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ABSTRACT
From aﬁ exposure of the Fermilab 15-ft Neon (64 atomlc Z)—H2
filled bubble chanber to z single-horn-focussed v beam, we have foung
60 ¢ X and 35 e+X events, which we compare with 227 X and 202 u+x
events. Mo statistically significant departures from h—e universality

are seen.
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Currently available high-energy neutrino beams present a unique

opportunity for a study of M-e universality over a wide range of

D

H égnergies. We report on a comparison of Vo with vu and ve with uu

charge curreat (CC) Interactions under the same experimental conditiens

for energies between 10 and 150 GeV, the first such study above 10 cev.I
The data werc taken with the Fermilab 15-ft bubble charber filled

wlith 8 heavy mixture of Ne and H, and exposed to a broad-bani neutrino

2
and anti-neutrino beam., The experimental conditions2 resulted in com-
parable numbers of vy and Vu-induced reactions. Icportant for the pre-
gsent study is the short radiation length (39 em), which provides good

c: identification c¢fficiency and y-ray materialization probability, and
the presence of a single-plane External Muon Identifier (EML} behind the
chamber.

In 45,000 pictures with EMI infcrmation, we nave f{ound, after apply-
ing the acceptance criteria described beiow, 35 events with a sinzle -«
primary e+ among the outgoing tracks and 60 with a single primary ¢ ,
which we attribute to Ge and Ve CC production, respecttvely.3 Ve com~
pare these with a sample of 202 ;u and 227 v“-induced CC events iron
6,000 pictures. All events satisly the criteria: 1) the sum of longi-
tudinal momenta, XPL (= Evisible) > 10 GeV, where the summation is mvef
all measured charged and neutral particles; 2) py > 4 Gev (L refers to
the outgoing lepton throughout); 3) visible potential leugth of forward-
golng tracks > 90 cm; and 4) # 1 charged hadron at the primary vertex.

Muon tracks were required to be identified as such by the EMI, with
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likelihoad‘ L > 5, Electrons and positrons were identified with any
two of the signatures described in ref. 2., Ve have removea six events
interpreted as u-e+ and four as u+e-.

We reject et events from the Vo (;e) sample 1f any primary track
for which an electron mass cannot be ruled out is consistent with being
the partnédr of the e: in a Dalitz pair and we reject e events if the e
is consistent with being a 6-ray on some track. Applying these criteria
to the vy (;h) sample (treating the muon as an electron) is found to re-
sult in negligible losses.

In what follows, the vy (Cu) samples are normalized to the Ve (;e)
signal. Hence, we do not correct for losses wﬁich contribute only to
the relative normalization. We also do nok correct for biases expected
to affect the Vo (:e) and ¥y (Cu) samples equally, such as those dug to
the loss of undetected neutral particles; we do not as yet attempt accurate
estimates cf scaling or oiher variable distributions.

The vu (;u) samples are weighted by an average of 1.02 for the momen-
tun and angle-dependent part of the EMI acceptance. We estimate that the
e: detection efficiency 1is 90 * 10% and approximately independent of
mozentum and angle in the accepted momentum range.

Each ez event has been carefully studied by a physicist. Following
this, the probabtility of misidentification of a Compton electron or an
e: from an asymretric Dalitz pair or elose Y conversion as a single primary
c: is estiumated to be such that less than 0.1 such events of either sign

are included. We estimate that < 1% of our vu (;u) samples are neutral

current events with a hadron falsely identified in the EMI as a muon.

-

The e: momenta are corrected for bremsstrahlung by a wodified Behr-
Mittner method.5 This has been supplemented by the addition of the momentua
of catastrophic bremsstrahlung gammas, when detected. The methdd has been
calibrated from the mass of reconstructed n°'s. We obtain a peak mass of
about 130 MeV, with FWHM of 40 MeV. However, uncertainties in this pro-
cedure are large, and increase with electron energy. The range of e:
energies we observe extends above 50 GeV, with median values around 25 GeV.
For some variables, resnlugion—smearing in the lepton momentum can change
the apparent shape of the distribution. To simulate the effects of resoiu-
tion, we vary the momentum of muon tracks randomly according to a Gaussian6
distribution, centered on the measured muon momentum, with FWHM chosen as
a function of p; to duplicate the estimated momentum resolution of eclectron
tracks. The resultant distribution is shown where appropriate.

