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by Res'eafth, Goeal

" _The goal of our pro;ect IS to use some of .

©what we have Iearned about codlng and

e apply it to real worId research 5 t

-Our real world research goal is to prove the :
-existence of an. exoplanet 3 9 o &

+ ’0.

2 -The code we Worked on will show how we -

can use what we Fearned these last SIX
weeks. to flnd.an.exoplanet. - e
~ - _. *'_’;’. ‘ _0' ~ - :




| Background Research

. Can we confirm a- planef G’XIS‘l‘S using only & s:l'ar S brlghfness
- over 'l'lme'r' 2. ‘

-

. 11 th century — Avicenna reCords a dark spot crossing the Suh likely Venus.in transit

e 1952 — Otto Struve formally proposes transrts as a planet- detectlon method -
The 50- -year gap a Juplter blocks' ~1% of a star's Ilght an Earth ~O 008% — too smaII for
-ground -based teIescopes | ™ | _,. =S ETI i TR | -

. 2000 —first exoplanet confirmed. by tranS|t S 4‘ gﬁ:“ LR q‘r “. .

' 2009 — Kepler launches,.monltors ~150 000 stars at once WL s '

~75% of exoplanetﬁdlscoverles since 2016 come from.transns (Deeg & Alonso; 2018)
Why it matters transits are the only method that gives us planetary radius.
-Radlus + mass — density — rock, ice, orgas..- °


https://docs.google.com/file/d/1zxiTUqx3_mwOuL-pIJ1P2ZLnmGnqVgxh/preview

-Backdround:Reasarch. '+
: ,What FInSwering This Req,uires | N

Premsmn — detect a 1% brlghtness dlp Reqwres space -based photometry

N Detrendlng — stars rotate and have spots the baselme drlfts more than the transit i Is "
"'deep _ A o - SR St UE :

Perlod|C|ty e one dlp is n0|se A repeatmg dlp 1s a‘n orb|t Needs a, perlod search
- dlgorithm ~ .* - " . oo T T Fliies : -

- False- posmve checks T ecllpsmg blnarles mlmlc transr@egheck d‘p sh;?and odd vS.
b, evendepths : Y A MO
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" The stegs we took to brove the e)@w |
- “exoplanet are:

e -Choosing a me,th(_)d' i)

:'ii:indingthe IZ-)a't-a-f . Ao

~ -

-Cleaning and adjuéiting.f[i‘é‘da’ga e

L o v : ’-
Ny

. .'-Grabhing and Zi?éIyZing the data

* - . p s . ; ® % gt s o



W Meﬂﬁod"s’ﬂ Nos

The drfferent methods to flnd an exoolanet are:
| -The tranS|t method .

-Radlal velomty (doppler)

3 -'-Dlrectlmagmg PR :f-.: -

" ) - 'I-.' -_0.

-MlcrolenS|ng - : . ,,' e
*~ We choose the transltmethod because iis the most rellable method and the most 2
common method Tor f1nd|ng an exoplanet It aIso doesn t have many.hmltatlons as

2 opposed to other methods



Our Flnré)lgs'is

1. Data AcquItlon &‘Cleanmg

o l|ghtkurve downloads Kepler photometry, removes outhers/NaNs normalizes flux

e 1c = search_result[0].download()
‘:. - lc_clean= 1lc.remove_nans().remove_outliers(sigma=5).normalize()
. i = b R P d lc_clean.plot()
~ oh.9 y . : plt.show()
2. .Detrending = = . - : 3 2 SR Fae:
o flatten() removes Iong -term stellar v,ar|ab|I|ty, keeps the shorttransltdlps 54
. "\
- = % lc_flat = lc_clean. flatten(window_length=401)
- 3 - 2 ¢ 1c_flat.plot()
& g plt.show()
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: Qur. Fln.algSis_

e Transit Detectlon 2L

-

. o" Box Least Squares (BLS) perlodogram searches for the periodic dip S|gnature returns orbital perlod

duratlon depth

M  1c_folded = lc_flat.fold(period=peak, epoch_time=periodogram.transit_time_at_max_power)

‘-' lc_folded.scatter() !
. Radlus Calculatlon usmg Tranait depth e R : :
' o planet radius; usngD R#\6 ?f. oean” - B : e : S . -
o Tra.nS|t Tlmlng & Companion Search - e T S ';. w“".ﬂ; s m, e o
.« O ° SCipy. curve f|t + N- body simulation (sol®e |vp) —flts each trans‘it's exact tlmmg, then simulates hypothetlcal
' companlon planets to place a mass upper I|m|t _ * ; '
o PhyS|caI Characterlzatlon A e : i .. A e
' 'o Dlstancegfl‘bmstar*habltable zone; and equmbrlum temperatUre ; 2t ".'."_. - _" o* .:-‘
ik A ! :
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Choosmg and Cleanlng Dafa

s -The star we be Ieoked at |s Kepler 8 L

-We chose ta use‘data from thekepler 8 star because |t sa
good, clearcut example of how to transit méthod. works Ttis.

