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INTRODUGAO

Nesses Gltimos anos.uma das descobertas importantes na £i

‘sica das particulas elementares tem sido a sintetizagdo esquemltica do
spln.lsotoplco e a hlpercarga pelo grupo de simetria unitaria SU(B)(l);
Por outro lado, por exemplo, pelas nao igualdade das massas das partlcu
las que pertencem ao mesmo multiplet no SU(3) & evidente que esta sime-
tria é necessdriamente violada, porém, verifica-se, experimentalmente ,

que os processos de espalhamento. e-decaimento sdo pelo menoéJUQUQliﬁaté

vamente, bem descritos dentro desse mesmo esquema de simetria SU(3)
detalhes da natureza das forgas no SU(3), ao contririo do que no.  caso
da simetria do isospin, a qual & #iolada pelas intgrgq&es eletromagnéti

cas, nao sdo bem compreenditas até agora.

A fim de élucidar o conceito da simetria SU(3) aproximada

e formular uma descrigao quantitativa para o -conceito da universalidade

(2}

digamos, nas interagOes fracas, Gell-Mann postulou que as correntes

hadrdnicas obedecem certas relagOes de comutagdo, para tempos iguais, e
que estas regras continuam prevalecendo, ainda que, haja uma viélaqéo
da simetria unit3ria SU(3). Bste postulado; juntamente com a bem conhe-

cida técnica de redugdo na teoria dos campos, constitui o método-da *Al

(3)

gebra‘das»correntes" . Esta técnica tem sido muito utilizada, recente

mente, ﬁara derivar teoremas de baixas-emergias, clasgificagdo das par-
ticulas hadrénicas, forﬁular regras de soma, como por exemplo, de Adler
‘g Weisherger para o cidlculo da renormalizagdo da constante de aéoPlameg
to axial na desintegragdo beta, devidas ds interagSes fortes, e . ainda

para o-relacionamento de diversos processos de decaimento, etc.

Os trabalhos apresenéados!aqui abordam discussoes sobre :

- +
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par de leptons, as regras de soma para fungoes espectrais de'Weinberg,
as renormalizagdes dos fatores de forma de decaimento Kﬂ3~por causa da
violagdo da simetria SU(3) e ainda os cilculos de decaimentos fortes /
das ressondncias estranhas K" e Ky- Os-ﬁltimdé'trés trabalhos sugerem
que os fatdres de forma podem satisfazer relagSes de dispersao com
fima) subtragdo e que um calculo auto-consistenﬁe dos decaimentos’ fortes
com pions e kaons "duros” & possivel sem usar.a hipéteée da conservagao
parcial da corrente axial, Além disso, aq.régras de soma de Weinberg /
sao obtidas, sem apelar para simetria chival assintdtica, mas saem como

condigdes de auto-consisténcias..

REFERENCIAS:

1. Ver, por exemplo, as referéncias citadas no livro "Eight Fold Way" ,

M. Gell-Mann e Y., Neeman, Benjamin,.N.Y. (1964).
2, M. Gell-Mann, Phys. Rev. 125, 1067 {1962); Physies 1, 63 (1964).

3. Ver, por exemplo, as refer@ncias. citadas no livro "Currxent Algebras",
'S.Adler e R, Dashen, Benjamin, N.Y. (1968) e as referéncias citadas

nos” trabalhos aquf apresentados.
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I, REGRAS DE SOMA DE WEINBERG E A RAZAQ FK/E.‘,‘

" Prem P. Srivastava, Physics Letters 26B,233(1968)

RESUMO:

Aponta~se néste trabalho que ndo & admissivel usar, con-

comitantemente, a primeira e segunda regra de soma de Weinberg no gru -
- ~ s V- : = ~

po SU(3) sem chegar as conclusoces :mace:.taveJ.f m9 My e my l... Me

. A
-Usando a"segunda're'qra, sdmente, -no, sub grupo SU(2), obtemos:

K ol w2
mKS .
—= | ——h Ty 1,07
P m2 . =
T 1 - P
2

Esclarecemos também, que no decaimento Ky a experiéncia mede de £fato
3 .

('F+(O) sen® ) e temos a seguinte relagao:

Fy /1 = (P,(0) sene) 2

‘F,(0) F_

tan eA
F.(0) sen®

Tomando o valQr experimental de 1.28 + 0,06 para o lado direito e para
FK/%_ ) valorfcai‘cuiado.acima, encontramos E+(O) «~ 0,84, contrariameg
te, ao valor unitdrio no caso de simetria SU(3) exata. Finalmente, a
razao &as-larguras ["(P"'-—e> 1r+1r°)/]"(1{*+-> Kr) & calculada pela expres -
‘356: ' 3

]2 s
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" WEINBERG SUM. RULES AND THE RATIO FK/FW‘

u *~)

Prem P, Srivasfava
CERN =~ Geneva

ABSTRACT

The ratid P/F i ie derived using’
Weinberg's first spectral funetion sum
rule in SU(3) x SU(3) while the second
sum rule is useéd only dn SU(2) % SU(2).

* X i .
) On leave of absence from Centro Brasileiro de Pesquisas FfLsicas
and’hn:i.vereidade Federal do Rio de Janeiro, Brasil.

380/5 ~ TH, 848
lovamher 1967



In recent papers 1, the ratlo between the decay constants Fy
-and F_, the decay constants in.the leptonic decays of K and
mesonézrespectivelj, has been evaluated using the two spéctral
functien sum rules derived by Weinberg ° and their SU(3) .
.generalizations given by Das, M;thur and Okubo ?; The deriva=
tions in Ref. ; make use of both of the sumniqles and thus .
necessarily igply, in the pole approximatlion considered, the
exact SU(3) >f SU(3) résul:c o = g mAlv_g mKA. Vie deac‘ive4
here the above~mentioned ratio by using the first sum ruls “in
SU(3) x SU(3) while the second sum rule is used only in the
8U(2) x SU(2) subgroup. The argument ° for the restriction on
the use of the second sum rule derives from the successful
predictions = 9 By ~ /2 Do By ~ v/2Z myy and the disap-

pearance. of the unpleasant feature mentioned above.

The first spectral function sum rule gives rise to the folléy
iﬁg.relétions 2y 3,

2 2
G G
A [
-f-’P]-—l-: -
2 2
m m
P
2 2
v O, 2
A
2 2 /
2 g |
— T e—
mZ
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group SU(2) x SU(2) leads to the relations:
GP = GA1 and GK* = GKA

These relations then lead to
R
Fp #p  [Fg, © Tke

- 2 2

Bromg\[of -2

which & gives (F/F.) & 1,07 against the value ~l.'16._found in
Refe *o Also it follows:

2 .2
& @
A Ky
2 = 2
m
b, UKy

The Cablbbo angles 9, and © are related through FK/F-rr by the

relation

tan 9,

-=I‘qlﬁbj

tan ©.
which can be rewritten 7 as

1 [ Fg ‘{1~I~'f(o) sine.

N e : o tan ©
F 0 \ ¥ F.(0) 9in © A

Hers F,(0) is the K=m form-factor normalized to unity in exact
SU(3) Limit. Now '@, ‘can be obbained from the branching ratio of
K}‘z ancl.v}‘2 decays while [F‘_+(0) sin &ﬂ is determined from Kz

decayss Using for.the right-hand side the -value 8 s Le28, 39. :
obtala for 'the,form'i‘ac‘tor, F,(0)20.84¢ _on the other.h‘and, i

R A LTI W I3 R VALK MY 4§ T



we assume F_(0) = 1, the calculated value of the Cabibbo angle
turns out to be tan® 0.26 which 1s about 18% higher than
the value quoted.in Ref. 80
In conclusion, it is of interest %o note the implications of
our results on the branching ratio fp - / I;{*_,, Kr® Assuming
pole dominance in the pion form factor we can derive
5. 2
=42 n
P P"‘"‘ P
The K,Q form factor F, under the assumption of K* pole dominance
leads to analogous relations:
F_(0)
GK* gK*K = — m}%*
. T vz

We obtain, tﬂerebm (using Gyw/Dyx. = G /m_ )3

ee
Eomr o 1
—— =2 | -
Excxgr Ty F+(0)
and
/. P 3
rp+ T 4 'kc.M. 1 2.455
. - s [a%4
AR <F+go>'>2 (F (00
For F,(0)~1 this implies [J . - = 122 MeV for [gr wior =496
MeV. For F (0) ~ 0.84 it implies F_ — 175 MeV. However,

due to great uncertainties in the expe::imental decay widths of
the particles invor‘l.ved it is.'not possible to draw definite in=
formation -on F_'_(O);fﬁom.this plece of .experimental data.
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139 §l967)3

H. T. Nieh = Phys. Rev. Letters 19, 43 (1967).
2. S. Weinberg - Phys. Reve Letters 18, 507 (1967).
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Phys. Rove Letters ]Q, 470 (1967). "We use the notation .of their papersi

4o “The firet spoctral function sum rule readss '[i, 3 being"the 8U(3)
i.ndicmsj .

[+1s] a 2
102 g SHo_ 2
irsoege] -

while the second pum rule.iss

o
f L'p%(pz) - pﬁ(pé)] a® = 0 oto,
0

5« Simllar doubts abouy slhie applicabllity.of the second sum mule in

SU(3) x 8U(3) Havé alic been xaised by J. Salurai = Phys. Reve Lettors
19, 803 (3967).
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| =l0=,

For my, = F m end m = J—‘ Ty it gives. FK = Foe dwplying no renomalizﬁ
l A
tion offoat due to SU(3) bresking. We have used m& = 1309, = 892.4,

m, = 1058 and mP = TThe

A
A
We make use of-the fach that F (0)=1 and 8 is a small angle. The author
15 indebted t6 Dre Ae Sirlin and Dz, Ne Brene for a discugssion on this

pointo

¥. Breme, L. Vojo, Mo Roos and G Gronstrom = Phys. Reve 149, 1288 (1966);
%. B Auerbach, Jo Mac,G, Dobbs, A K. Mann, We K. Mc Farlane, D. H. White,
Re Goster, Pu Tu Eachstruth, G» Kv O'Noill aod D, Yount = Phys. Reye 135
1505 (1967).

