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A PROPOSAL TO STUDY THE PROPERTIES OF HEAVY QUARK PRODUCTION AND DECAY 

Proposal Summary 

We propose to study the hadronic production, and subsequent decay, of states 
containing heavy quarks by using a high resolution, high rate, visual vertex de
tector in conjunction with a comprehensive downstream multiparticle spectrometer,
the Heavy Quark Spectrometer (HQS). 

We believe that the field of heavy qua.rk physics, when studied with high re
solution and high sensitivity, has great promise for new physics both for the 
study of the c and b quarks and T lepton as well as for the search for new, un
expected phenomena. In addition, we believe that a major program of research, 
such as is proposed here, must be both flexible and comprehensive. For this 
reason, we propose to build the HQS as an "open-geometry" multi particle spec
trometer to take advantage of the variety of decay modes expected for heavy quark 
states. While a final design effort is still underway, we expect the HQS to 
contain the following elements: 
(l) 	 a high energy, high Pr muon trigger will be achieved by tracking a muon 

through an iron range absorber. Multimuon triggers also appear to be 
promising; 

(2) 	 the use of high resolution, visual vertex detectors ( a high resolution 
streamer chamber and a microsonic bubble chamber) eliminates much of the 
combinatorial background which is a serious limitation to all other effec
tive mass studies of heavy quark states. Additional resolution is expected 
through the use of holographic imaging of the tracks; . 

(3) 	 a high field (~ 2T) magnet allows the detection of charged particles in
cluding those associated with the heavy quark non-hadronic decay which 
provides the trigger as well as those from the subsequent decay of the other 
associated heavy quark;

(4) 	 the open geometry provides a maximal geometric acceptance for KO and A decays; 
(5) 	 two atmospheric pressure Cerenkov counters and a lead/scintillator sandwich 

shower detector provide the identification of particles from the heavy quark 
decays.

The direct observation of large numbers of B events (~2000) and charm decays 
(~100,000), as could be obtained in the program proposed here, would allow the 
following studies: 
(l) 	 determination of the Kobayashi-Maskawa parameters from measurements of life

times and branching ratios; 
(2) 	 confirmation that the b quark does have conventional weak couplings as ex

pected if it is the q = -1/3 partner in a third left-handed quark doublet; 
(3) 	 study of the lifetime and decay modes of the T lepton; 
(4 ) possibility of observing CP violation in both neutral and charged B systems; 
()5 the spectroscopy of the b (and c) states can be examined; and 
(6) 	 study the hadronic production mechanisms for both band c quark states. 

In addition to the above studies, it is important to note that the HQS, with 
its anticipated sensitivity and resolution, is ideally suited to search for new,
unexpected phenomena in hadronic reactions. The high resolution of the visuahde
tectors should permit the study of short-lived states with lifetimes ~1.4xlO- sec. 
The high sensitivity (~l event/25pb) of these devices will allow the study of new 
and rare processes.

For this initial phase, we request 1000 hours of running with the streamer 
chamber and 1000 hours of running with the microsonic detector. We propose to run 
with proton beams at 400, 600 and 800 GeV and a n- beam at ~500 GeV with beam rates 
of 106-10 7/sec. 

.----.---.----~~~- ~-------------



3 


A PROPOSAL TO STUDY THE PROPERTIES OF HEAVY 
QUARK PRODUCTION MW DECAY 

I. 	 Introduction 

We propose to IJse high resolution vertex detectors--both a high pressure, 
hi gh resolution Streamer Chamber (HRSC) and a Mi croson; c Bubble Chamber (MSD)-
and an open-geometry spectrometer v/ith associ a ted cha rged pa rti cl e i denti fi ca
tion, electromagnetic shower detector. and muon detector to study the hadronic 

production and subsequent decay of particles containing the b quark. 
The collaboration listed on the title page has been formed because of the 

common bel i ef that the study of short-l i ved part; c1 es can best be performed 
using a high resolution ($ 30 ~) visual detector with high-rate capability in 

front of a comprehensive downstream multi particle spectrometer. Thus, this 
collaboration proposes to build the two vertex detectors and a downstream multi 
particle spectrometer, the Heavy Quark Spectrometer (HQS). These two vertex 
detectors have complementary properties. The streamer chamber has excellent 

sensitivity but may be limited to track widths of 20-30 ~m. The MSD, on the 
other hand, has limited sensitivity but offers the potential for tracks of 
width 2 to 5 ~m. In the program proposed here, we have tried to utilize 
these complementary aspects in an optimum manner. 

We believe that for an experiment that proposes to search for heavy quark 
decays with a starting date ~ 1983, the system must be both flexible and com
prehensive. For this reason \'/e have proposed to build an "open-geometryll 
spectrometer which contains the following features: 

i) 	 measurement of charged particle momenta; 
ii) identification of a large fraction of the produced n± and K±; 

iii) possibility of observing K~ and A decays; 
iv) y,n O and electron detection and energy measurement; and 

v) good muon identification. 
He bel ieve that all of these features are available in the system proposed in 
Secti on II I. 

In this experimental program we propose to use a high resolution vertex de

tector and the downstream spectrometer (HQS) to study the following physics 
topics related to the hadronic production and subsequent decay of B mesons and 
baryons: 

a) 	 a study of the production differential and total cross sections with 

high geometric acceptance; 
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b) 	 a direct measurement separately of the lifetimes for the different 

charged and neutral B states by observation of both production and 
decay vertices in a visual detector; 

c) 	 since the trigger will involve only the decay of one b quark, we will 
study the inclusive decay modes of the other b quark; hence we can 

measure various branching ratios (e.g. nonleptonic. semi1eptonic,etc.) 
in an unbiased manner; 

d) a study of the mass spectroscopy of the B systems by means of the 
effective mass technique, but without the usual combinatorial pro

1ems associated with non-visual detectors; and 
e) a search for and the measurement of CP violation in B decays. 

In the following section. these and other topics are discussed in more detail. 
The program of physics which can be carried ~ut with the system we pro

pose is a broad one which can develop along many lines. some of which we can 
forsee now and others which will become apparent only after the research gets 
underway. It is unreasonable to propose, at this time. all of the potential 
physics which could be done with the apparatus. 

We have therefore planned, and proposed here, an initial phase which re
quests 2000 hours to survey the production properties of the B particles, to 
collect a substantial number of B events (~ 2000) and to collect a large 
sample (~ 100,000) of charm decays. Proposals for subsequent experiments 

would follow after this initial phase.was at least partly completed. 
Finally, we note that we are in the early stage of the design of the down

stream system. The design, and costs, presented here are a II fi rst-cut ll in 
whi ch we have tried to address the 111 arge" questions in the desi gn of such a 

system and to set the scale of the required apparatus. We are in the process 
of making a much more complete design effort, including an attempt to minimize 
costs. This is a substantial effort which will continue for some months. We 
do be1ieve, however, that the design we have presented here will turn out to 
be representative of our IIfinal ll design and that it does reasonably display 
the scale of the equipment needed. 
II. 	 Physics Goals 

In this section we discuss some of the outstanding questions that cur

rently need to be answered concerning the nature of B production and decay. 
In addition, we indicate what information this experiment could provide to 
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answer some of these questions. Informati on from studies of the B can be 
generally classified into one of three categories: 

(a) 	 Production Mechanisms (Strong Interaction Physics), 

(b) 	 Decay Processes and Rates (Weak Interaction Physics), and 
(c) 	 Spectroscopy of heavy quarks. 

(a) 	 Production Mechanisms 

i) 	 I~!~2 ~ e~~~~~!~~~ ~~~~~ ~~~!!~~: From measurements of BB production 
by different beams (p, n, TI 

-i-

, and p), one will learn about the relative 
contributions of the qq and gg fusion diagrams (see Fig.l). \'Jhile one 
II knows II what to expect from these tl,vO processes from studi es of 1j! pro
duction, it will be important to confirm these expectations directly. 

In particular, the overall normalization of the cross section could 
yield information on how the color-octet qq configuration rearranaes 
itself by soft-gluon emission into a color-singlet final state. (l) 
In addition, these studies will provide necessary input for the sub

sequent choice of running conditions for future studies of heavy 
quark physics. 

ii) 	 ~~~~~9~ xF e~9 PT 9!~!~i~~!!q~~~ These studies can yield more de
tailed information on ative contrib~tions of the q~ and 99 

mechanisms. Furthermore, depending upon the specific final state 
observed one can even study the various diagrams, eg., Fig.l (b,c, 
and d). Small discrepancies between data and theory might enable one 
to learn about diagrams Fig.l (e and f). In addition, one might learn 

about the heavy quark distributions in hadrons (see Ref.2). 

iii) 	 Qiffrg~1iY~ ~rQQ!:!!,;JiQIJ.: This process has been studied in charm pro
duction, but even here the picture is far from clear(3) ~ and there 

have been no theoretical predictions for the diffractive hadronic 
production of B mesons or baryons. 

