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ABSTRACT

This experiment aims to settle open questions in the production of
electrons, muons, and neutrinos. Prominent among these are e/p
universality, anomalies in the production of single leptouns, the
contribution of charm decay to lepton pair (Drell-Yan) production, and the
"anomalous” low mass pairs. The experimental design optimizes the
combination of electron identification, muon identification, missing energy
measurement (for neutrines), and vertex determination, thus allowing a
general survey of single and multi-lepton production.
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INTRODUCTIGN

We propose an experiment to measure single charged leptons (e,u) and
pairs (ee, HUY, He) produced in pN collisions at the SPS. In addition
to charged lepton detection, measurement of the missing energy will provide
information on energetic neutrinos, and measurements of secondary vertices
will produce important information concerning the charmed, prompt, or other
sources of such leptons. We expect to be able teo test e—J universality
to the few per cent level, and detect sources of single leptons at the
level of a few per cent of the charm contribution for electrons, and at the
level of 30% for muons. Good background rejection will allow us to study

like-sign as well as unlike-sign pairs.

Powerful detectors are required to achieve thils background rejection.
The proposed experiment employs novel techniques in triggers, transition
radiators, fast high resolution calorimetry, high resolution drift chambers

with enhanced multitrack capability, and silicon vertex detectors.

In Section 2 we discuss the physics motivation for this experiment,
in Section 3 the apparatus is reviewed, and in Section 4 the experimental
procedures are described. A discussion of some specific physics toplcs is
given 1n Section 5. A detailed description of the various detector

components is given in the Appendices.

MOTIVATION
2.1 Anomalous Single Leptons

More than ten years have passed since the direct production of leptons
was discovered at Serpukhov, Fermilab and the CERN ISR [1]. At the time
of their discovery, 1t was assumed that they originated from a new kind of
physics. Today we know thatfa substantial fraction of them comes from the
"new physics” as the term is usually meant: the production of charm and
beauty, both open and hidden. Since one is perhaps permitted by the data
to suppose that they all originate that way, the sense of urgency has gone
out of the effort to understand lepton production in a manner which would

withstand a modest quantitative scrutiny.




This situation is illustrated in Fig. 1 which shows measurements of
e/m [2] (always excluding low-mass pairs from photon comversions and
meson decay). The curves shown are predictions for inclusive leptons from
hypothesized sources. For example, at high lepton Py the measured
values are mostly accounted for by leptous from J/y, Drell-Yan, and T

decays. At lower Pr (less than 1.5 GeV/c) the gituation is more

gonfused. The major component of these leptons is often assumed to
originate from the decay of charmed particles, particularly the D, or
alternatively the measurements are used to evaluate the charmed particle
cross—section. There are, however, order of magnitude inconsistencies
between lepton measurements and the direct charmed particle cross—sections,

and large discrepancies in the experimental results on single leptons and

U-electron correlations [3].

The rise in e/mw for Pp < 0.7 GeV/c is difficult to explailn
assuming Dalitz decays have been correctly subtracted, although part of the
rise may be ascribed to the anomalous pairs discussed in section 2.4. It
has been seen in several experiments, and seems to reappear in production

by V's (see section 2.3).

Experiments at higher p, at FNAL have shown that some of the leptons
are assoclated with missing energy, as expected from semi-leptonic decays,
-but the resolution and backgrounds only allow statistical conclusions.

Universality in e/p has been checked to the level of 30% in this region.

Past experience has taught us to regard situations such as this with
suspicion, and recently several experiments have pointed to this subject as

being of the highest interest.

2.2 Beam Dump Experiments and e/U Universality

The results of the third round of CERN beam dump experiments have been
"reported recently (K. Winter, 1983, Cornell Conference), and are given in
Table 1. The most significant deviation from universality is found by the

CHARM collaboration, which reports the ratio of the number of events due to

+0.114+0.07
electron and mucn neutrinos, ve/u to be 0,57_0.10n0.0? [43.

w
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According to conventional ideas, most of these promptly produced neutrinos
should come from D meson decay. There are no direct measurements of the
e/l ratio in D decay from the electron storage rings because of the
difficulties of muon identification at low energies. In high energy e+e_
experiments estimates of the ¢ + £ and b > £ branching ratios have

been derived by fitting the Pp distribution of the leptons. However,
several other parameters (notably the fragmentation functions) are relevant
to the fit, and so the systematic errors are large. The most recent
estimates {5] are: MARK IT ¢ + e : 6.3 * 1.2 * 2.1%, and

MARK J ¢+ p: 11.5 = 1,0 * 1.7%.

A value of ve/vu < 1 was actually predicted by Volkov et al. [6]

in an attempt to understand the measurement of a longitudinal polarization

in direct muon production {7]. They, Barger et al., and Berger et al.
{8]; have pointed out that such an effect could arise in heavy quark decay
if the emission of a virtual charged Higgs meson is appreciable (Fig. 2).
The tendency of the Higgs to couple to massive particles gives the effect
of muon dominance and ensures that the influence on light quark decay will
be small, but the couplings must be rather special to be comsistent with B
and T decay. These ldeas seem worthwhile to follow up by a precise

experiment specifically comparing electrons and muons from D decay.

2.3 Like~sign Lepton Pairs in Neutrino Experiments

While unlike-sign di-lepton production in neutrino interactions is
well understood aé charged current production of a single charmed particle,
the situation is confused for like-sign di-leptons which have been observed
in calorimetric neutrino experiments [9] (U pairs), and in heavy 1iquid

bubble chamber experiments [1l0] (pe pairs).

These like—sign di-leptons could come from producticn of a charmed
particle pair, which should be rather similar to associated production in
hadron collisions. It has been concluded, however, that these leptons do
not originate from this mechanism. Firstly, their rate seems too large.

A further check, which is potentially decisive, is to compare the number of

strange particles in like— and unlike-sign dileptons with the number



observed in ordinary charged current events. Whilst the unlike-sign pairs
show a clear excess, as expected from charmed particle decay, the like-sign
palrs do not. The conclusion ig that for the like—sign pairs one lepton
arises from the charged lepton current and the secbnd comes from the
hadronic vertex, but not from a charmed particle decay. However, the

statistical evidence is not definitive.

The experiments agree that the characteristics of the "decay” lepton
are very similar to those of a typical pion produced 1in a neutrino
;nteraction, which tends to indicate that the effect, if real, has nothing
to do with the properties of the weak current, but is a property of a

hadron jJet. For example, Fig. 3 shows e/m as a function of the Py of

slectrong from neutrino Interactions in neon [11], with respect to the rest. "

of the hadrons. This distribution 1s superimposed on the p,
distribution of electrons at the ISR from Fig. 1. Since the e/m ratios
are energy dependent for both p-p and VN interactions, the agreement in
magnitude must be fortuitous, but the gimilarity in shape 1s striking, and

the other kinematic variables tell the same story.

2.4 Anomalous Sources of Lepton Palrs in Hadronic Collisions

The well-understood sources of lepton pairs are nearly real photons
internally converting, vector meson decays, and annihilation of quark-

 ﬁnliquan prtra In the Drell=-Yan domain.  Other sources are known to

erlat, Lhough Che r-xpnr'lmm:iﬁl Information 16 very fricomplete. ‘

The so—called "anomalous” lepton pairs were observed in a FNAL

 Wty” experiment {12], which found an excess of pairs below the p,

compared to those expected from Dalitz decays of n and w®. This has
been confirmed by several low energy experiments [13]. They have been
interpreted variously as thermal radiationm, internally converted hadron and

quark bremsstrahlumg, or non-perturbative quark annihilation. The energy
dependence of their production is not well known- It has been argued that
they constitute a valuable tool for understanding non-perturbative dynamics
[14}, and the proposed experiment will put this idea to the test by

studying thelr production in high transverse energy, ET: events.




