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Lense-Thirring effect — confirmation using geodetic satellites
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Lense-Thirring effect — confirmation using geodetic satellites
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Lense-Thirring effect — confirmation using geodetic satellites
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Lense-Thirring effect — confirmation using geodetic satellites
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LARES-2 - basic parameters

| [|LAGEOS-1 [LAGEOS-2 |LARES-1 |LARES-2_
1976 1992 2013 2022
BN \ASA NASA/ASI ASI/ESA ASI/ESA
L51 L52 L60 L67

Material (alloy) brass/ brass/ tungsten nickel
aluminum  aluminum

Altitude (km) 5860 5620 1440 5880 S 1
Inclination (°) 109.9 52.6 69.6 70.1 LARES-2, courtesy of ASI
Eccentric“y 0.0039 Joner 0.0008  '0.0002 * The area-to-mass ratio for LARES-2 is smaller by
nass ka) 107 405 386.8 297.5 32% compared to LAGEOS-1/2 — implying smaller

Area-to-mass ratio 6.9 7.0 2.7 4.7 e . .

(e-4 m2/kg) non-gravitational orbit perturbatlonsb:mmw
251 251 133 137.1  Solid sphere with no - .
(approx.) (mm) inner structure (as

LECTENCTT M 300 300 182 212 opposed to LAGEOS-1/2)

426 426 92 303

1.13 1.13 1.08 1.08 * Center-of-mass N J
560 222 133 270 corrections well defined \ .
with small spread I
Processing period: between different
July 2022 — January 2024 detectors LAGEOS assembly, courtesy of NASA
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Observation residuals mean +/- STD
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_40 . S 0% i _40 I ° a o 0 © _40 I oo P o oge o °. P
0 10 20 30 0 10 20 30 0 10 20 30
Nadir angle angle [deq] Nadir angle angle [deqg] Nadir angle angle [deg]
-0.03 +/- 8.04 mm 0.02 +/-10.89 mm 0.03 +/- 8.73 mm

The spread of SLR residuals for LARES-2 is about 26% smaller than that for LAGEOS-1
(smaller area-to-mass ratio, better orbits, smaller spread of center-of-mass corrections).

WROCLAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



Geocenter coordinates ’ ] T ] ! -

- formal errors of of o L
Once-per-revolution (OPR) o °f i N o i :
empirical orbit parameters in = . = B = : |
along-track S./Ss reduce the E£4| : E4T L ‘ E4
formal errors for the XandY § | 1 5 | H 5
components, but increase for 3] N N A N
the Z component (due to | I i |
correlations). 2r 5 E 1 2r L T 2F . N |

JI_ : I : | I JI-
LARES-2 does not require 1 B 1 1 s L 1
estimation of OPR when
gravity field is estimated 0

(due to small sensitivity to

hermal fects) mww o

LAG grav 3x3 no OPR S, D S, D d/o 3x3

LARES-2 reduces the formal g =0 =0 4
LAG+LAR grav 3x3 + OPR Sor Scr Ss Sor Scr Ss So d/o 3x3
for LAG

WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



Geocenter coordinates ’ ] U ] T
- formal errors sl sl T ol |
| | ' T
I.lAGEOS 1/2 | : - |
Once-per-revolution (OPR) °[ l , 1] i N o i :
empirical orbit parameters in = S | = B = : |
along-track S./Ss reduce the E£4| : 1 E4 i I E4f
formal errors forthe XandY 9 | | S | | o
components, but increase for >3 A BN | NI
the Z component (due to | o |
correlations). 2r 12 - 2 1 N i
Lo | Lo ' +
LARES-2 does not require 1t B 41 = L 1
estimation of OPR when
gravity field is estimated 0

(due to small sensitivity to

hermal fects) mww o

LAG grav 3x3 no OPR S, D S, D d/o 3x3

LARES-2 reduces the formal g =0 =0 4
LAG+LAR grav 3x3 + OPR Sor Scr Ss Sor Scr Ss So d/o 3x3
for LAG

WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



Geocenter coordinates '’ ] A ] "
- formal errors sl sl T ol |
1 . 1 T
LAGEOS 1/2 | : = |
Once-per-revolution (OPR) i l B R i B ) i :
empirical orbit parameters in = S | = B = : |
along-track S./Ss reduce the E£4| : 1 E4 i I E4f
formal errors for the XandY § : | S | | S
components, but increase for 3 | > 2 | NI
the Z component (due to | o |
correlations). 2f 15 2r L 2r L i
JI_ : ' J'_ I l -+
LARES-2 does not require 10 ’ ] 1t = L 1F
estimation of OPR when
gravity field is estimated 0 LAGEOS-1/2+LARES

(due to small sensitivity to

hermal fects) mww o

LAG grav 3x3 no OPR S, D S, D d/o 3x3

LARES-2 reduces the formal g =0 =0 4
LAG+LAR grav 3x3 + OPR Sor Scr Ss Sor Scr Ss So d/o 3x3
for LAG

WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



Geocenter coordinates ’ ] ! ' o !
- formal errors

-
: I
I

6 { el - 6r
LAGEOS-1/2 N9 OPR for SN
| J . |, LAGEOS-t12 | . | | .
Once-per-revolution (OPR) l : . ! ‘ ! :
empirical orbit parameters in = S = l = : |
along-track S./Ss reduce the £4] : EY L E4
formal errors for the XandY § | 1 5 | H 5 E Q
components, but increase for 3/ | > 2 | N[
the Z component (due to | I i |
correlations). 2r 1L E 2r || 2r L |
Iy . ] , L
LARES-2 does not require 1t ’ L L 1+
estimation of OPR when
gravity field is estimated 0 LAGEOS-1/2+LARES

(due to small sensitivity to

hermal fects) mww o

LAG grav 3x3 no OPR S, D S, D d/o 3x3

LARES-2 reduces the formal = =0 =0 4
LAG+LAR grav 3x3 + OPR Sor Scr Ss Sor Scr Ss So d/o 3x3
for LAG

WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



Geocenter coordinates

- formal errors

Once-per-revolution (OPR)
empirical orbit parameters in
along-track S./Sg reduce the
formal errors for the Xand Y
components, but increase for
the Z component (due to
correlations).

