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Abstract: A search was made for the interaction between cosmic raysoasdn the heliosphere using data collected
by the High Resolution Fly’s Eye’s HiRes-1 detector. Thigmaction could produce a jet containing neutral pions tvhic
can lead to an observation of the unique signature of parailfaultaneous photon showers. If observed, this would be
suggestive of new physics affecting the propogation ofresite air showers. The results of this search are presented.
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1 Cosmic Ray Interactions in the Helio- density of the region and the cross section gives the inter-
sphere action length between a proton in the heliospheric plasma
and the UHECR. The interaction probability is then deter-

Cosmic rays with energy. 10'2 eV arrive at the Earth mined by dividing the thickness of the regiqn by the i_nter-

from sources far away from the Sun. As such, these pafction length. The hydrogen wall is the region most likely

ticles must penetrate the Sun’s heliosphere. Since the H@-Produce aninteraction, butitis also the farthest awaly an

liosphere is a plasma, an Ultra-High Energy Cosmic Rayill only interact with a~ 10~** probability [1]. Due to

(UHECR) can potentially interact with the ions within thisthis mcr_eas!ngly rare interaction, it is very un_llkely tb-o

plasma. If an UHECR proton interacts with the helio-Serve this kind of event, but this study was still performed

sphere, it will produce mostly pions. The charged piont® test whether one was observed.

will decay into muons and neutrinos, of which the muons

will be subjected to magnetic bending. The neutral pion$.2 Photon Observation

will decay into a pair of photons and will travel almost di-

rectly along the initial pion’s trajectory. Once the phaon In the rest frame of the®, the two photons would have tra-

reach the Earth they will act like ultra-high energy gammgectories directly away from each other in order to conserve

rays with energies close to the initial pion which can benomentum (see figure 1) and each would carry half of the

within one to two orders of magnitude of the primary cosmass energy of the piofi{,... Four-vector, relativistic me-

mic ray. One dramatic difference, however, is that theghanics shows that the two photons would have a transverse

will produce the unique signature of a pair of simultanedirection which results in a trajectory away from the origi-

ous, nearly parallel showers. nal direction of the pion which results in an opening angle
between the two photons (see figure 1), and consequently a

1.1 Cosmic Ray Interaction Probability perpendicular separation

The heliosphere is created when supersonic particles ex- D, = 2Rtan <M> ~ R(|61] + |62]) (1)
pelled from the Sun interact with the supersonic particles 2

OT the interg_alactic Wind'. The heliosphere is divided i_ntQNPeree is the lab-frame angle away from the pion’s trajec-
d'ﬁere”t_ regions d_epe_ndlng upon the spe_ed and densﬂyl%ry for photoni and R is the distance between the Earth
the _partcheS creatmg.|t. The_pnmary regions that can PYnd Heliosphere. Details of this calculation can be found
tem"’."”y .produce an mtergcﬂon with an UHECR are th [1]. When the photons arrive at the Earth, the photons
te_rmm?]tlonhshoclr(], the hellosgeath, a;md the hydrogen Waa{ pear to have parallel trajectories, but with a transverse
since they have the greatest density [1] spread between the shower cores dependent upon the en-

For an average energy of 10'®° eV, the total cross- ergy of the original pion and opening angle between the
section is estimated to be approximately 120 mb from thghotons (see figure 2).

HiRes experiment [2]. The inverse of the product of the
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3 Figure 3: The difference in arrival time versus the differ-
ence in energy with observed event pairs. The Monte Carlo

has predictable patterns which is inconsistent for the.data
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2.2 Single-Event Double Showers
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After removing all known laser events that showed to have
two tracks within a single event, there were still 23 events
Figure 2. The perpendicular separation between Mon%gat appeared to be double showers. In order tOjUStifY the
Carlo photons at various energies (R = 75 AU). rgmoval of thesg events a test was madt_e using the trigger
time, t;, and the in-plane anglg;, to check if the two clus-
ters could be from the same shower. To do this, a Hough
2 Sear ching for Double Showers transform was applied to the time-versus-angle (TvA) dis-
tribution to test the separation between the tracks.
The High Resolution Fly's Eye HiRes-1 data was used fofhere are three ways double-shower Monte Carlo was ob-
the study since it was the most extensive available at ttserved by the detector that affects the TvA and the cor-
time of this search. New techniques were developed in oresponding Hough transform distributions. The first is a
der to distinguish two separate showers within the data amistinct double-shower pattern in the event display with th
Monte Carlo [1]. Primarily, the HiRes-1 Monte Carlo wasshowers arriving at different times (see figure 4). The sec-
modified to allow for two showers to be produced within aond pattern is where the two showers are approaching the
single event. Additionally a series of Hough transforms [3tletector in parallel and at the same time (see figure 5). The
were used to determine event shower tracks. third is where the two showers completely overlap since

