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• Helios measurements 

of velocity spikes

• Possible

interpretations

• A bit of Probe data for 

comparison



“Spikes” or “switchbacks” or “jets” or “folds”

• Short, sharp speed enhancements are ubiquitous in 

coronal hole flows

• Alfvenic: associated with magnetic field rotations

• No evidence from Helios of any kinetic signature

• Significant contribution to kinetic energy of the flow

• → Coronal hole wind: a smooth background flow with

additional sharp spikes

• Source of spikes?

– Photospheric waves? But why so intermittent?

– Near-Sun reconnection driven jets – qualitatively consistent with 

simulations?
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Helios

• Two spacecraft

• Launch 1974 and 1976

• 60 R_S perihelion

• Spinning platform (1s)

• Ions: 40.5s 3D distributions

• Magnetic field: 4 vectors/s

• One spacecraft

• Launch 2018

• 35 R_S perihelion (so far)

• 3 axis stabilised

• Ions: fast as you like

• Magnetic field: faster than my 

PC can cope with

Parker Solar Probe



A high speed solar wind stream
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Spikes aren’t new
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Figure 1 from A One-Sided Aspect of Alfvenic Fluctuations in the Solar Wind

J. T. Gosling et al. 2009 ApJ 695 L213 doi:10.1088/0004-637X/695/2/L213
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Spike statistics

– 𝑉𝑠𝑚𝑜𝑜𝑡ℎ - 30 minute smoothed speed

– 𝛿𝑉 = 𝑉 − 𝑉𝑠𝑚𝑜𝑜𝑡ℎ

• Identify spikes: 𝛿𝑉 > 75 𝑘𝑚/𝑠
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Spike statistics

• 294 spikes in 5 days

– Mean time between events 19 

minutes

– Occur 5% of the time

• 74% are 1 data point long

• Mean kinetic energy 35% higher 

– Contain 7% of total kinetic 

energy of stream

• No significant difference in 

plasma properties other 

than speed
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Proton distribution is (fairly) well resolved

• 𝛿𝑣⊥~200 𝑘𝑚/𝑠

• Pushes thermal tail out of 

field of view?

– Can conspire to be anti-ram so 

against aberration

• Good news:

– Always pivots to keep beam in 

view

– Alphas are not affected
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Beam

AlphasCore

Thermal tail not visible



No evidence for temperature difference 
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Speed-temperature correlation

• First result at 40s 

scale, within one 

single 5 day high 

speed stream

• First 𝑇⊥ and 𝑇||
separately

• Important: this is 

the 30 minute 

smoothed speed!
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Spikes do not have a speed-temperature 

correlation

• No evidence that 

spikes are hotter

• Strong dependence 

on field-flow angle 

𝜃𝐵𝑉

• Not consistent with 

flux tubes carrying 

hotter, faster plasma

• Consistent with 

Alfvénic fluctuations
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Are spikes generated by near-Sun reconnection 

events?

• Can there be so many

reconnection events?

• Would we not see a kinetic

signature?

• Are there testable 

predictions?

• How can we be confident

that they’re not “just”

waves?
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Figure 1 from Low-frequency Alfvén Waves Produced by 

Magnetic Reconnection in the Sun’s Magnetic Carpet

Steven R. Cranmer 2018 ApJ 862 6 doi:10.3847/1538-

4357/aac953



Summary

• Spikes are ubiquitous are coronal hole flows

• Amplitude ~V_A

• Origin not clear

– Reconnection jets most likely?

• Probe sees them too

– Some significant differences from Helios

• Implications for the solar wind

– Two-component coronal hole wind

– Energy budget of the solar wind?

– Occurrence rate of reconnection events?

– Driver of the 1/f and turbulence spectra?
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