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WEAK INTERACTIONS OF STRANGE PARTICLES (EXPERTMENTAL) = -1

P.S. Crawford

e

I will not attenpt to summarize all results that havé.

appeared since the 1960 Rochester Conference, In particﬁlar I

pu————

‘will omit some subjects which were discussed at the Aix-eﬁ-Provenoe

g

. International Gonference on Elementary Particles, in September 1961,%’

and for Whloh no new material has been presented to thls conference.af

- In several of the experiments I will dlscuss, one measures
the decay parameters ¢, 8 and y for a parent baryon of spin %

decaying into a daughter baryon of spin % plus a pion (spin zero).

‘The decays of interest are & - A + 7 (here the E  spin is not
‘yet proven to be Y4, as we shall see), A »p + 7 , A > n+ 7,

2 en+rt, 2 sp+n and 2T v 7,

"Let. us first review the meaning of the decay parameters,

" and how they are measured. - By angular momentum conservation only‘

the states Sv/ and Pbé are available to the dauchter ‘baryon ‘and"
pion. -~("Baryon" will always mean spin %, here.) - Both states .
. are usually present, i.e. parity is not conserved. If S and P -
are the complex amplitudes, four real numbers describe the(decay. ”
-Four is reduced to three when we neglecu an overall phase. The

usual parameters are : S S i oy

o = - 2Re 8%0/ (|s]* +.|P|%) , -
B = 27TIms*p/ (|s]? + |P|?) and .:i .ij
= (Isl* - [21*)/(Is]® + [21%). - |

Y

§
o

va'T-invariance}holds, B is zero, except for flnal state 1nter-
tactlons. Notice that a.is invariant under ‘the 1nterchange of S_
~and P, so that a measurement of a gives lS[/[ [ or IPI/ISI

woTAR/E | N R



; resolve the amblgulty one must measure the 31gn of Y- f?#“'

';]axls, the wave function for the daughter baryon's spln;an& angles
#(polar) and £(azimuth) of emission is given by

" so -that thé_degayvdistribution is given by

 Ifithe parent. is not 100% polarized but has polarization p, then
j ;in Eq. (2) « becomes ap.. Therefore an "up~down" measurement df a
.. decay asymmetry (distribution in ¢) does not give a, but gives ape
”'x“Ihe_polarlzathn p depends on the strong process by .which che parent
- baryon is broducéd.r By parity conservation (strong process)'ﬁhé; u

_dlrectlon of p is always perpendicular to the production plane.

*,athe Brookhaven-Syracuse group ), and by,the_Berkeley )— U.C;L;A{‘:v

vgrgupg,,and.Avdecay, by Cronln and Ov;rseth9 “the experimenters

~ orientation of the producflon plane,  The odd torm, ~ ap cos T,

“then averagcs to zero.; Thi; ‘"3epolarization® trick Works only

~ine coszﬂ uhat Would not average %o Zero.

For a parent baryon with 1007 polarzzatlon alon@ the + 'z

ey 2w
r em e oS St L st o a e oo e

= (S + P cos ﬁ)T‘+ (Pei% s;n 0)&; s (1)

iy ¥ ol

1s|2 P12} (1 - a cos ). S - 1 5;-~f'~-""(2)

1. - i

"In the experlments I Al first descrlbc, (2" -decqy, bgl

measure:a- directly, ‘using in each case a parent buryon which.is .

 'lguarantéed to be COmpIétely'Egpolarlzed.; We 1":Lll now explaln how _ :
"',"cheydo 'th:LS. Cooo . o S T

" The first queoulon is, how do they gct unpolarlzed parents,_. .f 
"_When we know that in general p is not zero, and in fact is often '
- found +o be ncarLy 1. “The answer is that to get "effectlvely" fﬁ

'vunpolarlzed parents. they olmply throw awvay information as to the ; L i

for spln ,é. For splﬁ 3@, for instance, there could be terms

PO Vo . 4 . Lo : RN . o o oo
i . ! ’ : : : o
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of parent haryons (spin '%4), the daughter baryon has: a lonsltudlnwl 3

" the centre of the diagram. Then, since we are quantizing’ along

the direction of the linear momentum, the daughter baryon's spln

71&3 momentum in the final state is perpendicular to the linear momen-

tum and therefore cannot f1lip the baryon spin., For a given parent

for a given direction of emission the average 1ong1uud1nal-polari2a—‘.

tion of the daughter is [(along) - (against)]/[(along) + (agaiﬁét)]

- the dec@y E oA+ s the doughter A will as we have just scen - B

one wishes %o neaoure a,, as for example in the spax k. chamber experi-

\the proton, for example from carbon platos, and look for scatter-

:“1ng asymmetry. The scattering probability is CJPlCully /go com=. -

- L20T/NP/ih D S

The next dbservaulon is that w1uh an unpolarlzed source

polarlzatlon of - a. We can see this easily from Fi . Ve ‘é
quanulae alon'r the direction of emission of +the daughter baryon. 9

The two eg ual populations of spin-up and spin-down’ parents are at 3

is in the same direction as that of the parent; -the orbital angu-

spin we see from Eq. (2) that the number of daughters emit? ed along
thevspln is prpportlonal % (1 = a) = ¥along®, and the number agalnst 52

the spin %o (1_+ a) = "agaiﬁst". Pron'the dlawran we then sce that

- e . ' . ' ' :' ‘ : I

Next one must measure the lon;1 tudinal polarlzatlon of

the daughter, to measure - o of the parenc.. For 1nstance,f1n;

have the longitudinal polarize clon p = =0 alonb 1ts direction of s ,;
motion (with respect to the rest frame) We therefore look,
with respect to this direction, at the decay asymmetry for emmlseion

of the proton, in the cases where we observe A - p + ﬂ_. Prom

(2) this determines =%, P = aAgH.ﬁ Notice that all E decays

arc ‘useful, and that % of the A decay visibly.

Attt et 0 e TS K

‘The experimental situation is much more difficult:when

A
ment of Cronin: and Ovcrscch. To measure ‘the 1ong1uud1nal polari-

zatlon. pproton = - @, of the proton in A - p + T s one must SCatter

parcd to- the 3§'fbr A decaylin che'E-'analy51s. _ Furthermore for
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~the ourbon.'

is again a velocity and spin diagram. .. . - .. ._A.»;"W“',§

g~ e e

.polarlzutlon_of'the type of Fig. 3a. ‘Thus the uxpcrmnonter

the écattcﬁing analysis not all A decays are useful, ﬁOne needs

decay protons transversely polarized in theélaborator§ framé

'(Where the chrbon plates are). TFor aﬂJunpola“izcduAfaecaying'

at rest in t%e laboratory you would have no transversély polari=

zed protons-at all. But for the fast A's used, the,N01001qy of”

- the .A with respect to the laboratory is large- comparod to the

"'velocity!of the decay proton with respect vo the A rest: frame, S0

that for four out of the "six possible derCulons" (£ x, y, * z)

-oof proton emission with respect to the A rest f“ame, one has ‘trons-

verse polarization in the laborauory frame.  This is 1llustrated

 _1n-F1g.-2, which is a diagram in velocity spucu with the addltlon

cof arrows to give the spin dircctions. Since the A is unpolarized

in the a determination, it has no arrow. Neither doeS‘thGV¢arboh‘

nucleus. The two proton-emission dircctions in parenthesis are

.,‘useless ‘since they glve no transverse pol arization with“resp¢ctfto

St

Thevcarbon has a large analyzing povier, given by the para-

meter <S$, which has magnifude-aboﬁ*AO 6. The - cxpeflmonte *s detor-

mine pA <S> = = a <S>, from the scattering usymmotry with rospect
to the plane formed by the three points (in velocity space) of the
carbon (lab.),: A, and: proton. The magnitude of <S> is independ-
ently determined in double-s cattcrlnb experiments of protons'on ?

carbon.’

