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(10-Second Averages, Background-Subtracted)

Background: January 20, 2005 GLE

South Pole Neutron Monitor

Time to Maximum: ~5 minutes
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Fitted e-Folding Time: =
25 + 2 seconds +6.2¢ increase over background

0640 0645 0650 0655
05 Jan 20

Time, UT

Estimated GLE Onset: 06:48:40 + 10 s

|_argest GLE since 1956

\/ery fast rise time

Hard particle spectra:
* Interplanetary
(ACE, SAMPEX, GOES)
e In solar atmosphere
(RHESSI)

Relative onset times of
electrons and relativistic
protons constrain acceleration
models

Data provided by J.W. Bieber & the Spaceship Earth Collaboration



Cosmic Ray Nucleil Experiment (CRNE) on IMP8 3

Pls: J.A. Simpson (U. Chicago, deceased) & C. Lopate (UNH)
Garcia-Munoz, Mason, & Simpson, Apd 201, L145-1L.148 (1975)

L ogic Electrons | Protons
(MeV) (MeV)
D2 D1-D2-D3-D6 0.7-2.0 | 10.8-19.5
ID3 | D1-D2-D3-D4-D6 2.0-12 19.5-27
ID4 | D1-D2-D4-D5-D6 12-50 27-95
ID5 | D1-D2-D4-D5-Db >50 >95

CRNE: 2.05 cm?-sr
Instrument Axis in the Ecliptic

IMP8 Spin Rate: 24 rpm
IMP8 Spin Axis perpendicular to Ecliptic
CRNE Data: 8 spin-sectors




Cosmic Ray Nucleil Experiment (CRNE) on IMP8

Electrons | Protons

D)-D)2.0)3-0)6 0.7-2.0 10,8-19.9

D D)2.0)3 .4 .0)E 0-! 19.9-27

D1-D2-D4-D5-D6 12-50 27-95

D1-D2-D4-D5-D6 >50 >05
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IMP8/CRNE Pulse-Height Matrices
D1 vs. D2 for particles with D1 - D2 - D3 - D6

(=0.7-2.0:MeV Electrons & ~11-20 IMeV Protons

2005 January 20-21 2002 August 20
Red: 20 Jan, 06:50-10:00 UT (A Very Large Impulsive Event)
Blue: 21 Jan, 08:00-14:00 UT e/p~ 30

| | |

Aug 20, 2002 Flare
IMP & 1D2 Matrix

D1 PHA ID2
D1 PHA ID2

" Jan 20, 2005 GLE
*_ IMP 8 ID2 Matrix

T — T
20 20
D2 PHA ID2 D2 PHA D2

Note: PHA telemetry-limited to ~ 1.6 particles/s. We use counter rates for onset determinations.




IMP8/CRNE D2 Arrival Distributions

(Sunilocated at the top ofi this page; arrews indicate nominal Parker Spiral)

Pre-Event: 06:30 - 06:39 During RHESSI gamma-ra s: 06:44 - 06:49

Onseﬁ: 06:52 - :56

Parker Spi

e




ID2 and D3 Onsets
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IMP8/CRNE ID2 & ID3 Count Rates l - IMP8/CRNE ID2 & ID3 Count Rates

20.5-s Averages [ 20.5-s Averages

- Standard Deviations above Background

Counts/s

D2
.“....o....b...... WX X 0%%00,* |D2 81 Slgma
an | ID3: 6.1 Sigma

o » L ad
o0 | ID3 2 . | C 164-second 82-second
40 L H.Mm-ﬁu'..'p,. L) gt - datagap W datagap

Sigmas above Pre-Event Background

0630 0635 0640 0645 0650 0655 0700 0644 0646 0648 0650 0652
05 Jan 20 05 Jan 20

>6.1 sigma increases seen at 06:51:48 + 10s

Increase observed right after an 82-s datagap

Real onset possibly as early as ~06:50




Count Rates 1n D1

L_ogic for D1 Counter:
D1-D2 -D4 - D6
(ﬁ allows < 10 MeV)
Wider angles gives GF ~ 20 cm?-sr
Electron Energy ~0.5 - ~ 11 MeV
Relativistic protons vetoed at D6

-- D1 count rate provides a more
sensitive way to look for the onset
of relativistic electrons.
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IMPS8/CRNE D1 Onset: Electrons >2 MeV.

