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Measurement oﬁ' the Branching Ratio rif:fé ; :

“for Pion Beta Decay

Robert Bacastow, “Pora Elicf, Rudolph Larsen. ? :
- .1 Clyde, Wiegand, and Tom Ypsilantis v

w. ' Lawrence Radiation Laboratory-_ ; : S
SEEREPEE University of Califormia - . s
' - Berkeley, California . ... '

o ‘.'Séliiemti@r '24',’_?'11962 A

'We have mveatigated the pion decay process wt - wo + a -:- v, 1{

I 'Whereas various model calculatioms ’ 3 lead to branching ra.tios for this

L process of the order oi’ magnitude 10" 8 the conserved-vector-current |

{CVC) hypothesistt 3

a.uows a precise predicnon. Using the accepted |

- values for the ma;ssegé of the particles involved and considering the cal-

- culated radiative corrections, 7.on.e obtiins a branching ratio be.tweén

1,00 %10°8 a.n;d 1.06X 10'8. depending on the choice of Cbupliug conavtant.vs
‘.'l.‘hus.considexable attention has béen focuéed on the pion beta deéay. since
a precise measurement of its branching ratio can serve as a test of the .
: - CVC hypothesis. Experimental inwestigations haVe been undertaken also : | '_

: a.t CERN9 and Dubna, 10

‘This experzment was de sigxmd to detect the two 11‘0 Y rays, the pomtron, |

and also the positron annihilation radxa.t,mn from the reaction 'ﬂ' - w°+e + v,
- We find a branching ratio (eee Table 1) compatible with CVC
A achematic diagram of the expezimental arrangemezxt is shown in

v Fxg. 1. Positive pions {175 MeV/ ¢} are degraded in carbon and brought to

rest in scintillation counter 5, In order to detect the 70 meeons produceca in ;'_:v

a
{

the n _,10 decay. 18 1ea.d-acinﬁxlla.€or~sandwich counters were a.rmnged

¢ylindrically about counter 5. Each of these sandwich counters had two ’

.‘ﬁf

\ .

photomulﬁpliers (e. g.. “1 and Bi) that viewed altemate layers of scintillator o




, measured by detecting w

‘ting aw

vl 3X 10 3. The work of Dunaitsev et al. ,

o ot anmhilation.

!
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sapa.rated by lead Coincident sigrnals from “1 and 531 tequired that a -

charged particle penetrate at least one thickness of lead (2.7 g/cm ) in
' .that counter; y 1 and 61 wez‘e similarly situa.ted photom\ntipliers on the .

- cuametncally opposite counter.. A. concentric array of thin scintillators

used in anticoincidence wa.s placed between the lead-scintillator-sandwich

¢counters and counter 5 to ‘guard against cha.x'ged particles, Thus a wo pro~

duces a fourfoid comcidence aiﬁ TR W 2. + 0+ without ani:icountez's. =

* Because of the geometrical reeolu g nf the eyatem, eventa of the type co

iﬁi\{j j’ j = i & 1 are alao acceptable. The efﬂciency of this system was R L

0.

- »5; The y-xay efﬂciency of countaw \'i"i’ for e:mmple. was determined by

»the ratio Of fourfo}.d events, Giﬁiyi i’ to thraefold a,nd foutfcld evenm,

.....

0 Y ray by the lead plates 'Within the counter. From mxa result we

0

fmd that the number of w° mesons prod\xced per -n stop in acint.llator is

11 lea.ds to a value of approx |

9 S

-3 obtains ZX 10 "+ Utilizing

1X10 for this ra.txo. ‘while the CERN gxoup

‘ "our measurements. we £ind that the tobal efﬁciency of our apparatus for the

(U

detection of a w° meson produced iu the 7' - 110 deca.y is 11%

The positron in the dacay w.;s 6bne :.'jved by two methods: (1) We looked B |
. for the e’ signal following the stopping 1r sxgna,l in counter 5.. This counter-.;:':;;;' '
Y;  was divided into three sectxons. A B and C (ea.ch vxewed by a different .v )
| ) b"photomultiplier). in order to enhance the e aignal relative to that of the

x ' stopping at . (2) We Iooked for tha aignal £rom counter 8, a Nal crystal

e e

placed near counter 5 in ordex' to detéctt one of the 1/2 —-MeV y raya from the .

