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We have searched for the lepton flavour-violating decay D°-,p.-+e + and for the rare decays D°--,p.+p , e+e -, using the ARGUS 
detector at the e+e - storage ring DORIS II. No candidates were found, leading to the upper limits BR(D°~la+~t - ) < 7 × 10 -5, 
BR(D°oe+e ) < 1.7X 10 -4, and BR(D°-~p-+e ~ ) < 1.0X 10 4 at 90% confidence level. 

The s tandard  model  of  electroweak and strong in- 
teract ions is, up to now, able to describe all known 
phenomena  in part icle  physics. Nevertheless,  it is un- 
satisfying in the sense that  the strong and weak inter- 
act ions are not unif ied into a s imple symmet ry  group 
and hence nature  cannot  be descr ibed with one inter- 
action. One predic t ion  o f  many unif ied extensions to 
the s tandard  model  is the existence of  a new particle,  
which couples to quarks and leptons called the lep- 
toquark  [ 1-3] .  In a SU (5)  theory the scalar fields G 
and Gc, which are colour triplets, comple te  the Higgs 
doublets  of  the s tandard  model  to obta in  SU (5)  rep- 
resentat ions [2] .  The G and Gc leptoquarks  couple 
up-type quarks to charged leptons and down-type  
quarks to neutrinos.  This is in contrast  to the P a t i -  
Salam SU (4)  type leptoquarks  [ 3 ]. Hence  G and Gc 
do not contr ibute  to the lepton f lavour-violat ing de- 
cay K°-~p+e  ~, but  do contr ibute  to the decay 
D o ~ ~t -+ e ~ (fig. 1 a ). The exchange o f  the leptoquarks  
G and G~ induces a chirali ty changing operator  which 
leads to pseudoscalar  meson decays without  helicity 
suppression.  Besides the known upper  l imits  for rare 
K meson decays, it is essential to der ive new l imits  
for D meson decays. The branching rat ios o f  the de- 
cays D°- - ,g+g  - ,  e+e - ,  in the frame of  the s tandard  
model  (fig. l b ) ,  are expected to be lower than 10-  lO. 
Besides the search for leptoquarks,  these decays also 
allow setting bounds  on the existence of  f lavour-  
changing neutral  currents,  which are absent  in the 
s tandard  model.  
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The analysis presented here is based on a data  sam- 
ple corresponding to an integrated luminosi ty  of  189 
events /pb .  The da ta  used were collected using the 
A R G U S  detector  at the e+e - storage ring DORIS  II 
at DESY operat ing at center-of-mass energies a round  
10 GeV. Detai ls  about  the A R G U S  detector  can be 
found in ref. [4] .  Hadron ic  events were selected by 
requir ing at least three reconstructed charged part i -  
cles coming from the interact ion region with trans- 
verse m o m e n t u m  larger than 80 M e V / c  and 

Icos or <0.9 .  
All selected events were searched for e+e - ,  p+~t-  

and ~t-~e T pairs.  The lepton ident i f icat ion procedure  
calculates the l ikel ihood function for the lepton hy- 
pothesis  using four detector  measurements ,  the spe- 
cific ionizat ion in the drift  chamber,  the t ime of  flight, 
the energy deposi t ion  and shower shape in the elec- 
t romagnet ic  calorimeter ,  and  hits in the muon  cham- 
ber  [ 5,6 ]. The lepton m o m e n t u m  was required to be 
greater than 0.9 G e V / c  in order  to have a sufficient 
l e p ton /ha d ron  separation.  

The invar iant  mass d is t r ibut ions  of  e+e - ,  ~t+~t - ,  
and p-+e T pairs are shown in figs. 2a-2c.  Only com- 
binat ions  with xp>  0.55 have been considered.  The 
quant i ty  xp is defined by p(D°)/p(D °) . . . .  where 

0 2 2 p ( D  )max = ~/Eb~.m --MDo. This requi rement  makes  
use of  the known hard f ragmenta t ion function o f  the 
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Fig. 1. (a) Quark diagram for the decay D°--*£+~ - via lepto- 
quark exchange. (b) Quark diagram for the decay D°~+~ - in 
the standard model. 
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Fig. 2. lnvariant mass distributions of  lepton pair candidates with pc>  0.9 G e V / c  a n d  xp(££ ) > 0.55: the solid curves are the results of a 
fit and the dashed curves represent the 90% confidence level upper limit. (a )  e + e , (b )  p + p , (c)  c ~ p ~, (d )  D ° ~  K -  g + for comparison. 

D O meson in e+e  - annihilations [7] .  From our 
Monte Carlo simulation of  these decays and from the 
width of  the D o signal in K - ~  + decays we expect an 
invariant mass resolution a of  24 MeV/c  2. No D O sig- 
nal is observed in any of  the decay channels. To ver- 
ify this quantitatively, we fitted the invariant mass 
spectra of  the lepton pairs with a second-order poly- 
nomial  to describe the background and a modif ied 
gaussian of  fixed width and mass to describe a possi- 
ble signal. A small asymmetrical  term was added to 
the gaussian to take into account the energy loss of  
electrons due to bremsstrahlung as calculated in a 
Monte Carlo simulation. The efficiency for detecting 
each of  the three decay modes  is (34 _+ 4)%. A maxi-  

m u m  likelihood fit gives the solid curves shown in 
figs. 2a-2c  and the dashed curves represent the 90% 
confidence level upper limit. The corresponding 
numbers are listed in table 1. 

