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ABSTRACT29

WISPIT 2 is a nearby young star with a multi-ringed disk which was recently confirmed to host a30

∼ 4.9 MJup gas giant planet embedded in a large (60 au) gap at a radial separation of 57 au from the31

host star. We confirm and characterise a second, close-in planet in the WISPIT 2 system using a32

combination of new VLT/SPHERE H-band dual-polarisation imaging and VLTI/GRAVITY K-band33

interferometric observations of the WISPIT 2 system.34

The GRAVITY detection is consistent with a point-like source while its extracted K-band spectrum35

shows CO band-head absorption at 2.3 µm and a continuum shape consistent with a young giant36

planet. From the GRAVITY data we extract a medium resolution K-band spectrum of the companion37

and fit atmospheric model grids using the species tool with nested sampling to constrain38

its effective temperature, radius, and luminosity. We infer Teff of 1500-2600 K, a radius39

of 0.91-2.2 RJup, and a luminosity of (-3.47)-(-3.63). Comparison with evolutionary tracks40

implies a mass range of 8-12 MJup, approximately twice as massive as the previously41

confirmed WISPIT 2b. The astrometry rules out a background source and marginally detects42

orbital motion of WISPIT 2c, which needs further follow-up observations for confirmation. WISPIT43

2 now becomes an analogue to PDS 70, offering a second laboratory for studying the44

formation and early evolution of a multi-planet system within its natal disk.45
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1. INTRODUCTION48