¥

Y rays produced by mtopping r meaons in counter S



* . possible w+- 1

was 105 sec

viously determined with l/Z-MeV y rays fo'om Na.

3e B UGRL«lowé
The logic of the electronic s;yzstem was as follows (aee Fig. Z) A
w! meson stopping in5 generates the signature 2458 ?K?T . The 1

signa.i occurs if another bea.m parcicle entmra ‘the aystem within an interval

' of 10 to 60 nsec following the pion stop.. Consequently 1 demands tha.t no - i

- "-‘ other beam particle enter the Bystem during the time we: are awaitmg a |

0

after the pion stOps. Within the gate, if cmy fourfold coixzcidence of the
L lead-scmtﬂlator sandwich counters (niﬁ jyks 1) occurs without anticounters,

‘a tngger i:a produced which activates the data-storage syatemlz and triggers' Ny

P

a four-beam oscilloecope. , The data-storage aystem interrogates a.u sand- .

wxch counters and. records on magnetic tape thoae tha.t have a;gnals. mmul-
taneously the oscilloscope tecorda pulses from:the sandwich counters, the :

Nal, and some oi the beam counters. Tha magnet;c tape was processed by-

an IBM 7090 computer._ The correlate& mngnetxc tape and oscﬂloscope
- records allow us’ to determine the collinear ity of the wo Y ra.ys (to withm
the geometrical resclution of the countew). ‘the timmg of all ceunters ;

N activated by the event, the pulse height of the e in counter 5 (A B, or Cj,

and the pulse hezght of the 1/2-MeV \ in the Nal

Our trigger rate was 6 per 10 stopped pxons. the stoppmg x' rate

1. The computer anax.lysia indicated ‘:hat 10% of these triggers

: .'-were caused by Opposite Y rays (i.e. “113{'*'151 evauts) and t.hua needed furaher

‘}v:inveatigation of the oscﬂloscope fﬂm for the remamder of the identification, - L |

»However. in or der to inve sﬁgate posaihle ba.ckground effects. the film was
e analyzed independently by scanning all “"“’”‘w that had & Nal mgnal o an

‘ acceptable event, the Nal signal of tha pmper PW-W height (this was p""e"f |

z2 po sitron anmhilatzcn)

. °°°‘“"'°d in time with the ; u.. B, y. and 6 migna.ls. The e aignal could not

)

decay. 'I‘his siguzture opems a 40-nsec gate( ) 6 nsec BEKE
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be reliably obaegrved in counter 5 uvntil 18 nsec after the "s'+ Istop and even

then only if its enex'gY was greatar than about 1/2 MeV, Fleven evexxts o i
| were found, aawm of which had obme rvaal@ positron puisea ixx counter 5 . " ,
Of these eleven events. only one can be desfimtely attr:.buted to background |
{the- angle batween«the Y Tays was {oo 8% 'xall to have been produced by a |
decay -sr ) These results are shown in the fxrat line of Table I. It was
noticed in the analysis that the ‘\4 -'ra.y coun.ters near the beam contribute
a disproportionately large fractzon of the trigger rate, I‘f we diécard the .

 events £rom these coun!.ers (i = 9 ccnmtm f») we are left wmth gix events a.ll

of which satisfy the criteria, These. events are listed in the last three
lines of Table I, . The third line of the fezblé.shows the effect of requiring -
_that the two y rays be in diamet:;iéauy cpposite counters, In the last 1ine

of ts:‘w table we impose thé requiremnent that the e’ pulée be vigible in counter o

5 the result is unchanged The measured pion lifetime from the 10 events

in the first lme of Table Iis given to show its confazstency with the known

+
19 ® mesong were stopped,

10

pion lifetime, In the entire experiment 506X 10

Dunaitsev, Petrukhin, Protlmrshkm. é.nd Rykalin have m@c.aured a

br'anchingv ratio of 1, lté gx 10 -8 from four events with an expectc,d background

of 1.3 events, Depomrmer, Heintue, Mukhin. Rubbxa, Soergel and Winte;g

0

have cbtained a Value 1.7£0.5X 107 8 for the 1r+—> 0 branching ratic, having '

detected 14 eventa, Our experimant‘. dlf"ers chiefly in the requirement of

the p‘o'aitr_on-annihilation.radxatmn, where:as the other experiments,requzreéf

. some energy resolution for the w° y rays. Without the requirement of the

positron annihilation our background subtraction was too laxge to permit a

meaningful result, S S o : S



“Be

' The results verify the existence of the pion decay 'process

whew e + v. Although the statistical acéura.cy is poor, the results

are compatible with the CVC hypothesi,

coopez;a;tion. ' Useful discuseions with Frofessoxr Thomas Slantis { Brook-

haven National Laboratory) are acknowledged,
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Table 1. Summary of results for pion beta decay

