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ABSTRACT

We investigate the feasibility of a spacecraft mission to conduct a flyby of 3I/ATLAS, the third10

macroscopic interstellar object discovered on July 1 2025, as it traverses the Solar System. There are11

both ready-to-launch spacecraft currently in storage on Earth, such as Janus, and spacecraft nearing the12

end of their missions at Mars. We calculate minimum ∆V single-impulse direct transfer trajectories13

to 3I/ATLAS both from Earth and from Mars. We consider launch dates spanning January 202514

through March 2026 to explore obtainable and hypothetical mission scenarios. Post-discovery Earth15

departures require a challenging ∆V ≳ 24 km s−1 to fly by 3I/ATLAS. By contrast, Mars departures16

from July 2025 - September 2025 require ∆V ∼ 5 km s−1 to achieve an early October flyby — which is17

more feasible with existing propulsion capabilities. We discuss how existing spacecraft could be used18

to observe 3I/ATLAS and how spacecraft at other locations in the Solar System could be repurposed19

to visit future interstellar objects on short notice.20

Keywords: Asteroids (72) — Comets (280) — Interstellar Objects (52) — Flyby missions (545)21

1. INTRODUCTION22

The discovery of 3I/ATLAS (L. Denneau et al. 2025)23

increases the interstellar object sample by 50%, building24

on the previous discoveries of 1I/‘Oumuamua in 201725

(G. V. Williams et al. 2017) and 2I/Borisov in 201926

(G. Borisov et al. 2019). On 2025 July 1, the Aster-27

oid Terrestrial-impact Last Alert System (ATLAS) sur-28

vey (J. L. Tonry et al. 2018) discovered the small body29

A11pl3Z 1. Fits to the ATLAS astrometry revealed that30

this object has a perihelion distance q ∼ 1.36 au, orbital31

eccentricity of e ∼ 6.2, inclination of i ∼ 175◦, and a32

hyperbolic velocity of v∞ ∼ 58 km s−1, clearly indicat-33

ing an interstellar origin. This object is only the third34

confirmed macroscopic interstellar object and therefore35

presents an unprecedented opportunity to characterize36

a planetesimal from outside of the Solar System.37
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Preliminary observations of 3I/ATLAS revealed a38

weakly active nucleus (D. Jewitt & J. Luu 2025; M. R.39

Alarcon et al. 2025; C. O. Chandler et al. 2025) with a40

reddened reflectance spectrum and an absolute magni-41

tude of HV ∼ 12 (D. Z. Seligman et al. 2025; C. Opitom42

et al. 2025) although the nucleus size is uncertain (A.43

Loeb 2025). Its visible and near-infrared reflectance is44

red and featureless, matching the spectral slopes of D-45

type asteroid and active Centaurus (M. Belyakov et al.46

2025; T. Kareta et al. 2025; R. de la Fuente Marcos et al.47

2025). High angular resolution observations from48

the Hubble Space Telescope WFC3 provided an49

upper limit on the nucleus radius of ≲ 2.8 km (D.50

Jewitt et al. 2025). Optical and near-infrared51

spectra revealed a broad 2.0 µm band consistent52

with ∼ 30% 10 µm-sized water ice grains in the53

coma (B. Yang et al. 2025). Observations with54

the Neil Gehrels-Swift Observatory revealed the55

presence of H2O outgassing via the detection of56

OH emission (Z. Xing et al. 2025). Time se-57

ries photometry provided evidence of a rotation58

period of 16.16±0.01 h and dust loss rates be-59
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tween 0.3 and 4.2 kg s−1 (T. Santana-Ros et al.60

