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The idea : (& the puzzle which led to this work)

In molecular clouds:
 
Magnetic field BB, gas density n

Observations show:
                                             BB   ~ n0.5

But 
                               synchrotron ~ BB2

                               synchrotron ~ n

Integrated over line-of-sight

                      I(synchrotron) ~ N(H)    gas column density

 

  Molecular clouds should shine in synchrotron! 

  The synchrotron sky should resemble the CO sky! 



  

Synchrotron map shows no obvious sign of molecular gas.

Little resemblance to CO map.

408 MHz
Haslam

12CO, Planck



  

Correct 408 MHz for free-free emission

408 MHz
Haslam

free-free
WMAP MEM

12CO, Planck

408 MHz
minus 
extrapolated free-free

no obvious
correlation

NB 408 MHz includes SNR etc. which would disturb a correlation with CO
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From Zeeman effect e.g. Crutcher (2012)
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So effect is smaller than naive expectation. 
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Using   B-field
and
cosmic-ray models

Haslam

Orlando&Strong MNRAS 436, 2127 (2013)

Cosmic- ray electron distribution BB model



Northern Sky

SYNCHROTRON

 

Cosmic-ray
ELECTRONS

Radio surveys

COSMIC RAY
ELECTRONS

Electron + positron spectrum

> 7 GeV : Fermi-LAT
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408 MHz

Using various
B-field
and
cosmic-ray
models

Haslam

Orlando&Strong MNRAS 436, 2127 (2013)

Using B B model and cosmic-ray electron distribution
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synch synch 408 MHz

408 MHz

Orlando&Strong MNRAS 436, 2127 (2013)



  

INNER GALAXY

synchrotron

thermal dust

synchrotron

synchrotron

thermal
 + spinning dust

free-free

PP Total

Orlando&Strong MNRAS 436, 2127 (2013)



  

408 MHz data

HI scaled

CO scaled

408 MHz compared to HI, CO



  

In fact synchrotron does correlate with CO along plane in inner Galaxy.
Including peak at Galactic Centre.
 But what does this mean?
NB Cosmic-ray electron distribution not included in this scaling, would improve fit.

Perhaps clouds make significant contribution to synchrotron in Galactic plane.Perhaps clouds make significant contribution to synchrotron in Galactic plane.
Then they should be included in large-scale models.

CO scaled to  408 MHz

CO scaled

|b| < 5o |b| < 2o



  

External galaxies: Schinnerer et al 779, 42 (2013)
M51
3“ resolution (~120 pc) 
1.4 GHz vs CO
They suggest correlation could be related to B(n)

for spiral arms

CO 1.4 GHz

Clouds do shine 
in synchrotron



  

Cosmic-ray electrons (and positrons)

1 – 100 GeV  for GHz synchrotron
Do these leptons penetrate clouds? … sure they do!?

 Gamma rays from clouds show that GeV protons do, and momentum
which controls propagation is same as for leptons.

(also a theme  at this conference, but issue mainly at MeV energies)

Secondary electron / positron production in clouds via pions :
Jones, Protheroe & Crocker PASA 25, 161 (2008)
Protheroe etal MNRAS 390, 683 (2008)
This would further increase the synchrotron.



  

Individual clouds have not been detected as synchrotron sources.

Jones, Protheroe & Crocker PASA 25, 161 (2008) : 
 upper limits on B ( < 500 µG ) for two starless cores.
 still consistent with B(n) law. 

Jones etal ApJ 141, 82 (2011) : no synchrotron from SgrB region, apart from one source.

 

Individual clouds



  

From Zeeman effect e.g. Crutcher (2012)
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 Significant synchrotron only from dense cores, sub-parsec, arcsec scales

But still it is there at some level, can we exploit it?

Potential probe of  B in clouds.
  Detects total B not just line-of-sight 
  Detects integrated emission, not just densest regions.

Zeeman detects only regular, line-of-sight B so this underestimates synchrotron.

 Could there be larger random B, maybe also on larger scales? Synchrotron could detect it.
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Formulae for reference.

Based on full synchrotron calculation using cosmic-ray electron + positron spectrum.
(software available at https://sourceforge.net/projects/galpropsynchrotron   )
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Estimated synchrotron emission from some clouds

[arcmin]



  



  

Regular BB does not increase if collapse along BB
 → reason for regular BB = constant for  n < 300 cm-3

However....

Random BB should always increase with compression
 → random BB  should increase from interstellar n = 1 cm-3 upwards

If this is the case, synchrotron could detect it.



  

                Synchrotron as potential probe of B in clouds:

Single dish telecopes: generally not sensitive enough.

JVLA: worth trying

Need: low frequency   ( to avoid free-free emission ) 
          multi-frequency ( for component separation   )
          polarization       ( signature of synchrotron     )
          high resolution  ( since B concentrated in dense cores )

→ SKA: should be possible.
SKA-MID:
Sub-mJy, arcsec sources, frequencies down to 350 MHz: OK
Input to SKA Proposal Book.

Complementary to Zeeman,
Detects total BB not just regular or line-of-sight.

Complementary to optical polarization, CF method : less assumptions required

On large scales, observed correlation of synchrotron with CO is a hint of global 
clould emission.
This will also benefit from new large-scale continuum surveys and high-resolution
observations of exernal galaxies. 



  

for more details :
Strong, Dickinson etal. in preparation

END



  

ADDITIONAL MATIERAL



  

Estimated synchrotron emission from some clouds

Observed fluxes dominated by thermal emission!
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  κ   = 0.5
  n
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If e.g. compressed from general ISM:

Then clouds would shine brightly in synchrotron!

However if n ~ 100 cm-3

    the effect is much smaller.

Can already deduce n
o
 >> 1 just from non-detection of large-scale correlation with CO!

Independent of Zeeman etc measurements.
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