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Abstract 

Using the ARGUS detector at DORIS, we observe the production of Ds•+ 
mesons in e+ e- annihilation through their subsequent decays to a Ds + 
and a photon. Photons which convert in the beam pipe or drift cham
ber inner wall are used to obtain a high precision measurement of the 
Ds •+ - Ds + mass difference, while photons detected in the shower coun
ters are used to determine the production cross-section, and to provide 
an independent measurement of the Ds •+ - Ds + mass difference. The 
observed Ds•+- Ds + mass difference is (142.5 ± 0.8 ± 1.5) MeV /c2 , and 
u(e+e--+Ds•+ X)· BR(Ds*+-+Ds+'i') · BR(Ds+ -t</>7r+)is(4.4±1.1±1.0) 
pb at 10.2 GeV. The width ofthe Ds•+ is less than 4.5 MeV /c2 at 90% con
fidence level. 
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The D5*+ meson:, JP = 1-, I...,-,(!, (formerly known as F*+) predicted by the 

quark model[11, W..s been observed by~ n11miber of experiments, inpudilj-g ARGUS[21, 
' I,, -, ' I ' '!I I I ·'I ' ' : 

TPC[31, and m<lire reeently, MARK [[I[~l. [sospin conservation fti>rbids th.e strong 
i , 'I . ; , , . : , 

decay to D5+1r0, leaVfilf\g the ,electro!lt~g!lletic qecay Ds*+ -+Ij>s+'l' as the dominant 

mode. Hitherto the Ds•"~-- 1)5+ Iilas~'~ff~reJJ.ce has been:measuredwith an accuracy 
,I : ':. ! I I L I ' 

of order '1 0 MeV/ c2 ~ In ti>rder t()i confr~:nt the theoFetical £a!lculations[5
], ,a mu<$1 higher 

precision is:nect;ssary. In this lett<rr l\1~ 'r•;pti>~t on the re~~ts o£ such a Jllgh,~r;ecision 

measurement, the combined s~at!stid.l ~d 'systematic uncertain~;t Heing reduced to 
' I ' 

2 MeV I c2 • The analysis uses only the Ds + ...., </>1r+ decay channel of the Ds +, in order 

to obtain a Ds + signal with low background. 

The data presented here were collected using the ARGUS detector at the DORIS 

II e+e- storage ring at DESY. The centre-of-mass energy covered a range from 9.4 

to 10.6GeV, with a weighted mean of 10.2GeV. Data used in this analysis are de

rived from a 255.5pb-1 sample, comprising 45.0pb-1 on T(lS), 36.8pb-1 on T(2S), 

103.1 pb-1 on T( 4S) and 70.5 pb-1 in the continuum and resonan.ce scanning. A brief 

description of the detector, trigger, and multihadron selection criteria may be found 

in reference 6. 

For charged particle identification, the specific ionization (dEidx) in the drift 

cllamber, the time-of-flight (TOF), muon counter and shower counter information are 

used to form an overall x2 for each particle species hypothesis. The likelihood for 

each particle hypothesis is determined for every charged track in an event; details 

of the procedure may be found in reference 7. Most tracks with momentum below 

800 MeV I c are uniquely identified, thus reducing combinatorial background. 

All K+K- combinations which have a x2 of less than 16 for the </> mass hy

pothesis, and which fall within 12 MeV I c2 of the nolninal </> mass, are considered as 

</> candidates. Subsequently, Ds + candidates are formed by adding a 7r+ to the </> 

candidates. Since the Ds + has zero spin, the angular distribution of its decay prod

ucts in its rest frame is uniform. A major background to the Ds + signal arises from 

:References in this paper to a specific charged state are to be interpreted as implying the charge 
conjugate state also. 
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combinations of <P's with unassociated pions181. The angular distribution, cos Oq,, of 

the <P with respect to the Ds + in the Ds + rest frame, of this background is peaked 

towards cos O.p = 1; the signal, however, is uniformly distributed. By selecting <jJ1r 

combinations where cos 9.p < 0.8 this background is essentially eliminated. Similarly, 

since the <P has spin one, conservation of angular momentum requires that the <P and 

the 1r be in a l = 1 state, and that the <P has zero helicity in the Ds + rest frame. 

This results in K mesons from the Ds + signal having a cos2 ()K+ distribution, where 

()K+ is the angle of the K+ with respect to the 1r+, in the <P rest frame. Uncorrelated 

background results in a uniform distribution in cos ()K+; 50% of the background, and 

only 12.5% of the signal are removed by requiring that I cos ()K+ I > 0.5. These two 

angular cuts are used in the Ds • analysis. In Figure 1, we invoke the fact that Ds + 

mesons are produced with high momentum due to the hard fragmentation function 

associated with primary charmed meson productionl•l, and require that the reduced 

momentum of the Ds +, Xp = PvsiPma.:> be greater than 0.5. 

