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The total cross section for K t production in e*e - collisions was measured for cms energies between 3.6 and 5 GeV 
and was found to increase by a factor of 2-3 from 3.6 to 4.1 GeV. 

The charmonium hypothesis for the J/ff and ~b' 
predicts a threshold for charmed particle production 
in e+e - interactions not too far above the mass of the 
~'  [ 1 ]. A sharp rise in the kaon yield at the charm 
threshold was expected since the weak decay of  
charmed quarks to strange quarks is strongly favoured. 
The behaviour of  the total cross section suggested 
that the threshold occurs near acms energy of  4 GeV. 
Meanwhile, associated production of  charmed par- 
ticles and events with a lepton-kaon correlation have 
been observed above 4 GeV [ 2 - 4 ] .  However, evi- 
dence for a sharp increase in the overall K production 
has still been missing. In this paper we present cross 
section measurements for charged kaon production 

at cms energies X/~ between 3.6 and 5 GeV. These da- 
ta show that the K ~ yield rises by a factor of  two to 
three between 3.6 and 4 GeV*. 

The experiment was carried out with the double 
arm spectrometer DASP at the DESY storage ring 
DORIS. The apparatus and the data taking and anal- 
ysis procedures are identical to those described in the 
preceding paper [51. We repeat a few points pertinent 
to this study. Kaons were identified in the spectrome- 
ter by time-of-flight; 7r/K separation was possible for 
momenta up to 1.6 GeV/c. The minimum kaon mo- 
mentum required to trigger the detector was 0.28 
GeV/c. The data presented here on charged kaon pro- 
duction, 

t Now at SLAC. 
;~ Now at CERN. 

* A similar rise is seen by the PLUTO group for K ° produc- 
tion [61. 
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Fig. 1. lnvariant cross sections E/4~rp 2 da/dp as a function of kaon energy for the sum of K ÷ and K- production at cm energies 
of 3.6, 4.05, 4.2, 4.44, 4.6 and 5.0 GeV. 

e+e - ~ K t X ,  

were taken with a purely inclusive trigger: no require- 
ment was imposed on the system X. The polar angle 
acceptance used in the analysis was typically --0.55 < 
cos 0 < 0.55. An isotropic angular distribution was 
assumed for the integration over the full solid angle. 
The systematic uncertainty in the overall nonnaliza- 
tion of the cross sections shown below is estimated 
to be ± 10%. The errors given are purely statistical and 
do not include this systematic uncertainty. 

Fig. 1 shows for the sum of K ÷ and K -  produc- 
tion the invariant cross section E/4np 2 do/dp as a 
function of the particle energy E for different inter- 
vals of the total cms energy x~. The cross section 
points above 4 GeV lie significantly higher than those 
measured at 3.6 GeV. At 4.05 GeV the increase in K 
production occurs only at kaon energies below 1.1 
GeV (fig. lb). This is consistent with a picture where 
the additional kaons come from the two and more 
body decay of a ~ 2 GeV mass particle which a t4 .05  
GeVis produced nearly at rest (e.g. e+e - ~ DD*, 
D'D*).  At higher cms energies this effect will be 
washed out because of the increased momentum of 
the parent particle. Within errors the cross sections 
follow a simple exponential up to 1 GeV. This is in 

agreement with our results at the J /~ and 4,' [7]. 
Correspondingly, the invariant cross sections were 
fitted to the form E/47rp 2 do/dp = c exp (-bE) in or- 
der to extrapolate the cross section da/dp to momenta 
below 0.3 GeV/c and to determine the total inclusive 
K ± yield. The fraction of the K ± yield below p = 0.3 
GeV/c was typically 10 to 15% of the yield above 
0.3 GeV/c. 

