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Solar Energetic Particle Events with High Iron Charge State throughout ACE SEPICA Energy Range
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Introduction

+* Solar Energetic Particle events usually are categorized by types,
gradual and impulsive events
Gradual events show Q. =
* Impulsive events are observed Wlth Q. = 20 (Luhn, 1987),
at thattime interpreted as from a high temperature source
+ With ACE, more detailed studies show
energy dependent charge states
inimpulsive events that
Qincreases with energy and
at lower energies itis consistentwith
asourcetemperature of 1-3 MK
* However solarwind from active
regions consistently contains L5
iron charge states =16

Lapr! and Zurbuchen, 2004

-1, compatible with the coronatemperature

Probability DalrEstion lor Charge Slates, 108

In this study, we search for SEP Events with high Fe charge states at low energics

Data selection and analysis

The search of High source temperature in the entire SEP energy range

Approach 1: Q. from SEPICA

* Survey a total of 82 strong SEP Events during year 18838 - 2000

* Events are chosen based on their flux of 0.23-0.33 Mevin, a conservative energy range
away from SEPICA high and low energy limits

* O, are then studied in all regular SEPICA energy channels

* O ee== 14, used as division between gradual and impulsive events,
is alsoused here

* Find events with Q-.=14 at 0.18-0.25 MeVin

» Analyze for high Qg at the extended energy of 0.05-0.11 MeVinuc =

* Impulsive events are excluded as a first cut as they show stripping
feature and may have lower Q.. at even lower energy ranges.
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Owver 3 Years, 2 events found ;
with Qyuan=14 in the lowest SEPICA energy (0.062-0.11 MeVinuc):

1995 DOY 101.9 - 103.5
1855 DOY 158.256 — 1605
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Approach 2: Combining data from ACE SEPICA, SWICS and SOHO STOF

v Compare Q... in 69 SEPICA events
1o correspondent daily Q.. averages
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* STOF Q. are usually consistent ' *
with SWICS solarwind Q. N .
» SEPICA Q.. either consistent o 1§

with SWICS SW Q.. ormuch higher
{Impulsive cases)

Owver 3 Years, 3 events found 55'”'55""156"356 T P P
With Q- > 13 SEPICA, SWICS & STOF: DOy
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B R T e e

3: Isolation of high Q component in multi-population events

- EHHIEHEH’! multiple seed populations may show alow mean charge state
Wmmmmtmayshuw high Q.. overthe entire ZEP energy range in such events

= With the SEPICA high resolution fan
(available during firstfew months of ACE}
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multi-Gaussian fits could be used

wk to separate Q distribution components

: mt * SEP event of DOY 311.25 — 314, 1997,

% x -+ e - J_ ! has been successfully separated
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Results and discussions

Ina 3 vyear period and out of more than 8% SEP events, § events are found with Q.. = 14 even inthelowest SEPICA
energy range, in &5 of them forthe entire event, in 1 ofthem justfor onecomponent

joNmm——— &
i SR e
e
. )
L R S R ——— = Lt
| [T S ————— e L LI LR TR S R T
. | e D 18 100 VIR RO V2RSS - T5EY PO O 1
o ' . " " '
|_‘__q=___ el ESCRNT |SIRER A DN :|:----|I--=!= .........
=
W oa = . — e T I
[FEER TLY TR N - SDLBRT Piet Feulll iy Yl Buinkis — s AT S VN B
Aol GO YIS 1005 AT O 39107 J1-1| Tl DO 3T5TE - A0 1
= - - - - . g ' ' . '
L] L2 &3 ad L4 at i L ¥ ] [F] i W [~ ] wr [ & ] L X Bh sk
E flas naii

E-Q plot of all & evants that we have found. Circled numbers represents which approschis used

» Two different trends with energy areseen in the charge states:
» 2 ofthe & events were identified as impulsive events by DiFabio ef &, 2008. Increase of Q with energyis
statistically significant(p ==0.1), consistentwith stripping. However, starting atthe lowest energy Q.. is still =14,

4 ofthe 6 events with high Q at low energy show an essentially flat behaviorwith energy. The Chi-square test
resultis consistent with a random distribution of points around Q...

What is the high Qs related to that we see?

* ltindicates a high temperature source of 2-6 MK

- Consistent with Solar Wind observations

--- Search for sources ofthese events:
Possible characteristics of both impulsive and gradual events arefound, while nothing conclusive.

— Only thing in common for these events is the enhancementin abundance of heavy ions,
which seems to be an impulsive indicator, but this is not conclusive either according to Desai etal, 2001.
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* HighQ at low energy could also be a result of adiabatic deceleration that pushes high @ from high to low energy.

— very unlikely.

--- requires over expansion ofsolarwind, and stilla raise in charge state to even higher Q... Neither is observed.

iincreases with energy
consistentwith stripping
-+ 2nd component: Q=>14throughout
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Conclusion

Aconfirmed high Qg overthe entire energy range of SEPICA is found for & out of over 85 SEP events.
While activeregions areusually related to SEP events, the SEP events with high Q are pretty rare.
This observation of highQz. in SEP events is consistent with solar wind observations

However only 3in of & cases are these high charge states observed simultaneously in solarwind and SEP events.

= Weare notable to find a consistentsource and acceleration mechanism for all these events.