(b) 	 Decay Processes and Rates 
Most of the items considered below apply to all of the B-mesons and 
baryons but will be discussed only for the mesons as examples of what 

might be studied. In addition, what ;s learned from e+e- machines in 
the next couple of years may well modify any trigger rates that are est 
imated for this experiment. 
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i) 	 bif~til]~Qf to~ ~:t1~~QQ~ (Bd, B~, B~, B~, ... ): This is a study that 
will not be made at machines. Knowledge of the lifetime of the 
Bls will yield approximate information on the value of the elements 
(and hence angles) of the Kobayashi-Maskawa (KM) matrix (see Appendix I). 

ii) 	 ~if§til]g Qf tOg I:~gQtQO: From studies of B ~ TV, B* ~ TV or F-(cs) ~ 


T-V. etc., one could study the T decay length distribution in a high 


resolution vertex detector and therefore measure the T lifetime. An 

estimate of the T lifetime is 2.7xlO-13sec.(4) In addition to its 

1ifetime, if one sees the T decay in the vertex detector one can 

also(4) : 


a) determine whether the T and 11 coupl-ings are the same; 

b) look for the T- ~ vK- decay mode; 

c) study the multihadron decay modes of the T; and 


d) 	 set limits on forbidden decay modes., ego T-~ 11-Y. 

iii) 	 ~e~~!!!~ ~~~~t ~~!~~~ From studies of B-meson decay rates one can 
obtain information on the 8i' 8 KM parameters of Eq (AI-l). Since 
these parameters govern the lifetimes, decay branching ratios, mixing, 

and CP nonconservation of heavy quark systems, it is of considerable 
interest to determine them and best v/ay may be from studies of 

B-meson decay. The lIlost likely key to measuring Ubu and (theUbc 
amplitudes for b ~ u and b ~ c. respectively) is through a study of 
multileptons from B decay. One could hope to measure r(b u)/r(b ~ c) 
by using the like-sign dilepton events from the cascade:(5-8) 

+ 

iv) ~9~:h~~!2~i~ ~~b~~~~~~~! E~~!2~~: Knowledge of the values of the 
Kr~ angles is probably necessary in order to extract dynamical en

hancement factors from B lifetime measurements. In principle,(9) 

with measurements of the ratios rSL(b ~ u)/rNL(b u) and rSL(b ~ c)1 
rNL(b ~ c) we can measure the dynamical nonleptonic enhancements with
out knowing the KM angles; however, this is likely to be hard and 

probably will be easier if the KM angles are known. (9) 

. - .~ .. 
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v) 	 ~QIQr B~~rr~Qg~m~Q! iQ ~QQ:b~~!2QiS Q~£~y~: Measurement of the B ~ ~X 
decay will yield information on the dynamics of the non-leptonic decays. 
Depending upon how (or if) the color-octet cc system emits soft gluons 
to become an observable color singlet final state, there is a factor 

of 9 uncertainty in the calculated rate for B decays into cc bound 
states. 

vi) I~~!~ ~f !~~ ~ ~e!~: A suggestion(lO) has been made to search for 
effects that could indicate that the b quark has spin 3/2 rather than 

1/2. If sb = 3/2 and su.d = 1/2, then the lowest-lying mesons in the 
B system stable against strong and electromagnetic decays will be 
spin 1, not spin 0 as for charm. Furthermore, b decays could occur 
via flavor changing neutral spin 0 or 2 mesons. 

Kane and Raby emphasize that if a spin 3/2 b quark were to be 
found, we would have to consider seriously the possibility that 
qua rks and 1eptons were made of more e1ementa ry objects. 

vii) 	 r~~~~~!,~~~~! ~f !~~ ":!~~~ 9~~~:t ~~~~!~~! f~!' ~ ~~~~~~2 r~easurement of 


the branching ratio for B- ~ T-V would give direct information on fB. 

Even thouqil this r;;od2 is relatively sr;;i).ll (0.4 - ), it could b~ 

studied in this experiment. Several calculations (11) yield the ex
pectation that fB ~ 500 MeV. However, another estimate(12) based on 
the t1IT bag model predicts fB ~ 50-70 :leV. Thus, a measurement of f8 

through leptonic B decays could yield information about the hadronic 
structure of the charged B mesons. 

viii) ~~i9~~S~ f~r ~~~~~~!~~ 9~~eb~: Guberina et al(13) have suggested 
that it would be good to look for the effects of penguin graphs in a 

nonleptonic multibody channel. Specifically, they suggest looking at 
the two and four-body decays B- ~ rr-Ko, rr-rro or B ~ K3rr, 4rr. Accord

ing to their analysis they expect that B ~ 'ITK(B ~ K3TI) should be sim
ilar to the rate for B ~ 21T(8 ~ 41T), in contrast to the naive predic

tions of the Kr~model (see Eq. AI-3). (Indirect production of K31T 
,coming from B ~ On ~ K3rr or 8 ~ Dn -» K3rr should be comparable but 
can be isolated by studying the effective mass distributions for the 
D contribution.) 

http:sr;;i).ll
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ix) 	 ~~~~£::~~~~~~~~ ~~~!:~~ ~~~:~~!~: If T'S are made at reasonable rates 
at Tevatron energies via B (and/or F) decays, than the search for the 
reactions T ~ ~We or eee would set limits on flavor-changing neutral 
currents.(14) It will be impossible to approach the limit suggested(14) 
by KO data of B(T ~ ~we) < 5 x 10-10; but even a limit of 10-3 might 

be useful since no directly measured limit exists at present. 

x) 	 CP ~!Ql~!iQ~ ~!~~i~~: For only four quarks (two weak isospin left 
handed doublets), any complex phase parameter in the weak currents 
can be transformed away by a redefinition of the quark fields. Thus, 

in the absence of further interactions, there is no CP violation. For 
the case of six quarks this is no longer true and the phase parameter 
o appears (see Eq. AI-l). Consequently, there is CP violation if 0 

differs 	from zero. 

Now consider BOBo production followed by the semileptonic decays 
O OB ~ ~-vX+, B ~ t+vX-. CP violation appears as a charge asymmetry 

++ -- ++ - in the number of like-sign dilepton events: a = (N - N )/(N + N ). 

Since A = (N+++ N--)/2N+- : 0.4, we see (15-18) that charge asymmetries 

80could be large in BO - decays: lal "u 4 x 10-4 ("u 4 x 10- 3) for 
..... ·... ,-- ., f I1 j "I IBd (R'[) S !. b 1 ve n I il \'c I U (; 0"[ > S 1.1 en va J L.:: S 0 i a! CO U I Q 0.)

served with a large number of dilepton BO events. Furthermore, the 
analysis of Ref. 15 suggest that a < O. Hence, if large lepton charge 

asymmetries in excess of 10-2 , or in the direction of (++) rather 
than (--), were to be observed. this would be evidence for an alter
nate means of CP violation. 

The above CP violation effects occur due to virtual (off-shell) 

mixing effects in their mass and width matrices. Recent studies(19-20) 

have shown that it may be better to look for CP violation in processes 
where CP violation is coming mostly (for BO 

) or completely (for B±) 
from 	on-shell transitions in the decay amplitudes(2l). Although the 

CPT theorem guarantees that the total widths of particle and anti 
particle are identical, one prediction(19) of CP violation is that 

