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ABSTRACT

Characterising and comparing exoplanets from the same system can provide valuable constraints for formation and migration models. In particular,

by measuring the C/O ratio of a planet with respect to that of its host star, one can draw conclusions about its formation location and whether it has

migrated across the snow and ice lines in the protoplanetary disk. A recent discovery from the TESS mission, TOI-125, contains three sub-Neptunes

on relatively close-in orbits. In addition, the comparable radius and gravity of the planets provide a unique opportunity to study similar objects

formed in the same disk. We propose to use JWST/NIRSpec in BOTS mode with the G395H disperser to observe a single transit of TOI-125 b and c.

Mock retrievals showed these planets can be well-characterised with only one transit in this mode, providing a valuable comparison within this

system. Observing and analysing these planets will help us to constrain likely formation-migration scenarios for this system. Although we do not

propose to observe TOI-125 d here, since it is more challenging for transmission spectroscopy, it could prove beneficial to return to this planet in a

future cycle.

 

OBSERVING DESCRIPTION

We will observe one transit of TOI-125 b and c using NIRSpec in BOTS mode. We will use the G395H disperser and the default S1600A1 slit. We

will use the F290LP filter with the SUB2048 subarray with NRSRAPID mode.
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OBSERVATIONS
Folder Observation Label Observing Template Science Target
Observation Folder

1 TOI-125 b transit NIRSpec Bright Object Time Series (1) TOI-125
101 TOI-125 b transit NIRSpec Bright Object Time Series (1) TOI-125
2 TOI-125 c transit NIRSpec Bright Object Time Series (1) TOI-125
201 TOI-125 c transit NIRSpec Bright Object Time Series (1) TOI-125
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The observations must cover the full transit, along with sufficient out-of-transit baseline before and after. To obtain this, we will take half the transit

time before and after. This leads to a visit duration of 7.67 and 7.66 hours for planets b and c, respectively.
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# Name Target Coordinates Targ. Coord. Corrections Miscellaneous

(1) TOI-125 RA: 01 34 22.4221 (23.5934254d)

Dec: -66 40 34.86 (-66.67635d)

Equinox: J2000

Proper Motion RA: -0.02017219178982693 sec of
time/yr

Proper Motion Dec: -0.12295300005007448 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, K dwarfs, K stars]
Extended=NO

(2) TOI-125-TA-STAR RA: 01 34 22.0126 (23.5917192d)

Dec: -66 40 11.11 (-66.66975d)

Equinox: J2000

Proper Motion RA: 6.830 mas/yr

Proper Motion Dec: 11.159 mas/yr

Epoch of Position: 2015.5

Comments: This TA star was manually entered into APT using the information in the GAIA catalogue and the TICv8.1 MAST catalogue.
Category=Star
Description=[M dwarfs, M stars]
Extended=NO
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O
b
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at
io

n Proposal 4126, Observation 1: TOI-125 b transit Fri Oct 04 23:00:13 GMT 2024

Diagnostic Status: Warning

Observing Template: NIRSpec Bright Object Time Series

D
ia

g
n

o
st

ic
s (TOI-125 b transit (Obs 1)) Warning (Form): Exposure Duration exceeds the limit of 10000.0 seconds. Above this limit it is possible that a High Gain Antenna move may occur during the exposure.

(Visit 1:1) Warning (Form): Overheads are provisional until the Visit Planner has been run.
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# Name Target Coordinates Targ. Coord. Corrections Miscellaneous

(1) TOI-125 RA: 01 34 22.4221 (23.5934254d)

Dec: -66 40 34.86 (-66.67635d)

Equinox: J2000

Proper Motion RA: -0.02017219178982693 sec of
time/yr

Proper Motion Dec: -0.12295300005007448 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, K dwarfs, K stars]
Extended=NO

A
cq

u
is

it
io

n # Target TA Method Subarray Filter Readout Pattern Groups/Int Integrations/Exp Total
Integrations

Total Exposure
Time

ETC Wkbk.Calc
ID

1 2 TOI-125-TA-
STAR

WATA SUB32 CLEAR NRSRAPID 3 1 1 0.08 146671.8

T
em

p
la

te Subarray

SUB2048

S
p

ec
tr

al
 E

le
m

en
ts # Grating/Filter Readout Pattern Groups/Int Integrations/Exp Exposures/Dith Total Dithers Total Integrations Total Exposure

Time
ETC Wkbk.Calc
ID

1 G395H/F290LP NRSRAPID 22 1331 1 1 1331 27640.185 146671.5

S
p

ec
ia

l R
eq

u
ir

em
en

ts Phase 0.95779341 to 0.96675067 with period 4.6517225100 Days and zero-phase 2458327.4514124691 HJD
Time Series Observation
No Parallel Attachments
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n Proposal 4126, Observation 101: TOI-125 b transit Fri Oct 04 23:00:13 GMT 2024

Diagnostic Status: Warning

Observing Template: NIRSpec Bright Object Time Series

D
ia

g
n

o
st

ic
s (TOI-125 b transit (Obs 101)) Warning (Form): Exposure Duration exceeds the limit of 10000.0 seconds. Above this limit it is possible that a High Gain Antenna move may occur during the exposure.

(Visit 101:1) Warning (Form): Overheads are provisional until the Visit Planner has been run.

