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Astrometry in
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Accuracy of astrometric observations VS year. Image : S. Klioner, Porto 2011
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Astrometry in
Gaia's age

Relativistic deflection by Solar

System planets : 10 — 10*pas J

Body Monopole Quadrupole
grazing X grazing X
mas 00 =1 pas nas 60 = 1 pas

Sun 17,000 180°
Mercury 0.083 0.15°

Venus 0.49 4.5°

Mars 0.12 0.4°

Jupiter 16.3 90° 240 8 Ry
Saturn 5.8 17° 95 4 Rs
Uranus 2.1 1.2° 8 2 Ry
Neptune 2.5 0.9° 10 2 Ry

Mignard,Klioner , Gaia : Relativistic modelling and testing, 2009 )
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General RElativistic Model (GREM)

Relativistic

models for

light

propagation observed

\ related to the light ray

Based on IAU reference ‘5-‘0 defined in the BCRS coordinates

systems | source

S<—>n<—>0'<—>k‘<—>[,’/T

(1) aberration e
(2) gravitational deflection o

(3) coupling to finite distance \.

(4) parallax A

General structure of the General RElativistic Model
(GREM). Image: S. Klioner, PRD 2003
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Relativistic Astrometric MODel
(RAMOD)

Relativistic
models for
light
propagation

@ Based on a
measurement
protocol

o local barycentric
observer u

e / = local line of ‘
sight of the fiducial g as
observer u

General structure of the Relativistic Astrometric MODel
(RAMOD). Image: M. Crosta, Porto 2011

aeck 1 1 1 5
d—C-i-f 1) &'hkj — 56kh¢j +§f l (%hoo—i&khoo—i-o (h ) =0
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How to relate their results?

Relativistic -
models for . observed / - el
light | related to the light ray w6 Satelie
propagation “‘\"' defined in the BCRS coordinates

TS

source

General structure of the Ge"?”' RElativistic General structure of the Relativistic Astrometric
Model (GREM). Image: S. Klioner, PRD 2003 MODel (RAMOD). Image: M. Crosta, Porto
2011

Previous studies : aberration (M. Crosta and A. Vecchiato
2010), geodesic equations (M. Crosta 2011)
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Time Transfer Functions (TTF)

Relativistic
models for
i RAB j :
lpi:‘;agation 7;‘(:314; tBa ZCB) = + GTLA mAv th mBa gul/)
s _ R _ _067; T
i T REE orty | Otp

Le Poncin-Lafitte et al. 2004, Teyssandier & Le Poncin-Lafitte 2008; T. 2012.

e A, at any order in general static, spherically symmetric
space-times

o without integrating the whole set of geodesic equations

o well adapted to a ray emitted and observed at points both
at a finite distance x4 et xp

o definition of the astrometric observable within the
formalism (Bertone and Le Poncin-Lafitte 2012)

S. Bertone et al. TTF as tool to validate light propagation for space astrometry M / 16 ¥



Time Transfer Functions (TTF)

Relativistic
models for
Ii%:ta ation RAB
FIORESE Tr(xa,tp,xp) = +ZG"A (xa,tB, B, )
fen _ RS _067; T
i T geE oxt, | Otp

Le Poncin-Lafitte et al. 2004, Teyssandier & Le Poncin-Lafitte 2008; T. 2012.

We propose to :

extract 7 and k; from GREM and RAMOD
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Relativistic
models for
light
propagation
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TTF formalism in closed form

(S. Bertone and C. Le Poncin Lafitte, Memorie SAI 2012)

Rap

Tr(xa, tp, xB) = + - A (T, tp, )+ O(c?)

(E‘)B ~ Nip + gA + NABgA
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TTF formalism in closed form

(S. Bertone and C. Le Poncin Lafitte, Memorie SAI 2012)

Relativistic
models for
light
propagation

R
Tr(xa, tp, xB) = % + = A (T, tp, )+ O(c?)

