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1,

The study of the properties of the B meson »3 has been con-

s1derably lmpeded by the presence of background. The decay of the

B meson into w+ % permits us to try reducing this background by

purifying the w‘v sample. As is well known,_‘i’ > the w~-decay matrix

element is proportional to (&)(f‘i) j)" Th‘ié leads to a density distribution
in the w .Dalitz plot that is peaked in the center (i.e., equal energies
for the three pions), and vanishes on the periphery (i.e., all three

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

' of events corresponding to the ;gntral region of the Dalitz plot, to im--

prove the w-to-background ratio considerably. Following such a pro- .
cedure we obtain the suprising result that the "purified" w sample does

not appear tojlead to signhificant w@¥ enhancement 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 47 mass distribution.

In this note we are reporting on the analysis of 17+p and wp

interactions at 3.65 Be‘V/c and 3.7 BeV/c respectively, corresponding

to the reactions

v p eora WO, W

The work on the 7' interaction was carried out in the Brookhaven

| National Laboratory 20-mch hydrogen bubble chamber exposed in the ..

Bzookhaven-Yale beam6 at the AGS. The Work on the 7~ mteractmns B
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. Was":_‘c‘ ax :med oui, in. ihte Lawrcnce Ra di i L@bom,tory 72—vnch hydhogem

he Bevo.rro he

S ) . 7 -
o bubLIe chambcr e;gpcaod ina'z neg tive -particle beam ac, i,
P f

“The & p data M@% events) were ana.lyzed by ccnvenuo:;zal methods,
.The ﬁ'wp data ({9"’@‘ cvemﬁa) were: a*za.ly?@d on the LRL Fls ingr-Spot
. 9 10 .

Digitizer” (FSD} and by associated Programs.,

onding o Re;,ci:i.ona (1) two neutral pion

L. [ &

. R . 5 '
triplets @ % ©°. car be formed. Inthe T p TCBCLLO”I., for example, we
ca.n"ia‘bel the four pioms @« T W T ‘"‘nc ftwo neuiral mass L"Jp.'aeﬁ,s are
. La R TS UL N - SO o SN S JR o L :
. n,hen M = MW T W) and My = Miu w f"b} Tn suudy m o, interaction

we' c‘wose.evenﬁa m* Wmcb G_L ieas«. one mass izmm.eca ]c' “*s call it

L > hes batwcan i:"'o hmmsp M . I\/’ --(‘:oxrespo'nding to the.
A min® mex e e
: W : :

. i1 . S .
xpe.almenta,i 'Wa».&fCh“ ﬁ"he @ INeSOM... o . ‘=

Tﬁws we. c:an :3@..3(:’@. a sa.mpf.c of events fulfilling the condition '
760 < M7 < 820 MeV, L {2)

'
bl

This sample th dn ron’ i;.s the majori y 0“' f,ne evnn s ‘cor regpondmg to
the chanmel” . .

N ,ﬁu;.'P',;w”;-*";,Lpa B )

‘as well as events for "'mcn three pmnu are artificially cons ’r:.ra%.ned. by

141

2

conditio ng?) “These 1a atter we ca.M; "background events.

= .Al"‘zcagh zperimentally we ho.vc no way of distinguishing between
ftrue @ evenis™ and baékgrouﬂd events on an individual basis, we can

get ag.mple:. enriched in frue @ cventa by ut i’.izing i:he proyertxcs of the

w-d;e'ca:yf ma'u. rix ei;ca“nem,o f"-.n Fig i we 'U_v.si. ate the no:malimo Dahtz
piot fox the * % @° system i' r events seiec ted acco*dmg to condition {2}.

ere x = (T PR ,ﬁ/‘» le)] .é..nd y= TWG/Q ‘are mhe usuzl Dalitz coordmatem

—
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' ‘4 matrix element and R for the entn'e data.
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' delineated by a curve of equal probability cofresponding to the square of _the.

I -w matrix element, A, given b)f _ . @
| P4+XE. 2 o '
h= ——‘2"‘[ . 4
o} - :

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

- /Fig. 4a. This corresponds to a value o.f. A = 0,07. From integrating
vexpression {4) over the Dalitz pllot, we find (for a pure 17" etate) that
'50% of all w's should be‘contained in the central region. The contribu-
~ tion of th‘e bac.kg_ro.und events to the central _region wiil be proportional
to the area, which amounts to only 29%.°£ the total area. We assume '
‘here that,the background evente are unifofml.y di’stributed (i. e; ) aecording
: " to phase space) In order to est1ma.te the expenmental rauo w/background

in the respect:.ve regions we employ the following method We 1nclude all

+ 0 mass tr1plets in a normahzed Dahta plot., Smce the curve de-l "

L lineating the two reglons can be expressed in terms of the x and y

.' Dalitz coordinates, one can-apply the analogous separatzon to all mass

1

. triplets, as vs‘/as done' for the w band. 2 The resultmg two 1r+n' ‘n’° mass

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

' penpheral regmn. We have estlmated the background underneath the

w peak by companson with the mass reglons below and above the w

mass. For the entire data. we obtam the ratlo Wirue w"/background

R=2.9%0. 2 whereas f.or the central and per1pheral reglons the ratios .

