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Exploring

with the
The infrared 
observatory is 
delving deep into 
the atmospheres 
of every kind of 
exoplanet, as Ezzy 

Pearson finds out

I
n the 1980s, as NASA was putting the 

ƅQLVKLQJ�WRXFKHV�WR�WKH�+XEEOH�6SDFH�

7HOHVFRSH��GLVFXVVLRQV�EHJDQ�WR�WXUQ�WR�

ZKDW�WKH�DJHQF\ŝV�QH[W�JUDQG�RUELWDO�

REVHUYDWRU\�ZRXOG�EH��7KH�GHVLJQ�WKH\�FDPH�

XS�ZLWK�ZDV�D�KXJH�����P�ZLGH�LQIUDUHG�REVHUYDWRU\�

WKDW�FRXOG�SHHU�EDFN�WKURXJK�GLVWDQFH��GXVW�DQG�

HYHQ�WLPH�WR�YLHZ�WKH�GLP�OLJKW�RI�WKH�HDUOLHVW�

JDOD[LHV��DQG�ZKLFK�ZH�QRZ�NQRZ�DV�WKH�-DPHV�

:HEE�6SDFH�7HOHVFRSH��-:67��

$W�WKH�WLPH�RI�WKRVH�ƅUVW�GLVFXVVLRQV��KXPDQLW\�

KDG�\HW�WR�HYHQ�ƅQG�D�KLQW�WKDW�WKHUH�ZHUH�SODQHWV�

RUELWLQJ�DURXQG�RWKHU�VWDUV��7KDW�FKDQJHG�LQ�������

ZKHQ�LW�ZDV�DQQRXQFHG�WKDW�WKH�ƅUVW�HYHU�FRQƅUPHG�

DOLHQ�ZRUOG�KDG�EHHQ�IRXQG�DURXQG�365�%���������

VSDUNLQJ�WKUHH�GHFDGHV�RI�H[RSODQHW�H[SORUDWLRQ� X
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Despite not being its main 

quarry, JWST has already  

lifted the lid on alien worlds 

and extraterrestrial life  

like never before 
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Astronomers have now catalogued over 5,000 

