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Upper limits for the decay widths of the D *+ and D *° mesons have been measured using data from e+e - annihilations at 
x/~=29 GeV obtained with the High Resolution Spectrometer at PEP. We find FD.+ < I. l MeV/c 2 at 90% CL from an analysis 
of the mass difference distribution for the decay mode D*+~D°n+. The D *+-D O mass difference is also measured to be 
( 145.40 _+ 0.05 _+ 0. l 0) MeV/c 2. We determine/'D*,, < 2.1 MeV/c 2 at 90% CL for a D *° mass of 2007.2 MeV/c 2, from a search for 
the decay mode D*°~D+n which could occur if the width were sufficiently large. 

The decay width is a fundamenta l  property of all 
particles and contains impor tant  informat ion on the 

underlying physics of the decay mechanism. Recog- 
nizing this, extensive effort has gone into determin- 
ing the total and partial decay widths of particles. 
There are, however, several particles whose widths 
have not yet been well measured. Such examples are 
D *+ (2010) and D*° (2007),  where the present upper 
limits are FD.+ < 2.0 MeV/c  2 and FD.o < 5 MeV/c  2 

[ 1 ]. These values are very small compared to the 
widths of the other light mesons, despite the fact that 
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the D*'s decay strongly. Indeed, there are indications 
that the real widths may be less than 100 keV/c 2, as 

we discuss later. Therefore, the D* is one of the nar- 
rowest particles among the strongly decaying particles. 

In this paper we give improved upper limits for the 
decay widths of the D *+ and D *° mesons using two 
different analysis techniques. The D *+ signal is re- 

constructed through the decay mode D*+- ,D°~  +, 
with the D o decaying into the K - ~  + channel. The 

analysis also includes the charge conjugate states. 
Since the Q-value of this decay is only 5.8 MeV, the 
mass difference ( A - M K - ~ + ~ +  - -MK-~+ ) can be de- 
termined extremely well. The width of the peak in the 
mass difference distr ibution is used to set an upper 
l imit to the D *+ width, and the position of the peak 
gives the mass difference between the D *+ and D o 
mesons. The D *° signal is searched for by looking for 
the decay mode D*°- ,D+~ - ,  with D + decaying into 
the K - ~ + ~  + channel. Although this decay mode is 
kinematically forbidden for the central mass value, it 
can occur through the natural  width of the D *° [2]. 
Examples of particle decays where this is known to 
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occur are f o ( 9 7 5 ) ~ K I (  and ao(980)~KI~ .  The 
D+n  - threshold is only 1.7 MeV/c  2 above the D *° 
mass. Therefore, the threshold region in the mass dif- 
ference distribution is used to put an upper limit on 
the D *° width. The data sample used in the analysis 
corresponds to an integrated luminosity of  300 pb -~ 
at a center of  mass energy of  29 GeV, obtained during 
the five years of  operation of  the High Resolution 
Spectrometer (HRS)  at the PEP e+e - storage ring. 

The HRS was a solenoidal spectrometer that mea- 
sured charged and electromagnetic energy over 90% 
of  the solid angle. The details of  the detector are given 
elsewhere [3].  Substantial emphasis was placed on 
measurements of  the charged particle momenta  and 
all of  the detector elements operated in a magnetic 
field of  1.62 T. The tracking system consisted of  a 
vertex chamber, a central drift chamber, and an outer 
drift chamber. The central drift chamber had 15 cy- 
lindrical layers o f  drift cells. Eight of  the layers had 
stereo wires ( _+ 60 mrad)  in order to measure the z 
position. The total material between the interaction 
point and the central drift chamber was less than 0.02 
radiation length. The measured momen tum resolu- 
tion for high momentum tracks at large angles with 
respect to the beam was ap/p ~_ 2 X 10 - 3p ( p  in GeV/  
c). To select one-photon annihilation events and to 
reduce beam-gas  and two-photon backgrounds, the 
events were required to have a min imum charged 
multiplicity of  five and a scalar sum of  charged track 
momenta  and neutral particle energy greater than 10 
GeV. No particle identification or shower counter in- 
formation was used for this analysis. 

