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The Milky Way：
an edge-on spiral galaxy with a bar

Courtesy：R. Hurt 2008





How much do we know on 
the Galactic magnetic fields?

via what approach?
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Optical Sky and dusts in the Milky Way



Optical Sky

Courtesy: Tamura 



• 9000+ stars have polarization measured
• mostly nearby (1~2kpc)
• polarization percentage 
     increases with distance

Zweibel & Heiles 1997, Nature 385,131 
Berdyugin & Teerikorpi 2001, A&A 368,635



Shown co-added orientations 
due to dust.

Up to how much dusty!
No B strength, 
no B direction! 



Optical Sky

Courtesy: Tamura 



Planck 2015: Best all-sky B-fields from dust emission



Polarization at infrared, mm, submm

WMAP
Page et al. 2006

Excellent measurements for 
magnetic fields in clouds and 
filaments via dust there!



E. M. Bierman et al. 2011: ApJ
A MILLIMETER-WAVE GALACTIC PLANE SURVEY



Galactic 
plane



Polarized dust emission

 Sky maps from the local+halo fields?

Note: 
Brightness-weighting-

added B along the 
path!

Shown orientations.
No B strength, 
no B direction! 

Planck 2015: Best all-sky B-fields from dust emission

One can make a B-model to fit 
CMB data, but it is hard to 
unique the model.  You can 
get constraints on any model.



Mixture of thermal and non-thermal.

Page et al. 2006



Planck 2015：Best all-sky synchrotron

@ 30GHz



R. Hurt 2008

Synchrotron emission is co-added from all path 
with a weight of distance and strength and after  
Faraday rotation in the interstellar medium



Warm ionized medium (WIM):  n ~ 0.1 cm-3; 
T ~ 8000 K; f ~ 0.2

WHAM survey +

Hobbes et al: 2005

Faraday Rotation
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Centr.freq: 4.8/4.963GHz
BW: 600 MHz/295 MHz
System temp.: 22 -25 K
HPBW: 9.5arcmin 
1st side lobe: 2%
Instr. polarization: <2%
Beam efficiency: 67%
Gain: 0.164 K/Jy
Obs: 2004.8—2009.4
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Planck 2015：Best all-sky synchrotron

@ 30GHz



21cm Stockert + Villa Elisa all-sky survey

 (Reich & Reich 1986)



21cm DRAO+Villa Elisa all-sky polarization map

 (Wolleben et al. 2004)



Polarized structures of diffuse emission 
seen at different RMs

yes for trees, not for forest!



RM<0 : 
<B> away 
from us

RM>0 :
<B> to us
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<B> to us：
   RM>0



RM<0 : 
<B> away 
from us

RM>0 :
<B> to us

+        --

--        +



b = 90o

b=－90o

l = 90o

l=270o

l=180o



Han et al. 1997, 1999

+        --

--        +



Taylor et al. (2009）

NVSS RM catalog: RM estimated from only 2 IFs of NVSS data
Individually: cannot trust! Collectively: Ok!

+        --

--        +



Stil et al. (2011)

+        --

--        +



Oppermann et al. 2012

+        --

--        +



Xu  & Han 2014

+        --

--        +



b = 90o

b=－90o

l = 90o

l=270o

l=180o

+        --
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The Milky Way：

R. Hurt 2008

B//B//

B//



Brown et al. 2007

Han et al. 2006



Magnetic field model based on RMs of 
background sources

Jansson & Farrar 2012



Widely spread in  the Galaxy !  

 3-D ne & B-field structure!
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PAPARM

G
DM
RMB 232.1＝

RM>0, field toward us



Pulsar RMs by others



Our pulsar RM measurements
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If many pairs, 
do average,  or 

fit together!
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Uncertainties 
reflect 

random fields!
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RM<0 : <B> away from us
RM>0 : <B> to us

Pulsars

Bakground sources











The global magnetic field model 
in the Galactic disk

Based on RMs of pulsars and 
background sources

Based on RMs of 
background sources



Comparison of two magnetic field models 
in the Galactic disk



Comparison of two magnetic field models 
in the Galactic disk
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λ< ~4pc:         3D Kolmogorov
80>λ> ~4pc:   2D turbulence?



R. Hurt 2008



脉泽发射线
Btotal  
7.6-10.6 mG





Blue: 
Counterclock-
wise B 

Red: 
Clockwise B 



Blue: 
Counterclock-
wise B 

Red: 
Clockwise B 
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See references for the Galactic magnetic fields:

Han JL, et al. 1997, A&A 322, 98
Han JL, et al. 1999, MNRAS 306, 371
Han JL, et al. 2004, ApJ 610, 820
Han JL, et al. 2006, ApJ 642, 868
Han JL, et al. 2018, ApJS 234, 11 

a reference for the Cosmic ray deflection in B-fields:

Jiang YY, et al. 2010, ApJ 719, 459 

a review on interstellar and intergalactic magnetic fields by

Han JL, 2017，ARA&A 55, 111