: Cé-xterion for et Accept~ Back-- ‘ Total .w+mean Bramhing
counters detected able ground e.‘.fi.ciency life ratio

1¢31ij ... ..by . _events events (%  (msec) (X10"8)

| , (A0 |

=601 . . Nal 10 . 1 086 24%10 2.0
dejeoa® L wat 60 emr UL aal
i=® 0 a4 o e '

S 1a

42?0 - . Nal 2z .0 033 . o« 11
' "and B S o o

’I‘ha errors to be assigned to the bran( hing ratio are dominated by

tha statiaﬁics on the number of evema. S

-

b, The i= 9 counters are excluded,
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Footnotes and R,e{erez;c‘es : |

® Work done under the au.spiceé of the U, S, Atomic E‘.nmrgy Commission..'
t Now at Stanford Linear Accelermar Center, Palo Aito, Cahfornia. -
tt Now at Brookhaven Natzow Laboratory. Upton, New York. o
I, A pz‘@liminary' report of our work hus been gzven at the Washington

: meeting of the American Physical Seciety. April 8, 1962 a.nd at the .

. 5962 Intermtional Conferenca on High Energy Physxcs at CERN |
29, E. Feenbezg and H, Primakoff, Phil Mag. 3, 328 (1958).
. .' 3. Ya. B. Seldovxch Doklady Akad Nauk, SSSR 97 421 (1954)
4, R. P, Feynman and M Gell«-Mann. ths. Rev, 109, 193 (1958)
5. s, Qerahtein ade zeldovitch $c>w.et Physics (Engl. Transl )J’FTP 2,
576 (1956), | | '
6.. W, H., Barkas and A H Rosenfeld, Data For Elememary Particies,

Lawrence Radia.tmn Laboratory Report UCRL-8030 Rev,, Oct, 1, 1961
(unpubli shed), | .

7. G Da Prato a,nd G Pumalu, Nuovo Cimeni’.o 21, 541 (1963).

8; R. Bardin, G. Barns, W, Fowler. and P, Seeger, Phys, Rev;. 127,

595 (1962). I o

9. P Dapommier. J. Heintze, A. Muuun. C Rubbia., V Scergel, and
K. Winter, Phya. Letters 2, 23 (1962)

10'., A Dunaitsev, V Petrukhim iu. Prokoshkin, and ‘V Ry‘kaliu. thml
Le%:ters L 138 (1962)

11, A Dunaitsav, V Petrukhm, Yu. Pmkoehkin. and V Ryk@lim,-

Zh Eksperim. { Teor, Fiz, 42, 1680 (1962). |

12, Clyde E, Wiegand, in Proceedmgs of an Inteimtional Conierence on -

Instrumentation for High-—ﬁ:nergy Phy sics (Interscience Publishera. Inc,,

New Yorkp i960). r. 182.
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| o Figure Legcnds | ‘ | -
‘Fig.' 1. Schematic of experimenta! syatem. Countara 1, 2 4, 5 A 3, 6' '. .-.-3;‘
S define a stqpping pion, Counter 3 is a water Cerenlcov detector to
- guard agamat bea.m\pcsitrcom;.; ALl othér countexs are acintillators'.
Counter 8 is a 2-in, --thick Nal crystal for the detection of the positron
‘ annihiia.tion radiation, C repreaem:a carbon degrade.r‘.. '“1‘31’ “262‘ ve 'f
and their respective 180° counter parts Y185 V.?,SZ' A ";ére lead-
: ‘acintznator sandwich counter’s for the detecﬁon of the 11'0 y rays,

. " P
'7 A it

- Fig. 2, Simplifxed electx‘cuic schematicf

. ; A
;‘. ‘."_“




‘1 ﬁ} 7%23e‘\m

GéVH »Tﬁgger“
Data storoge
and ~scope.




st et - v e b N il i R

QW i

- Top

S AN LA/ I

" MU-28014




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, compléteness,
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

.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.