See, liowéver, tue footnote (9) in Refe + (Glashow et ale), where they
nention that the value quoted for:® ehould be ~10% highexs
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) * *
II. ALGEBRA DAS CORRENTES E OS DECAIMENTOS K, > X T e K =-» XT

Prem P, Srivastava, Physics Letters 268, 233 (1968)

RESUNMO:

0s decaimentos KAre;K*w e K*—~> KT  s3o estudadas u-
sando=ge "§lgebra das correntaes", ralages de dispersio @ regras da
sdﬁa de Weinberg. Admite~-se a conservagdo da corrente vetorial e a,
conservagdo parcial da corrente §xial. A aproxima&éo de domindncia pe -
los polos nos elementos de matriz & £ambém usada., Entretanto & permi~
tido que os fatdres de formas Ly e K; definidos pelos elementos de ma

trizes invariantes:

./4k0pov2<w°(k)lvt*(o)l3 I8, ()
=10, & [L(eBe™+ 1,082 W (pw f o1(a?) ¥ pt ]
o
Vasgp P <0 1abo) T 5 1K (p)>

¢ I vy . g .
=1e, % b{l(qz)g" + (a2 (polf + 15(6%) k"(p-,k)/ﬂ

satisfazem relagdes de .dispersdo com uma subtraq&o, enguanto que, 0s
demais fatores de forma--satisfazem relagées de dispersdes sem subtra
¢Oes. Estas restrigdes sao sugéridas a fim de evitar o comportamento
de Ysuperconvergéncia" para os fatores de forma Ly e K3 que nos leva
aos resultados que contrariam as experiéncias. Emprega~se constantes
de subtragdo que decorrem do método da slggbra das correntes. A largu

* . _ "
ra do decaimento do K & pouco afetada em relagao aocs calculos ante -

- ‘ -
riores usando’'o antigo método da &lgebra das corxentes, entretanto,pa -

am o Ammndoiasden dm 1r SRR TR D ST S S 4



CENTRO BRASILEIRO DE PESQI:HSAS FISICAS w13~

perimental, contrdriamente, aos calculos antigos que ddo para o decai-
mento 4Q A1 uma largura parciai muito maior do que a largura total do
A, ¢ Nosso ‘cileulo prévé, uma mistura apreciivel da onda "d" no decai -
mento do K, que pede ser testado pelas experiéncias futuras. Também &
sugerido pelos calculos quantitativos que as relagoes entre massas mAl'
/7 mP9 mKA =H2 | mK* sejam validas sémente aproximadamenta. ’
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K, = K¥7T' AND K* KJT  DECAYS

*)

Prem P. Syivastava
CERN - Goneva

ABSTRACT

Strong decays KA-~K*7"( and
K*:»K]T are studied using current
algebra, partial’ conservation-of
axigl current,dispersion rolations
and W'einberg sum rules. Tho pioms
are- treated as "soft" in the sense
k%0 instead of k=0,

)‘On‘ ledve-of abgsence from Centro Bragileiro de
© ¢ Pesquisns Pisicas And Tnivanpdidnds Tad-we -
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In recent papers 1 the rates of the strong decays p w7 -
aand Al - o m have been related'by using the techniquées of cur-
rent algebra and dispersion relations. The predictions are in
good agreement with the experimental re;ults. In this  paper
2 for K¥(890) = ki

ahd-KAﬂlEZO) ~+K*r the strangeness carrying vector and  axial

we relate and calculate the decay rates

vector mesons belonging 3 to SU(3) octets containing p and Ai’-
respectively. We follow. closely the dispersién relation and
current algebra methpd by Das et al. L. The various unknown’
couplings are détermined 4 by making use of Weinberg's spectral

function sum rules 5.

We consider the following invariant matrix elements:

O, 5(OKS (p)> ap, X, V2 .
K , :
=14 (p)Eal(qzi)‘zsﬁw;adqa-) ky(phe), + Ls(qz) k,(p-k)ﬂj
o g \, y ' ,' 2
O (k)lAﬂ(Og 5 1K ap, k) v (2)

=i eK*<p>E§ﬁq21§pv:+Kz(qa>ky(p+k%1+'K3(q2>ky<P~ka

where"ey(p) denotes the polaridation vector and qa = (p-k)z.

The conserved vector current hypothesis on Eq. (1) and the
eondition of partial conservation of axial current (PCAC)
Eq. (2) lead-to the following melatione fam #hm meeee ~

on



=16

L (® )*r(mK a3 L (q2> I»3(q2>qa“ (3)

2
FKmK GK*+7r°K+

-y 2 2y:2 -
Ky (7)o (e =) Kp(07) - K5(q7)g" = ==
{q +mK)

(4)

where FK is the"decay constant appearing in K ~~uv decay and

) , . s
Giwg Ot 18 the coupling for the decay mode 0¥ e Ouic,
They are defined as:

VI <olay(0)51x > = 1 By xy (5)

V/4p a, ve (xt (@) 3,000 K¥(p) > = Gyyt 0p+ g (6)

We shall postulate now the unsubtracted dlspersion relations
for the form factors La(q ), %(q ), Ka(q ) and K3(q ), and a
once~subtracted dlspersion relation for Ll(q ) and Kl(q Yo A
justli‘icat:.{on 6 for uhe once~subtracted -dispersion relation
for the latter case may.be found by applying PCAC and current
algebra to th? corresponding invariant matrix elements and

neglecting only the k% dependent terms 7.

Thus we write:

2, 2 (2
5 GKA (q +mKA) In L, (q'%) 5
Ll(q ) = ,/_ + ; N dq'
R o She Rt R
Im_ LECQ'a)
Lp(g®) == | o aqr2 (7
T (qr2-?)
e (Bmd) | Inx(r?)

“fé oo oy w- (61 2@V mi a3
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ete. 7,

If we assume now that the form i‘actors',Ll(qa), L‘?_(q2 and
LB(QZ) are dominated by- the K* pole,;whiiq-xl(qa} KEan) and
K§(q2) by the K and K, poles, we find:

() =k (&% m) iy
SAL S T "
V2 F‘H’ ('q2+ mﬁ*) thKi"mI%*)
2 O Gp
In(gF) = ———— (8)
24P nte)
G
2 K+ 1 5 5
L5la™) -"“(*;;; s77 (g, TH7) G
Tylq
o Gxe (@PmED o o
f l(q ) =/— o A
o (B aE ) (B, Ty )
G G
K, %
, A
Kz(q‘, ) = - —h—-'——'
Z(q +mK )
Fro Gyt o
2y . K KTK
(a7 = —— (9)
b= me)

%a [ L :
L I G F:‘ GD( 2*_ 2)]
g (g% + m 2y | T2 DR



=18~

The various constants appearing here are defined bys

. . K* ] .
vepgY <°1V;4‘(°)"3IIK*+(I{)> = G oy () (20)
Vapgal® <K (@) | ,0(0) | K5(0) >

= 'j_[(}s o b 4 Gy e Aq e‘{*uz}] (1)

. 1
where GS and Gy are the s and d wave couplings in K, -~ Kk
decay.
Using relations (3) and (4) on Egs. (8) and (9), we obtain:
2 2
G. Ty~ ~
1.5 Kp = Tg*
—a [ A i (12)
f . 2 .
T K*
mKA

G * % GD(mKi - mﬁ*)

1 Ogx Ty Gyt Op? - mx*
=| < -—;—- e , (13)
Ve Fy g, b,

where we neglect terms of order (}A/mK*) o

For the values .of. anliown -constants appeéaring on the right-
hand side, we make use of the variops relations 9 gerived in
ﬁef. 4 using the spectral function sum rules 5, If Kerr form
factor F, In K decay is dominated by the X* pole we obbain
by assuming unsubtrabted dispersion relations

G Gt Opt T _‘:(0-)
22 = g s (14)
where F,.(0) =1 in exact SU(3)'limit. This then léads to ¢
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Tiex \ F7r
Gatpoxt = | — v/i+§ | F.(0) — (15)
F, Fy

where §= (mK 2’“1{* )/;nK and the third factor on the right-hand

side can be determmed from KB decays.
From Eqs. (12) and (13) wa obtain:
2
{1+8) mK* 2A
3 a/'“ \E
o2\ (176

. (128 LR
p = = Lok —
. 7 V2 By (l~6)2
where g )
' . §‘+(O) Fr . .
A= {1 = -(1+68)
FK [
The decay widths ere given by:
2
N N A
et —ier = ¥ T (1+8)
81Tl | * FZ X
m

r<+ .
X K*
AT b
where'lo': n
' N i-8
ng - ) en——
T 2




«R0~

11 12

The presently known values imply § = 0307 » ‘Assuming
(1/F (0))(F/F ) # 2.16, and for F_ the value obtained from

decay, we obtain ,[;{*-i- ~ 40 MeV and ‘[‘_“KK o 7% 58 MeVs These

- K
predictions are consistent with experimental results available

- ab present. 4lso, we £ind —

2
gy, koy
— e 1k —— m -1.2
&p 2,

implying a large d wave .admixture. This can be tested by fu’&ura

experiments.

In conclusion, we find that if we assume mA =/2 n )
mKA =42 2 mgx and A= = 0, it is easily seen that the widths of
p —mwr and K¥ ~» Kr modes are only slightly affected. However,
nov the partial width for the Ay~ pr mode comes out ~ 1.2 times ‘
that for K, = K¥r; in fact [} ~p 241 MeV and [¢ -»x*n“34 Mevs
With the small deviations from the exact mass equal:.tn.es cited
above, 1t seems possible to predict quanbitatively the right -
trend of all o‘f the .above" §tiong decéysf\ »

e e w
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7. Ve assume Ll(q K [J p = - m LR Ll(q k"=0, p"=~ n2 )e

In the soft plon limit with k =0 we have ‘the usual current aljebra
rosulbs

K
: A
4pok°v2<v°(k)lwo>3|x () = —— 1/, e s (p)

. K
B /2y <Ol K1) =y 0,1

9. "~ Other rolations are 1’:
Dy Vé‘mxgn
G, =G, =G &= F,
K . KA mP P VY K
and ‘
e AT
Fr V146

" 10 gy, ‘and gy are the coupling constants if we write the invariant matrix
element (11) in the forms

K . Peq ‘ Peq
Beoy of* k] . Dl
il:g;, °,.(p) o (@) | 2y P /| % r N

&
. cA%RY }taﬁ’b’ B q e Ay
e o % Rt %+ E S ]

No cross terms appear in this way of writing the interaction.
Lo Ao H. Rosenfeld et al., ‘UGRL‘?BOBO,. September 1967.

