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Tk‘ze generally accepted values for the quanﬁum numbers of the b meson
are_-given by IFIG = 0-0+. : Thene a%ignmems have been es’-aa'biished pri-
marily thr@uéh studics of the Dalitz-Fabri piot for the decay u — a w o
The existence of the em;p cted mode 7 - - v has recenﬂ? been eetébiished.
.wzm a bra nchmm ratic giveh by | |
. \ v - i e gy : K o .

T w yWWln> = « wa)lﬁ 0.26+0.08, ~ ()
'The. existence of the mode -q = vy has been established by using etas produced
in avhéaﬁry-ﬁf;gmv:‘ bubble chévmzweff:v" but its relative probability has not been
. determined prior to the expenmo ¢ reported here, ‘_' Thé]e:azpected deca*y racde
73}5 31‘(0 is diﬁﬁcﬂiﬁ: to obsefveé’ and has not been established by direct observation
pez:m o u‘ns e*tpemment._ However. the ratio €neuﬁral/charged) SRS
'I \M-o neaﬂ:ram)/fm—vﬁ+w x“). with % .wresolved intc v° and y, has been
debermmed in Beveral'egperimenfg by coun‘é:ing "missing zxeuﬁréig. " ‘ An
average over é‘:hése‘experimenm gi:ve:a‘ A(neuﬁ:ral/charged) = 2.7 50.6, . The néutz;am

should correspond to w = yy plus n = 3¢° if the n quentum numbers are

0-0t, 5
)ln %:he experime’zt descz'ibca here we comtrm ﬁhe existence of the decay
\\" . . - .
made B~ YV a;ad find 2 branching ratio
. !

J
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" 'typei'};'is alraost en!i;irely due to ‘rr+p - q P N> w+w'x

S ‘A,,,;_Vof backgrdu_nd due to w+p - 1T+P w%?r“.' and the :’?eaélution of %

2= ' UCRL-108UY
‘ N b ow . PO O ,
Tig— v/l la= o o «%)+ D{n-=> v = v}] = 0.9920.48. {2}
We also establich directly the extivtence of the mode v - 3%%, and find

bl .'—\ + - [ Y ‘t" - o . ;
D= 32% /[T {q= v o %)+ Dig=w = y}] = 0.66=0.25, (3}

The gum of our results (2) and (3} gives éneutz’al,/charged}} = 1,65%0,53,

in only fair agreement with the result 2.7 £ 0.6 others have obtained by counting
miosing neutrals,

Calculations based on thé model n - %+ ég. P = Yo 3 S

predict Din- -qr+~n-'\_;)/1‘ (n-w"v vy} = 1/4, 6 If we combine our result {2) with

our earlier result (1) we find

. + - '
Cia=w w v/~ yy) = 0,21%0,12.
. Since n ~ 3w ah.oiﬂd go isto the 3w state with I = 1, one expects

S 4w , o _ S .
g -~ 3%}/ (q==n 2 «%) = 3/2. Fhase-space corrections and dynamical

o

oY . . e el e ttal . e + -
calculations based on a comparisgn of the Dalitz-Fabri plots of = v @ «
and K ~ 3q.yield a predicted value of 1.62:£0.05 for this ratio. = Combining. -

2

our sxperimental results {1} and (3}, we obtain

Tln~ 368}/ D = n a =) = 0.8320.32, .

" in rather pocr agreement with the prediction.

\

The remainder of this Letter is devoted to experimental details.

N
\\

The 7 5 wére produced in the Alvarez 72«inch hydrogeﬁ.bubble chamber

via the réaction’ ?r+ tp-e A p + M, using incident -rr,+ of 1170 MeV/c. We :

have analyzed 1500 two-pronged (ZP) events having an associated y-ray con-

version in 'hydrog"en. and 4500 four~pronged @:P) events from the same sample

’ .o : e ' O + ot - . ) vy, o
of film. The 4P e]‘venﬁa include w p-=w pr. w x°, with 2% =%°% or v. This event

4o

3 o o
®.° The elimination

® into %% and y-

>' ‘have been described elaé;where..s in thea'ezperim;e.ﬁ‘t'r@'ported' here the decays
- w @ x° provide the -"deneminaﬁo:s"' for the neutral branching ratios.



