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ABSTRACT 

Many considerations have led us to the conclusion that a large bubble chamber' 

would be a highly useful tool for the study of strong interactions at the 200-BeV accel

erator at NAL. Independently of other consider-ations, such as neutrino phyaicjs, we 

feel that a chamber of the order of 25 ft in size is warranted by the capabilities of 

such a large chamber for strong-interaction physics. These conclusions are sup

ported in detail in a series of eight short dicussions of particular strong-interaction 

experinlents. 

INTRODUCTION 

Some of the features that made the bubble chamber a unique instrument in the 

study of strong interactions are: 

1.. Ability to study many types of interactions with complete kinematical infor

mation in a relatively bias-free manner with nearly 4v detection of secondaries. 

2. Good efficiency for detecting a large number and variety of particles in com

plicated final states. 

3. Clear visibility of the interaction vertex. 

4. Visibility of slow recoil protons, etc., often with precise range information. 

5. Ability to observe unstable particles which decay close to the vertex where 

they are produced. 

6. Use of bubble density and delta-ray information for particle identification 

over a wide range of energie s. 

7. Versatility--the same instrument can be used for many different experiments. 

Some of the reasons why a 25-ft chamber is preferable to a chamber one-half 

or one-third that size are: 

i. The possibility of surrounding the liquid hydrogen or deuterium in the 

central portion of the chamber with a track-sensitive liquid hydrogen-neon mixture. 

Such an arrangement would give high detection efficiencies for 'V's from 'ITo or other 

particle decays. This may be crucial at the higher energies where one or more neu

trals will be produced in most reactions. A· chamber of at least 25 ft is needed for 

this technique to be truly effective. 

2. The large fiducial volume allows an event collection rate possibly a factor 

of 2 or 3 higher than a 2 m chamber. 
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3. Errors on the measurements of angles and momenta are considerably re

duced by the large track length of the secondaries. 

4. Detection of the decay products of energetic unstable particles with good 

efficiency requires a large chamber. 

5. The trapping of particles up to about 1.5 BeV [e, made possible by the large 

volume of the 25-ft chamber, may be very valuable for some experiments. 

A sensitivity of tens of events per microbarn cross section is possible in runs 

of a few weeks duration. Of course, not all these events will be fully analyzable kine

matically, but with high '{ detection efficiencie s in surrounding hydrogen-neon mix

tures, possibly half of the events may be useful. This would be a very useful sensi

tivityfor many strong-interaction experiments. 

We have assumed in our considerations that the point measurement accuracy 

(setting error) in the 25-ft chamber will be in the range of 250 to 500 microns or per

haps less. Confirmation of this assumption should be available within the next few 

months from the BNL 7 -ft and the Argonne 12 -ft chambers. If the setting error turns 

out to be much larger than we assumed, then some of our conclusions would have to 

be reconsidered. 

The following reports contain some more detailed considerations of possible 

strong-interaction physics in the 25-ft bubble chamber: 

A.� P. Schlein: ~ ++ Spectroscopy with the 25 - Ft Hydrogen Bubble Chamber 

B.� R. Huson and B. Roe: Strong Interactions in the 25-Ft Bubble Chamber 

Using a Track-Sensitive Target (TST) 

C.� C. T. Murphy: Multiparticle Reactions 

D.� Margaret Alston -Garnjost: Detection of KO,s and Hyperons 

E.� P. Slattery: The Study of Diffractive Processes at NAL With the 25-Ft 

Bubble Chamber 

F.� J. Lach: New Particle Searches 

G.� J. Lach: Hyperon Interactions 

H.� C. M. Rose: Missing Mass Spectrometer Experiments With the 25-Ft 

Bubble Chamber 
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A. 6 ++ SPECTROSCOPY WITH THE 25-FT HYDROOEN BUBBLE CHAMBER 

P. Schlein 

This is a brief summary of the physics that can be extracted from studies of 

reactions of the class 
++ 

X + P - 6 + everything. 

