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Summary. — The (-decay rate of the hyperons and thel eptonic decay
rates of the kaon are calculated in an intermediate boson picture, where
the intermediary boson is the K' particle. A numerical estimate of the
coupling constants is also made, though of preliminary nature.

A recent experiment (1) confirmed the fact that the observed B-decay rate
of the hyperon is an oi"de_r of magnitude smaller than that predicted by the
unrenormalized universal V—A theory (2). This suggests either the univer-
sality breaks down or the renormalization effects are of vital importance if
the conventional V—A theory still holds in this process. The vector and axial
vector weak current between the hyperon and nucleon can be written in a
general form, on the basis of covariance, | -

KN al T> = T s + 151 O
<~/V|Pul Y) = uy [91(3)7u+ gz(s)o’uvﬂ ‘f‘ Gs($) W’; Vsly

~where the six form factors f and ¢ are functwns of the four square of the
momentum transfer k,

s=k, k=Py—Py.

(1) W. E. HomprREY, J. KIRZ, A. H ROSENFELD J. LEiTNER and Y. I. RHEE:
Phys. Rev. Lett., 6, 478 (1961).
(*) R. P. FeynmMax and M. GeELL-MANN: Phys. Rev., 109, 193 (1958).
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Several authors (3¢) made use of the dispersion theoretic approach to com-
pute these form factors. The intermediate states which connect the hyperon-
nucleon current and the lepton current must be characterized by charge —1,
strangeness —1, angular momentum either 0 or 1. Only two simple states,
4.e. the single kaon state and the single kaon plus single pion state; were included
in the computation so far. Their conclusions may be summarized briefly as
follows (¢). In case of the ANK relative parity odd and AZ parity even, the
single kaon state contributes only to g,. The kaon plus pion state makes a
contribution to all f's, but those to f, and f, are negligibly small. However,
the form factors f, and g, have very little effect on the decay rate, because
when the accompanying operator k, /my is transfered to the lepton current it
- yields a small factor m,[my:

I, @, (1 + 7ty = T (Pey) + (Pyo9)) (L4 ypu, = im B (L + 7,)u, -

Thus the decay rate is mainly controlled by the « subtraction constants » 11(0)
and ¢,(0), which the theory leaves undetermined. - When f; and ¢, are nor-
malized such that the case '

f(0) = 41(0) =1

corresponds to the unrenormalized V—A theory, the decay rate reads, e.g.
_for the A-hyperon (7); ' '

w(Ag) =1.43-107 s7[|£,(0) [ 4- 2.96| g2(0) 2] .

A further dynamical model is required to find the «renormalized coupling
constants » f,(0) and ¢,(0). For the nucleon B-decay the hypothesis of partially
conserved axial vector current (®) was remarkably successful. This hypothesis
assumes that the divergence of the axial vector nucleon current P,: is propor-
“tional to the renormalized pion field

a,uP,u = ?:a’n‘pn: )

E. M. FERREIRA: Nuovo Cimento, 8, 359. (1958);

N. CaBeBo and R. Garto: Nuovo Cimento, 13, 1086 (1959).

D. Framm: Nuovo Cimento, 16, 194 (1960).

D. R. HARRINGTON: Phys. Rev., 124, 1290 (1961).

D. R. HARRINGTON: Phys. Rev., 120, 1482 (1960). :

J. BErRNSTEIN, S. FupiNI, M. GELL-MANN and W. THIRRING: Nuovo Cimenio,
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where the real constant a_ is determined by the pion decay rate

, 2
w(nt —ut+v) = G (ﬁb—“y (1 — m—‘;)z az

My \ My My

G being the Fermi constant

-Gm‘;,rv 1.0-107°.

The renormalized axial vector coupling constant G, for nucleon B-decay is
then shown to be related to the renormalized pion-nucleon coupling constant

g, by
@ dﬂgﬁ

A=t

=12
G 2my-mn

This was actually first deri_ved by GOLDBERGER and TREIMAN by the disper-
- sion theoretic method (°). We may analogously assume that the divergence
of P, is proportional to the renormalized kaon field B

0,P, = i@y , '

- . - . . RN)
where a, is given in terms of the K, decay rate

2 2 2
W(EF = g 4 v) = o (ﬁE) (1——3;‘>2a§.

