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Sanae Neutron Monitor 
20 January 2005



Summary  

• Sanae NM saw three distinct pulses; others mostly one
• First pulse prompt; highly anisotropic
• Second pulse gradual; much less anisotropic
• Third pulse due to HMF shift – not significant
• Relate 1st pulse to RHESSI X-ray observations
• Origin of 2nd pulse
• Model for the 20 January 2005 GLE
• First pulse is a common feature of GLEs
• 1-to-1 correspondence with “impulsive” and “gradual” SEPs
• The generic solar energetic particle event 



“Efforts to study the relative contributions from acceleration
mechanisms in flares and CME-driven shocks appear 
to be more fruitful.”

Grechnev et al., preprint, 28 June 2007
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NMs that saw pulse 1
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Adiabatic Focusing

sin2θ/B = constant

• P1 – accelerated at ~ 1 rs – strongly focused

• P2 (and P3) - accelerated at > rs – less focused
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12 – 25 KeV
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Strongly confirmed by Grechnev et al. (2007) in > 300 MeV gamma rays
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- P2 reached Earth at ~ 06:57 UT

- P2 left sun at ~ 06:41 UT

- CME lifted off at 06:32 UT at ~ 2500 km/s

- CME was at ~ 2.5 solar radii at 06:41 UT

- High Alfvén Mach number (~5.0)

- Acceleration in CME shock

- More isotropic release; less focused

- Significant scattering en route to Earth

Origin of pulse P2



PULSE    1  - 06:35

PULSE   2  - 06:41

MIRROR
POINTS

FOCUSED
INJECTION

GAMMA, X-RAYS 

CME

SUPERCRITICAL  SHOCK

MORE ISOTROPIC INJECTION

2.5 -3.0 RS  
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Event Date Onset diffe- Impulsive Stations Position  Amplitude 
   rence (min) event (P1) with P1 on Sun (P1/P2) (%)
___________________________________________________________
 1 7  Mar 42 8 yes 1     west  limb 4000/1500
 2 23 Feb  56 9 no -    N25,  W85 -/>3000
 3 4 May 60 3 yes 7     N10, W90 300/-
 4 15  Nov 60 30 yes 2     N25, W35 160/80
 5 7 May 78 <5 yes 10     N24, W68 215/-
 6 22 Oct 89 15 yes 3     S27, W32 200/20
 7 24  Oct  89 14 no -     S29, W57 -/110
 8 15 Nov  89 10 yes 1     N11, W28 12/3
 9 21 May 90 10 yes 2     N34, W37 20/5
10 24 May 90 30? yes 2     N36, W76 50/7.5
11 20  Jan  05 8  yes 6     N12, W58 2900/300
 

P1- A common occurrence
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GLE SEP 
Brief Brief
Low in corona Low in corona
Coincident with flare Coincident with flare
West of 28º W West of 30º W 
Mimics HXR and gamma                  3He/4He high
Strong anisotropy
Hard spectrum

Longer duration Longer duration
Originates ~ 2.5-3.0 rS Originates ~ 4-6 rS
Solar longitudes from 15º E All solar longitudes
Mild anisotropy 3He/4He normal
Softer spectrum

Impulsive
event

Gradual 
event

GLE Compared to low-energy SEP events
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Solar longitudes from 15º E All solar longitudes
Mild anisotropy 3He/4He normal
Softer spectrum

Impulsive
event

Gradual 
event

GLE Compared to low-energy SEP events

The Generic Solar Energetic Particle Event (both GLE and low energies)







The Generic Solar Energetic Particle Event 
(GLE and Lower Energies)

Impulsive Phase

A highly anisotropic pulse of cosmic rays at Earth
Coincident release of high-energy gamma and neutron pulses
Hard cosmic ray spectrum
Acceleration low in corona
Scatter-free propagation due to focusing close to the Sun
High 3He/4He  ratio; high ionisation state 
From western third of solar disk

Gradual Phase

Mildly anisotropic cosmic-ray pulse at Earth
Soft cosmic-ray spectrum
Acceleration high in the corona, >2.5 - 3.0 Rs
Diffusive propagation to Earth
From central regions of solar disk
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Courtesy H.Cane and W. Erickson
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PULSE    1  - 06:38 ST

PULSE   2  - 06:41 ST

MIRROR
POINTS

FOCUSSED
INJECTION

GAMMA, X-RAYS & NEUTRONS

CME

SUPERCRITICAL   SHOCK

ISOTROPIC INJECTION

2.5 -3.0 RS



-10

40

90

140

190

240

17 18 19 20 21 22 23 24

Time of Day, 22 October 1989 (hr) 

%
 In

cr
ea

se

McMurdo

Thule

South Pole



-120

-90

-60

-30

0

06:00 06:15 06:30 06:45 07:00 07:15 07:30 07:45 08:00

Time, at ACE + 29 min. transit to Earth ( hr )

B 
fro

m
 la

tit
ud

e,
 lo

ng
itu

de
 ( 

o 
)

P1 P2 P3

Longitude

Latitude



0

1000

2000

3000

4000

0 20 40 60 80 100 120 140

Distance form axis of symmetry ( o )

P
1 

M
ax

im
um

 In
cr

ea
se

 (%
)

McMurdo

South Pole 

Nain
Fort Smith SanaeMawson

Curve = 4000 exp [-0.0005 θ2]



-90

0

90

-180 -90 0 90 180

Longitude ( o )

La
tit

ud
e 

( o 
)

 Cape 
Schmidt

Inuvik
Fort Smith

Thule

McMurdo

SP

Nain

Mawson

Apatity Tixie Bay

Sanae

P1 P3

P2



Hypothesis:

Prompt pulse 1 accelerated in solar flare near surface  
at >~ 1 rsun.  

Strongly adiabatically focused∝



Hypothesis:

Pulse 1 accelerated in solar flare near surface  
at ~ 1 rsun.  

Strongly adiabatically focused

Pulse 2 accelerated/released in CME at 2 – 3 rsun

Much less focused

∝
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THE P1 PULSE- 20 January 2005

Βeta = 0.96


