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- Fernanc]es et al. Adapted from Kane + Wittenmyer 2024

Eccentricities for giants within vs beyond the ice line.
Both show a wide variety of excited orbits.
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Eccentricities for giants within vs beyond the ice line.
Both show a wide variety of excited orbits.
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An “EXPRES” Route to
Understanding Exo-Solar Systems

0.5 up 210277

HD 82943

14 Her

The 4.3-meter Lowell Discovery Telescope hosts
the EXtreme Precision Spectrograph (EXPRES): HD 154345
= 137k resolution 0.45-0.8 micron HD 50554
=  Currently long-term stable to 50 cms™

HD 89307

HD 31253

majority of targets lack a Jovian providing a
control sample for “free”.
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Progress by the Numbers:

> 250 RV observations  In-season Cadence of 3-4 days  Median Single-Point-Precision 30-60 cms™
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Progress by the Numbers:
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14 HerCU'JS: 2 JOVlan pla nets Rosenthal et al. 2021, Feng et al. 2022
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14 HerCU'JS: 2 JOVlan pla nets Rosenthal et al. 2021, Feng et al. 2022
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Greater precision and stability | ___. gt it Keplerian LDT /EXPRES
reveals correlated residuals with
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peak-to-peak variations below
the noise of archival data.
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F Significant negative correlation between residual
- RV and FWHM/Contrast
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Injection + Recovery Sl
Testing Known Jovian

Archival
( (~3 decades)

Reaching (and beating!)
archival mass sensitivity in
just a year of observations.
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5”D5055§'b' "1 The HD 50554 System
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Late F-type star, with an eccentric 5 Jupiter
companion and two inner TOls, both
super-Earths

(Fischer et al. 2022, Liu et al. 2024).
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Herschel/Spitzer also reveal a “true Kuiper
Belt analog” (Dodson-Robinson et al. 2016)
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A Candidate for HD 50554 e?

Strong signal (false alarm probability < 1%)
{ emerging at 79 + 1 days!

We find K, of 2.93 m s! at 5.2 sigma confidence.

; Moderate eccentricity (~0.25) is possible but poorly
{ constrained with current data. Derived m_sini
1 consistent with an ice giant, 20.1 + 3.8 M
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A Candidate for HD 50554 e?

Strong signal (false alarm probability < 1%)
{ emerging at 79 + 1 days!

We find K, of 2.93 m s! at 5.2 sigma confidence.

; Moderate eccentricity (~0.25) is possible but poorly
{ constrained with current data. Derived m_sini
1 consistent with an ice giant, 20.1 + 3.8 M

@

{ Yearly aliases are seen in the periodogram but
| testing suggests 79 days to be the true period
{ (see Dawson & Fabrycky 2018).

No correlations with measured activity indicators

| but decorrelation against environmental parameters
1 still to be done (Zhao et al. 2026).
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Mass Constraints on Inner TOls
HD 50554 ¢ HD 50554 d

Radial Velocity [m s~1]
1 |

0.0 0.2 2 —0. = 0.0

Phase [P = 5.97 d] Phase [P = 28.1 d]

Analysis of EXPRES residuals results in some improvement to the constraints/upper limits
of the inner TOls:
< 5 Mg for HD 50554 c and a tentative constraint of 5.6 + 2.3 M for HD 50554 d.

RV jitter ~4x larger than per-datum uncertainty - still some noise that is unaccounted for.
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The HD.50554 System \

HD 50554 b
5.1 Jupiter Masses
3.4 Year Orbit

HD 50554 e?
20 Earth Masses
79 Day Orbit

exo-Kuiper Belt /\

HD 50554 c &d
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The HD.50554 System |

Systems that
form Jovians
vs Systems
that do not.
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HD 210277

Summary o

14 Her [

=> A survey of 10 (soon 15) Jovian host systems is ongoing, bringing to ===

HD 50554 -

bear the increased stability and precision of the EXtreme Precision
Spectrograph. =
14 Her as a benchmark system shows we have the ability to reduce "™
stellar signal contributions to reach mass sensitivities comparable to ww
decades of archival radial velocities. e
Preliminary analysis of the HD 50554 systems reveals an emerging ..
signal as a strong planet candidates of ~20 M®.

Stay tuned! Completeness contours for these Jovian systems are on

the way + individual detection.
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