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ABSTRACT 

Two methods for identifying muons from neutrino interactions in the 15 -foot 

bubble chamber are compared: the first uses a 1-m thick lead plate inside a neon 

filling and the second uses optical spark chambers interspersed with walls of concrete 

external to the bubble chamber. 

INTRODUCTION 
1

Previous summer studies have emphasized the importance of muon identifica

tion in studying neutrino interactions in a bubble chamber. Several of the NAL pro
2,

posals submitted thus far have mentioned muon identification, and tw0 3 have ex

plicitly described methods for achieving this goal, one internally and the other exter

nally. The purpose of this note is to outline the two methods and list some of the 

advantages and disadvantages of each. 

CHARGED PION DECAY 
2

NAL Proposal 53 uses a lead plate 1-m thick (- 6 interaction lengths) inside a 

liquid-neon filling. The approximate orientation is shown in Fig. 1. The plate is 

tilted slightly so that charged particles passing through the lead can be detected and 

momentum-analyzed on either side. The interaction length in neon is L = 85 cm so 

that the fraction of charged pions that decay into muons before interacting either in 

neon or in lead is approximately 

F = L!", 

where 

,,=(p!mlTOc, 

and where p is the pion momentum, m the pion mass. "0 the pion lifetime, and c the 

velocity of light. 
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The authors of NAL Proposal 53 estimate that there will be typically 0.5 m of 

pion track before a decay occurs, and that momentum change can be used to eliminate 

roughly half the pion decays simulating muons. The effective decay path is then 

~e 0 83 cm/2 0 0.42 m , 

The decay angle (- 5 -30 mrad) is probably too small to be detected with confidence in 

neon. In particular reactions, however , kinematic fitting and various cuts of the 

angular and momentum distributions may reduce the probability for mistaking pion 

identity by more than one order of magnitude. 

In NAL Proposal 9 optical spark chambers are interspersed with walls of heavy 

concrete external to the bubble chamber as indicated schematically in Fig. 2. The 

hadrometcr consists of 20 such walls, each 25 cm thick, for a total of 14 collision 

lengths. The collision length in hydrogen is about 4 m so that roughly half the pions 

will interact and be identified in hydrogen. Of those which decay, perhaps three

fourths can be identified by momentum change so that the effective decay path in hydro

gen is approximately 

L - ~ x : x 2 m 0.25 m.
H

2 

If a quantameter is used immediately after the hydrogen (hybrid system), those pions 

(one-half) that do not interact or decay in hydrogen must pass through one collison 

length of lead and will be attenuated by another factor of 11 e 1/2 7. The additional0 

effective decay length in passing through the quantameter is then 

1 1 1 
L Q 2 x U x 2 m 0.09 m . 0 0 

The quantameter is followed by a drift space of about 1 m in which the additional effec

tive decay length is 

L ~ x 1 x 1 m 0 0.18 m. o 0 

2 U 

Pions then enter the first concrete wall of the hadrometer, which contributes about 

0.36 m (1 collision length) in which additional decays can occur: 

L
H 

21 
x U1 

x 0.36 m 0 0.07 m.0 

The total effective decay length is then 

LHybrid 0 0.59 m. 

The result for the hadrometer alone (no quantameterl is 

LHadrometer 1.18 rn . 0 
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The probabilities for mistaking a decaying pion for a muon in the three cases con

sidered are summarized in Table I. 

EFFECTIVE VOLUME AND SOLID ANGLE 

The 1-m 1hick lead plate shown in Fig. 1 has a radius of about 1 m , The front 

edge is near the center of the bubble chamber so that the plate intercepts a cylindrical 

volume of about 

2
V 0 1T (1 ml x 2 m 

Ne 

306 m . 

3
(The estimate of 15 m given in NAL Proposal 53 appears to be optimistic.) The 

quantameter and hadrometer described in the hybrid proposal have dimensions larger 
4

than the diameter of the bubble chamber so that the volume in this case is

V 30 m 3. 
VHybrid Hadrometer 

0 

In each of these cases, smaller fiducial volumes would be defined for specific experi

ments. Roughly speaking, however, the useful volume for internal muon detection in 

neon appears to be about one-fifth of that for external muon detection with hydrogen. 

