
ExcLus r vE NoNLEPTON r c  DEcAvs 
M. Go rn 

Theoreti sche Phys i k ,  Uni vers i tat MUnchen , Germany 

Abs tra c t :  
Constra i nts o n  quark d i agrams for excl u s i ve decays from group theory a r e  i nves
ti gated . In contras t  to previ ous s ta tements , we f i nd a one-to-one correspondence 
between reduced ma tri x  e l ements of fl a vor symmetry ( S U3 ) and the "nai ve" quark 
d i agrams of  the specta tor and anni h i l at ion  type . In Cani bbo suppressed decays 
however ,  group theory rel a tes pengu i n  and anni h i l ation  ( W-exchange ) d i agrams , 
consequently rul i ng out mode l s  wi th  s pec tator domi nance and l arge pengu i n s .  
These resul ts are expected to be more genera l , havi ng  as  yet been i l l ustrated 
for two -body decays of charmed meson s . 
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Moti vati on : An open probl em i n  parti c l e  phys ics  i s  the ca l cu l at ion  of nonl epton i c  
decay rates from t h e  weak Hami l ton ian  

vud 

w j2 +V us  
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* - -
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+ h . c .  ( Cab i bbo a l l owed ) 

+ h . c .  ( 1 )  H'° o Q { 
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"' - -Vcd ( ulyµdL ) ( dlyµcL ) + h . c .  ( Cabi bbo suppressed)  

and QCD .  The  pract ica l  use  of  the  l atter seems for the moment to  be l imi ted to 
the asymptoti c reg i on of a l a rge sca l e  i nvol ved , be ing  not the case i n  K and 
hyperon decays and mos t  probab ly  a l s o  not in charm decays . 

What can we do? 
Remember the good o l d  rather s uccessful phenomenol ogi cal  approaches , under names 
l i ke "Lil = 1/2  rul e" , " s purion " , " Lee-Sugawara " and "octet-enhancement" 1 ) . They 
were a l l based on group theory us i ng fl avor symmetry ( S U2 or su3 ) and the domi 
nance of some i rreduci bl e tensor operator i n  the wea k Hami l to n i a n ,  many of i ts 
predi cti ons bei ng beauti fu l ly borne out by experimen t .  T h i s  moti vated many 
peopl e2 l to genera l i ze th i s  i dea to " 20-p l e t  enhancement "  i n  Hw for charm decays , . + ( a4 ( a4 ) h because 1 n  terms of su4 tensors : Hw = OaS004 (�las + 84 )0S + h . c . , w ere the 
ma tri ces Oas etc . in front  conta i n  the Cab i bbo l i ke coup l i ngs Vud etc . ( see 
refs . 2 ) .  If now tran s i t i on ra tes , e . g .  of  the form ( l cqc>  = charmed meso n ;  I + S 
� = 1 , 2 , 3 ; P� = su3 octe t ,  e . g .  u- etc . )  

I � I  
<Pp  p I H l cq > = I c,. < l  I D ,- 1 1 >  

p � w � i 
are decomposed by a s tra i gh tforward procedu re i n to reduced matri x  el ements 

( 2 )  

( " RME " ) < I  I D i 1 1 > and C l ebsch-Gorda n coeffi c i ents Ci , the assumpt ion  that the 20 
tensor in Hw domi nates , wi l l  yi e l d  certa i n  pred i c t i ons  on exc l u s i ve branch ing  
fracti ons . 

Thi s grou p  theoreti ca l  procedure has a great advanta ge : Even i f  the mul t i p l et 
enhancement were not exact  (as  the �I = 1/2  rul e  i s  not ;  note a l so that perturba 
ti ve QCD predi cts3 l on ly  c84; c20 = 0 . 3 )  th i s  decompos i ti on i s  the most  general 
one a nd i ndependent of any deta i l s  of  s trong dynamics , bes i des fl avor symmetry . 
I t  tel l s  us how many pa rameters we need i n  order to parametri ze a decay . 