Another source of 2t4” pairs is the semi-leptonic decay of
both members of a DD pair. gince essentially all lepton palr measurements
are inclusive, this source has long been known O contribute to these
measurements, but 1t has usually been supposed to be negligible. Lack of
knowledge of cross—-sections and production mechanisms has discouraged
attempts to make quantitative analyses, but recently some information has
become available. Fischer and Geist have made a very interesting analysis
[15] with the gomewhat surprising result that reasonable p-D cross-sections
explain all of the L¥4” production in p~P coliisions from masses of 2 GeV to
over 3 GeV or perhaps much higher, depending on tails of the Py distribution
of the D and possible B production. Measurements of the direct lepton pair
cross—section {that 1s without ¥ emission) are clearly necessary in order to

place the pN prell-Yan measurements on 2 sound basis.

3, APPARATUS
3- 1 Alms

The considerations of the previous sections have convinced us of the need
for a comprehensive study of the origin of charged leptons, neutrinos and

neutrino-like objects at the SPS.

The way to carry out such a study is to measure, under as uniform
conditions as possible, all the relevant reactions and quantities. This
approach requires the use of the following tools, some of which have hardly

been employed at all up to now, and never in conjunctions

i) Reliable lepton jdentification and charge determination with background

at the few percent level.

i1) Simultaneous measurement of electrons and muons, both to check

p—electron universality and to exploit the very powerful p—electron

correlations.

1ii) Efficlent recognition of palrs of charged leptons, &0 that singlg charged

leptons may be recognized as such-



iv) Of the greatest importance: neutrino measurement (by missing momentum
and energy) at the very best accuracy that the techniques and the

practical considerations allow.

v) Secondary vertex measurement to allow a completely independent check of

the portion of the leptons and neutrinos ascribed to short-lived
particles on the basis of the other measurements, and hence to separate

prompt, strange, and charm signals.

vi) Ability to trigger on high transverse energy events in order to obtain a

separate picture of direct lepton production under these circumstances.

vii) Elimination of lepton background at the trigger level. .
These elements are realized in a spectrometer with the layout shown in Fig. 4.
Much of this apparatus already exists at CERN. The various detector

components are described in more detail in Appendices A-E.

3.2 Detector Components

The apparatus consists of four major components. The Target-Vertex

Detector system includes the small target and a silicon detection and
trigger system. This 18 followed by two spectrometers with lepton

identifying components. The compact Electron Spectrometer utilizes

special drift chambers with high multitrack capability, a “"weak field" ‘-
magnet, transition radiators and fast high resolution liquid argon

calorimetry. It i1s surrounded by a Hadron Calorimeter, for accurate

weasurement of missing energy. The Muon Spectrometer comprises a magnetic

spectrometer and hadron filter. The information from combinations of
these components provides the selective triggers anmd messuremsnt canzhilinT

necessary for the operation of the experiment.

1) Vertex Detector: The 450 GeV proton beam is focussed on to a beryllium

target 30 microns in diameter and 20 mm along the beam direction.

The target will see 10° protons per second and produce interactions
at a rate of 50 KHz. Its size is matched to the precision of vertex
measurement by the silicon detectors, essential for reconstruction of
secondary vertices. There are three planes of silicon detectors with

position resolution of 10u, and an additional plane subdivided into “pads’

which is used for vetoing photon conversions at the trigger level, and 1s:

asecantiasl ramrnnnant Af tha afrnela alantkeran +frdannte famn Cantb AT N




ii) Electron Spectrometer: The high precision (individual measurement

resolution 80H) of the multitrack drift chambers results in a
momentum measurement §p/p = 0.001 p (GeV/c) in the “weak field"
magnet (0.5T x 1lm)}. The low field integral allows tracks in the
Vertex Detector - Electron Spectrometer system to be treated as
approximate stralght lines for fast trigger purposes, which is a
necessary condition for an effective veto of photon conversions by
pulse height in the silicon pads. The 8-layer transition radiation
detector utillzes cluster readout providing a factor 2000 in hadron
rejection. The 15 x 15 mm? towers of the first two floors of the
liquid argon calorimeter are 8 and 12 radiation lengths deep,

respectively, providing a further factor of 200 in hadron rejection.

- 1ii) Hadron Calorimeter: The calorimeter system {composed of uranium—

scintillator modules, the uranium liquid argon calotrimeter and a
calorimeterized iron magnet), is 10 absorption lengths in depth on the
beam axis, decreasing to about 4 absorption lengths at large angles,
and is designed to achieve a resolution of Op/E = 0.28/VE(GeV), or
about 1.3% at 450 GeV. This will provide essential information on

the neutrino spectrum associated with lepton production.

iv) Mucon Spectrometer: The threshold for muons to penetrate the total

absorption length of the filter is 3.5 GeV. The magnet of

(1.7T x 2.5m) combined with the position measuring chambers allows
another mucn momentum measurement, more precise by a factor of 5 than
.J. the Electron Spectrometer. This is important in this “open geometry”
muon detection, as tracks In the y-spectrometer can then be matched

to upstream tracks by comparison of momenta (See Section 4.2).

A more detailed description of these components is presented in the

Appendices.
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4, EXPERIMENTAL PROCEDURES TO SELECT LEPTONS

The primary aim of this experiment is to obtain very pure samples of

each of the following processeas:

A Single electrons (e)

B.  Single muons (|}

c. Missing energy trigger (neutrinos)
D. Electron pairs {ee)

E. Muon pairs (up)

F. Electron—muon pairs (ep)

G. Lepton neutrino pairs (Lv)

We expect to obtain sample sizes of > 20 K for singles, and > 3 K

seml-leptonic decays of DD pairs.

The experimental problem is simply stated:
- Select leptons (rejecting hadrons)
- Reject background leptons

{e.g. photon conversions, 7, K leptonlic decays).

Obviously single leptons pose the more difficult problem; if we can
measure singles, then, a fortiori, we can measure the pairs. Accordingly,
we shall concentrate on our strategy for obtaining samples of the required

size and purity for single electrons and muons.

4.1. Single Electrons

Electron identification at the trigger level.

The single electron trigger begins by demanding a localized energy
deposition above some threshold, Egh’ in the liquid argon
calorimeter. The fiducial region of the trigger is 6 < r < 30 em at
the calorimeter face, where r is the radial distance from the beam. This
corresponds to an angular coverage of 1.2% < 8 < ¢°. The position of
the shower centroid in one projection is then matched to a signal from the
8 layer transition radiation detector (TRD). Oune can expect a rejection
factor against hadrons of 200 from the calorimeter and 2000 from the TRD,

giving a combined rejection of 4 x 107 at 5 GeV, improving with energy.
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Monte-Carlo studies [16], generating events with a multiplicity 50%
higher than the average "minimum bias” multiplicity, show that the event
rate from such a trigger is dominated by photon conversions. This is
shown in Fig. 5a for an interaction rate of 5 x 104 sec*l,

corresponding to 100 PpPs on our target. Note that, for charged hadrons,

we have assumed a rejection at the trigger level of only 104 in the Monte

Carlo.