12. See, for example, footnote 9-in Glashow et ale, Phys. Rev. letters 13,
139 (_1;67).

For Fy) 00 N 1,28, wo obtain [p, oy 233 MoV, and
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WEINBERG SUM RULES, THE RATIO Fyg/F, AND K4 AND K* DECAYS

P.P.SRIVASTAVA %
CERN, Genevd

Received 11 December 1967

Using Welnberg's first apectral sum rule in SU{3) X §U(3) while the second sum rule only in 'SU(2) X-SU(Z)
we calcuiate the ratio Fic/Fy.and. study the decays Ky ~K*r and K* — Kn treating plons soft in the sense

k2 =0,

In recent papers [1], the ratio between the K-
and 7 mesons decay constants for-decay into lep-
ton.pair has been calculaled using the two spec-
tral function sum rules derived by, Weinberg [2]

and their SU(3) generalizations given by Das et al. ,

[3]. The derivations in ref. 1 n. %e use of both

the sum rules and thus imply, in the pole approxi~

mations considered, th? exact SU(3) results
iy = s (and mp, = oo ) We derive here
the above ratio by using the first sum rule T in
SU(3) X 5U(3) while the second sum rule TTis
used only in the SU(2) X SU(2) subgroup. The un=-
pleasent fcature just mentioned is avoided while
allowing for the successful predictions [2,3]
npy ™ V2mg and wyc, = ¥ 2ms. The relations
thus obtained are usegfor the study of K* and
KA decays. The predictions agree fairly well
with. the experimental data. N
. The spectral funclion sum rules lead to’{2,3]

# On leave of absence from Centro Brasileiro de Pes-
quisas Fisicas and Universidade Federal do Rio de
Janeiro, Brasil,

¥ The first spectral function sum rule reads; (¢, J be~
ing the 5U(3) indices]

L Pau2t
[ oy - o %‘g =F} -
while the second sum rule ias
ke
S i - ol an? =0 eta,
Q

11 Similar doubta about the nf)plicabll;{y\ of the second
. sum ryle in 5U(3) X SU(3) have alao been ralsé'q by
Salurat [4]. L

279 2 2 g2
Gp/mp - GA1/mA1 = Fy
2,2 .2 ,2 _ .2 ,
GK‘/"'K' - GKA/mKA =Fy (1)
’ Gﬁ/m% = Glz{a/ml?‘(.. ,

Gp = GAL - and G« = GK'A

These relations then give
1
Fi/ Fy = [(146)/ (145 )] @
where
6y = (in,z\r- Zm_g)/ui,zx‘l
and
6= (nqz(A‘- 2;;1;2(*)/111}2{A

This gives FK/Fy ~ 1.07 against the value
~ 1,16 found in ref. 1. Also it follows

2 % 2,2
Gy, /A, = G, Imic,
(3

and

mp, g S mg /g

The Cabibbo angles 8, and 6 are related

through Fx /Fy by # .
# We make use of the fact that Fu(0)= 1andf isa

small angle. The author is indebted to Dr. A, Sirlin
and Dr, N, Brene for a discussion on this point,
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Fye tang V1-(F, (0)sin 0)2 :
K A +\
o tmd A T Foene tanla (9

where F*(O) is the K-n form factor i:\ kl3 decay
nbrmalized to unity in the exact SU(3) limit. G4
is determined from the leptonic decays of kaon
and pion, while F,(0)5in 0 is detexmined from K, 3
decays. Using in eq. {4) for the right-hand side
the value {7} = 1,16 7,(0) we obtain I, (0) ~ 0.92,
On the othor hand for £,(0) = 1 the calculated
value of tan 8 is found to he ~0.26 which is about
18 pereent higher than the value quoted in. ref. 5,

Next we calculate the pra and K*K# couplings
under the assumption [e.g. 3] that the pion elec-
tromagnetic form factor is dominated by p podle
while K* dominates the ;3 decay form factor,
We find

R 1,
8prn = (’F?) (146)

(5)
1 ymy*y  FnFy(0) 3
EK*Kn =3 (“F;", () s
and
r 2
p—mn 4PN 1 N 264
T oxn 3 (kx,*) (F,((OS) (02 )

With I"; value obtained from pion decay and -

Fy /Fyl,(0) = 1.16 we find Tp gy ~ 125 MeV
dnd r("‘-—'Kn ~ 40 MeV which agree fairly weil
with e ‘experimental results considering the un-
certaintities in the K;3 decay measurements,

The decay K, — K*mcan be calculated follow-
ing the method of Das et al. [8] for A; — p7 decay:
We consider the following invariant matrix

elements;

Vap g V2 (a0 | V{003 KA (o)) =

= ey A [L1(aD0,, +Lolg e, 4R )
+ Lyla P, (-8, ]

VapotigV® (1°() |4 4 (013 K™ (o) =

= 15" {30 4+ Lol Dk k) + - )

+ Lyl Dk, -}

¥ Thede result are similar to those derived in refs, 8
and 7, but medified by the inclusion of Ay and Ky
pole contributions vid the Weinberg sum rules,

234

’

wheré g, (h) is the polarization vector and
q = fi-k.

The conserved vector current hypothesis on
eq. (7) and the condition of partial conservation
of axial vecior current on 2q. (8) give the follow,
ing relations for the form factors h:

Lighs m, - pDLgle® - LofeDa? =0 . ()

Kl(qz) +(m§t B uz)]\’g(q_z) . If:,(rlz)rl2 ¢ (o)

" MFRINKEKK
(q2+m}2<)

Assuming now the unsubtracted dispersion
relations for the form factors Ly, Lg, Kgand
Ky while once- subtracted dispersion relation
for Ly and Ky, we can write

G
by . Ka
Ui sy on

. (11)
(‘12*'“129.) : ImL](q'Z) "

; ; dg

T (g 2-gB)(q2em )
2
1 Kyl ®) 19

K (q2)=—>f-——,-——--—~ q etc.

TS :

A jystification [3,9] for the once-subtracted dis-
persion, relation for the latter case may be found
by applying PCAC and current algebra to the
corresponding invariant matrix elements and
neglecting only the 2“ dependent terms,

In the approximation that‘L(qz)l 9 3are
dominated by K* pole while K(qz)l :2 3 are domi-
nated by the K and K poles we oblafn

t The various constants appearing here.and latter are
defined as follows: .
VRSV (0] 4y @3 [0 = 18y -
o .
Vabo1oV% (K@) 000 [K*+01) = 80w 6 (gt
VERV 0| Vu 03|k ")) = cK.e}f‘(p)'
V2oV (ol4 o [kR 00 = Gicyefihtn
Vitoao? (K *ig)] 4,001 K (01 =
. L
= 1GgeA K 4 GDGKA' PP 2)
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2
Ok, (@mic,)  GyaGg

Lila®) = i - S
! &y (flzwn%.)(mé A'mf;*)
b GyxG '
2. KD (12)
Lg{g®) 8 ——re 2
279 2(q2+mlz{.)
G *
2 K L 2G
Lg% = — [Gg~3lmg , -u*Gp)]
3 ."-'19{‘(’12“"}{2*)' s KA D
Ko < K0, @) OxGs
9%) =i 4 5
CTER T P ) (e enil),
Kol 2) GKAuGD:
e TR Nt A
2(g ”"KA) (13)
2Fy & *K
Kylg) = KT,
(4 +ty)
Ok 12 "%
TR Ty ) (8 3 lmicr-n 6ol
K KA
The relations (9) and (10) then give:
2 2
Gs --}-(mKA-mKa)GD = 14)
G ke
= U K
V2, Ggr \ 2 /. PIK
BN +%(nqz(A-nqz(*)GDﬂ= as)

= (52 Ok* ZFKgK'KTr) ('”KA""K") "
V2ry CKa CKy niga Ka

here we neglect terms of order (u/mxr)z;
Taking use of egs. {1}, (2) and.(5) we find:

2 .
o (146) mK* 48y
G5 = 373F, 2 (“(1-6)2)

'(16)

Gp Ei(}i%% (-1+a%)‘2-)

whiere
A=[l- (L+6)FF (0)/Fk]
" The decay width is given by (% being the c.m.
momentumi)i

: T2
I'KA—.;?!” = % (;l_é::) [Gg (3+ Ui ) +

g
- (m
2 ——
4 $ / 2
2 "MK g VKA g b }
U Te) el 12
*% m;z(* ¥ - 20s6p e V ”llzit

Eor 6 ~ (.07, Fy obtained from pion:decay«
‘and F/FoF,(0) ~ 1.16 we find TRA—K*s ™ 58
MeV, consistent with the present experiments,
‘We also-find ‘llllch(GD/Gs)v ~ -1.8 implying an
appreciable admixture of d- wave. This result
may be tested in future experiments.

* Finally, if we assume mpy = -/Zmp, mga =

":.lentK* and A = 0 the widths of p — 77 and

K*— Kr.decays are only slightly affected. How-
ever, the partial widlhs for Ay =~ p7 decay now
turns out:to be ~ 1.2 times that of Ky ~— K'z de-
cay {T&; - pyr & 41 MeV and TRA—K*r & 34 MeV).