YHULƅHG�H[RSODQHWV��ZLWK�DV�PDQ\�PRUH�DZDLWLQJ�

RIƅFLDO�FRQƅUPDWLRQ�

)RU�PRVW�RI�WKHVH�ZRUOGV��KRZHYHU��ZH�KDYH�RQO\�

D�IHZ�VFDQW�GHWDLOV�Ś�SHUKDSV�RQO\�KRZ�ORQJ�WKH\�

WDNH�WR�RUELW��WKHLU�VL]H�DQG�WKHLU�PDVV��7KLV�LV�HQRXJK�

LQIRUPDWLRQ�WR�URXJKO\�JDXJH�D�SODQHWŝV�GHQVLW\�DQG�

VR�UHYHDO�LI�LWŝV�PRVWO\�PDGH�RI�KHDY\�URFN�RU�OHVV�

GHQVH�JDV��EXW�LW�GRHVQŝW�WHOO�\RX�ZKDW�WKH�SODQHW�LV�

DFWXDOO\�OLNH��7KLV�LV�ZKHUH�-:67�VWHSV�LQ��7KRXJK�LW�

ZDVQŝW�GHVLJQHG�IRU�LW��WKH�WHOHVFRSH�FDQ�ORRN�LQWR�DQ�

H[RSODQHWŝV�DWPRVSKHUH�DQG�HYHQ�SLFN�RXW�SODQHWV�

WKHPVHOYHV�DV�WKH\�RUELW�DURXQG�WKHLU�KRVW�VWDU��

:KDWŝV�PRUH��LW�FDQ�GR�LW�DURXQG�PRUH�W\SHV�RI�SODQHW�

WKDQ�HYHU�EHIRUH�

ş-:67�LV�ORRNLQJ�DFURVV�WKH�ZKROH�UDQJH�RI�

H[RSODQHW�VL]HV�Š�VD\V�+DQQDK�:DNHIRUG�IURP�%ULVWRO�

8QLYHUVLW\��ş:H�KDYH�WKLQJV�WKDW�DUH�URFN\�DQG�

VPDOOHU�WKDQ�(DUWK��DOO�WKH�ZD\�XS�WR�JDV�JLDQWV�WZLFH�

WKH�VL]H�RI�-XSLWHU�Š

Sifting through starlight
:DNHIRUG�DQG�KHU�WHDP�LQYHVWLJDWH�ZKDW�DUH�NQRZQ�

DV�WUDQVLWLQJ�H[RSODQHWV��7KHVH�SODQHWV�SDVV�LQ�IURQW�

RI�WKHLU�VWDU��IURP�WKH�SHUVSHFWLYH�RI�(DUWK���EORFNLQJ�

RXW�D�WLQ\�ELW�RI�WKH�VWDUŝV�OLJKW��0RVW�H[RSODQHW�

KXQWLQJ�PLVVLRQV��VXFK�DV�1$6$ŝV�.HSOHU�RU�7(66�

�WKH�7UDQVLWLQJ�([RSODQHW�6XUYH\�6DWHOOLWH���ƅQG�WKHLU�

SODQHWV�E\�ORRNLQJ�IRU�WLQ\�GLSV�LQ�D�VWDUŝV�EULJKWQHVV��

2QFH�WKHVH�KDYH�SLQSRLQWHG�WKH�ORFDWLRQ�RI�D�OLNHO\�

SODQHW��-:67�FDQ�VOHZ�LQ�IRU�D�FORVHU�ORRN��

ş:LWK�-:67�ZHŝUH�VSHFLƅFDOO\�WU\LQJ�WR�PHDVXUH�

WKH�SODQHWŝV�DWPRVSKHUH�Š�VD\V�:DNHIRUG��ş:H�FDQ�

GR�WKDW�E\�ORRNLQJ�DW�WKH�OLJKW�VKLQLQJ�WKURXJK�WKDW�

DWPRVSKHUH��,PDJLQH�D�SLFWXUH�IURP�WKH�,QWHUQDWLRQDO�

6SDFH�6WDWLRQ�ORRNLQJ�WKURXJK�(DUWKŝV�DWPRVSKHUH�

Changes in the total brightness of a system over time tell us  

about the size and brightness of distant worlds
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The light blocked during 

an eclipse reveals the 

exoplanet’s brightness

The light blocked during 

a transit reveals the 

exoplanet’s size
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TRANSIT: 

Exoplanet 

passes in 

front of star

ECLIPSE: 

Exoplanet 

passes 

behind star

How the brightness 

changes during an 

eclipse tells us about 

the exoplanet’s 

general appearance

Gradual dip 

indicates 

a more 

uniform glow

Sharper dip 

indicates a 

brighter spot

S Astonishingly precise measurements of the starlight from WASP-96b revealed a distinct signature for water vapour

S Even brightness changes of just two per cent allow JWST to glean a wealth 

of information about an exoplanet’s size, brightness and general appearance

X
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DW�VXQVHW��:HŝUH�DEOH�WR�VHH�DQ�LPSULQW�RI�ZKDW�WKH�

