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A search for long-lived neutral particles (N°) which decay into at least one muon has been
performed using an instrumented decay channel at the E815 (NuTeV) experiment at Fermilab. The
decay channel was composed of helium bags interspersed with drift chambers, and was used in
conjunction with the NuTeV neutrino detector to search for N° decays. The data were examined
for particles decaying into the muonic final states uu, pe, and pr. Three pp events were observed
over an expected background of 0.040 + 0.009 events; no events were observed in the other modes.
Although the observed events share some characteristics with neutrino interactions, the observed
rate is a factor of 75 greater than expected. No Standard Model process appears to be consistent
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with this observation.

I. INTRODUCTION

In various extensions to the Standard Model, new parti-
cles exist which have reduced couplings to normal quarks
and leptons. These new particles may have zero electric
charge, long lifetimes, and small interaction rates with
normal matter. We shall refer to these as N° particles
in the following text. Examples of such N° particles
include neutral heavy leptons (NHLs) or heavy sterile
neutrinos [1-3] and neutral supersymmetric particles [4]
such as neutralinos and sneutrinos. The N° particles can
be produced either by pair production in hadronic inter-
actions or via weak decays of mesons through mixing
with standard neutrinos. The decays of the N° to nor-
mal hadrons and/or leptons can proceed through weak
decays with mixing, or via R-parity violating supersym-
metric processes.

High energy neutrino beamlines are ideal places to pro-
duce NP particles, since very large numbers of protons
interact in these beamlines. N°’s may be produced via
a number of mechanisms, including primary interactions
of the protons either in the target or the beam dump,
through prompt decays of charmed or bottom mesons,
by decays of pions or kaons in the decay region, or in

neutrino interactions in the shielding downstream of the
decay region. A particle detector placed downstream of
this sort of beamline (i.e., in the neutrino beam itself)
can be used to search for N° decays. _

We report here the results of a search using Fermilab’s
E815 (NuTeV) detector for N° particles in the mass re-
gion above 2.2 GeV/c? which decay into final states with
at least one muon and one other charged particle. For
the search described here, the NuTeV neutrino beamline
was used in conjunction with a low mass decay detector
called the decay channel.

NuTeV has previously reported results of searches for
N in the mass region between 0.3 to 3.0 GeV/c? with
at least one final state muon [5], and in the mass region
below 0.3 GeV/c? for decays to electrons [6]. The 0.3
to 3.0 GeV/c? study addressed NHLs that could be pro-
duced in the decay of K and D mesons, whose hadronic
production rate is known (7). This mass region slso has
low background from deep inelastic neutrino events in
the decay channel. The low mass (< 0.3 GeV/c?) study
was pursued mainly to address the KARMEN timing
anomaly (8], which has been interpreted as a N particle
with a mass equal to 33.9 MeV/c?.

The search for events with masses above 2.2 GeV/¢?
(which we shall refer to as “the high mass region”) is dif-
ferent from the previous searches in two respects. First,



m% _v D
Y 3viges, Wm - NQ\»:@»{QQ\V\! APLOWN
i Om — —
2 - wv 2 l1oned
7Q
A \n(.u\,.riwl QD\)J«?&@M)
_;\MS_J_ m_OM\x. hs T ﬁ_o.me,M 104
YR g ‘o |
L) Crse)~ oy
5 A yreay hS w.\»\U\_mv(f Y ~ XAN
h(%.v*g O DN w),\w..*..\g. rw.M.: P%
N2LON 1N N

2 O- N
¢ Pronpeid |
4

\.\q d /29 008

+\u@ })u.h\h__loo




Fraction of events seen with lifetime yct

0.02

0.0175

0.015

0.0125

0.01

0.0075

0.005

0.0025

l|ll|l llllllll | Illllll i

) IOV T 1 I

10 107 10°

Decay Length=yct (meters)




o(N")Bn(N° —>| pp)4n in mb

I T T TTTTT

i NuTeV 90% Observation

2 //Ba

; DONUT 90% Exclusion

: ! ll|lll| ! | llll|l| | { lllllll I | | IIIII[ - [ 1 |
10 10° 107 0t

nd

~ Decay Length=yct (meters)




0
yhu

oo
it
0g
6
S
#

MITA A

x1A

s SOECO1- TRITL 1 .

74

14§
¥

1 Ol

A n

201 XIA
6C 0’1 9- 4
6C 60  ¥94 I
o~ WoN ML

0 s S9ECOT- TRITL 1

mu 7

MITA 1

0 0 6201
0 0 6C 60
XA W {3
T
I . o S - :
VA S (I S ' S S i: 7
I
SOISAHd

A n

19s SI933I],

0T =SM 9

=JHSAS 00cC =i SERd

201 XIA

§99- [4
oy I
WOoN 1L



o********mmomomwvmofﬁ-
B A S - W AR

MIIA A

0 0 0eTl L 7
0 0p, 0e80 600 [
XJA O Wu 1Yo wo 1

7

o********mmo.momw.vmowﬁﬁn
ynu 7 A N 201d XA

ulﬂ!lm
A

0T =WSM

MIIA
0 0 06Tl L69 @
0 0  0£80 69¢ I
XiA DN U 1Yo~ WO YiL
|
1 —— |
Jos SI933 1T,

=)UAH 00gE =uny 7,84



1.2

0.8

0.6

©
~

0.2

1.2

0.8

0.6

o
~

o
N}

O

[ X’/ndD.3196E-01/ 7

- AQO 0.4746

n AT 0.8929E-03

- A2 ~0.3807E-05

I | | ! | ! | ! | |

o) 50 100 150 200 250 300
Trigger Fraction trig 1 re(’ Ggi/)

- x'/ndD.3485E-01/ 7

L AQ 0.4841

- Al —0.9209E-03

L A2 0.3713E-05

d i I —

— J 1

C | | | ! | ! | ! | !

0 50 100 150 200 250 300

Trigger Fractiion trig 2'3( Gel/)




Cpuzd.s) 1,243
frug /

fiu, -j

(2 ’{'/La.cL

T III|lII| T IIIIIIII 1 Illlllll

T II|I|HI

T lllllllI

—_—
o
T

| I|lllll

llllllll 1 I {

! ! lllllll 1 11llllI| |

10

10° 10° 10*

2.0%(1./((exp(=36./x))*(1=exp(=2./x))))*((2.3%0.038) /(6.9 10000000000000.))




(%rug [ V2.

ﬂul.ol¢ //7—’/ glt//\

T TT770

T IllllIII

-10
10

—11
10

T llllllll

-12
10

T Illll‘l

-13
10

T ITIT]

llllllll

|

I lllllll

llllllll

!

1 Ill|ll[ 1 { 1

10

10

10°

10"

1.33%(1./((exp(=36./x))%(1 —exp(=2./x))))*((2.3+0.038) /(6.9+1 0000000000000.))




