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INTRODUCTION

The first‘beam dump experiment carried out at the CERN SPS, has
demonstratedl) the existence of a prompt v, flux originating in the
collisions of 400 GeV protons with copper nuclei, This flux has been
attributed to the production and subsequent semileptonic decay of charmed
D mesons. While the expected flux ratio of neutrinos to antineutrinos
is not obvious because of the possible contribution from charmed baryons,
one expects equality of v, and vy fluxes from charmed particie
decays., Therefore, a second beam dump experiment was carried out in
1879, mainly to establish the prompt vy flux, but also te clear some
discrepancy in the prompt v, rate between the CERN-Dortmund-Heidelberg—

Saclay (CDHS) counter experiment and the BEBC and GGM bubble chambers.

The analysis of the 1979 beam dump run is completed. The results

from the CDHS experiment may be sumarized as follows:

i} The prompt v, t ;e rate as measured previocusly by the CDHS
experiment has been confirmed (note that a calorimetriec device
cannot separate. Va from ;e). The numbar of prompt. CCe+.+ e
events with Etot > 20 GeV, at the position of the CDHS detector,
normalized to 1.1018 protons and 1 ton of detector, 1is
1.00 £ 4.09 (stat.) %= 0.09 (syst.)z). This rate is in good

3) and the CHARM groupé)

agreement with the results of the BEBC group

ii) The anomalous excess of muonless events for shower energies below
20 GeV as reported by the CHARM groupS} has not been confirmed by

our experiment.
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4 prompt Vo flux has been established by using two copper dumps
of relative densities 1 and 1/3, and extrapolating to infinite
density. Table 1 pives the normalized rates for CCu  events with
Etot > 20 GeV for both densities. The prompt rate obtained by
extrapolation agrees within errors with the prompt rate obtained

by subtraction of the predictedﬁ) non—-prompt background. The
agreement with . the results of the BEBC and CHARM groups is good,

as can be seen in Fig. la.



p =1/3 e =1
total rate 10.86 + 0.33] 4.56 * .13
prompt rate (extrapolated) 1.23 £ 0.25 £ 0.32
prompt rate (subtracted) _ 1.35 + 0,13 * 0.48
Table 1

CCu~  rates for Etot > 20 GeV, corrected for losses and acceptance,
at the CDHS position, normalized to 1.101% protons and 1 ton of

detector.

iv} No significant signal of prompt ;U has been found. Moreover, the
agreement between the results from the extrapolation and subtraction
methods is poor, as can be seen from Table 2. Taking into account
the ratio of v and Vv cross sections, the prompt GU flux falls
below the prompt uu flux with a significance of three standard
deviations. While this effect cannot yet be considered as established,
it may point to a contribution from charmed baryon production on top

of DD production. Also the agreement with the rates obtained by

the BEBC and CHAEM groups is poor, as can been in Fig. lb.

p = 1/3 p =1
totzel rate 2.50 + 0,161 0.91 + 0,06
prompt rate {extrapolated) 0.07 + 0,12 % 0.07
prompt rate (subtracted) 0.38 + 0.06 = 0.08
Table 2
CCu+ rates for E > 20 GeV, correctad for losses and acceptance,

tot
at the CDHS position, nmormalized to 1.10'% protons and 1 ton of

detector.

: . +
v) Table 3 gives the normalized rates of prompt CCe + e  events,

+ - .
and of prompt CCp + events, for Etot > 20 GeV. The ratio
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is less than unity for both methods te determine the prompt CCu+

and CCu  events. While the result from the extrapolation technique
is compatible with unity within errors, the result from the sub-
traction shows a more pronounced asymmetry. The results from the
BEBC and CHARM groups are included in Table 3. They favour an
asymmetry rather than equality of the fluxes.

