Building the largest mock
catalogue of the Milky Way
centre in the Near Infrared

Pau Ramos 17 March 2025
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Testing the astrometric solution
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AJAS: A high performance direct solver for advancing high precision
astrometry
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Which Ground Truth to use?

e 3,005,695 Point sources
e mp_flg ==
® Mostly “bright” stars

Skrutskie et al., 2006



Which Ground Truth to use?

e 12,019,778 Point sources

® \/lery good completeness
Real stars * Deep
® Does not cover the whole

window of interest

Nishiyama et al., 2006
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e 20,897,004 stellar sources

e Good completeness

® Deep

® Provides low-precision
proper motions and
parallax for most sources

e Complex surveys with
many sSpurious sources

Leigh et al., 2025,
Minniti et al. 2010



Which Ground Truth to use?

Leigh et al. 2025

e 20,897,004 stellar sources

e Good completeness

® Deep

® Provides low-precision
proper motions and
parallax for most sources

e Complex surveys with
many sSpurious sources

Leigh et al. 2025,
Minniti et al. 20710
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Which Ground Truth to use?

Real stars
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Gaia DR3

e 4 478,401 xmatched sources
® Provides high-precision
proper motions and
parallax for nearby sources
¢ Survey in the optical, so
it misses most sources
of interest (extinction)

Gaia Collaboration+21,23
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VIRACxVVV

SIRIUS

12019778 8969719 20897004

24,585,042
unique
sources 1140375

1520873

2300385
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Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

HIP 9 RA(deg): 0.03534189 Dec(deg): 36.58593777 Magnitude (Hp): 8.8
Solution Code: 5 par: 4.81 pma: -6.3 pmd: 8.42 nobs(FAST+NDAC): 58
Tick Scale: 10(mas) Dec 10(mas) RA

proper motion ([i)
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Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

e

Hw (at least J&H, ideally, Ks too) We have it!
| We have it!

b We have it!
parallax Only for some

pmra Only for some

pmdec Only for some

radial velocity

Not really needed
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Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

: Table 1
KOShImOtO et al' 2021 Scale Lengths, Scale Heights, and Local Densities for Thin and Thick Disks

Age T Ry Zao Za45 ® pitS P
(Gyr) (po) (pc) (pe) (M, pc )

Thin disk 0-0.15 5000 61 36 51x1073
0.15-1 2600 141 85 50x%x 1073

1-2 2600 224 134 38 x107°

2-3 2600 292 175 32 %1073

3-5 2600 372 223 59 %103

5-7 2600 440 264 63 x 107

7-10 2600 445 267 13 x 1072

Sum/Mean 329 197 42 x 1072

Thick disk 12 2200 903 1.7 x 1073
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- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

: Table 1
KOShImOtO et al' 2021 Scale Lengths, Scale Heights, and Local Densities for Thin and Thick Disks

a
Age T 24,0 2d4.5

(Gyr) v (pc) (pc)

Thin disk 0-0.15 61 36
0.15-1 141 85
1-2 224 134
2-3 292 175
3-5 372 223
5-7 440 264
7-10 445 267

Sum/Mean 329 197

Thick disk 12 903

11 components
thin disc (7), thick disc, bar/bulge, NSD and NSC




Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

: Table 1
Koshimoto et al. 2021 Scale Lengths, Scale Heights, and Local Densities for Thin and Thick Disks

a
Age T 24 2d4.5

(Gyr) v p'c.) (pc)

Thin disk 0-0.15 61 36
0.15-1 141 85

1-2 224 134
2-3 292 175
3-5 372 223
5-7 440 264
7-10 445 267

Sum/Mean 329 197

Thick disk 12 903

11 components
thin disc (7), thick disc, bar/bulge, NSD and NSC
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- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.
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- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

P,(D|J,H,Ks,w) x Pi(J,H, Ks,w|D)P,(D) = P,(J, H, K s|D)P;(w|D)P;(D)

marginalise.
mass
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Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

- Step 2.2: repeat (2.1) for all sources in each bin of the extinction map
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Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

- Step 2.2: repeat (2.1) for all sources in each bin of the extinction map

- Step 2.3: sample the PDF to obtain mock distances to each source
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Surot et al. 2020
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Results

Mock catalogue of the preliminary
JASMINE window v1.0

Spatial distribution




Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

- Step 2.2: repeat (2.1) for all sources in each bin of the extinction map

- Step 2.3: sample the PDF to obtain mock distances to each source

- Step 2.4: use the derived distance to sample the corresponding velocity
distribution function of the model (disc, ND, NSC, bar)
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Results

Mock catalogue of the preliminary
JASMINE window v1.0

Kinematics
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Results

Mock catalogue of the preliminary
JASMINE window v1.0

120000 Predicted number of sources of each component

100000




Conclusions

* Most complete catalogue of NIR stars in the MW centre
» Realistic mock catalogue of the central region

* Probabilistic classification of NSD stars

» Upcoming:

* Running the method for a wider window and deeper

- Photo-astrometric distances soon available for ~20M %

* This mock catalogue will be very useful for JASMINE but
also for other missions like ROMAN or even Gaia NIR

Pau Ramos 17 March 2025
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Steps to building the mock catalogue

- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

The proper motions
of the stars that are
so far away are not
precise enough to
help constrain the
distance!
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- Step 2: obtain the true values necessary to propagate positions
into the future

- Step 2.1: obtain the Distance and age-bin posterior P.D.F.

* Bar (dist>7kpc)

. NSD
* Disk (dist>7kpc)
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distancel!
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