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Abstract: BESS (Balloon-borne Experiment with a Superconducting Spectrojetdiits first circumpolar flight from
Williams Field near McMurdo Station, Antarctica from Dec. 13 to 21, 2004r. $<dib-1% precision reveals BESS-Polar |
proton fluxes exhibit transient variations at the few1% level. The timerpssipn of proton flux has three main features; a
rising flux at the beginning of the flight, a transition region around Decfdllbwed by quasi-periodic variation. Neutron
monitor data show that the BESS-Polar | flight occurred during the ezg@hase of a small Forbush decrease. The solar
wind plasma and particle data show that this flight took place during the tadfemtigh-energy, multiple-eruption solar
energetic particle (SEP) event. A high speed solar wind stream arr@gadime Earth around Dec. 17, 2004. We present
the flux progression as a function of energy between 0.1 - 100.0 @d$wggest possible physical interpretations.

Keywords: BESS-Polar I, short-term variations, proton fluxes, CIR, turbulentaaten regions, diurnal variations.

1 Introduction comparisons with the characteristics of the solar wind in
the near-Earth space regions.

BESS is a US-Japanese collaborative program and has had

11 successful flights since 1993. The main goals of BES,

include searches for cosmological antimatter, precise meg Time progression of proton flux

surements of spectra of light elements in galactic cosmic

rays (GCRs or CRs), mainly hydrogen, helium and theif® carry out the analysis, flux at t_he top of the instrument
isotopes, measurements of atmospheric muons, and sty¥gS determined for each 4-hour interval. The average at-
of effects of transients on the cosmic ray intensities. MorB'0spheric overburden for that time window was used to

details can be found in [1, 2] and references therein. apply atmospheric corrections to calculate the flux at the

Study of transients is a new field for BESS and has beetﬁp of the atmosphere. Figure 1 shows the atmospheric

made possible by the BESS-Polar flights, which provideg ¢ ourden during BESS-Polar |. The energy range 0.1
. . ... 100 GeV was then divided into 7 intervals, selected to pro-
long enough observations to study transient variations, o - - -
vide similar statistics giving an average statistical exo

BESS-Polar | recorded 0.9 x 1@vents during its 8.5 day 0.3 % in all intervals. The fluxes for each energy interval

flight. A large geometrical acceptance (0.3 &) and a e plotted as a function of time (figure 2). Details of the
large energy range (0.1- a few hundred GeV) make BES . . .
analysis procedures can be found in [3]. Preliminary anal-

unique for this study. This paper presents the time pro- . .
gression of proton fluxes from BESS-Polar I, compares tryeses have been given by Hams etal. [4] and Orito etal. [5].
proton fluxes with the neutron monitor data, and suggests

physical interpretations of the observed variations based
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0.86 GeV) the flux increases by 8-9%) and by~ 3% for
[__Atmospheric overburden vs. Time, BESS-Polar | | the h|ghest energy |nterva| (631 - 1000 Gev)

§ % Feature Il: a “transition region” between Dec. 17 and 18.
A dip is present for energies abovel.0 GeV and its am-
plitude increases with increasing energy. For the highest
energy interval ( 6.31 - 100 GeV), this dip i¢ 3% de-
crease. At the corresponding time the fluxes at lowest en-
ergies have a peak.

i . Feature Ill : a quasi-periodic flux after Dec. 17 - 18. At
Deyolinpecizond lower energies this periodic behavior is more erratic and
) ) ) has higher amplitudes than those at higher energies. This
Figure 1. Atmospheric overburden during BESS-Polar lpscillating behavior appears to be somewhat like diurnal
the dots represent average depth for 4-hour windows useghriations. The flux is still recovering/rising with a slowe

rate at the highest energies.
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oasicel 3 Comparison with other experiments

. e 3 | | Nextwe compared the observed proton flux variations and
*—N‘r features with neutron monitor data ([6],[7]). Similar flux
o A : : : : variations are seen. Solar wind and interplanetary mag-
‘ (14643561 ; netic field (IMF, denoted as B here) parameters, mainly
from ACE [8], are used as complementary dataset to un-
derstand the physics of observed variations.
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(10215l 3.1 Comparison with neutron monitor data

w i i Neutron monitor count rates exhibit a decrease during Dec.
e ,/H“ 13-14, an increase from Dec. 14-17 (Feature | in BESS

" ; proton flux), a stabilizing, guasi-periodic behavior from
1 : w" ! : ‘ T 3 around Dec. 17-21 (Feature IIl in BESS proton flux). The
| pEm— /,,_.\\: P e S neutron monitors do not show a “transition region” ob-
I : i e e ' -| served in BESS data but have an onset of periodic flux
“u mvmf‘*’rh ‘ e around this time.