&

are R = 5 7:!:0 8 and Rp = 2,1 :i:O.Z respectwely.- The values of R

“and Rp are in good agreement \mth the values’ computed from the w

We note here that the n meson (J PG 0~%) stands out clearly

above bacl_cg:ound in the _penpheral 1jeg_1on and is hardly discernible in
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the ceniral regiom. This can be understood in terms of the well-known

7 % kinetic

feature that ithe highest density for n decay occurs at k&

\

In Fig. 3 we show the 4% mass dist ribution foa events selected

accoxding tc conditon {2} The shaded histogram shows the distribution
. . . =+ . . 43 ‘
fox events without . N formation. The dark u"la.ded. re . CoTTes

sponds to Ydouble »" events, i,e., events for which both pion implecq fall
14

in the' ©w mass band. it is noteworthy that these clusier below the

“B meson™ mass band. The curves shown correspond to phase-space’
- TR, - 15 .o
calculations by a Monte Caric method,” " which takes into account re-

: . . ) . . . . % - b
flections due' te resonance formations viz,, N, wpT, WAW Nky and

TATTTR in the expemmr\m,a.l observed ra’a:iosa ‘As may be noted, the

R zneson“ a,ppea.ru as a wcll-deuned pcak in our datag

We now proceed to calculaﬁ;e"«:he 4% mass distribution with pion .

tr:i.pleﬂ:s-ifqm the ﬂ;wc'regions (see Figc 4}, Here we note the suprising

¢ th bat € he B enhanccmer*t appea,rs F:o be primarily associated with

;plon triplets £rom i,he pe“mhcr 1L resmn (f“ee Flg,, 4b). The observed

__'pcak cccurs at E=4220 MeV and ‘has a full width at balf maxiroum o"

j'a.p»pre,a:LnJa, tely 60 MeV. On. the oﬁ;he:: hand, 'che fo‘ur‘-pbion mass distri=-
. - bution coAreoponchng Lo i;hﬂ highly pur:xf:. ¢ @ mesons from the central

region d-.oes. n_a show a smmf;.cani peal a,i: the B-meson m;ss band,, We

:.n'xay now reverse the a,zgumeni; and ask wh‘a.s: ty—pe of Dalitz density

" dis ' tribut icn is obta lned'fox B¢yt rz.avesons.prbduced in the decay éf the

B mezon. Foz this purpose we chose the central band of the B meson

by sclectin g 2 mass be ’m’cen 5160 and 4300 MeV in the four-pion mass

.-“0

- gpecirum. The Dai?’-.tz plot for the @ w @’ mass triplets fulfilling con~|
- diticn (Zp ﬂnd the » q ial density disaribuai on plot, are shown in Fig. 4c.’

cand 4d. - As :mu,y ‘bc mot cu the data devia-’e:.e from the calculated curve

K LT .

4
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corresponding to the w matrix element and 25.4% background. The prob-

- ability that the experimental d1str1but10n corresponds t% a pure 1~ matrix

: ;‘ . element together with the average background is 0 5¢ .+ This result is not

V\'f"

‘independent of the observation shown in Fig. 4, and reﬂects the statistical
L lreliability of the effect we have observed.

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

(a) When all available data}‘l’z’?"16 are'co.nsidered 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 enhancemenf, with
Eg = 1220 MeV van‘d I‘B x 120 MeV, has been called the B meson.

(b) ’From.o_ur present work it appears, 'hoWever, that the B meson rﬂ_a)_r
fnot be primarily associated \;/ith the JPG =1~ " w meson. _ Furthermore, )

. 4 : LK

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

‘the combmed results of earlier expenments.

(c) There does not appear to be any 21r or KK decay mode for the B
"-vhimesony. 17,18 This rules out the spm—panty JP 1".and 3~ assignments
‘ -vfor the‘ B nieson. |

| It is n'ot 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 possibilitp that the. effect we observed is due fo B~ mw but that
- the ® matrix element is distorted because of the B decay process. The
effects of:Bose statistics will be most prohounced for ﬁme"’double w".e'vent's.
.o _* _As was pomted out above, however, _these occur pr1mar11y outside the B
| peak (see Flg. 3) Furthermore, the rauos of I'w/I‘ are such as to_make_.

L dmtortmn effects un11ke1y
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(b) A kinematical enhancement. Such an enhancement can come about,
. for example, by the presence of two constramts. 19 One gpnstramt is the
( #

: 'art1£1cza1 one introduced for the "background events" by cond1t1on (2). The

_ other constramt would have to be a natural one due to thg ‘presence of a two-

20
-or three -part1c1e resonance other than the w. There is ’no convincing

~ evidence for the occurrence of such a mechanism for the B peak in our data.

;i r We cannot rule it out, however.

