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BB--measurements beyond Milky Way:measurements beyond Milky Way:
Yes, observations for B in nearby galaxies!Yes, observations for B in nearby galaxies!
Yes, evidence for B in intraYes, evidence for B in intra--clusters! clusters! 
InterInter--cluster Radio Bridgecluster Radio Bridge!!
But But not yetnot yet BB--fieldsfields in interin inter--galactic space galactic space !!

M51

RM map of M31

Intracluster
fields:

See:

Xu, Kronberg et 
al. 2006, ApJ

Clark et al. 2001, 
ApJL

Kronberg et al. 
2008, ApJ



Beyond our Galaxy     Extragalactic?
Intracluster? 

= Intergalactic?
≠
≠

Cosmic rays care Cosmic rays care BB--fields in intergalactic spacefields in intergalactic space beyond beyond 
Milky Way, not B in nearby galaxies, not B in clusters!Milky Way, not B in nearby galaxies, not B in clusters!
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Measurements ofMeasurements of Galactic magnetic fieldsGalactic magnetic fields

•• Methods to measureMethods to measure
•• Results of measurementsResults of measurements

–– Galactic diskGalactic disk
–– Galactic centerGalactic center
–– Galactic haloGalactic halo
–– Random fieldsRandom fields

•• ConclusionsConclusions



What shape should an elephant have?
-- depends on which part a blind touch?!

We touched and measured much 
more in the last decade

We need more measurements We need more measurements 
and put and put all dataall data together!together!



Galactic B-field：a decade ago

Sun Galactic center

Disk field:
A few kpc!

Center:
Poloidal field

3 models: which?

Halo field：
no idea！

30kpc

Ring               ASS               BSSRing               ASS               BSS



?

How many arms? 
Where are arms located?
Is there a bar in GC?

(Un)Known Structure of our Galaxy



Observational BObservational B--tracers:  tracers:  What  info out?What  info out?
• Polarization of starlight: perpendicular field in 2 or 3 kpcperpendicular field in 2 or 3 kpc

orientation  //  B⊥ ------------- 9000 +? stars
• Polarization at infrared, mm, submm: perpendicular field perpendicular field 

orientation  //  B⊥ ------------- clouds or regions

• Zeeman splitting: parallel field,  parallel field,  in situin situ (masers, clouds)(masers, clouds)
△ν ∝ B//         ------ 137137 maser regions & 17 coulds

• Synchrotron radiation: vertical field structures (added)vertical field structures (added)
total intensity  S ∝ B⊥

2/7,       p% ∝ B⊥u
2 / B⊥t

2

• Faraday rotation: parallel field, integrated   (the halo & disk)parallel field, integrated   (the halo & disk)
RM ∝∫ ne B// ds    ------ 10102424 pulsars + >>33000000 EGSes



Optical Sky



• 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

Starlight polarization:Starlight polarization: local field // armlocal field // arm



Starlight polarization:Starlight polarization:
local field // armlocal field // arm
local field // Galactic planelocal field // Galactic plane



Observational BObservational B--tracers:  tracers:  What  info out?What  info out?
• Polarization of starlight:  perpendicular field in 2 or 3 kpcperpendicular field in 2 or 3 kpc

orientation  //  B⊥ ------------- 9000 +? stars
• Polarization at infrared, mm, submm: perpendicular field perpendicular field 

orientation  //  B⊥ ------------- clouds or regions

• Zeeman splitting: parallel field,  parallel field,  in situin situ (masers, clouds)(masers, clouds)
△ν ∝ B//         ------ 137137 maser regions & 17 coulds

• Synchrotron radiation: vertical field structures (added)vertical field structures (added)
total intensity  S ∝ B⊥

2/7,       p% ∝ B⊥u
2 / B⊥t

2

• Faraday rotation: parallel field, integrated   (the halo & disk)parallel field, integrated   (the halo & disk)
RM ∝∫ ne B// ds    ------ 10102424 pulsars + >>33000000 EGSes