" e Feaurel e Figure 3 compares BESS proton flux with the count rates
=§“ i i | j | {04161 6o from the South Pole neutron monitor. The count rates were
[ ! o ! M “““““ normalized by the Dec. 18 count rates (because it is in
i e e — : the middle of the BESS-Polar | flight and this is when the
W W : fluxes start to stabilize) and then averaged for the same 4-

“ 5 — : hour time windows used in our analysis (Figure 2). The
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Figure 2: Time progression of normalized BESS proton E7E N -~
flux. The vertical axis ranges from 0.9-1.1 for all panels. Sos- BS00 ot
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2.1 The main features of observed variations s N BN DR N B R e

The three main features (figure 2) of the time progression

of proton fluxes are: Figure 3: BESS normalized proton flux (1.0 - 10.0 GeV)
Feature I: an overall rise in flux for the first few days of (Iower curve) and normalized South Pole neutron monitor
the flight consistent with the flight occurring during the re-count rates (upper curve). Each point corresponds to a 4-
covery phase of a cosmic ray decrease. This is true for 4Pur time window.

energy intervals. For the lowest energy intervals (up-to
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similarity of the neutron monitor measurements reinforcd Suggested physical interpretations
our confidence that the variations observed by BESS-Polar

I are real. Due to high speed solar wind stream following a low speed
solar wind stream before and during the BESS-Polar |
3.2 Comparison with solar wind data flight, corotating interaction regions (CIRs) and turbtlen

interaction regions probably affected the observed fluxes.
ACE observed a higher speed of solar wind on Dec. 11 - 1Zhe SEP event led to an investigation for a magnetic cloud.
prior to the launch of BESS-Polar I. The speed remaine@ome physical interpretations are proposed for the ob-
more or less stable from Dec. 13 - 16. Another high speegerved features in the BESS-Polar | proton flux.
stream arrived around Dec. 16 - 17; the Earth stayed in
Fhis stream till Dec. 19. The magn.itude of the IMF wasy 1 Feature |- rising flux at the beginning of the
increased around Dec. 12, and again around Dec. 16 - 18. flight
The solar wind proton temperature showed variations at the

corresponding times. Figure 5 panels (1), and (2) show rotation in Bz and de-
crease in proton temperature@.25 x 16 K as compared
3.3 Solar energetic particle (SEP) event to ~1.2 x 10 K) respectively. Panel (3) shows increased

B magnitude. These are the characteristics of a magnetic
ACE observed a high energy multiple eruption SEP eventloud [12]. Panel (4) shows an increase in solar wind speed
which started around Dec. 3 (peaked around Dec. 5), 2004
[9]. BESS-Polar | was launched at the tail end of this even [
Another set of increases in the intensity was observed | : -
ACE around Dec. 12-13, which corresponds in time witt [
the small decreases in cosmic ray intensity seen by neutr
monitors that occurred until Dec. 14, 2004. The count rate ;=

P2p ACE Level 2 Data
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) Figure 5: Solar wind parameters during BESS-Polar I. (1)
(b) South Pole neutron monitor count rates. Bz, (2) p temperature, (3)B, (4) solar wind speed, (5) p
) ) _ density, (6) variance in B.
Figure 4. Comparison of South Pole neutron monitor count
rates with the SEP event observed at ACE [8], [6]. and the increase in the proton temperature around Dec. 12;

¢ the South Pol ¢ itor sh d d .this along with a sharp decrease in the proton density (panel
rom the south Fole neutron monitor show a decreased 1By o5 5 CIR interface around Dec. 12 [11]. Hence, we

tensity around Dec. 5 (start of the SEP, figure 4). Then th an suggest that a CIR or a magnetic cloud or a combi-

cosmic rays started to recover but around Dec. 12-13 thef&:: ) of both of these structures may have been respon-

was another decrease corresponding in time to the SM8ble for the CR decrease (a small Forbush decrease) of

SEP flux increase. After this the cosmic rays started an. und Dec. 12 - 13. As structures passed, cosmic ray

other_ recovery, during ‘.Nh'Ch E.’ESS was Iaunchgd. So ﬂ}ﬂlxes started to recover; this recovery is seen as Feature |
physical process associated with BESS observations apPPEARESS data

to be related to this SEP event.

