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Context and motivatiol

extremely abundant type of exoplanets (~50 % single G stars may host one, Mayor et al. 2011),
but how they form remains an open question.

Two possibilities:
Could close-in low-mass planets have formed in-situ at typically less than 1 au?

or Did they form further out in the planet-forming disk and migrated inwards?

{Could there be a correlation between the presence of //
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Planetary system architectures with low-mass inner planets

Direct imaging exploration of mature systems beyond 1 au™
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Architecture of the studied systems
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Observations and point-source det

47 SPHERE observations
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Observations and point-source de
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Observations and point-source de
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SPHERE-IRDIS and SPHERE-IFS ol

Example: 1 observation among 47 observations
Pre-processing: High Contrast Data Center (Delorme+2017a); Post-processing: ANDROMEDA (Cantalloube+2015)

GJ674 IRDIS H2 GJ674 1FS YJ 5

S/N

H2 = 1.59 ym YJ = 0.96-1.34 pm
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Interesting detection in GJ
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Direct imaging of the exoplanet GJ

2017-05-27

T 2022, if bkg
in IRDIS FoV
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‘ 2022, if bound
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IFS YJ-bands 0.1

Planet GJ 832 b:
a~25au,P~10yr, Msini=0.74 MJup
(Bailey et al. 2009, Gorrini et al. 2022)

The DI candidate might coincide with the RV GJ 832 b
(depending on its inclination and stellar age). Rare!
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Direct imaging of the exoplanet GJ
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Direct imaging of the exoplanet C
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Classification of the companion cand
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Classification of the companion candidates

B background (CMD, 289/337)

7 unknown (CMD, 38/337)
0 promising (CMD, 10/337)

Status from Color Magnitude Diagram
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Classification of the companion candidates

B background (PM, 108/337)
| unknown (PM, 152/337)
B unredetected (PM, 77/337)

Status from Proper Motion
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Classification of the companion candidates

B background (108 PM, 289 CMD): 322/337
.| instrumental artefact: 2/337

0 bound: 1/337
| ambiguous: 12/337
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Survey sensitivity vs theoretical prec
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Survey sensitivity vs theoretical pre
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Survey sensitivity vs theoretical pre
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Survey sensitivity vs theoretical

Mass (Myyp)
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Detection limits: contrast = mass, using evolutionary
models COND (Baraffe et al. 2003)

- Very nearby systems (< 20 pc): sensitive from ~ 1 au.
- But for old stars (1 Gyr — 10 Gyr): sensitive mainly to
brown dwarfs =z 30 MJup.

Population models:
Predicted planets for 1000 simulated systems at 5 Gyr, for

the core-accretion Bern planetesimal models (Emsenhuber et
al. 2021a, Burn et al. 2021).
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Survey sensitivity vs theoretical p

Mass (Mjyp)
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Detection limits: contrast — mass, using evolutionary
models COND (Baraffe et al. 2003)

- Very nearby systems (< 20 pc): sensitive from ~ 0.4 au.
- But for old stars (500 Myr — 10 Gyr): sensitive mainly to

companions =z 8 MJup.

Population models:
Predicted planets for 1000 simulated systems at 5 Gyr, for

the core-accretion Bern planetesimal models (Emsenhuber et
al. 2021a, Burn et al. 2021).
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Survey sensitivity in terms of effective temperatur
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Using Gaia+Hipparcos information
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Based on Proper Motion anomaly and Gaila excess noise
Tool: GaiaPMEX (Kiefer et al. 2025)
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Survey sensitivity with respect to the detection mef
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Detection limits:
contrast -> mass evolutionary models COND (Baraffe et al. 2003)
detection probability derived with MESS3 (Lannier et al. 2017, Kiefer et al. 2025)
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Summary and per:

Our pilot DI SPHERE survey demonstrates synergies with RV+Gaia/Hipparcos to offer a
global view of planetary systems.

Results: What’s next?

z Sensitive to 3-30 MJup companions beyond = 0.4 au 107 e SUUNRREN LSRR !
(even Y-spectral type!) RS U g :

Z 337 candidates identified, mostly background. Not 10'g QX«% :
surprising concerning theoretical predictions from ER -
planetesimal models. S 0L ! i .

Z Survey completeness derived. S = :

B using JWST or

Limitations: B U targestiynsgteyncw):mgeIr

= Age of the systems (old = 500 Myr — 10 Gyr) 10 2l el il

= Sample size and bias Semi-major axis (au)

Celia Desgrange, celia.desgrange@eso.org 57 On the shoulders of giants, Torino, 26/03/2026
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Close-in, low-mass planets already k
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Distribution of the stellar metallicity for our sample
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Distribution of the stellar ages from our sample
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Distribution of the eccentricity of the alreacdy
known close-in, low-mas planets

median error: | o

DO
O

Number of systems
— — )
o 3 S

O

O
-

0.1 0.2 0.3 0.4 0.5 0.6
Eccentricity

32



Detection limits In terms of contrast (!
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Detection limits In terms of contras

Semi-major axis (au) if systems at 5 pc Semi-major axis (au) if systems at 5 pc

L 10° L 10°
]-O = | | | | I | | | = 10 = | | | | I | | | =
= —— IFS ANDR. ASDI = = —— IFS ANDR. ASDI =
o IFS PCA ASDI [ IFS PCA ASDI
10~4 = = 104 = =
5 ;\\\‘\/ - o _ -
LO — - LO = -
4% 10—5 = = ..g 10_5 ;\\’\"’ =
= - 2 i - =
= - a = - 5
3 - . 3 - -
O - 4 O - -
107°k E 107" E
[ IFSYJ l [ IFSYJH l
07 E E 1077 E

10~ 10° 10~
Separation () Separation ()

34

et
-
O