Ne t V7o consider how +the oxoerimenturs mdusﬁra"ﬁ.l;

-Slnce B vanishes if T (tlme reversal) 1nvar1anoe holds (and if’

'flnal state interactions are neglig 1blc), we look for & suluable

polerization which should vanish under T. To do this we will

-sce that we need a.polarized parent, and must measure ‘the daughter

polarizatibh.i The suitable polarization is . shown in Flg. 3, which

1
B [
s

Ir T-invariance holds‘then the decay in Fig. 3¢ odéurs

as frcquently as “that in Tige 3&, 1) thu there can be no net

3207/NP/ih
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looks at decays where the daughter is emitited in the pnoductlon
;plane of the parent and looks for a daughter polarization per-
'[pendlcular u% the velocity of the daughter with respeqt to the
parent, and lylngvln the production plane. In the & decay analy-
sis, by means- of subsequent A decays, four of the "six p0551ble"
'decay dlrectlons are useful. . In the A decay analy51s by subse- '
”‘quent proton-carbon scatters, only two of the six dlrectlons ‘are :
useful. This is illustrated in Fig. L., where the useless dlreo¥

B l

~ tions are in parenthe51s. : . ;
(In this discussion our language is of" course overh
-31mp11f1ed. The various polarizations always vary linearly: w1th
the cosine of some appropriate polar angle; our "useless" direc=
tions are those where the effect is zero, "useful" where 'it 1s
. maximum. In practice it is important for the erper:unenter to
verify the angular depen&ences, to check for blases and to use all

wof the data.)

Next we consider how the experlmenters measure y, to
tell whether S or P predominates. - Again-we need polarlzed parents.~
Consider first pure S-wave in the decay. Then for all d;recclons.'
'vof‘emission, the'daughter has the same spin direction aS'théfpafent; 
since no orbital angular momentum is available ﬁo-flip'the-épin,J
:Tlls is also ev1dent from Eq. (1) if we let P = O, cht'coﬁsidéu
pure P-wave decqy. For decays along the dxrectlon of parent polarl-
o zatlon, i.e. perpendlcular to the productlon plane, the orbltal angu—

N lar momentum (2em.) cennot flip the spin, since the orbital a. m. is-

,perpendlcular to the llncar momentum. - For decays in tho productlon':’

plane the spin of the daughtcr is opposite thau of the parent

This is evident from Eq. (1), with S = 0, and v vith cos ¢ =1 or 0
reépectively.v In bdtﬁ the'Ev—decay and uhe A—decay cxperlmenta,

"all six dlrectlons“ are useable. = This is 111uaur“tea ;or tne A
analyis in Fig. Sa, 5;' We see that the two extremes of predomlnantly
s and uredomlnanuly P are easmly distinguishable. Fquatlgn (1)
ShOWSYQOW'the polarlgau;on varles for,;nmermudlaué cases. :;Wb turn

now to the experinents,

: ._4207/1\]?/@ -

)
)
{

§

Ca
R
-




e m i

S -
ol ‘
: % h a ..6,. 7. .4‘
R : ‘ .
3 ¥ o
g n K 4 t
T |
,_g . |
1 _ i
- - - ' . 1
: 1o 2N+ m : P : B AT I O
. £ ; 1)'<§?y
Thls decay has been studied by a Brnokhaveanyracuoe roup o
;

"'1("Dast") °nd by a U.C. Berkeley ), U.C.L.A. 5) group K"Callfornla")
 THe Callforn%a_E_ are produced in the 72—1nch cnamber through the . -

e - reaction K % p = & + K', with K of 1.2 to 1.6 GeV/e (BeFleley)
'f?f  .f_j,jv;  © . or 1.8 GeV/c (U.C.L. A.)s  The Eastern &~ are‘producéd'in'the same

: reactlon, and also in reactions where XK' is renlaced by K"+ °, or

o

"KP + T They use K of 2.3 and 2.5 GoVVb."f"ncre p0931b1e ne‘."

| wzll 1nclude a comparlson with early resulis- OL ‘TFowler. et.wal4)4.”"

A, DécayAparameters (assuming the & spin is 7&1

EXperiméﬁférs | evg%%$ o % ié A fﬁl | <'.-E§: A Zéf
‘.Easterni) - | 75 © =0.630.20 '+1+0“ - ' "'ﬁ4 ,  | -;?
”,Berkeleyz) - © 450 =0.30%0.08  +0.49%0.4k  =0.63%0.31 . +0.63x0.31 -

.U.c.L.A?) ,} f.- .. 100  =0,52%0.13  +0.85%0,23 ' _ofagzo;sj o = ;
Califiavg. 550, -0,38£0,06 = +0.62:0.11  =0,68%0,27° = =
Fowler ot.al®) 18 -0.65:0.35 170 S

 There now seems to be absolutely no doubt that aﬂﬁandvaﬂ_' !
" have opposite signs. This fact rules out some “theories which pre-—
""1dict'd§'= ay, the Weak Global Symmetry models of, for- 1nstunce,'

L : .5
- d*Espagnat and Prentkl , and of Tr01man .

”Hc value of ag (fourtn column of table) is obtalned by

‘xd1v1d1ng a U by aA§ - 0 .61 * 0.05, which is the recent value of

TCronxn and Overscuh We notice that uhe Callf. avg. vglue,jf'

. QQ— + 0. 62 x O 11, satisfies :1th1n the efrors the rclaclon ->" R

>laﬁl = la l - Thislast fOl&ulOl is prea1c~cd for 1nstance, by o Vi,'

the Doublot Approxlmatlon fe S f; ' _'; ' ’; - i';

[

&
1
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The sign convention for a can be remembered as follows.
. The fac* *hgt @, negative means that the decay prd%on likes to
be emitted zn the direction of the A spin. 1here;o§p it likes ‘o

be- rlﬂht-han&e& (positive hellclcy) : ﬁ

The Calif. avg.. value for f.~ (Pifth column) dlilers from
Zero by 2.5 standard deviations, and is fhrchermorc large in magnl-
tude, if ‘we neglect the large error. If BcrLeleJts large and
p051u1ve,value forvyc (Last column) is substantiated then it will
| imply mostly S-stéteufor the final 7 - A system. The & mass is
- only about 60 MeV below the Y{ resonance (which has a half width
‘of about 25 MeV). If the Yi spin is % (not known), and if the
ol spln is really Y, (not nroven), then a large value of Giis ;
presumably ea311y explained in ‘terms of 7 - A interaction ln a
“’flanl S-state. - There are too many "ifs" here, and t 0o 111tle data.