- coﬁside f:wo decay modes. {2} We may have 4~ 3=

27° Ty P Yy = x@ + y,?s 80, ﬁ,haf: x® = 2w

s "

%e s:m dy the neutral decay rodes by two independent methode.

o+

n the fi ret method ve look for an ¢ e pair regulti g from internal Mm-_
-vemign of one vy ray {virteall, Yapo coming from ‘a’g = yy or w0 - Yy, where
the v¥ may have come 2 frorn g decay. One then hag a 4P track configuration

' C . : ; Coat
‘6- ‘a" 5- - @ N [+] 4 @ ' P 7 Tar
s o= pee x, wherex' reprusents all undetected neutrals. W

e write
. ' + i < P T o o | |
thiz process as ¥ D=7 B8V s ¥V Yoy FHE s Yy e e For vy~ = vy we
= 24% + 7% =
4 Yge Where ,;E{ is a Leal 5y ay
T - . . .
The idvariant m&ss mie e )= m(*«;v) thereiore z*&ngee betweon 2mfe}) = i.l‘

: o . . . - . - L
and m{x%) = 135 eV /c”. The distribution in rafe e ) and the branching ratio -
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QC.C:ELV&’J.  {b} Inthe sccond ﬁwaﬂ e we have 7 - v, i Yy S «® 4 Yyre 20 that x%= Yr
o - s - siev /el |
and m(:?s_}) = O; mfe e ) ranges bebween Zmie) and min) = 548 MeV/e®, The )
branching ratio iy - *;/? * “E.ﬂv'pff‘ {n = Z“g.;:i y iz insgensitive to the dynamical
"". 3 JN“"\ q ga B AR s 5 g t bl e . me 2 ® ‘ £ VC" .
details of the decay. ‘he eriierion mie =) <30 LieéV/e mc'i;udes £6% Qi
. the decays 7 —w"‘{ + yv'azmd a {raction 0.0101 of all ducays 7 —» ‘g T Yo wﬁ;h - S

N T oy, OF Yore That we obtain. the sam @ wactmn 8.0101 dow bam ﬂj_ ' ami_ N

‘ -
- “
/. “

for'an e e pair due to hV&""Gﬁel ("{1 conver=

sion of & real y ray in & @&Gc&«_\alo*x with a twm«ufongw ack configuration
‘§“ . ’*}" 5 i .
#p~7 py. Then we have y° — yQ - (? = uﬂde\,ec ed 1eu'“~als}, aml
. - ! " N ; . .
1 FTH=e'e +H. We impose the criterion Z,, < 3() cr on the ';’saih le gth
io\‘f of \"y?»?;." anel the crites ‘i i Py, < 15 MeV/e on @he recoil momentum Py oﬁ Hin
EA B L
Glaey "onvos.s on process. To determine the detection probability for v, we -
: o
v o By w womdt et ‘"{h. o * ¢ TNar e 2 ; w oy ¥
make use of several hund red ovents @ P DT . By counting internal
. + - ) .
conversion evenﬁs 7% -y Yige Yy~ & & 6 WS determine the number of «°
: : : &% 4 ‘ . .
produced. We choose a sultable subsample having the same distribution in
+ + 5

2y ond @% as "ahat calcua ed for wp=wn P %
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7 37° = Gy.. The observe subgsample

o ox < s Ol end mY A » e 7
detormines the overall de aecwa 1 01 F-conversion

’ 2 o 3 g oo d . T Y £05 A8 - n lemgd 2 o
crose section, fiducial volume, and scanning efficicncy. We find the probability
‘ 2 oe y A o < ‘- Py '\ ) O g 2 LR W] 4
for one of the v, to convert {subject to cur criteria) is 0.0244 ¢

and 08,0248 from «° o

Y 5;9"‘ h s 2 s, oy T
¥ = 2y, 0 whBre w' comes from - 3u.
st

e 2 f'ﬁ.
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e

decay w-r ¢t yis then 0.0101 + 0.0244 = 0.0345, The expected number Lrafn

"o

one _dacay.n - 34 is 2(. mm + @AM"&; = 0,108,

. &y G .
ﬁn Fig. 1 we p‘iai. the i avariant m €y“"=’; versus m* (x%) for each event