The detection of thousands of extrasolar planets with49

indirect detection methods indicates that planet for-50

mation is an efficient process that happens commonly51

around young stars (see e.g. Lissauer et al. 2023). At52

the same time, high resolution observations of planet-53

forming disks at multiple wavelengths have now revealed54

intricate sub-structures in more than a hundred systems55

(see recent surveys by Avenhaus et al. 2018; Andrews56

et al. 2018; Öberg et al. 2021; Garufi et al. 2024; Ginski57

et al. 2024).58

This indicates that planet-formation is indeed ongo-59

ing in many of these systems, yet the direct detection of60

embedded planets has proven challenging (e.g. see dis-61

cussion in Milli et al. 2012; Currie et al. 2023). While62

there are mechanisms that can shape transitional disks63

without requiring the presence of planets (Marcus et al.64

2015; Flock et al. 2017; Suriano et al. 2018; Kurtovic65

et al. 2018; Kuznetsova et al. 2022), many of these sys-66

tems provide strong indirect evidence for ongoing planet67

formation. To date there are only a few such young,68

disk-bearing systems in which planets or strong can-69

didates have been confirmed, such as PDS 70 (Keppler70

et al. 2018; Haffert et al. 2019), ABAur (Currie et al.71

2022), and HD169142 (Hammond et al. 2023). It is the72

detection of these planets in formation that gives us key73

insights into the primary formation mechanisms that are74

at work in the earliest phases of system evolution, be75

it through core accretion (Pollack et al. 1996) or76

gravitational instability (Boss 1997).77

Recently, the WISPIT 2 system has been added to78

the short list of confirmed planet-bearing disks (van79

Capelleveen et al. 2025; Close et al. 2025a). Uniquely80

among systems with a confirmed embedded planet, the81

planet-forming disk in the WISPIT 2 system shows an82

extended multiple-ringed structure. The primary star in83

the system is a young solar analogue (van Capelleveen84

et al. 2025) of 5.1+2.4
−1.3 Myrs, based on stellar isochrones,85

which gives the intriguing possibility to observe the ear-86

liest formation history around a system similar to our87

own. The embedded planet within the system is located88

between the innermost two rings at a semi-major axis of89

57+8
−3 au and is estimated to have a mass of 4.9+0.9

−0.6 MJup90

(van Capelleveen et al. 2025). The presence of up to91

four confirmed rings with intermediate gaps, as well as92

a central cavity in the system, gave rise to speculation93

that this could be a multi-planet system in formation,94

possibly comparable to PDS 70, or a younger version of95

HR8799 (Marois et al. 2008). Indeed Close et al. (2025a)96

pointed out that a signal (referred to as CC1) appears97

to be present in their L- and z′-band observations at a98

projected separation of ∼15 au within the central disk99

cavity. In this letter we present new observations of this100

companion candidate using VLT/SPHERE (Spectro-101

Polarimetric High-contrast Exoplanet REsearch; Beuzit102

et al. 2019) and VLTI/GRAVITY (GRAVITY Collabo-103

ration et al. 2017a) confirming the presence of a second104

planet in the WISPIT 2 system.105

2. OBSERVATIONS106

In addition to the observations presented in van107

Capelleveen et al. (2025), we obtained new high-angular108

resolution data with both the VLT/SPHERE Infrared109

Dual-band Imager and Spectrograph (IRDIS; Dohlen110

et al. 2008) and VLTI/GRAVITY, providing up to date111

H-band images and K-band interferometry observa-112

tions, respectively.113

2.1. GRAVITY Observations114

The GRAVITY observations (GRAVITY Collabora-115

tion et al. 2017b) were carried out on the four Unit Tele-116

scopes (UT) on 2025-10-05. The observations were exe-117

cuted in Service Mode (program ID: 115.29HG.001) with118

good-to-average atmospheric conditions, and a spectral119

resolution of R ∼ 500. The log of the observations is120

included in Table 1. The GRAVITY observations were121

obtained in dual-field on-axis mode. In this mode, the122

Fringe-Tracker (FT) fiber stabilises the fringes on the123

host star, and the Science Channel (SC) fiber alternates124

between the planet and the star (GRAVITY Collabo-125

ration et al. 2019). The pointing of the SC fiber was126

informed by the SPHERE H-band images and with an127

initial guess at ∆RA, ∆Dec = (-22.87 mas, -107.6 mas)128

from the host star. These observations benefit from the129

GRAVITY+ extreme Adaptive Optics system (GPAO;130

GRAVITY+ Collaboration 2025) to reduce the speckle131

noise close-in to the host star and maximise the flux132

injected in the planet, using the high-order correction133

with the Natural Guide Star sensor (Bourdarot et al.134

2024). The data were reduced using the ESO GRAV-135

ITY pipeline (Lapeyrere et al. 2014). The observations136

were taken together with an interferometric calibrator137

in order to measure normalised visibilities. We used the138

exogravity pipeline 1 to extract the relative astrometry139

1 https://gitlab.obspm.fr/mnowak/exogravity

https://gitlab.obspm.fr/mnowak/exogravity
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Target UT Date Instrument Setup NEXP/NDIT/DIT Airmass τ0 (ms) seeing (′′)

WISPIT 2 2025-10-05 VLTI/GRAVITY MEDIUM 12/8/30s 1.1-1.3 3.1-5.1 0.51 - 0.79

HD 180595 (CAL) 2025-10-05 VLTI/GRAVITY MEDIUM 1/32/3s 1.6 4.3 0.59

WISPIT 2 2025-09-24 VLT/SPHERE H-band 48/1/64s 1.2± 0.1 5.7± 1.2 0.8± 0.2

Table 1: Log of the GRAVITY and SPHERE observations.

and contrast spectrum of the companion relative to the140

host star. We integrate the GRAVITY spectrum141

over the 2MASS Ks-band filter curve to obtain142

the Ks-band magnitude included in Table 2.143

2.2. SPHERE H-band observations144

To extract the properties of WISPIT 2c, we use145

the SPHERE H-band data observed on UTC146

date 2025-03-21 described in van Capelleveen147

et al. (2025). In addition, we obtained a new148

SPHERE/IRDIS H-band observation carried149

out as part of program 115.29HG.002 (PI C. Gin-150

ski) on UTC date 2025-09-24 with a similar ob-151

servation setup, see Table 1. This observation152

includes a dedicated reference observation ob-153

tained with the star-hopping technique, alter-154

nating approximately every 10 minutes between155

WISPIT 2 and a reference star. During the sci-156

ence sequence, we obtained 12 full polarimetric cycles,157

each comprising exposures at the 4 half-wave plate po-158

sitions (Q+, Q−, U+, U−). Each individual exposure159

had an integration time of 64 seconds, resulting in a160

total on-target DPI exposure of 51.2 minutes. Over161

the full science sequence, the pupil-tracking con-162

figuration delivered a total parallactic angle ro-163

tation of 19.6 degrees. Between science cycles,164

we recorded 20 reference-star frames with an165

exposure time of 64 seconds.166

In this study we focus on the total intensity reduc-167

tion of the SPHERE data and only used the polarised168

intensity imagery to confirm that there is no strong dust169

scattering signal present at the position of the investi-170

gated companion. We extracted the photometry171

and astrometry of the companion (see Table 2)172

using negative planet injection combined with173

a simplex minimisation technique, followed by174

Bayesian inference using Markov chain Monte175

Carlo (MCMC; MacKay 2003) with 200 walk-176

ers and 10,000 steps, and repeated this method177

for fake positive injections at positions equidis-178

tantly distributed in polar space to extract the179

systematic errors of the method. All steps are180

executed with PynPoint modules, and the cen-181

tering precision of 2.5 mas of the star behind182

the coronagraph, as well as uncertainties in pixel183

scale, true North correction, and pupil offset,184

were included in the error budget, analogues185

to what is described in van Capelleveen et al.186

(2025). However, instead of Angular Differential187

Imaging (ADI) we used Reference Differential188

Imaging (RDI) with Principal Component Anal-189

ysis (PCA). Given that the position of WISPIT190

2c is on the inner working angle of the coron-191

agraph, following the recommendation outlined192

in the SPHERE manual2, we apply a correction193

for the transmission profile of the coronagraph to194

both the science frames and the reference library.195

As the observation from UTC date 2025-03-21196

did not have a dedicated reference observation,197

we leveraged the H-band RDI library described198

in van Capelleveen et al. (2025). For the ob-199

servation of UTC date 2025-09-24 we used the200

dedicated reference-star observations. We found201

the optimal number of principal components for202

RDI/PCA to be 12 and 14, respectively. Due203

to the presence of the bright inner ring, the sys-204

tematic errors of the method varied with position205

angle (PA). To account for this we only included206

systematic errors similar to those near WISPIT207

2c in our error budget; between a PA of 335 de-208

grees and 15 degrees (to the north of WISPIT 2)209

and between a PA of 120 and 225 degrees (to the210

south of WISPIT 2). The detection of WISPIT211

2c after PCA/RDI in both observations is in-212

cluded in Fig. 1.213

3. NATURE OF THE COMPANION214

3.1. Re-detection of the companion with GRAVITY215

and SPHERE216

We re-detect the planetary companion WISPIT 2c217

with both GRAVITY and SPHERE (see Fig. 1), provid-218

ing independent confirmation of the source previously219

referred to as CC1 and reported by Close et al. (2025a).220

The detection of embedded, self-luminous protoplanets221

is a particularly challenging task. In the case of young222

planets embedded in a protoplanetary disk, it is nec-223

essary to distinguish the contribution of the scattered224

light of the disk from the thermal emission from the225

2 SPHERE manuals: https://www.eso.org/sci/facilities/
paranal/instruments/sphere/doc.html

https://www.eso.org/sci/facilities/paranal/instruments/sphere/doc.html
https://www.eso.org/sci/facilities/paranal/instruments/sphere/doc.html
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Figure 1: Left panel: Original L-band detection of CC1 in Close et al. (2025a). Middle panel: New H-band detection

of WISPIT 2c following RDI. We show a confined annulus that was used for optimal stellar signal subtraction. Note

that the bright arch on the right side of the annulus is the forward scattering side of the circumstellar disk. Right

panel: Detection map of WISPIT 2c planet with VLTI/GRAVITY on the night of 2025-10-04. The map shows the

periodogram power maps of a point source companion as a function of angular offset from the star,

where the companion location corresponds to the strongest peak.

