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Abstract 

Results of a search for the purely leptonic decay D+ + P+V~ using the 

Mark III detector at SPEAR are reported. No signal is observed in a data 

sample of 9.3 pb-’ collected at the $(3770) resonance, where 1.2fO.l6(stut.)~~:~~ 

background events are expected. The 90 % C.L. upper limit on the branching 

ratio B(D+ -+ @vlr) is found to be 8.4 x lo-‘, corresponding to an upper limit on 

10 of 340 MeV/c2. This limit has implications for the theoretical understanding 

of differences in Do and D+ lifetimes, DoDo and BOB0 mixing, and provides a 

test of the non-relativistic potential model. 
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The D meson decay constant (fo) is a physical quantity of great experimental 

and theoretical interest. The constant fo may be unambiguo,usly measured 

through the pure leptonic decay of the D+ :‘11 

rD++V = &GF2fD2mDm~l Vcd j2(1- - (m,/mD)“)’ (1) 

The decay constant is a direct measure of the overlap of the wavefunctions 

of the heavy and light quarks in the D meson.“] It thus p’lays a fundamental 

role in determining the degree of flavor annihilation and 6nal state interference 

necessary to account, for discrepancies between spectator model predictions’al 

and recent experimental results on D decays. These include the inequality of 

D+ and Do lifetimes,“’ the observation of the decay Do --, Rod ,I*’ and the large 

value of I’(R°K+)/I’(iioz+).“’ A measurement. of fD also provides a stringent 

test of potential model”’ and QCD sum rule”’ calculations. In addition, it 

allows reliable estimates of other heavy meson decay constants (f~, f~, etc.). 

Such estimates are presently difficult to obtain due to the large theoretical 

uncertainties in extrapolating from the well-measured constants fx and f~ for 

mesons containing light quarks, to those for mesons with heavy quarks. The 

decay constant also is essential in evaluating the magnitude of operators leading 

to D”bo and BOB0 mixing.“’ 

This letter reports the results of a search for the decay D+ + p+u,, carried 

out with the Mark III detector at the c+c- storage ring SPEAR. The Mark III 

detector has been descrifled in detail elsewhere.“’ The data were obtained at 
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an average energy of 48 = 3.768 GeV (near the peak of the qb(3770)). The 

. integrated luminosity of 9.3 pb’l corresponded to about 16000 produced D+D- 

pZLidO~ 

At the +(3770), charmed D mesons are produced only in pairs. The search 

is carried out by selecting a sample of events in which a Ds candidate is found, 

and then examining the recoil system for evidence of the P-D,, decay mode. The 

D+ candidates are selected as follows. Charged particles are identified by time-of- 

flight (TOF) or by dE/dx energy loss in the drift chamber. Appropriate particle 

combinations are formed to construct the seven final states: K-&X+, R”xT+, 

ji”rr+7rT+7r-, R”?r+xo, ~~~-A+x+xO, E”X+, and K-K+a+. The total energy of 

the D+ candidate is constrained to the beam energy; if the ha1 state contains a 

x0, the additional constraint of the rr” mass is also used. This procedure results 

in 2489.9 f 41.9(stut.) 3~ rlO.O(syst.) cleanly identified D+ tags (cf. Figure 1 ) 

The isolation of the ~1-p~ candidates proceeds as follows. The D+ tag is 

required to have a mass between 1.862 and 1.875 GeV/c2. The recoil system 

is required to have only one charged track, with a charge opposite to that of 

the tag. The data are then separated into two classes depending on whether the 

recoil track is within the acceptance of the muon detection system (I cos0 I< 0.65, 

where 8 is the polar angle from the beam axis). 

Events within the acceptance of the muon system are subject to only one 

further requirement: two (one) layers are required to be hit for muon momentum 

(p,,) 2 1 GeV/c (pr < 1 GeV/c). No further event topology cuts are applied 

due to the excellent (90 - 95%) rejection of rr and K decays and punchthrough 

provided by the muon system.‘“’ 



The lack of muon identification in the end-cap region (I co& 12 0.65) 

necessitates the use of further cuts on those events. The principal sources of 

background to the p-t,, signal are the decays D+ -P k”zr+, r%r’;kOK+, and 

kO~+v. Background events with a rr” (either from the D- or a pS) are rejected 

by requiring the absence of any isolated photons in an event (isolated photons 

are defined as those not used in forming a x0 in the tag, or which make an 

angle 1 cos8 15 0.92 with respect to any charged track). This cut also rejects 

Ki which interact in the shower counter. The decay Ki + rrr+lr’ has already 

been rejected by requiring no more than one recoil track against the D+ . The 

fraction of Ki which interacts is modelled by using the decay $(3100) + KZK:, 

Ki + x+x- from a separate data set. “‘l Due to the larger cross-section for 

Ki at the energies found in the +(3100) data, this procedure is expected to 

underestimate the background. 

For tracks exiting the drift chamber with 0.92 2 I co& 1 2 0.65, the barrel 

and endcap calorimeters (0.4 interaction lengths) provide some ?r rejection. The 

reduction of A and K backgrounds is accomplished by requiring the candidate 

recoil muon to deposit less than 300 MeV in the shower counter (where the 

minimum ionizing distribution peaks at about 180 MeV). The region 0.84 21 

cos0 I> 0.78 was removed from further data analysis as it represents the overlap 

region of the barrel and endcap calorimeter where energy loss can occur. For 

endcap region tracks falling within the acceptance of the TOF or dE/dx systems, 

additional background rejection is obtained by requiring the track to be consistent 

with a x hypothesis. 