There is considerable evidence1-3 that these reactions are dominated by pion 

exchange at the highe st beam momenta examined thus far (at least for momentum 
2

transfers t , 6. < 0.3 GeV ). Schematically these processes may be represented by
p 

the diagram 

}All possible final 
states in .".- X X--_~~_...~__ 
scattering 

1T

p s: 
Thus.. one may study not only XlT- elastic but also inelastic scattering with the aid of 

the rr 
o 

detection capabilities envisioned. There is, for example, very good evidence 

in a 6.6 GeV Ic pp bubble-chamber experiment. 4 that the final states pp - (p7T' -) 6++, 
- 0 ++ - + ++ 2 

(pn 1'1' ) 6 • (nn 1T' ) 6. occur with the same relative frequency (for t 6. < 0.2 GeV ) 
_ _ _ _ + p. 

as the on-shell 11'-p cross sections 11' p - p11' , prr 11', and mr 1'1'. F'ur-ther-mor-c , a 
5

smooth extrapolation to the pion exchange pole of da/dt Dr. for fixed pn - mass in 
- ++ - - P" _ 

pp - {pn ) Dr. yields the on-shell 1T P - 'IT P cross section as a function of 1T p mass 

over the entire range of available m - ' Thus the agreement between the above men
TT p 

tioned inelastic channels in the physical region of the Chew-Low plane implies that the 

extrapolation functions for the different channels must be very similar. 

An additional important point is that the use of the same extrapolation function 

used in the 6.6 GeV I c pp - p1T - 6.++ analysis permits predictions to be made at higher 

beam momenta. For example, Fig. A-1 shows the predicted da/tlmlT_p at 28.5 GeV Ic 

beam momentum compared with the data of the Brookhaven Bubble Chamber Group. 

The fair agreement in both absolute normalization and shape suggest that one may 

expect to obtain resonable validity of predictions at even higher momenta. Figure A-2 

shows the predicted do Zdt' (t' = t-t . ) for 1T+P - p6++ at 8 GeV l e, The data are 
mm 

from the European 8 GeV I c collaboration. 
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The pole equation with the off-shell vertex t and m-dependent factors used in 

this work is given in the Appendix to this report. It may be seen that, aside from the 

kinematic effect due to the Chew-Low boundary changing with laboratory beam mo

mentum Plah' the entire Plab dependence of the differential cross section 

d
3

c Id t dm'IT - p dM 'IT+P is contained in the facto r P;:b' Of course. one does not expect 

this phenomenological description to be exactly correct with much higher statistics 

and at higher Plab- - for example the pion Regge trajectory may not be flat. N onethe

less, the phenomenology given in Appendix A- I may he used as an approximate guide 

in obtaining yield estimates at 50 GeV Ic or higher. 

++ 
Why Study Xp - L:i. + ( ) at Large PIab? 

There is, first of all, a technical advantage in being at large P , which sim
1ab 

plifies the extraction of the physics outlined below. As one moves to higher and 
+

higher PI b" there is less and less ambiguity about whether or not a given 'IT (or p) 
a ++ 

is a component of a low momentum-transfer L:i. • In other words, one can clearly 
++

select the low-t 6. signal in the relative absence of background. Ionization estimates 
+ ++

of the� p and 'IT decay products of the slow L:i. are still useful. 

The essential physics reasons for studying reactions of the type 
++� -Xp - 6. + (anything) is to get at XTr scattering information. For example, if one 

++
selects low-t ti. events with no regard to what else comes out of the interaction 

vertex, extrapolation of dcr/dt to the pion exchange pole, for fixed missing massA 

++ p, ~ 
above the 6. , yields the XlT- total cross section as a function of XTr c .m , energy. In 

this way, 1T::J:'n'-, K±Tr-, pTr , and PlT- (for a check) total cross sections maybe 

obtained. 
++

Clearly, if Xp - ti. + ( is studied for specific bracketed systems. indi

vidual inelastic reactions X". - - ( ) may be studied. 

Finally, one may select specific quasi-two-body final states such as 

"IT+P - p6. ++ or K +P - K* 6.++ and study the s-dependence of do'/dt. Such studies are 

essential in order to obtain information on the pion Regge trajectory, for example. 

