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OUTLINE

* The dynamic, magnetic ISM

* Zeeman-splitting results in HI absorption

* Zeeman-splitting results in HI emission

* Zeeman-splitting results in Orion/Eridanus

* Zeeman-splitting results in PDRs from CRRLs

* Fields in OH masers mirror their environment

* Comparison of techniques:

- Zeeman splitting vs. Faraday rotation

- Zeeman splitting vs. Chandra/Fermi



THE DYNAMIC, MAGNETIC 
INTERSTELLAR MEDIUM 



The diffuse ISM is...

* Magnetic

* Dynamic

and these look related



B follows HI morphology!



But only at the “right velocity”...



Aligned dust traces B in ISM

Synchrotron traces relativistic electrons



Probing Magnetic Fields with the
Zeeman Effect

• Zeeman effect detected as a frequency offset ∆vz
between LH and RH circular polarizations in the 
spectral line.
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ZEEMAN-SPLITTING 

in

HI ABSORPTION



Two high S/N 
examples of Zeeman 
splitting for HI 
absorption:

Cas A (dense cloud 
near star formation): 
B = 10, 25 µG

Tau A (CNM NOT 
near star formation): 
B = 7, -3 µG



HISTORY OF HI ZEEMAN IN 
ABSORPTION:

Verschuur (1969) detected fields in 
Cas A and Tau A. 

There were NO ADDITIONAL
detections until Daniels, Troland,  
and  Heiles conceived the Arecibo 
Millennium survey, which began in 
2001!  That’s 32 YEARS !!





The highest S/N 
Zeeman detection in 
the Millennium 
Survey: 3C138. 

10.6, +5.6, -5.6 µG 
(Roughly 3≥σ)

[¡¡¡ ¿¿¿

This guy calls this HIGH S/N

??? !!!]



The CNM sheets 
we’re talking about 
have LOW column 
densities (compared 
to Spitzer’s 
“standard cloud”).

(Units on these plots 
are 1020  cm-2.)





The CNM is not in 
quasi-static dynamical 
equilibrium...



Numerical studies of turbulence emphasize the 
DYNAMICAL aspect. This is from Audit & Hennebelle
(2005). Collisions of approaching gas creates a cold, 
compressed region than can sometimes become a thermally 
stable CNM structure; or sometimes, a transient structure.

From McKee/Ostriker (1978), 
pictured in the most modern 
ISM textbook (Tielens 2005)



HISTORY OF HI ZEEMAN IN 
EMISSION:

Troland & Heiles (1982) detected  
fields in several regions. 

Troland finally got his Ph.D. and 
started concentrating on denser 
regions. Heiles kept doing the same 
old thing...



for a while (January 1993)...
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Total = 429 positions



Most of those 429 positions...





The magnetic field in 
Orion/Eridanus has 
systematic structure and a 
SHARP reversal...



From Hat Creek, long ago...





Around the 
Orion “integral
cloud” the field
reverses. 
Combined with
Stellar 
polarization,
this suggests a
TOROIDAL
FIELD
envelopes the
cloud.



We’ve measured Zeeman 
splitting of CRRLs from 
PDRs. Results are a bit 
inconclusive...



Ionization Front

Shock Front

Photodissociation
Region

n = 104 cm-3

n = 106 cm-3n = 104 cm-3

HII Region



Photodissociation
Region

Transition region from CII to CI.

• 8 CRRLs

• C Band 4379 – 5292 MHz

• 11 hours for tint = 90 h

Greve & Pauls (1980)
Zeeman splitting for

CII α identical to 
hydrogen triplet!



• 8 CRRLs

• C Band 4379 – 5292 MHz

• 11 hours for tint = 90 h

Magnesium
Silicon
Sulfur
Iron

920 +/- 310 µG



-4936 +/- 2494DR21OH

58 +/- 112W3

2530 +/- 864M17

294 +/- 149ORI

-916 +/- 305DR21Field strengths in PDRs from 
CRRLs. Two 3σ, two 2σ, one 
upper limit. Do you believe the 
“detections”?



OH MASERS
in

THE MILKY WAY:

Magnetic fields retain the 
direction in the local 

surroundings!







DIFFERENT TECHNIQUES—
HOW DO THEY COMPARE?

* Faraday Rotation

* Zeeman splitting

* Starlight polarization 
(Chandrasekhar-Fermi)





Faraday Rotation vs. Zeeman 
Splitting in the Taurus 
Molecular Cloud.

The winner is...



Contours: CO in the Taurus cloud.

The red spots have high RM but low Hα and electron 
density (<0.8 per cc). To obtain the RM, we need B>20 µG.





Zeeman splitting 
shows...no detectable 
fields at the 1.4 µG level.  
You be the judge: Who’s 
the winner?



CHANDRASEKHAR/FERMI vs. 
ZEEMAN SPLITTING:

WHY DOES C/F ALWAYS 
PROVIDE LARGER FIELDS 
THAN ZEEMAN SPLITTING?



CF vs. Zeeman: three reasons...

1. CF responds to Bperp, Zeeman to Bpar. Bpar  
tends to be smaller than Bperp.

2. CF averages over elements along the line of 
sight, making polarization look more aligned 
than it really is and making the inferred field 
strength too large.

3. In an expanding shell, systematic motions 
govern and stretch B to make it more aligned 
and the inferred field strength too large.



Reason 1: Bpar tends to be 
smaller than Bperp...  





Reason 2: Stellar polarization 
averages over the line of sight, 
making the alignment look 
better than it really is. 



from Wiebe & Watson (2004)





Reason 3: The ISM is buffeted 
by shocks—e.g., expanding 
supershells—which stretches 
the field and creates alignment 
that is unrelated to turbulence.







C-F method:

gives 60 µG.

But this is part of 
the NPS—a 
superbubble 
expanding at about 
20 km/s. Field lines 
swept up and 
stretched...



¿SO WHAT HAVE WE COVERED?

* The diffuse ISM is dynamic and magnetic. Quasi-equilibrium 
clouds are NOT the usual deal.

* For CNM, the Median B≈6 µG in sheets with N(H,19)≈a few.

* Generally, B is larger in morphologically “compressed shells”.

* PDR fields need more CRRL observing time.

* The magnetic field direction within OH masers tends to follow 
that in the local less-dense environment.

* Faraday rotation spots don’t mean much for the field in 
molecular clouds. Who knows what they are telling us!

* C/F: Bperp is closer than Bpar is to Btot, but CF is biased to
give fields that are too large. 



Verschuur’s Indictment

1993 BAAS 182
1993 BAAS 183
1995 ApJ 451: 624
1995 ApJ 451: 645













HISTORY OF HI ZEEMAN IN 
ABSORPTION:

Verschuur (1969) detected fields in 
Cas A and Tau A. 

There were NO ADDITIONAL 
detections until Troland, Heiles, and 
Daniels conceived the Arecibo 
Millennium survey, which began in 
2001!  That’s 32 YEARS DELAY!!



OH MASERS
in

THE MILKY WAY:

Magnetic fields retain the 
direction in the local 

surroundings!