CDhHS BEBC CHARM
cCe’ + e | | 1.00£0.09 1.16£0.27 | 0.98+0.17
cou® + 47 (extrapolated) | 1.30:0.28 2.06+0.64
(CCe +e Y(CCu +1T) extrap.| 0.77+0.18%0.24 10.49:0.2
ccu” + 1~ (subtracted) 1.73%0.14 2.3540.68 | 1.83+0.32
(CCe +e )(CCu +u7) subtr. | 0.58+0.07%0,19 | 0.49£0.20 | 0.48+0.12:0.10

Table 3
+ n _ .
Prompt rates of CCe + e and CCu+ + U events, for Etot > 20 GeV
(BEBC: E > 10 GaV), at the CDHS pesition, normalized to 1.1018

tot
protons and 1 ton of detector.

vi) The oppesite sign dimuon events collected in all beam dump runs
performed so far, show poor agreement with the expected distribution
in the projected angle A¢ between the two muons (Fig. 2). How-—

ever, the small statistics do mnot permit a firm conclusion,

PURPOSE OF THE MEW EXPERIMENT

JIr the list of results given in Section 1, there is one fundamental
question which must be pursued further, namely the equality of the prompt
v, and UU fluxes. It is clear from the results given above that the
central problem is the determination of the prompt uvu flux. Contrary
to the v, case, the background from trivial = - WY and K » BV
decays is large. The method of extrapolation to infinite density is in
principle safe, but requires large statistics and a precise normalizationm

of the rums at different densities. Note that the systematic error
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quoted in Table 3 reflects a normalization uncertainty of only 5Z. The
method of subtracting the calculated non-prompt background ig more in-
volved, since it is dependent on the production spectra of 7 and K
produced by 400 GeV protons on copper nuclei, and on the neutrino total
cross section. The systematic error quoted in Table 3 reflects an over-
all uncertainty of 15% for the calculated non~prompt background. Since
the two methods agree peorly in the prompt CCu+ + 1 rate, we content

ourselves at the moment to quote both results.

The new experiment aims at a 1% precision (as compared.to 57
assumed at present) in the relative normalizaticn of the two rums at
different dump densities, and an improvement in the statistical error
by a factor two, This precision will allow a decisive test of whether

the presently observed asymmetry is real or not.

The problem in the determination of the prompt v flux 1s possible
proton beam scraping upstream of the dump, since the secondaries produce
Uu only. In the 1979 beam dump run, the non-prompt vu flux was in—
creased by 5% due to some beampipe windows and beam monitors upstream of
the dump. The effect of these materials are taken into account in the

analysis,

Suppose, the proton beam has a loss of 1073, with a decay path of
20 m, as compared to the typical decay path of 20 cm in solid copper.
This increases the non-prompt background by 10%Z, and amounts to a 207
correction of the prompt vy flux, since the prompt vy flux is about
one third of the total uu flux. Since such a correction cannot he

made reliably, proton beam losses have to be kept below the level of 1074,

In the 1979 heam dump run, ionization chambers have been installed
along the evternal proten beam in order to have an experimental check on

proton beam scraping. It is believed that this was done correctly.

The imprevement in the monitoring of proton beam losses, the impro-
vement in the normalization of the preton fluv, and the improvement in

statistical accuracy are the central aims of the proposed new experiment.



DETECTOR

The unique properties of our detector are its large fiducial target
mass (500 t of iron) and its excellent muon detection and measurement

capability. Both features are indispensable for a precise determination
()
u

cof the prompt flux by measuriﬁg cCp  and CCu* events,

Our detector will also give a more precise value for the prompt

e
expected level of neutral current events. However, no positive identi-

(;)
e

Vo oV flux by measuring the excess of muonless events above the
fication of induced CC events on an event to event basis will

ever be possible in our detector,

We plan to use for the new beam dump experiment the improved version
of the WAL detector?). This version provides essentially the same
fiducial target mass, but due to a finer sampling an improvement in the
hadron energy resolution and in the reconstruction of the muon momentum

will be possible.

