
% "1,,_

+_++++j**_+ MIM

'i? _'_ S:lvn2]rmati°n and Image Management _ _ _"_k -_ _
1100 Wayne Avenue, Suite 1100 _'_ s,_ _f_._.¢

_. _'_J. Spring, Maryland 20910 __, _ _

Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

1 2 3 4 5

Inches IIIII].O - _ II_ IlJll2'_--5

,. II_P----o

IIllllllllIIII1

_ ,;+ _'_,. HI::INUFt::tCTUREDTO nllH STI:::INDI:::IRDS ._.%%,_,._&_-.

0__ BY RPPLIED IMRGE, INC. _%_ .... _////_'_"





_,o_,,,.a,.,a.u_,,p,h.._._ ANL-HEP-CP-93-34
'1 by • contrm.,or of the U. S, Government I

under contrsct No W.31.109"ENG'3B. I
Accordingly the U. S. Government retains a I

/ nonexclulive, royally-free license to imJblish I
| or reproduce the published form of this

/ contribution, or allow others to do ro, for I

U.L_U.._S__overnm ent purpOSes.

Contained u Events Observed i,iSoudan 2*

W. W. M. Allison3,G.J.Alner4,I.Ambats I,D.S.Ayrest,L. Balkat,

G.D. Barr3, W.L Barrettl,D. Benjamins, C. Bode2, P. B°rder2,C.

B. Brooks3 J. H. Cobb3,D.J.A.CockeriI14,II.Courant2,J.Daws°ni,
D. Demuth _ V.W. Edwards4,B. EwenS,T. FieldsI,II.Gallagher2,C.

Garcia-Garcla4,R. H. Giles3,G.L. Giller3,M.C. Goodman I,R. Gray2,

N. HillI, J.ii.HoftiezeP,D.J.Jankowskit,K. Johns2, T. Kafka5, S.

Kasahara_ j.KochockiS,W.Leeson_,p.j. Litchfield4, N. Longley2,F.

LopezI, M. Lowe', W.A. Mann s, M.L. Marshak2, D. Maxam 2,E.N.

May I,L. McMast_'_r5,R. Milburns,W.II.Miller_,C•Min°r_,A. Napier5,
W. Oliver5,G. F.]?earce4,D. II.Perkins3,E:A.Peterson2 L.E.Pricet,D.

Roback2,D. Rosen2,K. Ruddick2,B. Saitta_,D. Schmid_ J.Schleretht

j.Schneps_ p. Shield3,M. Shupe2,N. Sundaralingares,M. Thomson 3,
J.L.Thron I',L.M Tupper3,G. Villaume_,S.J.Werkem a2,N. West3 and

C.A. Woods 4

1. Argom_e National Laboratory, Argonne IL 60439, USA;
2. University of Minnesota, Minneapolis MN 55455, USA;

3. University o{ Oxford, Oxford OX] 3RH, UK;
4. Rutherford Appleton Laboratory, Chilton, Didcot,

Oxfordshire, 0Xl10QX, UK;
5. Tufts University, Medford MA 02155, USA

1. Introduction

Atmospheric u_ and v,. are created in cosmic ray interactions in the at-
mosphere, and can be detected in underground detectors. The Kamiokande
and IMB water Cerenkov detectors have found fewer v_ interactions (rel-

ative to v_.) than are expected.[Hirata, Casper, Berger, Aglietta] Results
are usually expr_ssed by the ratio:

(,.,,,/,.'_),,,.,,,,,,-,,_ (t)

with R found to ]be less than 1. The Soudan 2 detector is an iron calorime-

ter, which has different systematic effects than the water Cerenkov coun-
ters. Results from the Frejus and NUSEX calorimeters do not suggest a

deficit of v_'_ in iron, implying that perhaps there is a systematic effect
in Cerenkov detectors or some unexpected nuclear effect. IIere we report

on a preliminary analysis of 0.5 kton-year of data in Soudan 2. We are

presently analyzing our second 0.5 kt-year of data, and will present new
results at the meeting.

2. Data Analysis

The Soudan 2 contained event analysis chain has been described else-

where[Roback]. The detector is a tracking drift calorimeter that will
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consist of 224 module., each weighing 4.3 tons. Eight hundred twenty six
tons are operating at present (March 1993) and detector installation will
be completed this year. During the first 0.5 kt-year of data, the detec-
tor grew from 269 tons to 538 tons. The calorimeter is surrounded by a
cavern-liner proportional-tube active shield.

Processing of 17 million triggers yielded 25,000 possible contained
event candidates which were scanned by physicists. Containment is de-
fined as no track coming closer than 20 cm to the outside of the detector.
The next step was to classify the topology of the contained events as single
track, single shower or not being due to a quasi-elastic interaction(W).
The single track and single shower events are mostly (72%) quasi-elastic
interactions according to our Monte Carlo simulation. In this separation
an observed recoil nucleon or muon decay was ignored. Events which

appeared to be neutral current or inelastic interactions were classified as

Certain kinds of noise in the detector can appear to be similar to low
energy showers. We have identified and eliminated such events. Never-
theless at this stage we have applied an additional cut that showers must
have more than 200 MeV of visible energy.

Contained events with hits in the active shield are due to interactions

of neutral particles produced by muon interactions in the surrounding
rock. A study of such events indicates that the efficiency of detecting at

least one charged particle passing through the active shield is high. The
sh.ield efficiency and random rate is continuously monitored using the

0.2 Hz of throughgoing muons. The final sample contains 38 0-shield-hit
(neutrino candidate) events and 23 1-shield-hit events which we use to
estimate the background. In the 0-shield-hit events we identify 13 tracks,
14 showers and 11 Q"'E's. In the 1-shield-hit sample there are 16 tracks,
5 showers and 2 Q-"E's. The neutrino event counts have been corrected
for losses due to random shield hits and contamination due to shield

inefficiencies, giving a final sample of 11.0 tracks, 13.9 showers and 11.5
QE's.

In a Monte Carlo exposure of 3.17 kton-years, analyzed in an identical
manner, we identified 20.8 tracks, 14.5 showers and 16.9 QE events, after

normalizing to our exposure. Scanners correctly identified 96% of the
single tracks and showers.

3. Discussion

The track/shower ratio is 11.0/13.9 = 0.79 4- 0.39 (star). The Monte
Carlo ratio is 1.43. Major systematic uncertainties at this stage are 15%
for the Monte Carlo simulation, 14% from the statistics of the Monte
Carlo, and 6% from the uncertainty in shield efficiency. Combining these
errors in quadrature, we obtain:

0.55 0.27(s a)+ 0.10(sys) (2) '
(track / shower )_,realct_,I

For the neutrino oscillation hypothesis v_- re,, this ratio R' must be J i-J3 I 8 ''° _
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correctedto obtainR in Equation I because 16% of the singletrack
eventsare due to neutralcurrentinteractions,which are unaffectedby

oscillations.Afterthiscorrection,R = 0.464-0.23. We notethat the

correctionof R p to R inequationI isstronglymodel dependentand
differentforeach detector.
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