GMC + HII regions GMC + HII regions 　　 spiral spiral 
armsarms

The Galactic structure isThe Galactic structure is

ISM Molecular clouds HII regions
all permeated by magnetic fields

Beck et al. 1991, IAUS 146, 209



Polarization at mm, sub-mm, infrared
Working toward measure B-field of galactic scale

• Thermal emission (of dusts)
• Preferentially aligned by B

Hildebrand et al. PASP 112, 1215

Infrared     submm     mm



Correlation of orientation of the fields in clouds Correlation of orientation of the fields in clouds 
with the largewith the large--scale Galactic Bscale Galactic B--fieldfield

Galactic 
plane

Li et al. 2006: Li et al. 2006: ApJ 648, 340ApJ 648, 340

(Results of SPARO 2003(Results of SPARO 2003)

•• Mapped largeMapped large--scale scale 
magnetic fields in four magnetic fields in four 
GMCsGMCs

•• Statistically significant Statistically significant 
correlation with the correlation with the 
orientation of the Galactic orientation of the Galactic 
plane. plane. 

•• Field direction tends to be Field direction tends to be 
preserved during the preserved during the 
process of GMC formation.process of GMC formation.

Beck et al. 1991, IAUS 146, 209



Observational BObservational B--tracers:  tracers:  What  info out?What  info out?
• Polarization of starlight:  perpendicular field in 2 or 3 kpcperpendicular field in 2 or 3 kpc

orientation  //  B⊥ ------------- 9000 +? stars
• Polarization at infrared, mm, submm:  perpendicular field perpendicular field 

orientation  //  B⊥ ------------- clouds or regions

• Zeeman splitting: parallel field,  parallel field,  in situin situ (masers, clouds)(masers, clouds)
△ν ∝ B//         ------ 137137 maser regions & 17 coulds

• Synchrotron radiation: vertical field structures (added)vertical field structures (added)
total intensity  S ∝ B⊥

2/7,       p% ∝ B⊥u
2 / B⊥t

2

• Faraday rotation: parallel field, integrated   (the halo & disk)parallel field, integrated   (the halo & disk)
RM ∝∫ ne B// ds    ------ 10102424 pulsars + >>33000000 EGSes



Polarization Mapping and Polarization Mapping and ZeemanZeeman splittingsplitting of cloudsof clouds
Schleuning (1998) Crutcher et al. (1999)

n(H2) 　 6 　 105, 
N(H2) 　 2 　 1023, 
Blos 　 0.4 mG, 
　c 　 1.3



ZeemanZeeman Effect: Effect: 
B in molecular cloudsB in molecular clouds

Bourke et al. 2001, ApJ 554, 916



BB--field from maser spotsfield from maser spots
Han & Zhang Han & Zhang ((20072007, , A&A 464, 609A&A 464, 609) ) 

•• Collect Zeeman splitting data of maser Collect Zeeman splitting data of maser 
spots in HII and star formation regionsspots in HII and star formation regions

•• Spots in one region always have the Spots in one region always have the 
same field orientation! same field orientation! 



The Galactic distribution of Zeeman dataThe Galactic distribution of Zeeman data
SStructure tructure in distribution of in distribution of field directionsfield directions

Red: 
Clockwise 
field

Blue: 
Counterclock-
wise field

We need more data, and better determined distances!

Han & Zhang 2007Han & Zhang 2007
A&A 464, 609A&A 464, 609

In situIn situ auau--scalescale--BB correlated correlated withwith kpckpc--BB! ! 
RReversalseversals: preserved from ISM to maser core: preserved from ISM to maser core!!

