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Capabilities and Challenges: 

1. Attaining high precision 
2. Detecting molecules 
3. Constraining composition



j
1 μm 2 μm 3 μm 4 μm 5 μm 10 μm

100

500

7 8 9 10 11 12 13 14

100

1000

7 8 9 10 11 12 13 14

J Magnitude J Magnitude

NIRISS SOSS
NIRSpec G140H

NIRSpec Prism MIRI LRS

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Attaining high precision over maximum wavelength

R=100 R=100



j
1 μm 2 μm 3 μm 4 μm 5 μm 10 μm

100

500

7 8 9 10 11 12 13 14

100

1000

7 8 9 10 11 12 13 14

J Magnitude J Magnitude

MIRI LRS

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Attaining high precision over maximum wavelength

R=100 R=100

NIRISS SOSS
NIRSpec G140H

NIRSpec Prism



j
1 μm 2 μm 3 μm 4 μm 5 μm 10 μm

100

500

7 8 9 10 11 12 13 14

100

1000

7 8 9 10 11 12 13 14

J Magnitude J Magnitude

NIRISS SOSS
NIRSpec G140H
NIRSpec Prism MIRI LRS

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

2 group 33%

71%6 group



j
1 μm 2 μm 3 μm 4 μm 5 μm 10 μm

100

500

7 8 9 10 11 12 13 14

J Magnitude

NIRISS SOSS
NIRSpec G140H
NIRSpec Prism

100

1000

7 8 9 10 11 12 13 14

J Magnitude

MIRI LRS

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

2 group 33 %



j
1 μm 2 μm 3 μm 4 μm 5 μm 10 μm

100

500

7 8 9 10 11 12 13 14

J Magnitude

NIRISS SOSS
NIRSpec G140H
NIRSpec Prism

100

1000

7 8 9 10 11 12 13 14

J Magnitude

MIRI LRS

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)



j
1 μm 2 μm 3 μm 4 μm 5 μm 10 μm

100

500

7 8 9 10 11 12 13 14

J Magnitude

NIRISS SOSS
NIRSpec G140H
NIRSpec Prism

100

1000

7 8 9 10 11 12 13 14

J Magnitude

MIRI LRS

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 
(P

PM
)



50

150

7 8 9 10 11 12 13

J Magnitude

Si
ng

le
 T

ra
ns

it 
Sp

ec
tr

al
 P

re
ci

si
on

 (P
PM

)

100

NIRISS SOSS
NIRSpec G140H
NIRSpec Prism

0 5 10 15 20 25 30

100

75

50

25

Number of Transits

Sp
ec

tr
al

 P
re

ci
si

on
 (P

PM
)

1.5 vs 5 transits

8 vs 29 transits!

j Low efficiency impedes optimal precision for bright targets 

TRAPPIST-1
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TRAPPIST-1
There are options for Cycle >1 on the table that can help us improve this! 

We need to advocate for them.
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Figure 2. The top panel shows the presently supported readout pattern for Cycle 1. The middle and bottom panels show potential
enhancements. Each of the three columns (separated by a dashed vertical line) represent one group time. Blue always represents science
time, yellow represents potential bias time. The main di↵erence between the top and middle panel is the read that occurs immediately
before the reset in the first column. See §3.1 for a more thorough explanation. Main Point: In Cycle 1, readout patterns will limit the
observing e�ciency for targets near the saturation point of a particular instrument to 33%. Enhanced readout patterns could change this
to ⇠100% e�ciency.
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Figure 3. A comparison of two di↵erent observing strategies with
the NIRSpec Prism. The blue curve shows the result of a PandExo
run with the number of groups determined by the “optimize” op-
tion (ngroup=3). The orange curve shows the result of ngroup=6
for the total exposure time. Main Point: Partial saturation can
increase precision for NIRSpec Prism observations of bright tar-
gets.

transmission spectroscopy. However, the uncertainties
on temperature for emission spectroscopy (Figure 5) are
comparable to that of transit transmission (Figure 4).
This is because the JWST MIRI LRS data does not have
su�cient precision to detect the small signal that comes
from the emission of temperate planets at 5-12µm. The
constraints on abundances are also highly driven by the
prior (12 dex). No molecules are constrained within 1 dex
for less than 50 transits. Detecting molecular features in
emission spectroscopy of truly temperate exoplanets will

be very di�cult with JWST ’s MIRI LRS. This conclu-
sion is also supported by the analysis of (Morley et al.
2017), which suggests photometry of temperate planets
as an alternative to emission spectroscopy.