The avthor is indgbted to Prof, D, Amati for
discussions and comments. He also acknowledges
gratefully the hospitality extended to him at
C.E.R.N. and to the Conselho. Nacional de Pes~
quisas 0‘{ Brasilfor a fellowship.
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III. ALGEBRA DAS CORRENTES E FATORES " DE FORMA NO DECAIMENTO Kz
3

Prem P, Srlvastava, Nucleax Phys;cs B7, 220 (1968)

RESUMO:

Os fatores de forma no decéimékﬁo KE sdo discutidos po
um -método modificado da algebra das correntes. Eo:tulambs relagoes dé
dispersao sem subtraqSeS para os fatores de forma nos elementos de ma-|
trizes entre estados de uma particula e o'vé&pp dos comutadores retar-
dados entre ‘as correntes ou entre correntes e divergéncias das corren-
tes, mantendo f£ixo uma combinagao linear karbitrériafzddé dois momen -

" tos transferidos. Os diversos fatores de forma (envolvendo sdmente um
momento transferido) na-discussdo abaixo supSe-se gue satisfagam rela-
. . .

goes de dispersdo com, no maximo, uma constante de subtragao e a parte

ndo constante & calculada na-aproximagdo de” domini3ncia pelos polos.

A técnica & aplicada, primeiro, ao caso simples do fator
de forma no decaimento WRB e o resultado £(0) = 42 '@ re-obtida como

se espera pela hipdtese de conservaqao da corrente vetorial.

No caso dos fatores de forma do K2 nos permltlmos a nao
conservagso da corrente vetorial de estranheza e admitimos a existén -

cia de wn meson ¥ sendo 8&te uma particula scalar, isospinor, e carre

gando estranheza.

Os fatores:dé forma F e f nos elementos de matrlzes en

. o +
Yq}vendo K™ - e t* -7° ' respectlvamente, sdo estudados ao mesmo . /
tempo. Conclui-se que os f_(q.) e F_(q ) satisfazem relagbes de disper

sgo sem subtragoes, enquanto que oﬁtemos para f+(0) e F+(0)~as seguin~
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tes expressoes:

5 (52
VEF(0) = (R +F 2 - REV2 By E

V2 £,(0)

2 _p2_ 520 p
(F" = RS =R )2F F,

Pondo FK/(vPT E, F,(0)) = 1,28 o valor obtido pelas expe

riéncias sdbre decaimento KQ e P2 2’2(F§ - Q% )" decorrendo das rela -
. A3 ot
goes de soma de Weinberg calculamos (F/E. )2 1.17,(5,, /B, 1% ~ 0,34,

/2-\F+(0) ~ 0,85 e ¥/2 £,(0) % - 1/4 (B, /Py ) = ~ 0,15,

E interessante ressaltar gue, para obtermos &stes resul-
tados, nao utilizamos a hipdtese de conservagdo. da .corréfite~axial., De

fato o fator de forma associado ao elemento de matriz

Vaggpg?. CK™()] 904,000 =4 (02) [#™(p)>

poderia satisfazer uma relagdo de dispersao como subtragdo. Entretanto,
-setimpuzermos que &le satisfaga uma reldgdo de dispersdo sem subtragdo
podemos calcular o acoplamento A TK como sendo:

2 2
BFac (™= me™)

.G ~
+Q+-'
®TKT T 4 FK »/-Z'F,n_

e o valox- da.razdo. 3(0) = F_(0) /F_(0) combo:
2
§(0) 2 11,584 + 0,28 [ 1 = —5

2
)
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=29m
Podemos demonstrar taﬁbém
z2_ .2 2, .2 2
My == (FK + %m - F )
£€0)¢ A+ —
oo 242 F,. Fy F . (0)

onde

2
mw.

) o2
F (a®) » F () <1 A — )

As consequéncias destas relagdes s3o discutidas no trabalho.,
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K¢3 DECAY FORM FACTORS AND CURRENT ALGEBRA

P, P, SRIVASTAVA *
® » CERN - Geneva

Received 1 July 1968

Abstract: The form factors in Kgg decay are discussed in a’'current algebra approach
by writing unsubtracted dispca'sion relations for the matrix elements of suitable
retarded commutaiors betwcen-single particle stales and vacuum, at (arbitrary)
fixed linear bination of the two tum transfers. This allows us to include
the contributions of all the relevant poles and a conaistent solution of the current
algebra equations is then possible.

Recently, sew techniques {1] of applying consistently current algebra
method (with pole domipance approximation) have beensuggested in order
to remedy the failure of current algebra method, in its earlier form, for
strong decays [2]. The calculations on Aj decay [1,3] and Kp decay [4],” -
admitting that some of the form factors satisfy a subtracted dispersion re~
lation, predict reasonable widths consistent with experimental data.

In this paper we study the Ky3 decay form factors (including the contri-
bution of kappa meson) following closely a procedure of Brown and West [1],
They calculated the Aj decay by .assuming dispersion relations for vertex
functions with an appropriate fixed invariant, so as to.include the poles in
all the variables. Their approach gives the same results as.those obtained
by Schnitzer and Weinberg [1] using Ward identities derived from the cur-
rent algebras., We will assume. in what follows that the form factors are at
most once subtracted and the\non-constant part is calculated in pole domi-
nance approximation, We illustrate the method by first considering the sim-
ple case of 7g3 decay form.factor, ’

The npg-decay form factor, We start by considering the matrix element

S = VT [ dbx e o(-x0) (a2 [0 A4 (0)3, Vs (9F1]0)

= (k-a)y Fy(e,6) + (ke q) Pola®, 43 (1)

where py = &, + g, and lfz = -m%.

# On leave of absence from Centro Brasileiro de Pesquisas Fisicas and Universidade
JFederal do Rio de Janeiro, Brasil, . ~
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Then
P,; Su =C-D, (2)
with
€ = VGV [ d'x e X s(s)a° [0, 4,0 Vo)), @
and

D = VIR,V [ abuelh: %oz )00 }(3, 4,605, 2, v, 0. (@)

Here C is independent of  if the equal-time commutator is assumed to be a
local operator. .

We postulate now * that 'y 3 and D satisfy ** an unsubtracted dispersion
relation for fixed 4, where’

Beagde(l-a)p?, (5)

and @ (0 <@ < 1) is a fixed constant, -and F1,2 and Dare evaluated in pole
dominant approximﬂlon, Eq. (2) then leads to the relation;

2, 2.
Fo "—f(ﬁl) + 3G ﬁ((ll)[ (1——) q1‘““ ] =+-C, (6)
p

where the various iorm factors and coupling constants are defined as usual
by,

ik ooV (10| v, (02570 -f(az)(p'w),, ,
VakoboV2 (120 2,4 0516 0) = fgP) ok,
V5,7 0] v, 3 lo* ) = 6, £0),
VaRGY (0] Ay (OF |~ () = i Fy &y )
and
U= wlf - (l-a)mf,
= -am,? +(1 -bz)pf. (8)
Eq, (6) then implies that

. 2., 2
lim
B [q;B(ql)]-

* This {s equivalent to writing Feynman graphs for the vertex function. The author
(15 Indebted to Professor J.S. Bell for this remark.
** In the present case D happens to ba vanishing If we assume conserved vector. cur=
rent hypothesls for Vu(O)g
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is finite-so that B(72) vanishes for infinite momentiim transfer, e.g., flg2)
satisfies unsubtracted dispersion relations. However, the subtraction con-
stant in pion form factor f(qz,) is left unspecified.. To obtain information
about it we consider;

Syy = VRV [ oty e ¥ gl ) (n°(h) {4, (005, v, (@F]] 0 (9)
We easily derive;
WSy = VI F, k“ -8y, (10)
where we used the current-algebra commutation relation:
A Iy paite i sk i pd
Vﬁ(xO’)[Ao(x)j‘, Vu(o)l] = (GIA,”(O)]- - ﬁjA“(o)l) 6%(x), (11)
With the forms of F1;'2 already derived, we can evaluafe the relation (10) at
=0, q2 = 0, P2 = -m%. We obtain the result:
H0) = V2, (12)

which is expected because of the assumed charge independence and con-~
served-curren’ hypothesis’in the -simple case discussed. Next we discuss
the Keg decay 1 rrr factors where now the discussion is more involved due
to non-conserved vector current and the appearance of two form factors.

The K3 decay form faclors: Thé K form factor describing K¢3 decay are
defined by the matrix element; *

Vg bV (O VO 168 = F(aBl ) v FaP)0-10,0 (19)

- In the limit'of exact SU(3) syn;metry we have Fyc = Fy, F(g?) =0 and
Y2F,(0) = 1.
As before, we consider now:

Sy = iVERT [ abe o™ ¥ o(-x ) (%) [0, 4 2003, v, 9310
=v(k~q)uF1~+(k+q)uF2, -(14)
and obtain

bySy=C-D, (15).

where C and D are defined as in eqgs., (3) and (4), but with index 3 replacing
the index 2, The poles involved here are dug'to X, K* and an isospinor
scalar strangeness carrying meson . Procéeding in'the same manner as
before, we obtain ’ ' .
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2. 2 2 o 2
FleaDimE-m + g aDad] - Femiir 0] - (735) P01

S ~'qz+m.2
-Gk mg)[, (=2)+ fu%( ; ”] =c.  (16)

Bt

Here-g, are the x-r form factors introduced by
Vat V2 (100 A O3 £ 6 = g+ g + £GP =)y, U
and '
Vi, by V2 (121 3,4 L O} K40l = 9(a K -1,
V2RV (0|4 y(0F KUYy = i Py,
VER VO]V, (O |6t = i Py
VGV 0| VO3 K0 = Gr (1), (18)
while
u'=,aqf - {1~ a)m,z‘
= aq% -(l-a) n'z%{»t

2 2
= ~aml + (1-a)p%. (19)
From éq. (16) we see,
G ¥
22 Ok o oo -
lim [F a - g57{q5) (20)
_“_‘w[ x 418.a)) amZ, 22 {g2)1>

