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A Lepton Detector Facility for ISABELLE*

K.T. McDonarp anp J.J. THALER
Princeton University

We propose a lepton detector facility based around a 4 tesla superconducting
solenoid magnet. The large field permits accurate momentum measurements in a
small volume, and also suppresses high particle fluxes by trapping low momentum
particles near the beam. For muon detection, hadron filters are added at the axis of,
and outside the magnet. A resolution of 1.5% at 50 GeV /¢ momentum can be at-
tained. With the addition of calorimeter modules the detector would be a powerful
tool for the study of hadron jets.

INTRODUCTION

One of the most exciting prospects at ISABELLE is the search for the very
massive particles expected in our current views of the fundamental interactions. Al-
though undiscovered, these particles have well established names: for instance W=,
the intermediate vector boson,! and Z°, the weak neutral current mediator,? and
®9, the Higgs scalar particle.3 Other exotic possibilities include heavy leptons,* and
hadrons containing new flavors of quarks (tastefully called top and bottom).%

At a machine where the search can be made only by examining the products of
proton-proton collisions the best chance of detecting heavy particles is via their lep-
tonic decays. This is, of course, because prompt leptons are rarely produced in p-p
collisions, so the detection of one is a good indication of an unusual event. The W=
particles would decay into one charged lepton and a neutrino, the Z?, ®0 and heavy
47 hadrons decay into lepton pairs, while pairs of heavy leptons would decay to pairs
of ordinary leptons, or even quartets in the case of recently predicted doubly
charged heavy leptons (heptons).6

‘The signal of leptons in p-p collisions is not free from backgrounds. Mesons may
decay to leptons, and electromagnetic processes such as the Drell-Yan mechanism
yield lepton pairs. These effects generate a smooth spectrum of transverse momenta
for single leptons, and also of invariant mass in the case of lepton pairs. Hence the
ability of an experiment to detect the exotic lepton signal will depend not only on
its sensitivity to minute cross sections but also on the resolution of signal from back-
ground. This is illustrated in Figure 1.

*Work supported in part by the U.S. Energy Research and Development Administration.
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Figure 1. The effect of good resclution. Left: pl—ppX, Right: pBe—seeX 72

At intersecting storage rings, where the same luminosity is available to all
experiments, sensitivity is achieved with a detector of large solid angle. Good signal/
noise characteristics are obtained primarily through precise measurement of the
particles’ momenta. Less precision is required in measurement of the production
angle, as even a rough determination suffices for single leptons; for pairs the opening
angles are between 90° and 180° since the laboratory is also the center-of-mass
frame.

This note sketches a large detector which attempts to combine maximum solid
angle coverage with good momentum resolution and would be able to operate at the
highest beam Intensities forseen at ISABELLE., The central feature of the detector
is a 40 kG superconducting solenoid magnet with axis along the beam direction (see
Figure 2). The field is so large that low transverse momentum particles (the vast
majority) are trapped inside cylinders of small radii. Only high transverse momen-
tum (Pr) particles reach the outer region of the detector. This allows the momentum
of the high Pr particles to be measured in an air core magnet rather than in an iron
magnet, yielding much superior momentum resolution. The scale of the magnet is
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Figure 2. A cross section of the lepton detector.

very similar to that of the large bubble chamber magnets at Fermilab ﬁmq and
CERN (BEBC).

Details of the detector indicated in Figure 2 include an optional an:J\ metal
hadron filter close to the beam pipe, track chambers and trigger counters at larger
radii inside the field, and a hadron filter and trigger counters surrounding the
magnet.

This detector is principally designed to observe muons rather than electrons.
Only for detecting pairs of heavy leptons, where u*¢¥ events would be the clearest
signature, is this a significant restriction. If the hadron filter close 10 the beams were
not used the detector would be an excellent analyzer of charged hadrons. Even
without the filter the trapping of the low Pphadrons allows the detector to be ex-
posed to the highest available luminosity. With the addition of a suitable trigger it
would have great capability for investigation of hadron jets, and hence quark-quark
scattering. The simplicity and openness of the detector leave great flexibility for add-
ing new elments as the physics interest evolves.
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In the following sections we give more details on possible signals, the configura-
tion of the detector, resolution, muon triggers, and suitability for other than muon
physics. Finally, we present a rough cost estimate, and consider an option using the
existing BNL 7 foot bubble chamber magnet.