2025), while shift stack TESS pre-discoveries im-61

ply low level activity at ∼ 6.4 au (A. D. Feinstein62

et al. 2025; J. Martinez-Palomera et al. 2025).63

SOAR/Goodman spectra reveal a red continuum64

dominated by refractory organics, with no de-65

tected of CN, C2, or CO+ at 4.4 au (T. H. Puzia66

et al. 2025). 3I/ATLAS’s high excess velocity and67

Galactic velocity radiant imply an old kinematic age of68

3–11 Gyr (A. G. Taylor & D. Z. Seligman 2025) and69

lower-metallically stars.70

The first two interstellar objects exhibited remarkably71

different characteristics. 1I/‘Oumuamua displayed no72

cometary activity (K. J. Meech et al. 2017; Q.-Z. Ye73

et al. 2017; D. Jewitt et al. 2017; D. E. Trilling et al.74

2018) but its trajectory exhibited a significant nongrav-75

itational acceleration (M. Micheli et al. 2018). In stark76

contrast, 2I/Borisov displayed clear signatures of an ac-77

tive coma (D. Jewitt & J. Luu 2019; A. Fitzsimmons78

et al. 2019; Q. Ye et al. 2020; A. J. McKay et al. 2020;79

P. Guzik et al. 2020; M.-T. Hui et al. 2020; Y. Kim et al.80

2020; G. Cremonese et al. 2020; B. Yang et al. 2021).81

1I/‘Oumuamua and 2I/Borisov had lower excess veloc-82

ity than 3I/ATLAS, corresponding to younger kinematic83

ages albeit with large uncertainty (E. Mamajek 2017; E.84

Gaidos et al. 2017; F. Feng & H. R. A. Jones 2018; F.85

Almeida-Fernandes & H. J. Rocha-Pinto 2018; T. Hal-86

latt & P. Wiegert 2020; C.-H. Hsieh et al. 2021).87

The discovery of these interstellar objects has ignited88

significant interest in sending dedicated spacecraft to89

measure their properties in situ (e.g., D. Seligman &90

G. Laughlin 2018; K. Moore et al. 2021). Space-based91

measurements of interstellar object physical and chemi-92

cal attributes — such as isotopic signatures and volatile93

compositions — would profoundly enhance our under-94

standing of extrasolar systems at both broad and narrow95

scales. Compositional indicators such as the H2O con-96

tent — when combined with the kinematics and galac-97

tic history of a given object — can provide insight into98

planet and star formation rates throughout the galaxy99

(C. Lintott et al. 2022; M. J. Hopkins et al. 2023, 2025).100

On the other hand, the carbon-to-oxygen ratio of an in-101

terstellar object approximately traces its formation lo-102

cation in a protoplanetary disk (D. Z. Seligman et al.103

2022b). Since analogous objects may be responsible104

for enriching short-period exoplanet atmospheres (D. Z.105

Seligman et al. 2022a), such data could provide insight106

into the delivery of volatiles and organics to exoplanets.107

Many spacecraft have conducted close-range remote108

observations of comets and asteroids in the Solar Sys-109

tem, such as the Deep Impact (M. F. A’Hearn et al.110

2005), Giotto (R. Reinhard 1986, 1987), NEAR Shoe-111

maker (L. Prockter et al. 2002), Rosetta (K.-H. Glass-112

meier et al. 2007), DART (A. F. Cheng et al. 2023),113

and Hera (P. Michel et al. 2022) missions. Moreover,114

a number of sample-return missions have delivered ex-115

traterrestrial material back to Earth, e.g., Stardust (D.116

Brownlee 2014; D. E. Brownlee et al. 1996), Hayabusa117

(M. Yoshikawa et al. 2021), Hayabusa2 (S.-i. Watan-118

abe et al. 2017), and OSIRIS-REx (D. S. Lauretta et al.119

2017).120

Recently, Comet Interceptor — an ESA F-class mis-121

sion — has been approved and is currently in its im-122

plementation phase (C. Snodgrass & G. H. Jones 2019;123

G. H. Jones et al. 2024). Designed as a flexible mis-124

sion architecture, Comet Interceptor will be stationed125

at the Sun–Earth L2 point, awaiting the discovery of126

a dynamically new comet or other pristine small body127

to intercept. Unlike previous missions, Comet Intercep-128

tor will employ a multi-spacecraft configuration to en-129

able simultaneous multi-point observations of the tar-130

get. This mission’s primary objective is to investigate131

a long-period comet entering the inner Solar System for132

the first time. However, if early warning conditions per-133

mit, it could be redirected to perform the first in situ134

exploration of an interstellar object.135

The discovery of 1I/‘Oumuamua and 2I/Borisov136

rapidly spurred development on an interstellar object137

mission concept. Initial studies (e.g., D. Seligman &138

G. Laughlin 2018) emphasized the urgency of preparing139

interception missions with minimal latency but deter-140

mined that it was feasible to detect and reach future141

interstellar objects with conventional chemical propul-142

sion. Further studies such as Project Lyra examined143

the feasibility of direct missions to 1I/‘Oumuamua us-144

ing near-term technologies, including solar Oberth ma-145

neuvers and high-energy launch architectures (A. M.146

Hein et al. 2019; A. Hibberd et al. 2021; A. Hibberd147

2023). These analyses demonstrated that with opti-148

mized trajectories and sufficient launch energies, flyby149

or rendezvous missions could be viable even years af-150

ter 1I/‘Oumuamua’s perihelion. Alternative mission de-151

sign proposals include solar sail architectures capable152

of prolonged loitering and rapid-response interception153

of future interstellar objects (A. M. Hein et al. 2019;154

D. Garber et al. 2022; D. Miller et al. 2022), or a dis-155

tributed statite cluster for high-∆V response scenarios156

(D. J. Hoover et al. 2022). Evaluations of optical and au-157

tonomous navigation performance during high-velocity158

flybys emphasize the importance of on-board image pro-159

cessing and neural network guidance to maintain tar-160

geting accuracy at encounter speeds exceeding 60 km161

s−1 (D. Mages et al. 2022; B. P. S. Donitz et al. 2023).162

A complementary analysis focused on the tradeoffs be-163
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tween target detectability, spacecraft storage strategies,164

