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We have searched for D°-IT) ° mixing in the cascade decay of D *+, using the excellent particle identification of the ARGUS 
detector. No mixing was observed, leading to an upper limit of 1.4% (90% CL) for F(D°--,17)°-~X')/F(D°--,X). 

Quark flavour is not conserved in weak interac- 
tions. One manifes ta t ion of  this is the K ° ~ I ~  ° t ran- 
sition, which is al lowed via the A S =  2 box d iagram 
[ 1 ]. The analogue for neutral  charm mesons,  D°-13 ° 
mixing is, however, highly suppressed in the six-quark 
s tandard  model  of  electroweak interact ions  [2] ~ ,  
even after account ing for the long-distance effects 
[4] .  Therefore,  a recent report  by the M A R K  III  col- 
labora t ion  [5] of  possible D°-13 ° mixing at about  
1.6% level has generated considerable interest. While 
exper imenta l  sensit ivit ies are still orders  of  magni-  
tude away from the values predic ted  in the s tandard  
model ,  mixing searches are nevertheless desirable as 
a test for the high level D°-13 ° mixing predic ted  by 
some of  the theoret ical  ideas which go beyond  the 
s tandard  model  [ 6]. 

The two most  c o m m o n  methods  used to search for 
D°-13 ° mixing are (i)  the study of  the d i -muon events 
(or  t r i -muon events in the case of  g-scat ter ing ex- 
per iments)  arising from the semi- leptonic  decays of  
the c h a r m - a n t i - c h a r m  hadron  pairs  [ 7 ] and ( i i )  full 
reconstruct ion of  the D o meson from its daughter  
part icles in the cascade decay o f  the D* + [8 ] ~2. The 
first me thod  is model -dependent ,  since it requires 
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assumpt ions  about  the charm product ion  cross sec- 
tion, the semi-leptonic branching fractions of  all 
charmed  particles,  and the fraction o f  D o mesons 
p roduced  in charmed quark fragmentat ion.  We fully 
reconstruct  the D O mesons from D *+ decays, a 
me thod  which is completely model  independent .  

D* + decays are also par t icular ly  suited to obtain-  
ing a signal essentially flee o f  combina tor ia l  back- 
ground. This is due to the small Q-value for the decay 
D *+ ~ D ° x  +, which leads to an excellent mass res- 
olut ion for the D *+, if  the mass of  the D o decay 
products  is constra ined by a k inemat ic  fit to the 
nomina l  D O mass. Moreover ,  mixing searches are 
possible because the charge of  the soft p ion  tags 
whether  a D O or I3 0 was produced.  In the weak decay 
of  the D°(c l i ) ,  the c quark decays to an s quark, and 
so the sign of  the charged daughter  kaon is negative; 
thus, the sign o f  the charged kaon from the D O decay 
is opposi te  to the sign of  the pion from the D* + de- 
cay. I f  mixing were to occur, the signs would be the 
same, The amount  of  mixing can be de te rmined  by 
compar ing  the signal with the same-sign combina-  
t ion versus that  with the opposi te-sign combinat ion .  
We call the opposite-sign mode  a right-charge com- 
binat ion,  and  the same sign-mode a wrong-charge 
combina t ion .  

The data  sample used for our study corresponds to 
an integrated luminosi ty  of  199 p b -  J, obta ined  with 
the A R G U S  detector  at the DORIS  II storage ring on 
the "f(2S) and "f(4S) resonances, and in the nearby 
cont inuum.  The configurat ion and performance of  
the A R G U S  detector,  and informat ion  on mul t ihad-  
ron event  selection and trigger condi t ions  can be 
found in previous  publ icat ions  [ 9 ]. For  this analysis 
we have used mostly information from the main drift 
chamber  ( m o m e n t u m  resolut ion of  ap/p=O.O12 at 
1 GeV/c and dE/dx resolution of  5.4%) and the t ime- 
of-flight (TOF)  counters ( t ime resolut ion of  a(t) 
= 220 ps).  

The method  of  particle ident i f icat ion for charged 
part icles is the same as used previously [ 9 ]. For  each 
charged track, the e, p, x,  K and p part icle  assign- 
ments  are used to obta in  a corresponding Z 2 from the 
d E / d x  and TOF measurements  for each part icle hy- 
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pothesis. A l ikel ihood ratio,  l,, for each of  these par- 
ticle hypotheses  is then calculated: 

wi e x p ( - Z ~ / 2 )  
l i=z jwj  e x p ( - z ~ / 2 ) '  i , j=e,  p, x, K, p ,  

where the w, are a pr ior i  weights. Weights are set to 
1 for all hypotheses except that for n, which is set to 
5, a rough approx imat ion  to the observed abun- 
dances. A track is used for all par t ic le  hypotheses for 
which the l ikel ihood rat io exceeds 10%. 

D t~ mesons are reconstructed in the decay channel 
D ° ~ K - n  +. A mass-constra ining k inemat ic  fit is ap- 
pl ied to all K - n  + combina t ions  with an invar iant  
mass within 30 MeV/c 2 of  the D O mass. Next,  we add 

a second pion of  appropr ia te  charge and compare the 
number  o f  events above background at the D *+ mass 
in the D°n + and D ° n -  mass dis t r ibut ions.  

