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Abstract. We report  on a high precision measurement  
of @meson production in continuum events and in 
direct decays of the IC(1S)- and F(2S)-mesons. The 
ratio of the total product ion rate of @mesons in di- 
rect F(1 S)- and Y(2S)-decays over that  in cont inuum 
events is 1.32+0.08_+0.09 and 1.07+0.13_+0.11 re- 
spectively. This is compatible with the corresponding 
ratio obtained for lighter mesons, but is appreciably 
smaller than the relative baryon production rate. 

1 Introduction 

High statistics studies of meson product ion in the 
fragmentation of partons produced in electron-posi- 
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tron interactions have been, up to now, confined to 
light stable mesons [1]. Such studies suffer from the 
limitation that light mesons are predominantly the 
decay products of heavier resonances. Hence, these 
measurements provide only second-hand information 
about the fragmentation process. For example, the 
search for scale-breaking effects is severely hampered 
by the softening of the particle spectrum due to reso- 
nance decays, which can simulate part of the scale- 
breaking effect. Decays of heavy hadrons can only 
be corrected for by detailed modelling of the fragmen- 
tation process. Hence, systematic uncertainties cannot 
be avoided as long as the production of heavier reso- 
nances is not sufficiently understood. Scale breaking 
effects in the momentum spectrum of heavier parti- 
cles, such as @mesons, should not suffer from these 
limitations, since @mesons are not common decay 
products of heavier resonances [2], and, in cases 
where they are, most of the parent momentum will 
be passed to the @mesons due to their large mass. 

Since the @meson is nearly a pure sg-state, a com- 
parison of production rates with that of mesons with 
only one strange valence quark allows the direct de- 
termination of the SU(3) breaking of the quark sea 
[3]. K*-mesons are, in this context, particularly suit- 
able since their mass is only slightly smaller. Therefore 
mass effects - which influence hadron production in 
the fragmentation process - are expected to be small. 

A comparison of the @meson rate observed in 
direct Y(1S) decays with the corresponding rate in 
the continuum is also of considerable interest. This 
measurement allows a check of the conjecture [4] 
that the observed enhancement of baryon production 
in direct Y(1S) decays over that in the continuum 
can be traced back to the production of higher mass 
clusters in the resonance decays [53. @meson produc- 
tion in direct ~IS) decays should, in addition, be 
even less influenced by resonance decays than the con- 
tinuum, since the latter includes contributions from 
charmed meson decays [6]. This source is negligible 
in direct Y(1S) decays [7]. 

Finally, it should be noted that ~-mesons, as isos- 
inglet states, have been cited as preferential gluon 
fragmentation products [8]. Hence, studies of ~-me- 
son production promise to shed light on the intrigu- 
ing problem of differences between quark and gluon 
fragmentation. 

2 Data analysis 

2.1 Data sample 

The data used in the analysis reported here were col- 
lected with the ARGUS detector at the DORIS II 
storage ring at DESY. The event sample corresponds 

to an integrated luminosity of 25.7 pb- 1 on the -~(1S), 
18.0 pb -1 on the Y(2S) and 37.0 pb -1 in the contin- 
uum. The ARGUS detector is a 4 zc spectrometer de- 
scribed in more detail in [9]. The momenta of charged 
particles and their mean energy loss were measured 
using the ARGUS drift chamber. The mass of parti- 
cles was determined using both specific ionization and 
time-of-flight measurements. A description of the par- 
ticle identification procedure can be found in [7]. 

2.2 Event selection 

The detector triggers not only on multihadron events 
produced in e+e - annihilation and direct decays of 
the Y-resonances, but also on backgrounds from QED 
events, such as lepton pair production, from beam-gas 
and beam-wall interactions and from two-photon 
events. These backgrounds are reduced to a negligible 
level by applying the following cuts: 

�9 __> 3 charged tracks are reconstructed with a com- 
mon vertex lying within a radius r<  1.5 cm and a 
longitudinal distance [z[ <6 cm of the nominal inter- 
action point. 
�9 Beam-wall, beam-gas and 7v-events can be distin- 
guished from multihadron events by comparing the 
sum of the scalar momentum of the charged and neu- 
tral particles 

 lp, I 
i 

 um= 

with the sum of the momentum component along 
the beam line 

~Pz, 
p = i  

The cut 

 um=>0.4+2.5  2 

effectively rejects all these background events (Fig. 1 a) 
while retaining nearly all multihadron events. 
�9 As demonstrated by Fig. l b, after these cuts a 
background remains from radiative QED processes 
where the photon converts. This background can be 
rejected by requiting, in addition, at least two photons 
detected in the calorimeter. 