DWPRVSKHUH�LV�PDGH�RI�LQ�WKH�OLJKW�ZHŝUH�PHDVXULQJ�Š

7KLV�LPSULQW�LV�OHIW�EHKLQG�DV�WKH�PROHFXOHV�ZLWKLQ�

WKH�DWPRVSKHUH�DEVRUE�VRPH�RI�WKH�VWDUOLJKW�DV�LW�

SDVVHV�WKURXJK��7KH�VDPH�W\SH�RI�PROHFXOH�DOZD\V�

absorbs the same wavelengths, leaving a dark 

band in the starlight that can be detected using a 

WHFKQLTXH�FDOOHG�VSHFWURVFRS\����

-:67�FDQ�GHWHFW�D�JUHDW�PDQ\�PROHFXOHV��

LQFOXGLQJ�ZDWHU�YDSRXU��DV�ZDV�VKRZFDVHG�LQ�

WKH�DWPRVSKHUH�RI�:$63���E�DQG�WKH�ƅUVW�HYHU�

VSHFWUD�RI�DQ�H[RSODQHW�GLVFRYHUHG�E\�-:67��EDFN�

LQ�-XO\�������$V�ZHOO�DV�EHLQJ�D�NH\�LQJUHGLHQW�LQ�

WKH�HYROXWLRQ�RI�OLIH��LW�LV�DOVR�D�YLWDO�SDUW�RI�PDQ\�

JHRORJLFDO�SURFHVVHV��.QRZLQJ�KRZ�PXFK�LV�RXW�WKHUH�

RQ�RWKHU�ZRUOGV�ZLOO�KHOS�H[RSODQHW�VFLHQWLVWV�EHWWHU�

XQGHUVWDQG�KRZ�SODQHWV�JURZ�DQG�HYROYH��

%XW�WKHUH�DUH�PDQ\�PRUH�WKLQJV�-:67�FDQ�ƅQG�

LQ�WKH�VNLHV�RI�DOLHQ�ZRUOGV��LQFOXGLQJ�FDUERQ�EDVHG�

FKHPLFDOV�VXFK�DV�FDUERQ�GLR[LGH�DQG�FDUERQ�

PRQR[LGH��ERWK�RI�ZKLFK�LW�GHWHFWHG�IRU�WKH�ƅUVW�WLPH�

RQ�:$63���E�ODVW�\HDU��

“On Earth, we call those greenhouse gases because 

WKH\�DEVRUE�LQIUDUHG�UDGLDWLRQ��2XU�DWPRVSKHUH�LV�

ƅOOHG�ZLWK�WKHVH�JDVHV��VR�LW�EORFNV�WKDW�OLJKW��7KLV�LV�

WKH�ƅUVW�WLPH�ZHŝYH�EHHQ�DEOH�WR�JHW�VSHFWURVFRS\�RI�

WKHVH�FDUERQ�EDVHG�JDVHV�LQ�WKH�DWPRVSKHUHV�RI�VR�

PDQ\�GLIIHUHQW�SODQHWV�Š�VD\V�:DNHIRUG�

-:67�LV�DOVR�DEOH�WR�REVHUYH�D�SODQHW�ZKHQ�LW�

SDVVHV�EHKLQG�LWV�VWDU�DQG�EHFRPHV�HFOLSVHG��7KLV�

SURGXFHV�D�PXFK�VPDOOHU�GLS�DV�WKH�VWDU�EORFNV�WKH�

Eyes on Earth

Our own Solar System highlights why 

planetary atmospheres are so important
It may be one of the most capable 

exoplanet investigators ever 

devised, but there are many 

planets JWST can’t see, including 

those like our own. Earth is far too 

small for direct imaging, and while 

JWST can see Earth-sized planets 

via the transit method, it can only 

do so around dim stars. To find 

our planet against the bright Sun 

would require observing as many 

as 100 transits. Given that Earth 

transits the Sun only once a year 

this would mean a century of 

observation, just for one planet.

Even if JWST could see our 

planet, astronomers would 

struggle to understand what they 

were seeing. “If we could measure 

our Solar System we would see 

Earth and Venus and make the 

assumption they were both the 

same, when they are most 

definitely not,” says Wakeford. 

It’s an easy mistake to make. 

Venus and Earth are roughly the 

same distance from their star, and 

the same size and density. And 

that’s all we know about most 

exoplanets. Only when comparing 

their atmospheres do the real 

differences show. Earth’s 

geological history has allowed it to 

maintain a nitrogen-rich 

atmosphere, temperate enough for 

oceans to form. Venus’s volcanic 

past has resulted in an 

atmosphere that’s almost entirely 

carbon dioxide, where the surface 

pressure is 92 times Earth’s and 

temperatures reach 475°C.

Until now, planetary geologists 

have only been able to test their 

theories about such differences 

against the limited number of 

worlds in our Solar System. As 

JWST reveals more about 

exoplanet atmospheres, the more 

we grow our understanding of 

what chemistry and geology 

makes one planet end up like 

Earth and another like Venus.