We leave this question to the discussion. - o
: ‘ 1 B R

¢ Lo
- . Ty

B. Lifetime and mass of =

Experimenters . . lass " Hean 1ifs
§ L g :
Brookhaven-Syracuse’ ) 1321,0 % 0.5 MoV 1,16 * 8°f§ x 107 sec . "
' Lo 3 10 :
Fowler et. al®) . 1317,9 * 1.9 MeV 4,28 7 g'gg x 107" seo

"Wéak Global Symmetry?s) prdiots (Weakly?),rh-péi
whlch becomes Tom ~ anf ter a phase space correction. _-Sinpe n&is
known to be elther 2.8 ("lestern value", sece para.i0 E) or 2.k,

0 . . . AP S
(“EaSuern value“,aluuo reiark )Ax 10" sec, the prediction fails,

C. Spin of the & B - | R
'SuppOSé the & is strongly polarized (relative td‘ther
productlon plane) in the produCulon process’ K +p 2o+ h .

Also suppose that the admlkcure of opposite parlulcs in the decay

~is lar(,e,j i.e. comparable amounus of Sv/ and Pvé if the spln is /é,
2

4207/NP/ih
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' Pié and Di/ i the spin is %, etc. Then in the decay: = A+ .

one can dbta;n a large up-down“ asymmetry in the number of 7w emltted
‘
~above ‘and belbw»ﬁhe productlon plane. (We consider the m rather
than the A, o emphasize. that we make no use of the A decay ) The
. large possible up-down ratio is 73, and this can be achieved only
for a & spin of Y%, and with maximum parity non-conservation and :
maximum polafization, nameiy_with,']awl =1 and ngl = 1. The higher .ff'
?the spih,.the smaller is the maximum up~dovn asymmetry. (This is |
- perhaps easily believed from the classical limit of large spin, i.e.
| a decaying flywheel. Polar fragments carry no "useful dngular
'momentum. . Therefore most of the decay fragments are Mpequired"
o go off in the equatorlal plane in order o conserve anﬂular

momentum., At least this 1s so if the decay is not very exo%hermlc') L

The experimenters find the following values ‘for 3 é(avg ),
- Where E 1s uhe cosine of “the decay 7 with respect to the normal to
‘“he prouuctlon plane, and the average is taken over all of the

decays.,}:,; | : o -

Experimenters 3 &(avg. )
”Brookhaven-Syracuse1) + 0.52 * 0,26
'-.*UCLA 3) + 0,51 * 0,17

I the spin of the &~ is'J, then the mugnitude of 3 &(avg. )

-mus» be less than VQJ, provided that the distribution in & is 11near .

7For'spin'?ﬁ this sum is O Pre For spin %% the upper limit is /S.
This is ‘exceeded by 1 std dev1at10n for the U.C.L.A. data, and by '
0,7 stds deve for the Eastern daca.» For spin 7. the limit is /é,
‘exceeded by 1.8 std. dev. by U.C.L.A. and by 1.23 std. dev. by thé"
East. ' o | ‘
Of>coﬁrsé if the spin is J, the distribution in ¢ can g0 .
up co { , S0 that it is not fair %o asswue that the dist rlbuulon is :

linear. The above test is therefore not Surchly valld A B

valld uest is prov1ded by “he Lee~Yang test ¢unct10ns . Tor spin

4207/NP/ih
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e they define Tz/ 53/ = 9Py (avg. ) + 5Pz (avg.) - (7/3)E3 (avg.), which
~_must be less ‘han 1 if the spin is %. If Pp(avg.) = Ps(avg.) =0

we get “the s:.mpler- but invalid (%o an experimen'tali"'t)‘ test "assum-

ing a linear distribution”. Similer %test functions are cons’uruc ted

" for 11igher sPiﬁs,. The Eastern experimenters )f'lnd _f - .
: : |
3 =1,6 * 0, 1?2
T'J/z" 3/2 6 0.9 >
5 - ° * 1- > 1?9
TS/Z) .:/2 3 7 7

|
i

‘I‘hey 'thus flnd the spin A condl‘tlon violated by (O. 6/0 9)- = ‘0.7 -;

_: std.- deva, and the spin /2 condition violated by 2.7/1.7 = . 6

std. dev.,_f Clearly more dataare needed; even to rule out sp:.n /2.'__

. 4207/NP/i_h
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2. Decay‘parémeters for A »p +m -

i ‘ , ‘
"The experiments are listed

in inverse chron

A

£

Tt

ological order.

© A g s o sk ciren

O S I

. 8
. S = , ‘
Experimehters . A-Squrce Detector o3 é ¥ E‘
Cronin and - - : ' ‘ . o S ’
Overseth?) _ ﬁ + P Spark C -0,56220,05 +0.1920.19
Gray et. al'®) K~ 4 He Ho B.C. 0. 66+0. 25 -
o ‘ . ' . . . . . .
_BZE}})et' . m +p Spark C. ~O.67tg:3§ assume = 0
Birge and ... = o , o o
Fowler'z)), T+ propanc Propane B,C. O.L),O.A' B
© Bolt et. a1'?) 7" + iron  Cloud C. ' 4-0;85:“8';15 T A

In listing the first three experiments in the table, I
" have converted the experimenters' published errors, obtained by i
. N . ¢ . -
oo : -1 : .1 o et P R
going down by a factor e on a likelihood function, o the more Ty

2,

customary values obtained by going down by'e_ ; this,usuélly

means I divided their errors by Y2. . ¢ ) R

~ We see that o is now fairly well known. The early sign
discrepancy is resolved, The sign of o is opposite to %hét pre-
dicted by application of UPI to A decay, by Okubo et ali4?;. As
4o the magnitude, an additional recent result is relevant%?_»This
is ‘obtained by measurement of t he decay asymmeiry as a fuﬁ?tion of

t.production'angle in the reaction T+ P - A+ K. C ,v

_ My collaborators and I f£ind that ap(8) is 0.68 * 0,07 at
L . 15 P . A . : s '
“its maximum ). This is consistent with the value of Cronin and
‘Overseth, if our A's are 100% polarized.
The value of § found by Cronin and Overseth is consistent
with CP-~invariance, taking inlto account the final state interactions

)

: _ : . 9 L . . : -,
“from the known m-p phase shifts ‘s Experimenters with uppolarized :

- sources of A's cannot measute S or y. This explains the :vacancies - !
in the table.  Deall et al. assume £ = 0, but this affects hardly

at all their results Tor a and vy : - { s

1,207 /AP/ih
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The above results for + show that the S-—wave domlnaueSv

inA-~p + . This result has been used to show *bha’c the spin

of H“ is 0, and that thereforc the K A and #N par:l.u:\.es are pro-—

bably the samew). ' '
: f
j ik
4207/NP/ih
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3. The decay A »n + 7° ' : !

_ If the AL = % rule holds for A - (nuoleon'; pion), then
- for the decay amplitudes A we have A(n 7m°) = =272 K(p @ ), so
that the decay parameters ¢, B and y should be the seme for the
two decay modes; and the decay rates should give BA ={(A-»p w_)/
A>p7 ) + (A->nr°) = 0,660, (This is %, with a small phase

space correction.)

One should remecmber that these same predictions follow

if AI = % is also present, provided that AT = % and % amplitudes

are.in the ratio Aa/z —ZVZAv/14)°
2 2

A. Decay parameter «

)

decay asymmetries for A - p + W-, and for A » n + 7°, The A were

Using counters, Cork et al.if have measurcd up-down
_ produced via 7+ d -kt + A+ p. The geomeiry was the same in the
two determinations, so that the polarization of the A was the same.
Thus- they can cancel the factor Pye They £ind aA(nw°)/&A(pw") =
o) - — + , . . . r“ .
Py qA(nn )/pA o, (pr”) = + 1.10 * 0.27. his is in agreement

with the prediction 1.00 of the AL = Y, rule.

