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The experimental fact /1/ that for the Cabibbo-suppressed 
.\ decays D°.,.j{40 K- and 2)0. 71'1-.,,- we have 

r (:Do.., j{#-fO/ruy.., 1l1-'/Í) '71 is a subj ect of the inveatigation of seve

ral theoretical modela. The matter ia that the standard theory 
.rU 3 1t JUz )f ll., , in the spectator approximation, gives for 
the ratio ~, 1 /2/. To explain the observed pattern, certain 
phenomenologica~ approaches have been propoaed in which one inclu
des such effects as the SU3 breaking /3/, penguin diagrama /4/, 
right-handed currenta /4/, final-state interactions /6,7/, soft 
gluons /8/. 

At the same time, there ia also another trad:i,tional approach 
to the Cabibbo-suppressed decays well describing the ó 1- 3/Z 

transitiona for the kaons, the phenomenological chiral Lagrangian 
method (PCLM) /9,11/. In this method, one takes the weak interaction 
Lagrangian in the Sakurai forro /12/ wi~h the chiral hadronic currenta 
and the violation o f the /} 1:1 'f/ Z ruLe ia realized by the 
Oakea scheme /13/. Remind, the idea of Oakes is the rotation of both 
the currents ~nd the SUJ -chiral-ayrnmetry breaking term around the 

? th axia in SU3 -apace about the same Cabibbo angle, 
ein Bc. m". ImKt::: 

'The aim of the present paper is to extend this method to the 
Cabibbo-Buppresaed decaya of charmed hadronB. An application of the 
method to the Cabibbo-favored decaya ia considered in refa. /13,15/. 
Specifically, to aee how the approach doea work in the case Df 
Cabibbo-suppressed decaya, we consider only the 1) .. 0- 0- decays 
neglecting the final-state int~raction effects (the form factors). 

In the charmed case, beaides the above rotation in Sl/3 
-subspace, an addi tional rotation around the "1(? éh axia in 

SUl( -space Le poe s í.bLe *). It ia natural to expect that the 

new angle ia smaller than Gc but additional retation may 
appreciably affect the Cabibbo-BuppreBsed decays, particularly,

\ir, 
; :DD .. /(+1(- and ZJ" ~ v+9'T- • 

Let us start witb the weak non1eptonic interaction Lagrangian 
(when. Gc. = o. . ) 
*)Other rotations are suppressed by the charge conaervation law• 
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",.t oiC The charmed part of the rotated Lagrag1an 1s g1ven by i; =L (dI=O)+L (á:l.:f)-I-L w (AIJt:'-I). (1)w w 
A. C _ CF f 2. [ 14-.i2T,,-b''Í/ _ 7,.~·1 r.1-c·~O] 

Lw (81) - ~ I C; dI' tf~ (fI' dI''l'he firs.t term 
(;, -f~"..i-~ -(-.,;z ~ C~ [J'"";- -" -;:_-'J."-i1f+ (I) -Vi;:V/i,ol 

- s' [J/-<S};'-." -J/-.I//-UO] +~. c. 3· 
L'W' (111=0) =: ~ lt' I/' . 

Descr1bes the ~ I ... ~ .r ::: Ll C = O -transitions. Here 6} 1s 
1 (). ~~.~ a : J. dthe Fermi oonstant, d" e J/i +""t-fI' 1s the hadron1c cuxrent where C 5 UJ~ ()1 , $ =.li}? B~ • Not1ce, this charmed part has the 

associated w1th the chfral symmetry/1D,1 f 
same structure as that of the' effective unno;,a1ized Lagrang1an of 

-i. >'o.J;.o.:= ex? (i f) dI' e.xF (-~. f)) the standard theory (for examp1e, see ref. /7 , when la~11C lal1.JZ>"i ). 
However, the Lagrang1an L4 C 

(9,) for the 1nteresting ratiow 
r( DO.. K+J{-) / r (P""lI lo ,, - ) g1ves ~) 0.75 far from the

whe r-e f= ..\c:~/F , F ~ 94 MeV, >'i~ 1s the 15-plet of 
pseudosoalar mes ona, The second term descr1b1ng the ?I:= 1/2, 

experimental value, 3.7 /1/.NAS "'1, t:> C:2 o -trans1t1on8 18 the Sakura1 Lagrang1an 12/, 
Let us now turn to tLe add1t1onal rotat1on act1ng on the current 

L
4$:/. a. , 

c asw (Ãl z )= \1.2 CF cf6 a-!;' Ir . (2) 
4Àa.j,Q" (e-;., 8.,0) - ~K'p (-e: À.,o B~) (>..o.Jr (fJ1))a( (-'~;ÀnJ B~o). 