1 ' ' i 1 ! ! ' 1 ' !
IMP8/CRNE D1 Count Rate [ IMP8/CRNE D1 Count Rate
2.56-s Averages -
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South Pole NM Onset
@ 06:48:40 +/-10 s

Counts/s
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®x 4.2 sigma @ 06:50:15 -

Sigmas above Pre-Event Background

|
82-second .:,‘
- datagap
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0648 0650 0652 0647 06438 0649 0650 0651 0652 0653
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o

Electron Onset at 06:50:12 + 5 seconds

1. 5 + 0.2 minute delay between the onsets of relativistic
protons & relativistic electrons near Earth




Wind/3DP and SOHO/COSTEP (Preliminany) Results

Event on: 20 Januar 2005 COSTEP/EPHIN

Wind 3DP Electrons
127-225 keV
92-s Averages

10°- Electrons
0.25 MeV <E < 0.70 MeV

0.7 MeV <E <3.0 MeV

2.6 MeV <E <10.4 MeV
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Onset @
06:53:02 +/-46 s

(Data from NSSDC/CDAWER)

0630 0640 0650 0700

05 Jan 20
Electron channel at 127-225 keV Photon contamination evident
Onset at UT 06:53 + 45 s, starting at 06:44
Corrected for speed difference, Estimated electron onset in 2.6 —
corresponds to ~06:49 + 1 minute 10.4 MeV channel at ~06:50.

for ~MeV electrons.

Another instrument on IMP8 (APL’s CPME) also observed electron onset at ~06:50 UT
(T. Armstrong, private communication).



ACE/EPAM Results w
G.M. Simnett, Astron. Astrophys. 445, 715-724 (2006)

After correcting for different particle speeds,
ACE/EPAM Simnett (2006) reported that EPAM electrons
departed the Sun ~6 minutes after the ~GeV.
protons observed by the neutron monitors.

-- contradicts the IMP8, Wind, & SOHO results.

EPAM Website Announcement
April 13, 2006:
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“The EPAM team has identified a timing
drift in the EPAM data. This small timing
drift 1s ~1 minute/year [since the launch of

07:00 07:30 08:00 ) .
20 January 2005 ACE In 1997] s

The 6-minute delay reported by Simnett (2006) is
an artifact of this drift. After the EPAM data
are corrected, they should agree well with the
other satellites.

06:57 Onset for ~250 keV electrons



Arrival Directions and Magnetic Fiela 1z

WWind 1-minute Magnetic Field

06:00- 07:00 UT

GSE Angles, degrees

0550 0600 0610
05 Jan 20

Phi GSE
Theta GSE

0620 0630 0640 0650 0700

Wind/3DP

Wind 3D Plasma SST Fail
2005-01-20/06:56:29 - 06:56:40
310726.8eV
T e

At the time of onset, the
magnetic field had a very.
large component out of the
ecliptic.

ACE/EPAM and
Wind/3DP probably got a
better view of the very first-
arriving electrons than
IMP8/CRNE.

(IMP8/CRNE had to wait
for the pitch-angle
distribution to broaden.)

When corrected for
electron speed, ACE &
Wind may very well show
an onset time even closer
to that of the neutron-
monitor protons.



We have found comparable electron delays in other GLES:

IMP8/CRNE
NM Onset Relativistic Electron Delay
at Earth Electron Onset (min)
at Earth
06:48:40 + 10's
2005 January 20 06:50:12 1.5+ 0.2
(South Pole)
: 13:57:30+ 30 s
2001 April 15 13:59:36 2.0+ 0.5
(McMurdo)
10:34:30 + 30 s
2000 July 14 10:37:07 2.5+05
(South Pole)
08:07:30 + 2.5 min
1998 May 6 - 08:10:00 2.5+25
(Oulu)
07:04:30 + 30 s
1989 Nov 15 07:04:02 0+05
(Thule)
18:24:30 + 30 s
1989 Oct 24 18:24:53 0.4+0.5
(McMurdo) —

13



Cliver et al., ApJ 260, 362-370 (1982)

- compared neutron monitor and electron onsets 1n GLES from, 1966-1978.

GEV PROTON
INJECTION ONSET
/—IOO KEV ELECTRONS

2 GEV PROTONS 7 JUL 66
OO

t_ | MEV. ELECTRONS
Ha MAX (Te ) I8 NOV 68

FLASH PHASE (Tj3)  ® ] 25 FEB 69
A

L 24 JAN T7I
AN .-

T AUG 72
AN - &

29 APR73

=k I

30 APR 76

22 NOV 77

7 MAY 78

23 SEP 78

15 [o} 15
MINUTES BEFORE MINUTES AFTER

They found, on
average, that ~1 MeV
electrons were delayed
by >5 minutes with
respect to the NIM
Onsets.

This Is not what we are
finding.

