summary

The links to access and download ACES data can be found at the ALMA Science Portal page: https:

//almascience.org/alma-data/lp/aces/.

The data products from the ACES survey follow a uniform naming convention. The filenames for all data
products (spectral line cubes and continuum images) can be constructed using the templates described below,
in conjunction with the information provided in Tables 1, 2 and 3.

The following subsections are divided according to different product types which occur at the Member Ob-
sUnitSet (MOUS) and Group ObsUnitSet (GOUS) levels1.

In each subsection, we describe how to construct the filenames of the released data products by providing
filename templates that include placeholder variables. These placeholders can be replaced as needed to build
the filename of the relevant product.

1For a description of ALMA project structures and naming conventions, please refer to Section 2 of the Cycle 9 QA2 guide:
https://almascience.eso.org/documents-and-tools/cycle9/alma-qa2-data-products-for-cycle-9
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Figure 1: Coverage of the ACES survey. The upper panel displays the spatial coverage of the ACES survey,
indicated by the red contour. Overlaid orange contours denote the pre-ACES archival observations available
in ALMA Band 3. The outline of the SMA 1mm CMZoom survey is shown as the cyan contour, while the
magenta rectangle represents the coverage of the CARMA survey. The lower panel presents the individual
mosaics comprising the ACES survey, each labelled with an alphabetical identifier. Both panels are super-
imposed on the Spitzer 8µm image from the GLIMPSE survey.

Member-level products (spectral lines: 12m and 7m)

We release the spectral line data cubes for all SPWs for the 45 ACES regions. These are member-level
products, and correspond to the cubes for the 12m and 7m arrays for each field prior to combination.

We release the separate cubes for the different arrays, as they have changed from those initially delivered by
ALMA due to the changes that were made during reprocessing (see Walker et al. 2026). We do not re-release
any of the stand-alone TP products, as we used the same cubes as those available in the ALMA Science
Archive (ASA).

Following the requirements of the ASA, the filename template is:

member.uid A001 {mous-id}.lp slongmore.{field coords}.{array}.{freq range}.cube.pbcor.fits

The placeholder template components should be replaced as follows:

• {mous id}: The 12m or 7m MOUS ID for a given field, as listed in Table 2.

• {field coords}: The central coordinates of the field from Table 2 (e.g., G000.073+0.184).

• {array}: The ALMA array, either 12m or 7m.

• {freq range}: The frequency range (see Table 1):

– SPW 25: 86.0-86.4GHz

– SPW 27: 86.7-87.1GHz
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– SPW 29: 89.1-89.2GHz

– SPW 31: 87.9-88.0GHz

– SPW 33: 97.7-99.5GHz

– SPW 35: 99.6-101.4GHz

For example, to find the 12m-only cube for HNCO for field ao (this field contains the well-known molecular
cloud G0.253+0.016, aka the Brick), the resulting filename would be:

member.uid A001 X15a0 X190.lp slongmore.G000.300+0.063.12m.87.9-88.0GHz.cube.pbcor.fits

Member-level products (continuum: 12m)

We release all continuum images for the 45 ACES regions. These are member-level products, and correspond
to the images for the 12m array for each field prior to mosaicking. As described in Ginsburg et al. (2026),
for each field, we produce three images as outlined in Table 3, corresponding to different SPW combinations.

Following the requirements of the ASA, the filename template is:

member.uid A001 {mous-id}.lp slongmore.{field coords}.{array}.cont.{frqcen} {bw}.{contsuffix}.fits

The placeholder template components should be replaced as follows:

• {mous-id}: The MOUS ID for a given field, as listed in Table 2.

• {field coords}: The central coordinates of the field from Table 2 (e.g., G000.073+0.184).

• {array}: The ALMA array. For the continuum data, only 12m is distributed.

• {frqcen}: The frequency centre, which corresponds to the spectral windows used (see Table 3).

• {bw}: The bandwidth, which also corresponds to the spectral windows used (see Table 3).

• {contsuffix}: The continuum filename suffix. This is composed of the Taylor term (either tt0 or
tt1) and the image type. Distributed products include image, image.pbcor, model, and residual.