For the Lagrangian of t1I ::.1 Se Ll C = i we-trans7t1ons ~en we have 
suppose the exp11c1t 20-p1et (or sextet) dorn1nanoe /14-16 

A c: ( ) =: ~ [ 7.,- ..:t 71'-~'1" _ ~ 7 '+i~ 7"-.'0 
i; (tJI=f): ~ ~ fr -;;. fr +,{ c.). c» 

4C ~ (. -/-";2 43-Ú"r' 6+.i~ 1'-'::"0 
L\IV e,)81" VI' f 4(/1' 1/4 1~ 1f4 {/1 

+f.j,:-.a ;;-." - f+ j;- es],.<0-;.-+~; q;-V3;/)}:-...
As the f1rst step, we rotate the currents. The rotat1on of the 

currents around the 7th axis in SU~_ subspaoe about the ang1e G~ +f 7'-~~7'·i.10 _ JIi-··S"i,,"-~f2 -I-h ]
15 def1ned by , JI' (/f f~ (/r II . c. . 

'>.a}"- (e~) c LX;~ (-i>.~~)( ~~')e;rf (-<),18,). 
Here 

11 :: ê'~c.2 +êi (C$_cT.oI-s'l)+J'l.SZ c ().11~5 (0.!J1;) (4) 

• O. J6J1 (o.J~ 1)Then for the J1I =)/2, I1S =1, 11 C =0 -trans1t1on from (1) we ~ '1 =[to cf. + f:1 (c"'-s") + j'St. 
arr1ve at 

J) '; ê 2 C$ - CS (c!. +:l, CS)-S
2 C.s =O.1J6 (0. 2 5 6)

Ld~ ( I 1) - GF (J1"'-i~f{-,,'S ).A "'!l. -- € +h.c.. 
w v.r '/" V' 

1'1 ! C!lc...s ~ ês (s'l._tcs)-SZcs = 0.236 (o.25~)sat1sfactor11y descr1bing the data on the Cab1bbo-suppressed deoays 
of kaons when f91 '::f Bc ,t=Eeo,S6'c-f/n{)c-.2Sihcl{ =' 0.11316 cLo se to 
1ts experimental va1ue /17/ O.111±O.007. 

.)That result wou1d be expected from the faotor1zat1on approxtmat1on,ti but 1n ref. /7/ for some reason that rat10 equals 1.4. 
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-:z. I) -- -'2,is-= c. C~ +.(, c s cs -s cs 0 ..2~5 (0.25'6) 

" ""2 'Z ,.. _ ~ ~) -z 'Za'':: C S - c s (c -.s + S G .::: O.03:(. (o. o íZ 3) 

~ .....z 'Z "'"' ..... ( z z ~z 'to (in s C S + C s - cs + C - S )+.s c =: o. -ros: q, o ~ 3) 

c ~ ces {}10 J J:: s/» ().,O ) 

in the parentheses fi. is indicated when Q10::: O. 
As for the Cabibbo angle, the requirement that the rotated 

currents must describe the semileptonio decays of hadrons leads to 

o; (;)'1 - ~..,o • (5) 

As the second step, we define the angles through the mass ra
tios. The symmetry breaking mass term in the (4,4-) + (4~ 4) - model 
ha s the SU3 (tt.l3 -symmetry form /18/ 

LSB = çtl (co S'() ... CSSJ' ... efS' ;f.,S') . (6) 

This is the generalized GMOR model /19/ • Here ~~ are defined by 
-rS ~ 

~ }4' s, :: I?e e.>r? (-c' ).K ~) 
-e =-0 

whereas the constants Ci are fi~ed from the physioal masses of 
hadrons (see ref. /11/ ). In ref. /11/ the further violation of the 
remain1ng symmetry was realized by the rotation of (6) around the 
7th axis in SU3-subspace, the same scheme as that of Oakes. 

Let us rotate (6) around the 10th axis too. The additional masa 
relations thus obtained lead to the definitions: 

~ Z 'Z:t / 
s.n e'l'" ( m/x' - mp o + n1tT#) Z. / Vi: miro c: az» (7) 

lin t?70 ~ ( m;+ -m;o + m;,")~ IV? rrlpD == o. OS. 

Then 
Sin 9 c c: J/17 ( 1;7 - P~o):::: o.,u 

is slightly different from the earlier value j'/n {}~ --. m1f/m/( ==af2J'. 