and imaging resolution advocated for rendezvous mis-165

sions to 1I/‘Oumuamua-sized targets (A. Siraj et al.166

2023). S. A. Stern et al. (2024) also investi-167

gated the feasibility of an intercept mission to168

an interstellar object, “Interstellar Object Ex-169

plorer.” The “Bridge” New Frontiers-class flyby mis-170

sion concept would intercept an interstellar object with a171

dedicated science payload including a guided impactor,172

ultraviolet/visible/infrared spectrometers, and a high-173

resolution camera (K. Moore et al. 2021). Additional174

studies explored broader science cases and mission ar-175

chitectures for interstellar object investigation, includ-176

ing rapid-response trajectories and programmatic fea-177

sibility (B. P. Donitz et al. 2021), the astrobiological178

relevance of interstellar objects as potential carriers of179

organic material and the propulsion technologies that180

could enable their exploration (M. Lingam et al. 2023),181

and the practical constraints and feasibility of near-182

term rendezvous missions to interstellar objects using183

advanced but achievable propulsion architectures (D.184

Landau et al. 2023).185

Here, we investigate possible missions that could rea-186

sonably intercept 3I/ATLAS in the months following its187

July 2025 discovery. We specifically explore utilizing188

existing missions near Earth or Mars and consider fa-189

vorable minimum distances to 3I/ATLAS. This paper is190

structured as follows — in Section 2, we detail an algo-191

rithm designed to determine direct transfer trajectories192

and launch dates. In Section 3, we calculate minimum-193

energy mission trajectories to 3I/ATLAS from Earth194

achievable in the months following its discovery. Here,195

we defined minimum-energy as the trajectory re-196

quiring the lowest single-impulse ∆V . In Section 4,197

we identify additional key launch dates and trajectories198

for a flyby mission to 3I/ATLAS from Mars. Finally,199

we conclude in Section 5 with a summary of our results200

and a final discussion of our suggestions for immediate201

implementation of an intercept mission with 3I/ATLAS.202

2. IDENTIFICATION OF OPTIMAL203

TRAJECTORIES204

In this section, we describe the algorithm that we205

implemented to find minimum-energy trajectories to206

3I/ATLAS. This algorithm is based on a methodology207

to calculate the minimum-energy trajectory between two208

elliptical orbits (H. Leeghim 2013), which was later ex-209

panded to include hyperbolic trajectories in Section 4 of210

D. Seligman & G. Laughlin (2018).211

The algorithm first solves Kepler’s equations as a func-212

tion of time given a departure date τ0 that is sampled213

over a 400-day interval. For the remainder of this paper,214

a subscript of 0 denotes departure and I/T denote inter-215

ceptor (the intercepting spacecraft) / target (the216

object). The flight time is a free parameter in the opti-217

mization problem and is denoted by ∆τ . We obtain the218

target’s heliocentric position from JPL Horizons and ,219

under the patched-conic approximation, simplify220

the boundary-value problem by enforcing only the inter-221

ceptor’s universal variable residual. For each candidate222

departure and flight duration, ∆τ , we extract the inter-223

ceptor’s heliocentric state (r⃗0,I , v⃗0,I) by taking the de-224

parture planet’s center-of-mass position and ve-225

locity, and compute the target’s position r⃗T at arrival.226

For every pair of both (i) departure date and (ii) ar-227

rival date, we solve the minimum-energy single-impulse228

trajectory by applying the two-body Lambert problem229

using the universal variable method. With this method,230

the function η, which indicates how well the solution fits231

the Kepler’s equations of motion, may be written as:232

η
(
χ, τ, r⃗0, v⃗0

)
= ∥r⃗0∥χ−

√
GM⊙∆τ

+
r⃗0 · v⃗0√
GM⊙

χ2 C

(
χ2

a

)
+

(
1− ∥r⃗0∥

a

)
χ3S

(
χ2

a

)
.

(1)233

In Equation 1, the vectors r⃗0 and v⃗0 are the initial234

position and velocity vectors of the object. The univer-235

sal variable χ is defined to be χ ≡
√
aE for elliptical236

orbits and χ ≡
√
−aF for hyperbolic orbits with semi-237

major axis a and eccentric/hyperbolic anomaly E/ F .238

In Equation 1, G is the gravitational constant, M⊙ is239

the mass of the Sun, and S(x) and C(x) are Stumpff240

functions, defined as:241

S(x) ≡



√
x− sin

(√
x
)(√

x
)3 , x > 0 (elliptical),

1

6
, x = 0 (parabolic),

sinh
(√

−x
)
−

√
−x(√

−x
)3 , x < 0 (hyperbolic),

(2)

242

and243

C(x) =



1− cos
(√

x
)

x
, x > 0 (elliptical),

1

2
, x = 0 (parabolic),

cosh
(√

−x
)
− 1

−x
, x < 0 (hyperbolic).

(3)244
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For the application of the universal variable formalism245

to Kepler’s equations, Equations 2 and 3 are typically246

defined as functions of the variable x = χ2/a.247

We calculate the numerical values of the universal248

variable χ by finding the roots of the transcendental249

equation defined by η = 0. Following this step, we use250

the Lagrange propagators f(χ) and g(χ) (and their time251

derivatives) to advance the interceptor’s state to time252

τ0 +∆τ , since253

r⃗(χ) = f(χ) r⃗0 + g(χ)v⃗0 , (4)254

and255

v⃗(χ) = ḟ(χ) r⃗0 + ġ(χ)v⃗0 . (5)256

We refer the reader to the corresponding Equations 25-257

28 in D. Seligman & G. Laughlin (2018) for definitions258

of the Lagrange propagators.259

Since the arrival position r⃗T is taken directly from260

Horizons, we reformulate the boundary-value problem in261

terms of the variable z = χ2/a. With this simplification,262

there is no need to solve the target’s universal variable263

equation as described in D. Seligman & G. Laughlin264

(2018).265

For a given interceptor state r⃗0,I , v⃗0,I , and ∆τ , the266

universal variable time-of-flight residual is given by:267

ηI
(
χI , τ0 +∆τ, r⃗0,I , v⃗0 + v⃗0,I

)
= ∥r⃗0,I∥χI −

√
GM⊙∆τ

+
r⃗0,I · (v⃗0 + v⃗0,I)√

GM⊙
χ2
I C

(
χ2
I

a

)
+

(
1− ∥r⃗0,I∥

a

)
χ3
IS

(
χ2
I

a

)
.