the decay rate of a particle into a definite final state can differ 
from the rate of the antiparticle decaying into the corresponding 
charged-conjugated state; r(i ~ f) r r(i ~f). Such differences, 

~~~~~~"~--~~---~~ -~~--~--------------
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if observed, would yield the first evidence for time-reversal violation 
involving non-neutral systems(19). Thus one should look for asymmetries 

between particle-antiparticle decay rates such as 

r(B ~ OX) - r(B + DX) 
r(B + OX) + r(§ + DX) 

Three types of studies have been suggested (19,20) In the first type(19) 

one can study asymmetries in either partial \'Iidths or inclusive decays 
+

of the charged B- mesons (B~ and B~): 

B± ~ 'JT±'JT0 K±'JT° 
U ' 

B+ + B- ~ ~ 'JT-X VS n+X.-T 

The second type involves producing, through mixing, a coherent beam of 

BO and BO and observing a decay channel to which both components contri 
bute: 

BO -r OOX ~ KOYX with rate r s -BO + DOX + KOYX \'Iith rate r ,
S 

Or' the processes 

-


d d .... 
..I. 

XBOB a K'K o I'lith rate r s 
--.,. K KO X' 

J.. 

I'Ji th rate r"s 

For the latter reactions, Carter and Sanda (20) conclude that a ::: (r-r)/ 

(r+f) ~ few % and thus might be observed in future high statistics 
experiments. Fi na l1y, they stress the importance of observi ng hadroni c 

(as opposed to semileptonic) final states and, in particular, those 
final states containing KO. 

s 
The !hird type of study involves the interference between B- .... DK~X 

and B- .... OKoX if a common decay channel KOKoy is detected. s s s 
xi) ~~!~~~~:: f2!' ~19~! 2!' ~12~~ 9~~r~~2 Since the charged-current matrix 

must be unitary, knm'/ledge of the KM angles might enable one to look 

for evidence of more than 6 quarks. The presence of new quarks leads(22) 
to the 'deviation of the matrix from unitarity, with their contribution 

being ~ l~. 
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xii) 	 ~~!~~~~~ !?! !~~ f2~~~~!!2~~! ~!~:9~~~~ ~q~~!2 Most discussions assume 
that the b quark is the q = -1/3 partner to a third quark doublet. 
While the e+e- data from CESR (23) seem to suggest that the b quark does 

have conventional weak couplings (24), it is still important to check 
that the properties of the b are inconsistent \'lith other theories in 
which 	 there is no t .qu(lrk (24). /1,s an eXofT'ple, Ba rand Pakvasu (25) 

have considered the consequence of assigning the b quark to a left 

handed singlet rather than to the weak isospin doublet (t,b)L' In this 
case, no higher mass t quark would be required. Distinctive tests of 
a singlet assignment viOul d be the neutl"al current modes with the fol
lowing signatures; 

K + Kb -+ (2%) observed as B -+ e e - , TIe+-e, ., . 
+ - + - b -+ SjJ jJ (2%) 	 B -)- KjJ jJ , KTIjJ +jJ , ... 

b -+ S\lV (12% ) B -+ K + missing energy 
+ - + 

or b -+ de e (1 %) 	 B -+TIee , etc. 

The existence of a t quark can be established by ruling out these decay 
modes at this level (26). Note that both PETRA (26) and CESR data may 

() i r:,~e (2 s tis 

with an additional sss contribution from b -+ ccs and ccc. Hence the 

total s~s contribution is almost double that e cted in the KM (t.b)L 
doublet model. This is particularly interesting in view of the excess 
of K's observed experimentally at CESR (23). 

(c) Spectroscopy of Heavy Quarks 

Any study of B mesons will certainly include a study of the mass spectros
copy of the b quark. While the first states are lik y to be found in 

e+e- experil1lents, it is quite likely that there are many states i'fhich are 
not produced in e+e- reactions or states which are difficult to detect in 
a colliding beam experiment. Clearly, any experiment which can trigqer 
effectively on b de and detect the decay vertex in a visual detector' 

will have a great advantage in eliminating from an ctive mass calcu
lation those particles which do not come from the decay vertex. Thus the 

hadronic decays of b s (v 69'0 of the decays are non-leptonic) will 
permit a clean study of both mesons and baryons containing the b quark. 
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(d) 	 How do we tell 

Since it appears that the easiest trigger for a B search experiment will 

involve one or more detected leptons (e,p), it will be important to 

"remove" as much of the "charm background" as possible. In this section 
-

we consider some of the characteristic features of bb production and 

decay. 

i) One can search for the observation of two distinct short-lived decays 

in an event in which an identified muon, produced in the event, does 

not come from either of the two distinct decays. Events of this type 

will "signature" B production even if the B lifetime is too short to 

observe as a clearly distinct vertex in the vertex detector. The 

efficiency for such events \'li11 be high for our experiment because 

we will have excellent resolution for charm detection, B's are known 

to largely decay via charm and our trigger responds mainly to the 

muon from the B(B). 

ii) 	 I~Q:~in~ Ir~~t~1 Following a trigger, one can scan the pictures 

from a visual detector and look for tracks which contain two sequen

tial kinks. This does not guarantee B production and decay: 

b + c + /, 

L- s + X 

since one could .:::lso have rare charm processes such as 

F + 	 1: + X. 


Lp + 
X 

However. even these processes are of interest. and furthermore, some of 

the t~1O lepton triggers can be used to suppress this process. 

iii) 	 Effective r'lass Combinations: If a single decay vertex has been located 

in a picture, the combinatorial problems associated with the usual effec

tive mass plots in high multiplicity events will be greatly reduced. 

Since one will IIsee" v/hich charged tracks emerge froPl the decay vertex 

(with maybe a single ambiguity depending upon hO'.'/ \-/ell one can match 

tracks, detected dovJnstream with the tracks observed in the visual de

detector). the effective mass calculation need only include those 

charged particles. In general. there will still be some ambiguity in 

assigning the detected 1ro's and K~'S, but the problem will be 9Y'eatly 
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reduced over experiments whi ch do not "see" the decay vertex. 
iv) 	 Exotic decays of b~: spite the factor of 103 in the ratio of 

~~;d~~ti;~-~~o~~ ~~ctions for cc to bb (S5 occurs in 5xlO- 2of all 

interactions, cc in 10- 3 and bb in 10-6), there are various exotic 

final states which clearly signal b-quark production. While all 
of these rates are quite small, they may still be of use either 

incorporated as a trigger (eg., the multilepton final states) or 
in the off-line analysis (eg., the multi-strange final states). In 

particular, the trigger will be extremely important to suppress 
Ilchann background ll for B studies. 

v) 	 ~~ltil~QtQD fiQ~l ~t2t~~: In Appendix II we consider the various 
multi lepton final states that are possible from 88 decay. The most 
important resul ts, and ones whi cll wi 11 be used in the tri gger and 
event calculations below, are the following: 

a) 	 ~ 111 (or e) = 0.40 

b) 2! 211(2e, or l1e) = 0.040 

c) 8 ~ ~ ~ 211(or 2e) = 0.0028 

d) B ~ T- + l1-(or e-) = 0.01. 

III. 

The layout of the proposed downstream detector is shown in Figure 2. In 

this section we discuss each of the components. 
(a) 	 Beam 

Since we believe that a detailed study of B production should include a 
comparison of BB production by both mesons and nucleons, we request high 

intensity n and proton beams. For this proposal we have assumed a 10 

second pulse every 60 seconds at the Tevatron. As discussed in Section V, 
7 we propose to begin our program with proton beams of ~ 10 per second 

(or 	108 per 10 sec vatron flat top), and with n- beams of 106 per sec 

(10 7 per pulse). However, we expect to require more intense beams in the 
8later stages of the pl~ogl~am. In particular a proton beam of 10 per 

second (109 per pulse) or a neutron beam of similar intensity will be es
sential for the very large statistics runs to study spe al aspc:ets such 

as CP violation. The am optics should be such that all beams can be 
designed to fill the sensitive area of the vertex detector, the largest 

of which is the H C viith dir:lens"il"llls lOGl x lern (and 20cm in t beam 

direction). The MSD will require a finely focussed beam of dimensions 

3cm 	 x 2li1Fl. nally, we note that foy' the charged pa'rtiele beams, we \'Jill 
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build a pair of beam tagging hodoscopes (Ha,H ) to measure the direcb
tion of the beam for use in triggering for the "low" intensity beam 
cases. 

(b) r 

The visual vertex detector proposed for this experiment is described in 

detail in Appendix IV. 
(c) 	 r,1ag.!}et 

We request a magnet 1 .2m wide and O.6m gap. The magnet should be 2m in 
the beam direction and be capable of producing a 2T central f-ield. 

(d) 	 Pt'o~orti ona1 r':ul tivli re Cha;j)ers 
Directly follO\ving the vertex detector, we propose to place two P~~C trip

lets Pl ,P2. Inside the magnet volume, we propose to use 5 PWC triplets 

P3- P7' The properties of all of these chambers are given in Table I. 

Table I 
Proportional I'lire Chamber Cl1al'acteristics 

Spaci ng 
et l1i dth x HeJ2ht i 1 ± 30° 

0.6m x O.3m 1fWD, ?m:'1 	 2600 
, 
I. 	 . !, ~ .... ' ,i 

J 

2.0m x 1.6m 	 11 