But  th i s  l eads us to the ma i n  ques ti on : Why do certa i n  tensors dom i nate and 
why do certa i n  RME ' s  have certa i n  val ues (wh ich  cannot be ca l cu l ated from the 
fl avor symmetry ) .  Therefore we are confronted wi th the probl em of  ca l cu l ati ng  
RME ' s  from s trong i nteraction  dynami cs . Somebody mi ght object :  Why con s i der RME ' s  
a t  a l l ,  cal cul a te trans i ti on ra tes ! 

So what one usua l ly does , i s  to draw a l l pos s i b l e  d i agrams for val ence quarks 
( as sumi ng  at  mos t only them to part i c i pate in the wea k i n terac t i o n )  to f l ow from 
the i n i ti a l  to the f i na l  s tate . However ,  the number of such d i agrams i s  i nf i n i te ,  
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because o f  s trong i n teraction  corrections . Neverthel ess ,  i f  we assume that we 
cou l d  sum up al l these correcti ons , we woul d end up wi th a certa i n  cl ass of 
d i a g rams wh i ch do not s how al l the deta i l s  of s trong i nteracti ons , i nd i ca t i n g  on ly  
the  fl a vor fl ow of  the  va l ence q ua rks ( or the  " fl a vor topol o gy1 14 l ) .  In  the  PP-case 
( charmed mes . � two pseudosca l ars ) there are fou r  such generic  d i agrams ( ca l l ed 
" s pecta tor" and "ann i h i l a tion" ) whereas i n  the VP-case ( e . g .  o0 � K0p 0 )  there are �}P 

, }I' �JP 
----J p 

a a '  

e ight  of  them , etc . , us i ng fl avor s u3 ( i ts breaki n g  coul d be consi dered by ta k i ng 
more d iagrams ) .  Now the decomposi t ion  of a l l octet-octet ampl i tudes i s  a s i mpl e 
exerc i s e ,  i n  terms o f  the a bove generi c  graphs , gi ven bel ow on the 1 . h . s .  i n  
eq s .  3 .  W i th ei ther o f  the ass umpti ons : ( a )  s pecta tor domi nance ( b )  a nn i h i l at ion  
dom . , one can  f i t  one o r  the o ther exp . res u l t or get  predi ctions . As  to  be  l earnt 
from the VP-case , no un i versal  s i mp l e  pi cture seems to exi s t  for the moment 
however5 ) . 

Now recal l i ng group theory we a s k  oursel ves : Are there some di fferent pred ic
tions  o r  a re s ome of the  di agrams constra i ned? The  a nswer of the  usual  procedure , 
ta- be extracted from the l i terature 2 l 5 ) , i n  terms of RME ' s ,  i s  wri tten on the 
r .  h . s . i n  eq s .  3 : 

<K+rr- I D0>= cos2ec ( s 1+ a ) =  
+-o 1 

+ 2 <rr K D >= cos ec ( s 1+s 2 ) =  
0 + + 2 <K K I F >= cos ec ( s 2+a ' ) = 

cos2 ec ( <8 , 20> + � <27 , 84> + -}  <8 , 84> ) 
2 cos ec <27 , 84> 
2 4 1 cos ec ( -< 8 , 20> + "5 <27 ,84> + "5 <8 ,84> ) 

etc . ( s i mu l arly  fo r the VP case , see ref . 5 ) 

( 3 )  

But  thi s i s  very s tran ge and appea rs to be a bi g probl em! Four d iagrams but on ly  
three RME ' s  ( ei ght and seven  res p .  in  the  VP-case ) ;  i s  therefore one of  the  dia
grams redundant? The  a nswer of a more careful i nves t i gat ion  5 ) i s : No ! Th i s  is  
because one RME , cal l ed < 0 , 20> , d rops out i n  the  decay ampl i tudes . I n  order to 
understand thi s ,  l oo k  a t  the group theoreti cal decompo s i ti on ( eq .  2) i n  more 
detai l ,  where there appear several l i nes of s i mu l ar s tructure : RME ' s  wi th expres
s i on s  i n  Kro necker del tas i n  fro n t .  

