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Abstract: The onsets, rise times, and durations of solar energetitclgaf SEP) events observediafU
vary considerably, even for events from comparable solsgitodes. Does the ambient solar wind (SW)
stream play any role in those variations? In an earlier sffijtimes from CME launch to event onset,
rise times, and durations @D MeV solar proton events observed on the Wind spacecrafigurd98-
2002 were compared with ambient SW /O values to search for correlations with SW stream types.
Here we compare those timescales for the same events witlagiseciated SW components classified as
transient structures, high-speed streams, and slow wiig]bf he SEP events are further sorted into five
groups of solar source longitudes to compensate for wellvikneariations of timescales with connection
longitudes. We find only a slight trend for the shortest tioadss in transient structures, but otherwise
no dependence of any time scales on SW stream type. In dartitere is no evidence for enhanced
convective and adiabatic energy losses in low-speed str@arfor enhanced scattering in high-speed
streams.

Introduction to the beginning of the SEP shock intensity pe
Only weak correlations of'y andTp with CME
Early attempts to understand the solar injection and widths and speeds were found.
propagation off > 10 MeV SEPs based on their |n [1] any role the SW structure might play i
event timing characteristics were carried out by [3] the SEP characteristic times was also sought.
and [4]. They considered the time intervals from that purpose the SW/0"6 values measured o
SEP acceleration at the Sun to peak SEP intensitiesthe ACE spacecraft were used [1], where fast S
at1 AU. The strong dependence on solar magnetic- streams were identified by G/016 < 0.15 [6].
connection longitudes and on shock propagation No correlations of any SEP characteristic tim
was the basis of the qualitative model of SEP in- with the O+7/O* ratios were found, so it was cor
tensity profiles by [5]. A recent analysis of the cluded [1]that the SEP eventtimes are indepenc
statistics of SEP event timescales [1] was based of the type of SW stream. The SEP event tirr
on intensity-time profiles for 144 = 20 MeV that occurred within interplanetary CMEs (ICME:
SEP events observed by the EPACT experiment were also examined [1] using a published list
on theWind spacecraft. For comparisons with as- |CMEs [7]. All three characteristic times wer
sociated CME and SW properties, three charac- slightly shorter for those events than for the to
teristic times, shown in Figure 1, were measured population of SEP times. It would be useful to r

for each event and listed in a tablel, is the  examine these results with the SW data organi
time from launch of the associated coronal mass or sorted by criteria other than the®/ O+ ratios.

ejection (CME) to SEP onset atAU; Tr is the g congribution of different SW stream types
time from SEP onset to the time the SEP intensity long-term ¢ solar rotation period) averages
reached half its peak value. The peak intensity is geomagnetic activity and the interplanetary me
always taken prior to the arrival of any accompa- netic field (IMF) strength were considered t
nying interplanetary shockl’p is the time during 51" | particular, several criteria were use
which the SEP intensit.y was within a factor of 2 [2] to divide the SW into three components [€
of the peak value and in some cases extends only 1) yansients, consisting of interplanetary CM|
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Figure 1. Plot of 2 and®0 MeV proton intensi-
ties from the EPACT instrument on Wind during

the SEP events of 1999 April 24 and 2002 July 16

(from [1]). Horizontal bars show the periods of the

three SEP times of the 20 MeV protons used in the

study -Top, Tg, andTp. The time of the CME
launch matches the beginning of tidg interval

and was an extrapolation of the CME height-time

profile tol1Re.

(ICMEs), shocks and postshock flows; (2) coro-

Data analysis and results

We first assign a SW stream category to eact
the three SEP event times given in Table 1 of |
If a time period overlapped two SW stream type¢
we used the type with the longer association. '
eliminated the 2001 August 15 SEP event, wh
probably had an incorrect solar source longitu
[9]. We follow the procedure of [1] to sort the 14
SEP event sources into five longitude bins: (1) €
limb to central meridian; (2) W(O1to W31°; (3)
W32° to W62°; (4) W65 to WO, and (5) over
the west limb. These five groups, each~of30
events, allow us to compensate somewhat for
known dependence of SEP times on solar sot
longitudes. The median times for each timesc
(To, Tr, orTp) are shown in Figure 2, sorted b
type of SW stream (1, 2, or 3), and solar lon¢
tude bin. Each data point is the median of abi
10 events, whose values are generally equally
tributed in intervals of lod"x . We state the medial
values to a precision of 0.1 hours, but the proba
error for each time in the figure is roughly a fact
of 2. In 8 events a value could not be determir
for Tp, and in 19 case%p was measured only t
the beginning of the associated shock. The net
fect of excluding those 19 cases with shocks is
decrease slightly 5 of the 6 median values in 1
first two longitude bins of the bottom panel. Th
does not change the basic result for the thHige
distributions.