The efficiency for multihadron events to pass all these 
cuts was found by a Monte Carlo calculation, includ- 
ing a detailed detector simulation [10], to vary from 
80% to 94% depending on the type of event 
(q~, ggg . . . .  ). Details are discussed in Sect. 2.4. From 
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Fig. 2. a Invariant mass distribution of all K+K - candidates from 
resonances and continuum. The function used for the fit shown 
consists of a convolution of a relativistic p-wave Breit-Wigner distri- 
bution with a Gaussian for the signal, a Gaussian for the reflection 
from the K* decay and a 2nd order polynomial multiplied by a 
phase space factor for the background, b Scaled energy z of candi- 
dates vs. their invariant mass 

an analogous treatment of simulated z-pairs and the 
knowledge of their production cross section the con- 
tamination of the continuum data by events of this 
type was determined to be 3% and was corrected 
for in the analysis. The remaining background after 
these cuts was estimated to be less than 1%. 

2.3 Determination of the O-signal 

The invariant mass distribution of K + K -  pairs ex- 
hibits a prominent peak at the mass of the @meson 
(Fig. 2a) above a smooth background. As demon- 
strated by Fig. 2 b, the signal is most pronounced at 
small values of the scaled energy 

2Eo 
z = l / s  

of the @meson, but does extend up to the kinematic 
limit. Since the shape of the z distribution for the 

non-resonant background is independent of the invar- 
iant mass of the K + K -  system, as demonstrated for 
two particular mass intervals in Fig. 3 a, a sideband 
subtraction method was used to determine the q~- 
spectrum. This method has the technical advantage 
that the free parameters describing the background 
and the signal are determined only once, with high 
precision, for the K + K -  invariant mass distribution 
integrated over all z values. 

The sideband signal was determined in the two 
mass intervals 

0.990 GeV/c 2 <m~+K < 1.005 GeV/c 2 

1.040 GeV/cZ < inK+ K- < 1.055 GeV/c 2. 

This choice excludes contributions due to misidenti- 
fled e+e--pairs  from photon conversion and reflec- 
tions of the K *~ signal (Fig. 3b). Technical details 
of the sideband subtraction are discussed in [11]. 
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Fig. 4 a, b. Momentum dependence of efficiency of q5 meson recon- 
struction, a The solid line represents the fit result to combined data 
(crosses) from qt]-, 3-gluon and phase space Monte Carlo. The error 
of the fit is given by the dotted lines, b Different sources of ineffi- 
ciency (q ~ Monte Carlo events) 

2.4 Accep tance  calculations 

The efficiency for m u l t i h a d r o n  events to pass  the  cuts 
discussed in Sect. 2.2 was de t e rmined  by  means  of 
a M o n t e  Car lo  calculat ion.  Events  of the type  e + e -  

qq(7) and  Y(1S) ~ g g g  were genera ted  using JET-  
SET vers ion  6.2 [12], an event  gene ra to r  based  on  
the L u n d  str ing m o d e l  [13]. These events  were then  
passed  t h r o u g h  a de ta i led  de tec to r  s imula t ion  [10]. 
The  same cuts were app l ied  as for the da ta .  Since 
the efficiencies for m u l t i h a d r o n  events  depend  sl ightly 
on the p a r t o n  conf igura t ion  of the final state,  a p r o p e r  
mix ture  was chosen  for every energy. The  results  a re  
summar i zed  in Tab le  1. 

