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Understanding Jupiter we will 
know more about the history of 

our own Solar System  
(e.g. Bosman+2019; Öberg 

&Wordsworth 2019)

Giant planets formed early & have 
clues about their formation in their 

interiors & atmospheres

Highly influenced the 
dynamics of small planets 

Their interiors are natural laboratories 
to understand physics and chemistry

Their interiors and atmospheres 
give us information to fill the gaps 

in planet formation
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2.We don’t know the size and composition of its core
3.It is made (mostly) of H and we don’t know H very well

Miguel+(A&A, 2016)  
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2.We don’t know the size and composition of its core
3.It is made (mostly) of H and we don’t know H very well
4.It (most likely) has a He phase transition
5.It has a differential rotation 
6.It might have a compositional gradient that inhibits convection
7.It has magnetic fields
8. We can not go inside the planet to make measurements! 
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Yamila Miguel 
Tsinghua 

 October 2020

Juno mission



Methods 
GRAVITY FIELD: EVEN Js



Methods 
GRAVITY FIELD: EVEN JsYamila Miguel 

Tsinghua 
 October 2020



Methods 
GRAVITY FIELD: EVEN JsYamila Miguel 

Tsinghua 
 October 2020



Methods 
GRAVITY FIELD: EVEN JsYamila Miguel 

Tsinghua 
 October 2020

Jupiter Radius
AtmosphereCore

C
on

tri
bu

tio
n 

of
 th

e 
Js

J2

J4

J6

J8

J10



Methods 
GRAVITY FIELD: EVEN JsYamila Miguel 

Tsinghua 
 October 2020

J2  
J4 
J6 
J8 
J10

Even gravity harmonics

Static (rigid body) + 
Dynamic (differential rotation) 

Internal structure

Atmospheric & interior 
dynamics

}
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Observational data 
ATMOSPHERE

also: Spake+2018; Tsiaras+2018; Fraine+2014; McCullough+2014; Wakeford+2013; Deming+2013; 
Damiano+2017; Evans+2016; Kreidberg+2014; Kreidberg+2015; Sing+2015; Knutson+2014

Atreya+2016
Li+(Nature Astronomy,2020)

Pinhas+(mnras,2019)
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Methods 
MODELING JUPITER’S INTERIOR

Observational constrains : 
R,  M,  J2,  J4,  J6,  Y,  …          +
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Dilute core formation & evolution: Lozovsky+2017, Vazan+2016 
Alternative models: Debras & Chabrier (2019)

Altieri+(review on Jupiter to appear in 2020) 
also: Wahl+ (GRL, 2017), with Mz approx. 25 MEarth 

H2+He 

Hmetallic

+He 

Dilute core
Core

Are the H2- and   
Hmetallic-dominated 

Homogeneous in Z?
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Constrain from even Js: 

Deep winds extend to H<3000

Guillot, Miguel + (Nature, 2018), Kaspi + (Nature, 2018)

Constrain from odd Js:  

Results consistent with 1000<H<3000

Juno mission
JUPITER’S ROTATION

Guillot, Miguel + (Nature, 2018)
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NASA press release for our papers: Guillot, Miguel+(Nature, 2018), Kaspi+(Nature, 2018) and Iess+(Nature+2018) 
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