planet. Substructures in the disk are usually of compa-226

rable scales to the Point Spread Function of 10m class227

telescopes. Interferometry is intrinsically sensitive to228

the coherent emission of point-like sources, which is dis-229

tinct from the extended background disk signal. The230

GRAVITY data are key observational evidence for the231

detection of a new protoplanet in this work.232

We followed the approach of GRAVITY Collaboration233

et al. (2019) and Wang et al. (2021) to model the coher-234

ent flux of the planet Vplanet(b, t, λ) measured with235

GRAVITY:236

Vplanet(b, t, λ) = C(λ)Vstar(b, t, λ) exp(iΦ(b, t, λ)) (1)

expressed as a function of b the baseline, time t and237

wavelength λ, with C(λ) the contrast spectrum238

C(λ) estimated from the exoGRAVITY pipeline, as239

described in Nowak et al. (2020), and Vstar(λ) =240

Fstar(λ)Jstar(b, t, λ) the coherent flux of the star.241

The normalised visibility of the star Jstar(b, t, λ)242

was calibrated on a reference star HD 180595.243

We modelled the star spectrum Fstar(λ) using244

a BT-Settl-CIFIST stellar model (Fig. 7), as de-245

tailed in Appendix A.246

The phase Φ(b, t, λ) of the planet signal is defined247

as:248

Φ(b, t, λ) = −2π

λ
(∆RA.u+∆DEC.v) (2)

wherein (u, v) are the coordinates in the frequency249

domain, and (∆RA, ∆Dec) the sky-coordinates of the250

planet relative to the star. The detection map us-251

ing this point-source model is shown in Fig. 1. The252

detection map shows the periodogram power maps253

z(∆RA,∆DEC) = χ2
no planet − χ2

planet(∆RA,∆DEC)254

over the GRAVITY fiber field-of-view, as described255

in Eq. (B.6) of Nowak et al. (2020). The peak256

of the detection indicates a point-like source, with the257

side lobes characteristic of the uv-coverage of the UT258

interferometric array. The planet is detected with a259

SNR>10 in each of the 12 exposures with GRAVITY.260

The best-fit is achieved at a location of ∆RA, ∆Dec =261

(−29.07±0.024 mas,−101.35±0.038 mas). The presence262

of a CPD in addition is discussed in Section 4.2.263

3.2. Is it a bound planet?264

To ascertain the nature of the object labelled CC1265

by Close et al. (2025a), we follow two independent lines266

of investigation. We first determine if, with currently267

available astrometry, we can rule out that the object is268

a distant background star and secondly we test if the269

GRAVITY spectrum as well as the existing photometry270

are consistent with an object of planetary nature.271

The GRAVITY K-band observation yields a relative as-272

trometry of 105.44±0.04 mas and 196.00±0.01◦. How-273

ever, the SPHERE Ks-band observation presented in274

van Capelleveen et al. (2025) is unusable for astrometry275

extraction as the source lies too close to the corona-276

graph, influencing both the photometry and astrome-277

try. With no available published suppression profile of278

theKs-band coronagraph, we cannot confidently extract279

either of these parameters. The L-band astrometry pre-280

sented in Close et al. (2025a) is close to its resolution281

limit for its wavelength and therefore carries large error282

bars in both separation and position angle and is there-283

fore not sufficiently constraining. At such small separa-284

tions we find that even if the PSF is misaligned by 0.5 of285

a pixel, this would change the position angle by approxi-286

mately 2.8◦, making the measurement highly sensitive to287
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small systematics. Although the z′-band data by Close288

