Spatial correlations

in the Gaia astrometric solution
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¢ Introduction to spatial correlations
| What are they?
| Why important?
| What causes them?

e Computing correlations

e Results

e Conclusions & future work
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X; and .C%j are the '(#%)*#'+,-*$"( of an astrometric
parameter for two stars i and .
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23*#%*@orrelation means that the correlation
between stars is (at least) a 1"&.#%/&,/1,#4'%0,('3*0*#%/&
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Say we calculate the )*&,3*0*$$*8,/1, N,(#*0(,%&,*,.$"(#0
| If all stars have roughly same magnitude then: o . L of

| If area of the cluster is small on the sky then: pij =p

L
Thenweﬁnd:!§!>:!!2<ﬁ+ ~ )

without correlations correlations cause
the error would diminish as N towards the error to go to a (nonzero) constant:
zero: N 00 <> —0 N I" oci> ! o p

I It means that the accuracy obtained by averaging N stars
over asmall areais $%)%f#to: 1y ! 11 ™

I Limiting accuracy is reached by averaging over O(p' ') stars.
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Attitude is solved as part of solution,
so it cannot be '8*.#3$9 determined!
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attitude error

For *##%#"+','00/0,*#,#%i) all observations
in the focal plane will be affected:

I Correlation between stars,%& #4":1: .

I Correlation between stars,%&,#4' <'$+(,
('3*0*#'+,=9,#4' =*(%.,*&>%".
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Attitude is solved as part of solution, Relative strength of correlation
so it cannot be '8*.#$9 determined!  between stars depends on fraction

of times they are observed together:
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Assuming a random field orientation  Relative strength of correlation

for each observation, the chance of = between stars depends on fraction
two stars being observed at same of times they are observed together:
time in an observation:

~FOV size basic angle
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To get the covariance matrix one has to invert a non-sparse
matrix with dim ! 10° making a +%0".#,.*$."$*#%/&,%)3/((%=%'
Instead we estimate the coefficients (#*#%(#%.* 50

simulations.
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Running a full AGIS solution (>108 stars) uses too much time
and resources.

Instead we run (.*$'+,+/?&,(/$"#%/&( in AGISLab with:

I Uniformly distributed stars: 3.000, 10.000 and 30.000.

I All stars have same (Gaia-band) magnitude of ~13.00
(=100 pas Gaussian along-scan observation noise).

I The sigma of estimated astrometric parameters is assumed to be
equal for all stars when calculating p(#) (it actually varies by ~50%).
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3.000stars, 13; FOV, 12 stars/FOV

0.5 deg binned spatial correlations (759 datasets)
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3.000stars, 13j FOV, 12 stars/FOV

0.5 deg binned spatial correlations (759 datasets)
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10.000stars, 7ij FOV, 12 stars/FOV

0.5 deg binned spatial correlations (112 datasets)
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30.000stars, 4i FOV, 12 stars/FOV

0.5 deg binned spatial correlations (49 datasets)
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3.000stars, 13; FOV, 12 stars/FOV

0.5 deg binned spatial correlations (759 datasets)
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|—AIphaStar — Delta — Parallax -~ MuAlphaStar =——MuDelta = = corr. estimate (from FOV overlap)|

| ' max correlation is >~ 1/ (stars per FOV)
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e Conclusions & future work
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I For )*$$,*0*( on the sky there is &/,)/0',>*%&
%8&,*.."0*.9by averaging over >> | * Lstars.

| Spatial correlations in the Gaia catalogue can only be
estimated by detailed simulations, like presented here.

| Max correlation | 1/(primary stars in FOV),
So desirable to have *(,)".4,30%)*09,(#*0( as possible.

| Extrapolating results to real Gaia (FOV = 0.7°):
* Correlation length ! 0.7°

* Rough estimate of max correlation ~ 1% for bright stars (V<13)
and smaller for faint stars
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Plans for near future:
non-uniform distribution of stars
different magnitudes

examine temporal correlation of the attitude

|
!
I include position dependent astrometric errors
|
|

Final goal: )/+'$,#4',./-*0%*&.",/1,*$$,*(#0/)'#0%.,3*0*)'#'0(
I for any pair of stars

| as function of their magnitudes

I as function of their position on the sky

This information will really be useful for any statistical studies
combining Gaia data for many stars.
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Simulations can be scaled with,/&' ,(.*$',3*0%)'#'0, !:
I 104 - 10° primary objects (instead of 109)
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| 54+ S+8TS(I'VS&: (Ho/ -8+ (BHYH'1-) A4S+ &I S+ 1%/
| Longer interval between attitude spline knots

| Wider fields of view
| Scan rate slowed down
w !

scale primary stars knot interval focal lenght  scan rate
parameter [sec] [m] [O/sec]

%#05 1.00 1,000,000 15 35 60