Depending upon the energy of the pion, and therefore ti{Beir perpendicular separation is very narrow (see figure 6)
energy of and spread between the photon showers, the ligktte primary question then becomes: how can these clus-
produced in the extensive air shower can arrive at the detders be distinguished as separate shower tracks? To do this,
tor in three different patterns: 1) within the same telescopa series Hough transform calculations were performed: 1)
within a single event, 2) in two separate telescopes withiasing individual, separate cluster Shower-Detector Rlane
a single event, or 3) in two separate events. An event ($DPs), 2) using the SDP of the first cluster for the sec-
definded as 400 us time window to combine information ond cluster, and 3) applying these processes to Monte Carlo
from separate telescopes observing the same shower. events generated with only a single shower per event to de-
termine precision cuts.

2.1 Separate-Event Double Showers The calculation to determine the mean inclination angle,
0, and distance to the origim, first requires the metric of

The minimum time separation between the data events wig two parameters to be the same. This is done by mul-
determined to bé&01 us, just above the time window be- tiplying the angle of tubé in the SDP,y;, by the inverse
tween events. There is a strict dependance between the t@&apular speed, which has the units of/degree, to give
photon energyE,o = > Esnowers), the energy difference x;. The tube trigger timet;, is then plotted againsg;
(AEshowers), and the time differenceXTsnowers) [1]. As  and time-ordered lines are determined between each pair
such, the recorded event information is inconsistent withf tubes (see figures 7 and 8). These lines are then used
79 double-showers (see figure 3). to calculate the correlated values@fandr;. Since the
Hough lines can point betwedn®, 180°], there are many
outlying points which need to be removed to determine a

1 0 1 2 _3
log 1 spread (km)
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Figure 4: A Monte Carlo double-shower event with distincFigure 6: A Monte Carlo double-shower event with over-

time-trajectories as viewed by the detector. lapping time-trajectories as viewed by the detector.
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Figure 7: A schematic showing how a pair of TvA distri-
bution points is converted inthandr parameters using the

200 205 210 215 220 225 230 5
Azimuth (Degrees) Hough transformation.

Figure 5: A Monte Carlo double-shower event with similatneasured. However, many events were able to be retained
time-trajectories as viewed by the detector. in the Monte Carlo, so a preliminary aperture can be deter-
mined (see figure 13). Future refinements of this study will

best-fit mean line. Each pair point is calculated to be son{ée perfgrmed and result in an upper limit for this exotic
distance,)_(’j;c (the normalized RMS deviation), away from interaction.

the mean)X|. Points)?jk > 2 x | X| are iteratively re-

moved to determine a refined mean (see figure 9) [1l. 3 Acknowledgements
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Figure 8: The individual-SDP TvA distribution of figure 5.
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Figure 11: The distribution of the difference betweéfi

of cluster-2 using individual, separate SDPs and cluster-2
using the SDP of cluster 1 for double-shower Monte Carlo
and single-shower Monte Carlo.
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Figure 12: The distribution of the difference betwedf

Figure 9: Thel;, andd;;; distribution of cluster 2 of figure of cluster-2 using individual, separate SDPs and cluster-

8 using cluster 2’s SDP; spurious points removed.
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2 using the SDP of cluster 1 for data and single-shower
Monte Carlo.
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Figure 10: Thei,;, andd;;, distribution of cluster 2 of fig- Figure 13: The true aperture of observing heliosphefic
ure 8 using cluster 1's SDP; spurious points removed. Nofiecays calculated using the double-shower Monte Carlo.
the| X | value shifts by2.50.