APPENDIX A-I. PHENOMENOLOGICAL DESCRIPTION 
OF CHEW-LOW DISTRIBUTIONS 

The pole equationf for Xp - 6.++ + ( ) is 

2 2
3� qm o Im ) QM a(M) 

. d a
11m� 2---- ~ 

dtrlmdM� ++ +3 2� 2 )2t - -jJ.� X'IT - vertex 6. vertex ('IT p)41T mpPlab (t + m~	 
~ 
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q and Q (m and M) are the on-shell c.mmomenta (masses) at the X1T - and .6.++ ver-tex, 

respectively, a(m) and a(M) are the on-shell cross sections. (We use the metric in 
2

which t = _m at the pole,) For large mass at the X'IT- vertex (m _ ~ 1.6 GeV). no 
'IT 5 ++ 'IT P 

off-shell vertex corrections appear necessary. At the A vertex the off-shell 
6� 7

factors of Diirr and Pilkuhn were shown by Wolf to describe the experimental situ

ation. 

(M+m ) +t Q 1 + 16Q22] (Qt )2( )
{Qa( M)} off-shell = p2 2 

I 

2 {Q(J( M)} on-shell[(M+m ) -m 1. + 16Q
PiTt 

Wolf also showed that an additional ad-hoc form factor is also necessary. 

2 ~ 2 ;12
G(t) = L(2.3 - ID )/ (2 . 3 + t~ . 

rr

For low mass at the Xrr vertex, additional vertex factors are necessary. These are 
2

summarized in Refs. 1, 5, 6, and 7. Also, note that Wolf has shown that an im

proved version of the Durr-Pilkuhn parametrization by Benecke and Diirr provides a 
2

description of Chew-Low distributions out to larger t values than the 0.3 GeV used 

for the DP work, and 'in addition does not need the G (t)2 form factor described above. 
2 

For t < 0.3 Ge V , the two parametrization are equivalent. 
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B. STRONG INTERACTIONS IN THE 25-FT BUBBLE CHAMBER� 
USING A TRACK-SENSITIVE TARGET (TST)� 

R. Huson and B. Roe 

The details of a TST for the 2~-ft chamber, including detection efficiency and 

measurement error on y1s and Tr'S, are discussed in the report by R. Huson (8S-99). 
O tS,It will be assumed in this report that lT n, K~J and K±Tr± separation etc., can be 

done within the limits given in the above -mentioned report by use of the TST. Follow

ing is a list of experiments in which a TST aids tremendously in their completeness. 

I. HIGH-ENERGY (30-150 GeV/c) SURVEY EXPERIMENTS 

The reasons for survey experiments (i. e., 11', K, P on protons or neutrons) are 

manifold: 

1. The first question is to find out what happens at high energy. Are there 

copious high energy (> 2 GeV) resonances? Are there stable (T =f 0-1. 0 sec ) heavy 

particles (M = 3 GeV)? Are there particular dominant channels? Are there certain 

dynamical constraints? All of these questions can be answered to a sensitivity of 

.... fO events rub. 

2. Survey experiments serve as a guide for further experiments which look in 

detail at a specific phenomena. 

3. Quantities such as average transverse momentum P ' PIc. m 'vs p etc., can 
t ong t 

be studied for the different particles produced. Or, as Treiman suggests, there may 

be new variables that will give more insight into the dynamics of high-energy experi

ments. 

4. Many-channel cross sections can be obtained. It is crucial in all of the 

above studies to include channels with ".0, s. n, etc. 

II. EXPERIMENTS TO TEST THEORETICAL MODELS 

Let us consider one of many channels that test a given model. In the Regge 

model with absorptive cuts, one has had great success recently in fitting reactions. 

Nonetheless, certain problems remain. For instance in fitting 1Tp - w~ at 8 BeV l c 

and below, using only a rho pole and cut, some of the w density matrix elements have 

the wrong sign, and it can be shown that no amount of fiddling with simple parameters 

of the theory can change that. It is supposed that this discrepancy comes from either 

s -channel effects or from an ignored helicity-flip part of the elastic cross section 

used in calculating the absorptive cut. These effects should both decrease as the 

energy increases. At about 30 BeV, the w~ cross section will be approximately half 

of its value at 8 BeV and should still be capable of being analyzed. Furthermore, the 
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t dependence should change with energy in a calculable way. due to different s

dependence of the cut and pole terms. One can obtain important tests of the model 

and perhaps information on whether s-channel effects are still important. 

To study this channel a clean sample can be obtained with the TST by measuring 

the ".0. 