. 3, - o Ed K & e g R ) s o oL - TX
0 y -y + x% where ¥ iz the misning four-momentum. Doth

internal-conversion axd Hecenversion events ave included. We require the
ATy - I~ A % Slamey & 14 4T85 2.2 [a b
calculated ervor in «n U 03 GM.‘, (3; Jo to be leas than 0.012 {BeV/ /™) Bince
: . : " 5+ + .9
the four-momentusn y iz c:::?,ovulx tcd ag "migceing" in o g~ v o vy, the error
cu;v?;@ifﬁ does not affoct branchis 1g vatics., (This cutoff is alse applied to the

- f" s Gep v . Py ) -
de,m..mawi OF evenis, y- = w 7 % . ) Kinematical limits are indicated fov
g% = 24 2nd for y® = 3% For v = 24°% it i casily shown that the distribution

(=%} in f2at for any value of m " {y

L.>

kinematical lmits ave depopulated by & phase-space factor. }

&

zhowe a 2 large cluster of events af m {y

; 2, v v 4 + '
m“x®) = my) = O co rrespending to m P> w p @, 70 = VY.

&

=

The vemaiaing events ave seen to be mostly due to y@ = 2«°
~ To demonstrate the presences of n pv ccﬁdc cion am‘;. decay we plot in Fig, 2

. o : 2 2 e 2 .. s
the number of events versues wm Q’yg)a, for m ({yo)> @a@ﬁ (Be‘e’/c‘?‘}) . The solid

histogram gives the expe cfse@, distz :inm (V ) for v Za-@.' ite shape

' + T g I
iz determined from 2600 evemﬂ of the type w p = o p"y"e, vl =w w . Lis

normalized by a least- -8quazres fit to *i:he_ first fwe hig stograim intervals in
11 .

b

Tig, 2. °° We see that %:he salzﬂ histogram fits all the data except for a
. ? . il

pronounce 2d pea 1 at mc B TNAsE. Between mT(y®) = 0.28 and 0.32 we prodict
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(from the solid hiéi:c»g.?am) 4.3 Q.v?:‘»‘éventém from y° *’-=42'.'r°. We find 17

evenis, however. We conclud@'ﬁ:h:m most of the 17 events are dﬁe to n
‘produc&ion‘an& decay. |

in Fig. 3 ﬁve p?-.oﬁ the d‘i@tri'a: tionm in mzéx") {for theA 17 events having

0,26 < mzw < 0,32, along with ¢ e kinomatical limits for ¥® = yw 35-“.

aad 27°% The events separaie 61@:1?29 into five yy and twelve 3%° events.

We lprora‘te the 4,3% 0.6 fpredicted béckgroundcoum:s from 2x° according‘to

the overla"s of the anowea régioﬁs in 'mz(x" Jo taking into account the measure-.
ment errors, and (.hua asaign 0.33 % 0.05 backgzround {(2°) counts to the YY region,
“ 2,50+ 0.05 to 3v°, and 1. 47 &:0.20 to the region between yy and 3w§; _(Znspection
of NE,. 3 3howa that none of the p cﬁc&ed 1,47 coun@s'is realized. Thié is.
.- 2 rsaaanabie Poisson ﬂuctua&ion. } We combine ahe obgerved ZP and 4P eventg |
(with background ‘subtr acted) and tae deteci: on factors 0.0345 for yy and 0 105 '
‘ior 340 to get the effe,cﬁ:ive numbei of _decaya N(n - W) = (:-0.‘33)/0.0345.

