%Qman _

i 026 Sagan Workshop

.
Jason Rowe, Blshops UmversHy July 22nd, 2026

"o ‘!‘,_G Ql 7 @ J




L

Shannon

St-Raymond

[3se]

Lac-aux-Sables Wendake
y o X N
( Lac Taureau © S hace = Québec City
= Regional Park . Y
4 g . Parc national de.la Saint-Ubalde Pont:Rouge Levis s&s‘ el
Saint-Ignace-du-Lac M";\/"I%‘I)"’C ¢ Mauricie, entrée
(ellies Saint-Jean-des-Piles Portneuf: Saint:H
Saint-Michel-des-Saints Reserve - [363) © Donnacona
T @ récréoforestier. B0 \sd
‘ ume-Nord Saint-Mathieu d 4
aint-Lambert:de-Lauzon
S Shaigen  sainNarcisse a
Laurier-Station
Saint-Boniface. Saint/Pierre-les-Becquets SaintGilles
[131]
Saint-Alexis-des-Monts ©/ &3 N
Saint-Etienne-des-Grés ’
- @ Gentilly - (269] -
Saint-Damien. (343) (549] Trois-Rivieres [265) B3
4§ ,oam — >
) VamSchiEhE Laurierville
y Saint-Come Saint-Gabriél-de-Brandon Saint-Grégoire ©
(] sall Forest (343] & Nicolet 8 (271] East
) onal Park & o Daveluyville Plessiile Brought
¢ Saint-Félix-de-Valois W 132 [i65) =
0 = 0O (21¢]
[125] Saint-Ferdinand Thetford
Berthiérville = Mines
Rawdon Sorel Tracy = Victoriaville Saint-§
Joliette.
-
Saint-Joseph:de-Coleraine
o [122] Saint-Cyrille:de-Wendover w Le]
Ham-Nord Disraeli
., © Saint-Guillaume . Drummondbille =
\: Saint-Lin-Laurentides Saint.GermalmdeGrontiam Kngsey/ialls @ @ Frontenac
National Park~{mms
L25]
\ . 2 [139] Val-des-Sources Stratford Saint-Rom: _
Repentigny
@ (133 @ Wotton (257] »
Terrébonne 0. 1/ Weedon —
Blainville 8 @ /
bel 0 Saint-Liboire~ Acton Vale
@
Loyl Bouchervile™ [ @
Saint-Eustache by 257
< [59] Saint-Frangois-Xavier:-de-Brompton,
Montreal Valcourt
Roxton Pond East Angus (214] )
e . \ ST deBromiSh_fcoscome o/
" [0] g
reuil-Dorion Granby. ortors | o3 Bishop's University—ED LaPatrie
Chateauguay’ 7,
10} [112] (251)
Beauharnols
L Y Eastman _rChartierville /7|

e

X

-

\

]

University is located In
Ke, Quebec on the

——

the Abenaki people.

and unceded territory of ©




Dr. Kelsey Hoffman

Professor, Bishop’s University
SETI Institute

Michael Matesic
Ph.D. Student, Université de Montréal

Trottier Institute
for Research
on Exoplanets

Déreck-Ajexandre Lizotte
Ph.D. Student, Université de Montréal

derec k-.aIexandre. lizotte@umontreal.ca

Alexis Roy ' Sonya Liu

2025 Trottier Summer Intern, Université de 2024 Trottier Summer Intern, McGill University
Sherbrooke B.Sc. Student B.Sc. Student

Alexis.Roy4d@USherbrooke.ca sonya.liu@mail.mcgill.ca

UNIVERSITE

BISHOP’S

UNIVERSIIY




ROMANM

THOUSANDS

of MICROLENSING
EXOPLANETS

BILLIONS
of GALAXIES

CAPTURING THE BIG PICTURE:
What Roman Will Reveal

=

HUNDREDS
of BLACK HOLES

transiting

EXOPLANETS

HUNDREDS

of forming
PLANETARY SYSTEMS

1.375TB

of DATA DAILY




Talk Overview

Too many 1deas, not enough time....