The horizontal and vertical angles for the quantameter and hadrometer proposed, 

measured from the center of the bubble chamber, are 90" X 90". The center of the 

useful volume for neon with 1-m lead plate is about 1 m upstream of the plate, which 

has a 1-m radius and thus also subtends horizontal and vertical angles of order 90" 

x 90". Neglecting the magnetic field. then, the solid angles for muon identification 

are comparable in the two proposals. 

MAGNETIC FIELD 

The short distance from the neutrino vertex in neon to the 1-m thick lead plate 

is a major advantage when the effect of the 30-kG magnetic field is taken into account. 

The total deflection angle versus muon momentum is plotted in Fig. 3 assuming the 

field extends over 2.5 m (vertex at the center of the bubble chamber). The figure 

suggests that external muon identification will not be effective for muon energies below 

about 4 GeV. Below about 1 GeV, muons are captured in the magnetic field and can 

be identified in this way. Assuming the muon has typically half the neutrino energy, 

external muon identification becomes effective for neutrino energies above 8 GeV. An 

important point is that tracks observed in the bubble chamber can be traced through 

the quantameter and hadrometer. Thus. particles outside the hadrometer acceptance 

are clearly distinguished and are not misidentified ( i , e , , one knows when positive 

identification of a track is possible). 
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SUMMARY 

The advantages and disadvantages of the internal and external methods of muon 

identification as proposed are listed in Table II. The internal method allows fewer 

decays and is not insensitive to muons in the range 1-4 GeV. although muons of about 

1 GeV do not penetrate the 1-m lead plate. On the other hand, momentum measure

ments are severely degraded in neon as compared to hydrogen. and the fiducial volume 

is reduced by the lead plate in neon by a factor of 5. essentially nullifying the factor 

of 10 rate advantage frequently attributed to neon. Both systems allow"o and """utron 

detection so that total cross sections and deep-inelastic interactions can be studied. 
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Table I. Misidentification in Percent. 

Ne-Pb hybrid hadrometer alone 
p (GeV) 

rr -\(m) 0.42 m /\ 0.59 tn l ): 1.18 ra l»: 

55.6 0.76 1.1 2.1 

2 111 0.38 0.53 1.1 

278 0.15 0.21 0.42 

10 556 0.08 0.11 0.21 
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Table II Relative Advantages of Neon -Lcad Plate and Quanta m e t e i- System;; 

Neon with 
Advantages 

low-energy muon sensitivity 

lower decay probability 
o , 

1T energy in neon 

neutron energy in neon 

neon density (x 10) 

all data on film 

no external field map 

TT
D photon angles in neon 

1-01 Lead Plate 
IJisadv' antages 

fielucial volume reduced 1(5 

±200~ error in E 

pc rfot-ruancc of bubble chamber? 

difficulty in viewing 

modifications to bubble chamber 

conflict with hadron runs 

downtime to install plate
 

cost of neon (8900 K ?)
 

cost of lead plate ($300 K ?)
 

Hybrid (Quantameter Plus Flad roru c te r] 

Advantages 

liz or DZ target 
3

full 30 01 volume 

±5% error in E 
v 

TTa energy in quantamote r 

neutron energy in hach-ome te r 

TT
0 

photon angles in 

quantameter 

Disadvantages 

muons of 1. -4 GeV are missed 

larger de cay probability 

timing, triggering, backgrounds? 

modifications to bubble chamber 

must merge spark-chamber anel 

bubble-chamber data 

detailed external field map 

cost of hybrid (:31040 E ?) 

Hadrometer (No Quantameter) 

Advantages 

HZ or D targetz 
full 30 01 3 volume 

no modifications to bubble 

cha rnbe r-

Disadvantages 

E not fully measured 
v 0 

poor TT identification 

poor neutron identification 

larger decay probability 

muons of 1-4 GeV are missed 

must merge spark-chamber and 

bubble-chamber data 

detailed external field map 

cost of hadrometer alone ($430 K ?) 
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2 Cameras 
Third I Front 
Camera I Back 

Fig. 1. Chamber with neon filling and lead plate. 
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Fig. 2. Chamber with quantameter. 
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