For example, the Taylor-term 1 (slope) residual image for the high-frequency (spw33+35) image of G0.637+0.068,
field ak, would be:

member.uid A001 X15b4 X4b.lp slongmore.G000.637+0.068.12m.cont.99.6GHz bw3.8GHz.tt1.residual.fits

Group-level products (Combined line cubes per region)

We also release array-combined spectral line products per SPW per region (see Walker et al. 2026 for details
on array combination). As these products combine data from multiple MOUSs, they are deemed to be
group-level products.

The filenames of these products can be constructed as follows:

group.uid A001 X1590 X30a9.lp slongmore.{field coords}.{arrays}.{freq range}.cube.pbcor.fits

Where the template components are:

• {field coords} and {freq range} follow the same definition as for the member-level line products.

• {arrays} specifies the combination of arrays used:

– For HCO+: 12m7mTP, 12m7mMopra, or 12m7m (interferometric-only data)

– For all other molecules: 12m7mTP

As an example, the corresponding HCO+ cube including 12m, 7m, and Mopra data for field ao would be:

group.uid A001 X1590 X30a9.lp slongmore.G000.300+0.063.12m7mMopra.89.1-89.2GHz.cube.pbcor.fits

Group-level products (Full CMZ mosaics)

Finally, we release the full, contiguous mosaics covering the entire ACES footprint (see Ginsburg et al.
2026 and Walker et al. 2026 for details on mosaicking). Since these result from the combination of many
MOUSs, the full mosaics are at the group level. We describe below the filenaming conventions for the line
and continuum full mosaics separately.
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Spectral line mosaics

In contrast to cubes for the individual fields, we do not release full mosaics for all SPWs, but rather for 14
specific lines that are generally widespread and bright throughout the CMZ. The lines released as full mosaics
are CS21, CH3CHO, H13CN, H13COplus, H40alpha, HC15N, HC3N, HCOplus, HN13C, HNCO, NSplus,
SiO21, SO21, and SO32 (note that the formatting of these lines is written to match the filenames).

Most of the SPWs are sufficiently broad that they contain significant spectral ranges with no line emission.
We therefore opted to not produce full mosaics containing these blank channels in the interest of reducing the
file sizes. In addition to the data cubes for each line, we also release a suite of advanced products, including
moment maps, noise maps, etc. (see below).

The filename template for the full mosaic line cubes and associated products is:

group.uid A001 X1590 X30a9.lp slongmore.cmz mosaic.{arrays}.{molecule}.{suffix}

Where the template components are:

• {arrays} = 12m7mTP

• {molecule} = HNCO, H13CN, H13COplus, HC15N, HN13C, SiO21, SO21, HC3N, CS21, H40alpha, CH3CHO,

SO32, or NSplus

• {arrays} and {molecule} are paired for HCO+ (see Walker et al. 2026 for details on the issues with
HCO+ TP data):

– HCO+ (with TP): {arrays} = 12m7mTP and {molecule} = HCOplus.

– HCO+ (with Mopra): {arrays} = 12m7mMopra and {molecule} = HCOplus.

– HCO+ (interferometric-only): {arrays} = 12m7m and {molecule} = HCOplus noTP.

• {suffix} defines the specific data product:

– cube.pbcor.fits: primary beam corrected image cube.

– cube.downsampled spatially.pbcor.fits: as previous, spatially smoothed to a 5 arcsec beam
and then spatially rebinned by a factor of 9× 9.

– cube.downsampled spatially and spectrally.pbcor.fits: as previous, additionally smoothed
spectrally and rebinned by a factor of 9 along the spectral axis.

– integrated intensity.fits: masked integrated intensity map of the full-resolution cube, fol-
lowing the procedure described in Walker et al. (2026).

– mad std.fits: noise map of the full-resolution cube, following the procedure described in Walker
et al. (2026).

– peak intensity.fits: peak intensity map of the full-resolution cube, following the procedure
described in Walker et al. (2026).

– velocity at peak intensity.fits: velocity map from the masked full-resolution cube; velocity
estimated using the peak intensity of the spectrum for each pixel.

– PV l max.fits: ℓ–v position–velocity map from the full-resolution cube; maximum intensity taken
along Galactic latitude (b).

– PV l mean.fits: ℓ–v position–velocity map from the masked full-resolution cube; mean intensity
taken along Galactic latitude (b).

– PV b max.fits: b–v position–velocity map from the full-resolution cube; maximum intensity taken
along Galactic longitude (ℓ).