Finally, kinematic cuts are applied to separate the surviving JJ-D~ events 



from the background. The muon momentum is expected to be mono-energetic 

in the D+ center-of-mass frame, while it is shifted for the “punch-throughn from 

D+ + Ron+, x0x+, and fioK+ decays (the muon from D+ + ko p-fir is not 

moneenergetic). Due to the Lorentz boost, the muon momentum distribution 

for JL-P~ events in the lab system (pf*) results in a box-shaped distribution (cf. 

Fig. 2(a)). Furthermore, the expected missing mass squared (Mko,) is zero for 

D+ + P-P,,, while it is expected to peak near rnz, or rn&: for the two body 

backgrounds. In the case of fi9 CC-P,,, the missing vr makes Mk,,peak above 

rn&:. Figure 2 a,b,c,d,e shows plots of pFb and Mki,,for the expected signal and 

for the four major background sources. Based on these Monte Carlo calculations, 

we require Mkisr < 0.175 (GeV/c2)” and 0.775 c pfb < 1.125 GeV/c, losing about 

5 % of the signal. When these cuts are applied to the data, no event is found to 

survive. The closest event to the MLirr cut appears at 0.196 (GeV/c2)2 (cf. Fig. 

2f). 

The expected background with these cuts is 1.16& O.lG(stut.) f0.20(syst .)‘lS1 

The error from the underestimate of the background component containing a Ke 

is excluded from the systematic error because of the uncertainty in the size of 

the effect. The background calculation is tested by loosening the muon selection 

criteria, and comparing the number of events observed to that predicted by the 

Monte Carlo. When the barrel muon system identification is removed, 8 events 

are accepted within the kinematic cuts as compared to a prediction of 4.1. When 

the isolated photon and calorimeter energy cuts (which are applied for end-cap 

region muon candidates) are also removed, 4 additional events are accepted, while 

the Monte Carlo predicts an additional 1.7 events. A further check is made using 
. . 
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the observed M2 ,i,,distribution. Events from D+ + k”h+vp and D+ + Ron+ 

are expected to have M~Jarger than mko (cf. Fig. 2). Ten events are observed 

in the data from 0.2 to 0.5 (GeV/c2)2. This is consistent with 7.6 events predicted 

by the Monte Carlo, thus providing additional experimental verification for the 

background estimate. 

The observation of no events of the type D+ + r+v,, together with the 

background prediction yields a 90 % Confidence Level (C.L.) upper limit of 1.35 

signal events.“” The probability of observing no events when 1.0 background 

events are expected is 0.37. The acceptance for this decay mode varies by 

less than 3 % for the seven different tagging modes; a weighted average of 

0.721 & .008(stat.) f .05l(syst.) is used. Dividing by the acceptance and the 

total number of Ds tags’“’ gives a 90 % C.L. upper limit on the branching 

ratio of 8.4 x lo-‘. Using a D+ lifetime of (10.1 2:::) x 10-13s,'161 and 

1 &a I’= 0.0506f .0065 , “‘I then the 90 % C.L. branching ratio limit corresponds 

to fo = 310 MeV/c2. ( see Figure 3 ). When the errors on r~+ and I I& I2 are 

included, we obtain a 90 % C.L. upper liit on fo of 340 MeV/c2. 

Calculations of the pseudoscalar decay constants obtain values which either 

increase (QCD sum rule method”’ ) or decrease (non-relativistic potential’“’ and 

bag model methods’“’ ) with the meson mass. While our result does not probe 

the small values of /D suggested by the bag model or QCD sum rule calculations 

(fD - 150 + 280 MeV/c), it restricts the range of values predicted by recent 

potential model calculations (fD - 208 + 450 MeV/c). It also excludes the 

very high values of fD which have been suggested”*l as an explanation for 

the large observed ratio ,of r(D+)/r(DO). Thii in turn may imply that final 
. 
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state interference in D+ decay is a more important factor (aa suggested by 

measurements of Cabibbo suppressed D meson branching ratios”” ) than the W- 

exchange mechanism. This limit on fD also places a bound on the box diagram 

contribution to possible Deb0 mixiig and through extrapolation to f’, to BOB0 

mixing. 
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FIGURE CAPTIONS 

1. Shown are the mass plots for the seven D+ tags used in this analysis: 

(a) K-n+&, (b) ji”rrT+, (c) kOn+lr+rrr-, (d) ji”x+xo, (e) ~-A+A+x~, (f) 

&OK+, and (g) K-K-x+. 

2. The variables Mki,,and pk” are plotted for Monte Carlo generated events 

of the types: (a) D+ -+ JL+Y~; and for the four major backgrounds: (b) 

D+ -+ Eon+, (c) r+r, (d) fioK+, and (e) kO#y. The data is shown in 

(f). The plots of Mki8, show the effect of the cut on pp, and vice versa. 

3. Shown is the Cosfidence Level (C.L.) for our result as a function of (a) 

D+ + p+uP, and (b) fD. The limit calculation is described in reference 

14. The dashed curve in (b) includes the effects of lowering the values of 

rD+ and 1 Vcd I2 by their stated errors. 
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