III. EXPERIMENTS ON CHANNELS WITH LARGE CROSS SECTIONS 

Let us consider a process that is expected to have a large cross section at high 
+ 

energy. It is now know that coherent production ( 0 or Pomeron exchange) of At-"'P 

by pions on deuterium is about i % of all deuterium interactions. At high energy many 

other channels will open up. e. g. , 

1Td -"'p 
1Tf 

5". (which could be pAt' perhaps) 

KK1f 
+ --+

N N N N etc.J 

KK".. 

If all of the various branching r atto s, including channels with neutral pions, can be 

determined, one should have a better understanding of the structure of the 1T(also 

K and p, with similar experiments). 

This same diffraction channel for protons can be studied with incident high-

energy pions exciting the proton to N*1/2 in the laboratory. Many of these N*t/2 will 

give nrr or p".o, and thus neutrons and neutr-aLrrt s must be detected. These particular 

channels will have the advantage of being very well measured since the particles in

volved will have low momentum in the chamber. This class of reactions also tests 

the double Regge model and the question of duality. 

The TST not only assures a 4-constraint channel but also adds all those channels 
O,S,

with rr' s, 1T etc. 

-13
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C. MULTIPARTICLE REACTIONS 

C. T. Murphy 

Multiparticle (meaning three or more) final states have always been interesting, 

simply because they exist. but will become increasingly important as higher energy 

beams are employed, for two reasons. First, multiparticle final states comprise a 

greater and greater fraction of the interactions. For instance. at 16 GeV / c. the 

average number of final state pions in 7T- P interactions is 5, and the number extends 

up to 12. Second, there are at least two classes of theories being developed which 

can be explicitly tested by experiments. namely, multiperipheral Reggeized models 

and "fir-eball" models. Reference 1. gives a good review of the state of both experi

ment and theory in 1968. 

The study of such reactions is ideally suited to bubble chambers in general, 

both because of the large cross sections, the 47T solid angle required, and the large 

number of charged tracks involved. The cross sections for particular channels are 

expected to be in the 0.1-1.0 mb range in the momentum region 10-50 GeV [e.g., 

a (1T+P - p31T+ 2".-) ~ 0.1 mb at 30 GeV / c]. Although a large number of the reactions 

proceed with most of the mesons traveling forward in a small cone for which 4tT solid 

angle is not required. there is a class of reactions in which mesons are produced at 

the target vertex (e. g., diffraction dissociation of the nucleon) and are slow and more 

isotropic in the laboratory. In both cases, the final state nucleon tends to be slow. 

Lastly, it is inefficient to use triggered bubble chamber, since a large fraction of all 

interactions are useful events. 

Most of our pres.ent knowledge on this subject in the 5 -16 GeV / c region comes 

from small bubble chambers without the detection of missing Tr°'s. In the 20-fOOGeV/c 

region, useful knowledge on many reactions, still without the detection of missing 

1T
O,S. 

could be gained in a chamber somewhat smaller than the 25-ft chamber. This 
2 

was demonstrated by Der-r-ick, O'Halloran, and Kraemer in their Monte Carlo study 

of the re action pp - 3Tr+ 311' -. 

The 25-ft chamber, however, is essential for detecting the missing tT°'s. To 

detect the four 'II s from a 2tTa event with even 65% efficiency requires 3 radiation 

lengths of converter. To determine the energy of a 4-GeV 'I to ± 20% requires a neon

hydrogen mixture with a radiation length of at least 50 em. 3 (The energy measure

ment is necessary to unscramble which gammas come from which tT°.) Thus, at 

least 1.5 meters, or about 5 feet. of neon-hydrogen is necessary. 

As the beam energy increases, rr° detection will become more important be

cause an increasing fraction of the events have sever-at n 0, s. Although one can make 
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some comparisons with theories without knowing even how many 11'0, S are missing. 

the really definitive tests require the knowledge of the rro kinematics. 