San Mg
The corresponding Goldberger-Treiman relation is
-CLK;(]K
(my + M) mf;

)

9.(0) =

' g}K being the renormalized YNK .coup]ing constant,_ hence

6:(0)  ax [(mg\®  2my U 10
= E (=) 2R 0.1 (1),
Mg/ My -+ My Gx

Y3 O

which alone seems to be too small to fit the experimental decay rate.
To obtain an estimate of the renormalized vector coupling constant f,(0)
we assume no subtraction and introduce a stable vector meson K, the exper-

®) M. L. GoLpBERGER and S. B. TrEmMaN: Phys. Rev., 110, 1178 (1958).
(19 Y. NaMBU: Phys. Rev. Lett., 4, 380 (1960). :
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-imentally observed Kr resonance state at 885 MeV (1) and compute f,(0) in
the pole approximation. In the same model the leptonic decay rate of the
kaon is called for to find the unknown coupling constants. The K'-particle
is assumed to couple strongly to the baryon and meson current by the pheno-
menological hamiltonians

H,=ig, Ny, Y-E +he

which are further assumed to be isoscalar. The K'-particle is coupled weakly
to the lepton current by '

H,— @y, 1+ v + By L+ y ) K, +hoc
The possible coupling of the K'-particle through the « moment » type inter-
~ action are ignored. The decay diagram of the hyperon and kaon are shown
in Fig. 1. We can immediately see that the decays

2t —=n -+ et 4y, Ko—é-ﬂ?_’-.—l—,e_‘.—f—"\j, , K°—>'rr++p‘—l—$_

are forbidden in this picture, because , K*’ has strangeness -+ 1 and strange-
ness has to be conserved in a strong vertex. This is in accordance with the

Fig. 1. — Léptonié decay diagrams of the hyperon and kaon via K’-particle.

AS = AQ rule, however this rule seems to have been experimentally disproved
recently (2). The vector meson K’ actually reproduces the contact interaction
of the baryon and lepton currents, because the essential part of the matrix

' (*Y) M. Arston, L. W. Arvarez, P. EBErRHARD, M. L. Goop, W. GRAZIANO,
H. K. Ticao and S. G. Wogscick1: Phys. Rev. Lett., 6, 300 (1961).
(*?) R. P. Fry, W. M. PowerLL, H. WHITE, M. BaLpo-CeoriN, E. CALIMANI,
S. CramporInro, O. FaBri, F. Farini, C. Firippi, N. Nuzita, G. M1ari, U. CAMERINT,
W. F. Fry and S. Natar1i: Phys. Rev. Lett., 8, 132 (1962).
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element becomes

_ 1 kyk,
UN)/ﬂuY . m : 6’,“; "l“ m% ue'}}v( + ’}/5)’“@ h

1

_ _ My — M50 ) M
B m . (zu‘N’yMuY‘.fueyu(l _|_ ys)u'u — _(_.w

Unethy (1 =+ v5)u
me N ( Vs) v>,

where the second term is completely negligible due to the small factor m,/mg;.
The decay rates are found in a straightforward manner as

w(Ap) :%-iﬁz i—n -y X 5.42 107
w(Zy) :%-%ﬁ-%-mzx3.o5-1o—§,
w(Ky) = %-g—z-g-mxs.%-lo—s ,
w(Kua);i-Z; Z;% i 2.12-10-3

In fact a completely analytic integration in phase space is possible for the
electron decay modes putting the electron mass zero. '

A N°of electrons
60_(arb/'tr.szry scale)
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Fig. 2. — Electron spectrum in K-decay mode. The abscissa is linear in the electron
momentum. '
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We see immediately that the branching ratio

w(XKes)
~ 1.2 .
w(Kua) ’ v

18 consistent with the experimental value ~1. For the purpose of reference
in future experiments we draw the lepton spectrum of the kaon decay in
Fig. 2 and 3. 'The muon spectrum in the K , mode has a peak at muon total