Rejection of conversions at the trigger level

In order to reduce this rate, the second stage of the electron trigger
uses the calorimeter signal and the target centre to make a straight line
interpolation to a silicon pad detector situated 15 cm from the target.

The basic idea is to reject events in which the selected pad has either no
signal, corresponding to a converslon downstream of the silicon and before
the TRD, or a twice minimum {fonizing signal, corresponding to a conversion
before the silicon detector. Since the electron trigger relies heavily on

the success of this technique, we 1temize here the necessary conditions:

i} The ability to point to a small pad in order to minimize the chance of
an overlap with a charged hadron;

ii) The signal from a pad must be such as to allow very efficient
discrimination between 0, 1, and 2 partiéles, see Fig. 6. [17].

iii) The small pad size requires precise pointing from the calorimeter, a
small target and a relatively weak field in the region between the
silicon detector and the TRD, as one pad dimension must be big enough
to allow for the track curvature.

iv) The magnetic field between the target and silicon detector must be
sufficiently low to prevent pairs from opening up. We have no

magnetic field in this region.

The pad size has been studied with the Monte-Carlo simulation and
leads to a design in which the pad is relatively long in the bending

direction (4 mm) and short in the other dimension (0.3 mm).
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Using the silicon detector to reject events, the trigger rate is
substantially reduced, as shown in Fig. 5b. Comparing Figs. 5a and 5b ome
sees that the silicon detector 1s very effective at rejecting conversions,
which are reduced by a factor of " 30, but only mildly effective (factor
v 2) on 1% and n Dalitz decays which have much larger opening angles
of the pair. This rate 1s now acceptable for Egh > 5 GeV, and we
proceed to consider the further purification of the sample which is

performed off-line.

Off-line analysis using track reconstruction, missing energy, and

vertex fitting

The off-line purification is performed after track fitting. Monte
Carlo studies show that we can then expect a substantial rejection of w
and n Dalitz pairs by cutting on such quantities as the 2-particle
invariant mass. We also have available the informatlon from the 3 silicon
detectors not used in the trigger. The off-line hadron rejection will use
the full TRD and calorimeter information to improve this rejection to
v 106, Fig. 7 shows the et /7" background after this first stage

of the off-line procedure.

However, we have not exhausted the procedures at our disposal. If we
focus on D decay, which we expect to be a major part of the signal (at a
level v 3 x 107° in e+/n”), we can now use the total energy
measurement to select events in which there is large missing energy,

Ev, carried by the . A cut of > 15 GeV missing energy out of a
total of 450 GeV brings the total e/m background below 1070 at the
lowest electron threshold of 5 GeV (See Fig. 8). For Egh > 5 GeV,
Figs. % and 10 show the various contributions to e/®m as a function of the

threshold Pp. It should be noted that since the background decreases

with increasing electron energy, we can lower the Ev cut at higher Eg.

As a further handle on D decays we can search for a secondary vertex
resolved from the primary interaction vertex. Appendix B describes the
silicon strip detector which gives precise trajectories in one projection,
extrapolating tracks to the vertex position with ¢ % [(10)2 + (7{}/13)2]1""2 Hm
or about 15 um for trigger tracks. The 'projection plane' is

perpendicular to the silicon strip direction and contains the beam axis.
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We also take advantage of the very small target size, 50 um diameter,

which is equivalent to a 12.5 um standard deviation in the projected
distance perpendicular to the beam, comparable to the error on the

tracks. We can then take the intersection of tracks with the target to
represent the primary vertex, constraining it considerably better than in
previous experiments. For example, one track already determines the
primary vertex, so that a requirement of at least two tracks on the primary
vertex is sufficlent to provide a test of its accuracy. Also, the

well-ldentified lepton track is the only one which needs to be assigned to

a secondary vertex.

In the detailed simulation of charm particle production, using the
ISAJET Monte Carlo, we find that typically 10 tracks traverse the silicon
detector planes. These include decay particles from an assoclated pair of
chdarm particles as well as tracks from the primary vertex. Precise
measurement of these trajectories are used to test the hypothesis of a

single vertex.

A large X2 value for a single vertex hypothesis indicates one or
more secondary vertilces, and by successively removing tracks from the fit
we can attempt to distinguish the decay tracks from those which originate
at the primary vertex. Once the main vertex is determined, we can
calculate for each track projected on to the 'projection plane':

a) the distance, d, between the maln vertex and the intersection of the
projected track with a line through the main vertex and perpendicular to
the beam axis.

b) the distance, z, between the main vertex and the intersection of the
projected track with the beam axis.

Figs. lla and 11b show the d distributions for D° and D decays,
respectively. The small target size is clearly important. The average
projected miss distance, <d>, is 0.08, 0.15 mm for D° and Dt

decays, respectively. Fig. 12 shows the stretch function, xz’ for the

variable z, where X, = lz - <z>|/0<z>. These distributions illustrate the

sensitivity of our vertex system down to 10"13 sec in life times.
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In our simulation of charm events we find that > 60% of the trigger
leptons can be associated with the presence of a secondary vertex by this
technique. The remainder includes cases where both charm particles had
very short decay lengths, or unfavourable decay angles. The level of
charm particle recognition would be raised to " 75% if the silicon

detector planes had precise readout in two dimensions.

To summarize the single electrons, we have described a set of trigger
and off-line procedures which will reduce the background to a level well
below that of the expected signal. For the particular case of D decays we

expect to be able to reduce the remaining background to e/mw <3x 10_7 for

all E_ > 5 GeV.

4.2. 8ingle Muons

Muon identification at the trigger level

The 3.5 m path in the Electron Spectrometer, from the target to the
liquid argon calorimeter, used to identlify and measure electrons, is also a
long decay region for W + uv and K = pv. These decays constitute the
overwhelming background for the single y trigger. Note that in contrast

to electrons, muons deposit little enmergy in the calorimeter.

The first stage of the single g trigper is the requirement that a
particle penetrate right through to the back of the Muon Spectrometer.
The intervening material is 14 absorption lengths, and the punch-through
background 1s already negligible (< 10“5). The rate of such a trigger

for 5 x 10% interactions per second is > 103 sec_l

, which 1s much

too high. We reduce it using a combination of muon momentum measurements,
and missing energy as measured by the calorimeter. The muon momentum ig
calculated by a micré—processor using the proportional chamber information
before and after the muon spectrometer magnet. It should be noted that
these proportional chambers are downstream of 10 absorption lengths, and we
expect only 1 track in the u-spectrometer region in v 90% of events.

The rate as a function of the threshold momentum of the muon is shown as
the upper curve in fig. 13. The effect of requiring a missing energy

> 35 GeV 1s also shown. At high muon energy much of the missing energy

Inferred from the calorimeter is due to the muon itself. A more effective

q’
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procedure is to correct the calorimeter missing energy for the muon energy,
demanding that (missing energy - EU) > 15 GeV. In this way we

obtain a better approximation to the neutrino energy and acceptable single
muon rates, as shown in the lowest curve of fig. 13. = Furthermore, this

procedure parallels the V energy requirement used on the electron sample.

Off-line analysis

O0ff-line the purification procedure uses the track information
available from the electron spectrometer. We require a match in charge
and momentum as measured in the Electron Spectrometer and Muon
Spectrometer, allowing of course for the dE/dx loss of the U as it
traverses the 10 absorption lengths before the Muon Spectrometer. In
addition, we will be able to reject more than 90% of the X *+ yv decays
occurring in the Electron Spectrometer on the basis of bad track xz
{("kink rejection”™)}. The remalning background, expressed as u/charged

as a function of Y threshold energy, is shown in Fig. l4.

