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1. 2 3 The study of the properties of the B m.eson ' • has been con-

siderably impeded by the presence of background. The decay of the 

B meson into w + 1r permits us to try reaucing this background by 

•• :J: 5 
purifying the w sample. As is well known;. ' the w-decay matrix 

element is proportional to (J!i.><:J;!}· T.his leads to a density distribution 

in the w .Dalitz plot that is peaked in the center (i.e., equal energies 

for the three pio~s), and vanishes on the periphery (i.e. , all three 

momenta collinear). It is therefore possible, by choosing a sample 

·of events corresponding to the central region of the Dalitz plot, to im

prove the w~to-backgronnd ratio considerably. Following such a pro-

cedure we obtain the suprising result that the "purified" w sample does 

not appear to1lead to significant w1r enhc::.ncement in the B··meson mass 
' 

band. On the other hand, the "diluted" . w sample, corresponding to 

events closer to the periphery of the Dalitz plot, leads to a marked en-

hancement in the 41T .mass distribution. 

ln this note we are~ reporting on the analysis of 1T+ p and 1r-p 

interactions at 3.65 BeV / c and 3. 7 BeV/ c respectively, corresponding 

to the reactions 

:1: +-o::i: 1r + p -·v 1r 1r 1r p. (1) 

The work on the 1r + interaction was carried out in the Brookhaven 

National Laboratory 4W-inch hydrogen bubble chamber exposed in the . , 

Brookhaven- Ya..le beam 6 at the AGS. · The work on the tr interactions 
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was catd.ed out.in the Lavn:e:nce Radiation Laboratory 72-inch hydrogen 

. bubble chambe!' exposed in a· n.egatb .. ·e -particle beam 
7 a~ t~'le Bevatron. 

v. , .. 
·The •r+ p dafca {1997 evenfcs} y.;er:e analyzed by conventiof~J. m.eth.ods, 

8 

' 
. The 'll"-p data {930 evevJ.:s} we:re analyzed on the LRL FlyY.ng-Spot 

• Digitize~9 {FSD) and by associated p:rograms. 
1
·
0 

Fo:r each eveil1l.t coT:r-::;spona:mg to Rea:.ctions (i}.tw.o neutral p~on 

-'-
In the. n-' p Tea,ction~ fo:r example, we 

can l<1bel fche fou:r:: pions ~+;,.-.,.0.,...+ 
,at U .U ' JU,. 0 

a o The f~wo neut:ral :m.ass triplets are 

. ,_,_ Ma . M. t + - G\ " M. b . ~ ff - l!il +)< ·T.··.' . • + . . t.uen . A-ll = :a., nr -rr 11 u and. .1: A? = J.\/.( 11 er 'if u-b. • • .• o s tud.y a ra » v> 1nte racb.on 
;) .· a .::» . 

•·· we cho~se ,events foJ:' wh:i.ch. ai: least one mass tripietD let us call it 

~Tr+lr~1!' 0 p.e;lies betv;een two limits: M . D Iv1 ·corresponding to the 
a · m:m. mrui: 

. '~e:;::p~:rim~ntal w:l.dtht~ of the w ·meson~ 1 11 

Thus we c&n 0elect a sample o{ events fulfilling the condition 

760 .::;; M~ ::;; 820 MeV. (2) 

This sample 0hen conta.iris the majority 'o£ the events ~corresponding to 

_._ 
'i'!'' + p _+ r.... 

iii -, Po (3) 

as well as events for which three pioris a:;:-e art.Hicially constrained by 

condition (2.). Th.ese Iatter -vo~e cal!. 1~background e~ent:s. H 

Although ~;;.-peTir.nentaHy we have no way of distinguishing between 

1"true w eventsH and background. ev,znts on an individual bas:i.s, we can 

get samples enriched in true Ct> events by utilizing the propexties of the 

In F:i.g. i we illustrate the normalized Dalitz 
0 . 

pJ.o·i; for ~he 'ir+'ii-W~ system fo:r ~vents selected according to condition {2), 
a 

Here x ~ {T ~+ :_ T _.J/~/3Q andy= T»o/Q · ai:e the usual Dalitz coordinates. 
'. . . u . ~~ .. ... . i . · . .' . . . 

Vve hav.e chosen to exam:~.ne two' re·giori.s of. th.e Dal:l:i;z plotn which are. 
_·, •. 