The <jJ1r+ invariant mass spectrum obtained after the two angular cuts, plus 

the cut on reduced momentum, is shown in Figure 1. There is a clear enhance

ment at a mass of (1968.8 ± 1.4 ± 3.0)MeVIc2
, with an rms width of (13.8 ± 1.3) 

MeV I c2 • The width is consistent with that expected from the experimental res

olution. A smaller enhancement at a mass near 1870 MeV I c2 corresponds to the 

Cabibbo suppressed decay of the o+ meson, seen in the o+ -><P1r+ decay mode. The 

u(e+e-->Ds+ X)· BR(Ds+--> <jJ1r+) is (7.8±0.8±1.3) pb at 10.2GeV, extrapolated 

over the entire Xp rangel71. 

To search for aDs •+ signal we have combined photons with all <jJ1r+ combinations 

within 20 MeV I c2 of the Ds + mass, and which have a x2 for the Ds + mass hypothesis 

of less than 16. 

The photons are detected by two very different methods. Firstly, photon en

ergies are measured using the array of shower counters. These showering photons 

we denote by 1,; they are measured with high efficiency in the energy range used 

in this analysis, and an energy resolution of approximately 12% at 0.5 GeVi101. Fig

ure 2a shows the 1'•1'• invariant mass distribution. The 1r0 is clearly seen at a mass of 
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(135.3±0.3±4.0) MeV /c2
, with a width of (23.4± 0.4) MeV /c2

• This gives confidence 

in both the overall calibration of the shower counter system and also the resolution. 

The high efficiency of this method of photon detection allows us to perform a statis

tically significant measurement of the production cross-section of the Ds •+ multiplied 

by the product branching ratio to the tj>1r+ final state of the Ds +. 

The resolution of the Ds •+ - Ds + mass difference is dramatically improved by 

using the second method of photon detection. This method exploits the fact that 

there is about a 3% probability of photoilJS converting to e+ e- pairs in the beam pipe, 

or inner wall of the main drift chamber; these convertin.g photons we denote by 'Yc· 

The resolution with which the energy of these photons is measured is governed by the 

precise momentum resolution of the ARGUS drift chamber; 

where pis in GeV /c. (1) 

The reconstruction of the "fc proceeds by finding a secondary vertex formed by an e+ e

pair. Requiring the invariant mass of each conversion pair to be less than 10 MeV/ c2 

results in the 'Yc'Yc invariant mass distribution shown in Figure 2b. The 1r0 signal 

is fitted with a gaussian plus radiative tail. The resulting mass and rms width are 

(134.8 ± 0.4 ± l.O)MeV/c2 and (5.2 ± 0.4)MeV/c2
, a considerable improvement on 

the 1r0 signal obtained using the "(,. 

Using the first method of photon detection, the Ds + candidates are combined 

with shower counter photons. There is a large background from low energy un

correlated photons. This results in a given Ds + candidate combining with several 

photons to produce more than one Ds*+ candidate in the 130-150MeV/c2 mass dif

ference region. This double counting effect is rendered negligible, and the general 

background is substantially reduced, by requiring that the photons have an energy 

greater than 180 MeV. Since one expects the Ds •+ production to be from primary 

continuum charm particle production, we exploit the hard charm fragmentation by 

requiring that Xp > 0.5 for the Ds + "fs system. The data sample used includes data 

from the T(4S), and clearly there could be Ds*+ production from the decay of B 

mesons. The Xp cut selects combinations beyond the kinematic limit for Ds •+ from 

B decay, ensuring that only events from continuum production are included. The 
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mass difference spectrum, b.M = m ( Ds + 7,) - m ( Ds +), is shown in Figure 3a. A 

significant peak is seen at b.M near 140 MeV lc2
, rather close to the threshold in the 

mass difference distribution. The shape of the background dominates the systematic 

error on the measured mass difference. It has been determined in two ways. Firstly, 

by Monte Carlo; secondly, by fitting to the shape of the mass difference distribution 

resulting when the <f;tr+ combinations are required to lie outside of the Ds + region. 

This latter distribution is shown in Figure 3b. These two determinations of the back

ground shape give consistent results. In fitting the distributions in Figure 3a and 3b, 

the background shape is determined using Monte Carlo; it is a third order polynomial 

with a threshold factor. The signal is fitted with a gaussian with width fixed to the 

value 21.7 MeV I c2
, as determined by the Monte Carlo. The fit results in 68.8~g:~ 

events in the signal, and an uncorrected mass difference of: 

(2) 

Fitting the same background and signal shape to the sideband distribution in Fig

ure 3b does not result in a statistically significant signal: 6.1~;:~ events at a mass 

difference of 141.7 MeV lc2
• Due to the finite resolution of the photon energy mea

surement, the requirement that the photons have an energy greater than 180MeV 

introduces an experimental bias to larger mass differences. In Figure 4 we show the 

result of a Monte Carlo simulation of this bias; as the photon energy cut increases, 

the Ds •+ - Ds + mass difference effectively shifts to higher values. In this way we 

estimate that the cuts applied to the data yield a mass difference shift of3.1 MeV I c2 , 

resulting in a corrected value of b.M = (138.6 ± 4.8 ± 4.0) MeV lc2
• The corrected 

result is listed· in Table I. In extracting the production cross-section multiplied by 

the branching ratio of the Ds + to <f;tr+ we must correct for the effect of the cut on 

xv, the reduced momentum. This is•.done by extrapolating over all xv, using the 

Peterson et a/. fragmentation function[9l with parameter[7l E = .04~:g~, which results 

in u(e+e--+Ds•+ X)· BR(Ds•+_.ns+l) · BR(Ds+-+ <j;tr+) = (4.4±1.1±1.0) pbfor 

the production of Ds•+ from the continuum. The systematic error is dominated by 

the extrapolation of the fragmentation function. We deduce that (56 ± 22 ± 11) % of 

5 



,,,.,,,.,. .. ,,, 

Ds + axe produced from Ds •+. 