PHYSICS OF THE SIGNAL AND BACKGROUNDS
Estimates of the W* and Z° Signals

In considering the possible cross sections for production of the weak interaction
mediating particles, W and Z0, it is customary? to rely on the close relation be-
tween the weak and electromagnetic interactions. In particular, if the reaction pp—s
ut X proceeds via an intermediate virtual photon, such as the Drell-Yanl® mecha-
nism, then we suppose the weak production of a particle of mass M to be related
to the electromagnetic production of a muon pair of mass M simply by replacing the
electromagnetic coupling constant (@2) and photon propagator by the weak cou-
pling constant (G/~/2). Explieitly

. G 3AM% do
o \..LM\I.MI MMQ.'N %\(O H.\—\MwnS\H Mo
As the W+ would be formed from a ud interaction while the W= from #id, we may
expect about twice as many W+ as W~ in pp collisions. For the case of the neutral
weak particle, Z9, the rates are expected?? to be about at an order of magnitude
smaller,

If we observe only muons, we must include an estimate of the branching ratio
for W*=—p*p and Z%—ptp—. These will be of the order of o(ete——ptp—)/a(ete—
hadrons) at the appropriate energy. We shall use a conservative estimate of 10% for
these branching ratios when M ~100 GeV /2, The discovery of additional quarks
and leptons would reduce the branching ratio. In surmmary,

do da
, (70> utu—)~0.001 M3 .
D mrsy 7 OE7HH) B s,

(W =— pFr)~001 M3 _——
The other 90% of the decay modes will be hadronic, basically of the form
W+— ud, etc. Each quark would carry energy = My/2, and should emerge with its
own “dressing” as a hadron jet. Detection of these jet pairs will be considered in a
later section.
In the Drell-Yan picture, the process pp — p+u— X obeys a scaling relation

=5

where fis a function of the parton distributions of the proton. As we are concerned
mainly with production of particles near 90° to the beams, and also to compare
with existing data, we consider the cross section

d2g
dMdy
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where 1 . E+P;
FEFRETPR,
is the usual rapidity variable. Then
d20
3 = 2
M pRven ﬁolﬁﬁ.\g /Sy,

Figure 3 shows the scaling function, F, calculated using fits to the parton distribu-
tions,*? and including the 1/3 factor due to color. Also shown are recent datal3.14
from the reactions pA—pt+pu~ X at Vs=27.

Figure 4 shows the cross section for Drell-Yan pairs evaluated at Vs =400
GeV. Supposing the mass of the Z° to be 100 GeV/2, the cross section for 70— p+p—
would be ~10-36 cm? and might appear as shown.?® The line width is based on an
estimate of the mass resolution of the apparatus, to be discussed below.

If there is no other source of continuum muon pairs than the Drell-Yan mech-
anism, the Z9 particle should be observable with a signal/noise ratio of 102-103 for
MZP<200 GeV.

An estimate of event rates can be obtained by noting that the aperture of the
detector of 43°-135° to the beams corresponds roughly to ==1/3 unit of rapidity for
masses of the order of 100 GeV/¢2. Then for a luminosity of 1082 cm—2/sec, the event
rates per GeV/c? mass interval are as shown in Figure 4. We might expect two
29— pp events per hour if its mass is 100 GeV /e,
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Figure 3. The Drell-Yan scaling function compared to recent oﬁua_,.mgwuﬁﬁ data.
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Tigure 4. The cross section for Drell-Yan u+p— pairs for /s =400 GeV. The cross section for
production of a Z ¢ with mass 100 GeV/¢? includes the effect of experimental resolution. The
rate estimates are per interval of 1 GeV /6% at 1033 cmn—2/sec luminesity.