The  ~b-meson recons t ruc t ion  efficiency was de- 
r ived f rom the same M o n t e  Ca r lo  calculat ion.  This  
tu rned  ou t  to only  depend  on the m o m e n t u m  of  the  
4~-meson (Fig. 4 a) and  was insensi t ive to the t opo log i -  
cal conf igura t ion  of the final state. In  Fig. 4 b the dif- 
ferent sources of  efficiency loss and  their  m o m e n t u m  
dependence  are  d isp layed.  Low m o m e n t u m  

Table 1. Mixture of event types for different energy classes 

qcl ggg gg qgtg a 

e [%] 80___2 94_+2 87_+7 87_+7 

Class Mixture of event types [%] 

It(1 S) 10.2 89.8 
Y(2S) 9.7 75.3 10.2 4.8 
Continuum 100 

a The only contribution to this column is the decay of the )Cbl [14] 

K-+-mesons are  ma in ly  lost  due to decay  in flight. 
The  sl ight  decrease  of the efficiency at  h igh m o m e n t a  
can  be exp la ined  by  an increased  ove r l ap  of  high mo-  
m e n t u m  K e -mesons  f rom the q%decay, which  results  
in a decrease  in the r econs t ruc t ion  efficiency due to 
a m b i g u o u s  wire ass ignment  du r ing  the t r ack  f inding 
procedure .  The  effect of  the cut  on the p o l a r  angle  
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of the @meson at Icos 0[ <0.7 depends on the topolo- 
gy of the event. The efficiency of the cut is 
0.689 ___ 0.006 for the 3-gluon decays and 0.647 _+ 0.006 
for q c7 pairs. The errors include uncertainties in the 
angular distribution of tracks caused by the event 
generator. 

2.5 Determination of the inclusive particle spectra 

The continuum spectrum is derived from the accep- 
tance corrected rates using the measured luminosity. 
The softening of the particle spectrum due to radiative 
effects was taken into account using the Lund Monte 
Carlo program [12], including the contributions of 

and r states produced through initial state radia- 
tion�9 The influence of the radiative corrections on the 
slope of the spectrum is demonstrated by Fig. 5. 

Of particular interest is the differential cross sec- 
tion for decays of the Y-meson into hadrons excluding 
the contribution from the vacuum polarization dia- 
gram. The latter is obtained from the measured con- 
tinuum cross section corrected for radiative effects: 

0 
d~ __ Buu fires ~ had  d o - c o n t  ~ had  

o dz (1-- 3Buu ) O-e+e ~ # + # -  dz 

with 

But, 
o 

d O-cont ~ had 

branching ratio for decay r--./~ + # -  
differential continuum cross section for 

dz hadron production. The superscript 0 
denotes a cross section in lowest order 
QED. 

0 O-e+e ~#+,u-  cross section for #+#--pai r  production 
in e +e--reactions in lowest order QED. 

O-res ~ had = O-had - -  O-cont ~ had �9 
O'ha d production cross section of hadrons 

measured at the resonance energy, in- 
cluding resonance and continuum con- 
tributions. 

O-cont~had continuum cross section measured at 
the resonance energy. 

The last quantity is derived from the cross section 

measured at a nearby continuum energy S~ont, by 
rescaling the point-like cross section for quark-pair 
production in e + e-  reactions according to 

o'eOont ~ had (Sres) = S eont 0 �9 O-cont-* had ( S c o n t )  
Sres 

and taking into account the energy dependence of 
radiative effects. 

Combining all contributions, one obtains for the 
cross section for direct resonance decays 

d0"dir __ do-had do-cont ~had da~,~ 
dz dz dz dz 

0.040 

0.010 

0. I00 I~ ~ I before radiative corr. 

Z 
O.004 I ] + 

lne 

0.001 
0.2 0.4 0.6 0.8 1.0 

z 
Fig. 5. The inclusive q~ cross section in the continuum before and 
after applying radiative corrections 

In the following discussion the differential particle 
densities, and not the differential cross sections, are 
often of interest. If Nhad is the number of hadronic 
events, the two distributions are easily related for con- 
tinuum data: 

1 dn 1 do- 

Nha d dz - 0"cont ~had dz" 

No simple expression holds for direct resonance de- 
cays, since the effective total resonance cross section 
depends on the energy resolution of the storage ring. 

For  these and all subsequent calculations the fol- 
lowing sources of systematic error were taken into 
account: 

�9 Uncertainties in computing the non-radiative con- 
tinuum spectrum (2%). 
�9 Differences between the different data samples due 
to instabilities of detector behaviour and luminosity 
determination (1% each). 
�9 On resonance, the uncertainty of Buu, which enters 
the calculation in the continuum subtraction as 
(2.78 __ 0.22)% for the Y(1 S) and (1.80 + 0.44)% for the 
)"(2 S) respectively [-2]. 
�9 Momentum dependent errors in the efficiency for 
~b-mesons (typically 2.5%)�9 
�9 Uncertainties in determining the number of had- 
ronic events (depending on the class of data, typically 
3%). 
�9 The error on the branching ratio of the decay chan- 
nel ~b ~ K + K  - (3%). This contribution cancels in de- 
termination of the ratio of production rates on )"and 
in the continuum. 
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�9 The uncertainty of the luminosity scale has in addi- 
tion been considered when calculating the differential 
cross section instead of production rates (3%). 

