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Image: SXP 1062 pulsar found within a supernova remnant n the Small Magellanic Cloud 
Chandra X-ray Observatory and XMM Newton 
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A long journey for cosmic rays: from sources to detection at 1AU

Heliosphere
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T H E  H E L I O S P H E R E  A N D  I T S  I M PA C T  O N  C R S

A. Cummings 
“you can make an heliosphere in a kitchen sink”
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PhD student

PAMELA DATA
2006-2009

L O W  E N E R G Y  P O S I T R O N  F R A C T I O N
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http://neutronm.bartol.udel.edu/

A- A+
A-

A- A+A+

Solar modulation effect 
• particle  
• energy 
• sign of charge  
• time 

goals 
• heliospheric physics 
• cr propagation  
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L O W  E N E R G Y  A N T I P R O T O N S

Baudaud eta al 1906.07119
Cholis, Linden, Hooper (2019; Phys. Rev. D 99, 103026)

uncertainties!  
(this workshop F. Donato, D. Maurin )
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( R E L AT I V E LY )  R E C E N T  M E A S U R E M E N T S

pamela 
ams-02 
tilt angle—
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T H E  PA M E L A  S P E C T R O M E T E R
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Adriani et al., ApJ 765, 2 (2013)
Potgieter, M.S. et al. Sol Phys (2014) 289: 391

M E A S U R E M E N T S  AT  S O L A R  M I N I M U M  -  P R O T O N S

Vos & Potgieter, ApJ 815, 119 (2015)
Strauss R.D., Potgieter M.S., Solar Physics, 
289, 8 (2014)
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Solar modulation mechanisms 

• convection with solar wind  
• diffusion by magnetic filed irregularities 
• drift (curvature, gradients in magnetic field 

and HCS) 
• adiabatic energy losses  

Model input parameters:  

• Geometry and physical boundaries of the 
• Heliosphere  
• Solar activity parameters (time-varying) 
• Input Local Interstellar Spectrum (LIS) 

H E L I O S P H E R I C  T R A N S P O RT  M O D E L I N G

Potgieter, M.S. et al. Sol Phys (2014) 289: 391
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Uncertainties in heliospheric propagation 
Geometry and physical boundaries of the 
Heliosphere 
Solar activity parameters (time-varying) 
Input Local Interstellar Spectrum (LIS) 
 
Webber W. R. and F. B. McDonald, Geoph. Res. Lett., 40, 2013 
Stone E. C. et al., Science, 341 (6142), 2013 
Cummings A. C. et al., The Astrophysical Journal, 831:18, 2016 

V1 in the 
interstellar 
space! 
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Bisschoff, Potgieter, & Aslam, ApJ 878:59 (2019)

New Very Local Interstellar Spectra for:
e-, e+, H, He, B, C, O

LIS calculated for several species, simultaneously. with an 
iterative method

3 MeV/n - 100 GeV/n 

N E W  V E RY  L O C A L  I N T E R S T E L L A R  S P E C T R A  ( L I S )
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Adriani et al., ApJ 765, 2 (2013)
Potgieter, M.S. et al. Sol Phys (2014) 289: 391

M E A S U R E M E N T S  AT  S O L A R  M I N I M U M   
 P R O T O N S  A N D  E L E C T R O N S

Adriani, et al., ApJ 810, 142 (2015)
Potgieter et al., ApJ  810, 141 (2015)
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D R I F T  E F F E C T  

Di Felice et al., ApJ 834, 89 (2017) Potgieter & Vos, A&A 601, A23 (2017)

P

e-
e-

P
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Strauss R.D., Potgieter M.S., Solar Physics, 289, 8 (2014)

R E C O R D  H I G H  P R O T O N  F L U X  …    

… . .  T I L L  N O W  
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AMS  
was installed 

 on the ISS 
 May the 19th 2011  

It will continue 
 through the lifetime of  

ISS  (2024) 

Over  
140 billion  

charged  
cosmic rays  

have  
been measured 



T H E  A M S - 0 2  S P E C T R O M E T E R  
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L O W  E N E R G Y  P O S I T R O N  F R A C T I O N

O. Adriani et al., Phys. Rev. Lett. 116, (2016), 241105 
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A N T I P R O T O N S  
S T O C H A S T I C A L  M O D E L I N G  
A P P R O A C H

Strauss et al. 2012
see also Della Torre et al. 2016

A < 0

A > 0

P R O T O N S  
A N T I P R O T O N S
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P R O T O N S  T O  H E L I U M  R AT I O  
I N T E R P R E TAT I O N

N. Tomassetti et al.
PRL 121 (2018) 251104

Universality of the mean free path

Velocity dependent diffusion (K) 

A) difference in LIS shape between p and He tested B)  the dependence of the diffusion tensor 
on the particle mass-to-charge ratio, A/Z  tested

C. Corti et al.
ApJ 871:253 (15pp), 2019
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He isotopes PRL paper  
accepted for publication 
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M O R E  T I M E  D E P E N D E N T  M E A S U R E M E N T S  F R O M  
A M S  D ATA

Presented at 36th ICRC

C, O preliminary data 
forthcoming publication on He isotopes

C, O time dependent preliminary results
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  D A I LY  VA R I AT I O N  O F  F L U X E S :  H  A N D  H E

Presented at 36th ICRC

preliminary



The Space Station Crosses a Spotless Sun  
Image Credit & Copyright: Rainee Colacurcio
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C O N C L U S I O N S

we can finally study the details of the solar modulation of GCRs 

new measurements and comprehensive modelling give us significant 
insights 

particularly drift effects and charge sign dependence  

improved and improving prediction and forecasting capabilities 

more data to come…. 
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