Lastly, the 25 -ft chamber will allow exploration of many-body processes above 

100 GeV where small chambers would gradually lose their effectiveness. 

REFERENCES 

10 . Czyzewski, in International Conference on High Energy Physics at Vienna 

(North-Holland, Amsterdam), i968. 
2 

M. Derrick. T.O'Halloran, and R. Kraemer. FAKE Studies on Some Strong and� 

Weak Interactions in the f2-Ft and 2S-Ft Bubble Chambers. National Accelerator� 

Laboratory i 968 Summer Study Report A. 1-68-89 -II, Vol. I, p. 47.� 

3C. T. Murphy. Electron Momentum Errors, Single Negative nO and 2n
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Physics in 

Hydrogen-Neon Mixtures in the 25-Ft Bubble Chamber, National Accelerator Lab

oratory 1969 Summer Study Report 8S-155, Vol. II. 
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D. DETECTION OF KO,s AND HYPERONS 

Margaret Alston -Garnjost 

At high energies the decay length (L of particles is many meters (see Fig D-1).
O) 

Thus, we require a large chamber to detect the decays of KO·s and hyperons. 

The detection of charged hyperons is further complicated by the fact that the 

decay angle in the lab is very small: 

(1 ) 

where� ~ * = velocity of the decay product in the decay rest frame 

M = mass of the decaying particle 

p =momentum of the decaying particle in the lab. 

If we assume that we cannot detect a "ktnk" of less than 2 0 then it becomes impossible 

to detect ~ + - P+11'0 above 6 GeV l e and L::t: - 1'1' ± + n above 27 GeV Ic. At these mo

menta the decay lengths are 55 em and 1 f 0 em respectively. Of course, the efficiency 

becomes poor below these momenta. For E: I S we will have to see a A to identify the 

decay, and it will be very hard to define the E: decay point if the decay angle is small. 

For ViS we obtain the angle very accurately from the flight path and must obtain 

the momentum from the decay tracks. We can estimate the momentum error in two 

ways: either from knowledge of the decay properties, or by simple vector momentum 

addition of the decay tracks. f 

From the decay kinematics we get 

and 

Then by using the formulas of Derrick and Kraemer, 2 and assuming that mea

surement errors dominate, we get 

-6 
14 X 10 EPA 

1 
3 / 2 

and (~P) 
P K O 

(2) 

P 
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where 
p :::: momentum of neutral (MeV / c) 

E :::: setting error (microns in space) 

6.e :::: angle error (radians) 

1. ::: length of the proton track from A decay (cm) 
p ° i 1T :::: average length of 1T'S from K decay (em). 

Similar-ly, for vector-momentum addition 

-2 
~p _ 1.2 X 10 pE 

(3)
P - Hi 5/2 

where 

H ::: magnetic fie ld (kG). 

The two estimates of the momentum error are equal for I = £0' where 
3 3 

(IO)p::: 0.85 x 10 /H and (JO)1T ::: 3.6 x 10 /H. For 1 < 10J Eq. (2) give the lower 

estimate for the error. because they take into account the decay kinematics. However. 

lois fairly small. particularly for A decays and the predicted 6.p/p for 1 = lOis 

large. Consequently. Eq. (2) has only limited application at high energies, if errors 

of a few percent are required. For 1. > J. 0 the error in the momentum of the neutral 

is approximately the same as that of a charged track of the same momentum (note 

that I is the average length of the decay products. not of the neutral particle). 

We note that since KOf s will often go forwards in the reaction center-of-mass 

giving them a very large momentum in the lab. a very large bubble chamber will be 

required to detect them. For example. a 50 GeV / c K
O 

has a mean decay length of 

260 em. In a 40 kG field an additional 170 em is required to measure the momentum 

to ± 1%for E :::: 250 IJ.. and 224 em for E ::: 500 f.1. Thus a path length of more than 

4 meters downstream of KO production is required to detect about 20% of the K
O

, s 

produced with 1 % momentum error (2/3 of K
O 

produced are either K~ or deeay into 

2n
o 

and cannot be seen at all). A's require even more potential path length. but 

fortunately they will often be produced backwards in the c.m, and then have a low mo

mentum in the lab. For example. a 10 GeV / c A requires a total of 65 + 1 f 7 ::: 180 em 

downstream of production for 40% detection efficiency and 1% momentum error. Since 

the error equations used are very approximate and do not take into account fitting the 

decay, a more careful study using FAKE is required to find the efficiency of the 25-ft 
O

chamber for detecting and measuring K and hyperon decays in any particular experi

ment. FAKE studies should also be made to determine how often interpretation of a 

V v s A or K
O 

will be ambiguous. 
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REFERENCES 

{G. Trilling, SLAC Summer Study Report S-E} 1.962. 