For the W* particles we observe only a single muon. The W* should nonethe-
less be identifiable as a peak in the transverse momentum spectrum of muons near
Myw/2. This is illustrated for My =100 GeV/¢? in Figure 5, which also includes esti-
mates of the inclusive muon spectrum from other sources.

The sharpness of the peak due to muons from the W= depends on the momen-
tum resolution of the apparatus as well as on the transverse momentum spectrum of
the W* itself. While low mass objects have low average transverse momentuin, there
is recent evidencel3.18.17 of g trend of the form < Pr>==0.25+ M /4. We illustrate
two cases in Figure 5; if <{Pp>> =1 GeV/¢? the line shape is determined mainly by
the momentum resolution (details given below); if <{Py>~AM/4, the line shape is
quite broad and dominated by the Prspectrum of the parent . We have assumed

e
5=~ Prexp(—2Pr/ <Pr>).
T

The inclusive spectrum of mucns produced by the Drell-Yan mechanism is also
shown in Figure 5. This is expected to be the principal source of “continuum” mu-
wons. If the W=* are not accompanied by other muons from a correlated production

process, we may increase the signal/noise by rejecting events in which both muons
from a Drell-Yan pair are observed in the apparatus. For a detector of 45°-135°



167
10-3¢ m — er, and we use a branching ratio of W-—sur of 1/10 instead of 1/3. The signal/noise
- ] ratio is lower because of the lower branching ratio, and broader estimate of the
: g
1 width of the transverse momentum spectrum of the daughter muons.
1035 \w=— 1 per minute per MeV T
E NN at 1098 luminosity 1 Background Muons From Hadrons
AN
[ N B . . -
- N All single ) As mentioned above, the apparatus 45: experience backgrounds of muons
= Ny ™ ] from 7 and K decay and from hadrons misidentified as muons due to “punch
s
3 -1
WG/ Holmﬂuromud.w, 10—2¢ T T T r~rrrrey 1
rmk | per GeV H
= -
_L, 1038 | 10-2% M 10-1
o ~ 1 per da;
o | P ¥ Relative rate above 4
3
3 & | per GeV 10-26 b a given P - 10-2
10-39 |- T 1
Drell-Yan R 4
I lor2pu 10-27 & 4 10-3
- detected - -
10—%0 7 decay e N i
XA
I n&amonﬂn&t 10~28 - § 10+
Punch L 4
r z:,oﬁmr_ L ]
1041 _ L ] _
5 10 20 50 100 I 11077
Py (GeV/c) 2 | —— ~{ Pre -
,. w 100 | 9T + 10-8
= 5. The cross section for single muons from various sources. The contribution from a W of = r 1/Prp 0.02/P6 8
woo GeV/e2 is shown for two hypotheses: <{Pr> =1 GeV/¢, and < Py> =25 GeV/e. The E N m
of momentum resolution is included. The tail to small Pris due to production of Ws with (o_ 19=3t - 10-7 5
ero rapidity which decay into a muon with y =0. The rate estimates are per interval of 1 5 " M
33 -2 1 i e B
cat 1053 cm—2 luminosity. o | 10-32 | Lo
| e
o -
"
| ) ) 10-38 - 10-¢
ure, this would mean roughly a factor of 2 improvement. The Z0—py+u— de- -
vould also contribute to the single muon spectrum, causing a smaller spike at rost | s o
Mz/2. Measurements of the Z ¢->pp mode would, however, allow a good sub- i 10
on of this “background.” L
Backgrounds from 7 and K decay, and hadron “punch through” are also illus- 10-% 2 10—
d in Figure 5, and will be discussed in detail later. For Pr>>10 GeV /¢ they are i .
.—.5.:\ not important. 10-36 |- 10~12
Although the W* may be produced with 10 times the cross section of the 29, F
ignal/noise in each case is comparable, being 102-102. This is because of the Lo-37 L —
dening of the single muon peak due to kinematic effects of longitudinal and L
verse momentum of the W= At 1032 luminosity and for My =100 GeV/c2, we k _ _
. . - L A1 a1l L I 1 L —
t expect 10-20 events/hour, spread over a 10-20 GeV/¢ interval of muon trans- 10 mma; 1 P w0g
momentum. Pr (GeV/c)

These estimates of W production are lower in both absolute rate and in signal/

‘to those given in the 1975 ISABELLE Summer Study.181? The absolute rates

wer because recent Drell-Yan parametrizations are almost a factor of 10 low-

Figure 6. The inclusive cross section for hadrons (pions) at 90° as a function of Py (left scale).

