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Abstract:

IceTop is an air shower array now under construction at thglSBole. It is the surface

component of IceCube, an observatory primarily focusedammic neutrinos. When completed, IceTop

will have approximately 500 square meters of collectingadnethe form of 160 separate ice Cherenkov
detectors. These detectors are sensitive to electrongranuons and neutrons. With the high altitude
and low geomagnetic cutoff at the South Pole, IceTop progrisdave unprecedented statistical preci-
sion, coupled with spectral sensitivity that can be usedoseove solar energetic particles and transient
phenomena in the flux of galactic cosmic rays. We discussdkengial of IceCube to contribute to he-

liospheric physics in general, and present a preliminaapyais of a complex interplanetary disturbance

that occurred in August of 2006.

I ntroduction

IceTop is an air shower array now under construc-
tion at the South Pole as the surface component of

IceTop will have approximately 500 square me-
ters of ice Cherenkov collecting area arranged in
an array of 80 stations on a 125 m triangular grid.
Each station consists of two, two meter diameter

tanks filled with ice to a depth of 90 cm. Tanks
are instrumented with two Digital Optical Modules

(DOM) operated at different gain settings to pro-
vide appropriate dynamic range to cover both large
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and small air showers. Each DOM contains a 10 Figure 1: Calculated secondary particle spectr:
inch photomultiplier and an advanced readout sys- the South Pole. Left: Galactic solar maximui
tem capable of returning the full waveform of more Right: Solar flare particle event normalized to pi
complex events. For the present analysis we useduce a doubling of the count rate of a stand:
two discriminator counting rates recorded in each (NM64) neutron monitor.

DOM. For historical reasons, the two discrimina-
tors are termed SPE (Single Photo Electron), and

MPE (Multi Photo Electron). As used in IceTop
the SPE threshold corresponds typically to 10 ph

significant amount of information on the speci

o- Of the primary particles. This is illustrated in Fig

toelectrons, and the MPE threshold to 20 photo- U'€ 1, which summarizes the result of a FLUKA [

electrons.

Due to the high altitude (2835m) and the nearly
zero geomagnetic cutoff at the South Pole, sec-
ondary particle spectra at “ground” level retain a
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calculation of the secondary spectra due to gal
tic cosmic rays at solar maximum (left panel) a
a typical solar flare particle event (right panel).
course the solar spectrum would be superimpao
on the galactic background. It is beyond the sct
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Figure 2: Correlation of scaler rate with pressure Figure 3: Pressure correction coefficient for
for one DOM on October 8-9, 2006. DOM as a function of scaler rate.

of this brief paper to show this in detail, but be- tor. At that time the tanks were all operating
cause the IceTop tanks are thick enough to totally the same nominal setting, but they had not bt
absorb many of the incident particles the signal dis- calibrated, so in fact the discriminators were tri
tribution in the tank contains information on the gering over a range of physical light levels. TI
primary spectrum. More details are provided in a correlation of correction with light level is nearl
companion paper [2]. perfect. Those discriminators with lower cour
ing rates, corresponding to higher light threshol
have markedly lower barometric corrections. Ti
is just what is expected since these signals shc
result preferentially from higher energy primarie
nWe are in the process of trying to use this inforn

Barometer Correction

As with a neutron monitor, the counting rate of

an IceTop detector shows a strong dependence on', ) ) -
barometric pressure. From simulation and obser- tion, plus simulations and _calculauons, to establ
vation, it has been shown that barometric correc- &" €Nnergy response function for the tanks. For
tion coefficients vary with the threshold energy of "€mainder of this paper we rely on the approxim
secondary cosmic rays [3] [4]. The energy sen- [ésSponse functions derived from the F!_UK_A ce
sitivity of IceTop detectors is nicely illustrated by culation that produced the plots shown in Figure
the barometric coefficients we derive for them. By

considering time periods in which there appears to Heliospheric Event

be little variation in the primary particle intensity,

it is possible to make a phenomenological estimate In Figure 4 we show several data sets characte
of the appropriate pressure correction by meansing a heliospheric event in August 2006. The Ic
of a simple correlation between detector counting Top measurements are shown in the second pe
rate and barometric pressure. Figure 2 shows thisWe have averaged the SPE (blue) and MPE (
correlation for the two thresholds of an individual dashed) counting rates for all 32 DOM, after i
DOM. Note in particular the small but significant dividually applying the barometric corrections d
difference in the slope of the correlation, and hence scribed in the previous section. Ten minute av
the derived barometric correction. ages are shown, all expressed as percent cha

In 2006 a total of 32 tanks were operational. Fig- relative to the normalization interval on August :

ure 3 shows the derived correction for each DOM Prior to the first decrease. For comparison the

