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PHASE OF THE CPINVARIANCE VIOLATION IN  DECAY-.
5. L. Glashowt and . Weinberg!
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A recent experiment ncates possivle stcong.
CPlavarianc viattin a he decay mace K-
et measurd et of e
0 K ducay ampliues”

Relay/a)- 0252005,

I/ 4100405, o

asgscsts i rato may have absolte -
ke of order ety 4nd phase ear 90, hough
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0GP ware sonserved then K¢ coud oly -
Cay it anymmetec hree-pion sates wih arge
Cantritugal arsies, and /o, would e very
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W wish to poit out that 1 3,/ s seually
ot mich e tha one in magaiade, hen CPT
Cymmeiey 4 the A7 < § ule requie s phase
o b very close 1o 440" This constrain was
ot imposed i the aalyss made I relrence 1,
o the Tt bl hie iy i give 2 ot
1 imaginary ot lende adionalcredence
1 the existonce of & srong Ky~ 3¢ modes 1
et of he phase of /2, ca provide & sensi-
e tont of CPT andir 474

Our romarks are based onth fllwing sim-
pletheorem: 1 A, an A, are he amplitudes
o K an I cecay i a Sel_CPT com-
e Chamml Which i a elgeasiae of th strng-
Tieraction S matrx .., 4y g, then

it 2 b tndependent of e paticias
‘et beng consgered.
"To rove hie resut, we recall it il CPT
(b 1 secessarly CP) i conserved, then
¥ and K are iven 1 s combination.
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Actualy, ary reasonable model would require
UK~ 2)2 TGS~ 47, i which case the
actia valueof o would b mch smater For
instasco, 1 tho 1 - | ule appics i K21
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"I general, thers ol b séven difer-
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A rocent experiment! indicates possible strong
CP-invariance solation i the decay mode K"

e 1. The measured ratio of the K,
and K. decay amplitudes,”

Relo/a) - 40.2510.85,
e/ = 41,0005, w

suggests that thi ratio may have absolute mag-
nitude of order unity and phase near 90', though
of course the tatstics are hasdly conclusive.
(1 CP were conserved then K could only do-
cay into asymmetri three-pion tates with large
contrifugal barriers, and 0/, would be very.
amatl)

W wish tpoint out that if a,/a, 1 actually
ot much less than one n magaiude, then CPT.
Symmetry and tho AT <  rule require s phase
1o be very close to 430", This constrain was
ot imposed in the analysis made in reference 1,
50 th fact tha their anayeis i give & most-
1 imagiaary rato lends additonal credence
1 the existence of a strong K, =35 mode. 1t
s mode dass extat, then & Fefined measure-
ment o the phase of 2,/a, can provide a sensi-
tve testof CPT and/or AT < 3,

ur remarks are based on th following sim-
ple theorem: 1A, and 4, are the amplitude
Tor K, and K decay i any self-CPT—conju-
gate chamnel which is an elgeastate of the strong-
teraction S matrix le.g., (7y..gl, then

2Rett

TR @

with 8 cumber independent of the particulss
Chamel being considored.

“To prove this resul, we recal that f CPT
(but no nocessarily CP) is conservad, then
K and K are given as linea combinations,”

®

‘where p and g are In general modol-dependent
Complex numbers satitying

e

but subjec t0 1 other general condiions. A
simple caleulaton gives

2Rep e lpRIARIgnAR
TR AR
where A and 4 are the ampitudes for K° and
T decay o e chasnel But for & seli-CPT-
conjugate channel with phase shift 8 (and no

final-state mixing with other channels), CPT
invariance tels ve that

@

0", ®
S0 that 41 71, and Eq. 3) gives Eq. 2) with
 taking the chasnel-independont value

aip-igr, ©

We first apply this resul o the 2 channels
inorder o set an upper limiton . From the
Kown ratest of K =21 and K =1

learn
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il the conservative estimate® that TV~ 2¢)
<IPKS -5 yieds
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From (1) and (8) we conclude that 14,7 *01
<(0/100)14,7 =01, 30 2) tlls s that
la<1/50. ®
Actualy, any reasonable model would require
UG~ 26)< TUGE~ 3%+ 57), i which case the
actual value of o would be much smaller, For
nstance, 1 the A1 - 4 rol applies n K - 21
decay (ehich 1t well may not), then I 1~1/225.
Now consider the docay mode Ky - 5° + 4~
. Tn goneral, there would be siven difer
ent amplitudos with 70, 1, 2, and , but cen-
tritugal bariers strongly suppress all bt the
tvo completly symmetric amplitudes, with
72T and T3 (and a0 prevent final-stste mix-
g with th other asymmetric T-1 configura-

a5





index-2_1.png
Voton 16, Nusnes 20

PHYSICAL REVIEW LETTERS

1730 965

ons). The 87 < { rule thn forbids T3, 50
the decay amplitdes a,  are purely symmetric,
Wth 71, Our theorers can herefore by ap-
pied, and gives
2Rena,”
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11031 16, then 0, an st be reatively
imaginary G witin b 1,
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MIXING MODEL FOR SCALAR MESONS
Laurie M. Brown
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Indiret evidence has been prosented for two
soscalar mesons of spin and parity 0°; the
sigma mesont of mass o +400 MoV and the
pilon mesor of mass vy =750 Mev. This
Sitation s reminiscent of the u-¢ mixing prob-
e and suggests tha a similar model may be
appropriate. It 1s wel known that f the obsorved
'and > mesons are assumed to be given by the
ortnogonal states

om g st 69,
16) st g —cosa g, m

where wy and g, are hypothetical pure SU()
Single and pure SULS) octet members, then
there exist a “mixing angle” » such that the
decay properties of  and ¢ are well explained
a0, has a calculated mass which satisiie
he Ge1l-Mann-Oksbo relation wih the other
members, p and K", of the vector actet> We
will show that 1 0 d ¢ are similarly sssumed
tobe mixtures of hypothetical pure unitary
single and octe tsosinglet merabers o, and
<y he 7§ member ofth octet being (125),
then & T=1 moson ¢ 16 predicted, decaying
predominandly nto 1 -+. The ordering of mass
€ I this scheme 15 tha suggested by various
bootsteap calculatons.*

We shal regard as Input daa the masses and

s

widhs of 0 a0d x._ One adtional datum is need-
ed to completly determine the schermo and,
for simpliciy, we shall ake for the mixing
angle » the vaiue sim =1/45, which will bo
Shown to b reasonaby consistent with the ot
very well-estabished properties of .

‘Noting that the orthogonal matrix

s-(am ) @
) e

o diagonal form (shere o, 0d ¢, are squared
masses of the particies and % s 3 mixing mase),
we obtain

e Elemed,
=204
.
e @
hence, rom the Gell-Mann~Okubo relation,
Ette
“tx-2emo. ®





