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Using the ARGUS detector at the DORIS II e+e - storage ring at DESY, we have obtained ewdence for a new charmed-strange 
meson which decays into D*+K ° Its mass is observed to be 2535 9 + 0 6 + 2 0 MeV/c 2 and its wxdth to be less than 4 6 MeV/c 2 
at the 90% confidence level No structure is observed at th~s mass m the D+K ° mvanant mass spectrum, which suggests that an 
unnatural spin-panty ~s preferred 

O v e r  t he  pas t  f ou r  years ,  two  n e w  c h a r m e d  m e-  

sons,  a s c r i b e d  to  P - w a v e  b o u n d  s t a t e s  o f  a c h a r m e d  

q u a r k  a n d  e i t h e r  a ~ o r  a d q u a r k ,  h a v e  b e e n  o b s e r v e d  

[ 1 -5  ] A va r i e ty  o f  m o d e l s  h a v e  b e e n  p r o p o s e d  wh ich  

p r e d i c t  t he  m a s s e s  a n d  w i d t h s  o f  the  c o r r e s p o n d i n g  

c h a r m e d - s t r a n g e  s ta tes  [ 6 - 8  ] A f ea t u r e  c o m m o n  to 

m a n y  o f  these  m o d e l s  is t h a t  the  m a s s  d i f f e r ence  be-  

t w e e n  a g iven  cd s ta te ,  a n d  t he  cg s t a t e  o f  t he  s a m e  

s p i n - p a r i t y  ( j r )  is a p p r o x i m a t e l y  i n d e p e n d e n t  o f  

w h i c h  J e  IS u n d e r  c o n s i d e r a t i o n .  T h e  v a r i o u s  m o d e l s  

p r ed i c t  th i s  m a s s  d i f f e r e n c e  to  b e  b e t w e e n  80 a n d  130 

M e V / c  2 T h e  m a s s  d i f f e r ence  b e t w e e n  t he  S-wave  

c h a r m e d  a n d  c h a r m e d - s t r a n g e  m e s o n s  is a b o u t  100 

M e V / c  2 In  th i s  l e t t e r  we r e p o r t  e v i d e n c e  for  a 

c h a r m e d - s t r a n g e  m e s o n ,  w h i c h  decays  i n to  D * + K  °, 

a t  a m a s s  a b o u t  115 M e V / c  2 a b o v e  t h a t  o f  t he  
D 1 ( 2 4 1 4 ) o  ~,1.2 

T h e  d a t a  p r e s e n t e d  he re  were  co l l ec ted  a t  a m e a n  

cen te r -o f -mass  energy  o f  10.30 G e V  w t t h  the  A R G U S  

d e t e c t o r  a t  t he  D O R I S  II e + e  - s to rage  r ing  at  D E S Y  
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T h e  d a t a  s a m p l e  cons i s t s  o f  311 ± 9 p b -  1, co l lec ted  

o n  the  Y ( I S ) ,  Y ( 2 S )  a n d  " f ( 4 S )  r e sonances ,  a n d  m 

the  n e a r b y  c o n t i n u u m  A c o m p l e t e  d e s c r i p t i o n  o f  t he  

de tec to r ,  t r igger  c o n d i t i o n s ,  m u l t l h a d r o n  se lec t ion  

cr i te r ia ,  l u m i n o s t t y  d e t e r m i n a t i o n  a n d  pa r t i c l e  iden-  

t i f i c a t i o n  s t ra tegy  can  be  f o u n d  in  ref. [ 9 ]. 

T h e  sea rch  for  exc i t ed  c h a r m e d - s t r a n g e  s ta tes  ha s  

b e e n  m a d e  us ing  t he  decay  c h a i n  

D +  o D * + K  ° ' 

w h e r e  t he  D *÷ decays  to DOn + a n d  t he  D O ts r econ-  

s t r u c t e d l n t h e  m o d e s  

D ° . K - n  + , ( 1 )  

~ K - n + n + n  - , ( 2 )  

~ K - n + n  ° ( 3 )  

T h i s  i nc ludes  57% o f  all D *+ decays  [ 10] a n d  24% 

o f  all D O decays  [ 11 ]. 