18 a constant independent of a, For eq.’(18) then to be satisfiéd for arbitrary
@ we must have F.(«) = 0 and ¥() = 0. Eq, (20) then leads to g{=) = 0. Thus
the form factors F_, g and v satisfy unsubtracted dispersion relations. *
To obtain information on the remaining form factors, we consider S v
defined in eq. (9) with index 2 replaced by 3, and we proceed as before fo
obtain the sum rule: : :

bo)
.t T -
Fy Fi(0) - Fog (0} =5 ) -
We can obtain. more sum rules by setting K or « on the inass shell and

considering retarded products involving thé (pionic) current (A}n -Aﬁ z). -
The Bum rules are:
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7, gl0)
VEF, F,(0) + —';—2 = Fy, (22)
( - K)
By g0}
: X
n‘/—zEﬂg.'.(o) ‘m‘z"):." K (23)
* K
‘where
Vag, by V2 (0} ]2, (4, (0} - 4,003 |7 = igti?) (24)
Solving eqa, (21), (22) and (23):
[ L S 1
AFE+Fa.FY
ﬁF_"(O) = TF"-, (25)
3 2 2
(Fg-Fi-Fo)
V2g,(0) = T (26)
()« R L F) -
Py Fy
To these we could add the relation
72w oFE -53), (28)

derived from the Weinberg spectral function sum rules ™.
From experiments on Ky3 decays, one knows (Fx /Fy){(1/V2F.(0)) ~ 1,28,
Eqs. (25) and (28) then give ** (Fi/Fp)2 = 1,17,.(F /Fy)2 ~ 0,34 and
Y2F,(0) »~ 0,85, We also obtain

V22,(0), ~ -0.25 (F, /Fy) ~ -0.15, (29).

and .
0 3 FL- (2 L2 30
gy ~7 'K)\m,‘-mK). (30)

If we assume the very successful hypothesis of partially conserved axial
current (PCAC) for pion, eqs. (24) and.(27) then give for the #rK coupling
constant ¢ ’

* See ref, (5], In derfving this sum rule, we assunie Mp N *'/'Zmp and Mg, “ﬁ”'x'-
°* Same results are obtalned In ref, [6], using Ward identities,
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+ F (m?‘ - mz)
S/ kN kK
Citpogt ¥4 (FK Vi F, (31)

which is diffevent {rom the results abtained from PCVC or PCAC assump-
tions ¥ for strangeness carrying currents in eqs. (18) or (17) respectively,
In fact, the ¥nK coupling vanishes if my = my, as well as in the exact SU(8)
symmetry limit,

We can then also caicuigte £(0) for Kp3 decay and {ind:

§(0) = F.(0)/F,(0)

(”112{‘ m? ))‘ . (m?c - mlz() (F‘Z{-i-F?(-F?,)
- "m,zr m?‘ 22 Fp I F(0)

» 11,582 + 0.28(L - m/m?), (32)
where » is defired, for ‘Small momentun'; transfers, by:
2
)~ F 0 102 L], (33)
”lﬂ

Hence an upper limit on the value of £ is **
2 72 2 i 2
2EF, FF,(0)

2

ms.~m
HORY s

‘7)1"

(34}

With the experimental value:[7] X ~ -0.023, we find £ < 0,01, Thus it
excludes the possibility of a large positive value for & and favours the nega~
tive values found in the experiments measuring the polarization of muon in
Ku3 decay (fexp = -0.520.3).

From eq. (32) we find § ~ -0,2 and -0.24 corresponding to n7, ~ 560 MeV
and 520-MeV, respectively. The.corresponding values for the knK coupling
G o+ 0+ are cilculated to be 147 MeV and 56 MeV, respectively ***,

Finally, we remark that the unseen decay mqde Ky - #7 will be sup-~
pressed compared to other modes if g, satisfies a subtracted dispersion re-
lation wit;x the subtiaction constant close to-that given by the right-hand side
of eq, (26).

The author wishes to express his gratitide to Professors D, Amati,
J¢ 8 Bell, C.Bouchiat,-S. L. Glashow; M, Jacob and J, Prentki for construc-

* Note that we do not use any such. nssumption In deriving the above sum rufes.
** If no PCAC assumption is made no upper limit follows and Instead we have
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**% In a pole model with only pion Eole-contrlbutlng the former cose glves a
1010 sec for the lifetime of K decaying Into K4'+2'/. The value {8 very sensi-
tlveoto the deviation.of ¥ mass from K mass, For my R616 MeV the lifetime Is
#1079 nec,
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IV, CALCULO DOS DECAIMENTOS Ky Kp e Ky —K T PARA KAON E PION
DUROS
Prem P, Srivastava, Nuclear Physics (1969)
RESUMO:

Unm metodo modificado da algebra das correntes & discutido
para os calculos dos decaimentos fortes KA'b XKp e KA"’ KTT - A hlpote
se da conservagao parcial da corrente axial ndo & usada e os plons e
kaons sdo tratados como particulas "duras" com massas nao nulas, con -
trEfiamente, a hipdtese dgs meéons "moles" usada, frequentemente, nos
trabalhos que aplicam o m@todo da &lgebra das correntes, ‘Postulamos re
"lagbes de dispers&o rem subtragdes para os fatores-de forma nos elemen
tos de matrizes entre estados'de uma particula e o vacuo dos comutado-
res retardados entre as correntes 5u entre correntes e d;vergéncias /
das correntes, mantendo f£ixo uma combinagio linear (arbitraria) dos
dois momentos transferidos. Isto nos permite incluir em nossos calcu -
los as contribuigBes .de:polos em ambos os momentos transferidos. Pars
os diversos fatores de forma (envolvendo somente um momento transferi-
do). na discussao, sup?eise;que satisfagam relagdes de dispers3o com,no
maximo, uma constante de subtragdo e a parte ndo constante & calculada
na aproximaq&o da domindncia peios pdl&s. 0 método da Algebra das cor-
rentes & usado para derivar varias regras de soma entre as constantes

de acoplamento e as constantes da subtragdo sem usar a hlpotese ’ da

n

P

-conservaqao parcaal da corrénte axial ou llmlte dos mesons “"moles". A
solugao destas regras de‘soma permite-nos caLcular as larguras pa: parc1aL

dos decalmentos e reestabelecen as regras de soma de Weinberg como con

diges de auto~consisténcia. As hipdteses feitas no trabalho (II} s8 -
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bre as constantes de subtrag3o dos fatores de forma Ifi(qa) e Ki(qZ)

agora decorrem do nosso método da algebra das correntes.

A inconveni@ncia do uso da hipStese da conservagao par -
cial da corrente axial correspondente ac meson K no'cadlculo do’ decai-

mento K, —» Kp ndo se apresenta em nosso método de calculo.
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INTRODUCTION

The current algebra method 1 along with soft 1;'ion hypothesis
has been used with considerable success In variety of processes.Hoy
" ever; thers are cases where this technique does not work so weilo
Rocentdyy new techniques of applying conslistently current algebra
method (with pole dominance approximation) have been suggested in
these'casasc The calculations on strong 2y 3,4 4, and 5y 6 KA
. deéays, admiting that some.of :the form factors satisfy a subtracted
dispersion relation predlet, contrary to the earlier calcp.lations. 7
giving very large widths, ,reasonaﬁle widths cor;sistent with |
experiments. Schnitzle,r and Welinberg 3 developed & technique of
Ward-like identij:ieéy for the vertex functions to calculate "hard®
pion processes ) e and p —>wm successfullyla Brown and West ,2
on the othc;r hand‘assum_e, dispersion relatlons for wvertex ‘fu'nlctions

with an appromgiaﬁa fixedr mvariantP 80 g@s to include the poles 1A
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all tk_le variables while admitting that the f,orl;l factors are at
most once subtracted. The results obtained by +the two methods
are identical. The same holds true in the case of the second
ordexr renormalizatien corrections to the Kp form factors as
calcula.’oeni by 8
the unsubtracted dispersion relation technique seems to be rather

Glashow and Weinberg and 9 Srivastavae. waever,

straiéhtforward and amounts to wrlting Feynman diagrams with form
factors at the vertices and establishing appropriate current
algebra identities.We will discuss in this paper the strpng decays .
K, =Ko and K, - K Lollowing th% procedure exposed in
references 2 and ¢  In whaf follows, we gssume that the form
factors are at most once subtracted and the non=constant part is
calculated in the pole dominance approximation.~ Along with the
expressions for the relevant decay rates we also re-derive the 10
Welnberg sum rules for SU(3) % SU(3) group and also.illustrate
that the hypothesis of partial conservation of axial curéent need
not hold necessarily, even for pion, for every form factor. The
caleulabed decay rates are in faly agreement with the experimental

results.considering the phesent; uncertaintities in experimental data.
wek ik
X, '—-'-K _and K K decavs.

T4y

I. K,.and K" Matrix E;!,emeg'(;s

_MWe introduce the”following maTrix elements

Y :V2<1r°(k)lA4(0)~[K*+(P)>
.= :l.eyK (p)@m(ga)gﬂy* X (qa) kv(p-!-.‘tdlA R Ks(qa) ky QVJ (1)
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Jax_p V2 ¢n®) |7 (037 1K 7(p) >

X T . 13 7 ’ )
e, A Ll(qa_) gl & Lz(qaxk"(pn«k)"»« La(qz)k“’qlz] ).