: . -also located in our galaxy Sp |tW|II be refatrvely convenlent - D _' . .
to study LS e B, T R *“P R
- L I8 : » -?. o o .- - 3 ?:ﬂ_ . gk o
s -Cléaning data isan |mportant part of our prOJect because it "of 3

allows -us to filter.out unnecessary mformatlon that cbuld Sl ey
.potentlaIBﬁead tomcorrect data 3 RN RO



.Transn' Mefhod

>

What1s the Transrt method’? : .

A pIanet passmg in’ front of |ts star blocks a little b|t of Ilght
That creates a smaII repeatlng drp |n brrgh’tness 3
Dtp depth teIIs us the pIanet's size - ° -' il

- Time betweendlps tells us the orbital perled s

*

What we’re looking for.in our code i = s s v E

o A repeatlng.dlp we can pull.out of the n0|se o 73 Ay
e -Areliable period ° : 3 e
° PreC|se enough trmlng to check |f the deS are on schedule

Small shifts in drptlmlng can h|nt at another hrdd@h,,planet"“ ﬂ‘? =
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Drowng 1']1@ dafa reueals an exoplanef

e Strong unamblgudus perlodlc sngnal the BLS penodogram peak at 3.52 days i

‘ _reaches a power of ~570, far above the surroundmg noise floor (~10-50) — not a.

. chance fluctuation " _ .
e Clean, repeatlng tra’nsut shape fold‘lng and blnmng the Ilght curve at that penod

produces a-clear box- shaped dip, flux dropplng from'1.000 to" ~0..9955 (~0. 45%

~ . -depth) and recovermg — conglétent across the full dataset, not a one- off event »

e lndependent conﬁrmatlon* the measured 3.52-day- rieupd'matghps th‘mllsﬁod.

orbital period-of the real, already-confi irmed exgpla pler—8b (Jenkins et al.,
| 2010) — this pipelinerecovered a known result from scratch usmg nothlng but the
raw NASA brlghtne’ss data : o5 i . g2 - - - T . :
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https://docs.google.com/file/d/1PQwwQznYX8HqHiH4tOUxm6BtizO5KFDa/preview
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';"‘Calcula'hng Radlus ol' Planef

o Formgla” [ By i Ty

B #Radius Calculation

# fractional flux difference = (radius of planet / radius of star)**2

#(F_normal - F_dip) / F_normal = (Rp / Rs)**2

#calculating the dipped flux

dip_mask = (lc_folded.time >= -0.04) & (lc_folded.time <= -0.03) | (lc_folded.time >= ©.04) & (lc_folded.time <=
dip_flux = lc_folded.flux[dip_mask’

F d1p = np.percentile(dip_flux, 1) wtahlng the bottom 1 percent for a more accurate flux_ dlp value

. e Calculated radlus D 115 solar radu | 2
o'_ Actual radius. (Ke‘pler 8b) O 146 solar radu
) ‘Error = 2490% ~

e Malnly due to limb darkenlng

e
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'Rullnc_) Ou1' a Hldclen Planef (P1' 1)

The translt metho‘d can 't dlrectly calculate mass
'- " Butan N- -body S%mulatlon can help ds rule olt ek e e _

06506617, 194.17761107521926, 197.69853808537235, 201.2194650955254

| p033|ble hidden pIanets and better understand
the system (potentlally to calculate the mass) 'Y :

orbit number middle time uncertainty

e Setting up for the simulation: "~ h. o -
o Slicingthe data into |nd|V|duaI wmdo,ws of -+ i "
f : 2 : 173.073854 0.002076 |G
each cycle’ - Vg it
. . B4 PO 176.555305 0.002026
o Finding ceriter tlme of each dlp MWL S  Se
RS : S 180.091329 0.002032

e - -4_

#creating time windows for each dip - GOl 183.614830 inf
windows = -
mask = ©

for j in times:
: : 190.659990 0.002041

187.137044 0.002037

left_bound = j - ©.12 #a window range that Leaves room for potential time variations M

FIghE botne = J s IR . ‘ 194179321  0.002031
mask = (lc_flat.time.value >= left_bound) & (1lc_flat.time.value <= right_bound)

windows.append(lc_flat[mask]) 197.687067 0.002033



Rullnc_] Outa Hldclen Planet (Pt' E)