C h a r g e d  par t i c les  f r o m  the  m a i n  v e r t e x  were  re- 

q u i r e d  to  h a v e  a m o m e n t u m  t r a n s v e r s e  to  t he  b e a m  

d i r e c t i o n  g rea t e r  t h a n  60 M e V / c  a n d  to h a v e  a p o l a r  

angle,  0, in  t he  r ange  I cos  01 ~<0.92. T h e s e  par t ic les ,  

i d e n t i f i e d  o n  t he  bas i s  o f  spec i f ic  i o n i z a t i o n ,  t i m e  o f  

f l ight ,  ene rgy  d e p o s i t i o n  in  t h e  s h o w e r  c o u n t e r s  a n d  

p e n e t r a t i o n  to  the  m u o n  c h a m b e r s  were  t r e a t e d  as n -+ 

o r  K + i f  t he  l i k e l i h o o d  r a t i o  [ 9 ]  for  t he  h y p o t h e s i s  

u n d e r  c o n s i d e r a t i o n  e x c e e d e d  0 01. A K ° c a n d i d a t e  

was  d e f i n e d  as a n + n  - p a i r  c o m i n g  f r o m  a s e c o n d a r y  

ve r t ex  [9 ]  In  a d d i t i o n  it  was  r e q u i r e d  t h a t  

cos a >t 0 95, w h e r e  ot is t he  ang le  b e t w e e n  t he  K ° too-  

at References m this paper to a specific charged state are to be 
interpreted as Implying the charge-conjugate state also 

#2 A recent analysis [5] separates the JP= 1 + and 2 + contribu- 
tions to the D1 (2420)° [ 1-3 ] and presents the mass quoted 
above for the 1 + state 

163 



Volume 230, number 1,2 PHYSICS LETTERS B 26 October 1989 

Table 1 
The mass intervals used to select the lntermedmte states for this analysis Except for the sldeband selectmn, the mvarmnt mass of each 
candidate was also reqmred to be within four standard devlatmns of the known mass of the state The last column refers to the D o 
channels for which the cut is applicable The symbols D*~-~ and A(D *+ ) are defined in the text 

Decay mode Mass interval (MeV) D O channel 

Ks ° --,~+x- 

DO_,K-x+ 

_,K-~+xo 

D*+_~DOx+ 

* +  0 + 
n s m  e -* D x 

D+_~K-x+x+ 

482 7~<rn(n+n-) ~<512 7 

1800~m(K-x  +) ~ 1930 
1820--.< m (K-x+x+x - ) ~< 1910 
1800~<m(K-n+x °) ~< 1930 

143 5~<A(D *+) ~< 147 5 
142 0~<A(D *+)~  148 0 

160~<A(D*+) ~<220 
160 ~< A(D*~-¢) ~< 180 

1 8 1 0 ~ m ( K - x + ~ + ) ~  1930 

1,2 
3 

1 
2,3 

m e n t u m  a n d  the  v e c t o r  w h i c h  p o i n t s  f r o m  the  m a i n  

ve r t ex  to the  decay  v e r t e x  A p h o t o n  was d e f i n e d  as a 

c lus t e r  o f  energy,  g rea t e r  t h e n  50 M e V  a n d  no t  asso-  

c ia ted  wi th  any  cha rged  t rack,  d e p o s i t e d  in the  shower  

c o u n t e r s  A ),), p m r  was  a c c e p t e d  as a ~o c a n d i d a t e  t f  

its l n v a r i a n t  m a s s  lay w i t h i n  two  s t a n d a r d  d e v t a u o n s  

o f  the  x0 m a s s  T h e  c r i t e r i a  w h i c h  d e f i n e d  c a n d i d a t e s  

for  t he  o t h e r  i n t e r m e d x a t e  s ta tes  a re  s u m m a r i z e d  in 

t ab le  1 Each  ~ o  D o, D , +  a n d  K ° c a n d i d a t e  was  kl- 

n e m a t l c a l l y  f i t t ed  to i ts  a c c e p t e d  m a s s  [ 11 ] 