Beck et al. 1991, IAUS 146, 209



Observational BObservational B--tracers:  tracers:  What  info out?What  info out?
• Polarization of starlight:  perpendicular field in 2 or 3 kpcperpendicular field in 2 or 3 kpc

orientation  //  B⊥ ------------- 9000 +? stars
• Polarization at infrared, mm, submm:  perpendicular field perpendicular field 

orientation  //  B⊥ ------------- clouds or regions

• Zeeman splitting: parallel field,  in situ  (masers, clouds)parallel field,  in situ  (masers, clouds)
△ν ∝ B//         ------ 137137 maser regions & 17 coulds

• Synchrotron radiation: vertical field structures (added)vertical field structures (added)
total intensity  S ∝ B⊥

2/7,       p% ∝ B⊥u
2 / B⊥t

2

• Faraday rotation: parallel field, integrated   (the halo & disk)parallel field, integrated   (the halo & disk)
RM ∝∫ ne B// ds    ------ 10102424 pulsars + >>33000000 EGSes



Synchrotron radiation: transverse Btransverse B--structuresstructures
B-f ie ld  s tructure  from l inearly  polarized emiss ion

No information of B-directions!

RM maps helps on directions of RM maps helps on directions of 
(disk &) halo field!(disk &) halo field!

MPIFR has a group working on MPIFR has a group working on 
this for 25 years!this for 25 years!

Han et al. 1999, A&A 384, 405

Two Possible origins:
1. Large1. Large--scale magnetic field as vectors shown (conventional concept)scale magnetic field as vectors shown (conventional concept)！！
2. Anisotropic random field compressed by large2. Anisotropic random field compressed by large--scale density wave scale density wave ！！



Radio Sky

Gamma Sky



all all WMAPsWMAPs show: Bshow: B--field // field // GalacticPlaneGalacticPlane

mm-polarization: mixture of 
thermal and non-thermal.
Not clear how far you see through!
Sky maps from the local+halo fields?

Page et al. 2006



Polarization surveys of the Galactic plane Polarization surveys of the Galactic plane 
–– show Bshow B--field structure    field structure    

•• EffelsbergEffelsberg Polarization Survey Polarization Survey ◎◎20cm20cm
•• ParkesParkes 2.7GHz2.7GHz polarization surveypolarization survey
•• Canadian Galactic plane survey Canadian Galactic plane survey (1.4GHz)(1.4GHz)
•• Southern Galactic plane survey Southern Galactic plane survey (1.4GHz)(1.4GHz)
•• VLA Galactic plane survey VLA Galactic plane survey (1.4GHz)(1.4GHz)
•• Galactic Galactic AreciboArecibo--LFA survey LFA survey (1.4GHz)(1.4GHz)
•• WRST: WRST: 350MHz350MHz surveysurvey
•• I miss some?I miss some?
•• SinoSino--German polarization surveyGerman polarization survey at 6cmat 6cm

Higher Frequency, less Faraday depolarization!
Greater depth or deeper insights into ISM!



The SinoThe Sino--German 6cm polarization survey of the Galactic planeGerman 6cm polarization survey of the Galactic plane

2020oo<l<230<l<230oo

--55oo<b<+5<b<+5oo

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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Depolarization in the periphery of HII regions Depolarization in the periphery of HII regions 



Observational BObservational B--tracers:  tracers:  What  info out?What  info out?
• Polarization of starlight:  perpendicular field in 2 or 3 kpcperpendicular field in 2 or 3 kpc

orientation  //  B⊥ ------------- 9000 +? stars
• Polarization at infrared, mm, submm:  perpendicular field perpendicular field 

orientation  //  B⊥ ------------- clouds or regions

• Zeeman splitting: parallel field,  in situ  (masers, clouds)parallel field,  in situ  (masers, clouds)
△ν ∝ B//         ------ 137137 maser regions & 17 coulds

• Synchrotron radiation:   vertical field structures (added)vertical field structures (added)
total intensity  S ∝ B⊥

2/7,       p% ∝ B⊥u
2 / B⊥t

2

• Faraday rotation: parallel field, integrated   (the halo & disk)parallel field, integrated   (the halo & disk)
RM ∝∫ ne B// ds    ------ 10102424 pulsars + >>33000000 EGSes
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Pulsars as best probes for Galactic BPulsars as best probes for Galactic B--fieldfield
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Pulsars: Best probes for Galactic magnetic fieldPulsars: Best probes for Galactic magnetic field

Widely spread in  the 
Galaxy !  