The integral of the cross section above a given Pris also shown (right scale).




through” of the hadronic cascade in the filter. In this section we set conservative up-
- per limits for these effects.
The backgrounds are enhanced by the rise with beam energy of the cross sec-
- tion for high transverse momentum hadrons. We adopt a “worst case” fit to the
cross section of

&Q\&Wﬁzﬁﬂmmﬂﬁ|mﬁ@v Num_A%\w
~1/Pg" Pr>4/3

- This corresponds to the infinite beam energy form of the CCR collaboration fit to
their ISR data.?0
The fit is illustrated in Figure 6 with normalization appropriate to

do
DQUH&E y=0 '

For pions the acceptance of the apparatus is 21 unit in y. For reference, Figure 6

also includes a curve indicating the fraction of all hadrons with transverse momentum
-~ larger than a given amount.
; The probability of a pion decaying into a muon (and neutrino) is proportional

to L {meters)/Pr (GeV/¢) where L is the available decay path. Including the decay
- kinematics, and assuming a power law dependence of the pion Pr spectrum leads to
aratio of 0,/0,=5X10-3 (L/Py) for 6, and 6, evaluated at the same Pp. This is
shown in Figure 7 for the cases L =0.3 meter and L =3 meters. The cross section for
muons which have come from 7 decay is shown in Figure 5 for the case L=0.3 m,
assuming all high Prhadrons are pions.
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Figure 7. The cross section ratio for muons and pions at the same Pr, for muons from 7 decay.
Curves are shown for two values of L, the mean free path of a pion.
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Figure 8. The probability of pion punch through as a function of absorber thickness
for various pion momenta (no magnetic field).

A potentially more serious background is hadrons misidentified as muons due
to “punch through” because this effect grows with increasing Pr. Figure 8 shows the
probability of detecting a particle after various amounts of absorber for incident
pions. The curves have been extracted from the work of Grant.?! The punch
through cross section for an absorber of 2.5 m iron (or equivalent} is shown in Fig-
ure 3. For momenta above 20 GeV/¢, the punch through background is 10 times
more serious than that of 7 decay. However, not all punch through will resultin a
misidentification as a muon, depending on the actual configuration of the absorber,
and the presence of the analyzing magnet field. This suppression will be considered
further below.

THE MUON DETECTOR

In this section we use the expectations of signal and background discussed
above to determine the parameters of the detector.



As illustrated in Figure 2 and Figure 11, the main element of the detector is a 4
(or more) tesla superconducting solenoid with axis along the beams. Charged parti-
cle momenta are measured in drift chambers inside the solenoid. The primary goal
is to trigger on, and analyze the events containing one or more high transverse mo-
mentum muons. We also wish to preserve the flexibility to study high Pr hadron
jets, and high Py electrons with only “minor” moedifications to the apparatus.

The general criteria for detector performance are:

1. Good momentum and pair mass resolution;

2. Good rejection of 7 decay and punch through;

3. The ability to run at 1033cm2/sec Juminosity with a trigger rate on the order
of 1/sec.

Resolution

The method of obtaining good momentum resolution is to analyze the muon
tracks in an air core solenoid magnet spectrometer, as shown in Figure 2. In the
spectrometer charged particle trajectories will be helices with axes parallel to the
beam. As a measure of the transverse momentum resolution we use the track cham-
ber resolution divided by the sagitta of the trajectory across the region of measure-
ment. The sagitta in meters is approximately L2B/25 Pr where L in meters is the
maximum chamber separation, B is the magnetic field in tesla, and Prisin GeV/c.
This leads to a resolution, in percent, of APp/Pp=2.5 Ppo/L28 where o0 is the cham-
ber resolution in millimeters. This is illustrated in Figure 9 for the case of B=4 tesla,
and ¢=0.1 mm as can be obtained in drift chambers. We judge that the tracks
should be observed over at least 1.5 meters to obtain adequate resclution.