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Downstream of the magnet, we propose to use 5 large PWC·s also described in 
Table I. The first two of these planes, P and P , are used to providea 9
tracking of particles after the magnet, through the two Cerenkov counters 
and into the shower detector. The last three triplets, P -P are used12 ,10
to track the muon through the steel absorber and \'/i11 be discussed later 
in connection with muon identification. 

(e) rs 
As we have seen, we expect that most B decays will occur via charm and hence 
y'jeld strange particle final sta In Section IV. \/2 present the ;,lOmentW'l 
spectra for the K's and note that it ranoes appro imately 5-50 Ic 
(see Figure 3). In order to identify as r~:my K~ as possible, h''2 propose to 
use t\vo Cerenkov counters \':ith the follm':inc! properties: 
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Table II 

Cerenkov Counter Characteristics 


Dimensions Number Threshol ds Max 
Cerenkov long x wide x high of Cells Gas p K 1T Radius 

Cl 2.5m x 2m x 1.Om 28 CO 2 33 17 5 7.. 1cm 

C2 4.0m x 2m x 1.6m 28 Ne 82 43 12 4.. 5cm 

The 	maximum number of photoelectrons expected, assuming a figure of merit 

of A=lOOcm-l (note that a neon counter has achi eved A=260cm- l , see Ref. 54). 
are 20 and 5 respectively. In addition, behind each Cerenkov counter, we 
place a hodoscope (Hl ,H2) which matches the sizes of the mirrors in each 
counter. 

(f) 	. El ectromagnet i c Shower Detector 
Our preliminary design for a shower detector has dimensions of 2.4m (wide 
x 1.6m (high) and is located 10m downstream of target center. It is designed 
to meet the demands of 1) a good e/n separation in the momentum range 

5-50 	GeV/c. and 2) detection of nO'S iQ the 10-50 GeV/c range. The shower 
detector is of a lead/acrylic scintillator sandwich construction, with a 
total depth of approximately 20 radiation lengths (r.l •. )"suffiCient for 
total absorption of showers up to 50 GeV/c. (55) 

The shower detector forms an array made of 32 modules. Each module 
has a sensitive area of 240cm x.5cm and consists of 32 identical layers, 
each of which has 1/8" (0.6 r.1.) of lead followed by 1/4" of plexipop, 
yielding a total of approximately 20 r.l. The energy resolution to be 

expected from this type of shower counter is given by (56) 

(J 12% 
- tV -

E VE 
Each 	module is read out by means of wave shifter at both ends. Thus the 

longitudinal position along the length of a module is determined by compar

'ng 	the relative pulse heights and timing information of the two corres
ponding Photomulti)liers. A resolution of ± 2cm has been reported in a 
similar device (57. A further improvement in position as well as in e/v 
separation is to be achieved by inserti ng two wiJ;e chambers with lcm wide 
cathode strip readout in each module at a depth of 3 and 7 r.l~ respectively. 
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With good energy and spatial resolution of the shower detectors com
bined with a good momentum resolution in the magnetic tracking systems we 

3expect a pion rejection ratio in excess of 10 at 10 GeV and about 5xl03 

at 30 GeV with a loss of only 5-10% of the electrons. 
For identifying nO·s, the minimum separation {at TO.Om} between two 

photons is {E in GeV} d '" 270cm/E. Hence, \,/ith a conservative resolution 
of (J '" ?cm, nO'S of energy 50 GeV«a_,,:5.~cm) can be readily identified. 

, '. 

(g) Muon Identification 
The expected trigger for this experiment will be a single muon with 

momentum greater than 10 GeV/c and with a transverse momentum.~ 1.5 GeV/c. 
We expect to use a range absorber (7.3m of Fe) to select muons above the 
minimum momentum. To select the transverse momentum trigger, we propose 
to insert three large PWC's (P10-P12) after 4m, 5m and 6m of steel. The 
4m position is selected in order to cut the particle rate f~ w, K punch. 

through to a reasonable value. The other locations are chosen to provide 
adequate position measurement to select muons coming from the. vertex 
detector (in the non-bending direction) and the measureme~ of the momen
tum and angle (in the bending direction). The final elemewt in the muon 

detector is a 20 cell hodoscope (H3) which is used to trigger the system 
and to provide the additional trigger logic of multimuons {either of like-

sign or of opposite sign} by selecting various patterns of hits. 
{h} Trigger Processor 
Because of the memory time of the visual vertex detector, we .ust make a 
trigger deci.sion in about h.sec. The technique that we are presently 
considering is an asynchronous parallel processor based upon multiple 

fast memory lookups (MLU). Such a system has been designed ~ Barsotti 
et al {58} and is currently used in E5l6, with a second such system cur

rently being installed in E-537. A single MLU takes 35-50 nsec 1n this 
system with each lookup beginning ~s soon as the input data (address) is 
available. High speed is attained by using multiple MLU's in parallel so 
as, for example, to calculate x and y track parameters at the same-time. 
Designing the chamber placement and readout to facilitate the trigger calc
ul ation s an r-1l..U tri gger processor shoul d gi ve a muon trigger cut. on both 

Pp and PT in lpsec or less . 

------_._._--_.,----------------------- ....~"-- ..•"'.-- - ..•,,-_. __......--. ,"" ", 
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IV. 	 Acceptances and Trigger Rates 
The triggers selected for this experiment \··/;11 be one or more leptons. 

The simplest trigger is the detection of a high transverse momentum ( PT ~ 
1.5 GeV/c), high momentum ( p > 10 GeV/c) muon. In order to calculate the 

rates that we can expect, we have performed Monte Carlo calculations for 
the ~ollowing sources of high PT muons: 

a) Background due to ,K± decays; 

b) DD production, followed by 0 + K~v, K*~v decays; and 

c) the signal from BB production, followed by 


B ~ 	~vD (nTI) , 0 (mTI) 
L...Kllv, K*llV. 

+ 	 +a) Background from TI-, K-: 
We parameterize the TI± (K±) production spectra following B. Alper et al(28) 

a t BOO Ge V / c ( -Vs = 39 GeV) : 
dN _ _APT _By2 

dyapT - PTe e 

where A = 7.5 (4.6)(GeV/c)-1 and B = 0.205 (1.39) with an average number 
+ - + of TI + TI = 10.4 per event, and an average number of K . + K = 0.56/event. 

Including a K ~ ~ branching ratio of 0.635, this yields 0.36 (K+~)/event.
-b) 	 Background from DO production: 

Following A. Diamant-Berger et al (29), we parameterize the DD spectra as 

dN = 1 PTe-CPT (l_lxl)ne-dM/ VS • 	 (1)
dMdxdpr M3 

where c = 1.3 {GeV/c)-l, n = 6 and d= 20, M (~3.8 GeV) is the mass of 

the DO pair and x,PT refer to the M system which then decays into OD ;so

tropically. The two 0 - mesons are then allowed to decay into(30) KllV 


(with B.R. =0.59xO.082) and K*llV (B.R. = 0.41xO.082) with a phase space 

distribution. 

c) Signal from BB production: 


The production of BB events was also parameterized by equation (1) 
with c = 2.2 (Gev/c)-l. n = 3 and d = 15. Data from CLEO(32) show that 
the observed charged particle multiplicity for BB decays agrees well with 

a Monte Carlo calculation when ~c(BB» = 11.B ± 1.0 is used. Hence we 
find <nc(B» = 5.9 ±0.5 or correcting for neutrals <n(B~ = 1.5 x 5.9 = 
9 ± O.B. Therefore we allow the B to decay into an average of 9 particies. 
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Since most B decays are expected to occur via b + C (see Appendix I), we 
have consi dered the follow; ng sources of muons: 

B + DJ.lv (471'); (2) 

+ (J.l) Dv (4~); and (3 ) 

LKJ.lV, K*J1v 

+ 0 (7~) . (4) 

LKJ.lv, K*J1v 

Since there are some indications(27)that semi-leptonic B decays may occur 

through J.lvD and J.lvD* (2000), we have also considered the decay 

B + DJ.lv . (5) 
Using reaction (5) rather than reaction (2), increases the acceptance for 
single muons from B decay by ~ 10%. For the remainder of this proposal, 
however, we just use reactions (2)-(4). 

d) Production Cross Sections 
We have assumed the following cross sections: 

cr (NN)inel = 41 - 7 = 34 mb, 

cr (DO) = 50 J.lb, and 

cr (BB) = 50 nb . 


Justification for the last value is given in Appendix III. 
e) Acceptance Results 

Using the downstream system, with the given dimensions as discussed 
in III, the results for the reactions (2)-(4) are shown in Fig 4 as a 

function of the minimum value of the muon PT that we accept. A minimum 
momentum cut oflO GeV/c has been applied. The results are presented in 
terms of the acceptance times expected branching ratio for production of 
a J.l in B decay. The upper curve in Fig 4 shows the sum of the three lower 

curves. 
As we have seen in Section II, many of the B decay channels yield K 

meson final states. Using the two Cerenkov counters discussed in Section III 
and reactions (2) and (4), we show in Fig 3 the momentum spectrum for K± 

that strike the mirrors of both Cerenkov detectors. As shown, the overall 
acceptance for each reaction is about 80%. (The acceptance for K1s from 
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DO ~ K is greater than 90%, not shown). 
The trigger rates. expressed as the number of triggers per NN inter

action, are shown in Figure 5 as a function of the cut on PT of the muon. 
We note that background UIS from 1T± decay are negligible compared to K± 

decays. The trigger rates from DO production are a factor of 100-200 greater 