N : 2 2
whera qp.ﬂ pp k“ and the form factors Kl,Z,B(q ) ang Ll‘,293(q' s
introduced on the considerations of Lorentz covariance; are

calculated in the pole dominance approximation to bes

]

C}K Gs
K (q%) = A+ Kw)
(= = q¥)
K, (3)
-
%, %
ha{q ) = - Kz(oo)
‘2 _ 2
2(mp~ - q)
A,
ek ¢ -
2 %, E'Ts’* 2 Gpluige = mv)] Fie et "
N (mKA ) (mﬁ - ¢®)
and similarlys ‘L 6. ¢
, . Kx Hg R
367 5w L ()
1 (2o T
mgx =4
::"}:L;'L"uu:-?u: P S

N g g 2' it} G GD ‘ ) .
NLCE RPN 4 ¢} )x I't?\""?—r—; -+ Iy(00)
. T o 11 2
\":.';::u..» S . v l:hD.Ji..) ()l 11\.«(% llnI{ ) s 3 (4)
w B HE ot

"L.3 B Sex ’,\le+ 12 G;D(mKA n2) |

LR Bt B tew v

m{{*unl |l<mK*"'q ” Vo

< * . -
SERGLT. Vaud il TR WY IVIUN SUS TR VA i
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Here K(o0); L(oo) are subtraction constants and the various coupl=

ing constants are defined by’ the following invariant matrix

elementss
J2a ¥ <0!Aﬁ(0)’lt K (@)D = 1 7 qH
J2a ¥ <ol o) = 15,3y
m<s{+(q)l;j LK H(p)> = GK*"' ogt+ @ *(p)eq
V2a,¥ < ola 01K, @)>= o e,4 Aq)

V2V o4 (0 Mhigo(O)IKI(R) ) = Gy x—-e A(p)eq

v2q ¥ <uvﬂ(o)1|1<*+(q)> GK,,, I}ﬁ*'p(q) (5)°

*+ . K +
Vaa o2 (B (@) 3,000 K0T = 1E o MK+ ap o Fuq ]

/] ‘ Ky ¥ o Ky
4QOP0V2(KK(<1)I o(o)K (p))—mit} e ’eK-l-G et oq e .:I

The indices on the currents are the usual SU(3) tensor indices;
the coupling constants Gs ,D determine the decay rate of KA; angd %
is a scalar isospinor ‘strangenesstarrying meson. For the
aiscussion beiow we also need the K = 7% and # - 7° form factors.

The' former™ are defined bys:
Jax_p V2 it (k)lVF(O)ilK (o= F(6)(pra)y +wj;<'t)(p--q)l1 (6)

where t = (p-k)2 = ¢, In the exdet SU(3) limit F_(q%) = O while
F,,_(O) =-1//Z. A similar definition is given for ¥ - 7° form
factors i‘+(q2),_ coris:!.d)azring ‘the matrix element of axial current.

In the pole dominance -gpproxipation we finds:
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2 Gine G0t :
F (") = = ""-——'—"2“"'*' F, (07
Z(mK§ = q ). ) 7
Z oy Gor Gk ot G+ o s
2, Dg=n K* YR TrOK % K %
}'n(q = w
| ' ZmIZ{* (mK§ - ¢ (mi - ¢?)

where we have used the fact, that the subtraction constant in Fﬁ(qz)

must be vanishing under the hyppthesis of gt most once subtracted

dispersion relation- for-the matrix element of the divergence a}‘(v}}3).
Here the Kwi coupling is defined bys:
/""“é\/ + +
49, p Vo (g (OIKT(P))> =4 @ (8).
00 d 7° > ‘K+,n,9%+
For wtem® form factors we finds
G, G o,
K, "K, m°%
£,04%) = - AaA =+ 1, (@)
2 2 G, G+ o+
o D= oy \ Ky Kymd Fp Geb jopt
£ (a%) = " PP S
2 ¢ - q%) (nz = %)
", /. Vx, K

* % ok

. ‘ . '
IX. Sum lRug?es from' the KA and X Matrix Elements of Two Currentss

Weynowy set .up a set-of . self consistent sum rules among the
various sybtraction constants. The solution of these eguations
‘will lead %o’ the . Weinberg sum rules and é:lcpressions for C-s apd GD
to determine the decay wWidth 0f'K,o We will illustrate the
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procedure by discussing the case of K* matrix element of two

currents introduced below.
Consider the retarded matrix elements
wﬁ’ﬁ = 1 /25,7 (a®x e Focx ) <oi Exy(x)g_a A,(x)5, AH(O% J| )
(10) °

1/"—ap 'Jd‘-"xeiq'x 6(=x )<°H_f‘ (0)1“’ A (o) 5 A (x)'g]x (p)) -
Thens

%’ w‘l{f; w;f* + 16y elli*(p) (11)
where , .
p=k+4q,

] *'... 4 ik v Y-S 1 e
V=1 /2| o oo, )Ko| [ 4,4, 05 4, c00] :ig

=1/ |a% M %a(x,)of [0 (0N mn (0323, Ap(x)gll{*"'(p))
and we use the current algebra equal time commutator relation

o i, 7l oade yfrd k_ k i
B[22}, 2,000 |= 8% Bymc0)k- 5% yof (13)

in the second term,; on the right hand side, obtained on integra-
tion by parts.

We take, now, the limit k’ —>0 so that k> —>0 and qowmiye
Since the poles involved in WK* are due to m°, A{g K, end K and
thus there are no poles due to zero mass in kzor corresponding
60 mass mﬁ* in ‘iZ » 1t follows that

N4
Lim % wﬁ*v 0 14)
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Consequently:

L Lm w/{j*(ké 0, 4% = n5y) = 1 Gy eflf("‘_(p) (15)

To apply this result we first caleulate the invariant form
factors az?pearing m_wﬁ*(k?-, 4%) by assuming that they satisfy an
unsubtracted dispersion relation for fixed 'invariant }4 y where

R=o g + (Lea)k® (16)
and of{0<e¢< 1) is a fixed arbitrary constant. We evaluate them
in pole dominant approximation. In this way we retain the pole
contributions from both the variables kZ and“qa. We find:
By V2 E afky(ad) G 103 (
gis P 2 _.2 T2 2 7

(m” - X) (mKA- a”)

(+)

+ terums involving eK*. ko

where

p= g + (1 - onmf = g+ (LI =t o & (100
(18)

' and-;ﬁl_i.a(ka') are defined by:

/._éqopovz<KZ(q)l@P(Aﬂ(O)g_—Aﬂ,(Q)g)I_I{*+(p)>

2y K 2, Ki
=3 ﬁ-l(k e ™ e +Féfk e ®pet. ;] o (19)
THa pdle dominant expressions for [31 2 are we »

2 Saa -gppendix.
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-VZ F. n?a
(mv - k=)

(20)
-2 F, m,ar.G;)

Fz(ka) = +B, () .

(f - ¥2)

‘Hence V2 F_ mﬁ
BB, ¢@) = 165%(p)
H g 2
: (mﬁ-ka)(mf{A-q )

'
Gy G,
Ky's

+

2
. WEL F,m X (o) G,GKA {31(-0_0.)
(- x7) Cug - )

+ terms involving (eK*-k,) ° (21) -

From equation {15) we then obtain the sum rulet
GKA(/?Z F_ Gl -pl(qo 3
Gge =v2 F K (00) +

PN (22)
(m, & = )
K, "~ UK

4 simllar sum rule obtained by considering the KA matrix
olement is discussed in section (V).

K %k g

IIT. Matrix Eléments .of Curren t'Divergences
Information on [31’*2('00) can be obtained by considering:

1M = L g (23)
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A ja‘%: o19+%5(x, ) of 174 (02 -4, 40)3), 2, ) L]

*
IK +(p)> (24)
- ex oy ool Y 1 2y oH 13]
= 137 [a% 015 ax,) <o 0¥ (a, il 421D, 0 ,00%]
Wt o
,K o))
and C is the other term obtained on integration by parts and it.
involves an equal time commutator. If this commubtator is assumed
to be a local operatory C is a constant. In the present case C
*
is vanishing due to‘ an, ular momentum considerations. WK_is expres

sed (Apperidjx) in *“he pole dominant approximation proceeding as
¥
,in the case of WK andy finally, 'from equation (23) we obtain:

H G,
K ol
v-FmK(q)+2P2( )<—->

1 -o
- . .
-F_ mn, K5(q < ) - F mﬁ El(ki)
—A ESl(kg) ik (mK* - kz) A (1«;‘2 ] (25)

where By(k%) is defined by

Laagpgr® <xof a0t - 2,03 £ (p)) = 5,05 (2150
- (26)
Allowing Jr—$00 .we £irid fiom equations {18) ana (25),

which holds for arbitrary (g( «<1), that

Bo{o0d = 0.54) Kz(e0) =0 (27)
and
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- Wm?Ka(oo). «Fxmﬁgl(oo) -
.GKA
— |8 - d 28 _(k2)| =
z Eil(oo) 3 k%-i:oék Pk ))] 0 (28)
A

Starting from

sf = +/23¥ Jd%; o"LPE o Xic*(a)| [1¥ 4 (00L - 1,025),7, Gx)3] o)
| (29)

=AVET Jd.‘%: 1% a0, )" b (4, Ge -, 20,7, (032 |0}

and considering

- 1 p}\‘ S; + st= constant (30)
where .
. sk= 1 ,./zqov a%x e""ip"x"g(-ko.)(f:(q),E’/(A&(O\)}-AV(O)?;"&WF(x)ﬂ’0)
' (31)
we can show, likewise, that’
El(oo)li'ﬁ,o ° (32)
Considering
7{0;: R y Y ‘ip" ; -’ . ¢ 3
sﬂ ANV |aher ™ IPoR g %) <1r9(k)j‘EapA/y(0)§,, vp(x)ﬂlo>
(33)
We are lead tos
E,(e0) =0 (34)
where ‘
/e p 72 <) o AF(O)llK"(p)> Ex(e?) o5 (p)eks (35)
that is:

Ey(a?) = - xl(ef) * (G mZ)K SCORELS MES (36)
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and,similarly, by considering
}* = 1/"21: 7 la%e o~iPeX g(x )<zr°(k)“_¥'v (0)3, A (x)l:Ho>
we show that
E3(oo) =0 (38)

where )
ak p 72 <) o v, 051K(p)) = E5(a®) o Mp)uk (39)
that is .
B(¢%) = = L(a®) + (o =n) 15(a%) + 415047 (40)
We note that Ea( 1) = 0 leads to, again, with our assumptions,
Ks(0) = 0.