A N°of muons
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0 MeV/c 129.2 MeV/c ‘ 215.3 MeV/c
Fig. 3. — Muon spectrum in K s-decay mode. The abscissa is linear in the muon

momentum. In the energy scale the endpoint corresponds to muon total energy of
239.8 MeV and the peak to 166.9 MeV.

energy of 167 MeV, which reserves the possibility of distinguishing our model
experimentally from the other models (*3). The K'Kx coupling constant g is
related to the full width of the K'-particle I' by (*4)

(v29)* 20

47 3 e s

I'=wE ' -K+ 7)) =

(1) N. BRENE, L. Ecarpr and B. Qvist: Nucl. Phys., 22, 553 (1961).
(**) M. A. B. Btg and P. C. DE CeLLES: Phys. Rev. Leit., 6, 145 (1961). .
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where o is the momentum of the final kaon or pion in units of mg. The
experimental width 16 MeV (1!) gives the estimate

gz

=~ 0.83.
47 - 8

T

The weak K'ev couphng constant f then will be found from the experlmental
decay rate of K, w(K,)=23.36-10° s—l as ,

~.6.7-1071%,
41 710

Inserting this value we obtain

s,

wiy) = B

(4/2g5)*

TT

w(Xg) = X 2.4-108871,

or alternatively the form factor 1,(0) of the A-hyperon becomes
1(0)] 2~ ZAxo 029 .

To obtain the experimental decay rate, w(Ag) ~5-10° s7%, the coupling con-
stant g2 /4o must be of the order of 10. GOURDIN and RimMpauLT () analysed
the production process ©+ N —Y-+XK in the pole approximation and arrived
at the estimate -

R /%
. : in 1 8,
-as well as at the assignment that the AZX relative parity be odd. If we aceepi;
this estimate, the «reduced » decay rate of the A-hyperon becomes

RIAC) 2+ 2.96 | 4,(0) [*~ 0.052 + 0.043 ~ 0.09

while expenmentally it should be 0.35. If the - -hyperon has opposite pa,rlty
to A our model gives

(\/igZ) X T.4-108 571

w(Xg) =

(%) M. GourpmN and M. RIMPAULT: preprint (University of Bordeaux, 1961).
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hence assuming g, ~ ¢, we obtain
w(ZB) ~2.8-107 871,

which is fortuitously close to the experimental finding w(Xg) ~ 2-107 s~

Tt is hard to draw any definite conclusion out of this model because it de-
pends on numerical estimates of very preliminary nature. The meson cloud
effects alone could explain about % of the observed (3-decay rate of the hype-
ron. However, it would be more sensible at the present stage to accept the
breakdown of the universality in the unrenormalized V—A scheme phenome-
nologically, allowing the possibility that the 3-decay of the hyperon may be
medlated by bosons partially.

The author Would like to thank Professor R. GATTo for his discussions
and comments.

Note added in proof. -

Professor H. PRIMAKOFF called my attention that the experimental K’ width
16 MeV was instrumental, hence the true physical width would be much smaller than
+that. If the physical width turns out to be 3 MeV, say, then our estimate of f* will
be enhanced by a factor 5, which brings the computed §-decay rate of the A-hyperon
up close to the observed one. If this is the case we regain the hope for the umni-.
~versal V—A theory. I would like to express my sincere thanks to Professor H. PRi-
MAKOFF for his comment and to Professors C. FRoNSDAL and A. HALSTEINSLID for their
Tospitality at the Bergen International School of Physics, where this paper was discussed.

RIASSUNTO (%

Si calcola il rapporto di decadimento degli iperoni ed il rapporto di decadimento
leptonico del kaone in una rafﬁgurazione‘ con un bosone intermedio, che & la parti-
cella K'. 8i fa una stlma numenca, di carattere preliminare, delle costanti di accop-
piamento. P ' :

(*) Traduzione a cura della Redazione.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


