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e Can we get proper motions now?
- Gaia (1-year, <2mas)
- PS1 (>4-years, “10mas)
- SDSS (710 years ago, 25 mas)
- 2MASS (T10 years ago, “100 mas

* How to cross-calibrate stars in = 0|
the different surveys?  00f

2MASS

100 f




X-CALIBRATION

e The direction-dependent offsets

Mean offsets of galaxy position
between different years

Median Offsets(DEC/mas)
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X-CALIBRATION

0° < § < 80° ' | ~30° < § < —90°

rimag)

» The magnitude and declination dependent oftsets (Gaia)
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X-CALIBRATION

1. Pick up a chunk (10deg X 10deg) in the sky;
2. Classify the objects as stars and galaxies;
3. Divide the sky into equal-area pixels (Anchor Point, AP);
4. Construct a reference position catalog (galaxies);

4.1 The median value of observed positions in different MJD as the “TRUE” position for each galaxies.
4.2 For each AP, find the closest 600 galaxies to calibrate the positions of galaxies within this pixel.
5. Calibrate the positions of stars with the reference catalog.

6. Using nearby 100 bright stars(14.5<r<17 mag) to do the
calibration for Gaia




PROPER MOTION FITTING

Comparision of Proper Motions h Different Fit Methods

ol D = 4793122496017232252

ray = 1597

Gomparision of Proper Motions With Different Fit Methads

cbilD — A795122496917232282
rnuy = 15.97

ps — —8.66£1.73(—4.33£3.09), ps,, — —8.79+1.26 _ i = —8.03=1.19(8.63+0.81), . = —8.79£1.26(11.22=1.85)
v = 0.12(2.96) | x® = 0.23(6.05)
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- red points (Season-AVG PS1) - red line(red points, excluding 1 outlier)

- yellow point (Gaia) - red dash line(red points, including 1 outlier)

- blue points (individual PS1) - blue line(blue points fitting)

- pink point (2MASS) - black dash line(from PV3)

- black point (SDSS) - green dash line(from Fritz + 2015)

Finally, We choose the red solid fitting (MODEL INDEPENDENT).
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GPS Stars
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VALIDATION

Stors fig.

13.5 < r < 17.5
~2200 BHB (Xue +, 2010)

and Giant stars (Xue + 2014)

(d>20kpc, 13.5<r<17.5) -

260 |-

U, Ve, We) =(9.58,10.52,7.01) kms™

(Tian et al. 2015)
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CONCLUSION FOR GPSI1

- With Gaia+PS1+SDSS, we construct a proper motion catalog
. (GPS1) for “350 million stars across 3/4 sky region, down |
~ to mr<20. |

- The characteristic systematic error <0.3 mas/yr (C10x
. better than PPMXL, UCAC4), the precision ~1.5 mas/yr.
»'!i‘ (T4x better than PPMXL, UCAC4)




GAIA DR2

PN S . — e RSN g

How many stars will there be in the second Gaia data release?

red colour

position & brightness surface temperature 1 ,383,551 ,71 3

on the sky

blue colour
1,692,919,135 1,381.964.755

parallax & proper motion
1,331,909,727
76@ 78

o -
14,099 S 7.224.631 87@72 radius & luminosity
Solar System

550,737 radial velocity

objects amount of dust along

variable sources the line of sight

Source; ESA DW

e The uncertainties in the proper motion are up to 0.06 mas/yr (for G <
15 mag), 0.2 mas/yr (for G = 17 mag) and 1.2 mas/yr (for G = 20 mag).

-



GAIA DR2

LIMITATIONS:

e >361 million sources only have positions (precision”2 mas) in
J2015.5 and the mean G magnitude, MISSING proper motions and

parallax etc;

e The proper motions are hard to reach to the precision of sub-mas/yr

for faint sources;
e Gaia DR2 is complete in 12<G<17, but incomplete at an ill-defined

faint magnitude limit;
e no sources with G>20.7 mag




GPS1+ will mainly focus on:

(1) The sources (19<G<20.7), using the Gaia DR2 proper motions as
priors to improve the proper motions combining PS1 and SDSS;

(2) To fill up the missing sources (>361 million) in Gaia DR2;

(3) The sources (20.7<G<23), using the similar procedure as GPS1;

(4) Visualization for individual sources.




F A T B
(Hfk PS1 K &H 3 KM 3FELL ERT )

v

[ HRS%EER

(fER PS1 X T 18 B R)

¥

Basic procedure for GPS1+ [ B 878 Y g
(

B Gaia/PS1/SDSS BB X HEF—B%K £H1)
J

r< 20.7magl l r > 20.7mag

¥ GPS H1r T#® PD BT

(Gaia HIT A%ERM, (il GPS1, &iERD
& Likelihood) —RMWE)

| |

GPS2 HiTE &
(FEEFE 19<r<23mag REMHET)







'] Stars with Gaia Proper Motions
' All Stars

, """“I pivet |

20.5 21.0 21.5
mr(mag)

The stars with Gaia proper motions take fraction of ~24%
in the sample.
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[1 ALL QSOs(2436)
QSOs Gaia(1426)
[1 QSOs no Gaia(1011)




GPMCMC Stars : GPSNoGaiaMu Stars

shed : 0.97 mas/yr - Dashed : 4.97 mas/yr

.88 mas/yr | Dashed: 4.25 mas/yr
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PS1 Stars

Dashed : 7.22

. 6.73 masfyr ' 1 Dashed : 18.38 mas/yr

" 00 205 910 | ols 920 99 . 195 200 205 210 215 20
r(mag) r(mag)




PRECISE AGES OF FIELD STARS
FROM WHITE DWARF COMPANIONS

Fouesneau + 2019




PRECISE AGES OF FIELD STARS
FROM WHITE DWARF COMPANIONS

i PRIMARY 25

N
' 0.0

" GB-GR mw)

Tian + 2019




PRECISE AGES OF FIELD STARS
FROM WHITE DWARF COMPANIONS
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CONCLUSION FOR GPS1+

' With Gaia+PS1+SDSS, we update GPS1 and release GPS1+ for |
. about 300 million stars across 3/4 sky region, down to
, mr<22.5.

The GPS1+ perform well if Gaia or SDSS points are included. |

o GPS1+ will fill up the gap of Gaia DR2. This catalog will be
. useful for the scientific researches (Age, CSST, etc).




THANKS!
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PROPER MOTION FITTING
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