et al. (2025a) provide the longest baseline and smallest289

error bars, the source appears slightly extended and may290

include scattered light or CPD emission, which could291

bias the central position. In addition to these liter-292

ature values from Close et al. (2025a), we have293

extracted the astrometric position of the object294

from both SPHERE H-band observation epochs,295

i.e. the epoch taken in March of 2025 and origi-296

nally published in van Capelleveen et al. (2025)297

and the new SPHERE H-band observation taken298

in September of 2025 and presented in this study299

(see Appendix B Fig. 8 for a side-by-side compar-300

ison). As we describe in section 2.2 we applied a301

total intensity reference differential imaging re-302

duction to both of these data sets which recov-303

ers WISPIT 2c. Conversely to the SPHERE Ks-304

band epoch, a detailed coronagraphic through-305

put profile is available for the H-band observa-306

tions in the SPHERE manual. We thus can re-307

liably extract both astrometry and photometry308

of WISPIT 2c. However, because the position309

of WISPIT 2c lies near the 50% transmission of310

the coronagraph, the photometry is sensitive to311

the accuracy of the throughput correction. Un-312

certainty in the position of the star behind the313

coronagraph could lead to small variations in314

throughput correction, which has not been prop-315

agated into the photometric uncertainty of the316

companion. While this may result in underes-317

timated H−band magnitude uncertainties, this318

effect has been partially mitigated by averaging319

measurements from two independent epochs us-320

ing two independent reference libraries. Nev-321

ertheless, this does not address the possibility322

of a systematic magnitude offset resulting from323

over- or under-correction of the throughput if324

the transmission profile itself is not accurate.325

We show all astrometric measurements in Fig 2. In326

the same figure we also illustrated the expected loca-327

tion of a non-moving background source. Due to the328

short time base-line the relative position angle of a grav-329

itationally bound, co-moving source and a background330

object show considerable overlap. However, we do ex-331

pect a strong change in separation for a background ob-332

ject that should not be present for a co-moving source.333

We find that in position angle the literature data334

from Close et al. (2025a) in combination with our335

new GRAVITY observation appears to rule out a336

background object, while the SPHERE H-band337

epochs are consistent with both a background338

object and a co-moving bound planet. In separa-339

tion the GRAVITY and SPHERE H-band data,340

as well as the literature z′-band data rule out a341

background object, while the L-band data un-342

certainties are too large to distinguish between343

both scenarios. Given that the data points with the344

smallest uncertainties appear to rule out a non-moving345

background object, both in position angle and separa-346

tion, we conclude that WISPIT 2c is a bound object in347

the system.348

However, we note that the object shows a measurable349

change in position angle and separation compared to350

the GRAVITY measurement. This suggests that the351

object exhibits genuine orbital motion. Assuming the352

planet lies in the disk plane (inclination fixed at 45◦),353

we estimate the possible orbital solutions with orbitize!354

(Blunt et al. 2020) using an EMCEE MCMC sampler355

(Foreman-Mackey et al. 2013). Based on the current356

astrometry we can explain the tentative change357

with Keplerian orbits, albeit with some inconsis-358

tency between the SPHERE H-band and litera-359

ture z′ and L-band data points. While the for-360

mer indicate orbital motion in the same direction361

as the outer planet WISPIT 2b as reported in362

van Capelleveen et al. (2025), the latter exhibit363

a change in position angle which would put the364

orbit of 2c in retrograde relative to 2b. We illus-365

trate both prograde and retrograde solutions in366

our proper motion analysis in Fig 2. We note that367

a retrograde orbit would be extremely unusual and given368

the potential biases in the z′-band centroid and the lim-369

ited precision of the L-band measurement, we find the370

pro-grade orbit indicated by the SPHERE H-band data371

to be the more likely scenario. Additional high-precision372

astrometry will be required to confirm the orbital direc-373

tion of WISPIT 2c.374

With a distant background object ruled out375

by the astrometric analysis we inspected the K-376

band spectrum of WISPIT 2c. Fig. 3 shows CO ab-377

sorption in the GRAVITY K-band spectrum at 2.2935378

µm, and a positive slope from 2.15 - 2.25 µm, both well-379

established signatures of young, low-gravity substellar380

objects (Patience et al. 2012; Allers & Liu 2013). Such381

CO absorption is expected to remain prominent in the382

atmospheres of young giant planets but is not produced383

at detectable levels in stellar photospheres beyond tem-384

peratures of ∼ 5300 K (Cesetti et al. 2013). The pho-385

tometric measurement in the H-band may follow the386

characteristic triangular continuum shape which arises387

from deep H2O absorption both sides of the 1.65 µm388

peak (Allers & Liu 2013), though our current data can-389

not confirm this as we cover this wavelength regime only390

with a single photometric point.391



6 Lawlor et al.

2025.0 2025.2 2025.4 2025.6 2025.8

190.0

192.5

195.0

197.5

200.0

202.5
Po

sit
io

n
An

gl
e(

de
g)

VLTI/GRAVITY
SPHERE H-band

MagAO-X: z-Band
LMIRCam: L-Band

2025.0 2025.2 2025.4 2025.6 2025.8
Time (year)

0.09

0.10

0.11

0.12

0.13

Se
pa

ra
tio

n
(a

rc
se

c)

Figure 2: Relative astrometry of WISPIT 2c to the pri-

mary star over time. We give the separation and posi-

tion angle (measured from North over east). The purple

dashed-line indicates plausible orbital motion for a pro-

grade orbit, while the blue dashed-line indicates ret-

rograde motion. Both orbits are in the plane of the

circumstellar disk. The solid “curved” line indicates

the expected behaviour for a distant background ob-

ject. While the black dashed-line represents no relative

change of motion in relation to the host star.