In reconstructing the D o through the K - n  + decay 
mode, all of  the tracks coming from the vertex were 
tried in turn as both K and n. Background reduction 
was achieved by requiring ZD >/0.4 and [ cos 0* I < 0.7, 
where ZD--2ED/~S and 0* is the D o decay angle in 
the helicity frame. The Kn invariant mass spectrum 
in the D o region is shown in fig. 1, where the curve 
results from a fit using a polynomial  form for the 
background and a gaussian form for the signal. The 
fitted mass of  (1863 _+ 3) MeV/c  2 is consistent with 
the currently accepted D o mass value of  
( 1864.6 +_ 0.6) M e V / c  2 [ 1 ]. The full width at half  
maximum (F)  of  ( 54 + 4 ) MeV / c 2 is consistent with 
the apparatus resolution as determined by a Monte 
Carlo (MC)  simulation. The enhancement around 
1640 MeV/c  2 is due to the D ° ~ K - n + n  ° decay mode 
and is not included in the fit. 
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Fig. 1. The invar iant Kn mass distr ibut ion with ZD>.>-0.4 and 
I cos 0* I < 0.7,  where  zD a n d  0* are  de f ined  in the text. 

Fig. 2 shows the distribution in the mass difference 
(A-MK . . . .  - -Mk ~+) for zD.>~0.4 with the D O 
selections of  1810 MeV/c  2 < MK -~ + < 1920 MeV/c  2, 
which is the mass region for the D o determined above 
and Z2< 10 for the mass constraint fit to the D°- ,  
K - n  + decay hypothesis. The peak in the distribution 
shows a clear signal for D *+ production over a small 
background. Four different parametrizations were 
tried in fitting the data of  fig. 2, and the curve shows 
a fit to a linear background plus a gaussian signal with 
the overall normalization as a free parameter. The re- 
sults are A= (145.40_+0.05 _+0.10) MeV/c  2 for the 
peak value and F =  ( 1.17 _+ 0.09 _+ 0.06) MeV/c  2 for 
the width, where the first error is statistical and the 
second systematic. The systematic errors were esti- 
mated from the shift of  the reconstructed mass of  the 
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Fig. 2. The  mass  d i f fe rence  (A = M ( K -  n + n + ) - M (  K -  n + ) ) dis- 
t r ibu t ion  for  D *+ --,DOn + ~ K - n + n  + wi th  zD,>~0.4. The  D *+ peak  
has  a w i d t h  o f  1.17 M e V / c  2, cons i s t en t  wi th  the  de t ec to r  

reso lu t ion .  
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D meson and the difference among the var ious  pa- 
ramet r iza t ions  in the fit. The width  remained  the 
same, within the statist ical  errors, when the ZD* cut 
was changed in the range from 0.4 up to 0.7, although 
the background became smaller  as the cut was raised. 
According to the MC s imula t ion  o f  our  detector,  the 
appara tus  resolut ion for J is F M C =  ( 0 . 9 4 + 0 . 1 1 )  
M e V / c  2, where the error  is statist ical  only. I f  we un- 
fold the MC width quadra t ica l ly  from that  measured,  
the remaining  width is ( 0 . 7 0 + 0 . 2 3 )  M e V / c  2, after 
adding the statist ical  error  and the systematic  error  
quadratically. Therefore, we put  an upper  l imit  on the 
D *+ decay width of  Fo.+ < 1.1 M e V / c  2 at 90% CL, 
assuming that  the error  d is t r ibut ion  is gaussian. This 
result is stable against  the change of  the MC width; 
the upper  l imit  changes less than 0.06 i f  the MC width 
is var ied  within the error. 

In reconstruct ing the D + through the K - n + n  + de- 
cay mode,  all o f  the tracks coming from the vertex 
were tr ied in turn as both K and n. The cuts ofzo/> 0.2 
and I cos 0* I > 0.15 were appl ied,  where 0* is now de- 
f ined by the axis perpendicu lar  to the D + decay plane 
in the helici ty frame. The invar iant  mass spect rum is 
shown in fig. 3, where the curve results from a fit us- 
ing a po lynomia l  form for the background and a 
gaussian form for the signal. The fi t ted mass is 
( 1864 _+ 3 ) M e V / c  2 and the width is (53 + 4) M e V /  
c 2, consistent  with that  expected from the detector  

resolution. 
The D *° signal was searched for in the mass differ- 

ence d is t r ibu t ion  (J=--MK-rc . . . .  _--MK-n+n+ ) for 
ZD.>~0.2 with the D + selections of  1810 M e V /  
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Fig. 3. The invariant Knn mass distribution with zD>~0.2 and 
I cos 0* I > 0.15, where ZD and 0* are redefined in the text. 
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difference (J= M(K-n+n+n - ) - Fig. 4. The mass 
M(K-lt + rt + ) ) distribution for D *° with ZD* 1> 0.2 and 1810 MeV/ 
c2< 1900 MeV/c 2. The solid curve shows the background esti- 
mated by the methods described in the text. The broken curve 
shows the expected signal with I'D.,, = 5 MeV / c 2. 