" B. Decay parameter v,

Determination of a gives S/P or P/S but does not tell |
whether S or P predominates. No direct meas&rements of a, B or
v have yet been made, for A » n + #° becauée of the difficulty of
measuring the scattering asymmetry of the neutrons. By an in-
ditwet method, Block et al.18 have determined v, as follows.
They measure R, the decay rate for AHe4 - (all 7 modes) divided

by the decay rate for ,He* - (all T modes), and find R = 2,28 *

A
1 i .

0.43. The spin of AHE“ is believed to be zero B). The decays

AHé“ » (all 7° modes) are calculated by Dalitz and Liu’g) to be

mostly via the mode AHG“ - 7° + He*.  This mode goes only through

S-wave (for spin zero ,He*). Thus the numerator of R is very

A
sensitive to the ratio So/Rfor A - n + 7°.

4207/1vP/ih
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. valent to yvo = + 0.78 +

For comparison we list values from the 1960 Rochester Conference

-

Us:.nb the known branching ratio T(nw°)/T(pw ) for free

A decay, and the lnown' ) S/P ratio for A - D+ T R uhey obualn.

- the formula f) R = 2,51 - 2.06 P2/(S2 + PZ) = 1,48 + 4.03 vo.

Their resulta"or R smives Po/(So + Po) = 0,14 +8 32, Jhlch is equi~

0,22

—0.42° They thus favour pr c¢0m1nange of

S~wave in A » n + 7°,

C. Branching ratio BA

. 15 .
OQur result is the only new value reported )', We find

A = 0, 685 0.017, by counting the charged decays.

0.72 * 0.08 Baglin et al. (counts neutrals).

]

0.65 + 0.05 Columbia group (counts charged)-'

[t}

i+

0.63 * 0,03 Crawford et al 21) (counts charged)

1

S R
I

0.65 * 0.05 Brown et al. (counts neutrals).

value 0.660 predicted by the AI = % rule.

4207/NP/5ih -
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,#‘ s no+ T Docays and the AT = ', rule

A. 2o p % ° decay_parameter Yo,

The polarlzaclon was large,

-1l -

5
E
&

1
{
-

Thls has been measured by obuonv1ng che scatberlng

£
&

:asymmetry of  the’ decay prOuon in a spark chamber by:Bmall et al.

0,08

- 0.09° (This agrees W1th theorlea in-

They obtain oo = + 0.78 °

"volving Global Symmetry, or Doublet Approximat 1on, whlcn pcedlct

Qo = - Q

A+ See, for instance, Refs. 5, 6, 7.) The 2¥ were

wt

" " Y s + . . + o
produced . by 1.23 GeV/c 7" in the reaction 7 + p~2 +X,.
- + \ .
The & polarlzatlon was small, so that fo and Yo were not measureablg

.
B, Z ~-»>n+ a s decay paraneter a,

PN m

“Cork et al.i7) have moasured both &* decay.aSymmétries
in the same geometry, in o counter experiment, and obtained *
o, 52f~=,o.03 % 0.08, aopy+ = + 0.75 * 0.17.  Since the &7
polarization is the same in each case, they can take‘the ratio,
qanceliing 524, to obtain a+/&5. Hultiplying by the moasured

value''/ of a thcy ﬂet'a+ =+ 0,03 * 0.08, The reaction was

1“W +.p = R K , as in case A, but at a lover momentum, 143 GeV/c.

il

.Cv .2 -»n+ w , decay parameter a_

This quantity has resisted measurement via upﬂ&own;
asymmetry because of uncertainty as to the polarlzaulon of the
£, TFranziai et a1.22) found a_pz~'= 0.01 % .0.17, from I~

produced by‘ﬁ— of 1.23 Gev/b, in the rcaction 7 + d » & +.K° +'p.‘

The idea is ©o hope the impulse approximation works, so that this

reaction is essentially v + n - DI » and then %o usc charge

symmetry-to.say tha’t the I polarization is the same as 1n

+
Yo

. \ + 0 s .
7t p->2X {  at the same momentum. The trouble is that

Beall et a 1) and also Daltay et al.zs) find samll £+ polariza~
tion if any, at 1.23 GeV/c, for 7 +p » It + KT
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1

i;

heccn*Ly Tripp, Watson and Pgrro~Luzziaé) hava dlscovered .ij '
a K p resonance with mass 1520 MeV, in the state D§§¢ I=0. The
outgoing channels are about 60% Zm, Thus the & and =¥ havo the
same,polarlzatlon. "They find a large zt decay asymmetry and thus

+ ..
& large I~ polarization. ' They then find a_ = + 0,16 % 0,21°°
Another determination of'a_ has been rgcéntly obtained
‘by Nussbaum et al.ae) using film from the 72-inch Qeuterium cham~

ber associated=-production run, They studied the reactions

n

7t rda->als) =2+ X" 4 n, ana

b (+)?

DR C P
and the ocorrcsponding charge-symmétric (Cs) reactions

7 o+ d - a(=)

527 + K° + p, and

-+
L+ X + n,

b(-)

i

‘using pions of 1.19 GeV/e.

There preliminary results are

+ 0.61 £ 0.29 for a(+); = 0.52

i+

1

Qg §Z+ 0.41 for-b(f), gnd

n

+ 027

i+

a_ Pp- 0.22 for a(-); + 0.17 £ 0,16 for b(-).

Since CS guarantees'52+ = 52— for a, and algo for b, we ocan divide

and obtain

¢ /oo =+ O.bk t 0,40 for a(); = 0.33 * 0,43 for b(z), -

which average to

Q /do =+ 0,05 £ 0,30; or, using the known valueii) of’

toy vie get

44 =.+ 01014- i 0.230

4207/3P/ih
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.‘Whloh are almost exactly equal’

pure P-wave. -

- ]G -

D, Consequences_for the AI = Y, rule

The crlangle relationship .) that followo from che AT =

_-_5@ rule is, .in the notation of Gell-~tann and Rooenxeld ) V?No +
e ﬁ+~—,ﬁ_,vw1th X =5 + B. The vectors N are real, by T-invariance,

~and since the final state phase shifts are small® "/, Therefore

they can be represented as vectors in the S-P plane.  The magni-

» tudes of‘bhe veCuors are determlned from the three decay rateu,=

28 . .
7 ), within the errors.  Using

“Ooy a+ and-afrom Refs. 11), 17) and 25), Tripp et al. conserﬁot'Fig.

6. The triangle relationship is not well satisfied, for either

choice for the S-P ambiguity. The inconsistency with the AL = %

. rule is between two and three standard deviations, for the "closest"

- choice,

If we average the value for o_ of Nussbaum et al. ) with

that of Tripp et al. 25) we find a_ = + 0.10 = 0.16.  This Wlll

'sllghtly increase the dlscrepancy with AT = ,é, by redu01ng uhe

"5 deg" of N_ in Fig. 6, to 3 deg.
It is clearly extremely important to determine thé,deday
parameters CIRC and especially a, with greater accuracy. Even

more informative would be the determination of Y, y; and Yo; to

. . give the S/P ratios.. From Fig. 6, the "worst" pdssibilityiwould

correspond to more than 3 s»d deviations abalnSu AI /Q S

Of course if the AT = Y% rulc does not hold it is even p0551ble.