than the" rate from BB production. 

In the charm rate calculations to be presented in Section V we have us!ed 
the charm production cross sections calculated by Afek et al. (59) These are 
low by a .factor of two at 800 GeV/c incident momentum in comparison with the 
50ub used in the trigger calculation above. We have taken the conservative 

point of view of using the larger charm cross section when calculating back
ground triggers for B production and the lower charm cross section when 
calculating yields of charm events for physics studies. We have used the 
Afek et al. (59) calculation because it provides a consistent prediction of 
charm cross sections for the full range of incident beam energies we propose 
to study. 

The actual value of the transverse momentum cutoff which will be used 
will be determined after considerable experimental as well as "theoretical" 
study. A key consideration will be the trade-off between trigger acceptance 
and tri gger rejection rate. A proposed program for the fi rst phase of our 

experiment is given in Section V. We present in Table III the principal 
parameters of the proposed HRSC and MSD which enter into the rate calcula
tions of Section V. 
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Table III 

PARAMETERS OF PROPOSED HRSC 

Gas 

Dimensions of visible region 
Fiducial length 
Fiducial interaction probability 
per incident nucleon 
Non-fiducial interaction probability
per incident nucleon (dead gas~ 
windows~ upstream, etc.) 

TOTAL 

Chamber dead time per picture 
Track width (space) 

He/He @ 100 atmospheres or equivalent 

20 cm x 10cm x 1 cm 
20 cm 

.0118 

.0066 

.0184 

50 ms 
20-30 llm. 

PARAMETERS OF PROPOSED MSD 


Liquid Composition 
Dimensions of visible region 
Fiducial length in beam direction 

Fiducial interaction probability 
Non-fiducial interaction probability 

TOTAL 

Chamber cycling rate 
Track width (space) 

Freon (CF3Br) 
10 cm diameter x 0.36 cm deep 
8 cm 

0.1 
0.025 
. 125 

104 HZ 
2-5 llm 
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v. Proposed Program 

The system we are proposing will have a broad capability 

for the study of heavy quark physics. We envision an experi

mental program with this system which will encompass many dif 

ferent aspects of the physics, many different experimental runs 

and, undoubtedly, other experimenters besides those listed on 

this proposal. 

We propose to start this program with an initial "survey" 

phase which will give the necessary information for the choice 

of future experiments as well as providing answers to some of 

the fffirst order questions" of b quark physics .. and provide a 

large «(: 70,000) sample of charm decays. 

The details and rationale for this initial phase are given 

below. Subsequent experiments with the system will be the subject 

of future proposals. 

The HRSC, with its higq sensi~ivity, is the instrument of 

choice for measuring the B particle production cross sections. 

It is important to note that in the system we propose. B particle 

production can be identified with high efficiency even if the 

lifetime of tlie B particles is too short to observe directly in 

the HRSC.This is because the HRSC will have excellent efficiency 

(~ 90%) for charm, and, with our triggering scheme -- one or more 

high transverse momentum muons (with PT ~ 1.5 - 2.0) -- the 

"trigger" muon is almost always from a B particle .. not from a 

daughter charmed particle. 

In the event of a "short" B lifetime. a :s production event 

will then ~ppear as an event with two visible charmed particles 

in the chamber and with a muon which "comes fromn the primary 

vertex. The identification of muon tracks in the HRse will be 

done by matching the track direction with the direction of the 

muon(s) identified by the downstream system. Careful attention 

is being given to the system design to assure that this matching 

can be done to sufficient accuracy to make the identification of 

the muon track(s) in the HRSC essentially free of ambiguity. 
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Although we are still in the process of carrying out de
tailed Monte Carlo studies of direct observation of B particle 
decays in the HRSC and the MSD we have approximate estimates of 
expected efficiencies from the previous work of ourselves and 
others. Figure 6 shows the results of a detailed charm 110nte 
Carlo ~ar.ried out by the Rutherford group in the LEBC collab
or~tion~60)The detection efficiency for B I S can be expected to 
be quite similar so that direct observation of H particles in 
the RRSC (track width 20-30 ~m) will be ~ 50% efficient for 
~B ~ 10-13 sec, and in the MSD (bubble diameter 2-5 ~m) will be 
~ 50% effic.ient for ~B ~ 1.5 x 10-14 sec. Direct observation of 
charm will be highly efficient for both detectors. 

Our strategy for the initial phase is then to use the HRse 
to study B particle production with proton beams at three ener
gies, 400 GeV. 600 GeV and the peak operating TEVATRON energy 
which we take, for this prop~sal, to be 800 GeV. 

We also propose to use the RRSC to study B production by 
pions at the highest energy for which 106 pions per second 
(10 7 pions per 10 sec pulse) can be provided in the beam to the 
detector. We have estimated this pion energy to be 500 GeV for 
TEVATRON operation at 800 GeV. 

The MSD would be used, in this proposal, to make a long run 
( 1000 hours) at the peak energy. in a proton beam, to collect a 
sample of events with the maximum possible resolution. We have 
requested proton beam fluxes that correspond to 10 tracks per 
sensitive time (about I ~s for both RRse and MSD). The presence 
of 10 beam tracks in a picture is acceptable even with ordinary 
imaging optics. With holographic recording. an order of magnitude 
larger number of beam tracks per picture should be acceptable. 
For the "initial phase" '\'I1e have, however, kept the maximum flux 
to the 10 per~s level, partly to be conservative on the photo
graphy and. partly because this flux corresponds to 10 MHZ of 
beam passing through the downstream spectrometer. We will give 
careful consideration to the rate capability and beam ·'hardness" 

of the downstream spectrometer and it may well be that higher 
beam fluxes may be useable in future runs. We therefore request 
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that the beam line we use be such as to allow the use of proton 

fluxes up to 108 per second (109 per pulse). 
We would expect to need a period of running time~ somewhat 

hard to estimate now, to shake down the system and to study 

experimentally the various triggers. We estimate approximately 

500 hours for this shakedown phase. This could largely be done 

at lower beam intensity. The actual, initial, data running con

ditions would of course be determined after these studies. We 
do believe, however, that we have a fairly good overall idea of 
the data phase running requirements. The tables below summarize 
our requests and expected yields for the start up and initial 
experimental phase of our proposed program. Typical calculations 
of the rates listed in the table are also given below. 

Table IV 

HQS - "Shakedown" Phase 

Energy Particle Incident Flux Hours Comments 

(GeV) Requested 


Instantaneous per 

pu1se 


400-800 (as 
available) 

P >- 104 >- 105 400 General set-up, 
Timing, trigger 
Studies. etc. 

800 p 107 108 100 Maximum rate 
Studies 



TableVT HQS - B Particle :Production Survey (HRSC) 


PT min for 
Beam Energy Incident Trigger Hours Total Fiducial Total Fiducial 
Particle (GeV) Flux ~(G~V/c) . Requested' Pictures BB per pix Fiducial B DD per pix

lnst. per 
pulse A2/3 A A2/ 3 A A2/ 3 A 

107 108 5 1 1 959 2577 1 1P 800 2.0 400 2.9x10 
303 113 8.8 3.3 

600 107 108 2.0 100 • 725x105 1 1 118 317 1 1P 615 229 11.9 4.4 

107 108 2.0 200 5 1 1 74 200 1 1P 400 1. 45x10 1954 727 15.9 5.9 
. , 

- 106 107 1.5 300 5 1 1 42 113 .1 1 
'IT 500 1. 35x10 illI illS 27.9 10.4 

. 

Totals 1:'000 6.425x105 1,193 3,207 

Total 
Fiducial DD 

A2/3 A 

.33x105 • 88x10 5 

• 61x10 4 1.64x104 

• 92x10 4 2.46x104 

4,820 1.30x104 

53,120 142,000 

., 

-

N 
W 

Table VI HQS - Highest Resolution Study (MSD) , 

Energy TotalBeam Hours Fiducial TotalIncidentI PTmin for Fiducial Total ." 

Flux TriggerParticle (GeV) PicturesRequested BB per pix Fiducial BB DB per pix Fiducial DO 
(GeV!c) 

A2/ 3 A2/ 3 A2/ 3 A2/ 3A A AInst'l per A 
.' pulse 

. --, 

. 5 11 4 '410' 105800 1.5 1000 3.17x10 433 1,165P 14.8 5.5 2.14xlO 5. 76xlO230 272 
, 

~ 
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As an example of the calculations used for tables V and 
VI we give below the details for the 800 GeV proton exposure 

of the HRSC. 

From the table of chamber parameters in section IV: 

Total interaction probability 

per incident proton for RRSe = .0184 


Fraction of all interactions .0118which are in fiducial region = 	 ""'---- = .64 
.0184 

From figure 4 we see that the net probability of triggering 
on a BB production event by detecting one or more muons with 

P..,. ::: 2.0 GeV/ c(and as as::nnned throughout. P II ~ 10 GeVI c) is 
2.3 x 10- 2 From figure 5 we see that the total probability of 
triggering under these conditions is 7.0 x 10-6 per interaction 

and is largely due to charged K decays. 

For 107 instantaneous geam rate the ungated trigger rate 