Taken together, both the astrometry as well as the392

spectroscopic data are strongly indicating that CC1 is393

indeed a second planet in the system which we will now394

refer to as WISPIT 2c.395

3.3. Temperature and mass of WISPIT 2c396

To assess the atmospheric properties of WISPIT397

2c, we employed the spectral and photometric tool398

species (Stolker et al. 2020b), which is commonly399

used for the analysis of directly imaged planets and400

brown dwarfs. We performed an atmospheric pa-401

rameter inference by sampling self-consistent at-402

mospheric model grids with the nested sampler403

dynesty (Speagle 2020) fitting the Drift-Phoenix404

(Hauschildt & Baron 1999; Baron et al. 2003;405

Woitke & Helling 2003, 2004; Helling & Woitke406

2006; Helling et al. 2008a,b; Witte et al. 2009,407

2011) model. We furthermore explore also sev-408

eral additional models, the results of which we409

describe in Appendix D.410

Drift-Phoenix is designed for the dust-rich atmo-411

spheres we expect of young embedded planets, and in-412

cludes detailed cloud microphysics (Rajpurohit et al.413

2012). For the atmosphere constraint we consider the z′-414

and L-band photometric points by (Close et al. 2025a)415

as well as our new SPHERE H-band photometric mea-416

surement and GRAVITY K-band spectrum. We discuss417

in Appendix D how the recovered parameters are influ-418

enced if we use various sub-sets of these data points.419

As we are not sensitive to variations in log g (see Ap-420

pendix D Fig. 10), varying log g between 3 and 5 does421

not significantly modify the inferred atmospheric pa-422

rameters. Taking an average of the available log g val-423

ues for young (< 50 Myr) gas giants (Schneider et al.424

2011), returns an average log g of ∼3.9, which we take425

as a fixed value. As WISPIT 2 is a solar type star we426

fix [Fe/H] at 0.0, similar to log g we are not sensitive to427

changes in metallicity (see Appendix D Fig. 11).428

Employing the Drift-Phoenix model, we de-429

rive max likelihood planet parameters of Teff =430

1754±16 K, and R = 1.78±0.03 RJup, where the431

errors are purely statistical (see Appendix D,432

Fig. 12 for model distributions). Since the pure433

statistical uncertainties are clearly underestimat-434

ing the possible temperature and radius range435

for the planet, we considered the full set of ex-436

plored models in Appendix D to obtain a tem-437

perature range of 1500-2600 K, and a radius438

range of 0.91-2.20 RJup.439

The distribution of temperatures appears bi-440

modal, hence we separate the models into high441

and low temperature families, where more spe-442

cific ranges can be seen in Table 3. We note,443

however, that the ranges produced by the BT-Dusty,444

Sonora-Bobcat, BT-Settl, and ATMO models appear445

unphysical, as such a young object is expected to have446

an inflated radius (see for example Spiegel & Bur-447

rows 2012). Given that the Drift-Phoenix model448

is a closer fit to our K-band spectrum with minimal449

residuals and produces more reasonable temperature450

and radius values, we consider these values more likely.451

This conclusion is further strengthened by com-452

parison of the Ks−band magnitude and H − Ks453

colour against evolutionary isochrones, (see dis-454

cussion below), which imply inflated radii larger455

than 1.6 RJup.456

We show the best fit Drift-Phoenix model and457

overlay our extracted GRAVITY K-band spec-458

trum and z′-, H-, and L-band photometry in459

Fig. 3. The model spectrum closely follows our460
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Instrument UT Date Band Magnitude Separation (mas) PA (deg) Ref.

MagAO-X 2025-04-16 z′ 19.40+0.65
−0.26 109.7± 2.9 192.0± 1.0 (Close et al. 2025a)

LBTI/LMIRcam 2025-06-05 L 14.80+0.76
−0.43 113.0± 14.0 191.9± 2.4 (Close et al. 2025a)

VLT/SPHERE 2025-03-21 H 16.40± 0.39 97.69± 7.42 198.38± 3.85 This work

VLT/SPHERE 2025-09-24 H 16.25± 0.29 111.45± 7.39 193.99± 5.25 This work

VLTI/GRAVITY 2025-10-05 K 16.04± 0.01 105.44± 0.03 196.00± 0.02 This work

Table 2: Apparent magnitudes and relative astrometry of WISPIT 2c.