* ok K

IV. Sum Rules from Pion Matrix Flements of Two Currents:
Likewise we consider:
igex ©° ]
}*V = 1 VEE vfa‘}x 0(e Xr°(o)| [3, (x5 v, (02 ]]o>
) (41)
P - =ipex - (o] 1 3
12T Jd"‘x o™ P Xg( x, )< 7 (k)le(°)3’vﬂ(X)ﬂio>

]

b8yt A2 Ik + b pyip, + Bapyt Ag ko
and

P
1q) TS e Ly
| S SRR T B -
where
.o 2
b s e o ] gy ot

(43)
= L VEF a%f e"ip°x o(-x )<v°(k)l[ a, 02k, (x)ﬂlo)
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obtained on integration by parts and using the current algebra
comr;nutation relation. We write then unsubtracted dispersion
relations for J‘.‘.Lxed)% for the Ilnvariants Ai(qas pa). After a
stra(ightforward calculation following the procedure already
qxplaixied, and using the results already obtained we find:

Lé(oo) = L;(oo) = Ka(oo) =0
Ky(w) = 2:Lim 'Exz Ks(qzﬂ (24)
Ly(o0) = R E1 15 ()]

¢® =00

In addition we derive the folleowing sum rules:

F G O
w 1 A L | A 2 .! 2
—= =2 Fg F,(00) =~ Li{00) + = 1in E1 L, (q )] (45)
/3 2 2 2
mKA mKA- =~ Q0
and
e T () = (oo)
F g
T A ; 3
B oex e an Sme— L;L(Ob) = lim (qz Lz (QZ))
/2 amﬁA @~
Ow | o ’
*oz Kyl )., 1im (a® K, (¢7) (46)
¥ ]

Q" ~ow

,Here F, (qz) dénotes 'Gho X - . 7° i‘orm factors defined by an
expression similar to equation (6).,
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. Using the pole dominant forms for the various form factors we

can re-cast them as follows (¥)

F
3 _r m
Fy £,(0) = Fg F,(0) = = 7 (47)
and
Fy Fy(0) + Eg £,(0)
G, G
K, “K*
_ A ' vt 2.2 2
S CREL AL LR
T TR, '
e O, O v Tk Ox Oper o0t ‘
ot o o > > ° (48)
2
K, D
From equatlons (28), (32).and (‘,,;4.4,)}1 we find:
_1 2 5 2
Pyo0) =5 k%ii Ec 'ﬁz(k ):] (49),
0
and from equations (20) and (27):
B(%) =% /2F, o (50)

It is ir}teresting to:remark that according to the partial
conservation of axlal pion -current hypothesis we should expect both
frlc)=B,(c0)= 0, contrary to theiconclusion arrived by using our

procedure.

From equations (3)y (22), (44) and (50) we deduces:

 a ‘ :
&P In arriving at this voguld wehave been madeof SU(3) symmetric couplir‘xg
"

r:lationa o K iiﬁ KT "'KH' o * 5w GKA ”o“-” GS,D = - GS,D
V00 A
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GK*. | ,
= Fg Ggur gog+

V2 F,

: 2

G

K, "k ' N
A ' V2. 2 2

*, E‘rs "*%GD(‘?‘K* - mKA- mn.ﬂ (51)

2 p2 L 2
e T A

#* ok

V. Sum Rules From K,2 K and z¢ Matrix E;Lementé of Two Currents.

YWeinberg Sum Rules
Considering

r“’ 1 /5T |2 J o™ oty 40| [4, -1, 2, v, 0] [x7o0)
' ' (52)

and proceeding as in section- (II) we can obtain:

G
K ,
n
= =F, G- _o
vEE kKT
Gy m 2 :
K+ By
. A 'Ll 22 2
ES+ZE}D(mI{A'mK*' mir)] ° (53)

B~ miga)
From equations (51) and (53) we show:

2 Pl
G
I
%E FTT . mK* mK
B P O, % w0
= 4 -
2 2
Dyox mKA
oy G ,
- K> KA’ r;lﬂ oL ;1_-_ pj £ on 2 b e 2 “2\-1 T a8
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Using equations (4), (7), (44), (47), (48) and (54) we find:

-
i R
mel B
= 2 /Z F FF,(0) = F2 (55)

iq obtain information on. F':‘_(O) we consider

s}‘fy = 1 /257 |a% oTHEeX 'e(*xo'KK"(ci){ Ex,,(x)’i-A,(x)g, ‘VF(0)§][0>
(56)
and proceeding .as in section (II)-we find
K20 222y = o
y{hich leads to 9
Fgg‘ g(O) )
- Fy =+ /2 F_F,(0) + 5 (58)
(m% bl mK)
where
Vaq 0,77 <K (@) oY (40008 = 4,0002)[2%(p)) = 1e06?) . (59)
Considering; likewise,
s;f, = L /ET |a% ™% p(x ) <_ac+iq)l Ey(x)}- A x5, Alu(0>ﬂ|°>
(60)
we obtain, - EK- 2(0)
=, =42 F£,(0)= P (61)

(g = mz)
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From equations (58) and (61)s

I‘izc - FQZC =3 er‘ (F,, £,(0) = F¢F (0))

: (62)
|
=vZ2 F, (F, £,(0) + FyF,(0))
Combining with equation (47) we obtain:
. TR+ E -y
VEF0) =  ———— (65)
z FTTFK
2
FZ - FZ -2
K~
V2 £,(0) = —_ (64)
RN
and then, from equation (58)
2 2
(FZK"FZw”aza)(mK“m:e) .
g(0), = . (65)

2 FK‘F?'C
These results were already discussed in references (8) and(9) .

From equations (55) and (63) we obtain the Weinberg sum

rule 2 C—Z
Gy K,
— = (F2 - F2) (66)
2 2 K% :
Dy mKA

.45 a self consistency constraint.

The results of equatlons (27) and (44) justify the assump-
tlohs made on the subtraction constants of the form factors in
reference {52, . The equations_(él) and (53) are identical to
those of the 1 Torence mentloned if I-"_m = 0, Tho decay widths in
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this case were already discussed and fqmul to be in agrecement

with- experiments: We now discuss KA ~>Kp decay made.

LR

KA —Ko Decay
I. KA and L Matrix Elements

The decays such as KA ""'KP’I KA -~ Kw and (p-—*K-’IE ¢ with -
the large mass of kaon, can hardly be treated by soft kaon tech=-
nique. We will only sketch the calculation since .the technique
has been already explained above. The partial decay width
caiculated for KA -ffKP process is in agreexflent with the presentm

experimental data.

We start by defining. the form factors 61’2,3 and Hl,2,3 ap=-
pearing in the following invariant matrix elements

Vaegp VE C p%00] Ay(0E K (p)>

- 1ler et T (q2) = (42 - Blg2 -
Legti)) E,wGl(q ) = Ga(a7) q,(pth), = Bslq®)q, (k p),_,](é )
7

aq o 7 CERDIV(0 - 7 (0)31x*p))

v
k
-1 (e;’}n(q)‘f[g)/"ﬁl(ka.) = B0k (q#p

]

>H--'rziu{‘?)x&(epp)l (68)

In the pole dominant approzimation wo calculate
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Gy ¢S
A
Ei(qa) 2 - + Ei(oo)
(m? = ¢ )
mKA
D
GKA 1]
E)(q):-!- > +GZ(°°)
2(m~ - ¢®)
mKA q
_ Gy [GS+% GD(mi - mZZI
C-3(q_) = 3 - * -
. mKA (mK2 - qa)
By GOkt
- + G3(oo)
mﬁ - q%) :
and )
56 = -2 5 )
. (03 - ¥2)
D ;
— 2 Go G -
(k%) = P + Ey(o0)
(n - k<)
S .1, 2 2D
HS(k)=' > +H3(oo).

o "(mg <'k%)

The various coupling constants are defined by:
S, - 1 32100 Y\ )
VZp ¥ {0 v,C0)] - V‘A(O)Z\IR (p)D =42 Gp eﬁ(p)

G, S OK+

2152 CRED LA = (pra)b

(69)

(70)



58

313
K,. \ A %
& /aq V" <Kz(q)la.£(o)|1<*(p.)> = 1<e A~(q)2> E}ng‘ +ePf ()
where k = (p=q),
We also introduce the form factor e(kZ) defined by -
SACHIACHER ACHENEHE (pra), o(x?) (72)
- and £ind easily: N
V2 ¢p Ctgog*
e(k?) = = +e(0) . (73)

2 2
2(n - k<)
P
There is only one form factor in this case if we assume that the

.8U(2) currents V: " (1., J =1,2) are conserved. This assumption

B

also leads to

By (0 )=0. (74)

* % ok

IX. Sum Rules from K Matrix Blement of Two Currents -

Foilowing arguments similar to those in sections (IV) and
(V) we can show:

Hy(co) = Gy(o0) = 53(00) =

B(e0) =~ 1m [ B02)] (75)
X% - oo

= = A
Gy(c0) %im E Gz (I )]
k= > w
Consider the retarded matrix element:
S = 1V (4% F axy) <ol [1, 000, v, Gotv, | [€en)

=4 ogt Ap p,+F ALK X, + A puku + Az p, ky, €76)
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Wa obtalin a.fter integrating by parts and using current algebra
comnrutation relation

w'sf, = - ¥, o
where We have also used the conserved vector current hypothesis

for qul 2 This relation 1eads to two sum rules:,

a(0) =1 (78)°
and V2 Gp GI'{+p°K+
FK 5= -
m 2
p
/2 Gp G
~ﬂ--—--—---~--—-—A [Gs+-(mK-mK-=§)G]o (79)
n’ nd 2

The result in equation (78) is already expected from the CeV.Ce
hypothesis used above.

IIX, fg Matrix Elements of Two CurrentseWeinberg Sum Rule:

Considering the matrix elements

W = 1B Jd‘*x 0P o0 )< 02| [a,0011, (x)ﬂloﬂso)

and

K o ) 3
w’,“,% = 1 /247 {a%x o~ Heex Q(—x°)<KX(q)l Efyl(o)% -Avi(o)g,

Ap(x)ﬂ [0) (81)
and, the borrespondin_g relations
- o 16p
Lim WP 2=’O 228y = - — aP .
. 2, o (=05 a7 = m3) 75 &) ®2)

and

o p
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lim W A(p 20,12 = mK ) =10 A(q) (83)
Al
_where

WP = 4 JEEF a% omIP ol %) [2,000%, 0 Aﬂ<x)§]{o>(84>
and - i
X . : ) \
A = 1 /ET la%k e™IP o(-x,)< KZ(q)l [v,00)} v, 0%, o A,u<x>§] lo
(85)
we obtain the following sum rules:

Fo G m
Gp KK D
7R o E*s bo? e, )
(
RN 2 (86)
and /2 Gp F. n&
K 7K,
- ——= — P = mg + (87)
%, 2( 2 [ * (m mﬁ]
Ky P

Froﬁ‘equations (78),\(86) and (87) we derive the following Wein-

berg sum rule:

=% (88)

Equations (66) and (88) are derived here from entirely different
point of'vieﬁ than was used in their original derivation in ref.
“(20),

We also remark that'forAthe form faétors DJ_,2 defined by
/a2 v? (po(k)leA (0)3]K}(p)
=1 eHA(p) o “0o(a® ¢ ny2il] (89

as in the case of Pi’a,ignly D, is unsubtracted while D,(c0) A 0.
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* PCAC hypothesis would require both of them to be unsubtracted.

