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OUTLINE OF THIS TALK 

ISM Phases – 

  • The Four Classical Phases: CNM, WNM, WIM, 
HIM.    What’s the history, why does it matter? 

  • The Fifth Phase: WPIM 

  • The Fifth Phase and the Magnetic Field 



(M/O 1977) IONIZATION AGENT: 

Collisional 

Cosmic Rays, Soft X-rays 

Soft X-rays, Cosmic Rays 

Cosmic Rays, C+ 

e 

e 

e 
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PARTIALLY ionized! 



(Brand-new 2011 
textbook) 



The original four phases, as defined by 
McKee & Ostriker, are not the four we 
think of today. 

Today it’s: 

  *The essentially FULLY NEUTRAL 
CNM and WNM 

  *The essentially FULLY IONIZED 
WIM and HIM 





Current View: The Four Phases…and the  

HIM: 
T ~ 2 x 106 K 
xe = 1; Collisional 

WIM: 
T ~ 0.8 x 104 K 
xe = 1; Stellar UV 

WNM: 
T ~ 0.5 x 104 K 
xe ~ 10-2; Cosmic Rays 

CNM: 
T ~ 50 K 
xe ~ 10-4; Carbon+ 
{

WPIM: 
T ~ 0.5 x 104 K 
xe ~ 0.1 – 0.9;  
Soft XR (from HIM), 
Stellar UV 

FIFTH 



My recent (Nov 2010) NSF proposal… 



NSF Reviewer Nr 1. This gal obviously is a 
true expert with an inquisitive scientific 
spirit and knows what she’s talking about! 



NSF Reviewer Nr 2. This guy is a bit less 
expert (i.e., less effusive), but he still knows 
what he’s talking about! 



NSF Panel Summary. The other panel members 
don’t even know the concept of “phase” and the 
astrophysical difficulty of maintaining partial 
ionization. Not to mention speculation on my 
ability to manage my time and responsibilities! 

Tatyana Gavrilchenko---the undergrad 
sophomore I would have hired for this project 
had I received funding… 



Let’s start with 
the CNM and 

WNM. 



CNM: cooling by C: 

With ONLY C heating, 
temp is 16 K.  

With ALSO grain 
heating, temp is        
~50 K 

WNM: cooling by H, 
heating by grains 

UNSTABLE: cooling 
by C, heating by grains 



Now let’s consider 
the WIM and 

HIM. 



Current View: The Four Phases…and the  

HIM: 
T ~ 2 x 106 K 
xe = 1; Collisional 

WIM: 
T ~ 0.8 x 104 K 
xe = 1; Stellar UV 

WNM: 
T ~ 0.5 x 104 K 
xe ~ 10-2; Cosmic Rays 

CNM: 
T ~ 50 K 
xe ~ 10-4; Carbon+ 
{

WPIM: 
T ~ 0.5 x 104 K 
xe ~ 0.1 – 0.9;  
Soft XR (from HIM), 
Stellar UV 

FIFTH 



The WIM is starlight photoionized, xe~1.0,  like HII 
regions… 

 *``High’’ emission measure [ne Ne], hence high  

H-alpha (WHAM) visibility 

 *Lowish Ne 

The Fifth Phase WPIM is probably XR photoionized, 
xe~0.5 +/- 0.45… 

 *Lowish emission measure [ne Ne]  

 *Larger Ne 

 *The ``Local Interstellar Clouds’’ (LIC – 
Redfield & Linsky) are WPIM, with xe~0.5. 



The Faraday Rotation Measure 

          RM ≈ Ne B 

With its larger Ne, is the Fifth 
Phase (WPIM) visible in RM?  



Taylor, Stil, Sumsrum (2009 derived ‘best guess’ RMs for all 
37,543 NVSS sources. Most of these RMs are correct. They 
allow a detailed mapping of RM on the sky. This is a 
MAJOR ADVANCE. To understand this, we first look at the 
RM distribution given by Oren & Wolfe (1995)—for 499 
sources…  



HI: 21-cm 
line (LAB) 

Faraday 
RMs (Taylor, Stil, 
Sumsrum 2009) 

H+: H-alpha 
line (WHAM) 









Let’s zoom in on the 
Radio Loop 3 vicinity… 



       RMs                         HI 

         RMs                         H+ 



HI 
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H+ 

H+ 



Let’s do some numbers… 

We see ΔRM ~ 100 rad m-2           

           ΔEM ~ 2.0 cm-6 pc 

If PWIM~4000 cm-3 K, then ne~0.5 
cm-3 and neL~4 cm-3 pc, then 

           ¡¡¡  B~30 µG  !!! 



Now let’s zoom in on the 
Orion/Eridanus 
Superbubble… 



            RMs                                                      HI 

                  RMs                                                  H+ 



HI 

HI 



RM 

RM 



            RMs                                                      HI 

H+ 

H+ 



Higher angular resolution of H-alpha. 



RMs are not well correlated with H-
alpha line---i.e., the standard WIM. 

Sensible conclusion: RMs are 
associated with large electron column, 
small emission measure—the WPIM.  

THIS IS THE FIFTH PHASE! 
best revealed by  

      FARADAY ROTATION! 



We (or at least I; how about you?) believe that high-latitude 
RMs are dominated by INDIVIDUAL STRUCTURES—
contrary to conventional viewpoint that they trace the 
GLOBAL GALACTIC FIELD.  



Sun 



Given the dominance of individual 
structures in producing large RMs 
out of the plane, I don’t believe the 
“poloidal field” aspects of Global 
Galactic Field models.  

However, the in-plane models are 
getting really good at matching the 
RM data! 





You probably missed that 
important highlight---print too 
small! The essence: 

 * The Inner-Galaxy field 
has one reversal and the field 
follows the spiral arms 

 * The Outer-Galaxy field 
has no reversals and follows 
circles  



Field Strength Field Morphology 

Van Eck et al. (2011): My favorite 
Galactic-plane field model 



Near the Sun, field strengths and RMs are 
dominated by “fifth-phase” individual 
structures. Does this imply that b=0 RMs are 
also dominated by “fifth-phase” individual 
structures?  

If so, it doesn’t take many “fifth-phase” 
clumps to produce the observed b=0 RMs. If 
yes, the b=0 2 microG is not a valid number. 
Attacking this question directly requires lots 
of pulsar DMs, I think… 



Fin 



Fin 



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

GBT HI, NCP loop 
(Robishaw 2007) 

What do old SNRs look like? 