– PV b mean.fits: b–v position–velocity map from the full-resolution cube; mean intensity taken
along Galactic longitude (ℓ).

As an example, the peak ℓ–v map for the full ACES mosaic of the interferometric-only HCO+ data (i.e.,
without any TP or Mopra data) would be constructed as:

group.uid A001 X1590 X30a9.lp slongmore.cmz mosaic.12m7m.HCOplus noTP.PV l max.fits
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Continuum mosaics

The filename template for the full continuum mosaic images and associated products is:

group.uid A001 X1590 X30a9.lp slongmore.cmz mosaic.{arrays}.cont.{frqcen} {bw}.{suffix}

Where the template components are:

• {arrays}: either 12m or 12mGBT-MUSTANG.

• {frqcen} and {bw}: as given in Table 3.

• {suffix} defines the specific data product. For each spectral window set, the released products are:

– pbcor.fits: primary beam corrected image mosaic.

– maskedrms.pbcor.fits: the corresponding uncertainty map.

Additionally, there are spectral index maps that correspond only to the aggregate bandwidth (93.7GHz bw4.7GHz):

– alpha.fits: spectral index map.

– alpha.maskedrms.fits: spectral index uncertainty map.

– alpha manual.fits: manually-derived spectral index map.

– alpha manual.maskedrms.fits: manually-derived spectral index uncertainty map.

As an example, the low-frequency composite 12m-only continuum mosaic image would be:

group.uid A001 X1590 X30a9.lp slongmore.cmz mosaic.12m.cont.86.6GHz bw1.0GHz.pbcor.fits

Data Reduction Summary

This section provides a brief summary of the data reduction and product-generation workflow used for
the first ACES public data release. Full methodological details, parameter choices, validation tests, and
product-specific caveats are described in Papers I–V listed at the start of this document. Source code, issue
tracking, and workflow history for the ACES reduction pipeline are available via the ACES GitHub repository:
https://github.com/ACES-CMZ/reduction_ACES/.

Calibration and internal quality control. All ACES observations were restored from the ALMA-
delivered pipeline calibrations using the CASA versions specified by the archive at the time of processing. In
addition to the standard ALMA QA2 assessment, the ACES team carried out a survey-wide internal quality-
control process to promote consistency across the full survey footprint. This included inspection of pipeline
weblogs, calibration products, and preliminary image products, with any additional flagging or reprocessing
steps documented in the ACES GitHub workflow and issue tracker.

Continuum Identification and Subtraction. Continuum identification for generating the continuum
images was performed using fully imaged spectral cubes rather than relying solely on pipeline channel selec-
tion. Baseline subtraction was performed on the uv data using a zeroth-order polynomial subtraction strategy
across the survey to avoid artificial spectral slopes in narrow spectral windows and to mitigate baseline arte-
facts in regions of strong continuum emission (e.g. Sgr B2). An additional continuum subtraction step was
applied to all imaged line cubes using statcont, as this was necessary in complex regions (e.g. Sgr B2), and
was applied to all regions for consistency.

Imaging Strategy. All interferometric data were re-imaged using CASA tclean, following pipeline heuris-
tics where appropriate but applying survey-level consistency in pixel scale, weighting scheme, deconvolution
thresholds, and masking strategy. For large spectral cubes, we implemented a chunked parallelisation frame-
work to image contiguous channel blocks independently and recombine them post-deconvolution. This ap-
proach enabled reproducible processing of the full survey within practical computational limits. Multi-term
multi-frequency synthesis (MT-MFS) was used for continuum imaging to model both intensity and spectral
index terms. Spectral cubes preserve the native channel spacing delivered by the pipeline.
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Array Combination. To recover emission across spatial scales from ∼0.1 pc to >100 pc, we combined 12m,
7m, and Total Power data for the spectral-line products. After extensive testing of joint deconvolution and
hybrid approaches, we adopted a feather-only combination strategy for the released line cubes. Quantitative
comparisons demonstrate that this approach preserves total flux within calibration uncertainties while offering
substantially improved computational stability. For the continuum products, we instead combined the 12m
data with Green Bank Telescope MUSTANG maps (omitting the 7m array) to optimise sensitivity to large-
scale emission while maintaining the interferometric angular resolution.