......

for 2 >0t ﬂ and 2 =0+ T .to.both be pure S—wave,.or,both

4207/NP/ih
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5, Leptonic (L) decays of Strange Particles and the ruleg AT = /-
ﬁ_ﬁdecays), and A = AQ : : &
The following table lists AS, AQ, |AI], aé% IAIzl for the

strongly interacting particles, in the decays to befdiscussed. L

§
|
i

will stand for either a muon or an electron.. The notation will not
. . 1

distinguish between various kinds of neutrinos.

K ->7 +L +v +1 -1 -1 (3£: %) only

Decay ~88 0 AQ AS/AG (IAI[; lAIz])‘

" ; n +L 4 ¥31. +1 +1 (Y%, vé) or (3@, 3@)

b n o+ il +vo M- -1 .‘<3é,'3é) opLyv

G +.v -1 -1 +1 - (YY) on'(%@, %) ?gii-
I e S LA RN AR AR

KO -» 7+ LT+ v : -1 +1 | -1 . (3§,v5é) pplyi ;  :Kj

Ko » o o+ L7 +'DJ.4 +1 +1 +1 : (vé, 3é)'of'(§é,3§) | %

- - ‘ |

A, The decay 2 sn 4 p+ + v

A clear-cut example of this decay has very reantly been -
found by Galtieri et al. 29) It satisfies AS/AQ = A1 of

the suggested interpretations ulterndtlve to the muonic decay have

been shown to be exceedingly unlikely. Only.the hllpsophlcgl"

arguement "There is only one event™ remains,

~B. Three Body Leptonic Decays of K9 and K8 . | o AR R

v(a) AL = Y% Rule and K3 - 7+ L 4w

- The absolute rate for K2 decaying into e+, e, u" and . has

been measured by Alexander, Almeida, and Crawford >0 31)

They sum over all four decay modes, and obtain the total

L decay rate Pa(L ) = 9.31 £ 2,49 x 10° sec .

4207/WP/in
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‘ Accorglng to the AL = % rule, To(L7) = 2T+ (w°L v) 6.5 %

(v)

4207/NP/ih
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1.18 % 108 see™',  The discrepancy betveen bhetmedsurement
and thb prediction gives *% odds agains AL = ﬁé.- I% implies

hat oqe or both of (%, %) ana (%, /2) are R}?e’sen’c.

= AQ rule and T'4/Ds = I (K3 - Lt v)/ r(Kg > L)

I (%, ) is absent, i.c. i; AS = = AQ is absent, oné has
S
the prediction I'y(L™) = Pz(L ) for L =pu or e,

32
Ely, et al. have been the flrSu 6o uggest chat uhe AS =

AQ rule fails., They find T4 (e” )/Tg(e ) = 1, 9 + Z é

Mexander, Almeida and Crawford®°?**/ rina P,(L )/TZ(L ) =
6.6 * 6 g In an earlier experiment, Crawford et a1’

_'found Px(L )/Tz(L ) =357 59 (Mo priority. olaim*’**;

- 2.7

This result was, and, 1s, conulstent with unlcy, and.- was so

. taken) r‘h:.s same experlment )blves Pz(L ) = 8.5 ¢ 2’8 x

10° sec”' if one assumes Ty = 2. It gives 1nstead PZ(L )

1

20,4 i Z 2 x 10% sec | if one assumes Ty = Ta. [The absolute
“value lz(L ) obtained by Alexander et al.zf’?1) does not o

depend on P1/Tz,] . o B _ 'ﬂ’.;w’A;

The conclusion is that the AS =.AQ rule is probabiy wrongs
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6. The AI = };'rule and non-leptonic K decays ; ' : ,é;f

A K3 - T e 4 = (+=0) g

l

. From the AL = % rule one predic%534) T2(+-§) = 1,032 x_
(20 (+00) = 2.87 £ 0.23 x 10° sec™'. (Sce Ref. 30) for numers.)
Alexander, Almeida, and Crawford3°’31) find T2 (+=0) = 2.66 *
1,34 x 10° sec”, in good agreement, but based on only 4 events. -
If instead we use the branching ratio Pz(f*O)/Tz(all charged) of
. Luers ot a1.35> [which is based on 55 decays into (+=0)], together
with our absolute rate for Pg(Li) we £ind®°*® "7 1, (+=0) = 1.4k %

C0.43 x 106 sec~1, which is smaller than the prediction by a fac-

tor of 2; it is 2.95 std deviations down from the prediction . N
of the AI = % rule, and corresponds to about jOO/@ odds. 1 : ﬂé

§

(000) : | ¥

B, KS > 70 + 7 _+ 7°

From the AI = % rule one prediotsz4>‘Ib(ooo):r;(+;~5-{r+(+aﬁ
With phase space corrections and known K" rates this prediction
. becomes>rg(000) = 1.565 T (++=) = 1.255 r;(+oo) = 5.55 * 0,27 x
108 sec” . Anikina et al.”® have reported at this . conferencé
the branching ratio I'»(000)/Iz(all charged) = 0.38 * 0.07. . If
. we combine their result with the absolute rate Tz(Li) of
© Alexander et al.so) we find31) T'2 (000) = 4,09 * 1,38 x 10° sec™t.

-
his result is Jjust 1 §td deviation below the predic- :f
"~ tion, 5;55_x 10° sec-1, of the AL = % rule. To compére Anikina: !
et al.’®’ and Luers et 51.35) directly, we combine the two for- é
mulas of Savryer and Walisa)yphase space and the.moasurod K+{bnanchingxeidés
to obtain the prediction of the AL = % rule (indépendent‘of the -
‘admixtu;e'df the three possible I = 1 states), Pz(OOO)/Tg(¥—O) = ’

(&Q)(++—)/(;ob) - Y > 0,76 (+4=)/(+00) = 0.61 = 1.9 * 0.21. -§ i

B

o
1
S0
i
H

The combined experiments give for this ratio the value'O.BS/b;13A =

2.83 * 0,64, which is 1.3 standard deviations above the prediction.

In summary, from Luers et al.and Anikina et al. thbre: 

is a 1.3 std dev. discrepancy with AI = Y% ; from Anikina et al.. ;

4207/NP/in
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and. Alexandér et al. there is 1 std dev: ‘these "add",ﬁso that

~ with Iuers et al. and Alexander et al. there is a'2.99 std dev.

 disagreement'with the AI = % rule. : ‘ o
£

C..: 'K§ branching ratio B(K) ‘ o ;o o .