It is e x p e c t e d  t h a t  t he  m o m e n t u m  s p e c t r u m  o f  a 

m e s o n  c o n t a i n i n g  a l e ad i ng  c h a r m e d  q u a r k  wall be  

ha rd ,  w h e r e a s  t h a t  o f  t he  c o m b m a t o r t a l  b a c k g r o u n d  

will be  sof te r  Each  D * + K  ° c o m b i n a t i o n  was re- 

qu i r ed ,  t he re fo re ,  to  h a v e  xp> 0 6, w h e r e  xp=P/Pmax 
a n d  P2ma x = E 2 ( b e a m )  - rn 2 ( D * + K  °)  

In a p p r o x i m a t e l y  25% o f  the  D * + K  ° c o m b i n a -  

t ions ,  the  D *+ c a n d i d a t e  sha re s  at  leas t  one  o f  t ts  

c o n s U t u e n t  pa r t i c l e s  w i th  a n o t h e r  D *+ c a n d i d a t e  

T h i s  is p a r t i c u l a r l y  a p r o b l e m  an c h a n n e l  3 In  o r d e r  

to  r e d u c e  the  c o m b i n a t o r m l  b a c k g r o u n d ,  on ly  one  

D *+ c a n d i d a t e  was  a c c e p t e d  pe r  even t ,  t he  o n e  w i t h  

the  largest  p r o b a b l h t y  o f  the  to ta l  Z 2 T h e  to ta l  Z 2 is 

the  s u m  o f  t h o s e  f r o m  the  i n t e r m e d t a t e  m a s s  f i ts  a n d  

t h o s e  f r o m  the  pa r t i c l e  ~dent~f icat ion degrees  o f  
f r e e d o m  

T h e  resu l t ing  D * + K  ° mass  spec t ra  are s h o w n  in fig 

la ,  for  c h a n n e l s  1 a n d  2, a n d  in fig l b  for  c h a n n e l  3 

A p r o m i n e n t ,  n a r r o w  s t ruc tu re ,  a t  2536  M e V / c  2, is 

o b s e r v e d  in b o t h  spec t r a  U s i n g  a M o n t e  C a r l o  s tm-  

u l a t l o n  [ 12 ], t he  m a s s  r e s o l u t i o n  o f  t he  d e t e c t o r  was  

d e t e r m i n e d  to be  or= 1 7_+ 0 2 M e V / c  2 for  the  f i rs t  

two  c h a n n e l s  a n d  a =  3 3 _+ 0 5 M e V / c  2 for  the  t h i r d  

As a m e a s u r e  o f  the  accu racy  w i th  w h i c h  the  s imu la -  

t i on  p r o c e d u r e  p r ed i c t s  the  m a s s  r e so lu t ion ,  the  

M o n t e  Ca r lo  r e s o l u t i o n  for  a s t r u c t u r e  o f  s i m i l a r  

wid th ,  n a m e l y  the  D * + - D  ° m a s s  d i f f e rence ,  was  

c o m p a r e d  wi th  t he  m e a s u r e d  r e s o l u t i o n  N o  d l sc rep-  

3 M e V / c  2 

0 

N 

6 M e V / c  2 

(a) 

(b) 

2 

0 
25 26 27 

~ass(D'+~ ) [CeV/c 2] 

Fig 1 D * + K s  ° lnvarmnt  mass spectra fo r  the D o decay modes (a)  

K - x  + and K - x + x + x  - and (b )  K - x + x  ° The curves correspond 
to the fit described in the text 
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' il;o  a u ~ v /  ( 

