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IMPLICATIONS OF THE CERN BEAM DUMP PROGRAM

RELATING TO NEUTRINO OSCILLATIONS
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ABSTRACT

The underlying concept of a beam dump experiment is that the
neutrinos which arise from ordinary long lived particles are sup
pressed relative to those which are produced by short lived parents
by interacting the parents in a dense medium before they decay.
The arrangement at the CERN Laboratory in Geneva, Switzerland is
shown schematically in Figure 1. The "prompt" component of the
v flux is produced by the decay of the new hadrons (charm, top,
bottom, etc.). The "non-prompt" component is produced by ordinary
long lived pions, kaons and hyperons which decay before interaction
despite a large dense absorber.

A serendipitous coincidence resulted in the beam dump/target
being located far from the detectors (820 m to 910 m as shown in
Figure 1). Thus the (1.27 L/E) figure for the experiment which is
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Figure 1) Schematic diagram of the CERN Beam Dump experiment.

the paramount parameter for neutrino oscillation tests is .05-.01.
I will use the by-now-familiar notation which relates the probabi
lity of a neutrino produced as type 1 and interacting as type 2 to
mixing parameter sin229 and the difference in mass-squared 6.

2 2 1.276L IP(v
l

+ v
2)

• 1612
- sin 29 sin (---E----)

222
where 6 • Iml-m21 in eV

L • drift distance in m, E - energy of neutrino in MeV

The extraction of the prompt v flux is done in two ways. The
direct experimental procedure is to measure the neutrino flux using
dump/targets of differing density. As shown in Figure 2 when
extrapolated to infinite density (zero absorption length) the
"prompt" v flux is identified. Alternatively, the "non-prompt"
contribution can be calculated using knowledge of w, K production
spectra, geometry, etc. The prompt component is the remainder after
subtraction of this calculated background flux.



-21- REEDER

tAO

_ ee"" ""'."~& ob...
(p Ft .. no"-pr.)

___ n -pt'e..... t CCto
l colc.. \""tad)

+ _'p...~ CCjO
l~~)

e-I d""'P

CDW6

Aoo

Figure 4) Distribution of the
energy of muon neutrino's
observed in the CDHS detector.
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Flgure_5) Energy distribution
of ve(ve) events observed In the
CHARM detector.
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Figure 3) The rate of \I~ CC
events observed in the CDRS
detector (I), the a~ detec
tor (i) and the BEBC detector
(I) at two target densities
(Pt/pc = target densityl
density of copper) showing
the extrapolation to deter
mine the prompt v~ flux.
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Figure 2) The variation of \I

event rate with the target
absorption length. The inter
cept determines the prompt
rate.
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The experiment performed in 1977
and 1979 utilized 0.25 x 1018 protons
on a 1/3 density copper target and
0.67 x 1018 protons on a full den
sity copper target.[ll The three
detectors used have been documented
elsewhere. [2.3.4l They run the
gamut of sensitivity and mass. The
CDHS detector is ~ 470 tons of homo
geneous magnetized iron calorimeter.
In this detector electron neutrinos
cannot be di~tinguished from neutral
weak current interactions. However,
because of its large mass it has
recorded the largest number of
events. The large bubble chamber
(BEBC) filled with 14 tons of a
~;eon-hydrogen mixture had the fewest
events albeit with the most detailed
information concerning identifica
~ion of \Ie charged current events,
ve charged current events, and
neut~al current events, as well as
\I~ (\I~) interactions. The CHARM
detec~or of masS ~ 100 tons is intermediate both in rate and in
ability to identify v e interactions.

In the following discussion I assume the available experimental
data restrict the possible range of \I~ ~ \Ie oscillations well below
levels attainable in the beam dump experiments.[5] The important
remaining possibility is a two component oscillation of the ve
flux. The experimental meas~rements m3de are: - +

1 ~ consisting of v~(v ) interactions producing ~ (~ )
in the final stat~~ - +
consisting of ve(ve) interactions producing e (e )
in the final state.
consisting of neutral current events (although the
1 e events are included in this category for the
counter experiments).

In Figure 3 the 1 ~ prompt flux Is shown obtained by extra
polation using data from all three experiments. [6.7.8l Although
the agreement between experiments is in general good. there is an
indication of discord in the measurements of the ~+ rate at low

target density.
The energy distribution of the \Iv events observed in the CDHS

detector from a full density dump is shown in Figure 4. Although a
large fraction of the events occur at large LIE (~.05 to .01) the
remainder are at such small values of LIE that they contain negli
gible information on neutrino oscillations. Figure 5 shows the
neutrino energy distribution for the \le(~e) observed in the CHARM
detector. For electron neutrinos virtually the entire flux has
LIE values in the range .05 to .01.