Since the f ragmenta t ion  of  charmed quarks pro- 
duces a hard  D* + m o m e n t u m  spectrum, a require- 
ment  that  the scaled m o m e n t u m  of  the D *+ system, 
x~,=-PD,+/P . . . . .  exceed 0.6 greatly reduces the com- 
binator ia l  background.  The d is t r ibut ion  of  cos 0~, 
where 0* is the angle between the kaon and D o flight 
d i rect ion in the D ° rest frame, should be isotropic.  
In contrast ,  the d is t r ibut ion  from random combi-  
nat ions  o f  part icles from the same je t  tends to peak 
strongly at small forward angles. Therefore,  we re- 
quire  cos 0* < 0.85 to further suppress combina tor ia l  
background.  

Addi t iona l  cuts were appl ied  to remove correlated 
background sources arising from part ic le  mis iden-  
t if ication. Remova l  of  such backgrounds  is critical, 
since single-particle mis ident i f ica t ion  for the Ca- 
b ibbo-suppressed  D° - - .K+K - and x +n - decays, and 
double  mis ident i f ica t ion  of  the al lowed D ° - * K - n  + 
mode,  can feed events from the right-charge into the 
wrong-charge category. To suppress ambigui ty  in the 
ident i f ica t ion of  the daughter  part icles of  the D O , the 
rat io o f  the kaon to p ion  l ikel ihood,  lK/l~, must  ex- 
ceed uni ty for those part icles used as kaons. Like- 
wise, IJlK> 1 was required for those part icles used 
as pions.  Fur the r  cuts are made  using the total  prob-  
abili ty,  P, ot, der ived  from the sum of  the Z2'S from 
the part icle  ident i f icat ion of  daughter  part icles and 
the Z 2 for the D O mass hypothesis.  Specifically, the 
following rat ios must  be satisfied: 

P, o t (K+g-) /P~o, (K-n  + ) < 10 -3 , 

0 .5  ~leV/c 2 
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Fig. 1. Invariant  mass distribution for right-sign combinations,  
( K - x  + )x +, shown by the histogram, and wrong-sign combina-  
tions, ( K -  7t + ) x - ,  shown by the solid points. 

,03 

and 

P~ot ( K+ K -  )/P,o, ( K -  ~ + ) < 10 -2 , 

P,o,(X + n - )/P,o, ( K -  n + ) < 10 -2 , 

where the correct assignment is taken to be ( K - x  + ). 
Contr ibut ions  from doubly Cabibbo-suppressed  de- 
cays, e.g., I ) ° ~ K - x  +, are expected [ I0 ]  to have a 
rate propor t iona l  to sin40c, and are therefore 
neglected. 

Fig. 1. shows the D°x invariant  mass plots for both 
sign modes.  We take 2 . 0 0 8 5 < M ( D ° n ) < 2 . 0 1 1 5  
GeV/c 2 as the signal region and find 162 events in 
the right-sign and no events in the wrong-sign cate- 
gories, respectively. This yields an upper  l imit  of  1.4% 
(90% CL) for r = F ( D ° - , O ° - , X ' ) / F ( D ° - , X ) .  The 
cuts have been chosen to min imize  the rat io of  the 
expected number  of  background events to the num- 
ber  o f  right-sign signal events, where the former  was 
es t imated by extrapolat ing from the observed dis- 
t r ibut ion  above 2.015 GeV/c 2. I f  the expected back- 
ground drops much below one event, it becomes self- 
defeating to cont inue optimizing.  The procedure  is 
unbiased,  except that  the actual  number  o f  back- 
ground events is discrete. I f  we restrict  ourselves to 
the case where no wrong-sign events are observed,  
then the l imit  changes between 1.2 and 1.4% as the 
cuts are varied. I f  one event appears,  the l imit  ranges 
f rom 1.6 to 1.9%. 

The mixing rate is related to the mass difference 
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( g m )  and  the difference in  the decay wid ths  ( S F )  
of  the two C P  mass  eigenstates [ 11 ], 

( S m / F )  "- + ( S F / 2 F )  2 

r = 2 +  ( S m / F ) 2  - ( S F / 2 F )  2 , 

where F is the m e a n  decay width .  F r o m  our  l imi t ,  
we f ind  that  g r n / F  is less t han  0.17 (90% CL) ,  as- 
s u m i n g  5 F  <<gm.  Us i n g  a D o l i fe t ime 4 .3X 10 -~3 s 
[ 12] this  impl ies  tha t  ~ m ~ < 2 . 6 ×  10 -4  eV. 

In  conc lus ion ,  we have observed  no  ev idence  for 
D ° - I )  ° mix ing  and  set an  upper  l imi t  o f  1.4% at the 
90% conf idence  level. This  l imi t  holds  also for the 
doub ly  Cab ibbo- suppres sed  decay D ° - ~ K + x  - .  In  
compar i son ,  the obse rva t ions  by M A R K  III  o f  three 
events  wi th  s t rangeness  +_ 2, which  ma y  poss ib ly  be 
due  to D ° - D  ° mixing ,  a n d  162 events  with s trange- 
ness 0 [5] in a sample  of  ~ " ~ D ° I T )  ° decay corre- 
sponds  to a mix ing  rate of  about  1.6% [ 11 ]. However ,  
it should  be no ted  that  due  to coherence  effects, a n d  
the fact that  M A R K  III  uses several  D o decay chan-  
nels  in  c o m b i n a t i o n ,  the two search m e t h o d s  have 
di f ferent  sens i t iv i t ies  to the c o n t r i b u t i o n  o f  doub ly  
Cab ibbo- suppres sed  decays [ 10 ]. 
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