_ n l l  ~ l I F l  

o.  ,I[ - ul"" 
0 5  0 6  07 

Sldebemd A(D~) 

. . . . . . . . . . .  t 
0 n 

25  26 27  
gass(D*÷K ÷) 

18f  . . . . . . . . . . . .  t (~) 

0 
25  26 27  

Mass(D**K -) [Ge¥/c 2] 

Fig 2 Background spectra The arrows m&cate the mass, or the 
corresponding mass &fference, at which the signal ~s observed m 

m(D=deKs)-m(D=dc) mass &fference spectrum, fig 1 (a) .+ o .+ 
where D*~e are DOn + combmatmns from the upper sldeband of 
the D *÷ (b) D*+K + mvanant mass spectrum (c) D*÷K - m- 
variant mass spectrum 

ancy between the measured and predtcted widths was 

observed. 
In order to extract the parameters of the sagnal, each 

spectrum was fitted wath the sum of a gausstan, to 
parametenze the signal, and a first order polynomial  
multtplied by a square root threshold factor, to para- 
meterlze the background The two spectra were fitted 
samultaneously, keeping the central values of the two 
gaussmns equal The other parameters were allowed 
to vary separately for each spectrum This procedure 
yields a mass of 2535 9 + 0  6 MeV/c  2 and amph- 
tudes of 8 5 + 3 events, for the sagnal m channels 1 
and 2 combaned, and 7 5 + 3 events for the sagnal m 
channel 3 Both fitted wadths are consastent wath the 
detector resoluuon In the signal regton, defined to 
be from 2529 to 2541 MeV/c  2, there are 18 events an 
the two histograms The number  of background 
events beneath the sagnal, esUmated by lntegratmg the 
background function over the signal region, as 0 6 
+ 0 3 f o r f i g  l a a n d  1 1 + 0 3  for fig lb, m a k m g a  

total of 1 7 + 0 4 events The observed 18 events cor- 
respond to a 6.7 standard deviation excess above this 
background If a more conservative, constant back- 
ground parametertzatton is assumed, the sagntficance 
is still 5 0 standard devaataons. In order to estamate 
the systematac errors, the selection criteria, the mass 
resoluUon and the parametenzataon of the back- 
ground were vaned. The systematic error on the mass, 
lncludang the uncertainty on the D *+ mass [ 11 ], as 
+ 2 MeV/c  2 In the followang, we shall refer to this 

state as the Dsj (2536) + 
To obtain an upper lamit for the natural  wadth, F, 

of the Dsj (2536) +, the signal shape was parameter- 
azed by a Breat-Wagner hne width convoluted wath a 
gaussaan resolutaon The widths of the two gaussmns 
were fixed to thetr expected values and the mass was 
fixed at 2535 9 MeV/c  2 This yields an upper hmlt  
o f F <  4 6 MeV/c  2, at the 90% confidence level 

In order to demonstrate that the signal as not an 
artifact of the selection craterla, a sadeband study and 
a wrong charge study were performed. For the side- 
band study, D O can&dates were selected as above, 
combined wath n + candadates and the mass difference 

A(D *+ ) = m ( D ° n  + ) - m ( D  °) 

was calculated The sadeband D *÷ can&dates, Dslde*÷, 
were selected accordmg to the crtterta m table i In 
order to have sufficient statlstacs for the sldeband an- 
vestagatmn, tt was necessary to make the A(D *÷ ) an- 
terval much larger than for the real D *+ selection. 
Consequently, the mass resolutaon .+ o for DstdeK s c o m -  
banataons is much poorer than for D*+K ° combma-  
taons This difficulty can be overcome by comparmg, 
instead, a quantaty with the same resolutaon for both 
the sagnal and the sideband combinations, namely the 
mass difference 

A ( D b )  = m (D*+K °) - m ( D  *+ ) 

