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Introduction

Want to indirectly search for DM signals in the sky 

• Gamma rays ⇒ golden messenger 

− Indeed Fermi-LAT put the strongest limits on the DM annihilation cross section  

− see 1503.02641 (+ MAGIC 1601.06590) 

• There are fortunately other messengers relevant for indirect DM detection: RADIO 

Rich substructure in the Galactic DM halo 

• Dwarf galaxies (targets the aforementioned Fermi limits are based on!) 

• People have been claiming that High Velocity Clouds can be DM-supported 

− Recent simulations support this (Nichols et al 1404.3209 and Galyart, Shelton 1511.05884)
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The Smith Cloud
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Introduction. Our study 

If the Smith Cloud is mainly composed of DM ⟾ Expect associated radio signal: 

  S y n c h r o t r o n  R a d i a t i o n  

We thus study the synchrotron emission expected from DM annihilations in the Smith Cloud 

Our study (1606.xxxx) features predictions for the 

• Spectra 

• Signal’s morphology 

• HI limits on the annihilation cross section 

• Prospects using lower frequency surveys
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The Smith Cloud

Comet-shaped High Velocity Cloud at just 

~2-3kpc from the Galactic disk (approaching it)

• Kinematics constrain its orbit

− In ~30Myr it will pass through the disk

7
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The Smith Cloud

Comet-shaped High Velocity Cloud at just 

~2-3kpc from the Galactic disk (approaching it)

• Kinematics constrain its orbit

− In ~30Myr it will pass through the disk

again?

~70Myr ago it should have passed through it 
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The Smith Cloud
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The Smith Cloud
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Comet-shaped High Velocity Cloud at just 

~2-3kpc from the Galactic disk (approaching it) 

• Kinematics constrain its orbit 

− In ~30Myr it will pass through the disk 

again? 

~70Myr ago it should have passed through it  

• Assuming the latter (which is likely ⇐ SC 

much too big to have been formed recently) 

➡  The SC must be embedded in a DM sub-

halo 

• Hydro and (more recently) MHD simulations 

support this idea  

− Furthermore, they predict total mass as 

well as some DM halo properties
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The Smith Cloud
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Comet-shaped High Velocity Cloud at just 

~2-3kpc from the Galactic disk (approaching it) 

• Kinematics constrain its orbit 

− In ~30Myr it will pass through the disk 

again? 

~70Myr ago it should have passed through it  

• Assuming the latter (which is likely ⇐ SC 

much too big to have been formed recently) 

➡  The SC must be embedded in a DM sub-

halo 

• Hydro and (more recently) MHD simulations 

support this idea  

− Furthermore, they predict total mass as 

well as some DM halo properties
Galyart, Shelton 1511.05884
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The Smith Cloud

The Cloud is very close to the Solar System  

(~ 12kpc) 

➡ excellent target for Indirect DM Detection 

• People looked at the Cloud with gamma 

rays! 

− No excess found in either 

− Nichols et al 1404.3209 

− Dricla-Wagner et al 1405.1030 

➡ constrain σv
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Drawbacks 

• Vicinity to the rather active Galactic 
plane 

• Not completely understood foregrounds 
• Fermi bubbles
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Phenomenology

  

• Electrons and positrons are also  

− produced by annihilation 

− deflected by B-field 

They emit synchrotron radiation with typical 

frequencies 

• In contrast to propagation of gamma rays 

(ballistic), e± propagation is more involved 

and depends on several parameters: 

− Strength of B 

− Diffusion 

− Energy loss mechanisms

13
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• Assume  

− Spherical symmetry  

− Constant B (random orientation) 

− Diffusion coefficient and energy losses only depend on energy 

 

• Introduce Syrovatskii variables τ and λ such that the equation is analytically solvable 

• Solve the equation by means of Green’s functions with the appropriate boundary conditions

Diffusion-loss Equation

D(E)�fe(r, E)� @

@E
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Spectra can be obtained in a rather trivial way:  

 

Thus, 

• The total radio flux density is independent of the diffusion tensor 

• The formula resembles the corresponding gamma-ray flux from DM annihilation:  
Flux=J-factor ⨉ Particle physics term

Phenomenology. User-friendly formula

Take a good look at the diffusion-loss equation 

Integrate the equation over a sufficiently large volume such that 

The flux density is then 

r · (Drfe) +
@

@E
(bfe) +QDM = 0

d
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Energy loss mechanisms

Inside the Cloud e± energy losses are 

dominated by  

E>>1GeV 

• their interactions with the EM field 

− Inverse Compton Scattering (ICS)  

− Synchrotron Radiation 

E<<1GeV 

• their interactions with the ionized gas  

− Coulomb
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Synchrotron Radiation

Ultra-relativistic e± in a B-field emit synch. 

radiation in their direction of motion with 

spectrum  

• Plugging the solution for fe(r,E) into the 

emissivity formula 

allows to obtain the flux by line-of-sight 

integrations
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Cutoff 

𝜈c = 3eBmDM2/4πme3  

    = 16MHz(mDM/GeV)2(B/μG)
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Results
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Results
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Not the optimal choice, though 😒  
(1.4 GHz > cutoff frequency for mDM ≾ 10-20 GeV…) 
We however carry on
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Results. Morphology
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• Featureless diffuse signal  

• Approximately universal: 

DM profile undistinguishable 

• Considered NFW and Einasto profiles 

• The relevant parameter is therefore the 

typical diffusion length (Syrovatskii 

variable) 

• Since λ depends on the (uncertain) 

diffusion coefficient we considered a 

Kolmogorov model of diffusion and 

varied the normalisation 
 
Typical Lengths ~ (100pc - 5kpc)

typical diffusion length  

~ √𝜆
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Results. 1.4GHz Limits on the cross section
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Results. 22MHz unreduced data
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Conclusions and Prospects

• The High Velocity Smith Cloud is most likely supported by DM   

➡  promising target for Indirect DM Detection  

• DM phenomenology of the SC with radio is quite simple!  

• Low frequencies turn out to be the holy grail for DM searches 

• Used the HI observation data to constrain the DM annihilation cross section  

• Albeit not being the “best” frequency we were able to obtain decent 

constraints 

• Further studies with e.g. LOFAR (SKA in the far future) are encouraged! 

25



Vollmann | DM Synchrotron Smith Cloud PLANCK 2016

Backup. DM profile
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Backup. Diffusion normalisation
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Backup. Magnetic Field
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