2R. Kraemer and M. Derrick, Parameters of a Large Bubble Chamber: Scaling 

of Momentum and Angle Errors} National Accelerator. Laboratory 1968 Summer 

Study Report A.1-68-35, Vol. IJ p. 1. 



-15- 58-1.40 

500 .....--.........-----,,....--.........----..--......- ........----.......- ......� 

L =p~ 
o m 

ForL=Lo Detect 63%� 

L=2Lo Detect 86%� 

400 L=7Lo Detect 50%� 

E 
0 300; 
...J 

s:.... 
C'� 
C� 
CD 
...J 

c 
~ 

0 
Q) 2000 

c 
c 
CD 

~ 

100 

O ....._--......_ 
o 10 

.......__.........__.........__.....__...a-__......__......_ ....... 

20 30 40 50 60 70 80 90 

p (GeV/c) 
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E.� THE STUDY OF DIFFRACTIVE PROCESSES AT NAL 
WITH THE 25-FT BUBBLE CHAMBER 

Paul Slattery 

The diffractive production of hadron systems is an important topic in the field 

of strong interactions. Numerous experiments have been carried out in which the 

dissociation of pions, kaons, and nucleons has been studied over the entire range of 

presently available beam momenta. These experiments have indicated the existence 

of low-mass enhancements whose exact nature is still the subject of considerable de

bate. For example, from experiments involving pion, kaon, and proton beams with 

momenta ~ 5 GeV / c, the following reactions are known to occur very peripherally 

with cross sections which appear to be approximately constant and in the several hun

dred lib range: 

± 
1T 

:I:
p-A

t(i070)p 
(f) 

K± p - Q± (1.300) P (2) 

pp 
+ 

- N (1.400) P (3) 

All experimenters agree upon the existence of significant enhancements at the indi

cated mass values in the above reactions; no similar consensus exists concerning the 

precise nature of the observed effects. A very significant increase in our understand

ing of the above processes could be brought about through the use of the 25-ft bubble 

chamber at the NAL 200-GeV accelerator. Some of the justifications for this claim 

may be listed as follows: 

f. By extending the range over which diffractive processes have been studied, 

it will be possible to better determine the degree of constancy of the cross sections 

for these processes. 

2. By studying a particular diffractive process over a wide range of energies, it 

may be possible to distinguish it more reliably from competing reactions, since the 

cross sections for non-diffractive processes appear to vary differently with beam mo

menta than do those for diffractive processes. 

3. By increasing the available center-of-mass energy, it may be possible to 

study a wider variety of diffractively produced states. For example, the 1T (1640), 

K (1800), (L-meson), and N (1700) may be examples of more massive diffractively 

produced states with properties similar to those of the At Q. and N (1400).J 

4. The ability of the 25 -ft chamber to operate as a double chamber. consisting 

of a track-sensitive hydrogen target, surrounded by neon or a neon-hydrogen mixture 
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for efficient y conversion, will open up to bubble-chamber investigation many hereto

fore inaccessible channels, and these may prove to be extremely valuable to the study 

of the decay modes and quantum numbers of diffractively produced states. For exam

ple, efficient nO detection and analysis would make possible study of the reaction: 

K± P - Q±p 

L K~:~± TTO 
(4) 

L K±no. 

When observed in this manner the Q could be analyzed without the problem of p - K"

interference and it would be most interesting to compare the results of such an anal
'1' 

ysis with those carried out in the presence of such interference. 

s. The large size of the 25 -ft chamber will make it an efficient device for 

studying reactions involving fast KO,s. This will be true for two reasons: 

(a) Increased decay length. A 40 GeV Ic K
O 

will have a mean decay length
s 

of over 2 meters. 
O

(b) Efficient neutral detection. A third of K decays take place via the two
s 

nO mode, and many of these will be analyzable when the 25-ft chamber is operating as 

a double chamber. 
O 

The value of K reactions to the study of diffraction production may be illus

trated by the following example. At present, the Q has been primarily studied through 

the following two reactions: 

K±p - Q±p 

L K± pO 

L 1T+'r- (5) 

L 1T±K*O(i(*o) 