Full CMZ Mosaics. The full ACES field was divided up into 45 sub-mosaics, as ALMA observations are
limited to 150 pointings per mosaic. Once all data were imaged, they were reprojected on to a common
grid. Prior to mosaicking, individual fields were convolved to a common beam per spectral window, and final
mosaics were produced via primary-beam-weighted stitching on a unified coordinate grid.

Noise Characterisation and Masking. Noise was characterised using robust median absolute deviation
(MAD) statistics. For spectral cubes, masking employed a two-threshold scheme with morphological pruning
and dilation to suppress noise artefacts while retaining coherent low-level emission. All advanced data
products (moment maps, peak maps, velocity maps, and position–velocity diagrams) are derived from masked,
primary-beam–corrected cubes.

Known Issues. Users should be aware of the following issues when working with the current ACES data
release:

• Imaging artefacts around bright regions. Some products show imaging/deconvolution artefacts
in the vicinity of very bright emission regions (in particular around Sgr A* and Sgr B2). These may
appear as sidelobe-like structure, residual striping, or locally elevated background structure. Users
should take care when interpreting emission close to these regions.

• Total Power baseline issues in HCO+. The TP data for HCO+ are affected by baseline issues,
including ripples and poor baseline subtractions (see Walker et al. 2026). To account for this, the
ACES release includes multiple HCO+ full-mosaic and individual region product variants (12m7mTP,
12m7mMopra, and interferometric-only 12m7m products). Users should select the product variant
appropriate to their science case and consult Paper III for details and recommended usage.

Acknowledging ACES Data

When using ACES data products, please cite:

• The ACES overview paper (Paper I; Longmore et al. 2026), and

• The relevant data paper(s) that describe the specific products used

– Continuum data reduction and products (Paper II; Ginsburg et al. 2026)

– Spectral line data reduction and high-resolution line products: HNCO, HCO+ (Paper III; Walker
et al. 2026)

– Intermediate-resolution line products: e.g., SiO, H13CO+, H13CN (Paper IV; Lu et al. 2026)

– Broad spectral window line products: e.g., CS, HC3N, H40α (Paper V; Hsieh et al. 2026)

The ACES team recommends citing all papers in the initial series when using any ACES data products.

Please also cite the ALMA data as follows:

This paper makes use of the following ALMA data: ADS/JAO.ALMA#2021.1.00172.L. ALMA is a partner-
ship of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC (Canada),
MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The
Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ.
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SPW SPW SPW νL νU ∆ν ∆ν BW BW Representative lines
12m 7m TP (GHz) (GHz) (MHz) (km s−1) (GHz) (km s−1)

25 16 17 85.9656 86.4344 0.2442 0.849 0.46875 1617 HC15N 1–0, SO 22–11, SiO 2–1 v=1
maser, H13CN 1–0

27 18 19 86.6656 87.1344 0.2442 0.842 0.46875 1630 H13CO+ 1–0, SiO 2–1, HN13C 1–0
29 20 21 89.1592 89.2178 0.0305 0.103 0.05859 197 HCO+ 1–0
31 22 23 87.8959 87.9545 0.0305 0.104 0.05859 200 HNCO 4–3
33 24 25 97.6625 99.5375 0.4883 1.485 1.875 5701 CS 2–1, CH3CHO 5(1,4)–4(1,3) A−,

H40α, SO 23–12
35 26 27 99.5625 101.438 0.4883 1.457 1.875 5593 HC3N 11–10

Table 1: ACES spectral configuration. The spectral window (SPW) ID is given for each of the six SPWs,
and for each array type, as the indexing differs between the 12m, 7m, and TP data. For each SPW, the lower
(νL) and upper (νU) frequency bounds, channel widths (∆ν, both in terms of frequency and velocity), and
bandwidth (BW, both in terms of frequency and velocity) are given. A set of representative lines contained
in each SPW is also shown. Note that the upper and lower frequency bounds correspond to the bandwidth
for the 12m observations.
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Central Coordinates Field ID 12m MOUS ID 7m MOUS ID TP MOUS ID
G359.448-0.183 ad X15a0 X14e X15a0 X150 X15a0 X152