Given the momentum resolution we may estimate the corresponding mass reso-
lution for muon pairs with the additional assumption that a typical opening angle is
150°. This value is appropriate for high mass pairs with small Py. Figure 10 shows
the mass resolution as a function of mass. At low masses the resolution will be dom-
inated by multiple scattering, which affects the opening angle measurement. This is
only significant if the chambers are preceded by a hadron filter, such as the 80 cm of
tungsten indicated in Figure 10.

Background Rejection

Hadron backgrounds will be rejected by an absorber consisting of 2 parts: A
heavy metal absorber inside the solenoid close to the beam pipes, and a second ab-
sorber outside the solenoid coils. The inner absorber serves to suppress 7 decay by
limiting the average flight path before interaction to 0.3 m. It also should reduce the
rate of particles in the drift chambers, which otherwise may have difficulties func-
tioning at 1033 cm2/sec luminosity. This absorber will be removable so that hadron
and electron studies may be made. The outer absorber is needed to provide addi-
tional rejection of punch through of high Py hadrons. Of course, if the inner absorb-
er is thick enough, the outer absorber is unnecessary. If, however, it is desired to
identify muons during the hadron or electron studies, the outer absorber must be
very thick.
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Figure 9. The momentum resolution (standard deviation) obtained in the spectrometer as a
function of P Curves are shown for 3 values of L, the distance between the first and last drift
chambers.
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Figure 10. Mass resolution as a function of pair mass, assuming an average opening angle of
150°. The effect of multiple Coulemb scattering in the inner absorber appears at low masses.

Comparison of Figures 5 and 7 shows that the use of an inner absorber certain-
ly suppresses 7 decay to a low enough level. Without the inner absorber, the = decay
would be about 10 times more, which is still tolerable, especially at high Pr. Assum-
ing only muons of more than 5 GeV /¢ can trigger the apparatus (lower Pr muons
are bent back and/or stopped), a rate of single muon triggers of less than 10/sec is
expected at 1033 ¢cm2/sec luminosity, even without the inner absorber.

The rejection of punch through depends not only on the thickness of the ab-
sorber, but where it is placed. If the absorber is in the strong magnetic field, the



hadron shower will be curled up, and will not penetrate so deeply. Hence, it is ad-
vantageous that the inner absorber be as thick as possible. Additionally, if the outer
absorber were made as a multiplate hadron calorimeter, as considered below in the
hadron jet option, the mistdentification of punch through as a muon will be greatly
reduced by requiring small energy deposition in the calorimeter.

As a first estimate of the danger of punch through, we neglect the two suppres-
sion factors mentioned, and use calculations for field-free, solid absorbers?! (see Fig-
ure 8). We consider 2.5 m of iron (or equivalent) will provide sufficient rejection of
punch through, as shown in Figure 5. If the inner absorber is 80 cm of tungsten, the
outer absorber must be at least 1 m of iron or equivalent (for example 1.5m of heavy
concrete). This thickness is quite appropriate for a calorimeter.

Trigger

The muon trigger would be(beam-beam interaction) » (penetrating particle). A
pair trigger would clearly require two distinct penetrating particles.

A good beam-beam trigger can be made with scintillation counter planes per-
pendicular to the beams, and downstream of the detector far enough to provide
time-of-flight rejection of beam-gas interactions. The principal need for a beam-
beam interaction requirement is to suppress cosmic ray induced triggers. At 1033

Stopping cosmic
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cosmic ray

Heavy concrete

Superconducting coils

chambers
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Figure 11. End view of the muon detector. Also shown are two kinds of cosmic rays
which might simulate a single muon trigger.
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cm2/sec luminosity, and 50 mb {extrapolated) cross-section, the average time be-
tween interactions is 20 nsec. The probability of accidental coincidence is consider-
able, so the beam-beam requirement will not be sufficient to reject cosmic rays, and
the muoen trigger must provide significant suppression. Therefore, the muon trigger
will consist of hits in each of 3 concentric cylinders of scintillation counters (see
Figure 11) at radii of lm, just after the tungsten absorber, 2.5 m, just inside the mag-
net coil, and 5 m, after the hadron filter. The innermost cylinder presents 4 m? of
area to the cosmic ray flux.