We believe that the
longer delays reported
by Cliver et al. probably
reflected the limited
sensitivity of the
electron onset
determinations.
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Summary

IMP8/CRNE observed the onset of relativistic (>1 MeV) electrons near Earth at
06:50:12 UT on 2005 January 20. This result implies that relativistic electrons
departed the Sun 1.5 + 0.2 minutes after the relativistic protons observed by NMs.
This residual delay may simply reflect limited electron sensitivity (due to high pre-
event background and unfavorable viewing direction), rather than a real delay.

Preliminary examination of SOHO/COSTEP, Wind/3DP, and IMP8/CPME give a
similar conclusion, after correcting for differences in electron speeds.

The Simnett (2006) report of a ~6 minute delay between the departures of relativistic
protons and (near) relativistic electrons from the Sun is incorrect. This delay is the
artifact of an ACE/EPAM data processing error, which is currently being rectified.

IMP8/CRNE sees comparable <2 minute proton/electron emission delays in other
GLEs; the 2005 January 20 GLE is not unique in this regard. IMP8/CRNE electron
delays are considerably smaller than the >5 minute delays reported by Cliver et al.
(1982). We suggest that the Cliver et al. results were compromised by limited electron
sensitivity.

The close correspondence in onset times makes it likely that the same acceleration
mechanism is responsible for relativistic protons and relativistic electrons. (A quasi-
perp shock is a good candidate in this regard.)
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A Special Session at the 2006 SHINE Workshop
July 31 — August 4, In Zermatt, Utah

The Historic Solar Event of January 20, 2005: A Challenge for
Current Theories on the Origins of Solar Energetic Particles?

For more information, please see:
http://creme96.nrl.navy.mil/20Jan05/

Or google:
“solar event January 20”

Or follow the links at:
http://www.shineqroup.orq



http://creme96.nrl.navy.mil/20Jan05/
http://www.shinegroup.org/
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IMPS/CRNE Timing Accuracy

2001 April 15

Yohkoh

4-7 MeV Gamma Rays
4-s Averages

IMP8/CRNE

D6 Anti-Coincidence
10-s Averages

1350 1352 1354

® Before the onset of the
2001 April 15 GLE, Yohkoh
observed 3 peaks In the time
structure of gamma rays over
a ~4 minute time period.

® Particle background levels
were sufficiently low that
IMP8/CRNE detected these
gamma rays in its D6
anticoincidence shield.

® The IMP8/CRNE and
Yohkoh times for these three
peaks agree to within less
than 5 seconds.

18



19

Could photens or pretons cause the D1 Increase?
No!

IMP8/CRNE D1 Rate

IMP8/CRNE D1 Rate
RHESSI 4-7 M IMP8/CRNE >95 MeV Protons

Electrons/cm2-sr-s
s-IS-ZWo/suojold
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IMPS/CRNE Instrument Stability

® D6 anti-
colncidence
shield registers
Galactic cosmic
ray proton
above ~1 GeV.

® Comparison
with Climax
Neutron
Monitor over 33
years indicates
no significant
degradation Iin
sensitivity.

o,

counts/sec

—— IMP 8 D6

—— CIliINOGLEs

1/1/75 1/1/80 1/1/85 1/1/90 1/1/95 1/1/00 1/1/05
dat

IMP8/CRNE D6 counts/s
27-day averaged Climax NM count rate
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Satellite LLocations on 2005 January: 20, ~0700 UT

|_ooking down onithe Ecliptic _ooking perpendicular te the Ecliptic

2005 January 20 0700 UT 2005 January 20 0700 UT
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Magnetic Field Directions: at ~06:00 UT at L1

ACE 16-s Magnetic Field Wind 1-minute Magnetic Field

05:55 - 06:15 UT Phi GSE 05:55 - 06:15 UT Phi GSE

Theta GSE Theta GSE

GSE Angles, degrees
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0555 0600 0605 0610 0555 0600 0605 0610
05 Jan 20 05 Jan 20

= No magnetic field measurements on IMP8. But there are measurements from
ACE & Wind at L1.

= After convection In the solar-wind (=500 km/s), these are the fields at IMPS8 at
the time of particle onset at ~06:50 UT.

" Osse consistent with IMP8 onset in nominal Parker spiral sector. But the field
has very large component perpendicular to the ecliptic.

= Electron PAD must be broad to get into IMP8 FOV at + 30° of the ecliptic.
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Magnetic Field Directions: at ~07:00 UT

ACE 16-s Magnetic Field . Wind 1-minute Magnetic Field .
06:45 - 07:05 UT Phi GSE 06:45 - 07:05 UT Phi GSE
Theta GSE Theta GSE

GSE Angles, degrees

0650 0655 0650

= | arge component perpendicular to the ecliptic persists.

= Complicated field: @< very different on Wind & ACE.
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