With these angles in the Lagrangian (4) we calculated the 
partial width ratios for the decays D~ O-O-which are listed in the 

,'. table ~)I. As one sees from the table, the rotation around the 
10th axí.a abo ut the angle ().,o indeed increases the rati0 

r (J)o"';(""I{-)/r{lf-."." -r ) f·rom 0.75 (8"0 =0) to 1.2, due to
f... /{: ~ 1.6. For other avaf.Labã e pO decay data /1/, _ 

r (pt7... /(+15) / r (»: -k-ff P 
) .,. (11. J+J)~ and r(p"?:;, J17"'d -)//'(v"....;r"-I)::: 

(J.J+l.5)%, we can see that our results, 5.5 and 4.6 respeotively,- .,,') agree with the data up ~o ~ 50%. It is interesting that for thet, 
\ /207 "'0 vofo _recently observed wrong-signea. decay .v -Y/J JY for that one{ 

has r ( :/)"' .... K+-w -; / /" (/)"...,rw") < 4%, we pred1ct 1. 06~. 

Today there are few experimental data for 7)+""",, 0-0- decays and 
no ones for D./' .... 0-0- decays. For the data ~) 

r (Z>+~ I(+RI.»/ /' (Df- J?()ff~) = (Jl.7!10)% and-'P 

r ( ZJ-I- ..... J"/"9?~ / r (p'" ..... RI.> f'T") -< 21% from the table one has 
r([)~~ K"'!tSJ/r (P+~,.t'" vr) c 77% and /'(ZJ+-s>r .....r")/ 
r (D~- ...v. 9T~) a 18%, respectively. Here there is an agree

ment again on 
s 
a leveI, ~ 5~ • As to the dominant decay modes ofP 

+ 

and n+ ,. they fastly decay to -r: f . So, the Cabibbo-suppressed 
decay 1)+ -97'''f can in our scheme dominate even over the Cabibbo
-favored V+.." J<{+off17 decay, Future experdmenta'l as well as 
theoretical te8ts are needed. 

To summarize, in the Oakes scheme, when extended to the charmed 
case, the additional rotation around the 10th axis in SU~_ space is 
possible. This r~tation slightly changes the Cabibbo angle-hadron 
mass relation, but can considerably affect the Cabibbo-suppresed 
decay rates. Agreement between the theoretical and experimental 
partial width ratios, in general, i8 reaaonable within the e~eri
mental and theoretical errors. The remaining disorepancies (~ 50%) 
are probably due to t,e sY.ffiffietry breaking /J/ or/and final-state 
interactions effeots 6,77 (i.e. form factora). For an explicit 
test of our approach future theoretical and experimental investiga
tions are needed. 

We would like to thank S.M.Bilenky, S.B.Gerasimov, G.V.Efimov 
and ~ .La.ÍÍ.ik for interest,ing d t s cu ssí.ons , 

~) For completeness, both the Cabibbo-f~voured and the Cabibbo
- suppresed decays are preaented. 
~) o ~ Experimentally, /{ ia identified through /(,$ -;> 'JT+rr- de cay , 
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The ]) .. 0·0· deca,v amplitudes, /1(P-rO-O-)~ and the partia1 width
 
ratios, where Jin(), 0.27, fin ~o =0.05. From (v ) one hasli: 

H ([)o-.I(-q') "'" ~'Í'1i' F (~572. fI +-0.3"; fll.), r (PO..... K ;.,.~),. "'7'",0 ?'f:'$-( 

(or	 2. uf O S-4 when B-to=O ); lt{lJ+-"I(S'.q~)=r t:"?a F [-3.~~61., «I

+ 3.475 ( 5~ to f&)- o.Z<'J'f~]) r (z;+~/(r?/"') _o.61'.-I'O"o$-I(or{).33·lo~o.s-f 

when B.,o ~o); H (p,t -"* K.r){""') = CF/vi: F· 3.639 (fftl.. + ~, - f~ ), 
.. ." + !') _10 -( ( _10 -f )r( Ds ~ /{,r K .. 9.88 lU- S or 9.35 lu-.s when (;)'0 = o • 

-------------r(D;:O~);-----::;~~;:~::~------

- O·	 t;,r I. F xI]:Do... o r(tJ°... ;r.,,+)	 ..tfi _ 
------------~-----------------

po ... ;(.'JIr" 65.7 -J. 688;0. 
z>" - li",? 16 -1.926 J-a
 
'1)'.. J{+ Ir 5 • 5
 -4.572 1"
 
/)0 '.... fI'~".. 4 • 6 4.889 S)
 
1)" ~ "-'1f(l 2.7 2.446 fs
 
f)" .-. 77"'( 3.6 -2.940 SS'
 
/)', - '? '1 1. 9 -2. 246 1!
 
