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‘Oumuamua‘Oumuamua: no : no signssigns of of comacoma

• High brightness
variations (2.6 mag)

• Non-principal axis
rotation (tumbling)

• No signs of dust/gas 
emission

TheThe deepestdeepest imageimage of ‘Oumuamuaof ‘Oumuamua
fromfrom GeminiGemini North North ((DrahusDrahus et al. 2018)et al. 2018)



‘Oumuamua‘Oumuamua: no : no signssigns of of comacoma

• High brightness
variations (2.6 mag)

• Non-principal axis
rotation (tumbling)

• No signs of dust/gas 
emission

elongatedelongated asteroid?asteroid?

TheThe deepestdeepest imageimage of ‘Oumuamuaof ‘Oumuamua
fromfrom GeminiGemini North North ((DrahusDrahus et al. et al. 20182018))



Orbital Orbital anomaliesanomalies



NonNon--gravitationalgravitational accelerationacceleration

•• One of One of thethe strongeststrongest NGA NGA everever measuredmeasured

•• NGA NGA –– heliocentricheliocentric distancedistance dependencedependence:  :  

~ 1/~ 1/rr oror 1/r1/r22

Non-grav. acceleration[m/s]

((fromfrom JewittJewitt & & SeligmanSeligman 2022)2022)
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NonNon--gravitationalgravitational accelerationacceleration

•• One of One of thethe strongeststrongest NGA NGA everever measuredmeasured

•• NGA NGA –– heliocentricheliocentric distancedistance dependencedependence:  :  

~ 1/~ 1/rr oror 1/r1/r22

Non-grav. acceleration[m/s]

((fromfrom JewittJewitt & & SeligmanSeligman 20222022))

peculiarpeculiar cometcomet??
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SearchingSearching for 1I on SOHO/SWAN datafor 1I on SOHO/SWAN data
SOHO/SWAN:
• All-sky imager in Ly-α
• 1 full-sky map / day

(single (single imageimage))



SearchingSearching for 1I on SOHO/SWAN datafor 1I on SOHO/SWAN data

Stars’ signal
removed



SearchingSearching for 1I on SOHO/SWAN datafor 1I on SOHO/SWAN data

IterativeIterative stackingstacking methodmethod::
• Searching for faint emission
on co-added images
• Stacked data period: 3-75 days

(9(9--day day stackstack))



SearchingSearching for 1I on SOHO/SWAN datafor 1I on SOHO/SWAN data

Stacked period 

Upper limits on 
object’s water

production rate
(3-sigma)

Model: Haser 1957



Upper Upper limitslimits on on waterwater productionproduction raterate

HST

Unique access to prediscoveryprediscovery
and prepre--perihelionperihelion data!

Selected lowest
upper limits on 
object’s Q(H2O)

Stacked period 



SOHO/SWAN SOHO/SWAN upperupper limitslimits inin contextcontext

Q(OH) < 1.7ּ 1027 molec/s
at r =1.8 au

Upper limit from the non-
detection of OH-18 cm emission
- the lowest direct limit to date

(Park et al. 2018)

OH production rate
extrapolated

assuming Q(r) ~ 1/r2

and Q(OH) ≈ Q(H2O)

~2 ~2 ordersorders
of of magnitudemagnitude



SOHO/SWAN SOHO/SWAN upperupper limitslimits inin contextcontext

New most rigorous most rigorous upper limits
on the water production rate

of ‘Oumuamua 
fromfrom directdirect measurementsmeasurements

(Park et al. 2018)

Lowest limit from our data: 
Q(HQ(H22O) < O) < 44..75 75 ּּ 10102626 molecmolec/s/s

at r = 0.75 au
(from 9-day stack)



New New constraintsconstraints on Hon H22O O emissionemission

Properties of a 
typical comet

nucleus

H2O and CO 
outgassing

mm-size dust

Model of H2O mass-loss from
Micheli et al. 2018



MolecularMolecular hydrogenhydrogen

Radiolytic HH22O O --> H> H22 processing
(Bergner & Seligman 2022)

HH22 icebergiceberg
(Seligman 2020)

Hydrogen emission

Cometary mass, 
density and structure

Couldn’t
survive



TestingTesting outgassingoutgassing scenariosscenarios

M a(r) = Qmol mmol vmol χ

IfIf nonnon--gravitationalgravitational forceforce isis purelypurely duedue to to outgassingoutgassing, , thenthen: : 
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NonNon--gravitationalgravitational accelerationacceleration



TestingTesting outgassingoutgassing scenariosscenarios

M a(r) = Qmol mmol vmol χ

IfIf nonnon--gravitationalgravitational forceforce isis purelypurely duedue to to outgassingoutgassing, , thenthen: : 

Gas Gas productionproduction raterate
[[moleculesmolecules / s]/ s]

MolecularMolecular massmass
Gas Gas ejectionejection speedspeed

MeasuredMeasured upperupper limitslimits



TestingTesting outgassingoutgassing scenariosscenarios

M a(r) = Qmol mmol vmol χ

IfIf nonnon--gravitationalgravitational forceforce isis purelypurely duedue to to outgassingoutgassing, , thenthen: : 

Mass of Mass of thethe objectobject CollimationCollimation of of thethe outflowoutflow

volumevolume densitydensity albedoalbedo



FutureFuture prospectsprospects: HYADES: HYADES

NewNew PolishPolish spacespace telescopetelescope dedicateddedicated to to hydrogenhydrogen and deuterium and deuterium aroundaround minor minor bodiesbodies

((seesee thethe talk by Michał talk by Michał DrahusDrahus on on FridayFriday))

~~1000 1000 x x moremore sensitivesensitive
to hydrogen Lyman-alpha

than SOHO/SWAN





Albedo Albedo isis not a not a freefree parameterparameter

‘Oumuamua‘Oumuamua

((fromfrom MiyamotoMiyamoto et al. 2016)et al. 2016)