Parkes PSR survey

3-D B-field structure!



Major observations of pulsar RMsMajor observations of pulsar RMs

196196223 223 Han et al. (2006):Han et al. (2006):

No. No. New RMsNew RMsNo. of RMsNo. of RMsAuthorsAuthors

17173636Weisberg et al. (2003)Weisberg et al. (2003)

400 400 447777Han et al. (2010 to submit!):Han et al. (2010 to submit!):

54546363Han et al. (1999)Han et al. (1999)

33334848Qiao et al. (1995)Qiao et al. (1995)

27272727Rand & Lyne (2004):Rand & Lyne (2004):

119119163163Hamilton & Lyne (1987)Hamilton & Lyne (1987)

NoutsosNoutsos et al. (2008)et al. (2008) 150150 4343
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Pulsar RMs observed by others

|b| < 8 degree



63+22363+223 RMs by Parkes RMs by Parkes 
(Han et al. (Han et al. 1999, 1999, 20062006))
|b| < 8 degree



|b| < 8 degree

63+223+47763+223+477 RMs by Parkes RMs by Parkes +GBT+GBT
(Han et al. (Han et al. 1999, 1999, 20062006, , 20102010))



Pulsar RMs observed by others

|b| > 8 degree



63+223 RMs by Parkes (Han et al. 1999, 2006)

|b| > 8 degree



63+223+477 RMs by Parkes +GBT
(Han et al. 1999, 2006, 2010)

|b| > 8 degree



Paired Paired probes to probes to measuremeasure BB--field in a regionfield in a region

G
DM
RMB

dd
μ

Δ
Δ

−
232.1

21|| ＝
RM ∝ ∫ ne B// ds
DM ∝ ∫ ne ds

Analysis is not limited to modeling B all the pathmodeling B all the path,    but can 
measure B in the regionmeasure B in the region between! Significant improvement!Significant improvement!
No worry about foreground bubbles!    Less sensitive on Dist!

d1
d2

d1 d2

If many pairs, 
do average,  or 

Fit together!

**
SunSun

**
SunSun



MeasuringMeasuring the Bthe B--field in the Norma armfield in the Norma arm
red:   new measurements by Parkes 64m telescope 

Han et al. 2002,Han et al. 2002,
ApJ 570, L17ApJ 570, L17



MeasuringMeasuring BB--field in field in tangential regions!tangential regions!

G
DM
RMB μ

Δ
Δ232.1＝

Random B causing Random B causing 
the scattering of data, the scattering of data, 
　　givesgives uncertainties uncertainties 

of <B>of <B>

(Han et al. 2006, (Han et al. 2006, ApJApJ 642, 868)642, 868)



MeasuredMeasured magnetic field in the Galactic diskmagnetic field in the Galactic disk
by pulsar RM/DMby pulsar RM/DM (Han et al. 2006, (Han et al. 2006, ApJApJ 642, 868)642, 868)

•• always always counterclockwise counterclockwise in arm  region!in arm  region!
•• clockwiseclockwise in interarm region ?in interarm region ?
•• More data still needed!More data still needed!



Measured Measured Radial dependence of regular field strengthRadial dependence of regular field strength

kpc7.45.8
G3.01.2

])(exp[

0

0regular

±=
±=

−− ⊕
•

B
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R
B

R
RRB(R)B
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Uncertainties 
reflect 

random fields!

G
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RMB μ

Δ
Δ232.1＝

(Han et al. 2006, (Han et al. 2006, ApJApJ 642, 868)642, 868)



RMs from the southern Galactic plane
Brown et al. 2007

RM ∝∫ ne B// ds
ne?  Model!