The A ( D ~ )  spectrum for real D*+K ° combinat ions  
is not shown because at as adentlcal to fig. 1, except 
for the change m the horizontal scale The A ( D ~ )  
spectrum for the sldeband, wath all three D O channels 
combined, is shown an fig 2a No sagnaficant sagnal as 
observed 

The wrong charge mass spectra, D*+K + and 
D*+K - ,  are shown m figs 2b and 2c, respectively 
Using a Monte Carlo samulatlon, the mass resolution 
for these channels was determined to be 2 1 + 0 1 
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MeV/c  2 for channels 1 and 2, and 3 6 __ 0 5 for chan- 
nel 3 The acceptance was determined to be more than 
three times larger than that of the D*+K ° combina-  
tions No significant signal is observed in either spec- 
t rum The absence of a signal m these spectra argues 
against exotic interpretations for the D*+K ° signal 

Because of strangeness mixing In the K ° system, it is 
not certain that the signal arises from a cg system It 
might, for example, be produced by a cst]a system 
Such a hypothesis, however, would require that sig- 
nals also be present in the wrong charge spectra 

A Monte Carlo s imulat ion was performed to deter- 
mine the acceptance of the detector as a function of 
xp In each channel the acceptance was found to vary 

only slowly with xp The fraction of the signal in each 
of the three channels is consistent with that expected 
from the acceptances and the known branching ratios 
[11] 

The fragmentation function of the D~j(2536 ) + was 
extracted by fitting a weighted histogram of 
a), (D* + Ks ° ) For this study, the xp cut described above 
was reduced to xp> 0 5 Each D*+K ° combinat ion  in 
the signal region was assigned a weight of ( r /BR ) - 1, 
where q is the efficiency and BR is the appropriate 
D o branching ratio The resulting Xp spectrum is 
shown in fig 3 The overlayed curve is the result of 
fitting the fragmentation model of Peterson et al 

[131, 

2 - -1  

6 o [ ( 1  e ) 1  
dxp ~ Xp 1 Xp ( 1 --Xp) 

tO the data The Peterson parameter, e, was measured 
to be ,, n u,,_ona+° o~°2 + 0 02, where the systematic error was 
determined by varying the cuts No correction was 
made for initial state photon or gluon radiation For 

comparison, the values of ¢ for the Dj (2414)  °, 
D*(2460)  ° and D*(2113)  + are 0 0 7 _ + 0 0 4 [ 1 4 ] ,  
0 06+0_ 0314], and 0 ,,-,-oolnA+°°3[ 15] respectively 

In the above procedure events belonging to the 
background beneath the slgnal have been included 
This background was subtracted using the average 
weight The acceptance corrected number  of events 
was determined by extrapolatmg the fragmentation 
function, using the Peterson model, to Xp= 0 This re- 
sult was then divided by the luminosity,  and by the 
D *+, K ° and K ° branching ratios [ 10,11 ] to obtain 

a(e+e ~ D ~ j ( 2 5 3 6 ) + X ) B R ( D s s ( 2 5 3 6 ) + - - , D * + K  °) 

=16_+5_+3pb ,  

at ECM= 10 30 GeV If lsospln lnvarlance is as- 
sumed, one obtains 

a ( e + e -  ~D~j (2536)  +X) BR(Dsj (2536)  + ~ D * K )  

=32_+9_+6 pb 

The systematic errors include the errors on the rele- 
vant  branching ratios and the errors on the 
acceptances 

A search was also performed to determine whether 
the same state decays to D+K°s The selection criteria 
for K - ,  ~+ and K ° were the same as above A D r 

candidate was defined as a K - ~ + ~  + combinat ion  
which passed the criteria in table 1 Each D + and each 
K ° candidate was klnematlcally fitted to its accepted 
mass [11] In order to reduce the combinatorial  
background, It was required that Xp (D + K °) > 0 6 and 
that the probabihty of the total Z 2, defined above, be 
greater than 0 01 The resulting D + K ° lnvariant  mass 
spectrum is shown in fig 4 No signal is observed near 
2536 M e V / c  2 To extract an upper l imit on the pres- 
ence of a signal, the spectrum was fitted with the sum 

i da . . . . .  