P I ,i, I + a"' I I (J ,i, I I 
< P  P"' I H I cq- > = 0 0 [ . . . + ( ' "' , crp + ' ' "' ,ap + ) 1 1 RME 1 1  P q, w ;;; aS cr4 u sq, , !;p • • •  u l;; u p u sq, • • •  · < > 

,i, 1  I ,i, 1 
+ ( a"'"' ' crp + - '0 o"' 'ap + ) 1 1  O 20 1 1  sq, , ;;;p • • •  u l;; p u sq,  • • •  · < , . > 

0 

] .  ( 4 )  
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I n  the l as t  l i ne o f  eq . 4 ,  the del ta expres s i on i n  brackets van i shes i dentica l l y  
fo r al l a ,  s ,  . . .  = 1 , 2 ,3 , therefore < / / 0 , 20 / / >  no t appea r i n g  i n  eq s .  3 .  B u t  now 
i t  is i mportant  to observe that these Kronecker del tas are of  d i fferent k i nds , 
i nd i ca ti ng exactly the fl avor fl ow mentioned above i n  the context of d ia grams : 

a¢ ' , op ' 6S¢ , l;p etc . + " specta tor" , etc . + " anni h i l a ti on" 

Co nsequentl y these d i a grams are l i near sums of RME ' s ,  and specta tor or anni h i l a
t ion  graphs , i f  cons i dered sepera te l y ,  do depend on <0 ,, 20> , wh i c h  need no t be 
zero by i tsel f ( th i s  woul d l ead to contradi cti ons d i scus sed i n  ref .  5 ) . 

I t  

<0 , 20> + <27 , 84> s2 = - <0 , 20> + <27 , 84> 
a 1 -<0 , 20> + <8 , 20> - 5 <27 , 84> 1 

+ 5 <8 ,84> 
a '  1 <0 , 20> < 8 , 20> - 5 <27 , 84> 1 

+ 5 <8 , 84> 
( S i mi l arly in the VP-case ) .  

i s  a l so i nteresti ng to i nvert these rel a t i ons , 
1 <0 , 20>= 2 ( s 1 - s2 ) 1 <27 , 84>= 2 ( s 1 
1 <8 , 20>= 2 ( s 1 - s 2 + a - a ' ) 1 <8 ,84>= 2 ( s 1 

+ s2 ) 

+ s2 + 

( 6 ) 
5 ( a  + a '  )) 

because we now see , for i ns tance , how we cou l d  cal cul a te RME ' s  from d ia grams , fi g . l  

1 .  Res u l t :  The " n a i ve" decompo s i t i on o f  decay amp l i tudes i n  terms o f  generi c  
graphs i s  compl etely equ i val ent to the group theoreti cal decompos i tion  i n  
terms of  RME ' s  ( W i gner-Eckhardt theorem) for Cab i bbo a l l owed tra ns i t i ons . 

S i nce ei ther a pproach uses the va l ence content of parti c l es o n l y ,  th i s  was 
to be expected somehow , though not obvi ous a t  fi rs t  s i gh t .  

The useful ness of  the d i agramma tical  l a nguage shows up a l so i n  decays of t he 
type : + oc tet - s i ng l et ( e . g .  o0 + ¢K0 ) or + s i ngl et - s i ngl et ( e . g .  n ' n ' , n ' ¢ 
etc . ) ,  because i n  pri nc i p l e  there i s  a new ampl i tude , not rel a ted to the octet
octet one . I n  group theory usua l l y  new assumpti ons are made ( refs . 2) i n  order 
to rel a te them, and a ga i n  the questi on ari ses for thei r reason . One can fi nd a 
group theore ti cal decompo s i tion  of these s i ngl et ampl i tudes 6 ) , a ga i n  to be i n
terpreted as a s um of s i mpl e quark d i a grams . The new graphs i nvol ved a re of the 
type 

charmed{---r;:=} I' 
meson __I/ C} I' 

where a qq pa i r , out  of the vacuum, produces a fi nal s ta te . Ma k i ng an assumpt ion  
on the i mportance of these new g raphs , e . g .  putti ng them to  zero ( OZI rul e ) ,  we 
obta i n  many rel ati ons to the octet-oc tet decays , because they depend on the 



same graphs then ( Fi g .  1 ) .  For reasons of space we have to d i sm i s s  further d i s 
cus s i on here . 

A rea l  constra i nt from group theory fo l l ows however i n  the Cab i bbo suppressed 
decays for the so - cal l ed " pengu in"  d ia grams 7 l .  

