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.Dwarf and MW halo simulation with feedback

«Cosmo Zoom-in Simulation
«Cosmo MHD Simulation: IllustrisTNG
.Scaling relations

«Prospects of Radio Halo observations




Retrospect

.Primordial B fields could be generated by mechanisms like the
Biermann Battery (Dr. Zhou)

.Cowling’s theorem demands broken axisymmetry for galactic
dynamos to work (Jiacheng)

-Alpha-Omega Dynamo viable for GF (Changxing)
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Sequence of events illustrating galactic dynamo(Widrow,et al,2002)
* Galactic dynamo is an effective way to maintain the galactic magnetic field! -

Galactic dynamo_Changxing Zhou



Single halo simulation setup
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Solonoidal constraint by Constrained Transport
V-B=0.

Gas metal cooling and Star formation

SN feedback+Radiation feedback (in MW only)
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Initial conditions
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Initial B fields
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First impression of feedback
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E5=Ec-(1—l—(5-t)2)

magnetic energy (E/E,;)

The effects of SN Feedback
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The effects of SN Feedback

Resolution correlated with dissipation timescale

* Weak field, pure
kinematic regime, no
back-reaction of
Lorentz forces
considered
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The effects of SN Feedback

Variation of field strength with disk height
Parity altered with feedback, all 3 components amplified

mean magnetic field (no feedback) mean magnetic field (feedback)
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Power spectrum and kinematics

Significant dispersion with feedback

Kolmogorov turbulance(-5/3) +
Kanzantsev dynamo(3/2) that inversely
cascades to large scales

E/Eo

Small scale suppressed due to
resolution (Nyquist frequency of grid
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Radiation feedback (MW only)

Feedback efficiency correlated with dust opacity
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Radiation feedback (MW only)

Feedback efficiency correlated with dust opacity

magnetic ener rowth (Milky Wa velocity profiles (Milky Way)
100 gneti gy g (Milky Way) 400 e
= 10 feedback
k=0 (SN only) 200 .

~ 10° | = k=5 )
= — 400 # =0 (SN only)

= o
ﬁ: 10° g 200

o

o 0

% 400
g 10° 2
2 S 200

g ’W N [

o >

£ 2 W 0

10 400
10 -----"-.--------------
00 05 10 15 20 25 30 35 ol 020202020 TTtmesssmssmese--
time [Gyr] 0 5 10 15 20
radius [kpc]



L AR I/ g

0
Y [kpc]

X [kpc]
magnetic pressure

[2dY] A [2d¥] Z

[s/wX] Ayd019A SO [s/w>] Ayd019A SO
N O

otonN O==nNMm ot oonN ©O

mN—H—=O0o | I | |1 |

—~12:

‘‘‘‘‘‘‘‘‘‘‘

MYYY Yy ey

i“‘lfl{l(l'l

FY Y s e s s s s vy
“

£
PYYE SR s ey

9

Y |

¢

CARRREKA A A A
'vvvrr¢

\&(Kl‘&ﬂ!‘

13,3
e
L
£
L33
e
LLd
T4
L L3
L4

APt
|
\\Qn\u\‘\asa

¥
+

4

4

4

.-

dedenvevvwewers
s\\\s\n&(i.\i.‘u 5
SRR

wavruvc-.-a

*
£
*
<
¢
¢
*
-
¢

¢.._>'-o-~~~~~
TRkttt

LB

L 3]
Bttt 2 D L L L L L A A
PYYYYSS Y SRN . 'QK“““““‘!
“““““‘If ‘r ﬁk“"’.‘.iii'

m\tf«&npn

PSS 4 e | oo BTV IR oy T
444444 by y e s
tttttt T Rt L E b

velocity field
0
X [kpc]
city 1
§
0
Y [kpc]

Boassaadl ¥ Tady b Jod AT TR Ottt
IR aeees T > MERR e > Errr e e s e e
fo b o 0 0 0 2 ¥ g 0 o o sanrMacnnnnhn
e aannnanaan T4 ans —_ sarrtttnnnnn s
b v e v v n n 2 FYESARR [Tg} ()] FARRPD MERERR R n
annnnnnnarsy 114 A u o \wst-vsuvnaarlr;;; N
TRy 114 i5s _ > ArRAERAPTRERRRRA A A n _
Iy rnrz 1114 s ARRRRIPPPTRERNRRNE G AN
pararnarn » 11 58 SARNRRP PP PTEERRRREA N
111 Ly ARRRRRPFPPITENRRRRR N
? 1 FAPRAFFFPPPEEARNRRRA N
» ' o ARAAARRPPPPPRPERARAR AN A A A o
FPPRRPRETLITLANAANANY . haaxaa FARPPPIPPRERRRNRAARAN
1 > | | salsarerpppbsta s naln s |

