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The scale of the problem .~
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Extrasolar _s,cales;

'_' Dlstance to the nearest star is almost 300, OOO AU
e That is almost 100 million t|mes the famous one gJant Ieap
« If the Earth is a grape and the Moon is.a peppercorn a foot away '..‘"

.. the nearest star would be’ more than halfway around the Earth.

* It makes sense to Iook before we take such a glant Ieap '
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What d‘oesﬁ.l,t entail to look?
. Fundamentally, three |ssues s | e T, A
' * Resolution?We want to be abIe t6 see details of a dlstant world D|ffract|on ’

X . Brlghtness We want enough light to form an image. Photons are'scaree:
» Noise: There are many contamlnatlng sources ofhght N0|se can get ampllfled
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| The tyranny of the duffractlon |lmlt

.

 ' Angular resolutlon gs reUgth proportlonal to /\/d | .
e Resolvmg features of 10 km at 10 light years |mpI|es d 10 OOO‘km '

* Large baselmes and mIerferometry may help but there S norse
. nght contammatlon from hos‘t star - .-+ ' |
. Exozodlacal n0|se ;

® Other technlques (e g ro*tatmnal deconvolutmn) have Ilmltatlons |

.
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" The focal region

. Parallel rays .fc“)f'_lighta._ér"e‘oiéflected, meeting at 550+ AU | :

" . L
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Projection ys. view
~.°:The Sun projects a lj(cm-=$ca1e'-blur_'ry-1mage of a dlstant.obj_e.ct i o
~°.-_A.'te‘|escg)pé"'ifr}fth,'e"focal~re°g_ion dnly sees a‘thin"Ei-hste'i'~.f);ri'rig'.},:_‘ A

O
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Images must be reconstructed

- Multiple ébsé'rVatiqﬁs" n‘é.é'ded |
"« Each observation captures 1 “pixel”
*.What is imaged is a moving target
e+ Long exposure times are requrred

. PreC|se statlonkeeplng, Iocat|on trackmg essentlal
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) Why not 9a there today’?

 ' Target must. be known ih advance to pick focaI reglon
G Imaglng has many challenges '
. Dlstance IS enormous
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The |mag|n,g challenge sugnal to -noise

. | | : - 3 .
. From any one vantage |oomt in the image pIane aII we see isavery x -

“faint E|nste1n ring through-the very bright solar corona : j el
* Corond is 104 10° times brighter than the Elnsteln rlng ’

"+ Even if the.corona background is removed we have'to deaI W|th shot
noise due to the very low S|gnal photon count | |

* We must also bIock Ilght from the Sun

¢ T.here will be llght from the host star, brlghtenlng the Elnsteln rlng in
| speC|f|c places - -

. nght from interlopers must be known -
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| The |mag|n,g challenge collectmg Iught

3 ; . A .
o Low SNR and stochastlc (shot) n0|se has one solutlon mcreased g

m‘tegratlon times (T | e Tomal
. Prolongs mission duratlon : A |
.0 Represents added nawgatronal cha‘flenge
. Must deal W|th a temporally changmg target
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The imaging Challehge:‘ imperfebt lens
'_' The monopole SGL jsa Iehs W|th significant spherlcal aberra‘:cklon -

Quadrupole contrlbutes 5|gn|f|cant astlgmatlsm " Pk f

. Reconstructlon (deconvolutlon) |s p055|b1e but it substantlally
ampllfles noise - o B e U B S R |

. W|thout deconvolutlon -a Iess n0|sy but qurry |mage results & .

e Trade off between n0|se resolutlon and sharpness must be
oon5|dered : 3
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| The |mag|n,g challenge movnng target

. ‘ 3 » P
e An Earth I|ke pIanet rotates changes 5|gn|f|cantly over the scale of -

minutes - .- ° , . | A R
. Its |IIurn|nat|on changes with the seasons |

e lts appearance changes short-term stochaStlc changes (weather) and
perlodlc changes (e g lce cover, vegetatlon) |
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The RIBFED experiment -- temporal testing ground

Rotate, Illuminate, Blur => Focus, Equalize, Deconvolve. Because that's what we do.

dataset | 5856 observations so far. The Julian date is 2460088 and 23 hours

Model height: 44, width: 133
Residual: 0.301, SNR: 1.71
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) How to getthere?

-
(-]

Host star
(distances not to scale)

. a
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Navugatlon IS a serlous challenge

, ' p
iy Host star is V|5|ble throUghout the cruise

"+ Focal region wobbles by as much as a million km" .

©2023 Viktor T. Toth . 8t Interstellar Symposium, Montreal, July 10, 2023 -



¢
Bl

‘Navigating.from 400,000 to 4,000 km_
.-;-l_'igaht'z_arﬁp'iification‘ by‘,05(100_) e B ®

Distance: 400000 km
Avg.: 002
Peak: 1.486
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Zeroing in pn the hoststar .~
*.From-1,000 km toth.,e‘"exostar opticalaxis - .

Distance: 1000.000 km
Avg. 2.336
Peak: 154 256
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Fine-grained 'navigatior‘\
'_' Exoplanet |mage Iocated O(lO OOO km) from host star |magg|n the

- image pIane B | . | S e R
. ApprOX|mate dlrectlon known - | ’

.o Approachlng the exoplanet image is a repeat of the host star
approach but on a smaIIer and famter scaIe on the host star Ilght
background G o

. Exoplanet |mage size is of 0(1 km)
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Need for aJocal reference frame
'_°:Proje'cte’d;im'ag‘emofio-ﬁf‘s." know‘n but it is nonirfert.ialf . f _' A SR,

o Absolute nawgatlon at that accuracy IS unreallstlc %

* Once the exoplanet image is Iocated two or more telescopes could
establlsh its preC|se boundary -

o

. These telescopes establlsh and malntaln a-local reference frame

e Observmg telescope can move from plxel to plxel ok meter scaIe
g-rld with respect to this frame ~

. Pr|mary observable: Total amount of Iught coIIected from the Emsteln-
rmg El each pixel location e |
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) Technical nchalle'n,g'es .

 ' Large spacecraft Vs, in- ﬂlght assembly LT “ e .,
78 Systems to surV|ve 25 30 years cruise plus up. to 10 years suenc‘e

. Autonomous constellatlon (reqwred for naVIgatlon corona Ilght
Suppre55|on) R GR. oo R .

. Coronagraph (p055|ble use of dlscarded salls as externat sunsh'ades?) N
~* Power (40+ years). - ' |
. Communlcatlon (650 — 900 AU)
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* Questions? . .
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