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ABSTRACT
The search for proton decay in the Soudan 2 detector is reported. Soudan 2 is a one-kiloton
iron tracking detector which is searching for proton decay in the Soudan mine in Minnesota.
Through August 1996, Soudan 2 has a 3.3 kiloton-year fiducial exposures, divided into 6 data
sets. Preliminary limits on the decay mode p — v K™, a description of the analysis progress on
multihadronic final states, and and our tentative estimate of nuclear corrections are presented.

INTRODUCTION

Nucleon decay continues to be an unverified prediction of most Grand Unified Theories. The
Soudan 2 iron calorimeter was designed to search for such decays in a way complementary
to water Cherenkov detectors, particularly for multiparticle final states. Search for proton
decay into multiparticle final states is complicated by two factors: 1) hadronic intranuclear
rescattering can alter the observed topology from the proton decay product final state, through
absorbtion and inelastic scattering, and 2) pion scattering and absorption in the detector makes
the range to energy conversion less reliable than for muon tracks and electron showers. These
effects are quantitatively similar but quantitatively different for each experiment.

SEARCH FOR THE DECAY p —vK™*

After proton decay into vK+, most Kaons will decay
at rest into a muon of 236 MeV/c momentum and an ; .
invisible neutrino. In Soudan 2 we can identify such
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events with a visible K and muon track. Using Monte f £
Carlo events with the right reconstructed topology, a | . “ui il :
requirement of a visible Kaon track, and a muon with | * , £
— range corresponding to a momentum between 170 and "*«* Ii{ \ ﬁ[
%: 260 MeV/c, we find an efficiency times branching ra- i |
=~ tio of 9.1% within the fiducial volume. In 3.3 fiducial 3 : 3
%j kiloton-years of data, there are no events, leading to a X
gg‘é nucleon decay limit in this mode 7/B > 3.7 x 103 yr. > ]
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event with three or more charged particles coming from o roproduce the. mublished. ferm of i
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multiple times. We define a class of events called “mer-

cedes events” which have three or more charged tracks I8 1: Monte Carlo simulation of
coming from a single vertex. A list of proton and neu- P ™ ptutp. 3 views in Soudan are
tron decay modes which would lead to such events is Shown. The scale is cm.

given in Table 1. At example of a Monte Carlo of the ‘

decay mode p — ptp*p~ is shown in Figure 1.
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INTRANUCLEAR EFFECTS

- A significant number of pions which are created by proton decay are not expected to get owt of

the nucleus due to intranuclear scattering. Cur Monte Carlo takes into account the rescattering
of pions within the nucleus using data obtained by comparison of bubble chamber » interactions
on deuterium and neon (Merenyi, 1992). We have studied the result of this model on the decay
mode p — pt7rtr™. We find that 42% of the n’s are absorbed, 28% suffer inelastic scattering,
8% charge exchange and only 19% exit the nucleus with their original momentum. These
fractions depend on both the target nucleus and the pion momentum. The comparison of proton
decay results from experiment to experiment should be done with a similar intranuclear model
or with such effects removed. The results of our intranuclear Monte Carlo on the “mercedes”
modes are shown in Table 1. The quoted efficiency is solely the fraction of events in which
the proton decay remnants emerge from the nucleus with their original momentum. Most of
this “inefficiency” will be reflected as observed proton decay events with less particles and
momentum in the final state than would be the case for a free nucleon decay.

In an analysis of 3.3 kton-year of Soudan 2 data, there are 12 mercedes events. Most of
them have far too much energy to be a nucleon decay candidate. They are consistent with
neutrino multiparticle production. We are concentrating on finding a set of cuts for each decay
mode with high efficiency. When that analysis is complete, we will apply the cuts to the 12
data events to determine whether we have any candidates. We expect that most limits on the
decay modes in Table 1 will be made with no candidate events.

SEARCH FOR THE OTHER DECAY MODES
In addition to the modes discussed above, Soudan 2 has undertaken searches for the decay
modes vK2, et K3, ut K2, vy, vr™, vn®, vete™ and etn®.
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mode Branching fraction [ PQG limit €nuc
Fe¥pl 1.0 7.5 x10°T yr [ 0.07
ptp® 1.0 11.0 0.07
e~ntnt 1.0 3.0 0.07
pmrtrt 1.0 1.7 0.07
etr—nt 1.0 21 0.07
p4+r -t 1.0 1.7 0.07
etete™ 1.0 51.0 1.0
ptutp~ 1.0 19.0 1.0
etptu~ 1.0 8.1 1.0
ptete 1.0 9.1 1.0
p~rtKT 1.0 0.5 0.26
e wtKT 1.0 2.0 0.26
ptr~ K+ 1.0 x 0.26
etr K+ 1.0 x 0.26
prat K~ 1.0 x 0.26
etntK~ 1.0 x 0.26
vetnte™ 1.0 X 0.02
vppuT 1.0 x 0.26
veer 1.0 X 0.26
vuer 1.0 X 0.26
ety 0.28 12.0 0.07
etKsg 0.69 7.6 1.0
utn 0.28 6.9 0.07
utKs 0.69 6.4 1.0
K+ 0.06 10.0 1.0
e K™ 0.06 3.2 1.0
g K+ 0.06 5.7 1.0
et K~ 0.06 0.1 1.0
pt K~ 0.06 0.1 1.0
vK*® > 7t Kg | 0.46 2.0 1.0
ptw 0.89 5.7 0.07
etw 0.89 4.5 0.07
pTTT 1.0 x 0.02
ernwT 1.0 X 0.02
vimr 1.0 x 0.005
EQUT 1.0 X 0.26
eeet 1.0 b4 0.26
pppT 1.0 x 0.26
eeum 1.0 x 0.26
veumwmT 1.0 X 0.07

Table 1: Calculation of nuclear efficiencies for proton decay modes with 3 (top) or 4 (bottom)
charged tracks from a vertex. Particle Data Group (Barnett, 1996) limits are shown where they

exist.