The use of the vertex information is more important for single muons
than for single electrons, because the neutrino energy requirement is less
effective. This 1s because of the large branching ratio for the Kuv
decay which readily gives energetic neutrinos. {The “uv does not.)

The acceptance of our detector for n?, p* leptonic decays is
{1lustrated in fig. 15 as a function of the threshold energy of the
lepton 1). The difference in acceptance between the e and U
decay modes is wholly ascribable to the fact that electrons are not
identified in the centre (r < 6 cam) of the liquid argon calorimeter
because of the very high multiplicity there. The effect of the missing
energy requirement on a DD sample 1s also shown in fig. 15. One sees that
a missing energy requirement E > 15 GeV will have an efficiency of .

% 0.5 for the accepted electron or muon sample.

H

The DD sample was generated by the following two diagrams: gg*cT,

qq*ct. We have conservatively assumed that there is no intrinsic charm in
the protomn. As a consequence the D's are centrally produced: Iyl < 2,
<pp> N 0.7 GeV/e.
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1If we assume that the D decay contributions to R/7 is % 3 x
10—5, the signal to background ratio, after correction for acceptance, is
expected to be 2/1 for efﬁ.and 1/3 for p/m.  The missing energy
Tequirement improves these ratios to 30/1 and 3/1, respectively. In
calculating these ratios we have used a threshold energy for the accepted

leptons of 5 GeV at <pT> v 0.3 GeV/e.

In summary, we have shown how we plan to trigger on single leptons at
acceptable rates. We have also shown that the off-line analysis can reduce
the background to a level comparable with the expected signal. The

background can be reduced well below the signal {f a missing energy

consistent with Ev > 15 GeV 1is required.

4.3. Missing Energy Trigger

The first level of the trigger requires only a missing energy > 30 GeV.
Figure 16 shows the'background trigger rate calculated by the Monte Carlo

simulation as a function of missing energy, Ev‘ We find that this

rate is dominated, for Ev> 20 GeV, by events in which the missing

energy is carried by a muon. It is advantageous to introduce a second
level trigger which subtracts from EU the energy carried by a high

energy muon measured in the Muon Spectrometer . The background is then
dominated by neutrinos from Kuu decay. If the experimental system
works as predicted, and there is no unexpected physical process, this
trigger will yield évents containing a charged lepton, most of which will
be selacted by the charged lepton trigger. The rates are then given by

the lower curve in fig. 1e6.

If we look for new physics, one limitatiom is due to the case where a
neutrino is produced with a charged lepton missed in the spectrometer.
This occurs about 10% of the time. Should there be an excess of events
with missing energy and no charged lepton, there would be a number of
physical interpretations: X + V9, B8USY particles etc. We have the
possibility of examining the associated particles produced in the event,

short-1ived particles, energy flow, etc. for additiomal clues.

¢In
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4.4. Pairs of Charged Leptons

As mentioned above, the capabilities of this apparatus to measure
single electrons and muons implies that pairs can be analyzed with reduced

background and/or more relaxed triggers and off-line cuts.

At the trigger level, acceptable rates for palrs can be achieved by:
electrons: TRD association with e.m. shower in the

calorimeter for Ee > 5 CeV

muons: Muon Spectrometer microprocessor momentum cut of
PH > 5 GeV/c and penetration of the hadron
filter.

The rates for charged lepton pairs are shown in fig. 17. These rates
are dominated by background from W and K decay, conversions, Dalitz

decays etc. The rate for p = u+u" is v 0.7 sec_l and for p + w *+ e+e_

is v 1 sec 71,

Although these rates are acceptable, we can imposé a missing energy

requirement of E > 15 GeV, correcting for muons as already

described, which reduces the rates by a factor of v 10 (see fig. 16).

Such a cut has little effect on the DD + di-lepton events, as illustrated
in fig. 18.

PHYSICS ANALYSIS

5.1. e/y Universality:

Charged lepton pairsg:

We consider first the case that the e/U non~universality indicated
by the CHARM beam dump experiment is due to unequal branching ratios of D's
to electrons and muons. Then the best way to observe the effect in our
experiment is to deal with opposite-sign lepton pairs, e+é_, eiu;
and u+uf. Because of the associated production of D's and the
relatively large leptonic branching ratios, there is a strong correlation
between the decay leptons which, combined with our good lepton
identification, causes the background to be very small in the unlike—sign
dileptons, even for uW'u~.  This can be checked by comparing with
the like-sign dileptons. The results of the experiment can be displayed
in a manner which is manifestly free from a critical dependence on

corrections from event simulation.



- 18 -

Let the probability of D+ u be Pu, and of D+ e be Pe'
Then associated production of D's will result in e pairs and p pairs

in the ratio:

Tl = PePe/PuPu'

The ratio of ey pairs te | pairs is PePu/PUPU’ and

hence

_ 2 _
T, = (PePu/PuPu) =T

Experimentally we shall consider the ratios:

- + £
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where the ratios and the numbers, N, of the various lepton samples taken
with the pailr trigger, with ne vertex or missing energy requirements, are
functions of the missing energy measured by the calorimeter, Ev. We

have argued that the backgrounds in the unlike-sign pairs are small, but we

subtract them, as estimated from the like-sign pairs.

For the Drell-Yan process or p, w, ¢ and J/{ decay, Ry = 1
and E = 0. For E,, = 0, R, should tend to zero. Given our
elaborate trigger and analysis procedures, the uncorrected R, (0) 1is mot
expected to be equal to one. Rather than trying to calculate a correction
factor with the required precision, we shall simply normalize KRl(O) =1
defining K. Provided we take care to match the kinematic distributions at

different Ev, e.g. the py, pp, and mgtg- distributions, and
glven that Ev is always a small fraction of the beam energy, we do not

expect the factor K to depend significantly on Ev. With our planned

samples of Ne+e— = N

Hu- = 2 x 10° for By, < 5 GeV, and
N+ -=N+- = Net i+

u

e'e TRV - 3 x 10°, for E, > 15 GeV, and small backgrounds,
the statistical errors on R1 and R2 should each be about 2%, corresponding
to a 1% error in e/p (= Ve/vy). If we find Ry = R, at
non-zero E - then that would be powerful confirmation that the various

unlike— sign palrs are indeed comlng from some source like DD.
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Tt may be that Vo # v, but the origin is not D decaf. In
that case we must consider further possibilities. Some of them will show

up in the above analysis. Note that the samples used in the above

analysis did not have the vertex cuts applied. If the events with Ev

> 10 GeV are dominantly due to D decay, as expected, the events will show

a very strong correlation with secondary vertices with the D lifetime. If

the Uefvu problem is due to the decay of some other particle, it

may well have a quite different lifetime, and that will be strikingly

evident. Generalizing this approach we would study Rl(zl) and

RZ(ZR)’ where zy is the projected miss distance along the beam

axls, described in section 4.1. Since 2y is zero for Drell-Yan and

vector meson decays, the normalization trick cam be used without reference
.Io neutrinos. This leads to a e/} universality test for particles with

ifetimes in the range 10710 gee to 10713 sec, independent of neutrino

energy.