. I. 
.::-.· 

·' .· . '• 

... ; .. -

•·· l 
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delineated by a curve of equal probability corresponding to the square of the 

·W matrix element, ~. given by 

"=jl!+:zl!-( (4) 

The separation between the two regions is given by the dashed curve in 

:Fig. ia. This corresponds to a value of. A= 0.07. From integrating 

expression {4) over the Dalitz plot, we find (for a pure 1 ~- state} that 

SO% of all w1s should be contained in the central region. The contribu

. tion of the background events to the centrai _region will be proportional 

·to the area~ which amounts to only 29% of the total area. We assume 

here that the background events are uniformly distributed {i.e., according 

to phase space). In order to estimate the experimental ratio w/backgrou~~ 
·.,. .1. ,'-

in the respective regions we employ the. following method. We include all 

, 'IT+'IT-11' 0 mass triplets in a nor~alized Dalitz plot. Since the curve de

lineating the two regions can be expressed in terms of the 'x and y 

Dalitz coordinates, one can apply the analogous separation to all mass 

12 ·. ·. + - 0 
triplets, as was done for the w band. The resulting two 'IT 'IT 'IT mass 

I . 

plots are shown in Fig. 2a for the central region and Fig. 2b for the 

peripheral region. We have estimated the background underneath the 

w peak by comparison with the mass regions below and above the w 

mass. For the entire data we obtain th~ ratio "true w"/packground, 

R=2.9±0.2, whereas for the central and peripheral regions the ratios 

are R =5.7::!:0.8 and R =2o1:i::0.2 respectively. 
c . p 

The values of Rc 

and R are in good agreement with the values computed from the w 
p . . . . . ' . 

matrix e~ement an.d R for the entire data. 
· · PG ... -+ 

We note here that the 11 meson (J = 0 ) stands out clearly 

above background in the peripheral x:egion and is hardly discernible in 

' ' 

\ 



the centra..l regiono This can be u.nderst.ood in terms of the w~:;ll-kJ.I.own 
I ;' 

feature that t.he 1-:dghest densHy for '11 decay occu1·s at 1~\,~ r. 0 kinetic 

energies. '?: 

In F:i.go 3 we show the 4'ii 1:nass distxibution £or events selected 

according to conditon. {Z}. The shaded histogram shows the distribution 

. . . *++ . . 13 . . 
fo:;t events w~d;hout N . · · format:wn. The dark shaded regwn co:r:re,: 

• "' f? ' bl n t · ·,. r. hi 1 b 'h · <· • 1 · r. - 1 1 spono.s 1-0 di.ou. .~e <:J even .s 3 1. e. ; even.:s xo:r w. c 1. o c pl. on .:!'lp e·;;s Xa.J. •• 

in the r.JJ m.ase band~ 14 
It is noteworthy that these cluster below the 

. ti B V7 . . b ct" 1n.eson ma.s s an • 'I'he curves shown correspond to phase-space 
AS . 

calculations by a 1\tJ.onte Carlo methodn ]. , which takes into accou.n.t re-

flections due to resonance formations viz.~· 

'lT1T'li'iip in the .e:x:perimentaUy observed :ratios. As may be noted~ the 
. . ." .' 

1;;B :meson1 ~ appears as a well-defined peak in our data • 

. We now p~.-oceed to calculate the 4:rr mass distribution with pion · 

; triplets f:r:om the two regions {see Fig. 4). .Here we note the suprising · 

· e:ff.ect that the B enhancement appears to be primarily associated with 

pion triplets !rom. the peripheral :reg:i.on (see Fig. 4b). The observed 

. peak occurs atE= 1220 MeV and has a. full width at half max:i.mum of 

· appro:r.irn.ately 80 MeV. bn the other hand~ the £our-pion mass distri- · 

. bution corresponding to the highly purified w mesons from the central 

region does not show a signiHcant peak at the B -meson mas·s band. We 

.:n:lay now xeverse the ar..gum.ent a.nd ask what ty-pe of Dal.itz density 

.. distribution is obtained for 'awn mesons pr.oduced in the decay o£ the 

B m.ezon. For this purpose we cnose th.e central band o£ the B meson 

by selecting a mass bet-,veen 1160 and 1300 MeV in the four-pion mass 

spectrum.o . + - 0 . 
The Da~-Utz p:R.ot for the rr Ti 'IT. ·mass triplets fulfilling con.7. 

·· dHion (2) and th.~ Ta,d:i.al density disb:ibution ploi:D. are shovvn in Fig. 1c: 
. . · ... · . .! . . . . .. ··. .. 

o!.i.7.q 1d. ·· As may be in.oted.<! ·UJ.e data deviat~ fro~ the· calculated curve 
. ; .·; · .. 