S A map of gas gaint HD 189733b, showing differences in temperature across its surface, from analysing its eclipse and transit behaviour

If JWST could see us, it 

ZRXOG�EH�WKH�ƅUVW�WHOHVFRSH�

that could tell Earth apart 

from worlds like VenusIL
LU

S
TR

A
TI

O
N
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infrared light given off by the planet. “Eclipses 

give us information on the thermal structures of the 

atmosphere, so how the temperature changes with 

altitude in the atmosphere,” says Wakeford. “The 

temperature is really key for the chemistry that  

we’re going to see.”

Neither method is easy, however. “JWST was 

designed to pick up really faint galaxies in the early 

Universe,” says Sarah Kendrew, who is part of the 

JWST operations team on behalf of the European 

Space Agency. “We’re looking at nearby stars that are 

VXSHU�EULJKW��([RSODQHW�REVHUYDWLRQV�GHƅQLWHO\�SXVK�

the boundaries of what we can do.”

The dip astronomers are looking for is only two 

per cent, often less, of the total stellar brightness. 

To make it out, JWST must monitor from before the 

transit begins until after it ends, keeping the star 

centred to pixel-level accuracy. Each transit lasts six 

to eight hours, but if there is more than one planet in 

a system, observing runs could be even longer.

ş7KH�ƅUVW�\HDU�RI�REVHUYDWLRQV�KDG�D�SURJUDPPH�

that stared at a star for over 40 hours,” says Kendrew. 

“Before launch we didn’t know how stable the 

observatory would be over that kind of timescale, but 

actually it’s incredible. Over 40 hours the biggest drift 

we saw was a fraction of a pixel. There’s a programme 

coming up that wants to stare for over 55 hours.”

While both transits and eclipses only observe 

planets indirectly via their effect on starlight, JWST 

is powerful enough to make direct observations of 

not just planets, but the discs of dust and gas that 

create them, known as protoplanetary discs. While 

SODQHWV�RQO\�UHƆHFW�RSWLFDO�OLJKW��WKH\�UDGLDWH�RXW�

their own infrared light in the form of heat, albeit 

Is there anybody out there?

Alien life could be waiting in the cosmos, but we need to learn enough to recognise it

It’s one of humanity’s biggest 

questions, but could JWST be the 

telescope to tell us the answer?

Unfortunately… no. To be 

observed using the transit method, 

a planet must orbit close into its 

star, where it will be bombarded 

by deadly radiation. Even if some 

organism did manage to evolve 

despite this onslaught, JWST is only 

able to identify the gases within a 

planet’s atmosphere. 

The limitations of this have 

already been highlighted by the 

potential sighting of dimethyl 

sulphide on K2-18b that was 

announced in September 2023 (read 

the full story on page 12). On Earth, 

the only known source of dimethyl 

sulphide is from living organisms, 

such as marine phytoplankton. 

However, K2-18b is a sub-Neptune 

planet, a category of exoplanet 

that’s not well understood at all.  

We don’t know what its atmosphere 

should look like in the absence of 

life well enough to say that this gas 

LV�GHƅQLWHO\�FUHDWHG�E\�OLIH�UDWKHU�

than some other chemical  

or geological process. 

“One of the key things in the 

search for life is that it takes 

everything,” says Wakeford. 

“From understanding how the 

ƅUVW�VWDUV�IRUPHG��ZKLFK�WKHQ�

cause the supernova to create 

the elements that are making 

up these subsequent planetary 

systems, to whether it is important 

that galaxies are colliding, all the 

way down to understanding if 

the environment in which our Sun 

formed was a key ingredient for the 

prevalence of life on Earth. There’s 

a whole story that we have to go 

through. The beauty of JWST is 

that it gives us access to every 

stage of that story.” 