—_ The AL = % rule predicts B(V°): PR - e ) /()
.vé;" If one allows enough AL = % to account for the ex1stence
of K* » 7" + 7° then B(K) should lic between 0.29 and 0,38°7

Three new determlnatlons have been reported at the conference, -

that of Chreulen et al. ), using a heavy-liquid bubble chamber,?'
that of Brown et al. using a xenon bubble ohamber, and our"f
‘valus from the -associated production experiment 1n the 72-1nch B . .i

hydrogen chamber '/, For comparison we then 115» the values'

" reported at the 1960 Rochester Conferencezo)e'

- B(KE) ' Experimenters and method tJ‘ SR |
0.294 * 0.021  Cretien et al.’”’, L
0;329 0.013" Brown et al.zs) .. Count neutrals. : L
0.260 * 0,024  Anderson et al.‘s). Count charged. ? |

Count neutrals. i

t+

0.32 * 0,04 Crawford et al.®'). 10-inch H.B.C. Count charged
0,30 * 0.0k Brown et al. Xenon. Couannéutfai, % 
1 0.30 * 0,08 Columbia. H.B.C.  Count charged, |

0.26 % SR 4

0.06 Baglin et al. .. Count neutrals. .

_ No experiment disagrees with chc prealculon of AI = /Q,_ o
. oo
- except p0551bly that of Anderson et al. ), whose value lies 1.2 B

std dev. below the supposed lower limit for the predlctlon..j;The Lo
-disagreement between Anderson et al. and the (present) value of g

. Brown et al. amounts to 2.5 std. dev.

st

4207/NP/ih
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~ one tensor. Correspondingly there is one scalar form factor f
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: Leptonic K-Decay Spectra and V-4 Theory. f'

The decays are K » 7 + L + v. K =K3 Qr.ﬁ%, and
L=e or i, '

Only one of V and A (or S and P) can be present, 50
the specira have‘only the (pure) possibilities S, V and T. f

From the two four vectors of the X and m one can form

" ‘one scalar, two vectors (themselves, or linear combinations), and

S’

" .two vector form factors f.. and &y and one tensor form factor fT.

v
When L is an electron the part of the spectrum oohtaining'gv be-

. comes unmeasureably small for kinematic reasons. When L is a

_ muon fv and gy are both important. o

+
. . + +
A, KS > 7 + e + v spectrum

Iuers ot al.”®) find from their Dalitz plot of X3 decays

in the Brookhaven 20-inch H.B.C. that (2)T doos not £i%; (B) either

S or V fits if the form factors are allowed %o be strongly enerzy

dependeht; (¢) only V fits if the form factors are taken to be

constant.,  V.fits well. o ' S

oL+ +
B. X =»>7° + e + v spectrum-

Brown et al.sg), using a xenon B.C. find (a) T doés not

‘fit; (b) either S or V fits if +the form factors can be strongly

- energy dependent; -(c¢) only V fits for constant form factors, and
it fits well.

C. Branching ratio T (v° ut Y/ T (#° D)

Roe et al,4p) find 0.96 * 0.16 for this ratio. (Xenonv’
B.C.).  Suppose now that the theory is really V. (Test later.)
The e spectrum depends only on fv(e+), since the term in gv(e+)‘:
is negligible. Assume universality. This means fv(e+) =
fv(u+). Then the branching ratio depends only on gv(u+)/?v(gf).
There are two solutions, gv(u)/f'v(u) =+ 0.5 £ 0.4 and -Alq...8: * 0.k,
that will give the observed branching ratio. These two solutions
predict.different spectra for k¥ s 4 u+ + Ve Theorists much

prefer the solution 0.5 (see L. B, Okun's Rapporteur discussion)s

 4207/WP/ih
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: + + .
De K_ = m 4 u_+ vV spectrum -
* 3 l!n .

Dobbs=et al. 41), have looked at the muon energy spectrum

"above 50 MeV using a filamentary chamber plus 1maﬂe 1nten31f1er.
-They_use emu131on data to normalize the counting rate below 50 lieV. )
Théy find +that the spectrum corresponds to- gv(u)/l (u) = ='4.8, ana |
~ mnot at all to + O. 5. - '

2)

‘ - Brown et al. (xenon) have now looked at}their'upéctrumA

_ ‘They flnd under the assumption of constant form factors (whlch is
';;;qompatlble‘w1uh their data) (a) S does not £it; (b) T. is poor but
. can £it (10% x* probability);. (c) V fits well mfch gy (i)/2 () =

+.0.5, and poorly with = 4.8+ They therefore disagree completely "

with Dobbs et al.dﬁ). The theorists are on their,side; * Brown
et al. also analize their data so as to simultancously determine
]fV(e),'fV(u) and‘gv(u) from the ¢ ra%e, the u* rate, and the ut
' spectrum, without meking any a priori assumption of universality. T
They find f (u)/? (e) = 1.09 £-0.15, in excellent agreement with ;

'un;versallty. The spectrum can be seen in thelr paper’ 2'2“

The conclusion is thatvthe VFA theorvaorks here. o B

4207/NP/ih
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';)/T(A) = 0.85 % 0.3 x 107 reported to this conference by Ely et

represents uncertainties in detection efficiency (heavy liquid B,C.)o?bf
i

" All rates are down by roughly a factor of 10 from the predlculqns
i 'B.. Decay L - A'+ e + v

ldn the Helium B.C.. The "denominator" is not yet known.

- 23 -
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'8.ﬁLeptonio Dquys of Hyperons s
. } s
A, . Humphrey, et al.ds) have searched hard fé% muODiC~hyperon’. '3

&

decays,‘and:summarize the world's denominators, 1o’ construct a
table which we repeat here, The numerators aree@sy to summarize -
one .decay A < p + g4+ v of Eisler et al.? , and. one decay - »
st o n+ 4t ¢ v of Caltiori et al,29>, in violation of the AS =+ AQ

45)

nic hyperonic decay rates, and these are included in their;table,

rule. The same authors have previously summairized electro-

with one exception. That is the branching ratio R = T(A >+ e +

i

‘al.46 o Their value of R is based on 120 events., The efrqr

of Feynman and Gell-Mann.

Grimellini et al. 47) ceport the flrst unamblguouo case,

8]
§ 1
i

i

L207/NP/ih
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.9, X and X' Branching Ratios

i

L
-
F

. ode . Becker et a148) have measured K . branching ratios, using ‘)
K- decayingiin flight in the Helium B.C. ~Their rgsults agree ﬂ
with emulsion experiments, but when they average ?heir reéults‘
With_emulsion results and comgare the grand average with the

- P . 40 . .
xenon results of Roe et al. they find 'several std dev., dis-

. crepancy in the subdivision between Kﬁ and K . - We reproduce
2 .

the. table of Becker et al. The column "Dresent exp." is the
Helium B.C. result48). - A1) of the other experiments summarized i

in this table are also summarized in Ref. 40).

B. It is very important, in trying to understand the
reported violation °/ of the AL = % rule for K » 7 + L + 'V,
and for K > 3w, (discussed in the para. 5.and 6) to notice that
as far as the j-body K-decay modes are concermed; all of‘thel
experiments are in good agreement, with the exception of Blrve ?
et al. In" calculatlng 30) the-predictions of the AL = %4 rule,

we arbitrarily omitited the results of Birge et al.
Y g

Table - K and X' Decey Branching Ratios

= o Branching Ratios (%)

Avcr%ge ' Xenon

. Emulsion Experiments '
| : : v Emulsions i Chamber .
. Present | . | -
Decay lode Birge ' Alexander Taylor | + This . |Roe et al.! :.
Experinment | . t
: et al. et ale

|
-

et al. | Exp. = !
l] - !

5 8+35 '585 3.0 56..'9::2.6 2.of§6¢°2::1‘5

e meae e e e

e e s mee g —

|
‘ N
K | -
K. 25,8 3 0 %27.7:2.7{23.&2.2 .- _;25 6+1.5 118 62 0.9,
2 ! . ) “
o | | | B ] i
-fK..+er3+TH1.8i2.,O 8.1%2.0 " 13.2+2,0 - 11.0 1,0 ‘115 0.3 1
, M3 | | | ! ! ,
[ i i ‘ o
| 1 5.6:’0,4§ 6.8% 0.4 i5.2%0.3 ?57+o.2 | 5.7%0.3
4 ' i .

l

y
g | 5.7%0.9

."_42.07/NP/ih | | | R



Com'b:mlng the leptomolabsolute rate \ ‘Aiéicaﬁiiér e
Aimelda and Grawford ) the 'm" o 1r° branchllng} ré ‘ti.o? fe
£ Luers et 81> ) and. the 1r° w° 7° :bra.nch:.ng }btio of
Am.kina. et al. 36) ) ‘calculate 31) a total ré.té‘ ,antxi' !

bta:.n a lifetime’ Tan— 64 8 + ? g

NS
X 10 sac. AR

1 + Z i X 10 Jsec, by attemﬁation w:.th,

Block et al. ) from l+1 events pr
i/ Holium  B.C: ~obta:m r(,] ) =123t gg 10 ;
_lRaJasekharan point out that th:.s lnfetme depends on thl‘ s
‘j'of RS JBlock et al.

