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One of the novel features of the superstrlng inspired models is the possible appearance of colour triplet particles with &quark 
couphngs They can mediate hadromc decays of baryons and mesons We investigate their contribution to the A J= 1/2 rule through 
the operator product expansmn 

The superstrlng theory based on the E8 × El group 
in ten dimensions [ 1,2] seems to be the most prom- 
lsing candidate for a unified theory o f  all funda- 
mental forces CompactlfiCatlon on a Kahler 
manifold with SU(3)  holonomy leads to an N =  1 
supergravlty theory, while an E6×SU(3)H group 
emerges [ 3 ] Further breaking of  E 6 by the Hosotanl 
mechanism [4] lmphes a low-energy gauge group of  
rank five or six which contains the standard 
SU(3)  × S U ( 2 )  × U ( 1 )  group of  electroweak and 
strong Interactions [ 5,6 ] In the recent literature [ 7 ], 
much effort has been made in order to investigate all 
possible residual gauge groups containing 
SU(3)  x S U ( 2 )  × U ( 1  ) However, since there are a 
lot of  phenomenological constraints, the construc- 
tion of  an acceptable low-energy model is not an easy 
task Several problems have already been discussed 
in the context o f  superstring-lnsplred models, i e ,  
neutrino masses [8],  flavour changing interactions 
[9],  proton decay [ 10], additional neutral gauge 
bosons [ 11 ], etc 

In this letter we are going to discuss the contri- 
bution to the A / =  1/2 rule in non-leptonlc decays of  
mesons and baryons from interactions involving the 
new scalar quarks D and D ~ which are found in the 
27-dimensional representation o f  E6 According to 
the conventional assignment we get 
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{27} = (u, d, u c, e ~) + (d ~, ve, e) + v  c 

+ (D c, IZI °, H - ) + ( D ,  H °, H + ) + N  

If  we restrict ourselves to the rank-five group, the 
D and D ~ fields have the following quantum num- 
bers under SU(3)  × S U ( 2 )  × U ( 1  ) × U ( I  ), which is 
the minimal group containing the standard group 

D =  (3, 1, - 1/3, - 2 / 3 ) ,  ( la )  

D ~= (3, 1, 1/3, - 1 / 6 )  ( lb)  

The most general superpotentlal coming from the 
trlhnear couplings 273 is [9] 

W =  Wo -~- WI -~- W2 -q- W3 , (2) 

where 

Wo =2LIZlL~ ~ + 2 u H Q u  c + 2dIZlQd c 

+).N HI2IN + 2 . H L v  ¢ +.,].D DDCN, (3a) 

W l =21DQQ+2'lDCuCd c, (3b) 

W2 =22DCLQ+2~DuCeC, (3c) 

W3 =23DdCv c (3d) 

A detailed analysis o f  the above superpotential has 
been done elsewhere [9] Here we just recall that in 
order to avoid several drawbacks, like fast proton 
decay, flavour-changlng neutral currents, weak uni- 
versality, W~, I4:2 and W3 cannot coexist in the 
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superpotentml In fact, the above terms could be for- 
bidden from the superpotential either by topological 
properties or by imposing discrete symmetries Here 
we are interested in the phenomenologlcal  lmphca- 
tlons of  the W~ term which gives rise to non-leptonlc 
decays of  mesons and baryons involving the D and 
D c scalar quarks 

Our approach to the A / =  1/2 rule will be through 
the operator product  expansion (OPE) [12] Our 
aim is to check if the inclusion of  D and D c scalars 
can change the known picture [ 13 ] we get f rom the 
QCD correctmns to the relevant operators The Pen- 
gum diagram has been discussed elsewhere [14] 
( though without inclusion of  QCD corrections), 
therefore we restnct ourselves to the operators O1 and 
02 appearing m the effective hamiltonian Hw 

O~ = (OLy/'SL)(aL;:uUL), (4a) 

0 2 = ([1L~PtasL)(I~IL~)I ,  g a u L ) ,  (4b) 

where the t a are the SU(3)  matrices ( a =  1, , 8) 
The above operators mix under renormahzatmn,  
giving as e~genvectors, after dlagonalizatmn 

O_ = O i - - 3 0 2 ,  O+ =O1 +:~O2 (5a,b) 

The first one has zk/= 1/2 while the second has 
A / =  1/2 and 3/2 The leading logarithmic approxi- 
mataon gives an enhancement factor to the first 

a = [Ods(, t t) /OLs(Mw)] 4/b, (6) 

where a~ is the running coupling constant of  QCD 

as ( Q )  = 2 n / b  In( Q / A )  , 

/1 is the characteristic hadronlc scale, Mw ~s the W- 
boson mass and b =  11 - -~- (*t flavours) is the O(g 3) 
term in the QCD fl-functlon The second operator 
gets a suppression factor 

a+ = [as(U)/a~(Mw)]-2/b (7) 

Therefore the enhancement of  O_ relative to O+ is 

F w  - a _ / a +  = [ as(l t) /Ots(  M w  ) ] 6/b ~-- 5 

( # =  140 MeV, Nf = 4  and A = 70 MeV),  (8) 

not enough to explain the experamental value ( ~ 20) 
Now, how is this picture modified with the inclu- 

sion of  D-scalars9 These new particles can mediate 
only Zk/= 1/2 decays Therefore we expect no new 