F
ix

ed
 T

ar
g

et
s

# Name Target Coordinates Targ. Coord. Corrections Miscellaneous

(1) TOI-125 RA: 01 34 22.4221 (23.5934254d)

Dec: -66 40 34.86 (-66.67635d)

Equinox: J2000

Proper Motion RA: -0.02017219178982693 sec of
time/yr

Proper Motion Dec: -0.12295300005007448 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, K dwarfs, K stars]
Extended=NO

A
cq

u
is

it
io

n # Target TA Method Subarray Filter Readout Pattern Groups/Int Integrations/Exp Total
Integrations

Total Exposure
Time

ETC Wkbk.Calc
ID

1 2 TOI-125-TA-
STAR

WATA SUB32 CLEAR NRSRAPID 3 1 1 0.08 146671.8

T
em

p
la

te Subarray

SUB2048

S
p

ec
tr

al
 E

le
m

en
ts # Grating/Filter Readout Pattern Groups/Int Integrations/Exp Exposures/Dith Total Dithers Total Integrations Total Exposure

Time
ETC Wkbk.Calc
ID

1 G395H/F290LP NRSRAPID 22 1331 1 1 1331 27640.185 146671.5

S
p

ec
ia

l R
eq

u
ir

em
en

ts Phase 0.95779341 to 0.96675067 with period 4.6517225100 Days and zero-phase 2458327.4514124691 HJD
Time Series Observation
No Parallel Attachments
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O
b

se
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at
io

n Proposal 4126, Observation 2: TOI-125 c transit Fri Oct 04 23:00:13 GMT 2024

Diagnostic Status: Warning

Observing Template: NIRSpec Bright Object Time Series

D
ia

g
n

o
st

ic
s (TOI-125 c transit (Obs 2)) Warning (Form): Exposure Duration exceeds the limit of 10000.0 seconds. Above this limit it is possible that a High Gain Antenna move may occur during the exposure.

(Visit 2:1) Warning (Form): Overheads are provisional until the Visit Planner has been run.
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# Name Target Coordinates Targ. Coord. Corrections Miscellaneous

(1) TOI-125 RA: 01 34 22.4221 (23.5934254d)

Dec: -66 40 34.86 (-66.67635d)

Equinox: J2000

Proper Motion RA: -0.02017219178982693 sec of
time/yr

Proper Motion Dec: -0.12295300005007448 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, K dwarfs, K stars]
Extended=NO

A
cq

u
is

it
io

n # Target TA Method Subarray Filter Readout Pattern Groups/Int Integrations/Exp Total
Integrations

Total Exposure
Time

ETC Wkbk.Calc
ID

1 2 TOI-125-TA-
STAR

WATA SUB32 CLEAR NRSRAPID 3 1 1 0.08 146671.8

T
em

p
la

te Subarray

SUB2048

S
p

ec
tr

al
 E

le
m

en
ts # Grating/Filter Readout Pattern Groups/Int Integrations/Exp Exposures/Dith Total Dithers Total Integrations Total Exposure

Time
ETC Wkbk.Calc
ID

1 G395H/F290LP NRSRAPID 22 1328 1 1 1328 27577.885 146671.10

S
p

ec
ia

l R
eq

u
ir

em
en

ts Phase 0.97859078 to 0.98314206 with period 9.1549332897 Days and zero-phase 2458334.4430253939 HJD
Time Series Observation
No Parallel Attachments
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O
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se
rv

at
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n Proposal 4126, Observation 201: TOI-125 c transit Fri Oct 04 23:00:13 GMT 2024

Diagnostic Status: Warning

Observing Template: NIRSpec Bright Object Time Series

D
ia

g
n

o
st

ic
s (TOI-125 c transit (Obs 201)) Warning (Form): Exposure Duration exceeds the limit of 10000.0 seconds. Above this limit it is possible that a High Gain Antenna move may occur during the exposure.

(Visit 201:1) Warning (Form): Overheads are provisional until the Visit Planner has been run.
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# Name Target Coordinates Targ. Coord. Corrections Miscellaneous

(1) TOI-125 RA: 01 34 22.4221 (23.5934254d)

Dec: -66 40 34.86 (-66.67635d)

Equinox: J2000

Proper Motion RA: -0.02017219178982693 sec of
time/yr

Proper Motion Dec: -0.12295300005007448 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, K dwarfs, K stars]
Extended=NO

A
cq

u
is

it
io

n # Target TA Method Subarray Filter Readout Pattern Groups/Int Integrations/Exp Total
Integrations

Total Exposure
Time

ETC Wkbk.Calc
ID

1 2 TOI-125-TA-
STAR

WATA SUB32 CLEAR NRSRAPID 3 1 1 0.08 146671.8

T
em

p
la

te Subarray

SUB2048

S
p

ec
tr

al
 E

le
m

en
ts # Grating/Filter Readout Pattern Groups/Int Integrations/Exp Exposures/Dith Total Dithers Total Integrations Total Exposure

Time
ETC Wkbk.Calc
ID

1 G395H/F290LP NRSRAPID 22 1328 1 1 1328 27577.885 146671.10

S
p

ec
ia

l R
eq

u
ir

em
en

ts Phase 0.97859078 to 0.98314206 with period 9.1549332897 Days and zero-phase 2458334.4430253939 HJD
Time Series Observation
No Parallel Attachments
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