Charged single leptons

If we see no effect in the pair analysis, the source of the beam dump
anomaly will show up in singly produced charged leptons, provided that each
charged lepton is associated with a v of the same flavour. We can use
the single charged lepton data sample to measure e/y, which is expected
to be 1 if there 1s no anomalous source. Our sensitivity to any anomalous
source depends on the lifetime and decay kinematics of such a source, for
which we have no meodel. We shall now consider the cases in which this

lifetime is comparable to the D lifetime, or much shorter.

secondary vertex (described in section 4) retalns 60% of the D's while

For the first case the requirement that the lepton come from a

reducing the background by a factor 15. After this selection, both the
single electron and single muons have backgrounds of less than 2%. The
statistical error on e/y is v 1%. The acceptance correction factor

for e/u is (K)l/2 to an accutacy of Vv 2%, where K is determined from
Rl(Eu = 0). The final error for é/u in this analysis is expected

to be v 3%. Hence we have a sensitivity at the level of a few percent

of D production for an anomalous source whose lifetime is > TD'
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For the second case, in which the Vv source does not have a
recognizable lifetime, one must work with the single lepton samples without
vertex analysis. One is limited by the background in the muon sample,
which 1s about 30% of the signal. This can perhaps be determined with a
relative error of 50% or 15% of the signal, by event simulation and
obserﬁation of cases like K° + 7w, 7 + uv as well as KUV decays
with identified decay vertices Iin the range 10_12 < T < 10_105.

This will then determine e/l with an error of about 15%.

No charged leptons

Finally, we must consider the possibllity that the anomaly arises from

a source which does not produce charged leptons, e.g. V. + ¥ , In

u H
order to produce the observed effect, this source would have te cccur at

about 50% of the rate of leptonic D decay with a simllar energy spectrum.
If it really produces two neutrinos, then, for our missing energy trigger
Ev > 35 GeV, it will account for the majority of the events. Given

that for D production with E, > 35 GeV we observe the lepton 90% of the
time, this case in which no lepton is produced should be readily

recognizable as an excess of leptonless events. Such measurements have
been made, in the guise of searches for production of supersymmetric
particles, but in our case the calorimeter resoluticn of 28%, almost three
times better than in the experiment of Bodek et al. [18], allows detection

at the level of D producticn, as shown in Section 4.3.

In summary, our experiment 1s sensitive to most mechanisms which could

account for “e/vu at the level found by CBARM, and would be
sensltive to much smaller deviations from universality for the more

conventional sources such as D decay.

5.2. Sources of Anomalous Single Leptons

We believe our good identification of leptons, particularly of

electrons, can contribute to our knowledge of the inclusive spectrum, which

is poorly known at low Py. More important, we can measure the missing

neutrinos and secondary vertices on each event. We thereby expect to see
if there really 1s a rise at low Pr, and to see how much is due to charm
production, how much to low mass pairs, and whether these are the only

S50uUrces.
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5.3. Studies of Anomalous Low Mass Palrs

OQur technique of momentum matching between the Electron Spectrometer

and the Muon Spectrometer allows us to measure muon pairs with good mass

resolution down to m = zmu. The trigger requirements on electron

pairs cut off the acceptance below a mass of 200 MeV/c?, In the range

200 - 500 MeV/cz, the n and w Palitz decay may make an important
contribution. This can be determined directly by measuring the assoclated
photon, which is emitted close to the momentum vector of the pair, in the
small towers of the forward calerimeter. Between 200 and 650 MeV/c?,

the indications are that there is an "anomalous” signal about 10 times that
expected from the tail of the p/w and hadron bremsstrahlung internal
conversions. The shape 1s nmot known quantitatively: 1is £t the tall of a
real photon component, or is there a broad peak around masses of

300 MeV/cz? This experiment should settle that question. We will also
measure the transverse energy, E;, assoclated with these photons. If
they can be interpreted as a kind of thermal radiation, they should be
associated particularly with the large number of degrees of freedom exéited
in such events, and may prove to be the best way tc characterize these
states. We may wish to examine a small amount of data on low mass pairs

taken with a heavier nucleus as the target and a high ET trigger.

5.4 Studies of High Mass Pairs.

We take "high mass” to mean the region above the p/uw. In this
region, particularly around 1I-3 GeV{cz, there is doubt as to the direct
pair production cross-section, because of the contamination from charmed
paticle decays. We have indicated in sectiom 5.1 how we plan to separate
these contributions. The result could well be that the Drell-Yan
cross—section explains the palr production down to lower masses than
previously thought. It could also be that the Drell-Yan contributicn to
the cross-section in the 4 GeV/c? region is lower than the presently
accepted values. In order to extend the mass region, we could accept
massive muon pairs produced In interactions in the liquid argon calorimeter
('beam dump'). These will include some secondary interactions, but they
will not interfere with the determination of the true pair fraction from

the missing energy measured in the calorimeter.



APPENDIX A

Beam and Target

We need a target of very small diameter for two reasons, to reduce the
photon conversions and to increase the effectiveness of secondary vertex
measurements. Both considerations point to a diameter of the order of 50 pm.
In order to have a reasconable targeting efficiency, the beam must be of

comparable size.

The emittance of the SPS beam, combined with the focussing power of
the standard quadrupoles, does not allow the full beam to be focussed to a
spot with diameter smaller than 300 um- However, we need only a very
small fraction of the full beam, so emittance slicing suggests itself.
Such a large reduction can only be achieved in several stages, however, and
only a few SPS beams have sufficiently flexible optics. The best
candidate is the H8 beam in the North Hall. A design has been worked out
by H. Atherton and N. Doble. This uses the existing beam with the
addition only of two new slits. It can provide more than 107
particles in a round spot with 0 = 30 pum. A clean-up focus is
provided so that the halo around the spot should be reasoﬁably small.
This is not so important in event analysis, but we want to minimize
radiation in the silicon. Experience with beams with 100 pum vertical
dimension in the North Hall gives no evidence of proﬂlems with positional
stability over periods of the order of a day.

The target itself will be a wire supported by a spider on a frame with
the well-aligned silicon detector. This will also carry a small tungsten
collimator, ID 400 ym, OD 5am, length 36 cm, to protect the detectors in
case of beam miss—steering. It is preceded by a fixed collimator with a

3 mm aperture.

¢
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APPENDIX B

Vertex Detector

The vertex detector is a set of three planes of silicon strips, and
one plane with pad readout. The polar angle coverage is 8° and the strip
planes are at 100, 125 and 200 mm from the centre of the target, and the

pad plane is at 150 mm. The thickness of each 1s 300 pm.

The pad plane is vital to achieve a satisfactory trigger rate for
electrons, by eliminating the overwhelming majority of the photon conversions
and a significant fraction of i{nternal conversion pairs by demanding a single
particle at the position predicted from the observation of the electron in
! the calorimeter and the TRD (see section 4.1). The size of the pads is

. adapted to the accuracy of this prediction, and is 4.0 mm in the direction
perpendicular to the magnetic field in the electron spectrometer magnet and
0.3 mm along the magnetic field. The detector capacity is evidently quite
small, and the resolution is determined by ionization fluctuations-. A
recent measurement in a silicon detector of the same thickness is shown in
Fig. 6. The trigger window would be set to give é single electron
efficiency of v 90% and rejecting > 99% of pairs contained in the pads.

The silicon strip planes contain an array of strips parallel to the
spectrometer magnetic field. (A development is underway to see if it is
practical to provide an orthogonal array of strips on the opposite face of
the same silicon wafer). The spacing of the strips near the beam axis is
h . 80 ym, fixing the particle pair resolution at 160 um. The central
strips are broken into two halves, independently read out; by a 400 pm
diameter hole which allows the beam to pass through without interacting oT

causing radiation damage. The effective diameter of the dead area is 1000 pm.