extracted K-band spectrum, with a characteris-461

tic CO absorption at 2.2935 µm and overtones462

between 2.33-2.36 µm, highlighted in the inset463

of Fig. 3. The best fit results for the alterna-464

tive models that we explored are shown in ap-465

pendix D (Fig. 13). The BT-Dusty, Sonora-Bobcat,466

BT-Settl, and ATMO models converge toward high467

temperature (∼2300-2600 K) solutions that im-468

ply unphysically small radii (0.91 - 1.07 RJup),469

inconsistent with expectations for a young, in-470

flated object. Given that our two best fitting471

models, Drift-Phoenix and ExoRem, i.e. the mod-472

els with the smallest residuals, both include473

cloud physics, this may suggest that WISPIT474

2c possesses a dusty atmosphere, given that the475

planet is still young, this is expected due to its476

low surface gravity (Marley & Sengupta 2011;477

Charnay et al. 2018).478

In addition to our model grid exploration, we479

compare the GRAVITY K-band spectrum of480

WISPIT 2c with the spectra of PDS 70b and481

HR8799 e which are taken from the ExoGRAV-482

ITY K-band spectral library of gas giants and483

brown dwarfs presented in (Kammerer et al.484

2025). These two objects were selected based on485

their similar absolute luminosity compared to486

WISPIT 2c. The resulting comparative spectra487

are shown in Fig. 4. We note that the contin-488

uum shape and depth of CO absorption features489

of WISPIT 2c and HR8799 e are overall similar.490

While HR8799 e is found to be slightly colder491

than WISPIT 2c (1100-1400K, Nasedkin et al.492

2024), it confirms that our spectrum is consis-493

tent with a young gas-giant planet. Conversely494

the spectrum of PDS70b, a planet still located495

within its’ birth disk, appears almost flat with496

no strong CO feature. Wang et al. (2021) discuss497

that the spectrum is most likely explained by a498

planetary atmosphere with significant amounts499

of dust, the nature of which is uncertain. The500

difference in spectrum between PDS70b and501

WISPIT 2c may then indicate that the former502

is still strongly embedded, while this is not true503

for the latter.504

505

Using the luminosity derived from our radius and tem-506

perature range, we estimate the mass of WISPIT 2c507

by comparison to evolutionary model isochrones. To508

determine the sensitivity of our mass estimate to as-509

sumptions of age and evolutionary models, we computed510

isochrones for WISPIT 2c using a range of represen-511

tative ages and atmosphere grids. In Fig. 5, we show512

isochrones at 3.8, 5.1, and 7.5 Myr (the system age513

of 5.1 Myr and its associated errors reported in van514

Capelleveen et al. 2025). For each age we compare the515

predicted luminosity-mass relations with our measured516

luminosity, including its uncertainty range, taken from517

our posterior samples. Across this age span, we infer a518

corresponding mass range of approximately 8-12 MJup,519

consistent with the values previously reported for CC1520

by Close et al. (2025a) of 8-10 MJup. We tested how ro-521

bust this estimate is against the usage of different model522

isochrones and found a mass range of roughly 9-11 MJup,523

i.e. smaller than the range given by the uncertainty of524

the system age. Based on these mass ranges, it appears525

likely that WISPIT 2c sits comfortably in a range of 8-526

12 MJup. However, we note that our atmospheric527

grid models infer a broader range of masses of528

3-16 MJup. Since mass is not a fitted parameter529

in these models but is instead derived from the530

fixed log g and inferred radius, we do not con-531

sider these to be robust mass estimates as our532

data is not sensitive to small changes in log g as533

mentioned previously.534

In addition to our spectral analysis, the pho-535

tometry of WISPIT 2c is shown in a colour-536

magnitude diagram in Fig. 6, along with that537

of WISPIT 2b and other known planets with538

available H− and Ks-band magnitudes. Com-539

parison against 5.1 Myr Sonora-Bobcat (Mar-540

ley et al. 2021) and Sonora-Diamondback (Mor-541

ley et al. 2024) isochrone tracks confirm that542

WISPIT 2c is a planetary-mass companion, and543

that the H − Ks 1σ upper bound is consistent544

with a cloudy model, in agreement with the best-545

fit atmosphere models to the combined spec-546
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trum and photometry. We note that the lower547

temperature and inflated radius are also pre-548

ferred from comparison against these evolution-549

ary isochrones.550

Planet parameters High T Low T

Teff K 2300-2600 1500-1750

log g 3.9a 3.9

[Fe/H] 0.0 0.0

Rp/RJup 0.91-1.07 1.78-2.20

log Lp/L⊙ (-3.47)-(-3.53) (-3.55)-(-3.63)

Mp/MJup 3-14 10-16

Mp/MJup 8-12b

aNote the exception of the BT-Dusty model where log g
is 4.5.
bMass range derived from luminosity-mass isochrones.

Table 3: Ranges of physical parameters of

WISPIT 2c based on the atmospheric model fit-

ting from the models presented in Appendix D,

were we separate based on high and low temper-

ature families. Note: The ranges are based on

the highest and lowest most likelihood values of

each model, and we do not report statistical er-

rors as they are negligible.