4. CONCLUSIONS

Here, we used PandExo in combination with an infor-
mation content analysis to determine optimal strategies
for constraining the atmospheres of the planets in the
TRAPPIST-1 system– with the ultimate goal of guiding
observations of temperate terrestrial planets. We sum-
marize our conclusions below:

• Bright targets near the saturation point of the
specific instrument mode have low observing ef-
ficiency. This is especially true of observations
of the TRAPPIST-1 system with NIRSpec Prism,
which is a favorable mode because of its ability
to get a complete spectrum (1-5 µm) in one tran-
sit. The Prism also is dominated by read noise at
longer wavelengths because of this low e�ciency
and because the stellar SED drops towards 5 µm.
While high e�ciency read modes are being investi-
gated, we outline a partial saturation strategy for
the NIRSpec Prism that can increase observing ef-
ficiency and decrease the e↵ect of readnoise at long
wavelengths.

• Using a partial saturation strategy with the Prism,
we will detect the dominant atmospheric absorber
of temperate terrestrial planets by the 10th transit.
If we do not detect anything by the 10th transit,
it is not likely that coadding more transits would

j It is still possible to improve read out speeds in Cycle >1!

Batalha+ApJL 2018
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Figure 2. The top panel shows the presently supported readout pattern for Cycle 1. The middle and bottom panels show potential
enhancements. Each of the three columns (separated by a dashed vertical line) represent one group time. Blue always represents science
time, yellow represents potential bias time. The main di↵erence between the top and middle panel is the read that occurs immediately
before the reset in the first column. See §3.1 for a more thorough explanation. Main Point: In Cycle 1, readout patterns will limit the
observing e�ciency for targets near the saturation point of a particular instrument to 33%. Enhanced readout patterns could change this
to ⇠100% e�ciency.

0

25

50

75

100

1 1.5 2 2.5 3 3.5 4 4.5 5

Carbon Species

Pr
ec

is
io

n 
on

 S
pe

ct
ru

m
 (p

pm
)

Wavelength (µm)

R=30  
16 hours, 5 
transits

Vanilla PandExo 
run w/ “Optimize”

Partial saturation w/ 
variable group extraction

Figure 3. A comparison of two di↵erent observing strategies with
the NIRSpec Prism. The blue curve shows the result of a PandExo
run with the number of groups determined by the “optimize” op-
tion (ngroup=3). The orange curve shows the result of ngroup=6
for the total exposure time. Main Point: Partial saturation can
increase precision for NIRSpec Prism observations of bright tar-
gets.

transmission spectroscopy. However, the uncertainties
on temperature for emission spectroscopy (Figure 5) are
comparable to that of transit transmission (Figure 4).
This is because the JWST MIRI LRS data does not have
su�cient precision to detect the small signal that comes
from the emission of temperate planets at 5-12µm. The
constraints on abundances are also highly driven by the
prior (12 dex). No molecules are constrained within 1 dex
for less than 50 transits. Detecting molecular features in
emission spectroscopy of truly temperate exoplanets will

be very di�cult with JWST ’s MIRI LRS. This conclu-
sion is also supported by the analysis of (Morley et al.
2017), which suggests photometry of temperate planets
as an alternative to emission spectroscopy.

4. CONCLUSIONS

Here, we used PandExo in combination with an infor-
mation content analysis to determine optimal strategies
for constraining the atmospheres of the planets in the
TRAPPIST-1 system– with the ultimate goal of guiding
observations of temperate terrestrial planets. We sum-
marize our conclusions below:

• Bright targets near the saturation point of the
specific instrument mode have low observing ef-
ficiency. This is especially true of observations
of the TRAPPIST-1 system with NIRSpec Prism,
which is a favorable mode because of its ability
to get a complete spectrum (1-5 µm) in one tran-
sit. The Prism also is dominated by read noise at
longer wavelengths because of this low e�ciency
and because the stellar SED drops towards 5 µm.
While high e�ciency read modes are being investi-
gated, we outline a partial saturation strategy for
the NIRSpec Prism that can increase observing ef-
ficiency and decrease the e↵ect of readnoise at long
wavelengths.

• Using a partial saturation strategy with the Prism,
we will detect the dominant atmospheric absorber
of temperate terrestrial planets by the 10th transit.
If we do not detect anything by the 10th transit,
it is not likely that coadding more transits would

j It is still possible to improve read out speeds in Cycle >1!

Batalha+ApJL 2018

67%

Currently Approved: 
33%



5

Clock to next pixel….R
es

et
 a

nd
 R

ea
d 

Ef
fic

ie
nc

y 
= 

33
%

 
(5

0%
 w

he
n 

bi
as

 k
no

w
n)

 
(C

yc
le

 1
 N

IR
 in

st
ru

m
en

ts
)

R
ea

d-
R

es
et

 a
nd

 R
ea

d 
Ef

fic
ie

nc
y 

= 
67

%
 

(1
00

%
 w

he
n 

bi
as

 k
no

w
n)

 
Po

te
nt

ia
l e

nh
an

ce
m

en
t 

Read-Reset (science)

R
ea

d-
R

es
et

-R
ea

d 
Ef

fic
ie

nc
y 

~ 
10

0%
 

Po
te

nt
ia

l e
nh

an
ce

m
en

t 
Read (science, if bias known)

10 µs

Clock to pixel Clock to next pixel….