aad N(q -~ 3°) = (12-2.50)/0.105. -

TE@ "denominator” ‘N(n -t gt %%}, with %% = «° or v, is obtained ﬁ'o_mv |
4P ,_e\;e‘mé wp=a py’ wherey’ =a’ b x°. We agsume at =« and b” =
provi@e@ ifn.«:. inv‘az;iam'm(a{k’;'a') safisfies m(a.+b') > 106 MeV/cZ unde‘r the mass -
' aeﬁigﬁhema n1€_§a+) = ﬁ(h') = electron mass, for both a@sighm_enta of the s - |
This critarion eiimimﬁea internal-conversion i:a_i-ré a'b” = e+e‘. and removes
| “only 5% of the events y = -:r+ v %%, 3 'i‘ﬁe procedm‘es by which we elim»in&te '

eventis 'r:..{ P=w p';v+ W from our aample give an additional 10% loss in events
0
v

g illas&raﬁ:ed m Fag. 4, where we plot the distribution in m (V") for

= 'a'+ 7 x@. 3 The remammrv events are almost entirely y? = =m. This is

- p 72, y %= -r+ w x". and where the aaaignment of the two w'' o is

that which gwes m (y )closest to m ('q) 0.30Q (BeV/c _ 2, The obaerved_

- width agrees with that expected from PA\‘G measuiem@nﬁ ex;rors; The 114 |
o#ats with G 28<m (y“) <0.32 @”,eV/c ) gives afa.er correcfzxons. :

Ny - 1'3’ w x“} = 132 6 “evcmc"



- asgisiance i"s c.he daﬁa m“xalyaia.

0.990.48, and I{n- 3v%)/T {(n == %0}

- GJORL-10809

Din-=yyi/T (-~ ;e.e"'w‘ %7y = (5 - 0.33)/(0.0345)(132;63 =

" Finally we obtain
= {12-2, 50)/(0.105)“32 6} =0.66%0.25.
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A5 Ic'@f* as mie e ; << m@, where my = 33 ( 9) or 94@7} }, the °<—31a’swe

: yz’@babr.hey T (m - VR e @ )/T\m‘—'» Zy,{) is haen tive m the mass mo.

(ue@ Ref 8«»}3 -7 Emk. is why we mm for thiu m-ahabuuy, for bom

w° and 7 éucay, when we havu. mQu & ) < J@ Mm’/c . .For much larcfer-

values of m@e : » fzi.e iy .ternal LO"&V@”BZOQ prommhsy becow;es aenaatwe o

%o 'rzwz@.‘9 so that the wtal ﬁlnﬁ:e?nal-ccnversian probability is larger fox'

a - yythan fox o” = W-~ ’
Folr ous zﬁermu m{u e ") <30 Ml /c 3 f.nc Y\f are "almost veal, "' and

the distribution m i (;ﬁ’» or a given m ((y ) is e;jzpecmd to be es@enﬁ:iany

the same for Yy 86 fov y.ﬁ;‘ avaits. zu.:a:- thm reascn. and becau.ee of the

v

srnall nwmber @f @?@nﬁ:@. W tmaﬁ:’b@th event ﬁypea %ogather.-

ey - <) 2 ' .
We find = = 2.9 w w:.).e”cas <x . m 4_;.@

The error i @bﬁamcd by varying the normahza&mm of tbe golid histogram
until xz @nom ﬁh@ fimt fwe p@mﬁs) incmaoea by uniey. The error 0.6 is

&‘he mcemamty in th@ predicte& "average. 4.3, 2nd has nothing to do with



-9 | - UCRL-10809

Figure Lesends

!3j

.
i
&

. Iy 2 . 2‘1 + K € . .
.l Plot of mT %) versus m%x %), where w tp-w +p+ vyl y® - v+ x®,
¥

v i3 & detected y ray (real or virtwal) and x® = missing neutrals. Kinematical
Limits are indicated for v® = 22° and @ = 3x9.

L Fig. 2. Distribution inm (Vc’ de

o s as . s ‘ 2 ap/ L
Pig. 3. Distribution ia m”(x%) for events havirg 0.28 <m(y®}< 6.32 {(BeV/c“)°.

I o . . a ' o, + . ~ + -

Fig. 4. Dictribution o my% forw +p~w +p+y% o = n +a” + =%,
. 8 . .y E D em -y = |
£T = missing newy 1.
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