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SUMMARY 

A beam dump experiment has been set up at Fermilab to study prompt 

neutrino production by 400 GeV protons. It is unusual among 

experiments seeking evidence for neutrino oscillations in that the 

neutrino path length is short, only 60 m, while the neutrino 

energies are high, 10 to 200 GeV. The experiment, expected to take 

data this spring, will be sensitive to oscillations ve+vx for values 

of /im2 between 200 and 10,000 (eV)2 and sin22a. ~ 0.2. 

*Presented by L.W. Jones at the Orbis Scientiae 1981, Ft. Lauderdale, Florida, 
January 19-22, 1981 

FERMILAB-CONF-81-099-E



EXPERIMENTAL P.hFAMETERS 

Fi~lre 1 illustrates the beam dump configu=ation and the detector, with a 

conpressed longitudinal scale. The proton beam of up to 3 x1 012 protons per 

pulse is targetted on an assembly containing six interchangeable targets. 

They are: tungsten of full and 1/3 density, copper of full and 1/2.4 

density, and berylliun of full and 1/2 density. Beyond the target is a system 

of five magnets designad to sweep away most of the prodlced nuona;: Beyond the 

10 ll'C-·of magnetized iron an additional 10m of passive iron is provided" to 

range out mioris of belCM 30 GeV. As there are approximatley 10-3 muons 

produced per beam proton, it is necessary to suppress the pro<hced 3x109 muons 

by large factors. 

The detector, shCMn in Figure 2, consists of 30 modules of 1.5x3 m2 area, 
•• _""Ie.. ·, 

each containing 86 g/cm2 of lead in the form of 12 plates sepa~ated by liquid 

scintillator. The modules are separated by 30 crossed pairs of PWC planes. 

Each event is recorded in both scintillator pulses as digitized from the 

outputs of the 300 phototubes, and in the pulse heights from the 6000-wire ~~C 

system. Beyond this system is a muon spectrometer containing 5 planes of 

drift chambers and 3 rectangular iron toroids of 2.4x3.6 m2 area and totalling 

4m length. A veto wall upstream of the detector suppresses spurious events 

caused by muon interactions in the detector. 

RATES 

The detector "target" is about 3000 g/cm2 and subtends angles of up to 

40 mr from the proton target with respect to the beam axis. The detector i.s 

asymmetric in order to sample high PT neutrinos. The detector threshold 

corresponds to about 2.7-6 GeV visible energy, corresponding to an average of 

about 7 GeV hadron energy. 

, .~ . 
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For a O-pair production cross section of 15 Wb/nucleon, we expect one 

prompt neutrino charged c~rrent interaction in the detector (averaged over ve' 

ve' V~, V~) per 2.5x1013 protons incident on the full density tungsten target. 

In June, 1980, a ahor t, run was taken wi.th lOlier beam intensity and only a 

fraction of the detector cffiTpleted. Analysis of those data produced a ~ample 

of 37 v~ and v~: charged current events which w",rc distribilt.ed in angle and 

energy and with a production cross section compa~ible with expectations 

assuning D-pair production, albeit with very poor statistics. ,~additional 

23 events were collected using the 1/3 density tungsten target, again 

consistent with expectations ~t statistically inadequate for any meaningful 

subtraction. 

It is expected that the experiment will rcsune serious data collection in 

February, 1980 wi t.h the completed detector. 

NEUTRINO OSCILLATIONS 

Production of charmed hadrons, either D or Ac , is expected to lead to 

nearly equal mmbers of ve and v.... If it is assuned that V~ does not couple 

significantly to other neutrinos (as suggested ~ several other experiments), 

then a study of the ratio of ve to vJ.l events may provide a measure of the 

removal of ve from the beam through ve + v T (or ve + Vx). (Let Ve and Vi! be 

understood here to include both neutrinos and antineutrinos.) The probability 

that ve + Vx is given l¥ P(Ve+vx) = 5in2 2a sin2 [1.27 t:.m.2 L/Ev], where 

2 2 
t:.m.2 = mx - me' and L is the target-detector separation. The ratio ve/vi! 

will vary as E v changes, ,so that a plot of this ratio vs , Ev will shOll 

oscillations. The amplitude of the oscillation depends on sin22 a , it also 

would depend on a dilution of ve from neutral current events. Studies in a 

test beam indicate that we can separate about 90% of the neutral current 

events from ve charged ~~rrent events, based on the large difference between 
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the longitudinal development of hadron and e.m. cascades. 

In Figure 3 the ratio of ve charged current events to Vu charged current 

events is given (as tIe" Ill) vs , Ev for two values of assuned fmt2, 300 and 900 

(eV)2 and for 8in2 2a of 0.4. Values are also noted on the graph for L = 400m 

with correspondingly lCMer values of 11m2 : tM.s is a possible future option if 

indications of uuut.rLno oscillations in the: range fur..2 between 50 and 500 l~V 

should be found. 

The sensitive range of this experiment for neutrino oscillations is 

portrayed on Figure 4. The stippled region indicates the boundary of the 

sin22a - 6m2 space within which this experiment \«)uld be sensitive. The 

left-hand boundary of 8in22 a ~ 0.2 is determined by the statistical precision 

of the data: the lower bound in a~2 depends in ?a~t on statistics and in part 

on the lcwer energy limit on E v' The upper boundary in 1:mt.2 depends on the 

calorimeter resolution and on statistics; for 6m2 ~ 20,000 (ev)2 the 

oscillations in ve/vp vs E v will be very close togethe'r except at large Ev• 

Above these values of 6m2 the effect of oscillations will be to change 

the average value of ve/Vp (to 0.8 for sin22a = 0.4 for exa~le), and the 

stippled vertical bar represents that limit. Of course any beam line or other 

~+u+vp contamination in the beam with produce a similar effect, so that 

conclusions concerning neutrino oscillations based on this average alone must 

be regarded with suspicion, even from a very careful experiment. 

This work is supported in part by the u.s. National Science Foundation 

and the u.S. Depar'bnent of Energy. 
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FIGURE CAPTIONS� 

Figure 1. Plan view .of the experiment from the proton target to the nuon� 

spectrometer. Note the compressed longitudinal scale.� 

Figure 2. Plan view of the detector including inset detail of one detector� 

module and following PWC plane pair. The incident beam axis is offset to be� 

.1/4 of the width of the detector from the west edge (top of this drawing).� 

Figure 3. Expected ratio of ve to VlJ events vs E v for two values of mass� 

difference and sin2 2a = 0.4. The abscisca is the observed value of (Ve+Ve)/� 

(VlJ+VlJ). Numbers in brackets refer to the same graph for a target-detector� 

distance of 400 ft.� 

Figure 4. Sensitivity of E613 to neutrino oscillations, ve+vx (or ve+vT) in� 

Am2 - sin22 a space. It is assuned that vlJ is not coupled to 'Ve or vT"� 
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E613 EXPERIMENT - OVERALL PLAN VIEW� 
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Figure 1 
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E613 DETECTOR - PLAN VIEW 
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Figure 2 
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