The particle position between strips is interpolated by charge division [19].
Prototype detectors have been studled using a micro—beam of 3 MeV protons
to establish the comstruction techniques. The differential linearity

achieved in this technique provides 5 pm accuracy in a fully depleted detector.

The detector and the target will be mounted on a ceramic frame with
relative alignment by optical means to an accuracy of 3 ym. This
assenbly needs to be aligned parallel to the proton beam axis with an
accuracy of 0.5 mrad, which should not be difficult since the whole

aperture of the last quadrupole as seen at the target 1s about 2 mrad-.
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APPENDIX C

Electron Spectrometer

It is the task of the electron spectrometer to momentum analyze the
charged particles, and to track electron candidates from the Si-detector to
the transition radlation detector and the electromagnetic calorimeter.
Electron identification 1s provided in the elight-layer TRD and the electro-

magnetic front section of the calorimeter.

The compact size of the spectrometer and the weak magnetic field

(/Bd1l = 0.5 Tm) determine the required performance of the tracking

chambers. Adequate momentum resolution, Ap/p < 10_3p (GeV/c) .

implies a spatial resolution of ¢ < 100 ym. A more severe criterion
'is imposed by the particle density in the interesting events. Based on
Monte Carlo studies we estimate that the corresponding two-track
separation, A, has to be less than v 600 um to keep the loss of
unreconstructed tracks at the 5% level. These two performance criteria
are very severe for present day technology, and place the required track

detectors in the vertex detector category.

The following parameters have to be suitably controlled to achieve
this performance [20]:

~ use of a "cool” gas, e.g. COZ’ to minimize diffusion;

— an isochronous drift chamber geometry to minimize drift time

differences from different track-segments projected onto the same ‘D

sense wirej

= suitable pulse shaping [21] to minimlze the effect of the positive

lon tail.

We have constructed a small prototype chamber and tested it with laser
pulses and in the high-rate environment of the ISR to study the practical
realization of such a detector (See Fig. 19). The chamber was operated

with 100% €O, at STP, and gave the followlng performance [22]:

=]
Il

90 um for a drift of lem (Fig. 20).

=
I

600 pm (Fig. 21).
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30 The mechanical realisation of such a chamber, which is based on the
successful method employed for the AFS vertex detectors, allows scaling to
larger dimensions without deterioration 1in performance. We are presently
computer optimizing the settings of the electrical potentials, evaluating the
choice and operating conditions of the drift gas, and considering other

chamber geometries with a potentially even better performance.

The principal contributors to this successful development were
P. Frandsen, P. Queru, E. Rosso, A. Rudge, and D. Soria-Buil and we expect
that these people will be available for the preparation of the full size

chambers.

) The ‘sense wire geometry considered 1s sensitive to one side only and

.nem:e eliminates any problem of left-right ambiguity. Longitudinal
coordinate information is obtained with small angle stereo of 5°. For
best - and K~decay recognition high resolution along the magnetle field
direction is also necessary. This is easily achieved by alternating the
drift chamber modules by 90°. The “"super module” therefore will be
equipped with eight sense wire planes, oriented along x, x + 6k} u, u +
Su; y, vy + 8y; v, v + Sv. We envisage for momentum measurement
purposes to install four such super modules before and four behind the
dipole magnet. The momentum resolution which can be achieved with such a
spectrometer configuration is calculated to be Ap/p < 10“3p (GeV/c),
not inciuding the multiple scattering (m.s.) contribution evaluated to be
Ap/p = 1.5 x 10-2. Limitations are likely to arise from incomplete

.knowledge of systematice co.rrections, although for several years we have
practised laser calibrations of drift chambers. We allow for some

degradation and estimate Ap/p = 10“3p (GeV/c) + m.s. contributions.

The dipole magnet is of conventional comstruction, with a cos B
current distribution in normal-conducting coils, integrated with the
magnetic calorimeter. We prefer a design with moderate power consumption
and conservatively consider therefore a magnetic field of 0.5 T over the
length of one metre. The instrumented "nose"” of the magnetic calorimeter
1s sufficiently long to shield effectively the magnet coils, thus
preventing any loss In acceptance. In a similar way the support frame of
most of the tracking chambers can be located outside the nominal
spectrometer acceptance, again shielded by the nose-~calorimeter. Only the

small most forward chambers will require a more careful integration.
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The Transition Radiation Detector {TRD)

The transition radiation detector is designed to achieve sensitive
discrimination between electrons and plons (e/m < 10"3 to 10"4) for

electrons above p 5'GeV/c, already at the first level trigger stage.

Such designs have become practical with the development of the TR-cluster
counting method. In this method the separation between the ionization

- energy loss and the localized energy deposit, caused by the absorption of

' TR-photons, is enhanced by analyzing the time dependence of the induced
.charge signal on the anode wires of a MWPC-type TR-detector. In its
simplest and most powerful form, TR~cluster counting is achieved by
counting the number of localized energy deposits (recognized as a fast
current pulse) above a certain fixed threshold. This can be achieved with
rather conventional preamplifier/discriminator circuitry and is the basis

for electron discrimination and triggering. For additional discrimination

the position of the electron candidate as measured by the TRD is spatially
correlated with electromagnetic showers in the calorimeter (see Appendix F

"Tripger").

We have studled a number of radiator/detector combinations with a view
to optimizing the electron/pion discrimination, while keeping the overall
length small and the total amount of radiator material tolerable [23].

Various materials are being considered as fadiators. Our quoted
rejection is conservatively based on the use of carbon fibres, although a
somewhat better performance can be expected by using polyethylene fibres

(M. Holder, private communication).

3
3

ol
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APPENDIX D

Calorimeters

We plan to measure the energy flow as well as possible to obtain
accurate information on the produced neutrine or neutrinos. Most of the
energy in typical events is of course contained within the cone of polar
angle 6° subtended by our forward calorimeter, and that device will be
described first, but our event simulations show that coverage of large
angles is also necessary to measure the tails on the missing energy and

missing transverse momentum distributions.

Uranium~Liquid Argon Calorimeter

The forward calorimeter should deal with a rate of 1 MHz of beam
particles in a small spot, while measuring the energy with a precision
approaching 1%. We also wish to measure the transverse centroid of the
energy flow with good precision in order to determine the Py of a missing
neutrino. Finally, the electron showers must be detected cleanly In a
high multiplicity environment. These requirements demand a design with
fine sampling and fine gralned segmentation in all three dimensions, while
preserving a good uniformity. The best way to achieve these aims {is with
a liquid argon ionization chamber readout. The resolution desired for
incident hadrons requires the use of a uranium absorber. The short
response time needed implies some innovations in the deslgn of the liquid
argon readout, and some prototype work has been done to verify the

feasibility of the design.

The unit cell of the calorimeter is a 1.75 mm plate of uranium,
followed by a 1 mm gap of 1liquid argon, a 1 mm printed circuit electrode,
and another 1 mm of liquid argon. The liquid argon gap is maintained by a
plastic honeycomb spacer of cell size about 10 mm, a technique we have used
in large devices previously. The electrode structure'coﬁsists of towers
in the first 20 radiation lengths, subdivided into 8 and 12 radilation
length sections. The towers are 15 x 15 mm?. The remainder of the
calorimeter, 4.5 absorption lengths long, is segmented in 15 ma wlde
strips, interleaved in orthogonal projections. It is divided into four
longitudinal sections. Each longitudinal subdivision 1s further divided

in the readout into two independent interleaved outputs, in order to
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provide a cross-check of calibration faults and other detector
malfunctlons, or rare extremes in sampling fluctuations. In this way, we
expect that the resclution function should remain Gaussian into the tails
where the energy carried by penetrating particles (muons) starts to

dominate, as discussed in the main text.