Since the above sources of systematic errors are un- 
correlated their contributions were added in quadra- 
ture. 

3 Results and comparison with model predictions 

3.1 Continuum data 

The measured inclusive cross section is plotted in 
Fig. 6 and listed in Table 2 for the continuum data. 
The energy dependence of the production cross sec- 
tion for two pointlike fermions in e § e- interactions 
and the threshold behaviour of the scaling cross sec- 
tion are accounted for by multiplying da/dz by a fac- 
tor s/ft. Hence the present analysis can be directly 
compared with other experimental results included 
in Fig. 6. The width of the z interval contributing 
to each data point is indicated by the horizontal bar 
in those cases where it is has been given. Note that 
the minimum value allowed for z 

2m,~ 
Zth-- ~/S 

is energy dependent. Within errors, the results from 
the different experiments agree. 

In Fig. 7 the normalized differential particle den- 
sity 

1 1 dn 1 1 da 
g(z)=fl Nh,d d z - f  O'cont_.ha d dz 

Table 2. The differential cross section for q~-production in the contin- 
uum after applying radiative corrections 

0.400 i i E i i i ' i b I 

ARGUS 

0 , 0 0  

@ TPC 

0.004 ~ @  

0.001 , I , I , I , I , I , I , I , I ~ I , 

0.0 0.2 0.4 0.6 0.8 1.0 
z 

Fig. 6. Comparison of the measured q5 cont inuum cross section with 
other experiments [-20-22] 

T 
o.040 

~- 0.010 

1.000 

0.400 

0.004 I 
kinematical limit for ~ = 10.45 GeV "'-,,. 

0.001 
0.2 0.4 0.6 0.8 1.0 

z 
Fig. 7. Comparison of the differential particle density in the contin- 
uum with CLEO [20] and model predictions 

0.100 

0.040 

0.010 

z interval 

0.235-0.255 
0.255-0.270 
0.270-0.285 
0.285-0.303 
0.303-0,326 
0.326-0.351 
0.351-0.381 
0.381-0.416 
0.416-0.457 
0.457-0.502 
0.502-0.547 
0.54%0.612 
0.612-0.704 
0.704 0.800 
0.800.1.000 

s da  
-- - -  [#b GeV 2] 
fl dz  

0.084 +0.016 +0.005 
0.076 __+0.014 +__0.005 
0.066 __+0.012 __+0.004 
0.066 +0.011 +0.004 
0.0544 + 0.0087 • 0.0032 
0.0550 • 0.0081 • 0.0032 
0.0479 + 0.0074 + 0.0028 
0.0431 + 0.0067 __ 0.0025 
0.0383 __ 0.0064 • 0.0023 
0.0275 __4- 0.0053 ___+ 0.0016 
0.0225 4- 0.0049 + 0.0013 
0.0129 • 0.0032 4- 0.0008 
0.0083 +__ 0.0021 • 0.0005 
0.0037 __ 0.0013 • 0.0002 
0.0019 • 0.0006 • 0.0001 

is compared to predictions based on the string [13] 
and parton shower models [15, 16]. Version 6.2 of 
the Lund string model was used, while for the parton 
shower model the parameters tuned by Ng [17] were 
taken, with the exception of the parameter describing 
the SU(3) breaking for sea quarks in gluon splitting. 
This last was set to the standard value of 0.3, instead 
of modifying the parameters controlling the cluster 
decay [18]. The models reproduce neither the shape 
nor the normalization of the measured spectrum. The 
rates predicted by the parton shower model at low 
z are approximately a factor of two higher than the 
measurement, while at large z the model underesti- 
mates the rates. The latter effect has already been 
observed for stable particles [19] and has been traced 
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Fig. 8. Comparison of continuum data with the prediction of the 
LUND model. The contributions to the total prediction are divided 
into the various sources of C-mesons: direct production in the frag- 
mentation of different leading quarks and resonance decays 

