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Dimorphos orbit 
solution 527



Solution 523 (delivered May 25)
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Solution 527 (latest)
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Issues with s523: incorrect J2
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Thanks Alex Meyer
• Our model assumed that the apsidal precession 

was due to the J2 of Didymos alone. 
• However secondary elongation can cause apsidal 

regression, which would partly offset the apsidal 
precession due to J2.

• We can compute the precession rate as a 
function of Dimorphos’ elongation assuming the 
shape-based J2.

• Conclude that elongation (a/b) is ~1.3.

• As a result, the estimated J2 was an 
underestimate: It is a factor of ~2 smaller than the 
J2 computed from a uniform density Didymos.

• The estimated J2 was used in the computation of 
GM_sys, causing the computed GM_sys to be an 
overestimate.

• So we recommended scaling GM_sys down by 
~1% to 4.04166824e-8 km3/s2 to account for this.



Orbital period seems to be changing
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• Fits to sub-arcs 
suggest changing 
period
• Exponential fit 

looks best
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• Pre-impact orbit is still characterized by 𝜆, 𝛽, 𝑎, 𝑀!, 𝑛!, and 𝑛̇.

• Post-impact orbit is now characterized by parameters Δ𝑉", ΔV#, J$, 𝒂, 𝒃, 𝒄, 𝑨, and 𝝉.
• Δ𝑉" and ΔV# are transverse and radial components of the change in the velocity of Dimorphos due to 

the DART impact.

• J$ is the oblateness parameter of Didymos.
• 𝒂, 𝒃, 𝒄 are semi-axes of Dimorphos. 

• A volume constraint is also placed to conserve Dimorphos’ volume.

• 𝑨 and 𝝉 are the transverse drag coefficient and drag timescale (angular deceleration) =𝑨×𝒆%(𝒕%𝒕𝟎)/𝝉)
• Position of Dimorphos remains unchanged at the instant of impact.

• We can estimate all 14 parameters.
• Our approach maintains position continuity across impact

• Estimating Δ𝑉+ allows for an impact point not at apoapsis
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New new new post-impact dynamical model



Solution 527
Estimated parameters:
T0    = 2022 SEP 26 23:14:24.183 UTC
OPlon = 3.10585033692532306304e+02 ± 2.11414759263359908203e+00 degrees
OPlat =-7.98277271583207266303e+01 ± 3.41157819709318632651e-01 degrees
QR    = 1.24176724240550706568e+00 ± 1.42353191609348311841e-02 km
Per   = 11.92148110205965316765742 ± 1.58020381905648484825e-05 h
Ndot = 5.19113957839942192495e-18 ± 6.40866206332135824631e-19 rad/sec^2
DVR   = 4.21095196128022329161e-07 ± 3.83167355772550372131e-07 km/sec
DVT   =-2.79987668475977308577e-06 ± 3.46610554054179300490e-08 km/sec
J2    = 9.04600073742499455332e-02 ± 3.32029078319730913682e-03 
a     = 9.14133965448308966062e-02 ± 3.01765087953876883289e-03 km            a/b = 1.3 ± 0.06
b     = 7.00368818728321906875e-02 ± 2.30592060467619706585e-03 km            a/c = 1.5 ± 0.1
c     = 6.14642158119826712004e-02 ± 4.27598512035040363016e-03 km            b/c = 1.1 ± 0.1
dragA = 1.73077825888648048118e-14 ± 6.94993478382937423281e-15 rad/s^2
dragT = 1.93098414624002465700e+01 ± 4.59833767420080175015e+00 days

Note: A priori values: 1) J2 = 0.09 ± 0.009, 2) DVR = 0.4 ± 0.4 mm/s, 3) a = 89 ± 5 m 4) c = 58 ± 5 m,  
5) dragT = 20 ± 5 days
A priori on J2 is from Didymos shape. A priori on a and c are from Daly et al. (2023) but allow for 
reshaping with the volume constrained to within 10% of the Daly et al. (2023) value of 0.00181 km3
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Solution 527
Derived parameters:

EC+   = 3.14475684342288910877e-02 ± 1.67123287020137399270e-04 

P+    = 11.36849973461658436235666 ± 2.98815828137133322404e-04 h

DP    =-3.31788820465841283180e+01 ± 1.81649992564246014204e-02 min

LPdot = 6.11909999999999953957e+00 ± 1.67579093758875669051e-01 deg/day (Longitude of pericenter)

GM    = 4.03772235739605428990e-08 ± 1.39825582394154113678e-09 km^3/s^2

Vol2  = 1.64834305540873774128e-03 ± 1.26742360575055138796e-04 km^3

Notes: 

1) Post-impact period is difficult to measure because it has large periodic variations superimposed on the 
exponential change due to drag. The reported period is an average over ~200 orbits.

2) Post-impact eccentricity is an average over ~200 orbits.
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Solution 523 (delivered May 25)
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Solution 527 (latest)
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Solution 527 (latest)
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Solution 527 (latest)
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Delivery
• https://ssd.jpl.nasa.gov/ftp/eph/small_bodies/dart/dimorphos/
• SPK file: ‘dimorphos_s527.bsp’

- Contains pre-impact as well as post-impact trajectories. 
- This SPK file avoids discontinuity between the pre- and post-impact orbits by computing post-impact elements 

based on the DART impact velocity vector and the estimated period change.

• PCK file: ‘dimorphos_s527-preimpact.tpc’
- Describes the orientation of Dimorphos.
- Valid for times prior to the DART impact at 2022 SEP 26 23:14:24.183 UTC

12 June 2023DART – Double Asteroid Redirection Test 13

https://ssd.jpl.nasa.gov/ftp/eph/small_bodies/dart/dimorphos/