. Transit depth - Eclipsing binaries
- Apparent vs theory - Foreground
- dilution

- Background

« Signal to Noise .
9 | - Multi-planet systems

- Various definitions SES, MES, SNR _ o . .
« Candidates/ validation/ confirmation

- Impact of red-noise
- False-alarm vs false-positive

« MES > 71
- Recovery curves
- Data Pre-conditioning

- |njection / recovery
« Stellar and instrumental noise

- Community Software
- Data volume

. Computational burden - BLS cuda + pytfith (transitfitd)



Planet Properties

Some scales for reference
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Planet Properties

Some scales for reference

Notjupiters  mini-neptunes

neptune b0

desert \

1.6

Jupiter —10.0;

“® : -
Neptune —=—»| 2
> N
2 [ E
g - 4113
5 oC
g 5
S —_
> ()
- N
Earth sized —1.0p (ol 11 @
- Farth -
earth and / ) |
super-earths 107 100 {0 102 1

Orbital Period (days) (Lissauer + Rowe 2024)



Planet Radius (Rg)

Demographics

From observations to occurrence rates

incompleteness + reliability

geometry + stellar sample
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Kepler

DISCoveries

Raw number of planet candidates
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Transiting Exoplanet Yields for Roman

Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
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See next talk for the deets!



Part of the Roman Transit Search
Infrastructure (RTSI)

Searching over 100 million light
curves

Developed highly optimized CPU
and GPU tools to search and
classify multi-colour photometry

Digital Research Alliance Canadao
(DRAC)

Support from the Canadian Space
Agency ROSS program

100% open source

Exoplanet Pipeline
GPU/CPU optimized code based on Kepler heritage
https://github.com/jasonfrowe/bls cuda

[J README 33 GPL-3.0 license

pytfitb

An implementation of TransitFit5 and BLS in Python (!

This package provides tools for transit search and fitting, HILIUUIIY DUALEADL=OYUAIED (DLO) dlyul It Upuiiinseu
for both CPU and GPU (via CUDA).

Installation

Prerequisites

e Python 3.8+

Installing from Source

It is recommended to install this package in "editable" mode inside a virtual en
modify the source code without needing to reinstall.

1. Clone the repository:

git clone https://github.com/jasonfrowe/bls_cuda.git
cd bls_cuda

2. Install via pip:

pip install -e .

Digital Research
Alliance of Canada

Alexis Roy
2025 Trottier Summer Intern, Université de
Sherbrooke B.Sc. Student

Alexis.Roy4d@USherbrooke.ca




Recovery Completion (Period versus SNR)

Sonya Liu
2024 Trottier Summer Intern, McGill University

Recovered ROl Completion for BLS Recovered ROl Completion for TLS 8.Sc. Student

0.03 0.151 5 X ROIs 0.00405 0.0115 0.0253 0.0163 0.00758 0.0156 0.02 0.061 Y s S
0.0762 0.157 . X ROIs 0.0109 ! 0.0551 0.101 0.11 0.178 0.261 0.358 0.31 0.333 X ROIs X ROIs
0.0882 0.144 5 - 4 X ROIs g 0.00463 0.00735 4 0.0641 0.0807 0.155 0.273 0.268 . L X ROIs
0.0667 0.259 . X ROIs s 0.105 0.125 0.258 0.316

0.24
0.0435 0.0625 e 0.551 X ROIs ! ! 0.172 0.29 0.339 0.456 0.788 X ROIs

0.0317 0.0385 b 0.237 0.424 0.471 0.594 - ! ! 0.00769 I ! 0.133 : 0.289 0.48 0.488 0.414 0.545 0.

4 0
0.00969 0.022 L L 1 -- 0.00485 0.00881 b . mmm- X ROIs
o oo oo w8 - E
. 0.

0.00571 0.0276

X ROIs

X ROIs

0.014
0.0103
0.0135 0.0337

0.00667 0.0261 0.0392

Period (Days)
Period (Days)

0.0134 0.0197 0.00671 0.0315
0.00787 0.018 b 98 0.00787  0.0468
0.0208 e 0.0154 0.0692

0.041 L 0.0211 0.0614

0.045 h : 0.0137 0.0588

0.0738 8 - 0.0283 0.0959

0.101 b 0.0157 0.101

0.0717 5 0.0323 0.0677

4.2 . 1.5e+02 6.8e+02

13 for < 35 days 3for2<SNR<6
3 between 35 -70 days Period Bins SNR Bins 7 between 6 and 35
3 bins for > 70 days 4 bins for SNR > 35



Multiple-Event Statistic (MES)
See: Jenkins 2002]

- MES > 71is commonly stated as a cut-off for detecting a transiting exoplanet.
- Why71?