(6)

268

Rather than propagating both orbits, we require that269

the interceptor reaches the known target position r⃗T ,270

(given by Horizons) after a flight time of ∆τ . To this271

end, we compute the angle between the target and in-272

terceptor, ∆θ, given by:273

cos
(
∆θ

)
=

r⃗T ·r⃗I
∥r⃗T ∥ ∥r⃗I∥

. (7)274

We define a geometric coefficient:275

A = sin
(
∆θ

)√ ∥r⃗T ∥ ∥r⃗I∥
1− cos

(
∆θ

) , (8)276

which rescales the chord connecting the departure and277

arrival position vectors so that the universal variable278

time-of-flight equation properly reflects the transfer ge-279

ometry.280

We then introduce the intermediate function:281

y(z) = ∥r⃗T ∥+ ∥r⃗I∥+A
z S(z)− 1√

C(z)
. (9)282

With Equation 9, the time-of-flight residual can be283

written as defined in (H. D. Curtis 2020, Chapter 5, Eq.284

5.40):285

F (z) =
( y(z)

C(z)

)3/2

S(z) +A
√
y(z)−

√
GM⊙ ∆τ ,

(10)
286

Root-finding on Equation 10 enforces both geometric287

and temporal constrains simultaneously. For a root z,288

the Lambert-Lagrange coefficients are289

fI = 1− y(z)

∥r⃗0,I∥
,

gI = A

√
y(z)√
GM⊙

.

(11)290

By substituting these values into Equations (4, 5),291

the required arrival position and velocity vectors can292

be written as:293

r⃗T = fI r⃗0,I + gI v⃗0,I , (12)294

and295

v⃗0,I =
r⃗T − fI r⃗0,I

gI
. (13)296

To evaluate the impulsive change in velocity ∆V re-297

quired for a spacecraft to reach 3I/ATLAS, we subtract298

the heliocentric velocity of the departure planet from299

v⃗0,I , so that:300

∆V = ∥v⃗0,I − v⃗h
∥∥ . (14)301

In Equation 14, v⃗h is the heliocentric velocity of de-302

parture planet.303

We repeat the following process iteratively to solve for304

∆V :305

1. Choose a trial departure epoch τ0,I and set a flight306

time ∆τ .307

2. Solve the universal variable Lambert problem for308

that ∆τ by finding the root z of the time-of-flight309

residual defined in Equation 10.310

3. Compute the Lagrange coefficient using Equation311

11 and propagate the interceptor state with Equa-312

tions 12 and 13.313
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Figure 1. Direct flight ∆V values as a function of launch
date for trajectories to 3I/ATLAS from Earth. The color of
each point corresponds to the flight time of the mission. The
upper- and lower-panels show direct flight ∆V values from
2025 January 1 – 2026 March 31 and May 1 – November
2 2025, respectively. The minimum post-discovery ∆V tra-
jectory is 24.0 km s−1 on 2025 July 1 with a flight time of
137 days. Pre-discovery trajectories may have been feasible,
requiring ∆V ∼ 7 km s−1 with a flight times of ∼250 days.
The shaded region on the upper panel is the region shown in
the lower panel.

4. Evaluate ∆V using Equation 14.314

5. Identify the global minimum-energy trajectory315

from the resulting ∆V values.316

It is important to note that these ∆V values only en-317

capsulate the hyperbolic-excess component of the318

impulsive burn required to leave a circular low-Earth or-319

bit on an escape trajectory. In other words, they do not320

include the velocity needed to climb out of the de-321

parture planet’s gravitational potential nor any322

downstream deep space maneuvers.323

Finally, we verified that this methodology accurately324

produced flyby trajectories. We performed numerical in-325

tegrations with hypothetical massless test particles rep-326

resenting the spacecraft and the Sun-Earth system with327

the solution velocity vectors. We verified that the po-328

sition of the spacecraft and target matched after the329

corresponding time of flight. All verification numeri-330

cal simulations were performed with REBOUND N-body331

Figure 2. Mission Design Contour displaying required
∆V (0–100 km s−1) across Earth departure and 3I/ATLAS
arrival dates. The Red X mark indicates the minimum ∆V
on discovery date, 2025 July 1.

code (H. Rein & S. F. Liu 2012), the REBOUNDx library332

(D. Tamayo et al. 2020) and MERCURIUS (H. Rein et al.333

2019).334

The universal variable Lambert solver de-335

scribed above is a well-established solution to a336

two-body problem (D. Seligman & G. Laughlin337

2018; H. D. Curtis 2020). Our novel contribution338

is not in the solver itself but in its systematic ap-339

plication to the evolving geometry of 3I/ATLAS340

and subsequent mapping of the resulting mini-341

mum ∆V to the Earth- and Mars-based launch-342

ers. This enables the identification of mission-343

ready intercept windows under realistic depar-344

ture and arrival constraints.345

3. OPTIMAL TRAJECTORIES FROM EARTH346

In this section, we examine the feasibility of trajecto-347

ries from the Earth to the interstellar object 3I/ATLAS.348

We calculate minimum-energy trajectories from Earth349

to 3I/ATLAS using the methodology described in Sec-350

tion 2.351

To determine when a direct launch from Earth could352

be viable, we use the Earth’s position as the initial353

launch date for a spacecraft. We then calculate the354

minimum ∆V required to reach 3I/ATLAS for a range355

of possible initial launch dates. The minimum ∆V re-356

quired as a function of launch date for a direct flight357
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Table 1. Velocity vector information of minimum-energy trajectories to 3I/ATLAS for a variety of launch dates and locations.
All listed velocities are with respect to the reference frame comoving with the orbit of the Earth.