o a  

0 2  

o l  

0 5  
x, 

Fig 3 D,j(2536) ÷ fragmentation function The curve corre- 
sponds to the fit described in the text 
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N i , i , 

0 214 216 8 

Mass(D+I~g ) [ G e V / c  2] 

Fig 4 D+Ks ° lnvariant mass spectrum The arrow indicates the 
mass at which the signal is observed in  f ig 1 



Volume 230, number 1,2 PHYSICS LETTERS B 26 October 1989 

of gausslan, to parameter lze  any signal, and a third 
order  polynomial ,  to pa rametenze  the background.  
The central value & t h e  gausslan was fixed to 2535 9 
MeV/c  2, as determined above, and ItS width was fixed 
to 4 3 M e V / c  2, as de te rmined  by a Monte  Carlo sim- 
ulation This yields a 90% confidence level upper limit 
of  8 4 entries, which implies  

a ( e + e - ~ D s s ( 2 5 3 6 ) + X )  B R ( D s s ( 2 5 3 6 ) + ~ D + K  °) 

~<7 3 p b  (90% CL)  

This corresponds to 

BR(Ds j (2536)  + - ~ D + K  °) 
~<0 43 (90% CL)  

BR(Ds j (2536)  + ~ D * + K  ° ) 

Phase space considerat ions  require that, for a state 
so close to the D*K threshold,  D K  decays will, unless 
forbidden by some selection rule, dominate  over D*K 
decays The suppression of  the D K  channel is, there- 
fore, most  easily unders tood if  the state belongs to 
the unnatural  sp in -pan ty  sequence The lowest mass, 
excited, unnatural  JP, cg states, are predic ted to be 
the two 1 + members  of  the P-wave mult lp le t  [6] 

Although the Dsj (2536)  + is, at first sight, surpris- 
ingly narrow, a natural  explanat ion is available Un- 
like quarkonla  and isovector mesons, the cg system 
has no conservat ion law which prevents  the mixing 
of  the 3pl and ~P~ states It can be demons t ra ted  [7] 
that, under  fairly general assumptions,  t r lp le t -s ingle t  
mixing will cause one of  the observable states to 
broaden and the other  to become narrow One ex- 
plicit  calculat ion of  the widths of  P-wave cg mesons, 
including mixing of  the j e =  1 + states, has been per- 
formed [8] In that  model  the narrow J P =  1 + state 
is predic ted  to lie below the D*K threshold When 
the observed masses of  the D + ,  D *+ and K ° are used, 
however,  the width is calculated to be about  3 M e V /  

c 2 [16] 
Another  group has reported,  as yet unconfirmed,  

evidence for two states which they mterpre t  to be P- 
wave cg mesons [17] One state, at a mass of  
2537 _+ 28 M e V / c  2, is repor ted to decay to D*+y but  
not to D*K Another,  at a mass of  2564 3 _+ 4 4 M e V /  
c 2, is c la imed in the mode D*K It is difficult to iden- 
tify ei ther of  these states with the one discussed in 
t h i s  p a p e r  

In summary,  we observed a signal of  more than five 
s tandard  devia t ions  in the D*+K ° mass spectrum, at 

a mass of  2535 9_+0.9+2.0 M e V / c  2, which has a 
natural  width less than 4 6 M e V / c  2 at the 90% con- 
fidence level The f ragmentat ion function IS consis- 
tent with product ion from a leadmg charmed quark. 
The mass and the absence of  a signal in the D°Ks ° 
mode suggest that  the state is one of  the j e =  1 + 

members  o f  the lowest lying, P-wave, cg mult lplet  
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