Table 3. The differential particle density 1/@Nhad) dnr for inclu- 
sive C-production in direct decays of the ~1 S) 

z interval 
1 dn 

[3N dz 

0.235-0.255 0.711 _+0.088 • 
0.255-0.270 0.597 • • 
0.270~.285 0.496 • _+0.026 
0.285-0.303 0.384 • • 
0.303-0.326 0.372 • • 
0.326-0.351 0.233 • • 
0.351-0.381 0.171 • -+0.009 
0.381-0.416 0.101 • +0.006 
0.416-0.457 0.081 -+0.018 • 
0.457-0.502 0.066 -+0.016 • 
0.502-0.547 0.055 • _+0.003 
0.547-0.612 0.036 • +_0.002 
0.612-0.704 0.0068 • 0.0053 • 0.0007 
0.704-0.800 0.0068 • 0.0034 • 0.0005 
0.800-1.000 - 0.0005 • 0.0012 ~_ 0.0002 

back to the fact that all colour singlet clusters are 
forced to decay into at least two particles. 

In order to examine in more detail the source of 
the deviation between the predictions of the string 
model [12] and the data, the different sources of C- 
mesons are plotted separately in Fig. 8. Along with 
those C-mesons produced in jets by a leading u~i-, 
dd- and sg-quark pair, the contribution of c-quark 
fragmentation is also shown. The latter is divided into 
a fragmentation contribution and a resonance contri- 
bution from the weak decay of charmed mesons. Since 
the inclusive branching ratios of D e- , D O- and 
Ds-meson decays into C-mesons are not all known 
experimentally, these must be considered as free pa- 
rameters of the model. The fact that this contribution 
alone saturates the measured cross section at z,-, 0.35 
indicates that the inclusive branching ratio for 
charmed mesons decays into C-mesons is smaller than 
assumed in the model. This conclusion will be sub- 
stantiated by the results following from direct HIS)- 
decays. 

Table 4. The differential particle density 1/(]?N~,d) dnr for inclu- 
sive C-production in direct decays of the Y(2S) 

z interval 
1 dn 

f in dz 

0.235-0.255 0.68 +0.15 • 
0.255-0.270 0.60 _+0.14 • 
0.270-0.285 0.39 _0.11 • 
0.285-0.303 0.257 +0.092 • 
0.303-0.326 0.207 • • 
0.326-0.351 0.293 • • 
0.351-0.381 0.112 • • 
0.381-0.416 0.039 • • 
0.416-0.457 0.077 +_0.042 • 
0.457-0.502 -0.001 +0.032 • 
0.502-0.547 0.041 _+0.030 _+0.004 
0.547-0.612 0.021 • • 
0.612-0.704 -0.004 +0.011 • 
0.704-0.800 - 0.0083 • 0.0061 • 0.0006 
0.800-1.000 - 0.0041 • 0.0023 • 0.0003 

3.2 Direct  r-decays 

The inclusive spectra of C-mesons produced in direct 
decays of the r(1S)- and r(2S)-meson are plotted in 
Fig. 9 a, b and listed in Tables 3 and 4. In both cases 
the particle densities are given. It is tempting to com- 
pare the two spectra, since three gluon decays should 
dominate the final state in both cases. As demon- 
strated by Fig. 9 c the two do indeed coincide within 
errors. 

In Fig. 10 the result of the present analysis for 
direct Y(1S)-decays is compared to data published by 
the CLEO collaboration [20]. The CLEO spetrum 
is somewhat softer than the ARGUS results. The pre- 

diction of the Lund string [-12] and the patton shower 
model [16] are included for comparison. Note that 
the agreement between data and model predictions 
is better than for the continuum data. This observa- 
tion sustains the conclusions drawn in Sect. 3.1 that 
the discrepancies observed for continuum data are 
mainly due to excessively large inclusive branching 
ratios for charmed meson decays into C-mesons as- 
sumed in the Lurid model, since the production of 
charmed mesons in direct Y(1S)-decays is known ex- 
perimentally to be suppressed [-7]. Note however that 
at medium z~0.5 the experimental data are a factor 
of 2.5 larger than the model predictions. 
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3.3 Comparison of (a-meson production 
in direct F-decays with continuum data 

The measured particle densities g(z) for direct Y(1S)- 
decays and for continuum events are compared in 
Fig. 11. As previously observed for stable particles 
[20], the spectrum for direct F-decays decreases faster 
with increasing z than the corresponding continuum 
data. This result is not surprising since these decays 
are expected to proceed via three-gluon emission by 
the bb--state, while the continuum data are due to 
qq production. Fragments in the latter case can there- 
fore take a larger fraction of the total energy, resulting 
in a flatter spectrum. 