is N : u 

107 	 lNu = .0184 x 7 x 10- 6 x = 1.288 sec-
The gated trigger rate NT is (recalling that chamber dead time 

is .05 sec.) 

=1. 288 (1- .05NT) 

1.288= 1.0644 = 1.21 gated triggers/sec . 

. Assuming, as before, that the TEVATRON produces a 10 sec 

pulse every 60 sec we now . calculate the number of gated triggers 
(the number of pictures) in 400 calendar hours: 

No. of gated triggers in 400 hrs = ~ x 60x60x400 = 2.9x105 

Taking th~ A2/3 case, i. e., assuming that BB production 
scales with the A of the target nucleus as A2/3. we now calculate 

the BB event yields in these pictures. 
As noted in section IV, we assume the BB production cross 

section in nucleon-nucleon collision at 800 GeV incident energy 
is 50 nb. For the A2/3 case, both BB and ordinary interactions 

----.. - ..-.-------------------- ..--~ 
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scale the same way with A, so f, the fraction of inelastic inter
actions producing BE is: 

Fraction of inelastic interactions 50xlO- 9 -6producing BB = = 1.57xlO 
3l.8xlO-3 

(We have taken the p-p inelastic cross section to be 31.8 mb) 

The fraction of triggers contain- __ 1.57xlO-6x2.3xlO-2x.64
ing BE in fiducial region 


7.0xlO-6 


-3 1 = 3.30lxlO = j02.8 

The number of pictures in 400 hr 

run containing BE in fiducial 

region = 2.9xl05x3.30lxlO- 3 


= 957.3 

. 
The calculation, with the assumption that BE production 

scales like A of the target proceeds in a straightforward manner. 
We note for the 9/1, Ne/He gas of the HRSC: 

< A2/3) =. 6. 88 

(A) = 18.4 

Thus for the A assumption, BB trigger rates are enhanced 
ralative to the A2/ 3 case by 18.4/6.88 = 2.7. 

For D particle production, we use the DD trigger rate given 
in figure 7, .scaled down by the ratio 24.8/50 because we assume 
the DD production cross section of Afek. et. al. 69) for physics 
rates and the flat 50 ~b of DD for background trigger rates to 
BE events. 

The expected yields for the lower energies are calculated 
assuming the calculations of Afek, et. al. 0~ for the BE produc
tion cross section. For the pion incident beam, we have assumed 
the same cross section as for protons of the same energy. 

http:18.4/6.88
http:1.57xlO-6x2.3xlO-2x.64
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VI. Analysis of Holograms 
Since hundreds of thousands of holograms will be taken during this experi

ment, it is important that the scanning and measurement be quick, convenient, 
and accurate. Plans for the development of both equipment and software are 
al ready underway. 

It appears that the equipment and programs will be comparable to and per
haps even simpler than was the case for analyzing normal bubble chamber photo
graphs. This arises partly because of the experience gained with normal photo
graphs. Further, s"ince each hologram produces three dimensional images, tracks 

will not often cross one another, thereby decreasing the confusion and the dif
ficulty of pattern recognition. The fact that all three dimensional informa
tion is on a single hologram instead of on three different rolls of film is a 
considerable advantage. 

Before discussing specific hardware, we present a few general consider
ations. Let us assume the bubbles or streamers are 5 microns in diameter. 
Given an adequate image and a good stage, it should be possible to measure to 
1 micron in a plane (X,Y) parallel to the plane of the hologram. The accuracy 

in the direction perpendicular to the plane of the hologram (Z) is not so ob
vious. It can easily be shown that: 

AS = Cs/D 

where 0 = diameter of the effective area on the film, 
C = diameter of circle of confusion in a real size image, 
S = di stance from fil m to object. 

AS = depth of focus = change of s from the position of perfect focus 
such that a point object produces a circular image of diameter C. 

To get a feel for the possibilities, take s = 20 cm and D = 1 cm (reason

able numbers for the holograms from BIBC). For a scan mode at low magnification, 
where most or all of the chamber is visible at once, C = 250 microns may be quite 
acceptable, thus giving AS = 5 mm. Measuring at high magnification, C = 5 microns 
may already be noticeable, giving AS = 100 microns. It thus seems possible to 

see a large fraction of the chamber at low magnification, and, at high magnifi
cation, to get good resolution in "ZII. 

At this time there has been little experience in the analysis of holograms. 
However, with the current interest in Europe and here, it is expected that the 

learning curve will be very steep. We describe here a simple and cheap device 
that is useful for gaining experience and which has actually been constructed 
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at Rutherford Laboratory(6l) by making small modifications to a Vanguard measur

ing machine (see Fig. 7). The ordinary Vanguard light source is replaced by a 
lasers spatial filter, and beam expander. The film platen is mounted on a stage 
with 50 mm of vertical travel (this will have to be digitized). Two TV cameras 
are than arranged to view the holographic image at magnifications of 22X and 

200X as seen on TV monitors which replace the viewing screen. 
This device, which is adequate for the accurate measurement of holograms 

was described by Colin Fisher at a conference(6l) at Rutherford on January 19/20, 
1981 as costing about $7,000 and "about $25,000 to do right". This does not, 

of course, include the cost of the Vanguard. 
Tests are now being carried out both of the taking and of the reprojection 

of holograms to gain a better and more detailed understanding. Finally we note 
that the scanning of these holograms can be significantly speeded up by using 
off-line analysis of the donwstream detectors to predict the position of the 
vertex. 
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VII. Cost Estimate 
To provide the cost scale for this proposed experiment, we have made 

a Ufirst pass" estimate of the cost of the apparatus as presented in this 
proposal. As discussed in the Introduction, we are in the process of making 

a more complete design, but the following estimates are expected to be repre
sentative of the needs of this experiment: 

Cost 	Summary for HQS 
(1)a) Vertex Magnet $1,187 K 

b) 
v 
C1
" 

122 K 

c) C2 122 K 

d) 

e) 

PWC System (P
1
-P12 ) 

Muon Steel Absorber (2x1.6x7.3m3) 

1,680 K 

400 K (2) 

f) On-line Computer 200 K 

g) Hodoscope Systems (H a ,Hb ,H1-H 3) 158 K 

h) Trigger Processor 250 K 
i) Shower Detector 650 K 
j) Microsonic Detector (MSD) i) R + 0 100 K 

ii) chamber 200 K 
k) High Resolution Streamer Chamber (HRSC) 

i) R + 0 250 K 

ii) chamber 250 K 
TOTAL $5,569 K 

(1) 	 This magnet is the size and has the field of a magnet which has already been 
built at Fermilab (MPS). 

(2) 	 This is the cost of new steel. We may be able to use some steel that cur

rently exists at Fermi1ab. 
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Figure Captions 

Fi gure 1 	 Feynman diagrams for (a) - (d) production of b quarks; pro
duction of ~/T through (e) fusion of q=u,d,s quarks, and 
(f) fusion of 	csb quarks. 

Figure 2 	 Layout of proposed experiment - heavy quark spectrometer. 

Figure 3 	 Mlmentum spectrum for K± produced by B -+ Dll'v41f and B -+ D71f 
followed by D -+ K±IlV. . 

Figure 4 	 Single muon acc~ptance times branching ratio as a function of the 
minimum cutoff applied to the transverse momentum of the muon. 

Figure 5 	 Trigger rate per NN interaction as a function of the minimum 
cutoff applied_to the_transverse momentum of the muon for muons 
from 1f±s K±, DO and BB decays. The dotted line shows the 
trigger rate for B -+ DllV. The dashed line shows the trigger 
rate fo r B -+ DllV41T. 

Figure 6 	 The relation between lifetime sensitivity and bubble diameter in 
LEBC. 

Fi gure 7 	 Rutherford Laboratory design of a Vanguard Opt; cal Layout for 
Holography. 
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RESULTS OF MONTE CARLO STUDY 
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Figure 6 

Results of the Monte Carlo calculation carried out for 
charmed particle detection in a visual detector by the 
Rutherford group for the LEBC collaboration.~O) The 

diagonal lines give the relationship between charmed 
particle lifetime and bubble diameter (equivalent to 
track width for the RRSC) for various detection 

efficiencies. 
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APPENDIX I 


'. 

Theoretical Estimates of B-Meson Decay Rates 

The ground state mesons (bu, bd, bs, be) can only decay weakly. Further

more, since the dominant transition b + t is forbidden kinematically. all 
decays of the B-mesons are Cabi bbo suppressed. To cal cul ate the vari ous 
decay rates for heavy quarks, the standard 5U(2)XU{1) six-quark model of 
Kobayashi and Maskawa{33} is commonly used with the three left-handed doublets 
of leptons and quarks, 

(~e) , (~llL (~T) and (~I)' (~I)' (~I)' 

The standard flavor-basis mass eigenstates d, s, and b (each with charge 

-1/3) are related to the gauge-group quark eigenstates dl , Sl and b' by a 
3X3 unitary transformation U: 

d ' d (C1 Slc
3 i8 Sl s3 '0) d(Sl) = U(s) = -S1 C2 clc2C3- s2s3eio C1 c2S3+ s2c3e~0 (s), {AI-1} 

bl b S1 S2 CIS2C3+ C2s3e ClS2S3- C2c3e b 

Various authors have put limits on the values of 6i and o. In general, there 