[2d3] A [2d3] z
[22/H] Aj1suap seb [22/H] Ajisuap seb

R . [~ SO — YO By S I | m N A o 0 o
O O O O O O O O O O O O O O O O
™l =~ = =~ - [ I o | ~ = = | = = =~ -~
[ USR] T T T T
o
—

0
X [kpc]
-5 0
Y [kpc]

10

-10

@
m
S
©
e
7
E
©
ﬂ
©
>
¥
©
0
-
@
R
bo
=
—
b
S
=

[0d¥] Zz

Gas settles to an order-rotation dominated thin disk
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Turning feedback off after a while

Large scale collapse amplification
with compression

Small scale reconnection
suppression

Two cancels out, non-trivial

Inverse cascade upwards to
turbulance forcing scale stored
enough magnetic energy to balance
out reconnection, large scale fields
preserved

Dispersion suppressed, ordered
rotation restores
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magnetic thermal turbulent

pressure [barye]




Turbulance and magnetic saturation

Supersonic Mach number, shock dominated turbulance
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Equipartition?

feedback quiescent

100

Sub-equipartition of
turbulance and magnetic
energy in the non-linear
phase(slow growth due to
backreaction)

face-on

Equipartition reached after
saturation in the quiescent
phase (feedback turned off)

saturation level




B field and Metals carried by winds

Turbulent energy dominates throughout galaxy evolution
Metals and B-field distributed to large radii
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B-field

radial profile

Toroidal component dominates

~1 micro

Gauss field intensity

Sign reversals in radial profile (SSD relics, spiral structure)
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B-field pitch angle

. . . B,
Widely measured in observations ps = arctan —".

£

Negative B-field pitch angle connected to spiral structure
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Criticism and resolve

-Amplification timescale much longer than eddy diffusion
timescale: continuous energy injection by violent feedback at
high redshift, phase 1

.Lorentz forces on small scale suppress dynamo: field saturation,
phase 2, terminates exponential amplification

«Reynolds number too big in present-day galaxies for significant
trubulance: quiescent phase 3, turbulance and B-field settles

down to equipartition, large B-field already in place at high
redshift

(i) exponential growth (kinematic phase)
(ii) constant growth (non-linear phase)
(iii) zero growth (saturation)

a~ a'T/[l + (B/Beq)lel\J/l]



Accounting for cosmo-evolution

Expansion and hierarchical
merging
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B-field formation scenario preserves

Despite cosmo-expansion and —— Vol velosty —— tangentia
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Magnetic Amplification

Most significant in
high density regions

Corresponds to small
scale galaxy central
regions

Usually hubs the
strongest feedback
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Similar amplification in IllustrisTNG

Self-consistent physical
models with
cosmological evolution

Amplification stronger
with higher resolution,
indirect justification for
SSD (resolution much
coarser)

- TNG100— 1

%_222.0{} //

Halo cores
Haloes

Filaments 2/3

=p

logp/ < pp, >

E TNG100— 1
E 2 —0.50

Halo cores —
Haloes

Filaments E
oc ‘{)?”"]3 E

logp/ < po >

logB [uG]|

Haloes

Filaments

Halo cores -

=< p

2/3 -

0 2 4

logp/ < pp >

6

8

0.00

v Haloes

Filaments

2F TNGI100— 1
of 2=

Halo cores A

=p

2/3 -

0 2 4

logp/ < pb >

6

8




(]
Late VS Early type galaxies
7 T
LN

b {\\\\\:\:

-

Shear supported large-
A YR . .
227y scalefields decay with
galaxy type-transition

217 %

10 k]k‘




Scaling relations
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Observational prospects of radio halos

Finer radio maps + higher
sensitivity to low mass halos
with SKA
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Take home message

Small-scale Dynamo viable for amplifying and sustaining B-field

Typical 3 phase evolution scenario addresses major concerns of
the mean-field-theory

Compatible with zoom-in and full cosmological setups

B-field and scaling relations of IllustrisTNG galaxies/cluster
confirms B-field amplification

Synchrotron radiation radio halos observations with SKA
promising for constraining SSD theory
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