4. DISCUSSION551

4.1. Comparison with PDS 70552

The young T Tauri star PDS 70 (Gregorio-Hetem553

et al. 1992) once acted as a lone candle in the dark for554

early planet formation studies, owing to its two con-555

firmed planets, PDS 70b (Keppler et al. 2018) and PDS556

70c (Haffert et al. 2019). The confirmation of two plan-557

ets in the young WISPIT 2 system now provides a valu-558

able second comparison point, helping to narrow the559

observational gap in our understanding of how giant560

planets convene within their natal disks. Although the561

sample of directly imaged, still embedded protoplanets562

remains too small for robust statistical analyses, it is563

still informative to compare the orbital architectures of564

WISPIT 2 and PDS 70.565

PDS 70 exhibits a well-defined inner cavity, host to566

two planets, measuring roughly 70 au (Hashimoto et al.567

2012; Dong et al. 2012; Hashimoto et al. 2015; Kep-568

pler et al. 2019) similar to that of WISPIT 2’s promi-569

nent 60 au gap, containing one planet, with a second570

planet sitting beyond the innermost ring. Both systems571

show strong signs of being shaped by their respective572

planets. Despite the more extended disk in WISPIT 2,573

the confirmed planets in both systems occupy a broadly574

similar radial regime, approximately 57 and 14 au for575

WISPIT 2b and c, and 21 and 35 au for PDS 70b and576

c (Haffert et al. 2019). The lack of a dust ring between577

the planets in PDS 70 is likely due to the close sep-578

aration between its respective planets. These planets579

likely would have accreted material from both sides of580

the ring early in their formation stages, thus depleting581

the dust ring and forming the large cavity that now har-582

bours these planets. While the planets in WISPIT 2 are583

at a much larger separation and therefore are unable to584

efficiently clear the material between them, allowing the585

dust ring to remain intact. Recent astrometric fits by586

Trevascus et al. (2025) place upper mass limits of 4.9587

MJup and 13.6 MJup for PDS 70b and c respectively,588

comparable to the masses of WISPIT 2b and c. These589

broadly similar radial and mass ranges may imply the590

existence of a “Goldilocks zone” for early giant planet591

formation, where conditions in both systems appear to592

be conducive to generating giant multi-planet architec-593

tures. It is likely that the planets in both WISPIT 2594

and PDS 70 formed in-situ (see van Capelleveen et al.595

2025; Perotti et al. 2023), implying their current loca-596

tions trace the environments that supported their for-597

mation rather than the endpoints of substantial inward598

or outward migration.599

4.2. Non-detection of Hα and CPD600

Despite its larger mass compared to the previously601

detected outer planet WISPIT 2b, there was no signifi-602

cant Hα-emission detected at the position of WISPIT 2c603

(Close et al. 2025a). Given that accretion generally604

scales with mass (see e.g. Ercolano et al. 2014; Manara605

et al. 2023) this indicates that either the accretion on the606

object is highly variable, or that the object is veiled by607

circumplanetary dust, which effectively blocks the opti-608

cal wavelength emission. As we only have a single epoch609

of Hα imaging of the system to date, we are unable to610

verify if the accretion signatures of the planet might be611

variable. However, from large spectroscopic surveys we612

know this commonly to be the case for young stars (e.g.613

Manara et al. 2021). Given that the transport mecha-614

nisms within the disk for accretion onto the central star615

or a surrounding planet are similar, it is reasonable to616

assume that this is indeed the case also for the accre-617

tion activity of the planet. This indeed has been recently618

confirmed for the planets in the PDS 70 system (Close619

et al. 2025b; Zhou et al. 2025).620

On the other hand Close et al. (2025a) point out that621

the z′-band measurement appears to be tentatively ex-622

tended, consistent with a CPD signal within the Hill623

radius of a massive planet. Conversely, our preliminary624

GRAVITY observation rule out the presence of a com-625

pact CPD at scales of ∼ 0.25 au. This may indicate626
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Figure 3: Drift-Phoenix spectral model overlaid with the K-band spectrum obtained with

VLTI/GRAVITY, H-band VLT/SPHERE, z′-band MagAO-X, and L-band LBTI/LMIRCam photom-

etry of WISPIT 2c. The modelled spectrum is based on max likelihood fitting of temperature and

radius. Figure also contains zoomed region of 2.2-2.4µm to highlight CO absorption band-heads, marked by the

pink box.
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Figure 4: K-band GRAVITY spectra of PDS

70b and HR8799 e (Kammerer et al. 2025), and

WISPIT 2c, offsets have been applied along the

y-axis The CO feature (highlighted by the pink

box) can be clearly seen in HR8799, and WISPIT

2c, but is lacking in PDS 70b.

that if a CPD is indeed present, then the dust grain627

sizes within the disk are on a sub-micron scale, so that628
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Figure 5: Sonora-Diamondback luminosity-mass

isochrones at varying ages, measured luminosities from

the atmospheric model fitting are shown by the grey

shaded region.
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Figure 6: Colour-magnitude diagram of the

WISPIT 2 system, along with confirmed plan-

etary companions and field brown dwarfs of var-

ious spectral types. The teal and cyan tracks

show 5.1 Myr Sonora-Bobcat (cloud-free) and

Sonora-Diamondback (hybrid clouds, sedimenta-

tion efficiency fsed = 2) evolutionary isochrones,

respectively.

they efficiently scatter light in the optical z′-band but629

do not significantly contribute to the signal in the K-630

band. Alternatively this could indicate that there is631

some larger scale dusty envelope present at the position632

of WISPIT 2c, in fact very similar to what has been ob-633

served for PDS 70c (Stolker et al. 2020a). This envelope634

could then be detected in z′-band but resolved out by635

the interferometric GRAVITY observation. The pres-636

ence of such an envelope could then also explain the637

non-detection at the Hα wavelength.638

4.3. Planet orbital eccentricity and multiplicity639

The confirmation of a second planet in the WISPIT 2640

system aligns with expectations based on its dynamical641

behaviour. The previously detected planet in the sys-642

tem, WISPIT 2b, exhibits an extremely low eccentric-643

ity (e ≤ 0.2), consistent with trends observed in multi-644

planet systems. Studies by Xie et al. (2016) found that645

from a sample of Kepler planets, the average eccentric-646

ity for single planets is approximately 0.3, while systems647

with multiple planets tend to have significantly lower av-648

erage eccentricities of 0.04. Similarly, Limbach & Turner649

(2015) reported a strong inverse correlation between650

planet multiplicity and orbital eccentricity. Follow-up651

observations will be key to constrain the orbits of both652

planets in the system, to establish solid links between653

orbital architecture and planet multiplicity.654

5. CONCLUSIONS655

Through combined photometric and spectroscopic656

analysis, we confirm the presence of an additional plan-657

etary mass companion in the WISPIT 2 system. The658

CO band-head detected in the GRAVITY K-band spec-659

trum provides strong evidence for a planetary object,660

which is twice as massive as WISPIT 2b and significantly661

closer to the host star, with a mass range of 8-12 MJup662

and a radial separation of 14 au. While WISPIT 2b663

showed strong signs of Hα emission, there is an absence664

of significantly detectable Hα emission from WISPIT665

2c, which may indicate strong variability or dust veil-666

ing. With current available astrometry, the motion of667

the planet appears inconsistent with that of a distant668

background object, but further high-precision astromet-669

ric observations are needed to constrain its orbital670

motion. With this new detection, WISPIT 2 becomes671

only the second system (after PDS 70) to host multiple672

directly imaged young giant planets in formation, mak-673

ing it a prime target for follow-up observations674

with the upcoming ELT. This offers a rare oppor-675

tunity to probe how early system architectures emerge,676

Although still speculative, the comparable orbital sepa-677

rations in both systems may hint at a “Goldilocks zone”678

for giant planet formation in young disks. While the679

available data remain limited, these results bring us680

one step closer to making direct connections between681

the initial conditions of planet formation and the final682

architectures of planetary systems.683
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APPENDIX868

A. FLUX CALIBRATION OF THE GRAVITY DATA869

The SED from the star was obtained by fitting the photometry point from GAIA DR3 (Gaia Collaboration et al.870

2023) and 2MASS (Cutri et al. 2003), used in van Capelleveen et al. (2025). The absolute flux of the star was obtained871

with a synthetic spectrum from the species3 package, using a BT-Settl-CIFIST stellar model. The result of the fit of872

the SED is shown in Fig. 7. Finally, the absolute flux of the planet spectrum is obtained by multiplying the contrast873

spectrum extracted from the exogravity pipeline with the synthetic spectrum of the star.874
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Figure 7: Stellar SED of WISPIT 2 fitted used for the absolute flux calibration of the GRAVITY data.