41.78 = 0.06, T(J = %) The
‘:‘to' 1che free;~ A 1ifetine of Block et al., wh:x.ch 152,34

,;.10 1o sec. Clearly the Spln J of H" cann
i SRS :

ey
j K 11fe tlme
g.,-"-—-—--”—.

V

the associated product:.on




© e ety s i L -

- 7(X3) in 10™"° sec

0.885 * 0.62)
0.90 * 0,05
' + 0.08
- 1.06 - 0006‘
+ 0.40°

1.15 | 0,25
+ 0.35

0.8 _ 415
‘~ + 0.23
0.8t T o'%%
1,07 % 0.13
0.9, "+ 0.05

'E. A-lifetime

There is at present an East~West effect.. This is shown
in the ideogram. It does not go with long versus short chambers, at

- least in the West. We obtain the same values with 10-inch, 15-

inch and 72<inch chambers.

lives than is cusiomary clsewherc (see obove K§ lifétimes).

- 26 -

Experimenters

" Golden ct a1,53)

Garfinkels4

Eisler et al.

Blemenfeld et al.

Cooper et al.

Brown et al.

Boldt et al.,

+ Crawford eﬁ'al.

We also sometimes obhvain shorter mean

" Berkeley 72-inch H.B.C,

P Ny,
T T

Coﬁﬁmbia 20-inch H.B.C.

Columbia §

’ g
Columbia .ft
Jungfraujoch K
. . - ; {
ilichigan '

i
MIT ‘ ,

Berkeley  10-inch H.G.C.

. We have not yet been able to discover what 1s_4rong wlth

the Lagtern A lifetimes.

4,207/NP/ih
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Luis W, Alvarez, J.P. Berge, G.R. Kalbfleisch, J. Button- | f;'
Shafer, F.T. Solmitz, M.L., Stevenson and H.K. Ticho. See a0
. Session 4B. '

G;ﬁo-Pjerrou, D.J. Prowse, P. Schlein, W.E. Slater, D.H. Stork
and H.X. Ticho, Sec Session L4B. A ,

W.B.lFowler, R;W Blrae, P. Eberhard, R. Ely, M.L. Good W.N.
Powell and H.K. Ticho, Phys.Rev. Letters 6 6, 134 (1961).

‘B, d'Espagnat and J. Prentki, Phys.Rev. 1lg,‘1366.(1959).
_S. Treimen, Nuove Cimento 15, 916 (1960). =

A Pals, Phys. Rev. 122, 317 (1961).

T.D. Lee and C.N, Yang, Phys.Rev° 109, 1755 (19)8)
J,W. Cronin and 0.E, Overscth. See Session 4B. v'_}, - |
L. Gray, E. Harth, J. Leitner, J. Auman, [M.i#. Block, P. Gessarcli,

T. Kopelman, L. Grimellini, T. Kikuchi, L. Lendinara'gnd
L. Monari, to be published.

Phyu.Rev Letters 8, 75 (1962). . R

 Letters 1, 256 (19)8)

' “S. Okubo, R.E. Marshak and E.C. G. Sudarshan, Phys.Rev, 113,

e (1959). o
J.A. Anderson, F.S. Crawford, B.B. Crawford, R.L. Golden,

L.J. Lloyd, G.W. Heisner end L. Price. See Session 1B. .
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See, fér instance, Ref. 10). Sec also the plenary talk of
G. Snow for a summary.

B. Cork, L. Kerth, W.A, Wenzel, J.W. Cronin and R.L. Cool,
" Phys.Rev. 120, 1000 (1960) : :

'M;N.‘Block, R.'Ges saroli, S. Ratti, L Crlmelllnl, T, Xikuchi

and L., Harth, to be published.

"R.H. Delitz and L. Liu, Phys.Rev. 116, 1312 (1959).

Proceedings of the 1960 Annuel International Coaference on
High Energy Physics at Rochester, p. 726.

F. Crawford, M. Cresti, R. Douglass, M. Good, G. Kalbfleisch,
_M.L,.Stevenson, and H. Ticho, Phys.Rev.Letters 2, 266 (1959).

P, Franzini, A. Garfinkel) J. Koren, A: Michelini, R. Plano,
A. Prodell, M, Schwartz, J. uuclnbcrber and S. E,AWolL,
Bull.Am.Phys.Soc. 5, 224 (1960).

C. Baltay, H. Courant, W.J. Fickinger, E.C. Fowler, H.L.
Kraybill, J. Sandweiss, J.R. Sanford, D.L. Stonehill and
H.D. Taft, Revs.Modern Phys. 33, 374 (1961). '

P

M. Férro-luzzi, RiD. Tripp and #.B. Watson, Phys.Rev. Letters
8, 28 (1962). . ’

R.D. Tripp, HM.B. Watson and . Ierro-Lu221, Phyo.Rev, Letters
-9, 66 (1962).

M.M. Nussbaum, R.W, Kraemer, A. Pevsner, h. Block and
A. Kovacs, to be publlshe&,

M, Gell-Mann and A.H. Rosenfeld, Ann.Rev° Nuclear 801.‘
T, b5k (1957). - T »

W H. humphroy and R.R. Ross, UCRL-10018, Janu*rj 12 1962
(to be submitted to Phys.Rev.).

A, Barbaro-Galtieri, W.H. Barkas, H.H. Heckman, J.W. Patrick _
and F.M. Smith, Phys.zev.Letters 9, 26 (1962). : )

‘See  also Session 4B, Crawford talk.

G. Alexander, S.P. Almeida and P,S. Crawford, Phys.Revg ' i
Letters 9, 69 (1962). : ’

Session 4B. Crawford talk. This contains some material:v
not included in Ref. 30). :
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.32) R.P. Ely, W.M, Powell, H. White, ¥. Beldo~Ceolin, E. Celimini,
- S. Ciampolillo, 0. Fabbri, F. Farini, C. Filippi, H. Huzita,’
G. Miari, U. Camerini, W.F. Ffry and 5. Natili, Phys.Rev.
Letters 8, 132 (1962). ' '

. 33) F.S. Crawford, M. Cresti, R.L. Douglass, . L. Gdod, G.R.
- Kalbfleisch, I.L. Stevenson and H.X. Ticho, Phys.Rev.
Letters 2, 361 (1959). :

34) R.F. Sawyer and K.C. ali, Nuovo Cimento 17, 938 (1960%
This formula holds for any admixture of the three possible
final states of 3 pions with I = 1.