The fast response time can be achieved with attention to low
inductance connections, use of liquids faster than pure liquid argon, and
careful shaping of the signals. Mock-ups of the calorimeter and its
connections have been bullt to confirm their suitability for transmission
of fast signals. The 1iquid to be used is argon plus 1% methane, which
gives a saturated mobility three times that of the pure liquid. Such
mixtures are more sensitive to electronegative contamlnants than pure
liquid argon. We have studied the purification procedures necessary to
retain the same (or slightly higher) charge signal as in liquid argon.

More careful control of construction materials than in the usual case seems

to be necessary.

The shaping we plan to use 1s approximately a bipolar Gaussian with
each lobe 50 ns long. This implies cancellation of some of the charge
collected, and is possible in our case because of the small fluctuation in
the shape of the signal current, and the relatively large energy being
measured compared to the noise, which is estimated to be about 1.5 GeV for

the whole calorimeter.

Our measurements in a calorimeter with the same plate thickness and
ratio of liquild argon to absorber gave a resolutlon on contained energy of
UE/E = 0,28 Eml/2 (GeV), i.e. 1.3% for 450 GeV. We have found that
calibration and uniformity can be better than 0.3%, which will be verified

directly by means of the interleaved readout.

Uranlum—-Scintillator Calorimeter

The 1iquid argon calorimeter is by no means deep enough to contaln
such a high energy cascade. About 10% of the energy will leave the back
of the calorimeter and pass into an array of our uranium-scintillation
calorimeter medules. These have a resolution, for fully contained enetrgy
as Iin this case of Op/E = 0.345_1/2. The errors of uniformity and
calibration are about 1.3%, and they do not have the required spatial

segmentation to function as the main calorimeter, but they are adequate to
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measure the leakage from the front calorimeter without degrading the
overall result, and a great economy is made by using them. The total
thickness of this array is 5.5 absorption lengths, and that of the whole
absorber is 10 absorption lengths. Events will be discarded where the
energy in the last two absorption lengths is more than 5 GeV. This should
ensure correct measurements of missing energy, and a clean pattern in the

muon spectrometer.

Our Monte Carlo simulation indicates a precision on the transverse
momentum balance of about 0.3 GeV/c. We have no experimental verification
of this number, and we have not used it inm our description of the
procedures we expect to follow. Clearly, if the actual numbér is at all

ar this prediction, we will ﬁave another powerful tool for measuring
‘utrinos, and we intend to ensure that this error is as small as
possibie. The simulation shows that this error particularly, as well as
the tails on the missing total energy, are gsensitive to the measurement of
energy emitted at large angles. Accordingly, we have provided for a large

angular coverage with essentially no cracks.

Calorimeters at Large Angles

There are three elements in this coverage: the small "cone
calorimeter” shadowing the dipole coils, the calorimeterized iron in the
dipole itself, and the uranium—scintillator modules covering the large
angle region. The cone calorimeter covers polar angles between 6° and
B.6°. Its 50 cm of Cu absorber 1s read out with silicon wafers to give a

.esolution of Op/E = 0.7 EHl/Z_, segmented in 24 azimuthal towers.
Between 8.6° and approximately 16°, the energy is measured in the iron of
the dipole by scintlllators inserted in slots separated by 2 cm of iron and
read out by wave length shifter bars, with resolution of GE/E =
0.8E_1/2. Much of the energy will pass through the exterior surface of
this iron and be measured 1n the uranium calorimeter which surrounds it.
This is composed of our existing uranium-scintillator modules, with

-1/2

resolution 0L /E = 0.37/E covering angles up to 90°.  The angular

region from 9° to 49° is also covered by an array of Nal crystals, largely
from experiment R808, whose function is to measure photons from large Er
events, in correlation with anomalous lepton palrs.
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APPENDIX E

Muon Spectrometer

We propose to use the existing NA3 spectrometer as our mucn
spectrometer. Qur forward calorimeters replace the previous dump by
providing 10 absorption lengths of active beam dump and hadron filter. We
sumnarize the relevant features of the NA3 spectrometer in its unmodified

form and indicate a minimum configuration.

Unmodified NA3 Spectrometer [24}]

The general layout 1s shown in Fig. 4. The large acceptance magnetic
spectrometer has a momentum resolution of Up/pz = 0.,02% and consists
of

~ a large superconducting dipole magnet with vertical field
(1.7T x 2.5m) in an air gap of cylindrical shape of 1.6 m
diameter. .

- a set of seven multiwire proportional chambers ranging in size
from 0.3 x 0.3 m? up to 4.2 x 4.0 m?, coverlng vertical
angles from £ 6 nrad to % 165 mrad. (These chambers formed
the basis of the NA3 large pp or large dimuon mass trigger).

- a pretrigger determined by three planes of horizontal strip
counter telescopes: Tl, T2 and T3. The last two hodoséopes cover
vertical angles from * 6 mrad to + 155 mrad.. The pretrigger
requires at least 2 particles in the coincidence T2, T3 and at
least one in Tl, geometrlcally pointing towards the target.

-~ an on-line processor which calculates the effective dimuon mass

for a large fraction of the events.

Minimum Configuration

While the unmodified spectrometer is usable as such (see Appendix
"Trigger”, however, for our different triggering scheme), a simpler and
more compact minimum coafiguration can be defined which increases the

acceptance while providing a lower pU cut .

"
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APPENDIX F

Trigger

We may consider the trigger system under the following headings:
1. VFB System for parallel triggers
2. Analogue proceséing for energy flow
3. Momentum measurement in muon spectrometer

4, Electron trigger.

The collaboration possesses equipment which can be adapted to carry

out most of these functions, but some new items will be built.

1. The VFB stands for 'very fast bus', a system which was built to
handle many parallel triggers for the Axial Field Spectrometer at the
ISR. Tts structure is very flexible, and it can be adapted for the
present experiment with some reworking of the mechanics and software
and the construction of some special modules. This will allow the
different triggers to work in parallel under computer control and with

computer verification of the trigger requirements.

2. A system for processing calorimeter signals is included in the
VFB. It will be adapted for. the different geometry of the present
experiment and extended to accept ilnputs from the additional
calorimeters. Tt will provide fast measurements of missing energy
and P balance, Eq, and high pp. The liquid argon calorimeter

will provide some analogue energy flow processing within its own
electronics, so that the modifications to the existing system will be

minimized.

3. Momentum measurement in the muon gpectrometer. A fast measurement
of the single muons in this spectrometer 1s needed.in order to correct
the measurement of missing energy due to neutrinos. {(On the other
hand, pairs of all masses will be recorded, in distinction to high
mass palr cxperiments)- The collaboration is studying the merits of

ESOP and MICE processors for this purpose.
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4. The electron trigger requires defining an energy threshold on
localized energy in the calorimeter, and determining its centroid in
two dimensions, correlating this with a localized signal in the TRD
and making a final correlation with the appropriate pads in the
silicon pad detector. A study has been made of a system which
determines locallzed energy thresholds and projections in two
orthogonal projections in the calorimeter. Just such a system was
built for RB06 and it might be reused. It even included a
correlation with a TRD detector which is required in our case as
well. The correlation with the silicon pads and the resolution of

stereo ambiguities in the calorimeter would be done by matrix look-up.