(E‘)B ~ Nip + gA + NABgA

1 1
AT:iRAB/ |:h(()0)_+_ NABh(3)+NABNIJ4Bh( ) d\
0
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TTF for a time-dependent metric

(S. Bertone et al., 2013)

PPN metric : hgg = hoi = —(1+ 7)hooBp(t) , hij = éijvhoo

Relativistic
models for
light
propagation

(;2 Z Rp(t z)
RP =Rpp — A Rap(Nap — Bp)

T@astpion) = “AZ (1 ZMp[lpr(tc) Naz]

“In |:RPA — Rpa - Nyp —Bp(tc)  (Rpa — NABRPA):|
Rpp — Rpp - Nap — Bp(tc) (Rpe — NapRpB)

= . G Mp
k; = —Nip+O+1—
( Z)B AB 2 ;RABRPB[R?DBQ%;*(RPB'QP)2]

X{QPNAB [(RPB : NAB) (R%B — RpaRpp — RapRpB 'ﬁP(tC))
—R2PBRA392] +Rppgp [RPBRPA - Rpp+ RapRpp 'QP]
+B8p(tc)RpE [(RPA — Rpp)(Rpp - Nap) + RPBRAB]}

Bp(tc) — NapBp(tc) - Nap 1o 9PBPp + Rpp -9p

Rapgp gpRpa + Rpa - gp

G
+r+ 1= S mp
<P

+0(c™Yy .
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TTF for a static metric

Relativistic
models for
light Static metric : hgg = — Z ho; =0, hij = 6;5 7 hoo
i c Rp(t z)
propagation
Rp = oy —mP =Rpp —ARapNap

Rap G Rpa — Rpa - Nap

Tr(@a,tg,zg) = —2 4+ +1)—=> Mpln|—2 =2 ~ 27

¢ c? ; Rpp — Rpp - Nas

. ) a Mp
. = — L] —
(F), = —NiptO+n5>

P RapRrp [R?DBQ% —(RpB - NAB)2]
X{NZB [(RPB 'NAB) (RfaB - RPARPB)

_Ri’BRAB] + Rpp [RPBRPA — Rpp+ RapRpp - NAB]
+0(c™Y .
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GREM < — > TTF

observed
related to the light ray
‘\zr defined in the BCRS coordinates

T =t —ta=Atsp

source
A cross-check
procedure

oo ki gijk + goik”

" ko gook® + goik?
Pt . . .

~-T 2hgoo" — (045 + o' ) hoj
c

S. Klioner and S. Kopeikin 1992,
S. Klioner 2003
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GREM < — > TTF

observed
related to the light ray

‘\0 defined in the BCRS coordinates
T =tp—ta=Atap

source
A cross-check

procedure ; 0 \
. ki gijk + goik
= -

— = _ \ \\1
ko gook® + goik! ot .
i-z . L barycenter
~ 7 7
~ —— — 2hgoo" — (0i; + 0'0? ) ho; N
c s N/ Gaia
AN
AN

S. Klioner and S. Kopeikin 1992,
S. Klioner 2003

z'(t) = 2'(tg) + co'(t — tg) + Ax'(t, 2’ tp, x'y)
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GREM < — > TTF

observed
related to the light ray
‘\0 defined in the BCRS coordinates

T = tB - tA = AtAB source

A cross-check \
procedure . 0 \\
ki gijk + goik \

]Ai‘i = — = 0 i o\ \\\’
ko gook® + goik* ot .
1“2 - . . barycenter
~ T )
~ —— — 2hgoo’ — ((5¢j +o O'J)hoj \
C ~
s \/ Gaia
/ \\
AN

S. Klioner and S. Kopeikin 1992,
S. Klioner 2003

z'(t) = 2'(tg) + co'(t — tg) + Ax'(t, 2’ tp, x'y)

i'(t,x) it Adl(t, )

C C
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z'(t) = 2'(tg) + co'(t — tg) + Ax'(t, 2’ tp, x'y)
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T =tp—ta=Atup

A cross-check
procedure kl
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™

F. de Felice et al. 2004,
M. Crosta 2011
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RAMOD < — > TTF

.~ Satellite

)

T =t —ta=Atsp

kP =~ \/900(zB) 9ij(xB)

A cross-check
procedure

F. de Felice et al. 2004,
M. Crosta 2011
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RAMOD < — > TTF

)

T =t —ta=Atsp

7 = =05 Vaw(B) gij(xp)

A cross-check
procedure

F. de Felice et al. 2004,
M. Crosta 2011

o cdt 1

g —300

e
1

7i xB_xA G -3
= + 5 Al(xa, B, ACap,zp) + O (Ge
5= At 2 (x4, xp, ACaB, TP) ( )
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B :d_C:\/—goo

G
=> cAtap ~ Alap + C_QAtE4)3($A7 xp, AlaB, Tp)

7i xB_xA G -3
= + 5 Al(xa, B, ACap,zp) + O (Ge
N 2 (x4, x5, Alan, Tp) ( )
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@ Absolute high-precision astrometry needs indipendent
verifications

@ More than one model of relativistic light propagation to
interpret experimental data

Conclusions @ We propose a procedure to relate and understand them
using the TTF formalism

Perspectives

@ Development of a GSR-TTF
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