Ps , d  

whi ch ,  i n  charm decays , enter proporti ona l to the factor i n  mi x i ng angl es ( e . g .  
Kobayashi -Ma s kawa ) � N V dv�rl+V v+ , whereas mos t  o f  the decays go v i a  the l a rger * u i us cs  
pa rameter I "' V dv d - V V . Note that i n  four quark G I M :  I "' cos e · s i ne and 
� = 0 and i n  Ko� . -�a s k .  l�/�I< 1;1 5

8 ) 
c c 

Looki ng i n  the group theoreti ca l  ten sor decompo s i t i on we fi nd that7 l 

Ps , d  = a  ( 7 )  

where " a "  i s  the above anni h i l ati on ( W-exchange ) di agram. Thi s s urpri s i ng resu l t 
comes from some more genera l property of SU ( N )  i rreduci bl e representa t i ons , 
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havi ng to b e  ei ther symmetric  or anti symmetri c i n  the i nterchange o f  two pa rt i 
cl es .  By co n s tructi on , the tensor decompo s i t i on o f  the decay ampl i tudes i s  al ways 
symmetri c  under the i nterchange of a l l the parti c l e s .  Th i s  s i mpl e property i mpl i es 
the pengui n  - anni hi l a t i on equal i ty ( 7 ) . From the wea k Hami l tonian  Hw one can see 
a l so that both of the graphs i ndeed l ead to s i mi l a r form factors . I t  i s  very i n
teres ti ng to note that thi s  only  works , cons i dering  QCD for i ns tance , i f  anni h i 
l a ti on graphs have a g l uon i n  the i n i ti a l  s ta te . 

One correction has to be made . The Ps , d  graph does not conta i n  the b-quark 
l oo p :  pb . Fo r exact fl a vor symmetry ( mb = m d ) the G I M  mechan i sm tel l s  us : 
tot . s • 

p = Ps , d- pb = o or Ps , d  = pb . By breaki ng effects pb = Ps , d ' f ( mb ,ms , d ) ,  
wi th f = 1 for mb = ms ,d ' 
Therefore 

tot p = ( 1 - f )  · a ( 8 )  

our f i na l  resu l t ,  expected to hol d for other nonl eptonic  decays s i mi l a rly1 f  
cou l d  be spec i f i ed from QCD and probably one wi l l  f i nd j ptot j < j a j . 
Eq . ( 8 )  a l so says , that the prev i ou s  group theoreti cal  treatments2 ) , havi ng i m
pl i c i tl y  the uncorrected equa l i ty p = a , eq . ( 7 ) , are i ncorrec t ,  due to the nec
essary mod i f i cati on by the b- l oop . Needl ess  to say however , that SU( 3 )  brea k i ng 
effects are probably  even l arger .  Because of the above menti oned genera l property 
of SU( N )  representati ons , eq s .  ( 7 )  and ( 8 )  are expected to hol d  s i m i l a rl y  i n  K 
a nd hyperon decays , b decays etc . They imply tha t one cannot neg l ect  anni h i l at ion  
graphs ( specta tor model ) and a t  the same ti me assume l a rge pengui n  contri butions . 
S uch a p i c tu re i s  i ncons i stend w i th the pengu i n-ann i h i l at ion rel ati ons ( 7 )  or 
( 8 ) , whi ch  probabl y  can a l so be deri ved di rec tl y from Hw a nd Qco7 l .  This  s houl d 
be i nvesti gated i n  more detai l .  
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Concl u s i ons : 
I t  turned out to be worth compa r ing  group theory wi th the d i a gramma t i cal  analys i s  
o f  excl us i ve nonl epton i c  decay s ,  because 

i )  nonl epto n i c  dynamics  can presumably  be ea s i e r  unders tood i n  terms of d i a 
grams , wh i c h  s how up t o  make s e n s e  a l so f o r  exc l u s i ve channel s ,  s i nce the i r  
u s e  i s  equ i va l ent  to the appl i ca t i o n  of  group theoreti ca l methods 

i i )  pengu i n  graphs are rel ated to W-exc hange graphs ( i ncons i stency of  specta
tor domi nance + l a rge pengu i ns ) .  
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