Launch Date Launch Location Vx Vy Vz ∆V Flight time Arrival Date

[km s−1] [km s−1] [km s−1] [km s−1] [days]

2025 January 10 Earth -5.353 0.592 4.371 6.935 248 2025 September 15

2025 July 1 Earth -8.196 22.536 -0.996 24.001 137 2025 November 15

2025 December 15 Earth 8.424 70.532 -4.082 71.151 198 2026 July 1

2025 March 6 Mars -0.483 -0.082 1.958 2.019 212 2025 October 4

2025 July 1 Mars -1.641 -1.033 2.959 3.538 94 2025 October 3

2025 August 10 Mars -3.291 -1.994 4.8354 6.179 54 2025 October 3

2025 November 10 Mars 14.410 72.571 3.959 74.093 233 2026 July 1

2 0 2
x [AU]

2

1

0

1

2

y 
[A

U]

Earth
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Sun

Spacecraft

Flyby
2025
11-15 Departure
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1 0 1
y [AU]

0.0

0.1

z [
AU

]

2 1 0 1
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0.1

0.2

z [
AU

]

Figure 3. The orbit of a post-discovery minimum ∆V mission to 3I/ATLAS sent on 2025 July 1 from the Earth. The spacecraft
would encounter 3I/ATLAS on 2025 November 15 and would require ∆V = 24 km s−1. The trajectory for 3I/ATLAS, Earth,
and the spacecraft are plotted in purple, blue, and gray, respectively. Markers represent departure location and flyby location,
and arrows show direction of each orbit/trajectory. Points on each trajectory indicate the positions of each object every 30 days.

is shown in Figure 1. The color of each point indicates358

the flight time for each of the corresponding trajectories.359

Figure 2 shows the required ∆V across Earth de-360

parture and 3I/ATLAS arrival date.361

The minimum ∆V solution recovered after the discov-362

ery of the object technically occurs on 2025 July 1. In363

other words, the optimal intercept mission would have364

required immediate launch of a spacecraft contempora-365

neous with discovery. This optimal trajectory would366

have required ∆V ∼ 24.0 km s−1, with a flight time of367

137 days. The details of this trajectory are reported368

in Table 1. An orbit schematic of this hypothetical369

minimum-energy flyby mission is shown in Figure 3.370

The energetic requirements for a direct transfer mis-371

sion post-discovery gradually increase during the times-372

pan between July and early October 2025. Specifically373

the ∆V value increases to ∼ 35 km s−1 while the flight374

time extends to ∼ 140 days. After early October 2025375

— but still before perihelion — the minimum ∆V rises376

steeply. The minimum ∆V reaches a value of ∼ 60377

km s−1 by December 2025 and ∼ 80 km s−1 in Jan-378

uary 2026. Therefore, an Earth-based direct flight is379

significantly more attainable if a spacecraft is launched380

before 3I/ATLAS passes its perihelion. However, even381

∆V = 24 km s−1 for a fiducial best case mission shown382

in Figure 3 would be challenging for current propulsion383

capabilities.384

A direct-transfer trajectory from Earth would have385

been more energetically feasible if 3I/ATLAS had been386

discovered earlier. Earth departures between January387
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Figure 4. Similar to Figure 1, but for trajectories to
3I/ATLAS from Mars. Here, the shaded inset region is from
2025 July 1 to 2025 September 25. The minimum energy
trajectory for a post-discovery mission would be launched
on 2025 July 1 with a flight time of 94 days and require
∆V = 3.54 km s−1. Pre-discovery trajectories would have
required ∆V ∼ 3 km s−1 with flight times of more than 200
days.

and June would have required ∆V ∼ 10 km s−1, with388

a flight time of approximately 150–200 days. A launch389

on 2025 January 10 would require only a minimum ∆V390

of 6.94 km s−1 with a flight time of 248 days, which391

may have been within the reach of modern spacecraft.392

J. P. Sanchez & C. Snodgrass (2025) demon-393

strated that a complementary deep-space ma-394

neuver (DSM) study for the European Space395

Agency Comet Interceptor mission (CI) could396

intercept 3I/ATLAS on 2025 November 7 after397

an ∼ 825 days of flight time. This would require398

departing the Sun-Earth L2 halo orbit on 2023399

August 2 with a hyperbolic departure velocity400

of 2.8 km s−1 and performing a 685 m s−1 mid-401

course burn. It is worth noting that in a recent and402

complimentary analyses, A. Hibberd et al. (2025) iden-403

tified an optimal trajectory from Earth to 3I/ATLAS.404

They calculated a minimum energy trajectory launched405

in 2024 July 19 for a rendezvous 2025 October 18. That406

trajectory assumes a single impulsive ∆V burn.407

Figure 5. Similar to Figure 2, but from Mars in this case.