(red squares for the MPE discriminators and blue Panel shows the similarly treated counting rate
circles for the SPE discriminators) plotted as a the McMurdo neutron monitor. While the event

function of the counting rate of the discrimina- 9enerally similarin the two detectors, the rema
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Figure 4: August 17-21, 2006. From top: (1) McMurdo monitbla¢k) and Spaceship Earth isotrog
component (green dashed). (2) IceTop SPE (blue) and MPHi&glted) scaler rate, 32 DOM average.
IceTop model prediction. (4) Interplanetary magnetic figldgnitude (black) and derivative (green). (
Field direction latitude (black) and longitude (blue dot&)) Plasma density. (7) Plasma temperature.
Plasmas.

ably better counting statistics of IceTop stand out. scale inversely with primary rigidity [7]. Note the
In IceTop the total counting rate for the SPE chan- the decrease is consistently larger in low thresh
nel is~64 kHz (2 kHz from each DOM), whilethe ~ SPE channel than high threshold MPE, and &
total counting rate of the 18NM64 McMurdo neu- that the higher rigidity particles tend to recov
tron monitor is~0.3 kHz [5]. more rapidly.

From McMurdo alone, one might characterize this In contrast, during the first decrease the higher
event as a double Forbush decrease [6]. Both de-ergy channel shows a (slightly) larger deviatic
creases are associated with structures in what isThere is also an intriguing feature in the IceT
evidently an interplanetary coronal mass ejection data on August 18, near the time of a large cha
(ICME) containing at least one shock and multiple in the interplanetary magnetic field direction, tr
regions with different magnetic field and plasma is not observed in the McMurdo neutron monit
parameters. However in IceTop the two decreasesThe Spaceship Earth neutron monitor network [5]
appear quite different. The second fits the con- measures a significant anisotropy during the ev
ventional pattern in which the magnitude tends to which we can model as a dipole anisotropy w
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a time variable magnitude and direction superim- netic field structure at the time is responsible
posed on a time varying isotropic cosmic ray flux. the unusual spectral variation of the high enel
The isotropic component of our model fit is shown cosmic rays. What is clear is that the high time ri
as the green dashed curve superimposed on theolution and energy resolution provided by IceT
McMurdo data in Figure 4. The deviations of the will usher in a new era in the study of the propac
McMurdo data from this line can only result from tion of GeV particles in the heliosphere.
anisotropy since the Spaceship Earth stations have

well matched energy response. Because IceTop

has inherent spectral resolution it is possible for ACknowledgements

anisotropy to produce an apparent spectral feature.

Even though the low and high rigidity channels of This work is supported in part by U.S. NSF awar
IceTop are derived from the same physical detec- OPP-0236449, ATM-0527878 and OPP-06026"
tor, the low and high rigidity particles will come
from somewhat different asymptotic directions.

Using calculated response functions appropriate to
the different discriminator levels, and asymptotic
directions calculated as a function of rigidity, it is
straightforward to convolute the two to make a spe- dose in calorimeter structures, Nuclear Inst
cific prediction for IceTop. The third panel of Fig- ments and Methods in Physics Research <
ure 4 givesthe result of such a calculationunderthe . A 355 (3) (1993) 459-468.

simplest possible assumption, anisotropy indepen- 2]

dhent of g_nerrg]]y. \t/)Ve ha\(/je used_ response functlorgjs to low-energy particles, in: International Co
that predict the observed counting rate correspond- . Ray Conference, 30th, Mérida, Méxic

ing to thresholds of ten photoelectrons (blue curve) July 3-11. 2007. Conference Papers. 2007
and fifty photoelectrons (red dashed curve). On the sugmitted ’ Pers.

scale at which the figure is reproduced it is not pos- [3] M. H. Shamos, A. R. Liboff, A New Measure
sible to see the small difference in the curves. Our * o e o In’teﬁsit.y of C;)smic-Ray loniz:

conclusion is that the observed splitting of the red tion at Sea Level, Journal of Geophysical F
dashed and blue solid curves in the second panel (..., 71 (1966) 4,651—4,659.

results from spectral variation. We note that the [4] L. Dorman, Cosmic Rays in the Earth's A
overall time structure of IceTop data, and in partic- mosphere :emd Underground, Springer Verl,
ular the marked difference from McMurdo, is con- 2004. '

sistent with the dipole model derived froBpace-
ship Earth. The amplitude predicted for IceTop is

gnderstan(z)ably too Iarghe, pa;t_icul.arl.y in thehsecEnTjd tors, in: International Cosmic Ray Conferenc
ecrease, because at these discriminator thresholds 24th, Rome, Italy, August 28-September

IceTopis obser.ving ata hig.her average energy. Al- 1995, Conference Papers. Volume 4., 1995,
though IceTop is geographically further south than 1.316-1.319
McMurdo, it is magnetically further north. Thus [6] S. E. Forbush, On World-Wide Chang

McMurdo looks nearly perpendicular to the eclip- in Cosmic-Ray Intensity, Physical Revie
tic, whereas Pole has a mid latitude viewing direc- 54 (12) (1938) 975-988.
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