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Target
2M0437b: new companion in Taurus
(Gaidos et al. 2022)

Star: 0.15-0.18M⦿

2-5Myr
[Fe/H]=0.01 (spectroscopic)
No excess, but periodic dimming (K2)



Target
2M0437b: new companion in Taurus
(Gaidos et al. 2022)

A very low-mass exoplanet!

Mb=1-5MJup, q=0.6-3.3%

L-type object

Star: 0.15-0.18M⦿

2-5Myr
[Fe/H]=0.01 (spectroscopic)

𝝆=0.9’’= 115au

No excess, but periodic dimming (K2)

Faint ! (K=17.2mag, ΔK=6.8mag)



Target



Objectives #1
First spectrum of the companion

•Determination of Teff, log g, R

•Determination of C/O and Fe/H of b wrt A!

☛ formation mechanism

log g and Teff ☛ mass, age



Objectives #2
Looking for faint Br𝛄 on b
46% of companions <20MJup accreting (Bowler et al. 2017)
4/5 known PMC < 5Myr are accreting!

☛ direct detection of the line 
(photosphere subtracted)

☛ detection « à la PDS70 » using 
diversity



Figure 12: Left, Histogram of young members of nearby star-forming regions, prime targets of ALMA
observing campaigns including the DSHARP survey. SPHERE’s high-Strehl correction cutoff is lo-
cated at R = 9.5. Right, SPHERE image of the PDS70 exoplanetary system together with a zoom-in
on the planets b and c seen by SPHERE at K1-band and by MUSE in H↵ (Müller et al. 2018; Haffert
et al. 2019).

Current direct imaging surveys reach detection limits of a few Jupiter masses, but are often lim-
ited by bright and complex disk features. Numerous claims of companion candidates in disks that
show asymmetric features are indeed still debated or even rejected (e.g., HD 100546, HD 169142,
LkCa 15). The recent discovery and confirmation of two young, dusty 7 MJup planets in the young
transition disk surrounding PDS 70 (see Figure 12, Right) opens the possibility for a more systematic
search for and characterization of young proto-planets with SPHERE+, in both young star-forming
regions as well as in the highly-structured planet forming disks observed with ALMA (Keppler et al.
2018, 2019). Enabling such systematic searches for young proto-planets with SPHERE+ drives two
key top level requirements (TLRs) for the instrument, reported in Table 1. The second-stage AO pro-
posed for SPHERE+ will enable a much higher image quality than is currently achieved due to its
higher operational frequency (tech.req.1). This will have a major impact on differential imaging
techniques, in particular reference differential imaging and molecular mapping, which will disentangle
young planets and disk structures. Increased wavefront sensing capabilities will enable observations
of faint and red stars (tech.req.2). With such upgrades, SPHERE+ will be unique in its ability
to systematically survey the environment of young stars in star-forming regions (out of reach of
current xAO planet imagers) and to further discover young Jupiters in formation and PDS 70
system analogs (and potentially even younger examples) by significantly increasing the sample size
of observable targets (see Figure 12, Left and also Figure 17).

Accretion markers (mainly H lines here) play a crucial role in the detection of embedded protoplan-
ets. Young accreting planets and brown dwarfs can be observed in very narrow bands in lines tracing
accretion such as H↵ (but also Pa� , Br� in near-infrared). The huge potential of H↵ investigation has
been demonstrated by recent detections of actively accreting companions with HST (GQ Lup b and
DH Tau b, Zhou et al. 2014), Magellan/MagAO (HD 142527 B, PDS 70b, Close et al. 2014; Wag-
ner et al. 2018), and more recently VLT/MUSE (PDS 70b, and c, Haffert et al. 2019). For accretion
markers, ZIMPOL has been capable of achieving unprecedented angular resolution (⇠20 mas) in vis-
ible. However, the observed contrasts in H↵ for all of these detections were of the order of 10�3. A
high spectral resolution spectroscopic mode in SPHERE+ for H↵ and/or Pa� will yield not only further
order-of-magnitude gains in contrast, but also provide direct constraints on the mass accretion rate of
the companions (Aoyama & Ikoma 2019), in parallel to similar studies for low-mass young stars (e.g.
Alcalá et al. 2017), and even on the mass of the planet (from the terminal velocity of the line profile).
The higher the spectral resolution, the deeper is the contrast reached using accretion markers, as long
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ERIS-LGS

Objectives #3
Testing RDI imaging on med-res IFU

☛ direct detection of companions

☛ disk & blob detection (AB Aur b) 
and spectroscopy (reflectance)

☛ molecular mapping



Setup
•LGS (R=14)
•K-low (R=5600)
•50x100mas spaxels (for S/N purpose)
•20s exposures (max on A).

Test RDI strategy for 50% of sequence
Ref star (8.1’): 2MASS J04375669+2653050 

K=10.5, R=14.2 ,B-R=1.6
Source: K=10.4, R=14.8 ,B-R=1.7

•NDIT=280 total to reach S/N=20 on average

2h06 on source + 29min on ref = 2.6h total?

http://simbad.cds.unistra.fr/simbad/sim-id?Ident=%40717343&Name=2MASS%20J04375669%2b2653050&submit=submit