is the usual quadrant ambiguity for 6: ~= sign(c ) = ~ 1. 50me recent 

(34,35) o
estimates are shown below for ~ = ±1, m = 15, 30 GeV:t 

Case ~ m·t 1511 1521 1531 ISo' 
(a) +1 15 GeV 0.228 0.20 0.278 1.1 x 10-2 

(b) -1 15 GeV 0.50 0.5 x 10-2 

(c) +1 30 GeV 0.10 1 .0 x 10-2 
(AI-2)

(d) -1 30 GeV 0.40 0.3 x 10-2 

Using the val ues in (AI-2), we can sol ve for the elements of U (where we 

follow Ref. 35 with 0<61,62, 63 < 90 0 and mt = 15 GeV): 

{a) 0 < 15 < 90 0 (b} 90 0 < 0 < 1800 

Ull = = 0.974 0.974c1 
= s1 c3 = 0.219 0.219U12 

U13 = s1 s3 = 0.063 0.063 
=-5 c = -0.223 -0.197U21 1 2 _3 _3iO = Cl c2c3- S2s 3e = 0.861 - 0.61 x 10 i 0.950 - 7.0 x 10 iU22 _3 _3ioU23 = cl c2s 3+ S2c3e = 0.457 + 2.1 x 10 i -0.247 + 2.4 x 10 i 

U31 = -sls2 = -0.046 -0.114
_3 _3ioU32 = C1S2C3+ C253e = 0.459 + 3.0 x 10 ; 0.227 + 1.2 x 10 i_2 _3ioU33 = cl S2S3- c2c3e = -0.888 - 1.0 x 10 i 0.967 - 4.2 x 10 i 
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In the Kr1 model, the £lB = ±1 (f1 avor-changi ng) charged weak current can be 
written as 

£lB = 1 C (- - -) ( (d 
Ju ' = u c t y 1 - YS) Us), 

u b 

and the bottom-flavor-changing neutral current as 
d 

J~B=l, N = (a s 6) Y (1 - Ys) U (s). 
u U b 

The total weak ~B = 1 effective Hamiltonian ;s 

where 
H£lB=l _ JAB=l,e(N) JU + hGFC(N) -V2 U ~B=l ,e{N) . c. 

The J ~B=O,C{N) would be the charged (neutral) currents already measured in 
U 

the decays of bottomless particles. 


To investigate explicitly the dominant hadronic decays of the b quark as a 

function of m , ~:
t 

+- +- - H = (U13bu + U23bc) (U11Ud + U12us + U21 Cd + U22CS) 

+ = U13Ullbuud + . . . . 
Hence we can cal cu1 ate IU. 'Uk 12 for each transition:

lJ n 

(a) m =15 (b) (c) n\=30 (d)t 

b-+uud 0.0038 0.0038 0.0038 0.0038 
b.+uus 0.0002 0.0002 0.0002 0.0002 
b+ucd 0.0002 0.0002 0.0002 0.0002 

(AI - 3)
b.+ucs 0.0029 0.0036 0.0032 0.0037 
i>+cud O. 1981 0.0579 0.1264 0.0175 
b+cus 0.0100 0.0029 0.0064 0.0009 
i>+ccd 0.0104 0.0024 0.0069 0.0008 
l>+ccs 0.1548 0.0551 0.1086 0.0174 

Thus we see that the dominant decays are b+cud and b+ccs. 
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'. 

Us"jng these expressions, Barger et .!!l (36) have investigated the role of 

"nonspectator" diagrams in B decays. The net spectator contribution 

including strong enhancement factors is: 


rspect.(B) = YB[7.59 IUbu l2 + 3.07I Ubc I
2], 

where Y = G~~/192~3 = 6 X 1013s-1 .s 

After including both spectator and nonspectator contributions, they find: 

r(Bd) 	=YB[lO.41 lubu l2 + 4.95 IUbc 12] 

r(B;> =YB[ 8.671Ubu12 + 3.75 IUbc 12] 
(AI-4) 

r{B~> 	=YB[ 9.671Ubu12 + 3.07 IUbc 12] 

r{B~} 	=YB[ 7.691Ubu12 + 5.17 IUbc 12] 

Thus these rates are not dramatically different from the spectator rate. (36) 

B-Meson Lifetimes and Branching Ratios 

Given these decay rates we can calculate the total decay rate and hence the 

1 ifetime and branching ratios for various decay modes. 


(i) B-r~son Lifetimes _13 
From the values given above, we find 'Bo =(0.3 - 2) x 10 sec. We 
might expect that 'B- is a little larger since some of the diagrams for 
B- decay cannot occur [r{B- ) < r(BOd)]' However, from Eq. (AI-4) we see u 	 u 
that the ratio of 'B-/TBo should be ~ 1.1 - 1.6 rather than ~ 3-4 as is 

found for TO+/"£OOo 

(ii) 	 Leptonic Decays 
The decay rate for B- + T-V is (for m = 1784 t~V):, , 


r{B- + T-V > = lu13 12 (1-mc2/mfi }2m~ • G~f§mb/8~
T 

and hence (37) [the ~ and e 1eptonic decays are down by {m
~ 

1m )2 etc.]:, 

. ' .. 
for mt = 15GeV 
for mt = 30 GeV . 

Note that the observati on of this decay mode waul d prov; de a measurement of 
the weak decay constant, fB. 

http:YB[lO.41
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(iii) Semi1eptonic Decays 

The semileptonic decays can be calculated in the same y/ay as above. 
The T- semileptonic channel is suppressed by phase space. Barger 
et ~ (36) find the semileptonic branching ratios to be 

Be +p (Bd) = YB[2.11 IUbu l2 + 0.92 IUbc I2]/r(Bd) 

Be +~(Bu) = YB[2.25 IUbu l2 + 0.92 IUbc I2]/r(Bu) 

Again we see that the charmed final states should dominate. From these 
equations, Barger et ~ calculate that 

Be +~(Bd) = 2 x 10% 


Be +~(B~) = 2 x (12-15)% 


Other recent calculations (38) also based on soft gluon interaction 

effects inside hadrons have been performed for both D and B decays: 


B(O° + evX) = 4.~h (Data (39): < 4% or 6±5%) 


B(O+ + evX) = 26% (Data (39) 23±6% or l7±6%) 


and B(B O + evX) =9%; 

B(B- + evX) ~ 16%, 

in good agreement with recent results from CESR(27) of 13 ± 3(±3)%. 

(iv) Nonleptonic: 
Because of the heavy mass of the b quark, we expect the B ~1eson to decay 

into many particles and to have many hadronic decay modes. The dominant 
nudes involve charm and some of the more interesting modes involve 
Bq + (cq)(cs). Measurement of the inclusive rate for B + ~X will yield 
information about the dynamics of nonleptonic decays. As we have seen, 
the lowest order effective Hamiltonian is 

where the second line is obtained by Fierz rearrangement, the color indices 
are summed over, and C = 1/3 for a bare Hamiltonian and C=1/3(2f+ - f_) 
for an effective Hamiltonian. Thus measurement of the inclusive rate gives 
information about the importance of color rearrangement due to gluonic 

final state interactions. cSc is in a color singlet for 1/9 of the final a 
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states and in a color octet for 8/9. Therefore there is a factor of 

9 difference in the predicted rate for B ~ ~X depending on whether 
or not we neglect color rearrangement. (The color octet can emit 
soft gluons to become a singlet.) 

Using BR(B ~ ~X) ~ BR(b ~ ces) BR(ce ~ ~), this type of decay has 

been estimated by many authors. The most extensive calculations have 
been made by Kuhn et ~ (40). Their results for the branching ratios 

for B into charmonium states are shown below in terms of C2(for mB=5 GeV). 

B(B ~ (cc)X) Kuhn et al 
Ref.40C;-1/3 

Wise 
Ref.41 

DeGrand 
et al Ref.42 

Fritzch 
Ref. 43 

nc(3.0) 0.12C2 1.3% ~ 1% 

J/~ (3.095) 0.21c2 2.3% ~ 2% ~ 1.8% 

PcfX1 (l.5l) 0.07c2 0.8% 
2 

V (3.686) 0.07C 0.8% 0.6% ~ 0.4% 

~" (3.171 ) 
2

O.OlC 0.1 % 

4.04 O. 02 c2 0.2% 

4.16 
2 

0.02C 0.2% 
2 

4.41 0.003C 0.03% 

Inclusive :t( cc 
; i 

)+s 
2

0.58C 6.4% 

Finally, we consider strange particle production in B decays. 

A detailed calculation using nonleptonic enhancement factors yields(36) 

<nK(Bd) > YB[1.9 !UbU !2 + 5.7 !Ubc !2]/r(Bd) 

<nK(B ) > y B[4.3 IUbu !2 + 3.8 IUbcI2J/r(Bu) u

with an additional 15-20% ·from ss pair creation from the vacuum. This 

result yields: 

b ~ c <nK(B u» "" 1.5 

b ~ u :::: 0.2 = 0.5. 
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For comparison with experirrent~ CLEO has studied strange particle 
production at the T(45). They find (23,32) 

<nK> = 2.5 ± 0.5 ± 0.6 
This is ~ 20 more than the calculations above estimated and would 
imply that 

as the calculations based on the weak mixing angles suggest. 
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Estimates of Rates for Lepton Final States 
To find the possible multilepton final states possible from b decay, it is 
instructive (5~8,44,45) to consider the following table (5) for the process 

h{-1/3) ~ quark{+2/3) + W

e v T V c (d,s)e T 

e j.l NL e NL 

1

U or c-+NL e j.l e j.l e j.l 
+ + - + - + - + - + + + - + - +C -+ e e e e j.l e e e j.l e e e e e j.l e 

+ - + - + - + - + + + - + - +C -+ j.l+ j.l e j.l j.l II e II j.l j.l j.l j.l e ).J ).J j.l 

ii) 

Now we can write down the sources of single j.l- or j.l+, and opposite sign j.l+j.l-. The 

Same rates apply to single e- or e+ or j.l-e+ or j.l+e- if we let B(T -+ e) = B{T -+ j.l). 

a) From single b decay: 

b ~ j.l-V j.l X· (b ~Cll-){C -+ X) + (b -+ Uj.l-) + 

{b -+ ucX)(c -+ j.l-l 

(b -+ ccX)(c -+ X)(c -+ j.l-X) 

iii) b -+ T-VLTX _ 
j.l \i j.l vT 

b ~ eX (C -+ ).JX)[(b -+ cu) + (b -+ cc)(c -+ X) + 
L 

j.l +v X (e -+ ,)(-r -+ X)]j.l 

opp. sign j.l +j.l - i) b -+ c).J-v (b -+ Cj.l-)(c -+ j.lX)
j.l X 

L... II+ Xv j.l 

in b -+ ccX 


t...... j.l-Y j.l X , 

----------------'---~.--.~-
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i; i) 

b -+ CtC;:-v v 
lJ. l 

lJ. +v X
lJ. 

Evaluating these we find: 

- (+ (+ -) ( +) 1 1B(lJ. ): B lJ. ): B lJ. lJ. : B no lJ.- = 0.13: 0.05: 0.0 : 0.8 

(b) from double b decay: 
+ - - +opposite sign lJ.+lJ.- i) (b -+ lJ. lJ.-X)(b -+ X) + (b -+ X)(b -+ lJ. lJ.- X) 

ii) (b -+ lJ.-X)(b -+ lJ.+X) 
iii) (b-+lJ.+X)(b-+lJ.-X) 

. . + + -~~- + - +
Llke s1gn lJ. lJ. (or lJ. lJ. ) i) (b -+ lJ. X)(b -+ lJ. X) 


+ - + ( - + -) + - +

Tri-leptons lJ. lJ. lJ. or lJ. lJ. lJ. i) (b -+ lJ. X)(b -+ lJ.-lJ. X) 

+ - - +ii) (b -+ lJ. lJ. X)(b -+ lJ. X) 
i) (b -+ lJ.+lJ.-X)(b -+ lJ.+lJ.-X) 

These branching ratios are: 

B(lJ.+lJ.-): B(lJ.+lJ.+): B(3lJ.): B(4lJ.) = 0.038: 0.008: 0.002: 1.2 x 10-4 

Finally, we can calculate the branching ratios for this theory for different 

lepton triggers. 

+ ( - +)l. 2: 1lJ. or lJ. , e- 0.199 X 2 = 0.40 
2. ~ 2lJ.+ (or 2lJ.-, 2e±, lJ.± e±) 0.038 + 0.0021 + 1.2 X 10-4 = 0.040 
3. ~ 3lJ. (or 2lJ.e, 3e) 0.0021 + 1.2 X 10-4 = 0.0022 

+ 4. 2lJ. 2lJ. (or 4e, 2lJ.2e) (1. 23 X 10-4)2 = 1.5 X 10-8 

5. B -+ W-+ 2lJ. (or w-+ 2e) (0.02 X 0.07) X 2 = 0.0028 
6. B -+ l 

- -+ lJ.- (or L- -+ e-) 0.06 X 0.171 = 0.010 
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Estimates of Hadroni c Product; on Cross Sections of B-Mesons 