1)0 - I{0."o O. 06 3.229 j'
 
/)0 .....	 0.18 2. 263 f~ -Kflq O.522 f~ 

P fI 
'" J<1vr-	 i.06 -4. 255 1~ - 0.317 f&-------_.-.-.-------------

1)+ ... 0- 0- r (X)'t..., 0·0-) l7, 
________________!:(~K;~:) o 

1)+.-. ,,+,,0 18 3.514 $s - 3.551 f)
 
T.JI' ,,'" '1 267 -6.018 j" + 1. 843 f)
-'1 

V+..." /<+ Ks 77 -J. 246~...
 
D+ -* Ir KI. 77 -J. 246 S".
 
l)+.... J{-f I{ 5 -1. 744 f 11
 

r/- K+fI" 16.4 3.250 f1
 
[)"~ 1(4"+ 0.4 J.24651 +3.476 (f,- 'I. )-0.2285~
 

-----""---:-:----r(iJ/.:õ-:-O-) ~
 

_---1)s:'.!..! C.!..J~: -to ifs ~) D
 

.1J/.... ,,""r(l "" o O.003 f...
 
P!_ rI( 114 -4. 136 f ...
 
f)./-- J(oI-q '	 13.1 -4.1455.r-O.244f~

1):~r 5 4.2J5ft-6.J03js
 
ot _ I{ "." J2.5 3. 635 r, -O. 228't
s s ~, d
 

1/1- ~ e" 32.5 3.635 fi -o. 2285~
 
1),+--;(. x+ 94.7 3.6J9(f·-f·-!?)
----'~_--!-_---------------------------------
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KanHHoacKHH ro.n. H AP· E2-87-300 
HenerrTOHHhle pacrr~ oqapoaaHHb~ MesoHoB 
(D- o-o-) H yrnhl SU(4)-cMemHBBHHR 

B paMKaX MeTOAa KHOanbHhlX narpaH~HaHOB C HapymeHHOH 
SU(4)xSU(4) cHMMeTpHeH paccMoTpeHhl Ka6H66oacKH rroAaBneH
Hbie paCITaAhl oqapoBaHHhlX Me30HOB D - o-o-. .[(nn HapymeHHR 
CHMMeTpHH cxeMa OaKea pacmHpeHa Ha cnyqaft SU(4) rrpH rroMo
~ AOrronHHTennHoro rroaopoTa BOKpyr AeCnTOH ocH B SU(4)
rrpocTpaHCTBe. IIonyqeHbi cneAyro~e sHaqeHHR An>I yrnoa rroao
poTa 07 H 01o: sin() 7 = 0,27, sin81o = 0,05 • .[(nn OTHomeHHn 
{'(0° .... K+KJ/·r(D0 -+f7+f7J AOITOnHHTenbHbiH ITOBOpOT ITPHBen K 3Hal 
qeHmo I ,2 BMeCTO 0, 75 rrpH 810 = 0. CAenaHo cpaBHeHHe rrony-: 
qeHHhlX pesynnTaTOB c HMeiD~Hcn AaHHb~H no pacrraAaM D -
- o-o-. 

Pa6oTa BhliTOnHeHa B lla6opaTOPHH TeopeTHqecKoft ~H3HKH 
OIDIH. 

flpenpHHT 06'he.u;HHeaHoro HHCTHTyra .R,zlepHhiX Hccne.u;oaaHHH:. )zy6Ha 1987 

Kalinovsky Yu.L. et al. E2-87-300 
Nonleptonic Decays of Charmed Mesons D - 0-0-
and Mixing Angles in SU(4) 

The Cabibbo-suppressed charmed meson decays D - o-o
are considered in the f~amework of the chiral Lagrangian 
method with broken SU(4)xSU(4). To break the symmetry, 
the scheme of Oakes is extended to SU(4) by taking into 
account an additional rotation around the lOth axis in 
the SU(4) space. We obtained for the rotation angles 87 
and (ho the following values; stne 7 = 0.27, sin010 = 0.05. 
For the ratio r(D 0

-. K"1C)/f(D 0 -> rr"*'rr-) an additional rota
tion leads to the values 1.2 instead of 0.75 when 010 =0. 
The results are compared to the available data on the 
decays D- o-o- . 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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