As pointed out in Sect. 1, the comparison of the 
total number of q%mesons in the three-gluon decay 
with the corresponding number from continuum frag- 
mentation is of special interest, since parton shower 
models predict this ratio 

r~- -  
# ofhadrons per direct F-decay 

# of hadrons per continuum event 

will increase with the mass of the particle considered. 
This behaviour is claimed [5] to explain the large 
experimental value for r observed for baryons but 
not for mesons [-20, 23, 24]. In Table 5 the numbers 
of (#-mesons produced per event in direct ~1S)-, 
Y(2S)-decays and in the continuum are summarized. 
These are derived from the experimental data by inte- 
grating the particle densities: 

1 

<n,>= 
Z t h  

Assuming a scaling behaviour for g (z), which certainly 
holds for the energy range covered by this experiment, 
this expression allows a determination of the produc- 



Table 5. Measured and predicted rates of @meson production in 
resonance decays and in the continuum 

Res. Res. decays Cont. at res. energy 
energy 

ARGUS Y(1S) 
Y(2S) 

LUND 9.46 
6.2 

Webber 9.46 

0.0545+0.0022+__0.0034 0.0413+_0.0020+_0.0021 
0.0481•177 0.0448_+0.0021+0.0024 

0.0651 _ 0.0005 0.0731 _+ 0.0006 

0.0531 __+ 0.0005 0.0829 • 0.0007 
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Fig. 12. The ratio of production rates (F(1S)/cont) for several me- 
sons [25-28]. For baryons, one obtains values of 2.5-3.5 [24] 

tion rates in the continuum at different center-of-mass 

energies by modifying zth(~/s) and/?(z, ~/s) appropria- 
tely. Note that in this experiment data are available 
for Zm~n >0.235. Therefore only a small contribution 
(~  10 %) comes from the interval Zth_--< Z < Zmin where 
an exponential has been used to extrapolate the mea- 
sured data. 

In Fig. 12 the ratio r for mesons is plotted as a 
function of mass. The small error on r for C-mesons 
from this experiment makes clear the distinction with 
baryons, where the value of r exceeds 2.5 [20, 23, 
24]. This demonstrates that the baryon enhancement 
in F-decays is not a mass effect as predicted by cluster 
models [5]. 

Walsh and Peterson [8] have included in their 
model calculations of parton fragmentation the con- 
jecture of Montvay [29] that the @meson, as a heavy 
isosinglet particle, is preferentially produced in gluon 
jets. They predict the ratio %> 1, which is in contra- 
diction with the experimental measurement r e 
= 1.32 __ 0.08 _+ 0.09. Since the enhancement for r me- 
sons is comparable to that of other mesons, our result 
excludes an enhanced production of isosinglet mesons 
in gluon jets over quark jets. 

565 

4 Conclusion 

Using the ARGUS detector, a precision measurement 
of @meson spectra has been performed. The contin- 
uum results agree, within errors, with less precise data 
of other experiments. The predictions of the string 
and the patton shower model differ from the contin- 
uum data, but for direct F-decays, data and model 
calculations are in reasonable agreement. This differ- 
ence is traced back to an excessively large branching 
ratio for the decay of charmed mesons into @mesons 
used in the models. 

The ratio of the numbers of O-mesons produced 
in direct Y(1S)- and Y(2S)-decays over that in contin- 
uum fragmentation is re=1.32_+0.08 0.09 and r 4 
= 1.07 _+ 0.13 _+ 0.11 respectively. These are similar to 
the values observed for other mesons. This result is 
in disagreement with model predictions. Specifically, 
parton shower models predict an increase of r with 
the meson mass [5]. Independent of any model pre- 
dictions the observed constant value of r for mesons 
demonstrates that the increase of r detected for bar- 
yons is not a mass effect but rather a unique feature 
of baryon production. 
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