L K±1T+, 

"'Such comparisons can be regarded as vital. One of the chief difficulties encountered 
in the analysis of diffractively produced states is how to separate signal from back
ground. No unique method exists for making this separation. Consequently, any 
particular analysis is always subject to serious ambiguities of interpretation, and, 
in absence of some completely new development in this area, the only available 
method of resolving these ambiguities is to hope for the emergence of a degree of 
consistency between many separate analyses of different final states as a function 
of beam momenta. By opening up heretofore experimentally inaccessible channels, 
the 25 -ft chamber J through its ability to detect and analyze 1T 

G 
, S , can be expected to 

make many significant contributions to this program. 
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K±p-Q±p 

t, p±Ko (i(0) 

L 1T±1TO 
(6) 

L 11'±K~:(O (If~o) 

L KO(i(0) 11'0 

Because of unseen KO decays, reaction (5) is currently more useful than reaction (6) 

for detailed studies of the properties of the Q. At higher energies, however, this 

disadvantage may be outweighed by the inherent ambiguity in reaction (5) between fast 

charged K's and 11"S. (The diffractive nature of Q production tends to make all decay 

products of the Q fast in the lab.) Reaction (6) may therefore prove to be very im

portant for high-energy studies of the Q, and Q-like states, and the 25-ft chamber's 

ability to analyze fast KO,s may hence prove to be extremely valuable to the study of 

diffractive processes. 
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F. NEW PARTICLE SEARCHES 

J. Lach 

Bubble chamber s , with their 41T solid angle acceptance. have the ability to see 

the production and decay vertex particles with lifetimes of the order of 10 -10 seconds. 

Indeed, to emphasize its capabilities in this respect, we need only recall the fact that 

the EO, EO, :§+, and n- hyperons have thus far only been seen in bubble chambers, 

and all of the information we possess concerning these particles has come to us from 

bubble-chamber experiments. For particles of masses approximately 1 to 2 GeV and 

lifetime s in the range to -1. 3 to 1.0 -1 0 seconds, we are talking of decay lengths of a 

millimeter to about a meter. It would seem likely that the detection of such a new 

particle would involve the analysis of a complex set of decay vertices, and it is in the 

analysis of such decay chains that the large hydrogen bubble chamber has demon

strated its superiority over other existing instruments. We are now building an accel

erator which will greatly extend our capabilities of producing such new particles, and 

it would seem short sighted if we did not have at a very early date the capability of 

effectively detecting these particles. 
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G. HYPERON INTERACTIONS 

J. Lach 

The study of hyperon interactions is indeed a very difficult area to attack experi

mentally. However j all the information we now possess on hyperon interactions is 

derived from bubble-chamber data. The short lifetime of these particles implies that 

as much information as possible must be gathered about them in the short distance it 

takes them to travel from their production vertex to their interaction point. A hydro

gen bubble chamber, with its ability to see with high spatial resolution both the pro

duction and interaction point and its ability to make precision measurements of the 

hyperon momentum and direction, make it a unique instrument for such studies. As 

we go to higher incident energies, and hence to higher energy secondary hype rons, 

their path lengths will increase in the bubble chamber, and hence we will be more 

easily able to study their interactions. Consider, for example, hyperons with mo

menta of 25 GeV Ie. The mean decay length of a lambda is 1.8 meters, of a ~ 

1.0 meter-s, and of a ;::0 2.3 meters. Only a chamber of large dimensions will be 

suitable for study of hyperon interactions at these ener-gte s, since we must have suf

ficient potential path length: first j for the hyperon to be produced; second, for it to 

travel to its interaction point; and thirdly, sufficient path length available for it to 

decay and hence be identified. Even with a very large hydrogen chamber it will pro

bably be possible to study only hyperon interactions which lead to final states which 

have no missing neutrals and even these will be far from easy. I do not believe it is 

possible to rationalize a large bubble chamber on the basis of the expected hyperon 

physics, but it would be worthwhile to study hyperon interactions as part of the 

physics program of a large high-energy exposure. 
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H. MISSING MASS SPECTROMETER EXPERIMENTS� 
WITH THE 25-FT BUBBLE CHAMBER� 

C. M. Rose 

The technique of looking at the spectrum of masses M in reactions of the type 

x + P - M + p. 

by measuring the momentum vector of the recoil proton has yielded information on 

new boson resonances (e. g.• R, S. T, U) and allowed more precise determinations of 

characteristics of a known resonance (e. g .• splitting of Ai)' It will be very inter

esting to search for boson resonances at the higher energies available at NAL and to 

determine their quantum numbers and decay modes. The information gained will 

check the various quark model predictions and perhaps serve to select a particular 

modeL The production mechanism can also he studied as a function of the incident 

momentum and the momentum transfer. 

