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ABSTRACT

The flux of prompt neutrinos from a beam dump has been measured
in an experiment at the Fermi National Accelerator Laboratory (E613).
Assuming that the charm production has a Tinear dependence on atomic
nunber and varies as (1-|x|) e=2Mr, a model dependent cross section
of 27+5ub/nucleon can be derived. For neutrino energies greater than
20 GeV, the flux of electron neutrinos with respect to muon neutrinos
is 0.78+0.19. For neutrinos with energy greater than 30 GeV and p;
greater than 0.2, the flux of v, comared to v, is 0.96:0.22.

INTRODUCTION

Prompt neutrinos are those neutrinos produced in the creation
and subsequent semi-leptonic decay of charmed particles. In
producing prompt neutrinos, there is a background from non-prompt
neutrinos, those from the decay of pions and kaons also produced in
the target. The goal of this experiment was to maximize the prompt
neutrino flux with respect to the background, and measure it as a
function of the neutrino energy E,, target atomic number A, and
neutrino transverse momentun pT. The relative flux of electron and
muon neutrinos was also measured.

EXPERIMENTAL ARRANGEMENT

The layout of the experiment is shown schematically in Flgure 1.
A beam of 400 GeV protons was incident on a (minimum) 3 interaction
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Fig. 1. Schematic layout of the experiment.

Tength tungsten target. The target was followed immediately by an
11 m magnetized iron shield which absorbed remaining strongly
interacting particles and ranged out or swept aside muons aimed at
the detector, which was 60 m from 5he target. The muon flux was
further reduced to 3x10° per 2x1012 incident protons by 11 m of
passive iron shield.

The detector consisted of a 3000 g/cm? calorimeter followed by a
muon spectrometer of iron toroids interspersed with drift chamber
planes. Data collection was triggered by interactions in the
calorimeter which deposited sufficient energy to exceed established
thresholds. The calorimeter was segmented into 30 modules
longitudinally, and each module was followed by x and y proportional
tubes read out in the proportional mode. The modules, lead and
1iquid scintillator sandwiches, were split vertically into 5 cells
viewed by phototubes at each end. The signals from summed,
overlapping sections of phototubes were used to form the trigger.
The fiducial volume was confined to modules 3-25 with a transverse
window 2.6 m wide by 1.0 m high. The calorimeter center was offset
from beam center by 0.75 m in the long transverse dimension.

Earlier experiments at CERNL-3 were performed at a distance of
about 900 m from their copper production target, and subtended a
maximum angle of 2 mrad. This experiment was at a distance of 60 m,
and subtended angles up to 37 mrad. Since the non-prompt neutrinos
were concentrated at smaller angles than the prompt, this helped to
increase the ratio of prompt to non-prompt events over the earlier
experiments' rates. Additionally we used a tungsten target which had
a higher density than copper and a consequently smaller non-prompt
background.

To control the neutrino background from upstream sources, a
system of more than 30 beam 1ine monitors was installed and
maintained. They were calibrated by varying the beam pipe vacuum
and by inserting known amounts of material into the beam. In this
way, the beam 1ine related background was determined to be less than
2.0% of the full density tungsten prompt signal.
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Background from material near the target, such as air, vacuum
windows, and proton monitors, was more serious but calculable. For
our 1981 data period reported here, this background was 17% of the
prompt signal.

DATA ANALYSIS

The technique used to extract the prompt neutrino signal was
that of extrapolation. Data were collected on tunsgen targets of two
different densities, nominally full density (full p) and 1/3-full
density (1/3 p). Since for the same material the non-prompt signal
increases linearally with inverse density while the prompt signal
remains unchanged, extrapolation to 1/p = 0 gives the prompt signal
The near-target background correction was made by correcting the
nominal inverse density ratio from 3:1 to 2.49:1. This is shown in
Figure 2 where the total number of events normalized by the number of
incident protons is plotted for the two targets.
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Fig. 2. Extrapolation to infinite density for v u

During the run period, a total of 1.6x1017 protons were targeted
on the two densities of tungsten. After correcting for the
experiment 1ive time (~70%) and discarding beam spills in which beam
1ine backgrounds were high or the beam was mis-steered, a total of
6.6x1016 protons incident for the full density tungsten and 1.6x1016
protons for the partial density tungsten targets were kept. A total
of approximately 300,000 triggers were written to magnetic tape
during this time. Approximately 1/3 of these triggers resulted from
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cosmic rays, and the remainder were beam related, mostly due to muons
which interacted in the floor or concrete roof shielding and showered
into the calorimeter. Effects of the cosmic rays were monitored by
triggering with no beam on target for a time equal to that in which
there was beam. These "beam-off" triggers were treated by the
analysis in the same way as all other triggers. The total number of
v, charged current interactions found in the fiducial volume and
successfully momentum fit was 854. The number of Ouy events, which
includes vg charged current (CC) events along with ve and v, neutral
current (NC) events, based on a stightly smaller sample of protons,
was 752.