. ,. 

. ' 
' 

.. 
I 

... 
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, corresponding to the w matrix element and 25.4% background. The prob-
1

. ability that the experimental distribution corresponds t~ -~pure 1 matrix 
. ~:·· 

element together with the average background is ~ 0.5o/4~~~i_This result is not 
' ~ . 'r 

independent of the observation shown in Fig. 4, and reflects the statistical 

·reliability of the effect we have observed. 

We can now summarize what we. have learned about the B meson. 

{a) When all available data 1•2 •3• 16 are considered there is good evi

dence for an enhancement in the four·;..pion mass distribution if the neutral 

pion triplet is restricted by condition {2). "This enhancement, with 

EB = 1220 MeV and r B:::::: 120 MeV, has been called the B meson. 

(b) From our present work it appears, however, that the B meson may 

; ;not be primarily associated ~ith the JPG = 1-- w meson._ Furthermore, !
1 

•. ~ . • ! \ 

; I 

. ~' . 

the observed B peak appears to be somewhat narrower than indicated in 

the combined results of earlier experiments. 

(c) There does not appear to be any 21r or KK decay mode for the B 
i 

meson. i?,:lS Th1"s rule's out the · "t Jp 1- d 3- · t . sp1n-par1 y · = ·an ass1gnmen s 

for the B meson. 
I 

It is not clear to us at present what the correct interpretation of the 

B peak is. Some possibilities we have considered are: 

(a) Distortion of the matrix element due to final-state interactions. Here we 

consider the possibility that the effect we observed is due to B* 1rw but that 

the w matrix element is distorted because of the B decay process. The 

effects of Bose statistics will be most pronounced fo~ the. "double w" events. 

As was poirited out above~ howe_yer, these occur primarily outside the B 

peak (see Fig.· 3). Furthermore, ili:e ,_r~tios of rw/r B are such as to make 
• .. 't •• .. ~. 

' ' 'distortion, effects unlike.ly;. ;·_ ,, ·.~:' . ·,,. ·. ·. ;: ·-~.)·<·., .... · .. 
·. .... . " _·,' 

.. . · .. 
l' • .... '· 
·' . 

-; ........ .. 
~ ~ ., ''J . 

. . . · ... · ·. ~ -~ 
,A,.··. 

. ' .I 
·-·I ·• .;·_. 

'i l, '. 

·'"' 

\:: .. :;,, i • ·- •,·' 
-~ ": ·r· . 
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(b) A kinematical enhancement. Such an enhancement can come about, 

· 
1 

for example, by the presence of two constraints. 19 . One ¢pnstraint is the 

' : :·· ·. \ 

. ' ~ . 
artificial one introduced for the "backg1•ound events" by;~Qndition (2). The 

. . 't.~' 
other constramt would have to be a natural one due to th~_1l'presence of a two-

••·· I 

' .. : 

or three-particle resonance other than the w. 
20 T~ere is /no convincing •·f .' •• 

I , :· 

· · ' ·· · evidence for the occurrence of such a mechanism for $e B peak in our data. 
¥ ·.!.' 

j·,·· .,. • 

. : .=.: ;~.We cannot rule it out, however. 

(c) Decay into four pions. We can··make the assumption that the B meson is 
: ·:~ 

. ·; ·. :·:.· .' indeed a resonance and that the wv decay mode is rigorously forbidden. This 

·. ; · ::' :, _/·~.'~ would occur in the case of a JPG = o++ assig-nment for the B meson, for 

. , .. ( .. 
. l. ~ . . ~ 

. "' ~-
./ ·. ~· 

example. Such a meson could decay into four pions. The problem, however, 

is to explain why three of these pions appear to be bunched in the vicinity of 

. .' , .. : the w meson mass, since on simple phase-space considerations only 12o/o of·. 
t '. ~)~ 

!, ... ~ 

' · ; .. the three-pion-mass triplets would fall into the mass band given by conditio'n 
. \ . ~ :. . 

.. ~ . ~ : (d) Decay into a 11' and a definite three-pion state with Jp f 1-. If the 
~ ' .\, . I 

1 .:-:.:;( . .;;. · :B meson; considered again as a. o++ particle, decays into a pion and a 
I 

,· 

definite three-pion state with mass similar to that of the w meson, the 

PG -- +- -·quantum numbers of such a three •pion state would be I = 0 and J =0 , 1 , 2 , 

.: etc. We note here that for the above JPG assignments to the three-pion 

, . system the density distribution goes to zero at the center of the Dalitz plot . 
.. : ···~ ... 