In fig. 2 the K ~- cross section is shown as a func- 
tion of the cms energy for K momenta between 0.3 
and 1.6 GeV/c amt extrapolated to all momenta. K -+ 
production is seen to rise about a factor of two to 
three between 3.6 and 4 GeV, then levels off between 
4.3 and 5 GeV. Note that there is no evidence for an 
enhancement of the K yield at 4.4 GeV where the to- 
tal cross section shows a structure [8,9]. 

We now estimate the fraction of the total cross sec- 
tion associated with K production. For this purpose 
we sh._~all assume (a) the K~* yield to be the same as for 
K 0, K 0 w__hich is supported by the data from PLUTO 
on K 0, K 0 [6], and (b) the fraction of events with on- 

ly one or more than two kaons in the final state to be 
negligible. Under these assumptions the integrated in- 

clusive K ± cross section, OK_+ - OK+ + OK-, equals the 
total cross section for events with kaons (charged or 
neutral) in the final state. 
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Fig. 2. The cross section for the sum of K ÷ and K- produc- 
tion versus cms energy for momenta between 0.3 and 1.6 
GeV/c (if) and for all momenta (+) (see text). 

Fig. 3a shows the ratio R = ot°t/ou,u (o/# z =/.t pair 

cross section) minus 2.5 units, 

R new = R - 2.5, 

as measured by the PLUTO group [9]. The 2.5 units 
account for the size of R measured by SLAC-LBL be- 
tween 2.4 and 3.7 GeV [8] and by PLUTO at 3.6 
GeV [9]. Near 4 GeV the ratio R rises sharply to val- 
ues between 4 and 5. Note, that the R values of SLAC- 
LBL (not shown) in the 4 .0 -4 .4  GeV region are sys- 
tematically higher by 0 .5-1  units [8]. 

Assume the increase found in the K cross section 
is due to the same new phenomenon that causes the 
step in o t°t at 4 GeV. Then the K contribution prod- 
uced by the new mechanism is given by 

Rnew (X/~) = RK (X/~) _ RK(3.6), 
K 

where R K - (OK÷ + OK-)/ou,. The quanti ty R~ ew as 
determined in this experiment is shown by the full 
points in fig. 3a. Roughly 60-80% of the final states 

produced by the new phenomenon, Rnew, contain 
kaons. With the o t°t data from SLAC the correspond- 
hag figure is 50-80%. For comparison, at 3.6 GeV on- 
ly 25% of the final states contain kaons (R(3.6 GeV) 
= 2.5,RK(3.6 GeV) = 0.68 -+ 0.13). 

So far we have tacitly assumed that a single mech- 
anism is responsible for the increase of o t°t near 4 
GeV. If there exists a heavy lepton with mass near 

R he, 

R ne 

(a) 

(b) 

- ql~ ,~ 

I I 1 

¢++ ,+. + 

. R ~  e w  

R ~ '  
I I I 

+ 

, R~ eW 

Rnew, no H L 

I I 
35 40 45 50 

v~" (eev) 
Fig. 3. Comparison between the total cross section, o t° t ,  and 
the cross section for K product ion, a K = aK÷ + o K - ,  both nor- 
malized to the/a pair cross section, otz ~. The data for o t ° t  are 
taken from ref. [9]. The solid points ~+) show R~ ew defined 
as R~( ew (x/~) =RK(x/~) - RK(3.6 GeV) where R K -=- aK/Ouu. 
(a) R aew =a /op, --25(,'÷) (b) R new =o,ot/o, - 2 5  tot ,. • • • _~ ,.~. • 
with the heavy lepton contribution subtracted (,). The heavy 
lepton mass was assumed to be 1.95 GeV. 

2 GeV part of the increase is due to heavy lepton pair 
production. Fig. 3b presents R new after subtracting 

the heavy lepton contribution. The heavy lepton mass 
was assumed to be 1.95 GeV. We see that R~ ew is 
close to R new which suggests that each final state 
produced by the new mechanism contains a KK, pair. 
This would be in agreement with the charm hypoth- 
esis. 
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