To obtain the efficiency for observing the above 

Table 1 

Decay  U p p e r  limit at 90% CL 

channe l  
number of events branching ratio 

D ' ~ e + e  7.1 1.7X 10 -4 
D ° + b t + g  3.1 7 x l 0  5 

D ° ~ e  +g + 4.2 1 . 0 ×  10 4 
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decays, we generated D O mesons using the Peterson 
fragmentation function with an e parameter  of 0.24. 
The total number  of D o mesons in our event sample, 
with xo>0.55,  was calculated using the decay 
D ° - . K - n  + . The D O signal in this channel  is shown in 
fig.2d. With the measured number  of D°--,K-~t + de- 
cays (3323+ 188), the efficiency t/ for this decay 
channel obtained from a detector s imulat ion 
(~/= 0.66 + 0.02) and a branching ratio for D ° - , K - n  + 
of ( 4 . 2 + 0 . 4 + 0 . 4 ) %  [8],  we obtain the total num-  
ber of produced D O mesons with xp>0.55 of 
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Fig. 3. Likelihood distributions for the D o branching ratios: (a) 
D°~e+e -, (b) D°~la+g -, (c) D°-~e± g *. 

Table 2 

Decay Experiment Upper limit 
channel at 90% CL 

D°~e+e - CLEO[9] 2.4× 10 -4 
E691 [10] 8>< 10 -5 
this analysis 1.7 X 10 -4 

D°~p+p - CLEO[9] 2.0>< 10 -4 
E691 [10] 1.0>< 10 -4 
E615[11] 1.1 ><10 -s 
this analysis 7X 10 s 

D°-*e+g ~ MARK-II [ 12] 2.1 X 10 -3 
ACCMOR [ 13] 9>< 10 -4 
MARK-Ill [ 14 ] 1.2 >< 10 -4 
E691 [10] 8>< 10 -5 
this analysis 1.0× 10 4 

120 000 _+ 18 000 adding the statistical and systemat- 
ical error in quadrature. 

In fig. 3 we show the likelihood functions for the 
three branching ratios which contain the max imum 
information available from our experiment.  This al- 
lows in principle to combine our results with those of 
other experiments in a consistent way. Using the 
bayesian approach they lead to the 90% CL upper 
limits given in table 1. These measurements  confirm 
the existing limits found by other experiments (table 
2). 

Using a special model ofleptoquarks [2 ] one finds 
for the D o partial decay width into two leptons 

2 2 ( M D  "~ [ 1 £ 2 I F ( D O _ , £ 1  £2)  = f D M D  2 2 
32rr \-~--~mc) [2--MS~LQ pq rs] , 

where the coefficients 2 and 2 are coupling strengths 
ofa  leptoquark to a quark- lepton pair, MD andfD are 
the mass and decay constant of the D o , respectively. 
We assume one generation of leptoquarks, i.e. ~= 1 
in ref. [ 2 ]. Using our results one derives the follow- 
ing bounds on the mass and coupling of a SU ( 5 )-type 
scalar leptoquark: 

1/2(.  _fD__ ,~1/2 
MLQ > 0"9 TeVI2-~e2ce I \ 1 0 0  MeVJ  ' 

/ . . ) /2 
MkQ> l.l VeVl£u..~c.l,/2[ Jo 

\ 1 0 0  M e V /  ' 
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MLQ > 1.0 T e V (  I £u.Lc 12+ I £u~.2c~ 12) 1/4 

fD I/2  ( 00 eV) 
In  c o n c l u s i o n  we p r e s e n t  u p p e r  l imi t s  on  flavour- 

changing neutral currents a n d  lepton Jlavour-violation 
in  D o decays .  T h e s e  resu l t s  p lace  b o u n d s  on  the  m a s s  

a n d  c o u p l i n g  o f  a new  type  o f  par t ic le ,  t he  lepto-  

qua rk ,  w h i c h  is p r e d i c t e d  in  u n i f i e d  theor i e s .  

It is a p l ea su re  to  t h a n k  U.  D j u a n d a ,  E. K o n r a d ,  E. 

M i c h e l  a n d  W. R e i n s c h  for  t h e i r  c o m p e t e n t  t e c h n i c a l  

he lp  in  r u n n i n g  t he  e x p e r i m e n t  a n d  p r o c e s s i n g  the  

da ta .  We  t h a n k  Dr.  H. N e s e m a n n ,  B. Sarau ,  a n d  the  

D O R I S  g r o u p  for  the  exce l l en t  o p e r a t i o n  o f  t he  s tor-  

age r ing.  T h e  v i s i t i ng  g roups  wish  to  t h a n k  t he  D E S Y  

d i r e c t o r a t e  for  t he  s u p p o r t  a n d  k i n d  h o s p i t a l i t y  ex- 

t e n d e d  to t h e m .  We also l ike to  t h a n k  p ro fe s so r  D. 

W y l e r  for  useful  d i s cus s i ons  on  l ep t oqua r ks .  
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