\ .. 
.. 

' ' ' 

~ ·. 

Our data alone do not have the statistical accuracy, however, nor do we have 

any direct' evidence to ascertain the existence of such a three-pion state. 

This work would not have been possible without the help of many 
c • 

people. While space limitation do_es not permit us to thank all of them · · 

·::individually. we do wish to' single out a few •. We wish to thank: Luis w. ,' 
. . . "' . . . ' , 

1 \' ( 
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Bevatron crew under Edward J. Lofgren and Walter D. Hartsough; 

.: .; ~ -t 

· · the Bubble Chamber crew under Robert Watt and Glen Eckman; the 
• i t.\# 

F. S.D. crew under Howard S. White and our own Scann~M' Staff at 
-·~1r~ 

Berkeley; R. Shutt for making the ZO-inch bubble chamb~:~ available to us; 

the AGS crew under K. Green and J. Spiro; and the _20-inch bubble chamber 

.. r crew, 
•.; ~ 

and in particular H. Brown, for helping with ou:r: run at Brookhaven. 
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-~·. ~.~ < •• •• -~ ••• • • ··:· •• ' • '·' ' •• •• ' .... :·.!:.::..~ .. ~ 4:~~··1"' ~·-~~.-. '~ ·· ... _; ...... ~ : : ' ' . 

~-
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i 1. In experiments with stopping antiprotons the reaction pp - K+K-w 

. ' 
;l • •,; . 

j • .r; ,. 

gives rise to stopping K+ and K- mesons. This allowed the meas-

ureme-nt of r = 9.5:1:2.1 MeV, based·on range measurement 
(/,) 

[N. Gelfand, D. Miller, N. Nussbaum, J. · Ratau, J. Schulz, 

'(·. ·.: t .' J. Steinberger, T. H. Tan, L. Kirsch, and R. Plano, Phys. Rev •. 
~; 

. . ~ : . 

•' 

· Letters 11, 436 .(1963)]. In our present experiment, and all others 11 
- . .i~ - ~ . . 

i ,L 
of similar typeg where no· range measurements are availablet the 

experimental resolution for the one-constraint fits involved here 

. is considerably larger than r w· This resolution prob~em is thus 

the reason for picking a 60-MeV width in which to include the 

majority of the true w events formed. 
I 

'12. Here we must note that we are using the same "constant probability 

.. ·' "',. 
curve" computed for the' w mass, M{31T) = 782 MeV, as the dividing 

.,, line for all three pion mass values. Actually the area of the normal• 

: :· .··· ized Dalitz plot changes slightly as the boundary changes shape from 

a circle in the nonrelativistic region to a triangular figure in the 
.·' 

highly relativistic region. Thus, for example, when the three-pion 

mass corresponds to the 11, pte "central region" of the Dalitz plot, 

as defined above, amounts to 25% of the total area. 

13. The N*++ band was taken as 1130 .to 1300 M~V in the - 1T + p reaction · 

and i 170 'to iZ70 MeV in the 1r'"'p reaction. 
' : 

-· ' •• t 

,. . ~-
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,1.· ·{ I ' .J. '\~ ·!•.,; 

·' · . ,: : · '' · .. separate regions, however, for Z1 of these double -~ events, one 
. . . . ~/ .. ' 

., 
: . . 1 :~
_.-1' .. '• 

.' ~ / 

' " ' . 
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Collaboration» presented at the Dubna Conference, 1964 • 

W. M. Bugg, and G •. T. Condo, Phys. Rev. Letters g, 567 (1964); 

, " G. Benson8 L. Lovell, E. Marquit, B. Roe, D. Sinclair8 J. Van de 

~~···,··.: Velde, and K. Weaver, Phys. Rev. Letters g, 600 (1964); 

~-l ---~"~--··;·_· ~Aachen-Berlin-Birmingha.m-Bonn-1-Iamburg-London-MiiltClte·n 
,- ·-~· t'--. ':· 'f • 

~. l ,:-. __ ~:.:;>1~ :_ r~~ -~~; ~-.... 
,. · ,. Collaboration~ Phys. Letters 10, Z40 (1964); F. Bruyant, M. Goldberg, 

.. ,-. 

·~· .. 

::·; I 
F 

,' . M. Holder, M. Krammer, J. V. Major, G. Vegni, H. Winzeler, 

.. :;: 
<' 

P. Fleury8 J. Hue, R. Lestienne, G. DeRosny, and G. Vanderhagen, 

Phys. Letters~, Z3Z (1964)., 

•· 18. S. U. Chung, 0. I. Dahl, L. M. Hardy, R. I. Hess, G. R. Kalbfleisch, 

J. Kirz, D. H. Miller$ and G .. A. Smith, Phys. Rev. Letters 1Z, 

6Z1 (1964). 