4. OPTIMAL TRAJECTORIES FROM MARS408

Mars has been a high-priority planetary science tar-409

get for multiple space agencies, including NASA and the410

ESA, for several decades. A typical mission starts with411

the “prime mission”, which is designed to achieve the412

originally-funded objectives. Once a prime mission is413

completed, if the spacecraft can continue operating for414

a longer period of time, extended missions can be ap-415

proved with additional science goals. As a spacecraft416

approaches the end of its operational life (e.g., running417

out of fuel) an end-of-mission maneuver is designed to418

safely dispose of the spacecraft. This end-of-mission419

maneuver can also be used to achieve additional ob-420

jectives beyond the spacecraft’s initial design capabil-421

ities. For example, the Cassini spacecraft was disposed422

of by sending the spacecraft into Saturn’s atmosphere,423

taking in situ measurements that could not be accom-424

plished during the active mission and which resulted in425

major scientific achievements (S. G. Edgington & L. J.426

Spilker 2016). Additionally, the Rosetta mission ended427

its life by descending to the surface of its target comet428

67P/Churyumov-Gerasimenko and making observations429

directly at the surface (A. Accomazzo et al. 2017; M. A.430

Barucci & M. Fulchignoni 2017).431

At this time, several spacecraft currently in orbit432

around Mars are approaching their end-of-life (M. H.433

Carr 1996). If the required ∆V is small, one of these434

spacecraft could de-orbit from Mars and conduct a flyby435

of 3I/ATLAS. Such a maneuver would be a potentially436
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Figure 6. Similar to Figure 3, except for a minimum ∆V mission to 3I/ATLAS post-discovery, sent on 2025 July 1 from Mars.
This hypothetical trajectory requires a ∆V ∼ 4 km s−1 and a time of flight of 94 days.
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Figure 7. Similar to Figure 3, except for a minimum-energy mission to 3I/ATLAS sent from Mars on 2025 August 10. Such a
mission would require a ∆V ∼ 6.5 km s−1 and performs a flyby on 2025 October 4 with a time of flight of 54 days.

high impact end-of-mission scenario for an end-of-life437

spacecraft. In this section, we assess whether trajec-438

tory designs from Mars to 3I/ATLAS may be energet-439

ically feasible. Although we consider generic trajecto-440

ries, our results can be applied to existing spacecraft.441

We once again use the algorithm discussed in Section442

2 to calculate the minimum-energy trajectories between443

3I/ATLAS and Mars.444

In Figure 4, we show the minimum ∆V required for445

such a mission. The minimum ∆V of 2.02 km s−1 oc-446

curs for a launch on 2025 March 6 (four months prior447

to discovery), with flight time of 212 days. The first448

post-discovery opportunity also occurs contemporane-449
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ously with discovery and would have required a ∆V of450

