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PAMELA & Fermi-LAT 
Anomalous e± flux measurements 

 
 
 
 
 
 
 
 

PAMELA: Observation of an 
anomalous positron abundance in 

the cosmic radiation 
arXiv:0810.4995 

 
 
 
 
 
 
 
 

Fermi: Measurement of the Cosmic 
Ray e++e- spectrum from 20 GeV to 

1 TeV with the Fermi LAT 
arXiv:0905.0025 
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Is this ‘real’? 

 
Is this new physics? 

 
Is this dark matter? 
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PAMELA & Fermi-LAT 
Anomalous e± flux measurements 



Anomalous e± fluxes 
 Is there an anomaly? 
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experimental 
central value 

 
 

  stat. error 
 
 

syst. error 
 

theoretical 
central value 

 
theoretical 
errors ??? 



Anomalous e± fluxes 
 Is there an anomaly? 
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We cannot claim an 
anomaly in the lack of 

theoretical 
uncertainties! 

experimental 
central value 

 
 

  stat. error 
 
 

syst. error 
 

theoretical 
central value 

 
theoretical 
errors ??? 



Cosmic ray propagation 
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Cosmic ray propagation 
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 O(100) propagation parameters  
 

Their values have to be fixed to predict the e± flux;  
uncertainties unknown 

 
Bayesian parameter inference using cosmic ray 
data → most preferred values of parameters & 

uncertainties 



Theoretical parameter inference 
The e± flux is mostly sensitive to the following 
propagation parameters: 

  

P = {γe, γn
 , δ1 , δ2 , D0xx} 

γe, γn
  electron and nucleus injection indices 

δ1, δ2 spatial diffusion coefficients below and above ref. rigidity  
D0xx  normalization of spatial diffusion coefficient 

  

Using 219 cosmic ray spectral data points, we infer the 
posterior probability distributions of these parameters 
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Theoretical parameter inference 
 Cosmic ray data used: 
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Theoretical parameter inference 
 Posterior distributions of parameters: 

2012 Jul 7 ICHEP page 11 of 21 C. Balázs: The cosmic e+/e- anomaly 



Theoretical parameter inference 
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 Posterior distributions of parameters: 

                               
           using e± data only          using other CR data only 

                            1 σ credibility intervals 



Theoretical parameter inference 
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  Significant tension between e± and other CR data! 

 Posterior distributions of parameters: 



Theoretical parameter inference 
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We use non-e± related CR data to 
infer all propagation parameters! 

 Posterior distributions of parameters: 



Uncertainty of the e± flux prediction 
inferred from the 1 σ credibility ranges 
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Uncertainty of the e± flux prediction 
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experimental 
central value 

 
  stat. uncert. 

 
syst. uncert. 

 
theoretical 

central value 
 

uncert. 



Uncertainty of the e± flux prediction 
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Clear deviation between  
experiment and theory 



Uncertainty of the e± flux prediction 
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via Bayesian inference the size of the  
anomaly can be quantified with uncert.s 



 
Is this ‘real’? 

 
Is this new physics? 

 
Is this dark matter? 
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PAMELA & Fermi-LAT 
Anomalous e± flux measurements 



Possible sources of the anomaly 
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             SNRs                                   pulsars 
 
 
 
 
            CDM                                    CDM 



Conclusions 
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Newly evaluated theoretical uncertainties justify an 
anomaly in Fermi-LAT e± flux 

  

Using Bayesian inference size of the anomaly is 
precisely quantified 

  

Determination of the source of the anomaly calls for 
much increased experimental/theoretical 
precision 



Extra slides 
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Why do PAMELA & Fermi  
and GalProp differ? 

The most popular answers: 
  - new CR source(s) 
      dark matter 
      supernova remnants 
      pulsars 
  - modified CR propagation model 
      non-steady sources 
  - local effects 
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Anomalous e--e+ fluxes 
Is there really an anomaly? 

 
 

Does the present theory prediction match the data 
within the theoretical uncertainties? 

 
We don’t know: we need theory uncertainties to 

decide this! 
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The uncertainty of the  
e--e+ flux predictions  

The predicted e--e+ flux  
- is calculated using the numerical code GalProp 

 
- contains assumptions on various CR sources  

 
- depends on assumptions about CR propagation 
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The uncertainty of the  
e--e+ flux predictions  

The predicted e--e+ flux carries uncertainties from 
- is calculated using the numerical code GalProp 
- assumptions about Galactic propagation of CRs  

- contains assumptions on various CR sources  
- poorly understood properties of CR sources 

- depends on assumptions about CR propagation 
- unconstrained propgagation parameter values 
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The uncertainty of the  
e--e+ flux predictions  

 To determine the theoretical uncertainty, we 
 - fix assumptions about Galactic propagation 

using the numerical code GalProp 
- fix properties of CR sources 

as encoded in GalProp  
- infer uncertainty of the propagation parameters 

via Bayesian inference using cosmic ray data  
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Theoretical parameter inference 
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Theoretical parameter inference 
 Cosmic ray data used: 
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Theoretical parameter inference 
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This is possible, since charged CR propagation 
is entangled: the propagation of each species 

depends on the rest. 

 Posterior distributions of parameters: 



Uncertainty - e+ fraction prediction 
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large expt. & theory uncert.s prevent 
drawing stat significant 

conclusion 



Interpretation 
 of the deviation between exp & theo 
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1. The CR propagation model is wrong 
2. Missing CR ray sources 
  - standard astro: supernova remnants,  pulsars, etc. 
  - exotic: dark matter 
  

Present experimental/theoretical precision does not 
allow to differentiate between these possibilities 


	On the cosmic e anomaly
	PAMELA & Fermi-LAT�Anomalous e flux measurements
	PAMELA & Fermi-LAT�Anomalous e flux measurements
	PAMELA & Fermi-LAT�Anomalous e flux measurements
	Anomalous e fluxes� Is there an anomaly?
	Anomalous e fluxes� Is there an anomaly?
	Cosmic ray propagation
	Cosmic ray propagation
	Theoretical parameter inference
	Theoretical parameter inference
	Theoretical parameter inference
	Theoretical parameter inference
	Theoretical parameter inference
	Theoretical parameter inference
	Uncertainty of the e flux prediction�inferred from the 1  credibility ranges
	Uncertainty of the e flux prediction
	Uncertainty of the e flux prediction
	Uncertainty of the e flux prediction
	PAMELA & Fermi-LAT�Anomalous e flux measurements
	Possible sources of the anomaly
	Conclusions
	Extra slides
	Why do PAMELA & Fermi �and GalProp differ?
	Why do PAMELA & Fermi �and GalProp differ?
	Anomalous e--e+ fluxes�Is there really an anomaly?
	The uncertainty of the �e--e+ flux predictions 
	The uncertainty of the �e--e+ flux predictions 
	The uncertainty of the �e--e+ flux predictions 
	Theoretical parameter inference
	Theoretical parameter inference
	Theoretical parameter inference
	Uncertainty - e+ fraction prediction
	Interpretation� of the deviation between exp & theo