BEAM CONDITIONS

In two earlier documents submitted by the BEBC group {(CERN/SPSC/80-
34, SPSC/P143) and the CHARM group (CERN/SPSC/80-31, SPSC/P142) it has
been prbposed to locate the dump at the end of the decay tunnel of the
SPS neutrino facility. This location increases the geometrical accept-
ance of the detectors by approximately a factor four, reducing the
statistical errcr by a factor two with the same 1,108 protons on the

target as compared to the 1979 beam dump run.

Together with the new geometry, we consider 1.1018 protons suffi-

cient to give a statistically decisive answer on the question of the

s

equality of the prowmpt Ve and v, fluxes. The question of the
asymuetry of the prompt vu and vu fluxes should”also be resolved by
the reduction of the statistical error by a factor two. Of the reques-
ted total of 1.1018 protons, about 30% should be used on the 1/3

density dump. A third dump of 1/2 density will be prepared, but it
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should not be used for neutrinc detection, but for measurements of the

muon flux only.

Qur request for 1.1018 protons is in contrast to the request of
4,108 protons from the BEBC and CHARM groups. We think that the:
allocation of protons after the SPS shutdown has to be seen in the
context of the whole neutrino programme. We have a strong interest in
the precision determination of the nucleon structure functions in high
energy marrow band beams, with a reaconable share of protons. We
believe that the requested number of 1,101% protons should answer all
questions opened up by the 1979 beam dump run. In the event that the
analysis will show the need for more than 1.10'® protons, the SPSC

could still allocate more protons at a later stage.

Both the 1977 and 1979 beam dumps have worked with 400 GeV protons.
Since the SPS is scheduled for 450 GeV operation in 1982, we consider
it preferable to use 450 GeV protomns in the next beam dump run. One
expects several factors to increase proportionally to the proton enexrgy:
the amount of charm production {(=E), the geometrical acceptance of the
detectors due to the increased longitudinal momentum of the secondaries
(«E2), aud the neutrino cross section (=E), yielding an EY dependence
of the rates. The gain from 450 GeV over 400 GeV amounts to a factor
1.6. More important, in our opinion, is the possibility that if in
fact there are new and not vet understond phenomenae at play, higher

energy may increase the effect,

In order to keep proton beam losses under control, ionization
monicors with full azimuthal coverage will be placed along the whole
external proton beam line. 70 p thick Alu foils will be put 20 m up-
stream of these ionization monitors, in order to sense beam losses down

to the level of 107*. A second beam current transformer, operated by

the physics groups, will be installed,

The pressure in the decay tunnel has to be decreased considerably
below the typical present level of 0.2 Torr. In order to keep the in-
crease of the non-prompt vp flux due to proton—gas intaractiouns at the
17 level, a decay tuanel pressure of 0.05 Torr is needed. This can be

achieved by inscalling a plunger pump with better pumping capacity.



TIME SCALE

We propose to carry out the new beam dump experiment as socon as
450 GeV protons from the SPS are routinely available, We expect this
at the beginning of 1982. We consider the improvement in the signal
to background ratio due to 450 GeV protons sufficiently interesting
that we are prepared to accept the half year delay with respect to the

earliest possible start immediately after the shutdown.
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FIGURE CAPTIOQONS

Figure 1 : CCp rates for Etct > 20 GeV from the BEBC, CDHS and
CHARM groups as a function of the inverse dump density.
" The rates are normalized to 1.10'8 protons and 1 ton
of detector at the position of the CDHS apparatus. Also
shown is the predicted rate from the non-prompt w, K

decay background (Ref, &).

Figure 2 ¢ Aé distribution of all oppesite sign dimuon events with
muon momenta above 5 GeV. A¢ is the azimuthal angle
between the two muons, projected onto the planme perpendicular .
to the incident neutrinoc momentum. The dotted line repre-
sents the Ad distribution of a larger sample of dimuon

events recorded in a narrow band neutrinc beam.
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Fig. 2
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