B. COMPARISON OF THE TWO SPHERE OBSERVATION EPOCHS875

We show the RDI reduced (total intensity) SPHERE observations taken in March and September876

2025 in Fig. 8. Both were taken with similar instrument settings and in the H-band filter. The main877

difference between the two epochs is the applied reference star data. While for the September 2025878

epoch a dedicated reference star was observed in “star-hopping mode”, i.e. interleaved with the science879

observation, this was not the case for the March 2025 data. For this data set instead a reference library880

was utilised. Both observation epochs recover the companion at high significance.881

C. RGB IMAGE OF THE WISPIT 2 SYSTEM882

In Fig. 9 we show an RGB image of the WISPIT 2 system using existing literature data as well as our new SPHERE883

H-band observations. The red channel in the image is comprised of the ADI treated L-band data from Close et al.884

(2025a), while the green channel uses the RDI treated SPHERE K-band data first presented in van Capelleveen et al.885

(2025). The blue channel uses our newly obtained SPHERE H-band data. Here we use itself a composite of the RDI886

treated annulus confined data that recovers the planet WISPIT 2c and which is shown in Fig. 1, and a polarisation887

image showing the disk scattered light created from the same data set (but not sensitive to the planet). Each channel888

was normalised such that the disk has a similar brightness towards is forward scattering peak. The brightness of each889

3 https://species.readthedocs.io/

https://species.readthedocs.io/
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Figure 8: SPHERE H-band observations of the new planet WISPIT 2c. Both observation epochs clearly

recover the planet (marked with the dotted circle). A mask is applied to exclude the majority of disk

signal from the extraction and prevent over-subtraction. Both images utilise a linear colour map.

channel is scaled with the square root of the pixel values, which provides good contrast between planet signal and890

noise. We note that this image should be primarily considered for illustration of the system architecture and is not891

meant for an accurate colour analysis of the disk or the planet signal.892

D. FULL NESTED SAMPLING INFERENCE OF PLANET ATMOSPHERE PARAMETERS893

We performed a full atmospheric parameter inference of WISPIT 2c using the species tool (Stolker et al. 2020b).894

The analysis combines both the medium resolution K-band spectrum extracted from the GRAVITY observations,895

using the standard deviation errors of the spectrum, and the z′-, H- and L-band photometry.896

We use the Drift-Phoenix (Hauschildt & Baron 1999; Baron et al. 2003; Woitke & Helling 2003, 2004;897

Helling & Woitke 2006; Helling et al. 2008a,b; Witte et al. 2009, 2011), Sonora-Diamondback (Morley et al.898

2024), ExoRem (Baudino et al. 2015; Charnay et al. 2018), BT-Dusty (Allard et al. 2012), Sonora-Bobcat899

(Marley et al. 2021), BT-Settl (Allard 2014), and ATMO (Phillips et al. 2020) models to explore a variety900

physical properties for the planetary atmosphere. The model grids cover a wavelength range of 0.5-10 µm with901

a spectral resolution of 500 (consistent with that of the GRAVITY instrument) and 1000 live points. We adopted902

uniform priors with reasonable ranges of 1500 - 3000 K and 0.5 - 3.5 RJ . We fix the surface gravity log g at 3.9903

for all models (average of reported values for young gas giants), with the exception BT-Dusty, where it904

was fixed at 4.5, as this is the minimum value accepted by the model grid.905

We do not attempt to constrain these values as the continuum shape is only marginally influenced by log g and we906

do not resolve any individual spectral lines that would be strongly influenced (see Fig. 10). Because the GRAVITY907

spectrum has a moderate spectral resolution, the K-band spectrum is not sensitive enough to the depth of lines to908

determine the abundances of individual elements (Rukdee 2024) (see Fig. 11). For this reason we fix the metallicity909

at 0.0, assuming a solar value. The resulting posterior distributions for out best fit Drift-Phoenix model are910

shown in Fig. 12. Additional analysis determined that the atmospheric constraints are dominated by the K-band911

spectrum. Starting from the K-band spectrum we ran our sampler to extract the planet parameters and adding L-,912

H-, and z′ in that order. We find this produces only a very minimal change in temperature, on the order of tens of913

kelvin, letting us include all photometric points in the final fits. We show in Fig. 13, a comparison of our test914

models. As the fits with the smallest residuals appear to be Drift-Phoenix and ExoRem, this may imply915

a cloudy atmosphere. Although we do note that both BT-Settl and Sonora-Diamondback also employ916

cloud physics but are not ideal fits to the data.917
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100 mas

WISPIT 2b
WISPIT 2c

WISPIT 2 system RGB image
SPHERE: H-band (this work)
SPHERE: K-band (van Capelleveen et al. 2025)
LBT: L-band (Close et al. 2025)

Figure 9: RGB image of WISPIT 2 using the existing L- and K-band data by Close et al. (2025a) and van Capelleveen

et al. (2025), as well as our new H-band data. We mark the positions of the known planet WISPIT 2b as well as the

new inner planet WISPIT 2c.
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Figure 10: Drift-Phoenix model spectrum of the WISPIT 2c atmosphere with varying log g, at a fixed temper-

ature of 1750 K and a radius of 1.78 RJup.
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Figure 11: Drift-Phoenix model spectrum of the WISPIT 2c atmosphere with varying metallicity, at a fixed

temperature of 1750 K and a radius of 1.78 RJup.
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Figure 12: Posterior distributions for WISPIT 2c from the nested-sampling using Drift-Phoenix, with

median values shown and ±1σ.
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planet temperature and radius.
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(e) BT-Settl best fit spectrum with inferred planet
temperature and radius.
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Figure 13: Exploration of multiple model grids.