- The Kepler pipeline monitored roughly 150,000 target stars. For each star, it searches through thousands
of trial orbital periods, epochs, and transit durations (ranging from 1to 15 hours).

- This grid of trial ephemerides and durations results in on the order of 1x1012 independent statistical tests
across the mission.

- To keep the total expected number of false alarms below 1, the single-test false alarm probability must
be the inverse of the number of tests (roughly 1x1012).

- The 710 Limit: Assuming the noise is well-behaved and follows a standard normal distribution, the
right-tail probability of a 716 event is:

. P(Z>17.1) = Serfo <7—\/;> ~ 6.2 x 10713

. When you multiply that single-test probability (6.2 X 10713 by the roughly 1.5 X 10'? independent tests
performed across the Kepler target list, the expected number of false positive TCEs due strictly to white

noise works outto ~ 0.9 (or < 1).



SNR threshold

Why even

A CPU bounded BLS search with multiple pass
throughs takes about 15-seconds to run for a single
season Roman light curve

We are searching 108 stars
- ~b50 years on a single machine.

- We will use 1000+ nodes on DRAC to process and
search the data on the time-scale of a -month

We will also use GPU nodes to speed this up.

The search will produce 10” events to classify.

- We will likely impose a SNR threshold to ensure
we are not dominated by False-alarms for
dispositioning of exoplanet candidates

 Machine Learning will be likely necessary

nave a MES / SNR cut-off?

TLS

42.587084

Time (Days)

Mean (s)

Median (s)

Range (s)

28.668786

28.581646

127.940007

# Runs 128346
# Runs/RIC 2.401684
# Pulses Runs

Mean Pulse (s)

# Periodic Runs

Mean Periodic (s)

BLS

24.799318

15.221439

15.207770

31.238844

140766

2.634094

65658

15.083037

75108

15.342428




False-alarms vs False-positives
We need to start separating TCEs as FP. FA and PCs

« A Transit Search returns Transit Threshold Events (TCEs)
- Kepler lumped FA and FP together as FPs.

- A false-positive is something that creates a transit-like event in the photometry
that is astrophysical in nature (e.g., an eclipsing binary)

- A false-alarm is is something that creates a transit-like event in the data due to
noise. Can be instrumental or astrophysical. (Cosmic rays, stellar activity,
pointing jitter, etc.).

- As SNR drops the number of false-alarms exponentially increases

- False-positives will behave in a manner similar, but identical to exoplanet
signals



Can you spot the transit?

Examples of eta Earth candidates from NASA's Kepler mission
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Can you spot the transit?

Examples eta Earth candidates from NASA's Kepler mission
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Can you spot the transit?

Examples eta Earth candidates from NASA's Kepler mission

+1

0.0004 A

L] . ° . b .
0-0002 _.0 ¢ ° ° .. ) o ] ¢ * ° ° o o..’ * .o (] .:
¢ o & o ' “ ° ¢ . Se ° .0 ° .o ®
* ; ¢ . ¢ ‘.... ‘ * .I. '... ... “‘ .:.o . i b L]
e T s Vel N e lel e o et e . )
' ' .~o‘o v .o’."o ..°. i~;.?°\o ‘.~ o o :.'0 \'.’o> ...p. ® o"’ °
.o:°.. ! oo % \. °oL o 8 * .,.’. ® o .:.:\. r. oo‘“ ..\ [J * L] :" o: $ v N > * °
oof o O, g 0 @%% g0 o2 ®e ° () %o o % o o & 1) «e® %
ekl la M DI IR I YR LM B AL S PR gy °y° MR
ce® as * et 2.0 W " o % e W" % oo o R X ‘ $.' t & o' ® '.0 Se
~ %e N % o0 o o e P 0o 0 oy © ° © ...* ( °
, ) @ 'i )
H .g e g % % ] IR’ Pr ey 4 -  °%, o o d s -t %
0 OOOO -Ee‘ 0. ‘- { ° ....& I 4 ...;... ..\‘.. (] '. \ ...0. " ;‘{ g .... v LY { ’ ..: ’: .‘ b Y |
$‘o~. '~: ‘i.t:.'..O .'.\..$.o P) ...." :é s LY .*‘o 3 ... : & o' 0\. ®e, ‘.;.‘. “
‘0 Ol oo 2 022 o \.ol W T * w%e [y ., o° 00, © R .
R - Re o p:' :0 4 o .'.o‘ .0‘..0..° .o : .o. ‘:. 4 * 3% Y ICIE S oﬁ $
% o % ° s - % ° o% $ ®e - ® . ° . LY o0 ° - o
. ° ° [ ® o ° °
2 . “ o “% "o ..'; o oo : - ‘..o L4 .
o * . ... . .0. ) o’ ”.fl'....ﬁ: S° e .... ) ."p “
. ° ® e 4 'Y L4 .o:.o .0. ‘..o o
~0.0002 1" - Ce PO I
° .° ° )
% o‘.: ° hd
e .
* > o