Phytoplankton, Earth’s 

only source of dimethyl 

sulphide, a chemical 

possibly found on K2-18b

S JWST’s first-ever 

direct image of an 

exoplanet, gas giant 

HIP 65426 b, used 

coronography to 

block its star’s light

JWST

NIRCam F300M NIRCam F444W MIRI F1140C MIRI F1550C

Planet

Digitized Sky Survey

Star HIP 65426

Exoplanet HIP 65426 b

X



Ezzy Pearson is 

BBC Sky at Night 

Magazine’s features 

editor. Her book 

Robots in Space is 

available through 

History Press

November 2023 BBC Sky at Night Magazine 33

N
A

S
A

/
E

S
A

/
C

S
A

/
A

 C
A

R
TE

R
 (

U
C

S
C

)/
TH

E
 E

R
S

 1
3

8
6

 T
E

A
M

 A
N

D
 A

. P
A

G
A

N
 (

S
TS

C
I)

, W
IR

E
S

TO
C

K
IS

TO
C

K
/

G
E

T
T

Y
 

IM
A

G
E

S
, A

N
A

N
D

 S
IV

A
R

A
M

A
K

R
IS

H
N

A
N

 (
S

TS
C

I)
 X

 2
, N

A
S

A
/

E
S

A
/

C
S

A
/

J.
 O

LM
S

TE
D

 (
S

TS
C

I)

considerably less than the star. To prevent the planet 

being drowned out, JWST employs a method known 

as coronography.

Battling the glare
“We have special masks that do the coronography, 

where we do imaging but block out the light from  

the central star to image the discs or planets,”  

says Kendrew. 

7KLV�ZDV�KRZ�-:67�ZDV�DEOH�WR�ƅQG�ZDWHU�LQ�WKH�

inner regions of the protoplanetary disc around the 

star PDS 70. This region is where rocky planets form, 

but previous studies suggested the star’s radiation 

evaporated all the water away, so the discovery 

reveals that infant terrestrial planets could have 

access to water after all. 

-:67�KDV�RQH�ƅQDO�PHWKRG�RI�REVHUYLQJ�SODQHWV�

directly, using a different kind of mask with seven 

holes in it. This transforms the space observatory 

from one giant telescope into seven small ones, 

working together via a technique known as 

interferometry. As much of the light is lost, it can 

only be done on bright objects such as stars, but it 

improves JWST’s resolution by up to two and a half 

times. This allows astronomers to resolve close-set 

objects that would otherwise appear as a single 

blob – such as a star and its surrounding planet or 

protoplanetary disc.

Both mask techniques can determine a planet’s 

size, its orbit and even do spectroscopy on the 

atmosphere just like the transit method, but they  

do so on very different types of planets. The wider 

the separation between planet and star, the easier  

it is to differentiate the two. One planet observed  

by JWST, VHS 1256b, is four times further from its  

star than Pluto is from the Sun, but JWST was 

still able to detect silicate clouds rising like smoke 

through its atmosphere.

JWST’s range is what makes it such a powerful 

tool. By looking at infant planets emerging from 

protoplanetary discs, all the way through to those 

much further on in their lifespans, JWST will help 

planetary geologists build their theories about how 

exoplanets grow and change over time.

%XW�SHUKDSV�PRVW�LQWHUHVWLQJO\��-:67�FDQ�ƅQG�

which planets don’t have an atmosphere at all. 

When it looked towards red dwarf TRAPPIST-1, 

LW�ZDV�H[SHFWHG�WR�ƅQG�D�VLPLODU�DWPRVSKHUH�WR�

Venus. Instead it saw no trace of a thick carbon-

dioxide-rich atmosphere. Meanwhile, the system’s 

LQQHUPRVW�SODQHW�UHƆHFWV�VR�PXFK�OLJKW��LW�VXJJHVWV�

any atmosphere it ever had has been stripped away 

entirely. Such discoveries will help answer one of 

exoplanet science’s most pressing questions. 