Within a certain fiducial volume, neutral strange-particle decsys and
electron pairs not identified as arising from the Bremsstrahlung of a pyi-
mary ei are included in the hadronic energy. The interactious of neutrals
emiited from the cvent are omitted, The resultant average ncutral hadvonic
energy to the average charged hadronic energy (ZpL) ratios are comparakle:
for v, we obtain 0.19 * 0.06, compared with 0.22 & .03 for v ; for Ge we
obtain 0.18 * 0.06, compared with 0.27 * 0,04 for Gu. From study of the
v, (Su) events, we find that a small aduixture of hadronic y-rays falsel;
identified as ez Bremsstrahlung may have reduced the ve (;e) ratios by as
much as “10Z; the effects on the duclusive distributions which ;o show are

negligible. The total visible Ip, for the v, and V_ events is compared with
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that for the Vu and vu events (normalized to the e signal) in Fig. la,b.

These distributions are suffiéiently similar to permit meaningful compari-

son between Ve and v, and also between Ge and ;u distributions. We are

u
insensitive to detailed agreement, because we restrict our study to vari-

ables which approximate scaling variables,

3]
' 2 !,
- = Ip. ~ i
Fig. 2 shows the LI Z(EPL) Eg sin”( 2)/(HP( PL El)) distribution
for Ve and ;e events again compared with v, and GH normalized to the Ve
(;e) signal. An excess of events for electron neutrinos at roughly the

three-standard deviation level is observed at low xv However, when the

is®

: b3
nuon spectrum is convoluted with the e resolution function described above,

we obtain the solid curvcs7 (drawn smoothly through the points). Clearly,
excellent agreement is observed when the resolution is taken into account.

Fig. 3 compares the y =1~ Ep/EPL distributions. We see no dis-

vis

crepancies. The effects 4f poorer energy resolution for electrons and

positrons than for muons are not serious in this variable.

had 2
= L ‘ ~ —v " "
The variable u PL sin ehad/Z MP x(1l-y) ("had” refers to

is
"hadronic™) does not depend upon the lepton energy. No significant dis—
agreement is cbserved in the comparison for this variable (Fig. 4).

We hLave compared these event samples also for a number of other

variables, which vary in their dependence on lepton energy and on unde-

tected ncutral hadrons. We find no areas of disagreement within the avail-

able statistics.
We conclude that within our statistics there is no evidence for

differences between the behavior of CC events produced by Vo and vy inter-

-6~
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actions, or between ;e and vu interactions, consistent with p-e

.-

universality.
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The accumulation of events at x

< 0. n "
is lioccurs in the "smeared

distribution because dxvis/dEl, the Jacobean of the transformation

from E; to Lo {s a decreasing function of L
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FIGURE CAPTIONS

Bvis’ defined to be IPL (= Ev)' (a) for ve-induced CC events, with

v -{nd v
uin uced results dashed, normalized to Vo signal; (b) for ve—induced

CC events, ;u dashed.

8
- 2, %
(a) x ;. =2 (IPL) E; ein (7;)/HP(IPL-E1) for v_ events (unbroken

histogram it H v v
gram) , with v, events dashed; (b) L for v, events, vy dashed.

Solid : v
curves vu (vu) data with "smeared" muon energy determination

(see text). xvis > 1 events shown in a single overflow bin.
(a) Yots " 1 - EIIIPL’ for Ver Yy dashed; (b) Yyig fOr ;e' ;p dashed.

(8) u . = 5 had 2 N
vis Py sin ehad/z Hp for Ver Yy dashed; (b) LI for Ver Y,

dashed.
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