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Abatract

Measurements have been made of the reactions “en"' o'p and
v“n » u"p in a detector located 96 meters from the A.G.S. neutrino
sourca, A direot measurement is made of the energy dependent flux
ratio for the two neutrino speoies, After comparison te caloulated
energy dependence of this same ratio, an improved new limit of
s1n?2a ¢ 3.4 x 1073 (908 cL) at large Ao® 1a obtained. Possible
systematio errors are estinated to be less than 20%.

(Presented at XXth Rencontre de Moriond, Les Arcs, France; 15-23 March 1985)
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The USA~JAPAN ncutrino detector constructed for studiea of necutral

current reactions ((v)e - (v').e and (v)p -

neutrino aacnlauons. The detector“ 13 a fully active one (liquid
sointillater) with good angular and energy resolution =-

° 16 mrad AE 13%
“x,y - EGeV and * JEGe ¢ respectively.

The detector was placed at a mean distance of 96 meters from the effeative
neutrino source. The beam was a wids band, horn focusaed one of most probable

energy about 1GeV {see Fig. 2).

¥ ) and normalization reactions
(v"n b p. v p *p n) at the BN, L.-A.G 5. has been used to aearch for

The configuration of detector elements is auch that we can detect both

quasi-elaatic reactions:
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These reactions are used to establish the v_ and ‘v" relative composition of

e
the beam at the detector position.

In a two component model the probability for- vy of energy E, (Hev) to

have oscillated to Ve 8t 2 distauce L (meters) is

2 2 L,2
P(v'I +v,) = sin 2¢8in” (1,27 —E-vAm )

(

3)

where Amz - ] u1 - ::z l and sin"Zu is the mixing strength between the states

of mass, B, nnd Bys
Note that in the 1imit of large Anz

1.2
l’("'I - “.)—— 7 #in“2a

and is independent of L/E,.

If we define 0°(E o) and G"(E )¢ Fespectively, as the flux of Vo 8nd v at

, then as a t'uncuon of Ev.f0°(E )dE\,/IO“(E JAE, # 0 even with no

oscillations dus to aome Ve contamination in the v" bean {typically 0.5% at
A.G.S. energiea) due to 1 - p - & and kaon decays, However, an important
feature at these energies is that this neutrino flux ratio is particularly
characteristic but not very sensitive to either the n/K production ratio or to

the absclute flux,
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The principle of the experiment then is to directly measure the encrgy
dependence of OE(EV)/ot(B\,) and to test it against the neutrino oscillation
hypothesis,

The procedure of the experiment is briefly as follows:
a) First, we isolate reactions (1) (418 eventa) and (2) (1370 events) in
the region 0.9 ¢ E_ ¢ 3GeV.
b

On an event by event basis the energy, Ev. i3 asolved for using Be and

Ee for reaction (1) and Bp and E_ for reaction (2).

The acceptances 1a®? and 2*P) for resctions (1) snd (2), respectively,
are calculated by Monte Carlo. For a®P the momentum tranafer range is
0 ¢ 02« 0.4 (Gev/e)? and for 4", 0.4 ¢ Q%' ¢ 1.1 (CaV/)2. The

[

standard (V-3) form for the quaai-elastic cross section is assumed and
the experlmentallyzl determined value of the axial-vector mass is
used. A contribution of 14% aystematic error to [0®1Q.E.) x
a®P1/10"(Q.E.) x 2a"P) 1s established from variation of these
parameters,

d

Corrections for backgrounds of 22% and 18% to reactiona (1) and (2).
respectively, are made., Figure 1 illustrates the nature of the
bin-by-bin subtraction made for the v  +n =+ e + p channel.

e) An indirect check upon the Qz dependences of 2P and akP is made and,

as can be seen in Figure 3, 13 a good representation of the data.
Utilizing the data resulting from the ateps (a) through (e), the

° n
experimental flux ratio, H,_(Ev)/ ’L(Ev”oss. ® Rypg, 13 detersined
in seven energy bins, These are shown aa the points in Figure 4a.

f

-

g) A detailed Monte Carlo beam progrlm31 is then used to calculate the
afel [

flux ratio, RCALC. t L(EV)IO L(Ev)’CALC.' to be expected in the

absence of neutrino oscillations. The result of this calculation is

1'lustrated as the 30l1d curve in Figure 4a. The comparison of

calculation and measured spectrum for the separate channels (1) and

{2) 1is shoun in Figure 2. The agreement in the relevant energy ranges
i3 seen to be quits satisfactory.

This =atisfactory agreement can be used to set a limit on the oscillatioen

wixing strength by forming the difference, [R., . - Roggl. The result of this

subtraction 45 shown in Figure 4b. Ve conclude that there is no evidence for
Yyt Ve oscillations in this kinematic range. The excluded area is shown in
Figure 5. These mixing 1imits extend the excluded region beyond that of the
previous4) peat search for Yy + Y, oscillationa,

In the linits of large and small mass differences we can give results

for the complementary variable both with and without flux aubtraction, Thess
are at 90% C.L.,

® Ho flux aubtraction and data in.the range 0.9 - 1.5 Gav:

51024 ¢ 1.0 x 102 at large an?
ansin2a § 0.67ev® at amall an?
® Flux aubtracted and data in the range 0.9 - 2,1CeV:
s10%2e € 3.4 x 107 at 1arge an?
an’sin2a ¢ 0.43ev at sma1l an?

Two additional comaents should be made. First, the total systematic error is

estimated to be about 20% with equal contributions from uncertaintiss in the

acceptance and flux calculations. A more detailed discussion of these effecta

13 in reference 5. Secondly, it should be noted that since R is independent
of L/Ev. at large Anz. any oscillation affect can be no grester at high E
pointa (Figure 4b) than it 1= at 1GeV; consequently, these higher energy
points serve as a direct test (within errors) of the flux calculation
particularly as it relates to the a/K production ratio,
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