3.54 km s−1 on 2025 July 1. A mission with this tra-451

jectory would arrive on 2025 October 3, three months452

after discovery, with its 94 days in transit. This opti-453

mal mission would fly by 3I/ATLAS during its closest454

approach to Mars. In Figure 5, we show the re-455

quired ∆V as a function of the Mars departure456

date and 3I/ATLAS arrival date. In Figure 6, we457

show the orbit of this minimum-energy post-discovery458

mission. For detailed information regarding these tra-459

jectories, see Table 1. After discovery, the required ∆V460

for flyby climbs gradually, yet remains at ∆V ≤ 10 km461

s −1 through 2025 August 30.462

The sharp rise and gap in ∆V around October 2025463

coincides with the closest approach between Mars and464

3I/ATLAS, which occurs on 2025 October 3. Mars and465

3I/ATLAS are closely aligned before their trajec-466

tories cross in the XY plane, as shown in Figures467

6 and 7. Therefore, a near-tangent transfer only468

requires leaving before the crossing and plane469

change maneuvers, resulting in low ∆V . After470

the orbits cross and the distance between Mars471

and 3I/ATLAS increases, a flyby requires signif-472

icantly larger ∆V , causing the sharp rise seen in473

Figure 4.474

The optimum trajectories sent prior to the closest ap-475

proach have flight times such that the flyby occurs close476

in time to 2025 October 3. In Figure 7, we show the477

trajectory for a launch on 2025 August 10, 41 days after478

discovery, which demonstrates one of possible Mars de-479

parture scenarios. On the other hand, even the optimal480

trajectories after the close approach date would require481

significantly more ∆V to perform a flyby.482

These results suggest that an intercept or flyby from483

Mars would require less ∆V than an Earth-based mis-484

sion. This advantage is due primarily to or-485

bital phasing. At the perihelion, Mars is closely486

aligned with 3I/ATLAS orbital longitude, while487

Earth is nearly 180◦ out of phase, making an488

Earth-based intercept far more ∆V intensive. A489

hypothetical Mars-based mission to 3I/ATLAS would490

have ∆V requirements within the performance envelope491

of modern spacecraft propulsion systems. Therefore,492

such a Mars-based flyby mission could be feasible.493

5. DISCUSSION494

In this paper, we calculated minimum-energy trajec-495

tories from both Earth and Mars to the interstellar ob-496

ject 3I/ATLAS. Given the current state of spacecraft497

propulsion technology, a spacecraft flyby of 3I/ATLAS498

would be more feasible if launched from Mars rather499

than Earth.500

Our calculations show that post-discovery Earth de-501

partures likely demand ∆V values beyond the capabil-502

ities of available spacecraft. However, had 3I/ATLAS503

been discovered before July 1, a mission launched from504

Earth would have required ∆V ∼ 7 km s−1, within the505

envelope of current spacecraft technologies. This fact506

underscores the critical impact of discovery time on the507

feasibility of deep-space missions.508

On the other hand, Mars departures require substan-509

tially less ∆V . For example, a pre-discovery flyby on510

2025 March 6 (four months prior to discovery) could511

reach 3I/ATLAS with just ∆V = 2.02 km s−1 while a512

launch on the discovery date of 2025 July 1 would require513

∆V ∼ 4 km s−1. These ∆V values likely fall within the514

maneuvering envelope of current Mars orbiters, making515

it possible to re-target one for a close flyby of 3I/ATLAS.516

There are a variety of spacecraft currently orbiting517

Mars that are nearing their end of life — Mars Recon-518

naissance Orbiter (R. W. Zurek & S. E. Smrekar 2007),519

MAVEN (B. M. Jakosky et al. 2015), Mars Odyssey520

(R. S. Saunders et al. 2004), Mars Express (A. Chicarro521

et al. 2004; A. F. Chicarro 2007), ExoMars Trace Gas522

Orbiter (A. C. Vandaele et al. 2015) and others. These523

spacecraft collectively carry a wide range of imaging524

cameras, spectrometers, in situ instrumentation, and525

communications and operation tools. Repurposing these526

missions as interstellar interceptors would offer valu-527

able scientific data, especially since they may be able528

to reach interstellar objects that are inaccessible from529

Earth. While repurposing Earth-observing missions is530

also possible, these spacecraft are generally de-orbited531

during their end-of-life phase and have less maneuver-532

ing capability, limiting their use as interstellar inter-533

ceptors. Beyond Mars orbiters, opportunistic ge-534

ometries with existing deep-space spacecraft may535

also enable intercepts. A. Loeb et al. (2025) pro-536

pose using Juno (S. J. Bolton et al. 2017) during537

3I/ATLAS’s March 2026 Jupiter approach.538

The Janus spacecraft mission (D. J. Scheeres et al.539

2021), part of NASA’s SIMPLEx program, consists of540

two identical 12 U CubeSats, designed to fly by binary541

asteroids. Each carries JCam, a visible/infrared imager542

capable of capturing meter-scale resolution images and543

thermal data. Janus could have potentially performed544

its 10 km s−1 flyby of 3I/ATLAS at 50 km distance545

if we had launched it within the first few days after dis-546

covery since it is one of the ready-to-launch spacecraft.547

This close encounter would allow Janus to collect de-548

tailed images and thermal data, helping us to under-549

stand 3I/ATLAS’s shape, rotation, and dust activity.550

Although a flyby may not be feasible, NASA’s551

OSIRIS-APEX (D. N. DellaGiustina et al. 2023) could552
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be assigned to observe 3I/ATLAS from the spacecraft’s553

existing trajectory using the PolyCam and MapCam554

imagers (B. Rizk et al. 2018). Observations with the555

Eight Color Asteroid Survey (ECAS) b, v, w, and x fil-556

ters onboard the OSIRIS-APEX MapCam instrument557

(D. N. DellaGiustina et al. 2018) would provide valu-558

able data characterizing 3I/ATLAS. MapCam could ac-559

quire narrow-band photometry from the near-ultraviolet560

through the near-infrared, constraining the spectral561

slope and broad surface composition of 3I/ATLAS562

(D. R. Golish et al. 2021; D. N. DellaGiustina et al.563

2023). The viable observation windows are late Septem-564

ber and mid-November of 2025. Although late Septem-565

ber offers the advantage of pre-perihelion observations,566

preferable for comet characterization, it coincides with567

an OSIRIS-APEX Earth Gravity Assist (D. N. DellaG-568

iustina et al. 2023), making additional spacecraft ac-569

tivities during this period potentially risky. By mid-570

November, the solar elongation of 3I/ATLAS increases571

rapidly, and observations could likely be conducted once572

the elongation exceeds 35–40 degrees. A spacecraft like573

OSIRIS-APEX can provide valuable photometric data574

at a distance, obtaining unique observation geometries575

in the absence of atmospheric effects.576

In addition, higher-resolution imagery could resolve577

any dust plumes or jets coming off the surface of578

3I/ATLAS, further characterizing its mass-loss rate. By579

viewing the object at different phase angles, the albedo580

of the object can be constrained (assuming that we can581

resolve the nucleus). Finally, a simple infrared mea-582

surement would indicate how the surface of 3I/ATLAS583

responds to thermal forcing, enabling further character-584

ization of its surface properties. Together, these results585

would allow for estimates of nucleus size, composition,586

rotation, and activity level.587

Even if no existing spacecraft performs a flyby of588

3I/ATLAS, the discovery and apparition provide a tan-589

gible example for a future interstellar object mission.590

The NSF-DOE Vera C. Rubin Observatory Legacy Sur-591

vey of Space and Time (LSST) should identify more in-592

terstellar objects in the near future (A. Moro-Mart́ın593

et al. 2009; N. V. Cook et al. 2016; T. Engelhardt et al.594

2017; D. J. Hoover et al. 2022; D. Marčeta 2023; R. C.595

Dorsey et al. 2025). If we station fueled spacecraft at key596

locations (e.g., Earth orbit, Mars orbit, the Earth-Sun597

Lagrange points) we could direct these craft to fly by a598

newly discovered interstellar object with short notice. If599

equipped with narrow-band cameras and sufficient ma-600

neuvering capability for small trajectory changes, these601

fueled spacecraft could execute fast flybys or continu-602

ous brightness monitoring of interstellar objects imme-603

diately after discovery. Such measurements would pro-604

vide critical information regarding the composition, ro-605

tational state, and activity of interstellar objects beyond606

the capabilities of ground-based instruments alone. The607

data provided by such a mission would provide unprece-608

dented insights into the interstellar object population,609

and in turn, the history of planet formation throughout610

the Galaxy.611
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Astronomical Journal, 153, 133,705