RESULTS

Three results were derived from this data, the cross section for
production of DU pairs, the ratio of v, tov fluxes, and the ratio
of vg to v, charged current interactions. The first result 1s very
model dependent, the latter two are not.

To derive the cross section, the full and partial density events
were divided into bins in E,, and 6,, so that the prompt signal could
be extracted and the acceptance of the detector could be calculated
for each bin. It was then assumed?»® that the neutrino production
varied as (1-|x]|)" e-a"y where x is Feynman x, n is an integer, r; is

2 2172

either p; or m;=(p;+Mp) / , and a is a variable describing the r|
dependence. 1In addition, cascading of the beam protons in the target
is described using a mean proton elasticity (e) of 0.3 with energy
dependence of sk where s=(2MpELAB)1/2. J. Leveilled suggests the
best value of k is 1.3 and urges the use of r;=m;. The semileptonic
branching ratio {D+y) is gaken as the average of the D* and D°
branching fractions, 8.2% /. Table I shows the results reported for
the various experiments!»2,8,9 along with their model assumptions and
then corrects all results to a common model using n=5, a=2, =0.3,
k=1.3 and r;=m), which we have found gives a better fit to our data
and gives a cross section for DD production of 27+5ub. Figures 3 and
4 show the data plotted as functions of E, and p;{v) for E,>20 GeV
and 9,,<37 mrad. The data have been corrected for trigger efficiency,
muon acceptance by the toroids, and the incomplete azimuthal
acceptance for neutrinos. The flux of antineutrinos compared to the
flux of neutrinos from the target, restricted to E,>30 GeV/c and
81>g£g ggv where systematics are less severe, is found to be

.96+£0,22,

TABLE I
Cross Sections for DD Production Quoted by Various Experiments
Group o{DD) Model o{DD)
Parameters n=5, a=2, k=1.3,
n a k £ €=0.3, m;
17:4 (ve) 1617
BEBC 30:10 (v,) 3 2 0.5 2/3 81:27
CHARM 19+6 4 2 --  -- 299
CCFRS 13£1 3 2 1.3 0.3 25+2 (n=6, a=2.5, p,)
E-613 2715 5 2(m) 1.3 0.3 27+5
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Fig. 3. Number of prompt neutrino events per 10 GeV plotted against
E,, with the predictions of two models superimposed. The
data are corrected for trigger efficiency, muon acceptance,
and incomplete azimuth,
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Fig. 4. Number of prompt neutrino events per 0.2 GeV/c plotted vs.
p;. The dot-dashed 1ine indicates the model prediction
{n=5, a=2) with no energy or angular restrictions imposed.
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The method used to determine the ratio R=vg(CC)/v,(CC) took
advantage of the large difference in size hetween elecgromaqnetic
showers and hadronic showers in our calorimeter which was due to the
use of Pb plates rather than iron or marble. Each module was 14.4
radiation lengths but only 0.5 interaction lengths., 1In the future,
this feature will be used to make a direct separation of vg(CC)
events from the neutral current contamination. For now it has been
used to make a probabilistic determination of the neutrino energy of
the Oy events (those events with no visible final state muon).
Cosmic rays were then subtracted, the prompt signal was extracted,
and the result was normalized to the number of incident protons. The
resulting distribution included vg(CC) events as well as vg(NC) and

(NC) events. These latter two were subtracted by using the
norma]ized hadronic energy distribution of the v (CC) events. The
direct separation method described ahove gives resu1ts which agree
with the method used here,

The result of this analysis is that for E,> 20 GeV, the ratio

R=vga(CC)/v,(CC)=0,78+0,19. For E,>20 GeV the va1ue R=1.0+0.3, and
for E,>40 Eev R=1.1+0.4, This resu1t is shown in Figure 5, The
region where the ratio R significantly deviates from unity is also
the region in which the systematics, such as event finding and muon
reconstruction, are most severe and can most easily distort the
results,
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Fig. 5. The ratio of prompt vg(CC) over v,(CC) events vs. energy
{preliminary).
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