
Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≲

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≳ ≃ ≃ −

≃

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



=
+ = .

≳
+ = .= .

+

≃≃ %

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



� ≳ = ≲ −

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



�� √�

� <�
 >

≳ .

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≳ �
⟨ ⟩

� ≃ − �
 ≲
.
. . <
. . <
− . <

− <
� ≃ − �
 ≃ − −

.
< <

<
� ≃ − �
 ≃ −

. . >
> . . >

. .
> . . >
> . . ∕ .

. . ∕ .

D
ow

nloaded from
 http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf

by guest
on 14 January 2026



⟨ ⟩
� ≃ − �
 ≃ −

>
� ≃ − �
 ≃ −
> . + ♯ ∕ ( ) > ∕ ( )

. + ♯ . ∕ . ( )

. + ♯ . ∕ . ( ) < ∕ ( )
− + ♯ ( − )

⟨ ⟩

∕ ♯
�� ≃ � ≃

D
ow

nloaded from
 http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf

by guest
on 14 January 2026



�
= ( + ) �(�, �),

��

 

�(�, �) = (� − �) −  (�).
∇  = � � ≡�∕� �

� = � .
� = −� , �

�

� = � [�(� , �) − �(� , �)] ,
�

� ≡ ( + ) .

∇� =

� = � + ∇ (�) = � + �(�),
� =∇ � ��

� = |�|⟨�(< �)⟩=
�

� = ( ) ∕

,

= (< � )
Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



|�| �

� =
[
( − �) − 


]− .

� 


� = ( , +  , )∕ =∇ ∕ 
 = ( , −  , )∕ 
 =  , = ,
 �

√|�| |�|>

�

� ≲

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃ − .
⊙
×

�
= ∕

( ) = + ∫ � [ � � (�, �)] .

≲ ⊙

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≲ ⊙

� ≃
� ≳

� ≃ � ≳

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



�(�)

�� = ( − �) + � �(�),
�

� � =� �

�� = � �− �� =� �− �

� ≃

�( ) = ,

≡ �∕�
≡ �∕� <

∆ = [�′′ ] [ . ] [ ∆

. ]
∆ = ||| + − −

|||= ,

� = |||�+||| + |||�−|||= ( + ) + ( − )= ,

± �±
� = =

�− =

< . �+ > �− >

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



<

∆
. = [Υ ] [ ∆. ] . [�′′ ] [ ∆

. ]
∆
. = [Υ ] [ ∆. ] .

� = [Υ� ] [ ∆. ]− .

� =�� ∕�

� = � = � � � � ��

� = � = �� |� | . =
[|� | ( + � )

]− . ,

− < � < � = + � ∕
� � =− � = .

� = � = �� =

� ∝ �− � ∝ �−

� ≃ −

≃ − .
⊙

� > . � >−

� ≲

� � ��

� ≲

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



�= +√
+

,

�

) �
) ) = 


) �
) ) ,


 = � �

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃

≃

� ( )
� = ( ( + )

. �) ,

�=

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



=∫ �∫ ∫ � �
�

ℛ(�, )
+ K( ) (�, �, ) ,

� ℛK( )

� �

ℛ=ℛ ( )�(�| ) ℛ
( ) �(�| )

ℛ

ℛ �

( )

= .

%

% ( ) = =
∫ ∫∞

� ( )
� �
�

( )
+ K( )

∫ ( )
+ K( )

� ( )

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃ .
� ≳ � ≲

�
� K = ( + )

K =

≃ − >
≲

≳

� ≲ �
≳ .

≲ .

% <
≃ ≳

%( )

%≃ −

≃

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



K =

K ∝ ( + )
�

< .
( ) ≃

< . % < −

� ≳
≃ −

< .

≪ −

≃ −
≃ −

≃

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



�=

%≃ −

�=
%≃ −

≳ ⊙

≃ ×

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃ 
 ≃


 ≲

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



+

< < ⊙

� ≲

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



� =
� =− � =− . � =−

� <

≃

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



O( − )O( ) O( )

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



′′ +
[
+ �( )

]
ℋ ′ +

[
( ) +

]
= �( )
 ,

ℋ= ′∕



( ) �( ) �( )

�( ) , � = =
�( )

�( )

�( )

��

( ) �( ) �( )

≲
( ) �( )

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



=

− × − × −

≃ − ≃ .

≳

�( ), , �( )
Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



( )

(+,×)

≥

+,×
Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



−

−

≃

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≲ . ≃ −

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃

≳ − ⊙

�� ≈ � ∝
√

�
��

≃ − ⊙

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



� − ×

≃ ( � )− ≃ ⊙( ∕ )

∼ �

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



∝ ∕

≃ ⊙

�=

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃

≃ −

≳

≳

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



< ⊙




Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≲ ≲ ⊙

≲ ≲ ⊙

�=

∝ � . −

≃ .

�=

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



≃ × − −

− −

+

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



<

∖ ∖

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



µ

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



= .

= .

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



⊙

Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026



Downloaded from http://royalsocietypublishing.org/rsta/article-pdf/doi/10.1098/rsta.2024.0134/2818384/rsta.2024.0134.pdf
by guest
on 14 January 2026


