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 sampled by surveys as a function of the velocity at 

infinity, v
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, after accounting for gravitational focusing (which changes the 

cross section, σ). This function provides a proxy for the relative interstellar 

asteroid detection probability as a function of v
∞

. The detection probability 

for the Pleiades stream is poor compared to slower moving ISOs; the 

detection of 1I suggests an enhanced ISO density in that stream.  

 
Note that present surveys have a streak limit (an upper limit on the 

angular motions of detectable objects); shown here is the PanSTARRS 

streak limit of 10◦ day −1 (which applied at the time of the discovery of 1I). 

ISOs from the fast moving Hercules stream will be hard to detect without 

software improvements, such as synthetic tracking. 
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For each interstellar object, 2 mission scenarios were investigated, 

the Double Jupiter Gravity Assist (DJGA) and the Solar Oberth (SO). 

An important advantage of the DJGA compared to SO is that it 

would NOT require the s/c to have a heat shield (which would 

add mass to the s/c and complicate its design). For a SO the s/c 

would need to get close to the sun and so would need a heat 

shield to protect it from the high solar heat flux associated with 

the low perihelia distances  (5/6 Solar Radii). However of these 

two scenarios, the SO maneuver offers better performance in terms 

of lower ∆V and mission duration. Note there are future opportunities 

to launch missions, SO or  DJGA, to 1I & 2I beyond  2030. 

The answer is yes and the trajectory is provided above. The 3 year 

V∞  Leveraging Maneuver  is replaced by one lasting approx. 1 year. 

The mission has a larger ΔV of 16.4km/s and furthermore a longer 

overall mission duration of around 28years but does not incur the 

dangers of a close approach to the sun.   

A mission to 1I has been found to be feasible combining all the 

elements of Sections (3), (4) & (5).The Solar Oberth is at 6SR from the 

center of the sun. An image of the mission trajectory is provided 

below, which shows a view from above the solar system, i.e.  the 

ecliptic co-ordinates x & y.   

Launch is in 2030 and the total ΔV is 15.3km/s with arrival at 1I in 

2052, after 22 years overall mission duration. 

 

         (5) V∞ Leveraging Maneuver for Solar Oberth Mission 
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As a comparison to the DJGA , the following explores the previously 

proposed approach of a Solar Oberth to achieve high V∞. 

In a gravitational well generated by a massive body, the sun for 

example, at what point does a spacecraft benefit most from an 

application of thrust (burn)? The answer, in terms of maximising its 

energy, is at the periapsis point (or in the case of the sun, the 

perihelion point) which is equivalently where the s/c achieves its 

greatest speed. If the s/c is in a hyperbolic orbit with respect to the 

sun, this change in energy manifests as an increase in V∞. 

Consequently a high increase in velocity with respect to the sun, V∞  

can be generated for a low velocity impulse ∆V. This is the Oberth 

Effect. In terms of the bodies in our solar system, the sun is the best 

candidate for such a maneuver because of its high mass. Thus to get 

to the high values of V∞ as is required for the s/c to rapidly escape 

from the solar system , the spacecraft needs to travel close to the sun 

(within a few Solar Radii – ‘SR’) and apply a burn at perihelion. 

(4) Travel to Jupiter for a Solar Oberth Mission  

Size of original 

(8) Proposed Mission to 1I Using DJGA 

The DJGA involves firstly an Earth Launch to Jupiter, followed by an 

unpowered Gravitational Assist (GA ) taking the s/c on a 6 year journey 

out of the ecliptic plane before returning to Jupiter which in the 

meantime has traversed half a Jupiter cycle. A Deep Space Maneuver 

(DSM) is inserted between the two Jupiter encounters at a solar 

distance of 5.2AU. A Jupiter Oberth maneuver then takes place to 

accelerate the spacecraft to achieve a high value of hyperbolic excess 

speed, V∞, otherwise known as heliocentric asymptotic escape 

velocity.  

The image above shows the comparison of the effectiveness of the 

DJGA  against that of a Solar Oberth at 3SR and 10SR from the sun’s 

center. In fact the DJGA appears to be equivalent to a Solar Oberth at 

around 38SR. Can a DJGA provide a means of intercepting 1I with a 

comparable TOA as the Solar Oberth mission detailed in Section 6? 

 

.   

It follows that to get to low perihelia values from Earth’s orbit around 

the sun is contingent on the spacecraft removing nearly all of its 

tangential velocity, which for Earth’s near-circular orbit is around 

30km/s. This ∆V is too large and not feasible using modern chemical 

propulsion methods. However, travelling to Jupiter with a velocity 

impulse at Earth of around 9km/s and then applying an impulse to 

slow down at Jupiter will achieve the same result of cancelling the 

tangential velocity of the s/c but with less overall ∆V. In addition, the 

mass of Jupiter can be used to decelerate the s/c with respect to the 

sun by using a ‘reverse’ GA. 

The focus of this research is the ‘Double Jupiter Gravitational 

Assist’ (DJGA) as a possible spacecraft mission scenario for 

achieving high heliocentric velocities . The DJGA has the advantage 

over the previously proposed Solar Oberth Maneuver in that it does 

not require a close approach to the sun and therefore no heat 

shield is necessary. The research utilizes  the ‘Optimum 

Interplanetary Trajectory Software’, OITS, developed by Adam 

Hibberd. Within the last 3 years, the first 2 definite interstellar objects 

have been discovered passing through our solar system.  Firstly 

1I/‘Oumuamua in 2017, and secondly 2I/Borisov in 2019. The 

research here was undertaken by ‘Project Lyra’  of the ‘Initiative for 

Interstellar Studies’, and is to do with how we might mount a 

mission to intercept them. Also an interstellar precursor mission has 

been proposed which would involve sending a s/c into the 

interstellar medium (ISM) .  

 

In the last 3 years, the first two definite interstellar objects have been discovered passing through our solar system.  Firstly 1I/‘Oumuamua in October 2017, secondly 2I/Borisov in September 2019. Very different in nature, 1I has a high aspect ratio 

The V∞ Leveraging Maneuver reduces the effort needed to get to 

Jupiter by (a) reducing the overall ∆V requirement (b) reducing the 

C3 value required at Earth launch. It involves a Deep Space 

Maneuver after launch and then a return to Earth following on 

approximately n years from the launch where n is 1, 2 or 3. In the 

case of the interstellar missions discussed here, n=3, seems to be 

optimum. 
 

         (6) Proposed Mission to 1I Using Solar Oberth at 6SR 

             (9) Missions to 2I/Borisov Using Solar Oberth and DJGA 

The following two 3D plots illustrate the two possible ways investigated 

here of getting to 2I/Borisov, firstly the Solar Oberth (SO) and secondly 

the DJGA. The SO entails a launch in 2027 with a V∞ Leveraging 

Maneuver  using n=3. The Solar Oberth is at 7SR from the center of the 

sun. The total ΔV is 15.5km/s. Total mission duration is 25 years. 

 

The DJGA to 2I has a launch in 2021 with a V∞ Leveraging Maneuver  

using n=1. The total ΔV is 16.4km/s. Total mission duration is 30 years. 

Note however the DJGA maneuver does not require a heat shield of the 

kind necessary for the SO. 
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