35) ‘D, Luers, I.S5. lditira, W.J, Willis and S.S. Yamamoto,'Phys;
Rev.Letters 7, 255 (1961). -

36). M.H. Anikine, D.M. Kotlisrevsky, A.A. Koslov, M¥.S. Dzuravleva,
S.t, lMandzavidse, A.N,. ldestvirishvili, D.V, Niagu, N.I. Petrov;
A.¥. Rosanova, V.A. Rusakov, L.0. Okonov, G.G. Tachtamishev
and ‘L.B. Chkheidse. . Presented by I.A. Chuvilo, Session L4B.

37) M. Chretien, V. Fischer, H.R. Crouch, Jr., R.E. Lanou, Jr.,
. J.7, Massimo, A.M. Shepiro, J.P. Averell, A,E. Brenner,
. D.R., Pirth, L,G. Hyman, H.E. Law, R.H., Milburn, E.E. Ronat;
K. Strauch, J,C, Street, J.J. Szymanski, L. Guerriero,
I.A. Pless, L. Roesenson and G.A., Saladin, %o be published.

38) J.L. Brown, J.A. Kedyk, G.H., Trilling, D.P. Roe, D. Sinclair
and J.C. Vander Velde, to be published.

39) J.L. Brown, J.A. Kadyk, G.H. Trillingan R,T. Van de Walls,
-~ Phys.Rev.letters 7, 423 (1961). '

40) B.P. Roe, D. Sinclair, J.L. Brown, D.A. Glaser, J.A. Kadyk
and &.H. Trilling, Phys.Rev.Letters 7, 346 (1961).

k1) J.H. Dobbs, X, Lande, A.K. Hamn, K. Reibel, F.J. Sciulli,
H. Uto, D.H. White and i.K. Young, Phys.Xev.Letters 8,

295 (1962).

42) J.L, Brown, J.A., Kadyk, G.H. Trilling, R.T. Van de ¥alle,
B.P. Roe and D. Sinclair, Session L4B.

43) W.E. Humphrey, J. Kirz, A.H. Rosenfeld and J. Leitner,
Session 4B,

i) F. Eisler, J.M. Gaillard, J. Keren, M. Schwartz and S. Volf,
Phys.Rev. Letters 7, 136 (1961).

45) - W.E, Humphrey, J. Xirz, A.M., Rosenfeld, J. Leitner and Y. Rhee,
Phys.kev.Letters §, 476 (1961).
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)M V. Block, C, ieltzer, S. Ratti, L. Grlmelllnl, T. Klkuchl,

..‘30 -

R.P, Eiy, G. Gidal, L. Oswald, W. Singleton, W. M.‘Powell
F.W. Bullock, G. E Kalmus, C. Henderson and F, R¢ Stannard,
83531on LB, .

L. Grimellini, T. Kikuchi, L. Lendinara, L. Monari and
MM, Block, Session 4B. /

W. Becker, M. Goldberg, E. Harth, J. Leitner and S. Lichiman,
to be published. ‘ .

M, Bardon, K, Lande, L.M. Lederman and W, Chlnowsky, Ann., Pbys.
2, 156 (1958). |

J. Darmon, A. Rousset and J. Six,; to be published.

N. Crayton, D.H. Davis, R. Levi Setti, M. haymun&. 0, Skjeggesta@?

. G. Tomasini, R.G., Ammar, L., Choy, W. Dunn, i, Holland
J.H. Roberts and E.N, Shlpley, Session 4B, ,

- L, Lendinara and L. Honari, 86551on LB,

R.L, Golden, G, Alexander, J.A. Anderson, F, S Crawford

B.B. Crawford, L.J. Lloyd, G.W. Meisner end L. Price.’
To be publlshed. e o '

AF, Garfinkel, Thesis, Columbia University Physics Depértment
. Report Nevis 10k. '
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: Possible failure of the AI = 3Q rule in E-decay. The
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Figure Captions

-Longitudinal polarization of daughter from decay of
"anolarized parent., The expressions in parenthesis‘ v

- ghve the decay probabilitiess

Velocities and spins of A, decay protons and carbon

scatterer, in determining Q.

Behaviour of parent and daughter polarization undé:'f
time reversal. |
Scattering analyisis of S.

Polarizations of A and proton in pure S-wave and‘pure

P~wave A-decay.

two representations of théeamplitude No correspond to
the present ambiguity for the S/P ratios in the thres

decays.

Ide@gram of 14 experiments on the mean life offlambda.
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Number |

‘AExperiment " of Events

o . : . M. Kreisler & J. Cronin, CERN, 1962, | 2250
| o—rr , S S .o ) This expt. not included in ideogram
: , B | ' Bl (recewed later) _ e
Ans | <@—  Golden etal (LRL), CERN, 1962 | 248

Auman etal (Northwestern) CERN. 1962 1800

of one|

Expt. I \ }7{1--0——-@ ‘\ | @223——- W.E. Humphrey (LRL), Thesis, 1962' 799

Area / \ ?LQ—I

-
Murrayetal (K72, LRL, unpubl.) 2500

S £ <G— A.F. Garfinkel, Nevis 104, 1962 900
i N NS g «zj— J.P. Berge (LRL), Thesis, 1962 920

/. —_ . \ Columbia, Pis2, Bologna, CERN 1958.

"~

Crawford et al., 1958, U.C.R.L. 8030 | 825

~
©
¢

/ N ——] \ 33— Boldi, Caldwell pal, P.R. Leu 148(1958)

4 N -:'vMichigan, CERN, 1958

- e . S ' Columbia, CERN, 1958
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: Hyperon Muonic Decays.
Electronic decay values 2
e : o _ v v S (Listed for comparison)
,Branchmg Fractlons (. : T T Z+p.,+ Ap” [ Ze” TTe Ae
Predlcted by Feyman and Gell Mannb,”»vaGM ’ 2.5 1.01°¢ 0.3 1s.6 235 1.6
2. Expe11mental published to date fex <0.2d 0.3d’e O;Id.’f. | see row (5)

3. f(n) expected by scahng f(e) data ploportlonally 0,05 - 0.04 0.04 | o T P
. to phase space B ’ S

4. f(u) reported in this note o ' . 0.065 0.15" -0.05
5. All available data® .. <005 01 003 |01" <01 - 02"
Detection Efficiency (%) 3
6. By scanning only » o ' 19 19¢2" 30)(-3- 28 2X28  ---
7. On measured events o 20 20%2' 4»0><7J 33 2x33 70

See reference 2.
See references 1 and 7.

¢ From phase space, However, ’Z+p+ and Z+e+ decays were formerly believed to be forbidden by the
DS = AQ rule. :

d Survey by D. A, Glaser, in the Proceedlngs of the Ninth Annual Conference on High-Energy Physics, Kiev,
1959 (Academy of Sciences, Moscow, 1960), p. 260. : v

€ Barbaro-Galtieri et al, 4

R P

Eislef et al. See reference 4

& .These fractions represent only the samples known tc us, and especially exarrnned for muonic decays In
" other experiments comparablenumbers of hype1 ons have been found., .Since no uniform procedures were

used, efhcmnces for fmdmg such events are hard to evaluate, S0 these experlme nts were not included in
thlS summary. : :

ln addition to the z7e” and Ae_ events rcported in (2), Bhowmik et al, fepOrt one e and two Ae+ events
in a small sample of h,peron decays (Nuovo cimento 21, 567 and 1066 (1961). '

The factor 2 is due’ to the Z = P +® decay mode whxch will not be cefwfus'e‘a/wﬁh E - n+pu + v.

J The factor 3/2 corrects for the neutral decay mode of the normal A decay,” T R