S U 

O,D c 

d u 

Fig 1 D(D c) mediated AS= 1 transltmn 

operators to appear in the effective hamfl toman The 
only thing we have to calculate is the zeroth order 
coefficient of  the new con tnbuuon  to the 0 
operator 

Let us assume for the moment  that there is no 
mixing between D and D c The coefficient to the 
operator 0 _  is evaluated through the diagram of  fig 
1 This dmgram, with the D-scalar gives 

- c  - c AD = (UL, SL:)(ULld Lh) 

× e ' : " 'dk"( -2~/M~,)  = (22/./WD) ½ ~(0, --30z) 

2 2 1 = ( 2 1 / M D ) ~ O  , (9) 

where l, j, k and l are colour indices and we have used 
Fxerz rearrangements and identities of  conjugate spl- 
nors Eq (9) shows also explicitly that the D's  con- 
tribute only to A / =  1/2 transition A factor of  2 must 
be included in AD due to the two terms we get from 
the ant lsymmetry w~th respect to SU(2)  in&ces of  
the DQQ term, 

At> = -~ ( j ,12/~)  O_ (10) 

The enhancement factor F becomes 

F ~ = F ~  

+ 2 ();2/M~)[OLs(it) /o~s(MD)]4/b (11) 

x / 2  G[ a s ( l t ) / o q (  M w )  ] - 2/b ' 

where we have imposed the strong assumption that 
the D's  couple to the usual quarks through the usual 
linear combinat ion (KM angles) [ 14] 

The D c scalar induces the same operator but with 
right-handed currents, 

o ~ _ = o r  - 3 o ~  

This operator induces A / =  1/2 transitions and we 
know that, under renormallzation, it has the same 
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Fig 2 The enhancement factor F D t~ as a functmn of the mass 
Mo (MD =Mo, ), for different values of 2 ( ---2~ =2; ) 

behavlour as the left-handed O_ operator Therefore 
we get 

FD~=Fw+Fo 

+ ~ (2121M2)[as(/.t)las(MD¢)] 4/b 
I f2  G[oq(I.t)/as(Mw)]-2/b (12) 

TO have a feehng of the above quant i ty  FD Do, ~t IS 
natural  to put 21 =21 and MD=MI~ In fig 2 we plot 
this quanti ty as a functmn Of MD, for different values 
of 2 We see that even w~th 2 = 0  3 we must have 
Mo ~< 150 GeV m order to gain 25% in enhancement,  
relaUve to Fw 

We know that L -R  currents [ 13], under  renor- 
mahzatmn,  get an enhancement  significantly bigger 
than L-L and R - R  currents The corresponding 
exponent is 10/b instead of 4/b If  we assume D - D  ¢ 
mixing, then an operator with the desired L - R  struc- 
ture wdl appear in the effective hamil tonian  If  0 ~s 
the m~xmg angle, D j and D2 the physical states after 
dmgonahzat lon and 2= x/2 ~2'~ a mean couphng, the 
enhancement  factor from the L - R  operator is 

FLR = ID sin 0 COS 0 

X { [ aJ l . t ) laJMD,  ) ] IO/blMD~ 

-- [ a~(I.t )/ a~( MD2) ] ~O/b /MD] } 

×{V/2 G [ a J p ) / a ~ ( g w ) ] - 2 / b } - '  I (13) 
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Fig 3 Contours of the enhancement tactor F L R  m the plane of 
( M D ~ ,  M D 2 )  for different values of the mixing angle ¢( = 30 °, 45 o ) 
andS(=0 1,02,03) (a)FLR=I 0,(b)FLR=01 

In fig 3 we show the contour of FLR In the 
(MD,,MD2) plane, and for 0 = 3 0  ° and 45 ° Again 
here we notice that even with ~ 0 3 and maximal  
mixing ( 0 = 4 5  ° ), one of the D~ 2 must  be below 200 
GeV in order to have FLR ~ 1 0 or FLR/Fw" 20% 
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In  conc lu s ion ,  t r e a t i n g  t he  D - m e & a t e d  h a d r o m c  

decays  o f  m e s o n s  a n d  b a r y o n s  as a s h o r t - & s t a n c e  

effect ,  we c a l c u l a t e d  the  c o n t r i b u t i o n  o f  t he  a b o v e  

D-sca l a r  to  t he  A / =  1/2 ru le  n~ We see t h a t  we can-  

n o t  expec t  any  s~zeable c o n t r l b u t m n ,  w h i c h ,  e v e n  m 

the  m o s t  f a v o u r a b l e  case  ( 2 =  0 3, m a x i m a l  m i x i n g  

~ =  45 ° ) does  no t  exceed  the  ( f i r s t -o rde r )  resu l t  f r o m  

the  w e a k  e f fec t ive  h a m d t o n t a n  by  20% ff  M D =  200  

G e V  

We w o u l d  l ike to  t h a n k  J Ell is  fo r  d i s c u s s i o n s  a n d  

f o r p r o v l d m g u s w x t h r e f  [6 ]  T w o  o f  us  ( G K L  

a n d  J D V ) w o u l d  h k e  to t h a n k  C E R N  T h e o r y  D i v i -  

s ion  a n d  t he  G r e e k  M i n i s t r y  o f  T e c h n o l o g y  for  f i n a n -  

cial  s u p p o r t  

~ No standard method can be apphed to the matrix elements, 
since D-mediated decays are not of the so-called external type 
quark graphs 
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