In using the converted photons to make a precise measurement of the mass 

difference, we have relaxed some of the kinematical cuts mentioned above, in order 

to increase the acceptance. The relaxed cuts are: cos (}<I> < 0.9,and a mass cut around 

the Ds +of ±25 MeV /c2
• The cut of I cos~+ I > 0.5 is unchanged. Converted photons 

are combined with Ds + candidates; the resulting mass difference spectrum, !:>.M = 

m(Ds+l'c)- m(Ds+), is shown in Figure 5a. The naxrow peak at a mass difference 

near 140 MeV /c2 is fitted with a gaussian of fixed width 2.0 MeV /c2
, allowing for the 

radiative tail, while the background is flat. Fitting to this distribution results in a 

signal of 9.9:!:t~ events, at a mass difference of: 

(3) 

Allowing the width of the signal to vaxy yields r(Ds*+) < 4.5 MeV /c2 at 90% C.L. No 

signal is evident when the Ds + is taken from the sideband region, as seen in Figure 5b. 

We verify the mass scale by using the measured value of the D*0 
- D0 mass 

difference. We have measured this mass difference using the process, 

D.o no -> /'c where (4) 

which has very similar systematics to the process under study, although it has a much 

larger background, due to the many photons correlated with D0 mesons, through the 

decay D*0 ->D0
7r

0
• The mass difference spectrum, !:>.M = m(D01'c)- m(D0 ) is shown 

in Figure 6. The 0*0
- D0 mass difference is (142.2 ±0.9) MeV jc2 , in good agreement 

with the Particle Data Group valuel11l of (142.5±1.3) MeV /c2 • The quoted systematic 

error on the Ds+ - Ds + mass difference is dominated by the Particle Data Group's 

statistical error on the D*0 
- D0 mass difference. 

In conclusion, the production cross-section from continuum at < Ecm >= 10.2 Ge V 

lS 

or 

(6) 
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where R 0 , •+ is the production cross-section relative to <r ,.,., the muon pair production 

cross-section. The two independent Ds •+ - Ds + mass difference measurements are 

combined to give: 

t:>.M = 142.5 ± 0.8 ± 1.5 MeV /c2
• (7) 

It is a pleasure to thank U. Djuanda, E. Konrad, E. Michel, and W. Reinsch for 

their competent technical help in running the experiment and processing the data. We 

thank Dr. H. Nesemann, B. Sarau, and the DORIS group for the excellent operation 

of the storage ring. The visiting groups wish to thank the DESY directorate for the 

support and kind hospitality extended to them. 

Table I 

Mass Width Number Events 
(MeV /c2

) (MeV /c2
) 

Ds +-y, 138.6 ± 4.8 ± 4.0 21.7 68.8:!:~2:3 
Ds +'Yc 142.9 ± 0.8 ± 1.6 2.0 9 9+3.7 . -3.0 

Combined 142.5 ± 0.8 ± 1.5 
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Figure Captions 

Fig. 1 qnr+ mass spectrum, with Xp > .5, and angular cuts cos Bq, < .8, and I cos BK I > .5. 

Fig. 2a Mass spectrum of')',')'., showing the neutral pion decaying to two showering 

photons. The photons are in the energy range of interest in decays of continuum 

produced 0 5*+, E~ > 0.15 GeV. The distribution is fitted with a Gaussian, plus 

a radiative tail. 

Fig. 2b Mass spectrum l'c/'c, showing neutral pion decaying to two converting pho

tons. The photons are in the energy range relevant in decays of Ds •+, with good 

reconstruction efficiency, .1 < E~ < .6 GeV. 

Fig. 3a Mass difference spectrum using showering photons, I::!.M 

m(Ds+). 

Fig. 3b Mass difference spectrum, with the qnr taken from the Ds sideband, within 

50MeV/c2 ofm(qnr)= 2.16MeV/c2
• 

Fig. 4 Shift of I::!.M peak as a function of photon energy cut. 

Fig. 5a Mass difference spectrum using converted photons, I::!.M - m(Ds +l'c) -

m(Ds+). 

Fig. 5b Mass difference spectrum, with qnr taken from sideband, within 25 MeV/ c2 

of m(,P1r) = 2.15 MeV /c2
• 

Fig. 6 Mass difference spectrum, !::>.M = m(D01'c)- m(D0
). 
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