Two classes of cosmic rays present difficulties, as shown in Figure 11; those
which completely penetrate the detector, and those which stop after passing through
at least 3 counter banks. Assuming 5 m of earth shielding above the experiment,
muons must have at least 3 GeV energy to enter the detector, 4 GeV to trigger 3
banks, and 9 GeV to penetrate completely. The cosmic ray flux above 4 GeV ener-
gy22 is roughly 10-2/E 2 crm—2sec—1sterad —1 GeV—'. Allowing a full 27 solid angle
acceptance, the rates are 400/sec stopping and 300/sec penetrating cosmic rays.
The penetrating rays can be easily eliminatd by time-of-flight between the 2 hits in
the outer ring of counters as the hits are 30 nsec apart, and hence 30 nsec out of
time. The stopping muons can be fairly well eliminated by time-of-flight between
the hits in the inner and outer rings which are 12 nsec apart, and hence 24 nsec out
of time. This scheme will work only with the inner absorber in place, which cuts
the singles rate in the inner counter ring from 108/sec to 108/sec (at 10%3cm—2/sec
luminosity).

Rates and Sensitivity

We summnarize the rates discussed in the preceding sections:
SineLE MuoN TRIGGER:

1. ~1/sec from beam-beam interactions, dominated by #* decay; Py min ~35
GeV/e.

2. =1/sec from cosmic rays.
Muox PAIR TRIGGER:

1. ~1/min from Drell-Yan pairs with M>10 GeV/c%

2. negligible from cosmic rays.
A run of 1000 hours at 1033 cm—2/sec luminosity would reach a cross-section sensi-
tivity of 3 ¢ 10—%® cm2/event. For V5 =400, this corresponds to 1 event/GeV/¢?
at a mass of 125 GeV/c2. For W= or Z0 production with a signal of 103 above the
Drell-Yan level, there would be 1 event at masses up to 250 GeV /2,

Muon Detector Parameters

We summarize the parameters of the detector discussed in the preceding sec-
tions, which are relevant for muon detection. (See also Figures 2 and 11.) Modifica-
tions for study of hadrons, jets, and electrons will be considered below.

MAGNET: superconducting solenoid of 4 tesla field
inner radius = 2.5 m
outer radius = 3.5 m
length = 5m
stored energy ~2 % 10° joule.



Drirr CHAMBERS: 3 or more double planes at radii 1.0 to 2.5 m.

Triecer COUNTERS: 3 concentric rings at radii 1, 2.5 and 5 m.

Hapron Friters: Inner heavy metal absorber radii 0.2 to 1.0 m.
Weight ~80 tons.

Outer heavy concrete absorber at radii 3.5 to 5 m.
Weight ~1600 tons if density =4. If iron, 1 m thick, then
2000 tons, and useful as a partial flux return.

HADRON JET PHYSICS

The interest in the physics of hadron jets is twofold: The majority of the decays
of the W* and Z© particles should be into 2 hadron jets; and the “ordinary” had-
ron jets are the result of hard scattering of the proton constituents. In both cases the
interest lies in the speculation that a hadron jet is the laboratory realization of a
single energetic quark.

From studies at SPEAR and at the ISR, we can infer that the cross section for
hadron jets from the strong interaction is ~100 times that of single hadrons,?3 as
shown in Figure 12. Superimposed is an idealized jet spectrum from W*—2 jets;
perfect resolution of the jet momentum has been assumed. The signal /noise of the
W*--jets is barely adequate. As mentioned before, our W% cross section estimate is
on the low side, while the hadron estimate is maximal, so long as a 1/P7® behavior
pertains at Pp=50 GeV /c. If the jet cross sections turn out to be like 1/ Prtat high
Pp, as expected in some models, it will probably be impossible to extract the weak
interaction effects.