c2<MK-n+n÷ < 1900 M e V / c  2 andz2  < 10 for the D ÷ 
mass constraint  fit. Fig. 4 shows the mass difference 
d is t r ibut ion  in the threshold region. The shape of  the 
background,  given by the solid curve in fig. 4, was 
es t imated  by three methods.  Firstly,  the D + candi-  
dates from the side bands of  the peak in fig. 3 ( 1600 
M e V / c  2 < MK-~ +~. < 1800 M e V / c  2 and 1920 M e V /  
c 2 < MK - ~ +,~ + < 2120 M e V / c  2 ) were combined  with 
the other  n - .  Secondly, wrong sign combina t ions  o f  
K - n + n + n  + and K - n + n - n  + were studied. Thirdly,  
Monte  Carlo events that do not  include the D*°-~ 
D + n  - decay mode,  were generated and passed 
through our  detector  s imulat ion.  All o f  these tech- 
niques gave a consistent shape within the statist ical  
errors, and thus events resulting from the three meth-  
ods were added  together. The background was fi t ted 
to a form o f a ( J - J o )  b, where a and b are free param-  
eters and Jo is a threshold value. The curve was nor- 
mal ized  to the da ta  in the region o f  143 M e V /  
c 2 < / l <  146 M e V / c  2, away from the threshold.  

After  subtract ing this background,  the number  o f  
events in the threshold region o f  139.7 M e V /  
c2<LJ< 143 M e V / c  2 is - 13__+ 17, consistent  with no 
signal. The error  is due to the statistics, as well as to 
the uncer ta inty  in de termining  the background.  The 
signal expected with FD.O = 5  M e V / c  2 ( the current  
upper  l imi t )  is shown as the broken curve above  the 
background in fig. 4, using exper imenta l  values [ 1 ] 
o f  MD . . . .  2007.2 M e V / c  2 and Mr)+ = 1869.3 M e V /  
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c 2. A p-wave Brei t-Wigner form was used for the res- 
onance shape of  the D *° and the mass difference dis- 
tribution was smeared by the detector resolution. No  
threshold effect was used. The total number  of  D *° 
produced was calculated from the D *+ data, assum- 
ing that the D *° and D *+ production cross sections 
are equal. We used the most recent branching ratios 
for the reactions D O ~ K -  n + and D + --, K -  n + n + [ 4 ]. 

In order to set an upper limit, the width of  the D *° 
was varied with the masses of  the D *° and D + fixed 
at the above values and the expected signal was su- 
perimposed on the background curve. Then various 
;(2 values were calculated between the curves for the 
signal plus background determined above and the 
data in the region of  139.7 MeV/c2<A< 143 MeV/  
c 2. The statistical error for the D *° production and 
the normalization error for the background curve 
were included in the X 2 calculation. In this way, we 
find the width to be FD,O < 2.1 M e V / c  2 at 90% CL. 
This result does not depend on the cuts applied pre- 
viously. However, the current measurements of  the 
D *° mass have a large uncertainty of  + 2.1 M e V / c  2. 
Therefore, we repeated the above analysis for various 
D *° mass values. The upper limit contour in the 
MD,O versus FD,O plane is shown in fig. 5. 

These results may be compared to a calculation 
based on the measured branching fraction for the D* + 
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Fig. 5. The upper limit of  the D *° width as a function of  the D *° 
mass. The contour corresponds to the 90% confidence level. 

radiative decay. Since the radiative decay D* + --* D +7 
is an M 1 transition, the electromagnetic width is given 
by the following formula: 

FMI = 4OL (ec/2m~ + ed/2md ) 2 k 3 ,  

where eq/2mq is the magnetic moment  of  the quark 
(charm quark and down quark) and k is the momen-  
tum of  the photon. Therefore, the total decay width 
is given by FD,+ =FM~/Br(D*+-+D+y) .  The esti- 
mated value Of FM~ for D*+--*D+y is 2.4 keV/c  2, us- 
ing the constituent quark masses of  mc= 1.84 GeV/  
c 2 and rnd=0.34 GeV/c 2 [5].  The measured value 
of  Br (D  *+ - , D + y )  = ( 17 _+ 5 _+ 5)% [6 ] gives a total 
width of  F =  14+_ l° keV/c  2, where the Statistical and 
systematic errors are added quadratically. There are 
also calculations of  the hadronic decay widths of  
D*+--,D°n + and D+n  ° based on the SU(4)- invar-  
iant interaction [ 7 ]. Using these calculations and the 
measured branching ratios of  these processes, the to- 
tal width of  the D *+ is (27_+ 5) keV/c  2, somewhat 
higher than that calculated from the radiative decay 
mode. Similar arguments apply for the D *° decay. Our 
direct measurement is independent of  such theoreti- 
cal uncertainties. 
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