JT——|
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APPENDIX G
Schedules and Responsibllities

The scope of the proposed experiment and the necessary preparation for
it are of course closely linked to the expected Fixed Target Operatlion
Schedule of the SPS. Recently, the Research Board decided on SeptembeT
1984 for the start of the next pp-Collider period. Following the very
positive experlence with the last pp-rums it is plausible to expect this
period to extend over approximately one year, placing the start—up of the
subsequent FT period in the fall 1985, which in turn mighﬁ last
approximately one year. It is this period, from fall 1985 to fall 1986,

during which the proposed programme has to be carried out.
. During the comlng two years the following systems have to be developed
and comnstructed, and we propose to share the responsibilities among the

collaborating institutions in the following way:

Beam: A detailed design has been studied for the H8 beam by our

collaborators from the SPS division, which would carry out the necessary

modifications.

Vertex Detector: BNL is proceeding with prototype studies on the

3i-Detectors. They have demonstrated their in-house capability to

fabricate these devices. The BNL-Instrumentation Division will also be

developing the preamplifiers, and be respounsible for the packaging of the
.complete vertex detector.

Precision Drift Chambers for Electron Spectrometer: The very successful

prototype work, which demonstrated the feasibility of the required
performance, was carried out at CERN. Successful construction of the finmal
chamber hinges to a large extent on the use of construction techniques
ploneered at CERN, and we therefore request CERN to take the responsibility
for 1t.

The Magnetic Calorimeter and Dipole Magnet: The calorimeter, which uses

scintillators and BBQ readout, requires engineering and machining
capabilities and a staff used to careful assembly and testing. We expect

Rutherford to carry out this effort.
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The Liquid Argon Calorimeter: This is the major new component and the ome

which requires the longest lead time. The successful prototype tests and
sfudy of the delicate signal processing system were carried out by BNL,
which has agreed to construct the calorimeter and to pay for the
electronics. We know from past experience that such instruments require in
addition some CERN support of people experienced in this kind of detector,
and who in particular are concerned with the systems integration of the

cryogenlcs and the signal processing electronics.

The Uranium Scintillator Calorimeters: We do not expect to encounter any

major problems with reusing the R807 calorimeter modules and its associated
Computer controlled HV system, which have been working flawlessly for a
long time at the ISR. The units will however require recalibration,
maintenance, and perhaps some work on the scintillators. We would expect
that members of the CERN team, who originally built this device, would bhe
available for this task.

The Transition Radiation Detectors: The design is based on work of the

CERN/Moscow Collaboration. Our Moscow collaborators (The Lebedev Physical
Institute and the Moscow Physical Engineering Institute) will share the
responsibility for the fabrication and tests of the radiators and the

proportional chambers.

For the read out of the chambers we plan to reuse the R807 Drift chamber
preamplifiers and its DIR system for the cluster counting. The possible
reuse of the R807 shaping amplifiers for the charge measurements and the

integration into the electron trigger system are under study.

The On-line System: We plan to use a data acquisition system based on a

VAX-Computer, which will be provided by Syracuse University. The Camac
System will be modelled on the R807 system, which was studied and found
adequate for the task. The data acquisition and monitoring programmes will
be standard CERN packages, as currently used for example on the Omega

spectrometer.




r————

- 35 -~

Electronics Support: Despite the extensive reuse of RB07 electronics and

trigger systems, an experiment of this scope needs a team of electronics
engineers and technicians to prepare and support the signal processing and
trigger system, with experience both in precision analogue and high speed
digital electronics. We request that the small “"force de frappe"”, who
masterminded the complex R807 system, should be available to continue to
carry out the required changes of and additions to the RBO7 system, and be

responsible for the systems integration.
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Table 1: Recent beam dump results

Exp. ve/vu E,, threshold
BEBC 1.35% 8:22 20. GeV
CDHS(prel.) 0.83 % 0.13 % 0.12% 20 GeV
CHARM 0.57¢ 1l 4 0.07 2 GeV

+ 0.1 20 GeV

FMOW 1.02 % 0.09

*)

This value reduces to 0.76 if the same correctlions on target

density are applied as used by the CHARM Collaboration.
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FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

.

Fig.

Fig.

Fig.

1

2

The e/n ratio as measured at the ISR. Also shown are the
measured contributions from Drell-Yan, J/¥, and T production, as
well as the lepton yield from open charm and beauty production.

Diagram for ¢ quark decay via a charged Higgs.

The same sign electron/pion ratio, as measured in Vp interactions
[11].

Side view of the experimental setup
a) The full experimental setup.
b) Detail view of electron spectrometer.

Single electron trigger rates, assuming 106 pps and 5 x 104
interactions sec™l, as a function of electron energy threshold.
a) Trigger rates using only the calorimeter and the TRD.
b) Trigger rates using the calorimeter, TRD, and silicon pads.

The energy loss spectra in a silicon detector of 300 Mm thickness
for 115 GeV/c incoming proton momenta. The tail is shown with the
vertical scale multiplied by ten [Ref. 17j.

e/n ratio from various background contributions as a function of

‘electron threshold energy, after off line analysis.

As Fig. 7, but requiring in addition a calorimeter missing energy
> 15 GeV.

e/ ratio from various background contributions, after off-line
analysis, as a function of the transverse momentum threshold of the
electron. Electron energy threshold > 5 Gev.

As Flg. 9, but requiring in addition a calorimeter missing energy
> 15 GeV.

Distribution of the distance d for D° (ila), and Df (11b).

Distribution of the stretch function X,. The two curves are
for tracks from D decay and tracks originating from the main vertex.

Single muon trigger rates, assuming 106 pps and 5 x 104
interactions sec™l, as a function of muon energy threshold. The
lowest curve corresponds to the rates when a calorimeter missing
energy (with observed muon energy subtracted) > 15 GeV is required.

U/ charged ratio from 7 and K decays as a function of muon
threshold energy after various off-line requirements;
a) a x? selection for kink rejection in the forward spectrometer.
b) requirement of a momentum balance between the muon as measured
in the electron spectrometer (p3) and in the muon spectrometer (p2).
The lowest curve represents the expected off~line i/charged ratio
when a calorimeter missing energy (with observed muon energy
subtracted) > 15 GeV is required.
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Acceptance for DY, p¥ leptonic decays for different missing
energy cuts as a function of:

a)electron trigger threshold

b)muon trigger threshold .

Tripger rates with calorimeter missing energy > 30 GeV. The
lower curve shows the rate when the calorimeter missing energy
requirement is modified to allow for the energy carried by the muon.

The raw trigger rate for charged lepton pairs up, e, ee as a
function of the lepton threshold momentum.

The acceptance for DD pairs triggered on charged leptons as a
function of lepton threshold momentum, with missing energy cuts of
15 GeV and 30 GeV. _

a) uty~ pair, b)utet pair, ¢) ete~ pair.

Wire configuration of the prototype chamber. S 1s the sense wire
(30 ym), C the "channelling"” wire defining the length of the
accepted track segment, P 1s the potential wire decoupling adjacent
sense wires, G is a gate wire to provide single drift semsitivity
and additional gain control for the sense wires.

Resolution and pulse height versus drift distance. ISR test
results.

Distribution of two-track separation obtained from an ISR exposure
of the prototype chamber. Full scale is 6000 um.
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