“At what point does a rocky planet become a gas 

giant?” says Wakeford. “There’s this transition of 

planets from rocks – terrestrial planets like Earth – to 

gas giants like Uranus and Neptune. Is there a cut off, 

where everything goes ‘No, we’re too big now. We’re 

a gas giant’? We genuinely have absolutely no clue 

whatsoever, so that’s one of the key goals of JWST, 

to look at those kinds of planets in a way we’ve never 

been able to before.”

JWST has already made a good start on its quest 

to better understand exoplanets, having already 

observed 111 different planets, with another 65 lined 

up in its second year. Slowly but surely, it is building 

an inventory of what our Galaxy’s planets look like, 

taking humanity one step closer to understanding 

how our world came to be.

W Top: a mask blocking all but seven of JWST’s 

mirrors allows the Near-InfraRed Imager and Slitless 

Spectrograph (NIRISS) to be used for interferometry. 

Bottom: simulated interferograms of a star on its own 

(left) and what it would look like with a planet (right)

Water vapour has shown 

up less than 160 million 

kilometres from PDS 70, in 

the disc where terrestrial 

planets may be forming
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([SORVLRQ�ƅQJHUV

2QO\�����WR�������\HDUV�DJR��DQ�H[SORVLRQ�RFFXUUHG�
LQ�WKH�KHDUW�RI�D�GHQVH�FORXG�RI�JDV�NQRZQ�DV�
0ROHFXODU�&ORXG����7KH�H[SORVLRQ�VHQW�RXW�ZDYHV�RI�
PDWHULDO�ZKLFK�VWUXFN�WKH�VXUURXQGLQJ�JDV��KHDWLQJ�
LW�DQG�FDXVLQJ�LW�WR�JORZ��FUHDWLQJ�WKHVH�EULJKW�
ŜƅQJHUVŝ��7KH�UHG�FRORXU�LQGLFDWHV�DUHDV�RI�PROHFXODU�
K\GURJHQ��EXW�WKH�JUHHQ�WLQJH�VHHQ�DW�WKH�WLSV�RI�WKH�
ƅQJHUV�VKRZV�DUHDV�RI�KRW�LURQ�JDV�



T
his image of the Orion Nebula, taken 

using JWST’s NIRCam instrument, 

UHYHDOV�LWV�ƅQHU�GHWDLOV�OLNH�QHYHU�EHIRUH��

2QH�RI�WKH�PRVW�IDPRXV�GHHS�VN\�

REMHFWV�LQ�DVWURQRP\�DQG�D�SHUHQQLDO�

IDYRXULWH�RI�DVWURSKRWRJUDSKHUV��WKH�QHEXOD�VLWV�

RQO\�������OLJKW\HDUV�DZD\�DQG�LV�WKH�FORVHVW�PDMRU�

VWDU�IRUPLQJ�UHJLRQ�WR�(DUWK��

$V�ZLWK�SUHYLRXV�+XEEOH�DQG�6SLW]HU�LPDJHV��

LW�IRFXVHV�RQ�DQ�LQQHU�UHJLRQ�VXUURXQGLQJ�WKH�

7UDSH]LXP�&OXVWHU�RI�VWDUV��7KH�UHJLRQ�LV�ƅOOHG�ZLWK�

JDV�DQG�GXVW��ZKLFK�FOXPSV�WRJHWKHU�WR�IRUP�VWDUV��

RQO\�IRU�WKH�ZLQG�IURP�WKRVH�LQIDQWV�WR�FDUYH�RXW�

WKH�JDV�FUHDWLQJ�D�QHWZRUN�RI�GHOLFDWH�VWUXFWXUHV��

+RZHYHU��WKH�GXVW�REVFXUHV�WKH�YLHZ�RI�PRVW�

WHOHVFRSHV��2QO\�-:67�LV�DEOH�WR�SLHUFH�WKURXJK��

The image is one of the largest JWST mosaics 

FUHDWHG�WR�GDWH��,W�UHYHDOV�RXWƆRZV�RI�JDV�IURP�VWDUV��
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The James Webb Space 
Telescope has taken 
the deepest ever image 
of this favourite of the 
autumn and winter skies 

Neither star, nor planet
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JWST’s NIRCam  

focused on an inner 

region of the nebula
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