The Assumptl_on v 3 ) . o Could oter Plane Be InﬂuecmgOurDa? o

o - Qur radlus calculatlon-assumes Kepler-8b is the onIy planet in-the
system s 3 . -

simulated timing wobble

BUIldlng the TeSt ~ & ‘. . - ... 3 = ‘ * ) 2 —==- our actual O-C scatter

) Bunt our own grawty S|mulator usmg supy Pt
e Validated itby conflrmmg it reproduces Kepler-8b S real'known

.orbltal period” . - -.7. ;+ LW, A s

. Testlng for. a Companion N | &W
‘. Slmulated how a;hidden,second planet would affect our transﬁ t|m|ng %
e - Compared.the simulated timing wobble to our_actu_al data’s timing scatter

-
-

Result - . v Sl om0 S SRt ¢ g
. L A : % : »
e -Our timing scatter (~36 minutes) is larger than what a modest companlon would cause meanlng |ts

‘ likely dominated by measurement noise rather than a real ‘planetary signal -
e We don't currently have precise eriough timing to.rule out or confirm a hidden compahion, but our

earlier radius calculation still-holds since we found no clear- perlodlc timing pattern pointing to one-

>
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-~ Habitability
: D'isfl*é_ncé Frofn its Star- - . Equilibrium Temperature:
- (semi-major axis) | — -'

o ’We can assume. a vefy low albedo based on'-

sy, — :+‘ -~ . " " the planet’s calculated size:and orbital radlus
e We gan use Kepiers 3rdilaw, plugging in the _ 4 e After simplifying the QquaUOWet an.
orbital period we already found from the o g .equmbruﬁf’émperature of 1661.7 K..-
gerllodo%ram plusdthte star’ sdk?r?wln m?ssfth .- - Fartoo hot to allow-for liquid watér, obviously
° olving for a, we determined the length of the e
. semi-major axis to be 0.0483 AU : TR AP not habltable : st Tt
e - This is about 8x,p|'oser than Mercury is to the ST e ioai N L e
- Sun : -. ‘w 'n. . P - . ) ) o | :..' 2 - - .-“ -~o. ’ . ..’.



"Hab'itablli_"’l'.‘tj (Pt. 2)

Stellar‘l.umrnosrty B Z . Habitable Zone:
= 47:R20'T4 i |

- . -

° Lumrnosrty scales with. the star S s’urface area : «
and scales-extremely sensrtrve to its temperature D d

o «We just care:anolt ISR IR Ce Nl stellarv " - o We scalethe Sun's.habitable’ zone boundaﬂes S
luminosity of Képler-8 and, our sun WhICh we = (roughly 0. 95:1"4AU)by how brrghter b A
determrned o, be about 2196 > - . _dimmer W'g is. e 8

e -- ot . “We computed a habltable zone of 1- 642 2 365 .

P

L_star = 4 x np.pi * R_star_g#*2 * const.sigma_sb * T_star_gx*4 - *' > L 3
L_ratio = (L_star / const.L_sun).decompose().value 1 AU
pRINE(R N ratd o INrati0)
§ 8 2 Our planet s semi- major axis (0 948 AU) is WeH
d_inner = np.sqrt(L_ratio / 1.1) # AU oy -
d_outer = np.sqrt(L_ratio / 0.53) # AU . OUtSIde that Zone

' = ‘ : - -
L_ratio: 2.9643993650510216

Habitable zone: 1.642 - 2.365 AU

Planet's distance: 0.0483 AU

The planet lies well OUTSIDE the habitable zone.

print(f"Habitable zone: {d_inner:.3f} - {d_outer:.3f} AU")
print(f"Planet's distance: {a_AU.value:.4f} AU")

print("The planet lies well OUTSIDE the habitable zone.")

# insolation flux relative to Earth
S_ratio = L_ratio / (a_AU.value)**2
print(f"\nInsolation flux received: {S_ratio:.1f}x what Earth receives from the Sun")

Insolation flux received: 1270.4x what Earth receives from the Sun




..
*

_antlQSid'ﬁY _'Whl,'l jl'lwi"s Maﬂ'ers

A -Codln'g IS very prevalent in modern SC|ence and

= -research

. B o ARG e T
-With advancements in instrumentation; research on
exoplanets continues to.be on the rise. Codlng |s a'veny
‘intégral partoflt PR o

-Overall through what we- Iearned in the last Six weeks
we were able to use-our skills for real world appllcattdns
and research gu{ code has sufficiently proven the T e

eX|stence of an exoplanet
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