doi: 10.3847/1538-3881/aa5c8a706

Feinstein, A. D., Noonan, J. W., & Seligman, D. Z. 2025,707

arXiv e-prints, arXiv:2507.21967,708

doi: 10.48550/arXiv.2507.21967709

Feng, F., & Jones, H. R. A. 2018, Astrophysical Journal710

Letters, 852, L27, doi: 10.3847/2041-8213/aaa404711

Fitzsimmons, A., Hainaut, O., Meech, K. J., et al. 2019,712

Astrophysical Journal Letters, 885, L9,713

doi: 10.3847/2041-8213/ab49fc714

Gaidos, E., Williams, J., & Kraus, A. 2017, RNAAS, 1, 13,715

doi: 10.3847/2515-5172/aa9851716

Garber, D., Friedman, L. D., Davoyan, A., et al. 2022,717

Experimental Astronomy, 53, 945,718

doi: 10.1007/s10686-022-09835-y719

Glassmeier, K.-H., Boehnhardt, H., Koschny, D., Kührt, E.,720

& Richter, I. 2007, Space Science Reviews, 128, 1,721

doi: 10.1007/s11214-006-9140-8722

Golish, D. R., DellaGiustina, D. N., Li, J. Y., et al. 2021,723

Icarus, 357, 113724, doi: 10.1016/j.icarus.2020.113724724

Guzik, P., Drahus, M., Rusek, K., et al. 2020, Nature725

Astronomy, 4, 53, doi: 10.1038/s41550-019-0931-8726

Hallatt, T., & Wiegert, P. 2020, Astronomical Journal, 159,727

147728

Hein, A. M., Perakis, N., Eubanks, T. M., et al. 2019, Acta729

Astronautica, 161, 552,730

doi: https://doi.org/10.1016/j.actaastro.2018.12.042731

Hibberd, A. 2023, Acta Astronautica, 211, 431,732

doi: 10.1016/j.actaastro.2023.06.029733

Hibberd, A., Crowl, A., & Loeb, A. 2025, arXiv e-prints,734

arXiv:2507.12213. https://arxiv.org/abs/2507.12213735

Hibberd, A., Perakis, N., & Hein, A. M. 2021, Acta736

Astronautica, 189, 584,737

doi: 10.1016/j.actaastro.2021.09.006738

Hoover, D. J., Seligman, D. Z., & Payne, M. J. 2022,739

Planetary Science Journal, 3, 71, doi: 10.3847/PSJ/ac58fe740

http://doi.org/10.1093/mnras/sty2202
http://doi.org/10.1007/s00159-017-0103-8
https://arxiv.org/abs/2507.11720
http://doi.org/10.1007/s11214-017-0429-6
http://doi.org/10.1146/annurev-earth-050212-124203
https://arxiv.org/abs/2507.13409
http://doi.org/10.1038/s41586-023-05878-z
http://doi.org/10.1017/S1743921307010903
http://doi.org/10.3847/0004-637X/825/1/51
http://doi.org/10.3847/2041-8213/ab8455
https://arxiv.org/abs/2507.12922
http://doi.org/10.1029/2018EA000382
http://doi.org/10.3847/PSJ/acf75e
http://doi.org/10.1109/AERO50100.2021.9438142
http://doi.org/10.1109/AERO55745.2023.10115554
http://doi.org/10.48550/arXiv.2502.16741
http://doi.org/10.1038/ngeo2753
http://doi.org/10.3847/1538-3881/aa5c8a
http://doi.org/10.48550/arXiv.2507.21967
http://doi.org/10.3847/2041-8213/aaa404
http://doi.org/10.3847/2041-8213/ab49fc
http://doi.org/10.3847/2515-5172/aa9851
http://doi.org/10.1007/s10686-022-09835-y
http://doi.org/10.1007/s11214-006-9140-8
http://doi.org/10.1016/j.icarus.2020.113724
http://doi.org/10.1038/s41550-019-0931-8
http://doi.org/https://doi.org/10.1016/j.actaastro.2018.12.042
http://doi.org/10.1016/j.actaastro.2023.06.029
https://arxiv.org/abs/2507.12213
http://doi.org/10.1016/j.actaastro.2021.09.006
http://doi.org/10.3847/PSJ/ac58fe


12

Hopkins, M. J., Bannister, M. T., & Lintott, C. 2025, The741

Astronomical Journal, 169, 78,742

doi: 10.3847/1538-3881/ad9eb3743

Hopkins, M. J., Lintott, C., Bannister, M. T., Mackereth,744

J. T., & Forbes, J. C. 2023, The Astronomical Journal,745

166, 241, doi: 10.3847/1538-3881/ad03e6746

Hsieh, C.-H., Laughlin, G., & Arce, H. G. 2021,747

Astrophysical Journa, 917, 20,748

doi: 10.3847/1538-4357/ac0729749
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