Precision “W‘

 Transit Host
Characterization vit »

Zafar Rustamkulov
Rachel Akeson
Davy Kirkpatrick



Table of Contents H .

* Intro to SPHEREX . ‘ >

The Stellar Legacy Catalog

o JWST transit densities "y 4

o TRAPPIST-1

(time permitting)




B -
. ‘.
> .
E . L e &
=g . . .

: . . . . - ~
. . ; Y .
v 1 o - ¢ ; .
s Y . e 5 '

- Sy . 4 :
-
2 " : y ... b - -
.

~hotemeter for' the:

;1H|Story of the Unlverse |
;ﬁEpoch of _ L. 3 ;...,
‘iRelonlzatlon el

pectro—*ﬂ'i;fffn;}fnﬁg?]uz



L

March 12, 2025:
Launched & deployed

May 1, 2025:
Science survey begins

Last week:
99.99% of sky covered
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Spectral maps every 6 months ~ | ""‘\‘"‘., , ]\\“ BrSonation |
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Data public almost instantly
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Spectra of cluster members
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: : | Flrst all-sky IR spectral survey (')

S '-._No consumables

R ',”.'ﬁ"-"_Takes "600 1143 exposures/day
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1« surveys entire sky every 6 mo.n'fh.si" S

-~ s Per=¢hannel sensitivity comparable to WISE: ‘%
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SPHERE* Precision Stellar
Properties Legacy Catalog



' ' SPHERE* Precision Stell
O bJ e Ct I Ve S ofthe Propertigesclisgggcy ga?erzlog
o Stellar SED fits + Refined T/ R,/ Z for:
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SPHERE* Precision Stellar
Properties Legacy Catalog

nearby main sequence stars from exoplanet surveys

FGK dwarfs/subgiants IRERIET, (R, 1) 1ete)
early ' dwarfs
nearby late  dwarfs; 582 |, , dwarfs < 20 pc



SPHERE* Precision Stellar
Properties Legacy Catalog

2.99M

’ In order to...

1. shrink FGK Ry to <1%, Refining exoplanet a, R,

2. Measure Lo to study IMF cutoff

3. Do Ancillary Science!
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Exoplanet host: WASP-39
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Exoplanet host: WASP-39
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Exoplanet hosts
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Exoplanet hosts
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xop lanet hosts
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. exoplanets

 Thermal evolution processes
« Mass loss mechanisms

« Composition demographics
 Tidal interactions with star

 Orbital migration trends



Thermal evolution processes

« Mass loss mechanisms
« Composition demographics

* Tidal interactions with star

Orbital migration trends




 Thermal evolution processes
 Mass loss mechanisms

« Composition demographics













Wait...

How did we even measure the Sun’s mass?



Transits of Venus! o\
Refined the value  _;§;§ky*
of the AU, which ‘ _”' : o |

the Solar mass

\\\\l\

do thls for exoplanet hosts
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Aging shapes the transit
| ight curve
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WASP-39 isochrones package fit posterior:
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Apply JWST density cut to localize mass/age!
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M dwarfs are the most
common type of star...

Flux [mJy]
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JWST Limb darkening spectrum of TRAPPIST-1
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The center—to—1|imb
spectrum of TRAPPIST-1
shows prominent water
features, which probe
thermal structure



Transit depth difference (%)

The photosphere also shows thermal/compositional

As probed via the Transit Light Source Effect

inhomogeneities

o Stellar spec. ratio
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Transit depth difference (%)
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connection?



TAKEAWAYS :

SPHEREx yields extremely precise stellar temperatures

Combining SPHEREx Teffs with Gaia distances results in Refined radii

Combining SPHEREx/Gaia with JNST transit density gives Refined mass, age

Expanding this analysis to many planet hosts will allow us to test models of
stellar and planetary coevolution across the Main Sequence

JWST probes ultracool dwarf atmospheres with unprecedented detail thanks to
their transiting planets

SPHEREx will help us understand why our models struggle to fit red dwarf spectra
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