Pulsars

EGS



RMRMobsobs == RMRMintrinsicintrinsic + RM+ RMInterGalacticInterGalactic + + RMRMMilkyWayMilkyWay

•• RMRMintrinsicintrinsic : RM intrinsic to the source;: RM intrinsic to the source;
–– They never know each other:  They never know each other:  uncorrelated uncorrelated Random!Random!
–– Location of emission regions:   Location of emission regions:   Beam size?Beam size?

•• RMRMInterGalactic InterGalactic : RM from intergalactic space;: RM from intergalactic space;
–– weak correlated if  with same intervening mediumweak correlated if  with same intervening medium
–– Small values ??Small values ??

•• RMRMMilkyWayMilkyWay : Foreground RM from our Galaxy;: Foreground RM from our Galaxy;
–– Correlated  ~10Correlated  ~10oo with same intervening ISMwith same intervening ISM
–– Strongly depends on the Galactic coordiantes!Strongly depends on the Galactic coordiantes!

RMs of Extragalactic radio sourcesRMs of Extragalactic radio sources
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Common term!Common term!



RMsRMs from from radio radio sources sources behind the behind the Galactic plane: Galactic plane: 
Consistent with BConsistent with B--Structure from pulsar data!Structure from pulsar data!

Haverkorn et al. 2006Haverkorn et al. 2006

Brown et al. 2007Brown et al. 2007 •• PSR and EGRs data show PSR and EGRs data show 
a consistent Ba consistent B--structure!structure!
•• DominantDominant RM contribution RM contribution 
from tangential regions!from tangential regions!

Han et al. 2006Han et al. 2006



Measuring the B-field fluctuationfluctuation vs scalesscales
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Spatial magnetic energy spectrum of our GalaxySpatial magnetic energy spectrum of our Galaxy
(Han et al. 2004, (Han et al. 2004, ApJApJ 610, 820)610, 820)

Minter & Spangler Minter & Spangler 
19961996

By pulsar By pulsar 
RM/DMRM/DM

Email from A. MinterEmail from A. Minter

λ< ~4pc:         3D Kolmogorov
80>λ> ~4pc:   2D turbulence?

Flatter BFlatter B--energy spectrum energy spectrum 
at scales larger than the at scales larger than the 
ISM energyISM energy--injectioninjection--scale!scale!



Measurements ofMeasurements of Galactic magnetic fieldsGalactic magnetic fields

•• Methods to measureMethods to measure
•• Results of measurementsResults of measurements

–– Galactic diskGalactic disk
–– Galactic centerGalactic center
–– Galactic haloGalactic halo
–– Random fieldsRandom fields

•• ConclusionsConclusions



Galactic center: Galactic center: filaments and polarizationfilaments and polarization

• Poloidal fields
– Nonthermal filaments: more discosvery!
– cm-polarization obs: RMs and intrinsic field

• Toroidal fields
– submm, mm polarization: clouds
– RMs of background radio sources

• Field structure and field strength
– mG in filaments?
– Zeeman splitting: mG field
– uG in pervading regions?



Nonthermal radio-emitting 
filaments features

Large scale magnetic fields 
and relativistic 
electrons

SNRs, HII regions
Poloidal magnetic field within 

~100 pc of nucleus
Galactic Plane



New Galactic Center Survey

D and C array - 4.9 GHz
Full polarization
~1 hour per pointing

First high-resolution
polarimetric study on
large scales!

Preliminary results
<--------- D and C-array
(Lang et al., in prep)

Total intensity Polarized intensity



NTF G359.79+0.17 NTF G359.79+0.17

Lang & Anantharamaiah, in prep. Staguhn et al. 1998

Yusef-Zadeh et al. 1997total radio intensity
polarized intensity

intrinsic B-field

total radio intensity

polarized intensity



Magnetic fields in Galactic center
- traced by dust polarization (sub-mm and mm)
- oriented along the plane and perpendicular to NTFs 
- a possiblility: poloidal field sheared into toroidal field?