We can use equations (86), (87) and the Weinberg sum

rules to determine the couplings GS and GD and " calculate the

partial width for the decay K, = Ko, Which isigived by

1/ x \|, @ 02 fﬁ_& '4
P = e [ — o N @ ¥* -
I —m gl = _GS > 2 2
By N\, P 3
- 2¢° o® (90)
8,9

We determine F from decay of piony FK from the relation

(F /F )2 1el7 and C-p and G, from Weinberg sum rules assum~
K K. )

ing Gp = GAle If we assume that p couples universally so we .

o, * and the experimental decay

2 Tr p
wildth of p to obtain G + 0. -~ .Lhe:, part.’:.’alﬁwidth 1L thus

can make use of GK+P

K p K°
calculated for the decay KA. —-*Kp comes out.to be ~ 8 MeV. -
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APPENDIX

(v

i
V2 E, n K (o) G, Py )

f - 1) g = o)

Hd
The complete expros .uuu.; ol and W s riven Ly

i

X i el}f*(p)

/—FmK(q) G ﬁ(ka)
2
ok (pHc), T

' (2 - ka? 2('1111{‘:'l - .qa)

L

m -

/ .
2 2 2
K V2 F, uf K.D,;ql) Fy E; ()
P\ a2 -y (x - )

+

G
Ky

- 2 2. .2 '
> 7 2 {P’.L(ka) +3 (e 18) o0
‘mKA(mKAw a”)

Fy nig By (k)

o
(mfc‘ iy q

\kz ( Kl(ql)+(mK*- Kz(ql)*"qll%(qf)>
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V. SIMETRIA ASSINOTOGTICA“SU(3) E 0S FATORES DE FORMA NO DECAIMENTO K 9

Prem P, Srivastava, Nuovo Cimento 57A, 454 (1968)
RESUMO:

Os fatores de forma F+' (‘qz) ‘no decaixﬁento,Kl sao estuda-
- ~ 3

dos admitindo-se que'a,simetria SU(3) se torna exata quando nas altas

energias e momentos transferidos.

Supbe-se que os fgtores de forma satisfazem relagoes  de
dispfarsao com, no-maximo,’ uma- constante!'de 'subtragao. Conclui-se entic
que lF_(qz) e (2 F+(q2)_ - f(qz)) ; sendo f\(qz) 10 fator de’ fofma no decaj
mento T 1,0 devem satisfazer relagdes:de dispers'a'.‘é‘sem sx,xbt:_ragaes. ;s-

to nos 'leva a-seguinte relagdo:

Go~ o B
—— w26 [
Ger™ 59k Dy
gue estd em bom'acdrdo com a experiénéia. /Achamos, vtanbém.gue
"2 2
F_(0) Ux T By Be &~ w0k
';(O)=F(O)= . ' At -
: ; G 2 s 2
* . Fy(0) myg
e para o -caso em que mK'( 'm,\;é(mK + mﬂ_ o \{alor estimado da lax-

lls

gura pafa o decaimento ¥-» X + 2% & calculado como & 10 a

10”14,
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21 Soliombre 1948

Il Nuovo Qimento .
Secrio X, Vol. 57 A, pag. 4h4.-46t » -|

Asymptotic SU; and X;; Decay Form Factors,

P, P, SRIVASTAVA
Ocntro Brasiloiro do Posquisas Flsicas — Rio do Janciro

(ricovuto il 12 Agosto 1968)

It hias beon suggested by GLLL MANN (1) that the ST, symmotry, oven though badly
violated duo to ohserved lary go mass differences within a multiplot, may still bo & good
symmotry when high enorgics and momentum transfers are involved, Wo'study in
this papor tho application of this idea to tho K;; and m,, decay form factors whon somo
of tho form faotors satisfy {onco) subtra¢iod dispovsion rolations. Tho results followmg
from this idea aro in good agreoment with oxperiments,

Tho-X-x form factors in X,;; decay aro defined by tho matrix ‘cloment

1Y V 8o V)|V (ORI () = {p -+ BT 40+ (2 - By I(gh),

whero 2= (p—£k)* and in the oxact SU, limit P.(q’):() while I‘+(0)~ll1/2.
Tho my, decay form factor is liliowise defined by

(2) ‘ V‘i"oPoV’(ﬂ"(k)IV,.(O)fl"'(P)) = HP)p + B »

wlero the consorvod-veotor-curtent hypothesis for 7,,, implies /(0) = +/2.
‘The hypothesis of tho validity of SU, for large momentum transfors implics that

2Fy{00) — f{oo) = 0
and

(3) T (e0) = 0,

it ‘V,3 and V,,2 belong to the snmo octet, Thus 1’_. would satisfy an unenbtracted dis-
persion relation wlulo T, and [ niay satisfy a subtracted dispersion-relation. In fact,
recently, in an atlempt to oxplain tlo A, — p+r: decay by ourrent algebra tcchmque
and to corrclato the decny Ay pdw, pomy-nand the m2—n® mass difforenco, it
bns been suggested (%) that tho pion slectromagnotic form factor'should satisfy a {onco)

{1) M. GBLL-MANNS Phys. lcv,,. 126,,10067 (1962),

(") 11, J, Scivarzen ond 8, WiINnEre: Phys, Rev,, 164, 1828 {1008); 1R, Annowrrt, L M, FRispMAN,
ond 1’ NaTus Phys, Hev. Lell.y 18, 1085 (1967); J, Bonwinasnt Phys, Leil,, 24 1, 413 {1907); Faxva.
LUDDIN ond Rmzvnnm. prvprlnt BKINS 0704 (lDMS.




=7

) (27, (01— ) = f ap? I"'T*(”” —Imjle),

4

* . 'v
Now, the oxperimenia al low momentnm transfor infieato (1) thiat thoe variation of tio

" form factora (with memontam transfer) i vory well deseribod by nsstming Lhal J0, s

dominated by the K* pele whila / by tho p poloe. Wo may thus calenlaio tho rights
hand wide in o, (1) in llm polo-dominant approximation to obilain
s
2(:,(.(.',(..,,.,(.‘ " Coflpmin-
R -- e = 2F (0} —
2o amy 10 vz,

(6)

whero wo dofine

o VRV O[T (ORI ()> = GrpeelS®(R) .

Vi po V2Rl WY (p)) = G

and annlogous oxpressions for, eflicr coupling constanis,
Wo con also dorivo Lho feliowing rolations for K* couplings, nssunuy;
onco subtrasted and is polo.dominated:

@ Gl FRLS N
2nte

JHore 4 in tho pafameler defined by

(8 T4(g%) = T (0}~ Aq*[nr})

T ia monsured oxporimo .t:ril;‘-:(‘) tn bo 4- 0.023,
Wo ‘eblain from oq. (5)

ol - ” { e\ ?
—\E - Q{1338
om? V2 l A ( . (A

Using tho relation () G, = 1/Zm, T, wo find that corresponding to JIF (1) == 0,45,
tho value obfained by current algebra calonlalion (), the decay wildlh for o eomes oul

)

{*) A similar conclusion Ia also renelied innourrent. algebra appeonch to thoe Xen form Inctors, Eeo,
for oxample: 8. L, Grasnow and 8, Wiinnsea: Phys, Loy, Lell,, 20, 224 (1068); 1 1% SRIVARTAVAL

CCERN proprint Th-803 (1068}, Lo Lo published in Nuel. Ty, -

{") Soe, for lo: J. Winvas: 1 {noa of the TIc{lI(Ihrra Inlcmnlmnnl Conferencé (Amstordom,
1008), p, 273,

(1) I, IawananAvAsHE and M, Suzust: Phys, Nev, Letl,, 18, 255 (1996);7 1tAzupmn and FAY YA+
ZUDDING Phys, Hev,, 147,.1071 (1060)
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to ho 110 MoV io ho compared with tho exporimental valuo (110--140) MoV The
corresponding valio for GeGiempn-{2mie is found to bo ‘=~ 0.57
‘From Woinborg's spoctral-function swn rules (*) wo can dorive (*)

(10) GreolGp = (tcs ) V2= (Bl )
Tho oqs: (7) and (D) thon lond (for () (Fieflp)i = 117 and VEZ";,(O):: 0,88) to

(1) Ga-ﬂ-,,-l(}',p-,.-x-.= 2116(1"’,,1”]{0) s

which gives a widih of 41 MoV for the K* docay, in good agroement with the expori-

montal valuo of 40 MoV considering the approximations involyed in doriving eq. {10}
Wo may apply similar arguments for FL{g%) to obtain

a2 - £(0) o= F(O)/T4{0) = (il — m) A & T Cremru=lT1(0) 1 .
whoro we dofine

V2o VO]V OR frm(B) == 4T

{13) e )
V Gege VAT () s (0)|57(P)> 2= — 1Gicommem

for & sealar isospinor strangoncss-carrying meson x. Wo ean mako an estimato of tho »
litetime from eq, (12). For {ho intovesting. caso of mye < m,, <y - my wo find that
with (%) 4/3F4(0)~ 0.85, (Fy)Iy)?~ 0,34 and m, = 570 MoV the lifotimo of« for decay
inte K42y, ealculaied in a polo model, is 10-1 s, if () § =—0.5, and it is 2-107% s,
if the valuc of & is “£-0.3. For my == 610 MoV tho values in tho two casch ave'1,5+101 &
and 2.5¢10-1 s respectivoly. )

"
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