Global Galactic Dynamo
and Exploding Magnetized Stars

Driven by Cosmic Rays

Hanasz, VWoltanski & Kowalik, 2009

Vay

IZ

AR PR (AR ER R

2 1 39 MEFE= (2012 Oct. 24)

| st year Ph.D)



What 1s Dynamo ¢

PRARDES NS THZ) Z/FD B9 HERB.

differential rotation disk differential rotation disk

A

ZB)OERIC K D, B SBeZER ===> wW-dynamo
Ezzﬂ%ﬁd)x N Loy F===>KEDIEIF
AN AARICKISZT %5 ZADNE

esday, October 24, 12




What 1s Dynamo ¢

CRAEOER ) S THiZ) Z1FED B9,

w Coriolis force

-() dISk center

B

bouyant rise & expansio

disk cenm disk ce

JYUAYABICED., BehS5BZAHER ===> &-dynamo
BERRD A S L F===>IZ DIENF
B AMICHIZE Z 5 ZDHE

Wednesday, October 24, 12

m




What 1s Dynamo ¢

RARDERN) NS THIZ Z1ED B9 BEfE,
differential rotation disk differential rotation disk

B» R
STSA

w-dynamo, &-dynamoDE T IX ===> aw-dynamo




Cosmic RayD X 5=

B D AR D H [ Cosmic RayD R A fc WRH D = 181R,
BE(END) 8 (EE)

B A:Cosmic Ray
MENZERUEZAT, EADEWVWADSIEBEWANA
RICHADNE T 5 < ===> Cosmic Ray pressure

October 24, 12

Wed



Cosmic RayDHLEX
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What 1s CR drivenDynamo ?
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What 1s CR drivenDynamo ?
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Numerical Set up
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Results:structure of ISM

vertical wind speed ~ 100 kms™!, | M@yr
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Results:structure of Be
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Results:structure of Be
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Results:magnetic flux, energy srowth

t [Myr] t [Myr]

ine:magnetic flux ine:magnetic energy

t=0-2.3Gyr, magnetic flux changes sign
t>2.5Gyr, exponential curve
e-folding time ~ 2/0Myr
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Resu\ts magnetic flux, energy srowth
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Results:CR diffusivity
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Results:virtual radio observations

S NN\

/
Y
i
o

NN\
NSNS

——————

I
=
o

I
ul
o
ul
=
o

color:polarized intensity of synchrotron emission(t=4.8Gyr)
ine:electric vectors rotated by 90°(magnetic field line)

Wednesday, October 24, 12



A=3.6cm(8.35GHz) observations
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Fig. 3. Radio continuum emission of the edge-on spiral et aap al (R | B |
galaxy NGC 4631 at A\3.6cm (8.35 GHz) with the 100 m i el SRR Tl
Effelsberg telescope with 84" HPBW . The contours in

give the total intensities, the vectors the intrinsic mag- Fig. 1. Radio continuum emission of the edge-on spi-
netic field orientation. The radio map is overlayed on an ral galaxy NGC 891 at A3.6cm (8.35 GHz) with the 100
optical image of NGC 4631 taken with the Misti Moun- m Effelsberg telescope with a resolution of 84" HPBW.
tain Observatory (Copyright: MPIfR Bonn). The contours give the total intensities, the vectors the

intrinsic magnetic field orientation (Copyright: MPIfR
Bonn). The radio map is overlayed on an optical im-
age of NGC 891 from the Canada-France-Hawaii Tele-
scope/(c)1999 CFHT /Coelum.

Krause 2009

Wednesday, October 24, 12



A=3.6cm/R 2L\ ~hcapryations

“I‘Il-

! L

~~~asvV g

e NN\
S ——=SONNN N
YO P NG NG NN AN
L //-—ﬂ——--\\\\ \ \

;/\X—shape magnetm field}

DECLINATION (J2000)

1242 30 15 00
RIGHT ASCENSION (|

S

1 | | [ * - |«
-45 40 35 25, 20 15
RIGHT ASCENSION {(J2000) e ;

Fig. 3. Radio continuum emission ¢
galaxy NGC 4631 at A3.6cm (8.35
Effelsberg telescope with 84" HPB
give the total intensities, the vector  —10
netic field orientation. The radio mz 891 at A3.6cm (8.35 GHz) with the 100
optical image of NGC 4631 taken w ;scope with a resolution of 84" HPBW.

tain Observatory (Copyright: MPIf] x [kpc] ve the total intensities, the vectors the
ic field orientation (Copyright: MPIfR

Bonn). 'I'he radio map is overlayed on an optical im-
age of NGC 891 from the Canada-France-Hawaii Tele-
scope/(¢)1999 CFHT /Coelum.

ontinuum emission of the edge-on spi-

NN
NN NN

Krause 2009

Wednesday, October 24, 12



Discussion & Conclusions
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Discussion & Conclusions

RFTLE

Wednesday, October 24, 12

A MBI IC (Miky Waylc B 55 K 573),

Distance from the Sun: Y (kpc)

Y E S 7R

i SOAEE O
—==>spiral armDVINE
2500 | e | | %% ;égul | Ii'é o Nbg | | s o W0’
X [ X
[ 2600 x © o o O 1000

Distance from the Sun: X (kpc)

Han & Zhang 2007/

B



Nd.

Wednesday, October 24, 12



TiEAZ7A R



MHD equations with CR
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