SEPs, which generally contain particles of much lower . . -
energies than BESS can observe, can modify the IMl‘—l,'2 Feature II: the “transition region” around
cause heating, and are sometimes associated with magnetic Dec. 17

clouds and merged interaction regions (MIRS). Magnetig\

. . ; low solar wind & 375 - 400 km/s) was followed by
clouds and merged interaction regions have been observngst solar wind £ 650 kmy/s) around Dec. 16 - 17 near
to cause transient variations in GCRs [10], [11]. '
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Earth. During this whole period the components of IMAuy these plasma structures. We suggest that these sensitive
show enhanced fluctuations indicating the passage ofnaeasurements will be useful for testing models of these
trapping region. physical structures.

Around Dec. 17th both B magnitude and turbulence in B
(seen via the variance in B) are high; this is indicative of ag
interface between slow and fast solar wind streams and a
turbulent interaction region (TIR) [13]. During this pedio
the CR decreased (BESS proton flux has a dip for energi

~ .87 GeV hen the t I th
> 0.87 GeV) and when the turbulence passed, the C, incere thanks are expressed to the NASA Balloon Pro-

started to recover although the IMF magnitude and sol . . .
ind speed were still high . There is no further decrease & 2" Office at GSFC/WFF and CSBF for their experi-
w P W rhg ! . ed support. They also thank ISAS/JAXA and KEK

BESS p fl th i has d d and the BES ; .
b TuX a5 the vanance has decreased and the sor}gthelr continuous support and encouragement. Spe-

flux starts rising again. X . . .
gag cial thanks go to the National Science Foundation (NSF),

The peak in place of this dip for the lowest energiesl0  j 5 A | and Raytheon Polar Service Company for their pro-
GeV) may have been caused by the fact that the low energysqjonal support in U.S.A. and in Antarctica. The BESS-

particles were trapped in the turbulence whereas the highgar experiment, a Japan-U.S. collaboration, is supgorte

energy particles are scattered away in the enhanced IMFby a KAKENHI(13001004 and 18104006) in Japan, and
by NASA in U.S.A.

4.3 Feature III: the quasi-periodic flux towards  The authors thank the ACE SWEPAM, MAG, EPAM, and
the end of the flight SIS instrument teams and the ACE Science Center for pro-

. . - , viding the ACE data.
Some quasi-periodic variations are seen in our data. Be-

ginning on Dec. 17 it becomes larger in amplitude and
shows a period close to one day. The similarity between tHeeferences
BESS and the South Pole neutron monitor data is striking.
The McMurdo neutron monitor does not show these diuff1] J.W. Mitchell et al., Nucl. Phys. B Proc. Suppl., 2004,
nal variations. The lower energy proton fluxes showed a 134 31-38.
higher amplitude while the higher energy fluxes had lowep] K. Yoshimura et al., Proc. of the 31st ICRC, 2009, (ab-
amplitude of this variation. stract ID: 0841).
Our flux variations are well correlated with the many lowef3] N. Thakur, PhD dissertation, 2011, University of Den-
latitude neutron monitors as well. We note that the plasma ver, CO, USA.
plasma conditions in the space near the Earth stabilized &4 T. Hams et al., Proc. of the 31st ICRC, 2009, (abstract
ter around Dec. 17, leading to a period of quiet geomag- ID: 1416).
netic activity and making it easier to observe the periodS] R. Orito et al., Proc. of the 31st ICRC, 2009, (abstract
icity. The diurnal variations are due to the motion of the 1D: 1193).
Earth through the isotropic GCRs. We suggest that Fef] Bartol neutron monitors,
ture 11l is at least partially a Compton-Getting effect with  http://neutronm.bartol.udel.edu/.
phase maximum near 18 hours due to the corotation of ttié] SPIDR, http://spidr.ngdc.noaa.gov/spidr/.
solar plasma overtaking the Earth. [8] ACE, http://www.srl.caltech.edu/ACE/.
[9] ERNE, http://www.srl.utu.fi/projects/erne/erne.thtm
[10] Y. P. Singh and Badruddin, J. Geophys. Res., 2007,
5 Summary 112, A02101.
[11] lan G. Richardson, Space Sci. Rev., 20041:267-
We have measured high precision(.3%) relative spec- 376
tra every 4 hour during the BESS-Polar | flight. To ouf12] L. F. Burlaga: 1995, Interplanetary Magnetohydrody-
knowledge this is the first direct measurement of varia- namics, Oxford University Press, New York.
tions at such precision by a balloon or satellite experimeit3] Badruddin, Astrophys. and Space Sci., 20281
at this time scale and over this energy range. We have 651-661.
observed the most rapid changes in flux with broadband
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