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}g,zns Quick literature tour

e Massive planet (5 Mjup) at 2.4 au in eccentric orbit discovered with
RV method at Lick and OHP (Fischer+2002; Perrier+2003)

e Included in GAPS1-KP program (2012-2017) to search for low-mas:
planets

e Long-term signal ? (detected by Bryan+2016, not significant in
GAPS1 data, not significant in Rosenthal+2022)

e Debris disk partially resolved by Herschel (Dodson-Robinson+2016

e Observed by K2 in Campaign 0. No candidates detected

e Marginal PMA (SNR 2.93; Kervella+2022), i(b)=61x12deg from
combined RV+astrometry fit (Xiao+2023)

e 2024: Identification of 2 TESS candidates

e Restarted observations with HARPS-N (Nov 2024)

e \alidation of the two transiting planets (Liu+2026, sub
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}lens Stellar characterization

o \V=6.8,STF8
e Spectroscopic analysis of HARPS-N spectra
o Teff =6065+£75
o Logg=4.46+0.06
o [Fe/H] =-0.004+0.060
e Age younger than 1.5 Gyr ruled out by Lithium and activity
e |sochrone fitting including constraints from indirect methods:
o Age =3.1x1.2 Gyr
o Mass = 1.080£0.031 Msun (internal error)
o Radius = 1.095+£0.024 Rsun (internal error)
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he transiting planets
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Flux Deviation (ppm)
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Candidate Period Depth Radius Notes
(days) (mmag) (Rearth)
TOI-6965.01 | 5.969 0.11 1.351£0.18 EXOFOP
HD 50554c 1.311£0.06 Liu+2026
TOI-6965.02 | 28.069 0.17 1.62+0.18 EXOFOP
HD 50554d 1.41+£0.14 Liu+2026
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}AF’S Validation status | | . '
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Mass limits vs sep (au) : :
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e Transiting planets validated in Liu+2026

e Additional arguments: no close stellar companions
o RV monitoring / spectra
o High-quality imaging data (LMIRCam@LBT, NACO@VLT),
detection limits 25 Mjup at 35 au
o Presence of debris disk
e Faint background stars at close separation also ruled out

MIRCam and NACO data span 16 yr

_ I




\

= ELODIE (51 RVS)
HAMILTON (59 RVS)
Z  sof APF (8 RVS)
. <:;/‘V‘W
_ R ES IO TR
% : i 89
Inst. N Err Baseline Reference o |
m/s e
Lick 59 | 7.84 | 1998-2010 | Fischer+2002 1007
Fischer+2014 G ZZ
ELODIE 51 9.67 | 1997-2004 | Perrier+2003 § 251
HIRES-pre 19 1 1.75 | 1998-2003 | Rosenthal+2021 —2::
HIRES-post | 29 | 1.44 | 2004-2020 | Rosenthal+2021 -~
SOPHIE 76 | 1.00 2009-2017 | SOPHIE archive  _ ” . }ét’ A e
\APF\ 8 3.49 | 2017-2018 | Rosenthal+2021 2_1:_-_;; ’“t’_ __:_-, t._+ ______________________ aﬁ_
HARPS-N | 191 0.92—2013-2026  Inprep. —— ’so'ogime I T




Periodogram of residuals
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RV (m/s)
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e Highly significant improvement 7000 8000 9000 10000 11000

Time (BJD-2450000)

ABIC=-130, AAIC=-151, A AICc=-149 (2 vs 1 planet fit)

o New long-period planet in Jupiter-like orbit P=12.2 yr, M=0.5
Mjup
o QOrbit of the outer planet well within cavity of the debris disk

o Longer period than activity cycle (supporting Keplerian origin)
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V (m/s)

—100 A

anet fit

e Highly significant improvement

200 A

ABIC=-21.41, AAIC=-41.76, A AICc=-40.39 (3 vs 2 planet fit)

o No significant periodicities at 79d for line profile and activity
indicators

o New warm Neptune-mass planet at 0.36 au
o Not seen in transits




\

Transiting planets |
o No clear power at transit periods in 3-p
residuals
o S-planet fit not significantly improved.

o Transiting planets not detected in the RV
time serie
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o Upper limits on planet mass 4 M_and 6 M_
o Upper limits on planet density 9.8 and 11.8
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/GA;;S The debris disk

e Belt at 45 au, partially spatially resolved
e Two-belts fit in Chen+2014 (possible inner belt at 1.1 au)
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}m system vs Solar System

b Cc d e f
P (d) 1221.6%0.6 5.969 28.069 4751149 79.42+0.08
K (m/s) 92.1+0.6 <1.30 <1.20 6.06 "% 2.12+0.31
e 0.489+0.004 0.23, "% 017, ,,*01°
Msini  4.4620.08 M, _ <4 M, <6 M, 0.51, . 14.5£2.1 M,

jup
a(au) 2.30%0.02 ~0.06 ~0.18 5.67+0.13 0.371+0.003
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Mical stability
e Stable solutions exist for the system, although they strongly

\

depend on the initial phases of the secular perturbations.
e The dynamical evolution is significantly influenced by the
presence of planet b, whose large mass and high
eccentricity dominate the secular architecture of the system.

e As a consequence,
even in the coplanar
configuration, all
planets undergo
substantial eccentricity
oscillations.

Eccentricity
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}lens Summary and future directions

e System of special interest: outer gas giants and debris disk, inner
Neptune and transiting super-Earths.

e Transiting planets still need confirmation and characterization
o Photometry (low S/N, saturation of K2 data)
o RV to measure mass

e Expected astrometric orbit for planet b in Gaia DR4: true mass
and deviations from coplanarity

e Key ingredients for system architecture
o Relative inclinations
o Origin of the large eccentricity of planet b (by far the most massive

in the system)
o Link with debris disk

e Lesson: continuation of RV monltorlng could reve
Mpl\nets also in w systems
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Relative flux

5 (ppm)

The transiting planets

Candidate

Period
(days)

Depth

(mmag)

Radius
(Rearth)

Notes

TOI-6965.01
HD 50554c

5.969

0.11

1.35+0.18
1.31+£0.06

EXOFOP
Liu+2026

TOI-6965.02
HD 50554d

28.069

0.17

1.62+0.18
1.41+£0.14

EXOFOP
Liu+2026
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Origin of new RV periodicities
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Inst.
Lick

ELODIE
HIRES-pre
HIRES-post
SOPHIE
APF

HARPS-N

i

59

51

Err
(m/s)

7.84

9.67
1.75
1.44
1.00
3.49

0.92

/R\ldata

Baseline

1998-2010

1997-2004
1998-2003
2004-2020
2009-2017
2017-2018

2013-2026

Reference

Fischer+2002
Fischer+2014

Perrier+2003

Rosenthal+2021
Rosenthal+2021
SOPHIE archive
Rosenthal+2021

In prep. e
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RV (m/s)

res (m/s)

RV time series
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Completeness limits

Detection completeness (%)
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