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Outline

• Solar Orbiter and the Proton Alpha Sensor (PAS)
• Proposed origins of proton beams in the solar wind
• Counter-streaming proton beams and reconnection
• Solar Orbiter observation of multiple proton beams 
• Conclusions
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• Beams observed nearly 70% of the time
(Alterman, 2019)

• Mechanism initially proposed as interchange 
reconnection in low corona (Feldman et al. 1974, 
1976, 1996)

• Now favoring various types of wave – particle 
interaction and turbulence
(e.g. Montgomery et al. 1976; Livi & Marsch 1987; Gary
1991; Daughton & Gary 1998; Daughton et al. 1999; Tam & 
Chang 1999; Tu et al. 2002, 2004; Araneda et al. 2008; 
Matteini et al. 2010; Osmane et al. 2010; Pierrard & 
Voitenko 2010; Valentini et al. 2011; Voitenko & Pierrard
2015; Alterman 2019).

• But reconnection in solar wind not considered 
(only Chen et al. (2016) mentions it)

Early observation of near-thermal proton beams in solar wind
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Early observation of magnetic 
reconnection in solar wind

First reconnection observed inside a CME
• High Alfvén speed  large jet

Typical signatures:
• Bifurcated current sheets
• Alfvénic plasma flows with opposite 

correlation at each current sheet
• Interpenetrating proton beam

Gosling et al. (2005)
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1 day of Solar Orbiter solar wind studied

• Slow Alfvénic wind
D’Amicis et al. (2021)

• Several switchbacks

• 6 reconnection jets



Example reconnection in 
slow Alfvénic wind

• Reconnection exhausts confirmed by:
 Deep in magnetic field
 Bifurcated current sheet (CS)
 Slight density enhancement
 Temperature enhancement
Walén relation (Alfvénic at both CS)

D’Amicis et al. (2021)
Lavraud et al. (2021)
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• Proton beam
• Proton core
• Alphas
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• Stronger and
faster proton beam
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• Two cores of similar intensity
• Field-aligned ‘a la Gosling’
• Separated by 2x the Alfvén speed
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• A parallel beam
• A main core 
• A third anti-parallel beam
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l• ‘Regular’ slow Alfvénic
wind with core &beam
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Interpretation
• Boundary conditions

with preexisting beams
• Intermixing of multiple

proton populations
• Some populations may 

overlap or hide weaker ones

Interesting implications:
- Origin of beams in solar wind
- Impact of preexisting beams 

on reconnection dynamics

S/C trajectory
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Conclusions

 Solar Orb. shows reconnection is a frequent source of multiple 
near-thermal proton populations and beams in the solar wind



Conclusions

 Solar Orb. shows reconnection is a frequent source of multiple 
near-thermal proton populations and beams in the solar wind

We also note that:
 For the present slow Alfvénic solar wind interval, while beams are present 

throughout the wind, 2% are associated to reconnection
 The beams are often multiple, owing to the specifics of reconnection 

(separatrix regions, interpenetration with pre-existing inflow beams…)
 The event confirms reconnection can occur at switchback boundaries
 Impact of preexisting beams on reconnection dynamics to study 
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