LARES-2 does not require
estimation of OPR when
gravity field is estimated
(due to small sensitivity to
thermal effects).

LARES-2 reduces the formal
errors of the Z geocenter
component by up to 59%.
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Geocenter coordinates sl 20
- estimates
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The most stable solution is % 10 % 10} %
no. 4 with LARES-2 and OPR 2 5 2
estimated for LAGEOS-1/2. < 0 S 0 50
The least stable Z geocenter -107 f/\hhﬂj\n AL -107 -207
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the estimation OPR for -20 1 207 -40
LAGEOS-1/2.
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Minor LARES-2 impact is

without OPR for LAGEOS field
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C,, Median errors are:
6.75 6.26 9.82 5.93 (-10-12),

LARES-2 reduces the C,, formal
errors by up to 40% and reduces

the spread for the solution with
OPR estimated for LAGEOS.

C,, estimates are quite consistent
in all solutions.

LAG grav 3x3 no OPR

LAG+LAR grav 3x3 no OPR

LAG grav 3x3 + OPR
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in no. 1 and 2, the C,;, estimated are affected
by unmodeled thermal effects
(Yarkovsky and Yarkovsky Schach).
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Empirical orbit parameters
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Empirical orbit parameters
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Empirical orbit parameters
Yarkovsky effect
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Empirical orbit parameters No systematic D,
Yarkovsky effect correction w.r.t. Cr=1.08 for LARES-2
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Empirical orbit parameters No systematic D,
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I LARES-2 - Earth Rotation Parameters
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ICorreIations between C,,, C;,, Z geocenter and other estimates parameters
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Correlations - Triplet |
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R cos 5 cosAu
Correlations - Triplet Il {S} Dy { cos 8 sinAu
w sin 8
sinAu = sinu cosug — COSu Sinug
12
GM  a = _
Vi 7(1 +?eP10(cos 0)Cyo + z sin i sinu — 4sin3isin3u
K] _5GMachCso | (5. 5 3
e a, S¢= > 3 { | 3sin”isin u—gsml cosu
(?)ZPZO(COS 8)Cy0 + (7)3P30(C05 8)Cso + 14 r
3
\ 3sin?isin®u cosi — gcosi

P;o(cosB) = cos O

P,o(cos @) = %(3COSZ 6—1)
P;o(cosB) = %(5C083 6 — 3 cosH)

effects.
Py (cos 6) =1(3500549 —30cos?8 + 3) R) v3gm (—2sinisinu
----- { }— 3 3 G{ sinicosu } LARES-2 _has a di_fferent
Py Py w COS I construction (no inner core)
and does not have this problem.
P20 - 1 0.003 0.498 Cro = V3a,Z;

Empirical orbit parameters
OPR in along-track do not
allow for C;, determination.
However, they are needed
for LAGEOS-1/2 to

absorb Yarkowsky/-Schach
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LARES-2 orbit is more stable than LAGEOS-1/2 due to a different satellite
construction (solid sphere, no inner structure)

LARES-2 shows no need for the estimation of D,, which is very good news,
because it improves the Z geocenter component estimation and C;,,.
LARES-2 improves Z geocenter by up to 59%.

The only empirical parameter that is needed for LARES-2 is S, to compensate
for the Yarkovsky-Schach effect (whereas the Yarkovsky effect is undetectable)

The best option for the combined LAGEOS+LARES-2 solution is:
grav. field up to 3x3, S,, S¢, S¢ for LAG-1/2 and S, for LARES-2

When emprical orbit parameters OPR in S are not estimated for LAGEOS-1/2,
the non-gravitational perturbations affect C;, and Z geocenter. However,
LARES-2 does not have this problem.
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Krzysztof Sosnica
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krzysztof.sosnica@upwr.edu.pl



LARES-2 - ERPs w.r.t. IERS-C04-20

X pole diff. [mas]
Y pole diff. [mas]

£ [T # -O.

_3 | _3 | | |
20225 2023 20235 2024 20225 2023 20235 2024 20225 2023 20235 2024



I LARES-2

1.227 |

1.2268 |

—

E

1.2264 |

1.2262 |

2022.5 2023

70.25
70.2
B70.15

— 70.1
70.05

2022.5 2023

><107

= 1.2266 -
©

hl W jH 1/ m /H M

‘M'*mll Wl q/H

M\m/ IHW\(( Hrww'ﬁ\{ ||'\ \H'
|

W m\u V| u | y uw

2023 5 2024

%107

2023.5 2024

node [deg]

-100 ¢

200 L

perigee [deqg]
o

N
o
o

2023.5 2024

2022.5 2023

2023.5 2024 20225 2023

LARES-2 mean and osculating orbital (Keplerian) elements
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