—0.0004 ~




P+ Transit modelling

Kepler-62f — clean, clear detection. (P~267 days, 15 Rg. 05 8g, Toe ~ SO00K)

Kepler-62f ~  Transit 1| "~ Transit 2| "~ Transit 3| "~ Transit 4|Kepler-62f Folded
TGP Solutions TGR.Corrected

1.0005] . Tals H *
1.0000}
0.9995}
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00005 I i\ ..° 1 | ) ; Y ! $
* ... . o ' . o. . b1 .0.‘
ot .., % 0.0 ee gt

Michael Matesic
Ph.D. Student, Université de Montréal

Matesic et al. 2024
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GP Modelling of candidates is computationally expensive
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Michael Matesic
Ph.D. Student, Université de Montréal

Matesic et al. 2024

GP Modelling of candidates is computationally expensive



Recovery Curve

« See : Christiansen et al. 2016
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%@COV@TV CUIV@ - See : Christiansen et al. 2016

Injection tests
PHHH T
- Recovery tests for a light-curve 0. }
primary dominated by red-noise g +
Eo.e-
- There are bespoke processes >
that can be applied, but we §04_ +
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1};;: Orange is detrended data
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A necessary evil...

- Most transit searches
require flattened data
oroducts.

- Achieved through
application of a filter

. Filters will distort a transit
ootentially resulting a loss
of signal seen by a transit
search routine
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Dispositions

False alarms / False positives / Planet Candidates / Planets

® DCItCIS@tS hOVG Iﬂflﬂlte fOlS@ C1|CH'mS UL LI L L L O L e |
2 5€ hydrogen
10 2lope mpression burni p’

moons/dwarf planets

- A finite set of false-positives

exoplanets

brown dwarfs

> 0O o b

. A transit event (commonly called a TCE or
threshold crossing event) 10"

stars

R NM0'88
Stellar

) & 004 : worlds
. Planet candidates & Nodan i
o] worlds I i
: : 1
- Confusion for larger radius planets 10 I -
(electron degeneracy) : i
| .
- Confusion at low SNR regimes : )
10~ 3
- Most planets have a radius less that 4 Rg 107 107* 1072 107! 10° 10' 10®> 10® 10* 10° 10°

M/M,

. Recovery/reliability drops as SNR goes below 10 Chen & Kipping (2016)



Problematic for low SNR

The rate of EBs increases
quickly towards short
periods.

Was problematic for Kepler,
orimarily driven by 30-minute
cadence/integration time

Roman has better integration
times, reducing smearing

Much larger Roman sample
means blends are more likely

Number of systems (linear scale)

800

700
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Eclipsing Binaries

1 |
detached NS
semi-detached

overcontact N
ellipsoidal ==

uncertain C—

] 4

1000 F, : 2 p ) e
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Prsa et al. 2011
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Transit Models for Roman should include

DﬂUUOD dilution as a modelled parameter with prior.

Why it matters - Our group will attempt to do this.

HOW EXTRA LIGHT IN THE PHOTOMETRIC APERTURE CAUSES TRANSIT DEPTH DILUTION
(CASE1 IDEAL (TARGET STAR ONLY) | ﬁ -

True Geometric Transit Depth

/F)

Base Flux Level (1.0)

Target Star (F;) L:;’ ! A
Planet (R,) 2 05 True Transit Depth

E (dirye = AF/F; = (Ry/R¥)?)
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Key takeaway: Extra light in the aperture, not blocked
by the planet, reduces the relative size of the transit dip




Exoplanet Transit modelling

Likely the product you want for your research.
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. After dispositioning we will L0023

model every Roman Object of
Interest (ROIs?)
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. This is also computationally
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expensive

. 10° candidates with full
posteriors, will be an end-
game product

« Maximum likelihood models
available quickly
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