G359.463-0.090 aj X15a0 X172 X15b4 X47 X15b4 X49

G359.511-0.166 ag X15a0 X160 X15a0 X162 X15a0 X164

G359.543-0.041 e X15a0 Xb8 X15b4 X39 X15a0 Xbc

G359.590-0.121 ae X15a0 X154 X15a0 X156 X15a0 X158

G359.602-0.207 l X15a0 Xe2 X15a0 Xe4 X15a0 Xe6

G359.622+0.003 t X15a0 X112 X15a0 X114 X15a0 X116

G359.668-0.073 ap X15a0 X196 X15a0 X198 X3577 X6c5

G359.704+0.031 y X15a0 X130 X15a0 X132 X15a0 X134

G359.717-0.135 ab X15a0 X142 X15a0 X144 X15a0 X146

G359.748-0.025 q X15a0 X100 X15a0 X102 X15a0 X104

G359.799-0.102 h X15a0 Xca X15a0 Xcc X15a0 Xce

G359.822+0.016 ai X15a0 X16c X15a0 X16e X15a0 X170

G359.874-0.055 p X15a0 Xfa X15a0 Xfc X15a0 Xfe

G359.915-0.108 x X15a0 X12a X15a0 X12c X15a0 X12e

G359.945+0.165 v X15a0 X11e X15a0 X120 X15a0 X122

G359.952-0.007 aq X15a0 X19c X15a0 X19e X15a0 X1a0

G359.972+0.089 am X15a0 X184 X15a0 X186 X15a0 X188

G359.999-0.077 aa X15a0 X13c X15a0 X13e X15a0 X140

G000.029+0.041 r X15a0 X106 X15a0 X108 X15a0 X10a

G000.073+0.184 a X1590 X30aa X1590 X30ac X1590 X30ae

G000.082-0.037 o X15a0 Xf4 X15a0 Xf6 X15a0 Xf8

G000.123-0.115 af X15a0 X15a X15a0 X15c X15a0 X15e

G000.162+0.010 f X15a0 Xbe X15a0 Xc0 X15a0 Xc2

G000.208-0.063 s X15a0 X10c X15a0 X10e X15a0 X110

G000.286-0.019 c X15a0 Xac X15a0 Xae X15a0 Xb0

G000.300+0.063 ao X15a0 X190 X15a0 X192 X15a0 X194

G000.323-0.089 d X15a0 Xb2 X15a0 Xb4 X15a0 Xb6

G000.367+0.029 as X15a0 X1a8 X15a0 X1aa X15a0 X1ac

G000.412-0.050 k X15a0 Xdc X15a0 Xde X15a0 Xe0

G000.453+0.060 al X15a0 X17e X15a0 X180 X15a0 X182

G000.464-0.104 ac X15a0 X148 X15a0 X14a X15a0 X14c

G000.491-0.002 ar X15a0 X1a2 X15b4 X4f X15a0 X1a6

G000.538-0.079 an X15a0 X18a X15a0 X18c X15a0 X18e

G000.569+0.044 z X15a0 X136 X15a9 X12d3 X15a0 X13a

G000.601-0.131 u X15a0 X118 X15a0 X11a X15a0 X11c

G000.616-0.033 b X15a0 Xa6 X15b4 X37 X15a0 Xaa

G000.637+0.068 ak X15b4 X4b X15a9 X12d5 X15b4 X4d

G000.665-0.111 i X15a0 Xd0 X15b4 Xc5 X15a0 Xd4

G000.692+0.005 m X15b4 X41 X15b4 X43 X15b4 X45

G000.715-0.180 w X15a0 X124 X15a0 X126 X15a0 X128

G000.741-0.064 j X15b4 X3d X15a0 Xd8 X15b4 X3f

G000.774-0.244 n X15a0 Xee X15a0 Xf0 X15a0 Xf2

G000.792-0.142 g X15a0 Xc4 X15a0 Xc6 X15a0 Xc8

G000.835-0.216 ah X15a0 X166 X15a0 X168 X15a0 X16a

Table 2: Field information with central coordinates and MOUS IDs. Note that we include the TP MOUS
ID here for reference, but it is not used in any of the filename construction described in this document. The
table is ordered according to the central coordinates of each field by increasing Galactic longitude.

frqcen bw SPWs
99.6GHz bw3.8GHz 33,35
93.7GHz bw4.7GHz 25,27,33,35
86.6GHz bw1.0GHz 25,27

Table 3: Continuum image filename convention information.
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