The experimental study of hadron jets requires a jet trigger, plus the measure-
ment of the total jet energy, and ideally, separate measurement of the individual
particles of the jet. Asthe energy is distributed over several particles, the trigger
must rely on calorimetry. If the outer hadron filter (~1 m iron or equivalent) were
made as a calorimeter, it would be an excellent triggering device. {It would also be
useful in rejecting punch through in the muon trigger). It might consist of Im of
iron distributed over 1.5 m in 5 cm plates with 2.5 cm gaps filled with scintillator.
Being next to the magnet coils, the iron would saturate at ~2 tesla, providing a flux
return for about 2/3 of the 4 tesla solenoidal field. The concentrated field would bhe
useful in case of a momentum selecting muon trigger. Such a calorimeter would not
provide a good measurement of the jet energy, as a resolution of 10-15% might be
expected at 50 GeV. Of course, the inner hadron absorber must be removed for the
hadron studies. The solenoid magnet and drift chambers will provide excellent
analysis of the charged component of the jet, provided the chambers can tolerate the
particle rates. Chambers located at 1m radius will observe ~10% of all hadrons, or
107/sec into 12 m? surface area at 10%% cm—2/sec luminosity. The component of the
jet with transverse momenta below about 1 GeV /¢ will not be observed due to the
strong magnetic field.

The neutral component of the jet may contain 25% of the jet energy. Of the
neutral component, about 90% will be in the form of photons from 7% decay. The
photons are reasonably well measured in a lead plate shower counter. The liquid-
argon ionization chamber?* would be most appropriate for use in the solenoid mag-
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Figure 12. Cross sections for inclusive production of hadron jets at /s =400 GeV. We assume
strong production at a level 100 times that of pions at a given Pp. The line shape of the jet spec-
trum from W decay assumes perfect momentum resolution,

net. (The magnetic field will not sweep away the neutrals, whose rate will be 108/
sec at 1033/sec luminosity. The sensitive time of 200-300 nsec then presents some
problems.) A detector of 25 radiation lengths might occupy 0.5 m radially, and
achieve a resolution of 9%/+/E. It would be placed either just inside the magnet
coils, or just outside them if the material in the coil amounts to only one radiation
length or less. Better resolution would be obtained with the shower counter inside
the magnet, but this adds 0.5 m to the radius of the {(expensive) magnet.

A configuration of the apparatus for hadron, and electron, studies is shown in
Figure 13. If the hadron jet cross section is as shown in Figure 12, a run of 1000
hours at 1033 cm—2/sec luminosity would be sensitive to jets of energy up to the kine-
matic Hmit of 1/s/2.

We have not included the capability of identifying the charged hadrons as ,
K, p, etc. Technically this is quite difficult to do over a large solid angle and range
of momenta. The lack of particle identification is serious only in that it restricts
the usefulness of the apparatus in searching for hadrons carrying new quantum
numbers.
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Figure 13. Cross section of the detector modified for the study of hadron jets. With the addition
of a transition radiation detector electron studies may also be made.

ELECTRON DETECTION

As momenta are measured in air in this apparatus, the resolution for muons
will be as good as for electrons. Hence, the only need for electron detectien is to in-
vestigate processes for which an electron signature is crucial. For the weak boson, or
new ¢4 states, muons and electrons are equivalent. Only for heavy leptons are elec-
trons advantageous. Here one looks for u*¢F events which have come from the lep-
tonic decays of a pair of heavy leptons. Hence, the apparatus must have the ability
to identify single electrons, not just pairs.

There are 2 difficulties in electron identification: separation of electrons from
charged pions; and rejection of electrons from the Dalitz decays of the 7%, », etc.
The interesting electron signal may well be only 10-5 of that of pions of the same
momentum. Hence, we need a rejection factor of ~108 against charged pions, and
~10% against Dalitz pairs. This will be very difficult to achieve, especially in the
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case of Dalitz pairs where the strong magnetic field will curl up a soft electron from
an asymmetric pair.