Chuss et al. (2003)

Nishiyama et al. (2008)

Galactic Plane

Galactic Plane



PoloidalPoloidal & & ToroidalToroidal fields near GCfields near GC
ToroidalToroidal fieldsfields

(Novak et al. 2003, 2000)(Novak et al. 2003, 2000)
• permeated in the

central molecular zonecentral molecular zone
(400pc*50pc)(400pc*50pc)

• sub-mm obs of p%
• toroidal field directions

determined by averaged
RMs of plumes or SNR!

PoloidalPoloidal fieldfield
filaments Unique to GC

--- dipolar geometry!
(Morris 1994; Lang et al.1999)

(from Novak et al. 2003)

150pc

Predicted 
B-direction



Magnetic fields in our Galaxy:  near GCMagnetic fields in our Galaxy:  near GC

(from B.D.C. Chandran 2000)



RMs of background radio sources
for B-field  

in the GC region
(Roy et al. 2008)

Sun



Galactic center: Galactic center: filaments and polarizationfilaments and polarization

• Poloidal fields
– Nonthermal filaments: more discosvery!
– cm-polarization obs: RMs and intrinsic field

• Toroidal fields
– submm, mm polarization
– RMs of background radio sources

•• Field structure and field strengthField structure and field strength
–– mG in filaments: YusefmG in filaments: Yusef--Zadeh & Morris (1987)Zadeh & Morris (1987)
–– Zeeman splitting of HI or OH lines: mG field  Zeeman splitting of HI or OH lines: mG field  

(Schwarz & Lasenby 1990; Killeen et al. 1992;  Yusef(Schwarz & Lasenby 1990; Killeen et al. 1992;  Yusef--
Zadeh et al. 1996, 1999)  Zadeh et al. 1996, 1999)  

–– uG in pervading regions: uG in pervading regions: 
Nord et al. (2004); Roy et al. (2008): 20uGNord et al. (2004); Roy et al. (2008): 20uG



MeasuredMeasured BB--structure in the Galactic diskstructure in the Galactic disk

(Han et al. 2010, (Han et al. 2010, ApJApJ
to be submittedto be submitted ))

√

√

X?



Measurements ofMeasurements of Galactic magnetic fieldsGalactic magnetic fields

•• Methods to measureMethods to measure
•• Results of measurementsResults of measurements

–– Galactic diskGalactic disk
–– Galactic centerGalactic center
–– Galactic haloGalactic halo
–– Random fieldsRandom fields

•• ConclusionsConclusions



Milky Way: The largest edge-on Galaxy in the sky
Pulsars and extragalactic radio sources as probes

RM<0 :
<B> away 
from us

RM>0 :
<B> to us

RM Sky: RM Sky: AntiAnti--symmetry!symmetry!
Outliers significantly different from Outliers significantly different from 
surroundings been filteredsurroundings been filtered
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RM sky: AntisymmetryAntisymmetry is confirmed!
Notice: RM estimated from only 2 IFs of NVSS data

Individually: cannot trust! Collectively: Ok!

Taylor et al. (2009)

+        --

-- +?



Unique measurement
of Vertical B-component

Bv＝0.2～0.3μG
pointing from SGP to NGP

(Effect of the NPS discounted already!)

Local vertical components:  fromLocal vertical components:  from poloidalpoloidal field?field?

