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Binary merger
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Choice of extrema
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Choice of extrema

Minimal tree Norfolk pine



Scale-invariance
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Scale-invariance

Ssmall = Sbig
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Evolving tree entropy

Details in Obreschkow et al., MNRAS 493 (2020)
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lllustration of contrived mergers
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Gradual loss of long-term memory

The initial tree entropy and number of leaves become irrelevant for well-resolved trees.






Tree entropy in ACDM
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Tree entropy in ACDM
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Tree entropy dependence on redshift and mass
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Tree entropy dependence on redshift and mass
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Information on galaxy morphology (in Shark)
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Information on galaxy morphology (in Shark)

Stellar bulge—to—total mass ratio B/T

0.2

0.8

0.6

0.4

0.2

—— 25% of halo mass
—— 50% of halo mass
——  75% of halo mass

0.4

Tree entropy s

Mutual information with classical B/T

0.06

Tree entropy

Formation redshift

0.04

0.02

Spin parameter

Concentration

o | | | | | | | | | | | |

10" 10"
IVlvir [Msun/h]



Kinematic B/T

EAGLE Ref100
TNG100

0.2

0.4

Tree Entropy (Stellar Mass)

0.6

0.8

0.6

0.4



. .. ' » »
- > .. < . . '- ,. '
. .. . : . - : 0 S -~ -
L .. . = ..
: o’ | 1 ' 5
< : A, Internatlonal :
LIRS L . , Ve -
R T P Centrefor
s oS, S ., : ‘Radio N
» - . L " a v |
P Sy : Astronomy S
i &3 N Y PEAA SUALE RS e : . X, Py % L . e earch,"-" oS
..' o o : i » a e : e ¢ y E L. p - . '- ~ L. ..-..‘..- b . i ) N ’ DAS - gy v .‘ ‘ \., o 4 -
T . ' : '~¢ 5 o < . . : : v SIS .. e : 2 o N - P -~ oy _ : . ‘n..' g
’ - 0L - . . . 3 ) : P e - : . - : ¢ : -
e ] ..) y OV T L .. 0 10
. -, T /'. . : .. ) s . A A . A
e ‘. - “:." o .'_ l. ; -'\.. ! v# g .’\.". -
N C . : ’)." :: -.,:. ) r LA :,.' ." ‘.o ' : } ' y
L NS N _ - oY - y » . N . L
Py e, pa' ® 0 > .5 ' h 9 L -5
AN oy L e L S s
¥ ..-' ... - 2 ,-\. .‘,. & AN .ﬁ:}‘.,:-'.‘ﬁ:‘:? ‘:;:, x . :{0 4L . “'* . {;_ ._:
: - ) e ’ ;:.' . '~ » - ; Q‘ .‘ ; ‘ > e . 2 L el *f :l‘J v..' ~‘ ":'0’. ”..l:n'l‘ A - l‘ ) - R
’ N - ta- o TR IR v : ) Y g -"l'-ir.',‘.s'.'l" My g Ny ~ ’
- .‘ ' - 2 ~Q.O ".- - : -~ : - . : - ' * ‘-_.v Q"‘ S 'e b, - )
" » » '.o': .|' o 21 /° . \I..- K l.(l ‘. o ¥ Vi '
‘o - \.S.. s ‘.. ‘..'. ek Tl N
AR ’ .... o » '.\. - X » - -
: '. 'n '. -' ) .’ - - . .':
. » B ) " - .‘. » : .:‘ % ..: - '... 5 4
- .. . . '. i
- ’ . : » : ” ~ o .
. - - - M L PR “ ) ’ »
' p » * ' 4 “\‘ ‘o \f’ w : ] .
: 2 » . v - \. ~ X s ! . J !

.f"(f“i e ‘




Merger tree of the MW
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Entropy evolution of the MW
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Kinematic B/T
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Kinematic B/T
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Summary N

» The tree entropy is a meaningful scale-free measure ot merger tree topology,
which carries additional information to standard halo parameters.

Danail Obreschkow



Summary &y

» The tree entropy is a meaningful scale-free measure ot merger tree topology,
which carries additional information to standard halo parameters.

» Cosmological simulations reveal that global galactic properties depena
significantly on the tree entropy of the mass assembly history.

Danail Obreschkow



Summary &

» The tree entropy is a meaningful scale-free measure ot merger tree topology,
which carries additional information to standard halo parameters.

» Cosmological simulations reveal that global galactic properties depena
significantly on the tree entropy of the mass assembly history.

» Using the tree entropy, it appears that the empirical merger history of the
Milky Way is consistent with its global morphology in the context of ACDM.

Danail Obreschkow
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Numerical convergence

Mass resolution
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Tree representations
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Evolving tree entropy

Details in Obreschkow et al., MNRAS 493 (2020)



Evolving tree entropy

Details in Obreschkow et al., MNRAS 493 (2020)



Evolving tree entropy

Merger event:

Snew = H+ (1 + 0.4H — 0.9H?) ) x*(s,— H)
=1

Details in Obreschkow et al., MNRAS 493 (2020)



Evolving tree entropy

Merger event:

Snew = H+ (1 + 0.4H — 0.9H?) ) x*(s,— H)
=1

For smooth accretion it follows that:

1/3
m
S =S
new
m + AWlsmooth

Details in Obreschkow et al., MNRAS 493 (2020)



Smooth growth limit

Nearly smooth accretion Nearly smooth collapse
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Resampling
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