A possible solution to the problem of electron identification is to observe the
electron’s momentum, measure its energy in a shower counter, and ohserve the
pulse height of transition radiation in a lithium foil detector.2% The transition radia-
tion detector might be placed in the space vacated by the removal of the hadron ab-
sorber (Figure 13). This exposes the device to rates of more than 107/sec at 1083
cm™2/gec luminosity. Details of a possible detector have been given in the 1975 ISA-
BELLE Summer Study.1® With the transition radiation detector, rejection against
charged pions of 3X10-3 might be achieved. Whether the energy versus mo-
mentum comparison can provide the additional 10—2 rejection factor needs study.
Likewise, the rejection of the system against Dalitz pairs needs very thorough
investigation.

COSTS

At this early stage of design, only crude estimates of costs can be made. We will
rely on estimates made for similar configurations by the 1976 ISABELLE Lepton
Detector Study Group.2é

We give separate estimates for the basic muon detector, and for the hadron and
electron options.

Muon detector Costs in millions {§)
Superconducting Coil 4-5
Refrigerator 1
Drift Chambers (8000 wires) 0.7
Scintillation trigger counters

(3 planes of 100 counters, 00 P.M.’s) 0.8
Heavy Metal Absorber (80 tons) ?
Concrete Absorber (1600 tons) .5

7-8
Hadron and Electron Detectors

Iron-Scintillator calorimeter
iron {2000 tons) 1.2
scintillator, P.M.’s, etc. 0.4
Pb-Liquid Argon Calorimeter 0.9
Transition radiation detector 0.3
2.8
Grand (!) Total 10-11

ADDENDUM: USE OF THE BNL 7 FOOT MAGNET

The BNL 7-foot bubble chamber magnet, considered as a solenoid, has the
45°-135° coverage appropriate for a lepton detector. Tts inner radius is 1.14m, leav-
ing only lm useful space beyond the beam pipe. Its field is 3 tesla. With drift cham-
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bers throughout the available space a momentum resolution 3 times worse than pro-
posed above could be obtained. With no absorber at small radii the trigger would
suffer from 7 decay, and the chambers at small radii would suffer from rate. A lumi-
nosity of 1032/sec might be the maximum tolerable.

For a first round experiment, when a luminosity of 1032 may not be available,
a detector based on the 7-foot magnet could be very competitive.
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WO Detectors at ISABELLE
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Amongst the first experiments at ISABELLE will be the search for the #7s.
The expected cross sections for W= or W0 at \/5=400 GeV are 6,,~10"3¢ cm? with
M+ ~T70 GeV, M,0~80 GeV. Thus, if the luminosity is ~1033, even with 47 de-
tection the production rates will only be ~10-1/sec. This is to be compared with
the total particle production rate ~102/sec. Clearly it will not be an easy task to
find the #7s in this sea of particles.

The WP is expected to have an ~10% branching ratio into p+u~, and through
this decay mode has the greatest likelihood for early detection and study.

The muon detectors most frequently considered for W detection (i.e., see
Lepton Detector 1976 Workshop) have one feature in common: large volumes of
magnetized iron surrounding the interaction region. Such systems have the advan-
tage of good rejection of the large hadron background, near 47 acceptance and an
~20 kG magnetic field in a large magnetic volume for finite cost. Sericus drawback:
the momentum resolution is limited by multiple scattering to ~10%. Thus the larg-
est proposed systems have a AM2z =5 GeV for a dimuon mass of 80 GeV. This may
be adequate to detect the W0, but seems to us a very poor resolution for a survey, in
a new energy range, of particles decaying into u+p—. In particular the Zj is expected
to have a width in the range 100-1000 MeV.

An alternative and in our opinion more desirable muon detection system is to sur-
round the interaction region with first a hadron absorber, and then with an air core
magnet. For example, a system of proportional chambers with 350 gm resolution
inside a 30 kG magnetic ficld would give a 8p/p~ 1072 leading to a =500 MeV