Reset (No science)

Reset

10 µs

Clock to pixel

One group time later… One group time later…

Read (science)
10 µs

Clock to pixel Clock to next pixel….

Read (science, if bias known)
10 µs

Clock to pixel Clock to next pixel….

10 µs

Clock to pixel Clock to next pixel….

Read

Read Reset

Read

Read

Read (science)
10 µs

Clock to pixel Clock to next pixel….

Read

Read-Reset-Read (science)
20 µs

Clock to pixel Clock to next pixel….

Reset
Read

Read

Read-Reset-Read (science)
20 µs

Clock to pixel Clock to next pixel….

Reset
Read

Read

Read-Reset-Read (science)
20 µs

Clock to pixel Clock to next pixel….

Reset
Read

Read

Figure 2. The top panel shows the presently supported readout pattern for Cycle 1. The middle and bottom panels show potential
enhancements. Each of the three columns (separated by a dashed vertical line) represent one group time. Blue always represents science
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for the total exposure time. Main Point: Partial saturation can
increase precision for NIRSpec Prism observations of bright tar-
gets.

transmission spectroscopy. However, the uncertainties
on temperature for emission spectroscopy (Figure 5) are
comparable to that of transit transmission (Figure 4).
This is because the JWST MIRI LRS data does not have
su�cient precision to detect the small signal that comes
from the emission of temperate planets at 5-12µm. The
constraints on abundances are also highly driven by the
prior (12 dex). No molecules are constrained within 1 dex
for less than 50 transits. Detecting molecular features in
emission spectroscopy of truly temperate exoplanets will

be very di�cult with JWST ’s MIRI LRS. This conclu-
sion is also supported by the analysis of (Morley et al.
2017), which suggests photometry of temperate planets
as an alternative to emission spectroscopy.

4. CONCLUSIONS

Here, we used PandExo in combination with an infor-
mation content analysis to determine optimal strategies
for constraining the atmospheres of the planets in the
TRAPPIST-1 system– with the ultimate goal of guiding
observations of temperate terrestrial planets. We sum-
marize our conclusions below:

• Bright targets near the saturation point of the
specific instrument mode have low observing ef-
ficiency. This is especially true of observations
of the TRAPPIST-1 system with NIRSpec Prism,
which is a favorable mode because of its ability
to get a complete spectrum (1-5 µm) in one tran-
sit. The Prism also is dominated by read noise at
longer wavelengths because of this low e�ciency
and because the stellar SED drops towards 5 µm.
While high e�ciency read modes are being investi-
gated, we outline a partial saturation strategy for
the NIRSpec Prism that can increase observing ef-
ficiency and decrease the e↵ect of readnoise at long
wavelengths.

• Using a partial saturation strategy with the Prism,
we will detect the dominant atmospheric absorber
of temperate terrestrial planets by the 10th transit.
If we do not detect anything by the 10th transit,
it is not likely that coadding more transits would

j It is still possible to improve read out speeds in Cycle >1!
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“We can observe Vega!” 
- Tom Greene
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faster readout mode in Cycle 2
High precision spectroscopy

What could we do with this precision??
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Brief look at NIRSpec Prism TRAPPIST-1 in transmission.. More to come next with real models!
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Brief look at NIRSpec Prism TRAPPIST-1 in transmission.. More to come next with real models!

Temperature errors: ±75 K 
Mixing ratio errors:  

± 0.5 dex (best case) 
± 1 dex (most likely)  
± 2 dex (cloud coverage)
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Always detect the dominant absorber!
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Brief look at MIRI LRS TRAPPIST-1 in emission.. More to come next with real models!

Molecular detections are very difficult
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Attaining highest precision 
possible. Need to ensure DHS and 

faster readout mode in Cycle 2

Ability to detect dominant 
absorber

High precision spectroscopy

Emission and trace gasses

What could impede robust constraints on dominant absorber? 



Mass composition degeneracies exist

N. Batalha, E. Kempton, et al  2017 ApJL
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No mass constraints impede our ability to robustly determine 
composition

N. Batalha, T. Lewis, J. Fortney, N. Batalha, E. Kempton, et al submission T-1 week



Capabilities Challenges

Simultaneous extreme precision 
RV

Need mass to get robust 
atmospheric composition

Attaining highest precision 
possible. Need to ensure DHS and 

faster readout mode in Cycle 2

Ability to detect (sometimes 
constrain) dominant absorber

High precision spectroscopy

Emission and trace gasses