Current folklore would suggest that unbound heavy quarks (c,b,t ... ) should 
be produced at least as copiously as bound (qq) states (~, T... ). Such 

phenomenological estimates have some experimental basis for strange and 
charm quarks: 

a) for pp at 24 GeV/c (46), °tK~J' = _2:ii-:.=-=5:-m=b,--::-=~_ = 15.8o ~ 158 ± 3S~b 

for pp at lS0 GeV/c (47), o{KKX) = 13.4 mb = 20.3 ± 6o{~X) 660 ± 200 ~b 

for exclusive channels in ~-p at 19 GeV/c (48), 

°fK~ 3j.EL = 119. 3 ± 30° q, ~p 


b) For ~ and DO production we find for 


~N at 150 GeV/c, ofDDX) ::: lS-20~b lS0-20094 ± 31nb = °~X) 
pN at 400 GeV/c, °fDfiX = 25~b) = 103 °~X) 243nb 
and 

~N at 400 GeV/c, o{DDX) 30-40llb= = 210-290
o{~X) 140 nb 

c) On the basis of these values let us assume that at high energy 
we have 

o(BBX) = 100 
o{TX) 

Hence, we estimate that for 400 (800) GeV/c ~N interactions: 
at 400 GeV/c o(BBX) = 100 o(TX) = 100 x 0.26 nb = 26 nb(';s=27.4 GeV)' 


at SOD GeV/c 
 o(BBX) = 100o(TX) = 100 x 0.79 nb ::: 79 nb.(';s=38.8 GeV) , 

We now consider some of the theoretical predictions for BB production cross 
sections. Figure 1 (upper part) shows the lowest order QCD diagrams for the 
heavy flavor creation of bb quarks in ~-p and pp interactions (1,49). 
Analogous diagrams hold for cc production. There are also two other diagrams 
(shown in the lower part of Figure 1) which could, in principle, contribute 
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to cc or bb production. Figure 1(e), corresponding to the fusion of light 
(u,d,s) qq pairs annihilating to lP, is negligible because of the (Zweig's 

2 _5 )ru1 e ) . coup1 i ng g "',/41T_ 1° . Fi gure 1 (f shows the fusion of heavy quarks qq't' 2 

to produce lP. Here the coupling is not so small, gcClP,41T_O.5, but the 
small heavy quark sea enters the cross section quadratically, so this 
diagram also gives a negligible contribution (1). As a result, only the 
first four diagrams of Figure 1 contribute. Note (1), that since Figure 

led) is not gauge invariant, diagrams l(b and c) are also needed. Further
more, the relative weight of the qq and gg contributions is fixed by the 
quark and gluon content of the mesons. Since 

M
2 = sx1x2' 

qualitatively we expect that the cont~ibutions from the gluon-gluon fusion 
diagrams Figure l(b-d) should be suppressed and the valence qq annihilation 

mechanism should dominate at low energies. Since the gluon spectrum in 
hadrons is rather soft, the gluon fusion mechanism should become more impor
tant at high energies. For pN data, presumably the process will be due to 
gluon fusion. These ideas can be tested by comparison of lP production by 

different beams and by measurements of the xF distributions of lP production. 
These comparisons with data show that (50) 

i) qq annihilation alone cannot reproduce the trend of the 
data, but that the two processes combined give good 

agreement. 
ii) for K+ and p, which do not contain valence uor d 

antiquarks, gg fusion dominates at all energies, while 
iii) for 1T±, p, K- beams qq dominates at low energies (for 

Is ~ 10 GeV) and the gg process dominates at high energies. 
From various theoretical calculations we find: 

a(pp ~ BX) ~ 10nb at 400 GeVjc 
~ 60nb at 800 GeVjc. 

a(1T-p ~BX) ~ l5nb at 400 GeVjc 
a(pp ~ BX) ~ 80 nb at 800 GeVtc. 

In summary, both the phenomenological analyses and QeD calculations seem to 

agree on the approximate cross sections that one might expect to find: 

a(1TN ~ BBX) ~ 25 nb at 400 GeVjc 
~ 80 nb at 800 GeVjc, and 

a(pN ~ BBX) ~ 10 nb at 400 GeVjc 
~ 60 nb at 800 GeVjc. 
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Experimental Results on B-Meson Production 
At the current time only three experiments have reported limits on B-meson 
production: 

a) 	 WA 11 group: This experiment triggered on W~ ~+~- using 
150 and 175 GeV/cn-N interactions at the CERN SPS. Orig
inally (51) they presented evidence (based on 9000 w's) for 
a wKon± state with a mass of 5.3 GeV. The rough cross section 

estimate was Bo ~ 2nb/nucleon. After doubling their sample 
(17.700 w's) in November. 1979 (52), the significance of the 
signal had decreased and Bo ~ 1.7 nb. Their latest data 
(based on 40.000 w1s) correspond (3) to 0BB . B(B ~ wKOn±) < 0.51 
nb and 0SS . S(B ~ wKO) < 0.08 nb. Using S(B ~ wKOn±)~l%. the 

most recent data thus suggest a total production cross section 
limit of 0SB < 51 nb. 

b) 	 Stanford-Cal Tech: From a study of a variety of multimuon 

final states in 400 GeV/c pFe interactions at Fermi1ab. this 

experiment (31) has set a limit of 0BB < 50 nb (with certain 


assumptions about decay modes yielding mUltimuons.) 

c) 	 Chicago- Illinois -Princeton: From a study (53) of 3].l final 

states in 225 GeV/c n-N interactions at Fermi1ab, this 
experiment set a limit (with B (w ~ ]J+]J-) = 0.07 and a linear 

A dependence), 

. B(B ~ wX) . B(S ~ ].lX) < 81 pb/nucleon.20BB 
With the estimate that B(S ~ wX) ~ 3% and S(S ~ ].lX) = 12 ± 4%, 
this yields 0ss < 11 nb. 

In conclusion, we see that none of these experiments has seen a positive signal. 
However. their upper limits are not in disagreement with the cross sections 
expected at current energies. Hence, for calculations of event rates for 
this proposal we will use a cross section 0SB = 50 nb at 800 GeV/c. 
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Appendix IV 

Properties of the Microsonic Detector (MSD) 

We are in the process of developing a new detector. The basic idea is 

to develop a "super clean" small bubble chamber that can cycle at sonic rates. 

We have already detennined that a super clean bubble chamber using heavy freon 

as a working liquid can be built. This is detailed in this note. The basic 

idea of a "super clean" bubble chamber is to encase the operating liquid (in 

this case CF3Br) in an inert liquid (CzH602)' This technique prevents any 

surface boiling and implies very rapid cycling; of the order of 10 kilohertz 

seems possible. This rapid cycling prevents large bubble growth and hence the 

"memory" of previous tracks in prior expansions should have a very small 

effect on picture quality. 

The dimensions of the active vohune of the final chamber will be 10 centi

meters diameter and 4mm deep. A test mdel is under construction which is 

4 centimeters in diameter and 4mm deep. It is possible to produce bubbles of 

arbitrary small diameter (by adjusting the light source delay time) and to 

achieve 300 bubbles per centimeter (by adjusting temperature and pressure con

ditions). We have measured the growth rate of bubbles in CF~r with bubble 

density of ZOO bubbles per centimeter. We find the diameter of a bubble D to 
be: 

D = 5Vt 

where D is measured in microns and t in microseconds. Hence, for a 5 micron 

diameter bubble, we have...... 1 microsecond for our trigger logic. For 300 bubbles 

per centimeter, we might have a relation D = ZV- If this turns out to be true, 

then we could have up to four seconds for our trigger logic. 

The interaction length for CF~r is ..., 80 cm. If we assume a 10em diameter 

chamber, we can use Scm for the fiducial volume. If we also assume 10 tracks per 

expansion and 104 expansions per second, we can calculate the number of inter

actions per second. 
.. / d - track length

No lnteractlon secon - absorptl0n lengths x number tracks x number 

cycles = 5 x 10 X 104 = .625 X 104 •second 80 

The resolution achieved in CF 3Br by the BIBC chamber in CERN (using CF3Br ) 

is less than 8 microns on a chamber of several centimeters deep. This was a
chieved by USing holographic techniques. We will surely be able to achieve less 
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than 5 microns in our very shallow chamber using similar holographic techniques. 

A. 	 Properties 

1. 	 Good spatial resolution 

2. 	 MOderate flux capability 

3. 	 MOderate event rate 

4. 	 Small volume 

B. 	 Purpose 
1. 	 Short-1 i ved phenomena (B mesons, chann, etc.) 

C. 	 Characteristics 

1. 	 Active volume: 2an x 2an x 0.3cm 

2. 	 Density: ·1.Sgm/an3 

3. 	 Absorption length: 82an 

4. 	 Radiation length: llcm 

5. 	 Spatial resolution: < 10 microns 

D. 	 Characteristics: to be demonstrated 

1. 	 Resolution in space: < S microns 

2. 	 Rate: 105 - 106 charged particles/sec. 

E. 	 Principle of Operation 

The MiD is a super clean bubble chamber driven at 10-SOKHz. 

F. 	 Experimental Use 

In an experiment, it would be used as a vertex detector to detect short

lived particles (B mesons, etc.). It would be followed by a downstream 

multiparticle spectrometer with good particle identification. 

Figure Captions 

Figure 1: Test Device: The sensitive fluid (CF3Br) is completely en

cased by the inert fluid (C2H60 2). The freon is heavier than the gylcol 

and rests at the bottom of the test tube (12). The glass piston (13), by 

the use of a two-way air cylinder, alternately expands and compresses the 

sensitive freon using the inert gylcol as a buffer medium. 

Figure 2: The data is the measured bubble growth rate for two different 

temperatures of the freon. 


Figure 3: Photograph of 130 1!eV/c photon brehmsstrahlung beam. 


Figure 4: Proposed expansion cycle for a S KHz test. 


------~.....- .......-~.......  .....--------------------
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Figure 1 
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