1. EXPECTED RATES 

In order to estimate the rate we shall assume a particular production mechanism 

which seems to be correct at the energies studied so far. We assume that the reso

nances are produced by diffractive dissociation of the incident boson. This mechanism 

leads to fairly constant cross sections with variation of incident momentum; it leads 
h t, 

to a dependence on momentum transfer, t , of the form da/dt - e where 

b :::: 10 (GeV)-2. This means that most of the production occurs at low Itl. but this is 

where our precision is greatest. 

We take the cross section for production of a particular resonance in the reac

tion 

to be 5 jJ.b, which is true for R. S. T. U. The total cross section is 25 mb. If we run 

the chamber so that there is an average of one interaction per picture. which is rea�
6�

sonable. we obtain about 200 resonance events per 10 pictures for a particular reso

nance. We are restricted to recoil protons above about 150 MeV l c , so we lose about� 
1�

20% of the events leaving 150 events above a background of 600. The background 

may be less at the higher energies. but this is what is found in the CERN MMS exper

'iment for the higher resonances. This sample will include all decay modes since we 

look at the recoil proton only. 
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II. RESOLUTION 

We assume that the chamber will have the following characteristics: 

Setting error = 500 microns 

Field H = 40 kilogauss 

Track length L = 400 ern 

Beam resolution t::..p/p = 1% 

Error in length t::..L = 0.35 ern. 

The error in the missing mass is given by 

where the quantities are measured in the lab. 
2 

For the errors we assume 

21..6 x 10-4 p2 E 2.66 
2L 5 +-2-2

H H ~ L 

If the proton stops, then the error in length is used to determine the error in momen

tum. and the angle errors are based on the stopping length. 
2 2

In Fig. H-1, the percentage error in M is plotted as a function of M for a 

40 GeV Ic incident pion. In Fig. H-2 • .6.M is plotted for the same reaction. The dif

ferent curves correspond to different values of cos e in the center-of-mass. The 

value of t corresponding to a particular angle and mass is indicated on the curve. We 

see that values of .6.M
2 

1M2 
of the order of 1. % or < 30 MeV are obtainable in the re

gion of 4 -7 GeV. Figures H-3 and H-4 show the expected errors for the same reac

tion at 100 GeV Ic. The region from 7 -12 GeV is covered with approximately the 

same error. 

III. DETERMrnATION OF BOSON PROPERTIES 

The ability to determine quantum numbers and decay modes will depend some

what on the amount of background present. It is hoped that the background will de

crease at the high energies discussed here. We can expect that bosons in this mass 
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region will have many different decay modes, often of high multiplicity. An analysis 

of the vertex will give information on the multiplicities and for many events will pro

vide the identity of the decay particles through kinematic fitting. Secondary inter

actions and trapping may also aid in particle identification. 

The 25 -ft chamber will have enough available flight path to observe the decay of 

- 85% of the short-lived KO,s from the resonance decay at the lower incoming momen

tum and -- 50% at the higher momentum. 3 This will enable one to observe K
O 

decay 

modes. With the proposed neon arrangements for the chamber, the gamma rays from 

11'0 decays will be seen -90% of the time. allowing identification of Tr° decay modes of 

the resonance. 

IV. COMPETITION WITH OTHER METHODS 

This will be a valuable technique for surveying. in one experiment, a large re

gion of higher mass bosons. Other incident particles at various energies provide the 

basis for several different surveys. The main disadvantage is, of course, event rate. 

This disadvantage is offset by the absence of bias against any decay mode of M and by 

the visibility of the vertex. Hybrid spectrometers which also allow the vertex to be 

seen must either trigger on a particular decay configuration or run with no trigger. 

Since the decay modes are not known and may be quite complicated. the triggering 

will introduce biases and will be complicated. In the situation of no trigger. the 

ability to analyze events probably limits the number of events to the same number as 

in the 25 -foot chamber. 

The knowledge gained from the 25 -foot chamber experiments should allow other 

experiments to be well designed for higher statistics. It appears. though, that as a 

survey instrument, the bubble chamber is the preferred device. 
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