19. An example of such a "kinematical enhancement" was observed in the 
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present data. If we artificiall¥yconstrain M 3b to lie between 510 and I . 

•.;, • .. 710 MeV we observe a marked peal~ at 1010 MeV in the 4tr mass distri-
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·zo. ·Here one may comment that if such a mechanism wele present, one 
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but displace('~~ mass, to 
t. '1 
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' ... ,:. We have looked into the possibility; .but find that any such effect, 
~ . ( . if it 

.. , 
·:;: .. ::,occurs, w~uld be mask~d because .of the overwhehning number of 
.. :;. . ~ -~ -~· ~ 

. --~ 

.. 

.... 
I, 

·. 

.. 
'' 

~ 'i· •., I •; • 

.{.; 

: __ 

' ,, 

·•. 
·r! -~--; 
'< 

!~~ ~- r 

~ ·· . .( 
. -, :';. ~.:.\ 
•.;::,..,;· ,·' 

'· 

. . 
.. 

. ' 

'•. ...·: 

~-1., ,•, •. It'' 
', · .. 

•'· I,·. ,(t_, 
, .. 

.t: 

'l .. 
'. ~ l' 

·:c..'· 

.. ~ . :-

... -

. (,, .· . ' 

I\ ··'· 
1 ~ •• 

. . ~ . 

-··· 
.' ... ·.·''. 

~ ·• . 

.. 
' '~; I • 

_ ... -. 

.. \l'' I' 

-.~. 

.·. 

. ~:' .• . 

. ,. (t'. .. 

• ''r . 
·'. 

· ... " 

', · .. 
i•• ._,. 

' ,.-

.. ~ ... 

'! 

.:.--

. '.• 

·' 

) . 

J, 

. ...... 

. ' . ~-· \ t 

~--

•,"= 

.. ,... ~ .. 

'l 

:.• .·_t_ 

,·.--

''1., 

• 

.· (,. 
\. 

·_, ' • '1 ·~-... 

.,1' 

.. 

.. -.... ,' 

•' ' ' . ;:, 

\' 



... 

.:. : .. ~. 
-·~ : .. :. 

.. . ~ . ,, 

•, ·, ·' ~ 

-12- UCRL-16081 

~ 
I .. 

;~i·j· ;i 
Figure Captions 

1.(.- a.'-:·:Normalized Dalitz plot for all mass triplets wf;h;M(11'+1f-11'0 ) 
; ,, t 
.; Between 760 and 820 MeV. ·r·} 

·.Radial density distribution for the data in Fig. 1a. The radius· 
~ . ·• ! 

·., · ··_·quoted refers to radius measured along the y axis. The areas 
''.';'· . ;- . 

. c.· 
,';,_~ .. , 

.. · are delineated bya curve of equal probability for the w-decay 

matrix element. The dashed line represents the background 

estimate considered as isotropic <;>ver the Dalitz plot. 

Same as .(a)·with the additional conaition that 1160 ~M (41f) ~ 1300 MeV • 

: •. · '/:: ·:.:i ;:·. :;~·r .. ,:· :·d. 
--·;· i' :Z~; The three-pion mass distributions. 

Same as (b) with the additional condition given in (c). 

The curves shown correspond to . ·---~~ !.~.>~'. . '. -~ ? . 
'.:t,•. 

· ·· ·· .. phase space~ ... 
• f ~' ':1 J: 

. I .. . . . 1\t 
~ \ ., 

<~:> ':~ ·:-r ... ~ .... \~·:· .. ::_-a. ,. j. 

• '.·: / .. '! . J; • 
'I ::., ' .. ,'• ~: • • :>·· 

; · Pion triplets with Dalitz coordinates x. y lying in the "central. 

region" as defined in the text. 

: ~- ... 

• v r '; 
j·. 

' ~: h .;-; :. 

'• 

b.' Pion triplets with palitz coordinates lying in the "peripheral. 

region." 

The fout-pion·mass distributions, where one neutral ~ree-pion .· ·· 

mass is given by condition (2) in the text. The curves shown 

Computed by a Monte Carlo method 

4~ '' Same as in Fig. 3 with the two regions of the Dalitz plot given . ~ ;_ .-
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any per~on acting on behalf of the Commission: 

A. Make~ any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulne~s of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






