STRETCHING‘_THE LIMITS OF

ANALYSIS

AVIV OFIR, GIDEON YOFFE, YAIR JUDKOVSKY, ODED AHARONSON, ...

WEIZMANN INSTITUTE OF SCIENCE P

DDE, COIMBRA — JULY 11, 25



T wo main avenuesfor | |V analysis

(lassical:

(5lobal modcling/

Global modclmg outPchorms CIass:cal In:

“Fhotodynamics”
Vs detection
. Vs inversion

LC

—

{Tmid}

LC

o S

Lithwick, Xi& Wu (201

<>

m, e

m, a, e,m, A,...

(_arter+(201

* | ess biases in both detection and inversion

2)

1)



i\ Dctcction:SPcctral APProach

(Ofir+2018)

Shortcomings of the Classical aPProach in:

| ow ONRK individual events
y 5hort events

. Low-am]:)litudc | T Vs (swamPcc} bg many DOFS)
]5 a global model of unknown TV signal Possible?

| T Vs are ~sinusoidal = assumea | [V =({, o, A)TTV
> generate model | C

> compare with the linear LC
Ferturbative approx. => (o, A)TT\/ solved lincarly



Spcctrai Al:zgroach to T_T'\/s

fir+2018)

Detected 129 new Periodic | T Vsin
KCP]cr data (an increase of ~2/3

over a Prcvious | ] Vcatalog)

[” xcess detections at short P, low A,

small r,—as Predicted
( Inbiased: our extended T TV

sample shows no deficit of short-

eriod or low—-amplitudc transits
C\/hat about T TV inversion?
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| T Vs inversion } :AnalyticLC

Judkovskg, Ofir and Aharonson (2022a)
« A3D analgtic model based on a disturbing

function cxPansion to 4th orderine and |

a, e, o, A\,

= I
_— \_/ Q, 1, m/M, r/R

* New dynamical Phcnomcnon: Poi P
SMMK)

su]:)cr-mcan—-motion resonance (
o O o

. Quiciccr than TTVFast for chlcr, e
Analgtic — scales better



AnalyticLC Results:

Judkovskg, Ofir and Aharonson (2022h, 2024)

* >200 masses — mos’cly new, imProved Prccision on rest
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AnalyticlLC Results:

Juc”(ovskg, Ofir and Aharonson (2022h, 2024)

* >200 masscs-most| new, improved precision on rest
Y e %

s TbV 5|gnals of 130 Planets typlca detectable b~1072 yr-1
KOI-9%5 (Kepler-31) .
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AnalyticlLC Results:

Juc”(ovskg, Ofir and Aharonson (2022h, 2024)

* >200 masscs-most| new, improved precision on rest
Y e %

s TbV signals of 130 Planets, tgPica detectable b~1072 yr-1
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AnalyticlLC Results:

Judkovskg, Ofir and Aharonson (2022h, 2024)
>200 masses — mostlg new, imProvec ]:)rccision on rest

ThV signals of 130 Planets, tgPica detectable b~1072 yr-1
Onlg a ~sing|e transit at P~10%d
Suppor‘ts AMD : more Planets = less mutual inclination

Not all systems have that much information to be extracted



l I \/s Inversion ” : PyDynamicalC

Yoxq:c, O{:ir and Aharonson (202 i ), O{:ir, Yoﬂ:c and Aharonson (202 5)

. A sirrépli{:icd Photoc]ynamical Modcl: ﬂat, low-eccentricitg,

basedon | | V[ aster. Agol & Deck (2016)

1

* | east— and the least correlated— DOFsz relies onlg on
the average chlcrian elements

X &> Ag, Ae, mIM

* 88 masses, of them 2% new, down to <IMg &<I1R 4
(Kepler~§+5 b)



T heoretical Explanation

Judkovskg, Ofir and Alwaronson (2023%)

e \White-noise Photomctrg # white-noise timings
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(_onclusions

'Global moccling IS advantagcous both for 7} BY,
detection & | |V inversion

* Source of aclvantagc: non~6au55ianitg of timings, fewer

DOFs
e Allowed us to detect more | [ Vs in a nearlg unbiased

way, more signi{:icant masses, more signi{:icant ThVs, and

other effects.
Thank you.