South Galactic Pole

North Galactic Pole

(see Han & Qiao 1994; Han et al. 1999)

Mao et al. 2010 ApJ

Preferably 
positive

Preferably 
negative



Measurements ofMeasurements of Galactic magnetic fieldsGalactic magnetic fields

•• Methods to measureMethods to measure
•• Results of measurementsResults of measurements

–– Galactic diskGalactic disk
–– Galactic centerGalactic center
–– Galactic haloGalactic halo
–– Random fieldsRandom fields

•• ConclusionsConclusions
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Depolarization in the periphery of HII regions Depolarization in the periphery of HII regions 



Measuring the B-field fluctuationfluctuation vs scalesscales
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Spatial magnetic energy spectrum of our GalaxySpatial magnetic energy spectrum of our Galaxy
(Han et al. 2004, (Han et al. 2004, ApJApJ 610, 820)610, 820)

Minter & Spangler Minter & Spangler 
19961996

By pulsar By pulsar 
RM/DMRM/DM

Email from A. MinterEmail from A. Minter

λ< ~4pc:         3D Kolmogorov
80>λ> ~4pc:   2D turbulence?

Flatter BFlatter B--energy spectrum energy spectrum 
at scales larger than the at scales larger than the 
ISM energyISM energy--injectioninjection--scale!scale!



Measurements ofMeasurements of Galactic magnetic fieldsGalactic magnetic fields

•• Methods to measureMethods to measure
•• Results of measurementsResults of measurements

–– Galactic diskGalactic disk
–– Galactic centerGalactic center
–– Galactic haloGalactic halo
–– Random fieldsRandom fields

•• ConclusionsConclusions



ConclusionsConclusions
•• Galactic centerGalactic center:: PoloidalPoloidal + + ToroidalToroidal BB--fieldfield

–– Radio filaments: Radio filaments: more discoverymore discovery
((LaRosaLaRosa et al. 04,05; et al. 04,05; YusefYusef--ZedahZedah et al. 04; et al. 04; NordNord et al. 04)et al. 04)

–– SubmmSubmm Polarization + Polarization + BiSpiralBiSpiral!!
–– BB--strength: strength: mGmG or or uGuG? ? ((LaRosaLaRosa et al. 05) et al. 05) ZeemanZeeman??
–– RMsRMs of of EGRsEGRs in center region in center region (Roy et al. 05)(Roy et al. 05)

•• Galactic haloGalactic halo
•• Galactic diskGalactic disk

(from Novak et al. 
2003)

150p
c

G
C

Predicted 
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direction



•• Galactic centerGalactic center: : PoloidalPoloidal + + ToroidalToroidal BB--fieldfield
•• Galactic haloGalactic halo: : A0A0--mode Bmode B--field structures field structures (Inner Galaxy)(Inner Galaxy)

–– AntisymmetricAntisymmetric RM sky! RM sky! (Han et al. 97,99)(Han et al. 97,99)

–– Better RM sky Better RM sky ((Taylor et al. 2009Taylor et al. 2009))

–– Polarization Polarization skysky surveys surveys (see Reich 06)(see Reich 06)

–– WMAPsWMAPs: halo + : halo + local?local?((PapersPapers))

–– ScaleScale--height of Bheight of B--diskdisk (SK80; HQ94)(SK80; HQ94)

•• Galactic diskGalactic disk

Page et al. 2006

ConclusionsConclusions



•• Galactic centerGalactic center: : PoloidalPoloidal + + ToroidalToroidal BB--fieldfield
•• Galactic haloGalactic halo: : A0A0--mode Bmode B--field + structures field + structures (Inner Galaxy)(Inner Galaxy)
•• Galactic diskGalactic disk: : Measured BMeasured B--reversals!reversals!

–– Pulsar Pulsar RMsRMs –– measuringmeasuring
•• BB--field: follow spiral arms!field: follow spiral arms!
•• measuring measuring reversalsreversals
•• BB--field stronger towards GCfield stronger towards GC
•• Statistics: BStatistics: B--energy spectrumenergy spectrum

–– RMsRMs of of EGRsEGRs Consistent BConsistent B--structurestructure
–– Clouds Clouds ZeemanZeeman reversalsreversals

ConclusionsConclusions



Cosmic raysCosmic rays

Han J.L. 2009, Han J.L. 2009, IAU IAU SympSymp. 259, 455. 259, 455 (Invited Review)(Invited Review)
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