Conclusions

Onsets and Rise Phases

tating high-speed streams; and (3) slow SW. The dynamic range of each of the three SEP e\
The three-component SW-classification scheme timescales considered here is more than an orde
has been updated through 2005, and we use it hergmagnitude [1]. The intensity-time profile of a SE
to look for any dependence of the SEP-event char- event measured atAU is determined by the injec
acteristic times on those three SW types. It is im- tion profile from the CME-driven shock and by tF
portant to note that component (1) above includes SEP propagation characteristics in the SW stre:
time periods beyond the ICME intervals published The object of the current analysis is to determi

in [7].
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whether the SEP-event timescale variations car
attributed to or organized by the different kinds
SW streams. The SW/06 ratios used for this
test showed no timescale dependencies [1]. F
we use an alternative SW signature but obtain
same result: there is no clear timescale depende
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Decay Phases

E ---SW(2) 1 Gradual SEP event durations as functions of
. - ] lar connection longitudes were analyzed by [1
F N ] who found that the durations, defined as times
28 < FE < 36 MeV proton intensities were abov
background levels, ranged over an order of mi
nitude and generally declined with better magne
connection, in qualitative agreement with our vi
ues of Tp in the bottom panel of Figure 2. It i
perhaps not surprising that SW-stream differen
J are not important foff p or T, but SEP event de
cays are considered to be controlled at least pz
by SW flows. If we assume that shock SEP inje
tion has ceased and the shock structure is not v
ulating the decay phase, then the exponential de
times,, due only to convection and adiabatic e
ergy loss, should scale agV' (1 + ) [11], where
V is the solar wind speed andthe exponent of
the SEP power-law energy spectrum. Looking
7. for only low (~ 3 MeV) energy proton event

at 1 AU [11], about half of the 146 event deca

920 0 20 40 60 80 100 120 were fit.ted within 25% by the yalge ot calcu-
Solar Longitude lated with thel /V (1 + ) term, indicating that.

decreases with increasifig, although not neces

sarily linearly with V. For our study this would
Figure 2: Plots of the SEP event timescalgs, imply smaller values ofl'p, for the SW group 2,
Tr, andTp for each of the three SW stream types which we do not find. However, we have to r
[(1) - transient §olid line); (2) - fast @ashed line); member that our definition df, is the time dur-
(3) - slow (dashed-dot line)]. Each data pointisthe ing which the SEP intensity is within a factor of
median value of all events in that solar longitude of the peak value, and this may not reflect or ¢
range. relate withr., which could be measured at muc
later times.

In contrast to [11], another study [12] found th
durations of SEP events in fast SW were longer
15 days) than those observed in slow SWT—10
days). That result was based on observations 1
ing the second polar pass bflysses, which in-
cluded only four largel MeV< E < 100 MeV
SEP events in fast SW. It was argued [12] that S
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on the SW type. In particular, the larger sample
of ICME flows (group 1) supports the result of [1]
that the timescales are only slightly, but not sig-
nificantly, shorter in those SW streams. The im-
plication is that the timescale variations must be
attributed primarily to variations in the injection
profiles near the Sun. This means that spatial and . .
temporal variations in seed populations, shock ge- events in fast SW should have Ior_lge_r timesca
as observed, because the magnetic fields are r

ometries and compression ratios, magnetic field in- turbulent in fast SW than in slow SW. This arg

tensities and topologies, and plasma densities near S .
the Sun determine the variations we se¢ AU. If ment implies that the SEP event durations are

we takeT}, + T < 8 hours. then for a fast CME primarily to particle scattering, and not to conve
of ~ 10000km/sR(~ 5R@/hr)’driving a shock. the tive or adiabatic energy losses. As with the res

primary SEP injection from the preceding shock of [11], it is not obvious that the total duratior
occurs< 50R of [12] are directly comparable with our paramet
@.

Tp.
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Another way in whichr, could be modulated by [7] Cane, H. V., and |I|. G. Richard
the SW is through the compression or expansion  son. J. Geophys. Res, 108(A4), 1156,
of large-scale magnetic fields in periods of steadily ~ doi:10.1029/2002JA009817, 2003.
increasing or decreasinig, respectively. A com-  [8] Marsch, E. inSolar Activity and its Mag-
parison of values of, for two F > 50keV elec- netic Origin (eds. V. Bothmer and A. A. Hady)
tron events [13] found, longer for the event in a Proc. IAU Symp. 233, p.259, 2006.
converging flow than the one in a diverging flow. It [9] Cliver, E. W., et al.Proc. 29th ICRC, Pune, 1,
was suggested [13] that the converging SW flows 121, 2005.

could provide magnetic barriers beyond 1 AU to [10] Dalla, S.Solar Wind 10, AlP Conf. Proc. 679,
retard the decays of SEP events and establish the eds M. Velli et al., p.660, 2002.

particle reservoirs [14] following some SEP events. [11] Daibog, E. I., S. Kahler, K. Kecskemety, at
However, the analysis of the' ~ 3 MeV proton Yu. |. Logachev.Adv. Sace Res., 35, 1882,
events [11] found the opposite case, thatav- 2005.

eraged 19.1 hours for 77 cases of monotonically [12] Sanderson, T. R. ifthe Sun and Heliosphere
decreasingV and 16.5 hours for 20 cases with as an Integrated System (eds. G. Poletto anc
monotonically increasing’. We compared our S. T. Suess), p.113, Kluwer Publishers, Neth
event parametelr’, with the SW stream interac- lands, 2004.

tion times selected on the bases of increasing SW[13] Sarris, E. T., and O. E. Malan
speeds and peaks in the perpendicular SW pres- draki. Geophys. Res. Let., 30, 2079, doi:
sures [15]. Only 12 of the 135, intervals lay to- 10.1029/2003GL017921, 2003.

tally or mostly within such streams, but they were [14] Roelof, E. C., et al.Geophys. Res. Let.,
generally comparable to or slightly smaller than 19(12), 1243, 1992.

the remaining values, a result consistent with that [15] Jian, L., C. T. Russell, J. G. Luhmann, and
of [11]. This suggests that the magnetic geometry M. Skoug.Solar Phys., 239, 337, 2006.

of the large-scale SW field has a negligible effect

on SEP durations or decays.
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