(c) Decay into four pions.” We can‘make the assumption that the B meson is

L indeed a resonance and that the w¥ decay mode is r1gorously forbidden. This -

O -

R " * would occur in the case of a .]'PG: O""‘+ ass1gnment for the B meson, for

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

v g is to explam why three of these p1ons appear to be bunched in the vicinity of

‘ the @ meson mass, since on s1mp1e phase- space considerations only 12% of

the three-plon-mass triplets would fall into the mass band given by condition
(@), |

A {d) D‘ecay into a 7 and a definite three-pion state with JF £17. If the

B meson; considered again as aott particle, decays into a pion and a
: { . . .
definite three-~-pion state with mass similar to that of the w meson, the

: -"ff'.'_.'4'quantur‘n numbers of such a three»-pic)n state would be I = 0 and JPG£0-

St e,
etc. We note here that for the above JPG assignments to the three -pion

e system the density d1str1butxon goes to zero at the center of the Dalitz plot.

: ":;';,"_Our data alone do not have the statistical accuracy, however, nor do we have
5V',.~any_d1rect evidence to ascertain the existence of such a three-pmh state. -
| Thisvwork would not have been possible without the help of many
people. Wh11e space lnrmtatlon does not pe rmit us to thank all of them

‘ L 1nd1v1dua11y, Awe do wmh to smgle out a few. We Wlsh to thank LU.IS W

L
P o4
.

. Alvarez for makmg the 72-mch bubble chamber avallable to us, the

R o . -
F R PRI S R




s

- o UCRL-16081

o . .
s & .
B . Cor

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

o the Bubble Chamber crew under Robert Watt and Glen Eckman; the

F S.D. crew under Howard S. Whlte and our own Scanné;’%‘ Staff at

*
TR

Berkeley; R. Shutt for making the 20-inch b\ibble chambér available to us;

: the AGS crew under K. Green and J Spiro;- and the. 20-1nch bubble chamber
crew, and m partlcular H. BrOWn, for helpmg w1th our run a.t Brookhaven.
1 B Fma.lly, we. w1sh to acknowledge the help of John L. Brown and George H
f Tnllmg m vanoua stages of thm w | Lo '
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.
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:-hlghly relativistic region. Thus, for example, when the three-plon

" mass corresponds to the 7, the "'central regmn" of the Dalitz’ plot,

Y

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

The N *+t ba.nd was taken as 1130 to 1300 MeV in the ot p reactmn :

and 1170 to 1270 Mev in the T p reacuon.

__',,'.
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one, These events are included in both Fxg. 4a and 4b. They do

' not clueter in the B peak. ;

S 15 - These calculations were ca,r'ried out by J. Dash by use of a modifica-a
B tmn of the program FAKE due to G. A. Lynch, Lawrence Radiation
¢ Laboratory Report 'UCRL-10335, July 1962, (unpublished). S
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19. An example of such a "kinematicel enhancement' was observed in the

, present data. If we artlfxcmlly'constram Mg to lie between 540 and
E '* 740 MeV we observe a marked peak at 1010 MeV in the 47 mass d1str1—
. t butxon. This comes about beca.use of the presence of the natural con-

i stramt m M3, the w meson. 'I‘lus exa.mple 19 d1scussed in reference 3.

L - :,”Iu " . 4 'l.vl ‘L: ) )‘;1-5 ‘.
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- 20, “Here one may comment that if such a mechanism weyre present, one

. %

o .. would expect avpeak similar to the B, but displaced in mass, to
b2 ' occur when we constrain background events outside;the w mass as well,
o .4, We have looked into the possibility, but find that any such effect, if it
_‘{:'7 AR S b ) . T . N o ) )
T ,occurs, would be masked because of the overwhélming number of
) resent in
) e % ¢ '
v M * lkl
L9
. O
i
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Figure Captions

a.-»:«', Normalized Dalitz plot for all mass triplets w 3; i M(n'+1‘r'1r°)

B
4
7

T,

Between 760 and 820 MeV.
Rad1a1 denszty dlstnbutzon for the data in Fig. 1a. The radius’
: quoted- refers to radius measurgd along the y axis. The .aréas
are delineated by'a curve of equal probabilit); for the w-decay
matrix element. The dashed liLne represents the background

' estimate considered as isotropic over the Dalitz plot.

d. . Same as (b} with the additional condition given in {c).
: The th;ee-pi_on 'inass distribut.ions. - The curves shown correspond to
: phaée space. - | “
Pion triplets with Dé,litz coordinates x, y lying in the "central ,"

"r'egion'" as defined in the text. | | ‘

b, Pion triplets with Dalitz coordinates lying in the "Peripheral';:':”"

_region, ™!
' The four-pion'mass distributions, where one neutral three-pion .
" mass is given by condition (2) in the text. The curves shown

correspond to phase spaces Computed by a Monte Carlo method =" -~

Y
ki

S B

) as described in the text.

"'Sa.me as in Fig.g3.'with the two regions of the Dalitz plot given - "

[

o]

- epa, rate lyo

[ B

‘c. Same as (a) with the additional condition that 1160 <M (47) < 1300 MeV.
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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 person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness 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

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 1in 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
any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