.....
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I • ratio of MC/CC observed in v interactions
~

Table I
Beam Dump Results Concerning the le/l~ latio

Consider the possibility that ve ~ v. This reactiaa would
aanifest itself as an anomalous ratio of Ie/l~ events. this ratio
can be written as:

Table II

Values of the ratio of antineutrino events to neutrino events

The expected value is R • 0.48, the ratio of charged current
cross sections assuaing equal fluxes (t(~) • t(v». The experiments
are in disarray. The BEBC results are in good agreement with the
expected value, the CDHS results appear to be on the low side,
whereas the CHARM collaboration deviates to the high side. My
point is that one should refrain from interpreting similar fluctua
tions in R(e/\l) or R(NC/CC) as neutrino oscillations when the
internal consistency of the results from the various detectors are
in question.

Several interpretations of the beam dump results are possible.
i) The precision of the experiments is too poor to draw

definitive conclusions. .
ii) The assumptions (+(v ) • t(v ) or t<'~) • +(v»

are in error e II
iii) Neutrino oscillations exist
iv) All (or none) of the above

I note one additional experiment at CERN which has presented
liaits on ve oscillation derived from a study of electron neutrino
interactions using BEBC in a "narrow band" or dichromatic beam. [9J
In this experiment the parent mesons which produce the neutrino
beam are selected by sign of their charge and their momentum before
being alloved to decay. Only .,,+/r::+- or .,,-/'1.- parents remain after
this selection. Since the ve flux derives fro- li3 decay, it is
straightforward to relate this flux to the VII flux from ~2 •

Thus there is marginally credible evidence for something not
incorporated within the current understanding of beam dump physics.
That these anomalies are related to neutrino oscillations is not
established at all. To buttress this conclusion I can report the
results on the ratio of antineutrino events to neutrino events which
have no bearing on the question of neutrino oscillations. In
Table II the values of R(~/v) obtained in the CERN program are
presented:

Type R by extrapolation R by subtraction

CDHS I//~- O.O6±O.lO±O.O6 O.28±O.O5±O.O7

CHARM //11- O.86±O.53 O.62±O.24~:~~

BEBC '//\l- O.36±O.22

e+/e- O.32±O.17

(e+//) O.35±O.15
(e-+II-)

0cc + O.17+Po~c

+<l-P)o + O.17+PoT
cc ceI('!) •

II

MC
I.(ee) •

vbere P • probability of v
e

+ v
T

•• v fluz/v flux
e II

The assumption that charmed particles produce the pra.pt veand vII fluz iapl1es + • 1. Thus the expected value for I. if
P • 0 ia 1. A deviation from this value could be interpreted as
an 1Dd1c&t1oD. of neutrino oscillstion among a number of poaaible
explaDatiODS. In Table I the results of the three detectors are
presented.

o I. + +0 (l-P)R + 0.66+oT P + +OT I Pcc cc cc cc T

0cc + +occ(l-P) + 0.34+a~cP

where P • probability of ve + vT

If two errors are given, the first is statistical, the secood
syste.atic.

These results do indeed deviate from 1 and, if ~ are inter
preted as oscillation, would mean a value of Ii .:t 100 eV •

Another possible avenue of detection is through the .easareaent
of the ratio of neutral current to charged current events. the
ratio can be written:

Detector I by extrapolation R by subtraction Energy

CDHS 0.77tO.18tO.24 O.58t O. 0 7:!: O.19 > 20 GeV
CIIAIl!f O.49:!:0.21 0.44tO.lltO.lO > 20 GeV

BEIC o 59+0• 35
> 10 GeV• -0.21

.10 if P • 0, the expected value of R(NC/cc) is 0.32. The
IEIC sroup reports s value 0.28tO.07 in good agreement, lIut the
CHAlK collaborat1oD. reports an anomalous excess inferred fro- their
....ured ratio 0.64tO.16tO.13.
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Figure 6) Energy distribution
of electron neutrino events
observed in the BEBC narrow
band experiment.
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Figure 7) The resultant limit on
ve oscillation obtained by the
BEBC narrow band experiment.
The unshaded region shows the
values of sin228 and 6 excluded
at the confidence level indicated.




