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Abstract. Using the A R G U S  detector at DORIS, we 
have investigated the hadronic transitions of the Y(2S) 
to the F(IS). The decays to F(1S)~z+n - ,  F(iS)n~ ~ 
and F(1 S) q where the F(1 S) subsequently decays into 
e+e - and #+/~- have been investigated. The transi- 
tion via two charged pions has also been studied in- 
clusively. We obtain branching ratios of the F(2S) 
into F(1S) n +Tr- of (18.1_+0.5 • 1.0)%, into 
F(1S) 7r~ ~ of (9.5 • 1.9 • 1.9)% and into F(1S) q of 
less than 0.5% with 90% confidence. From the exclu- 
sive events we find the leptonic branching ratios of 
the F(1S) to be Bee=(2.42•  and Bu, 
= (2.30_ 0.25 • 0.13)%. Kinematical parameters of 
the two pion transitions have been investigated in 
detail and found to be consistent with current algebra 
and colour-field multipole expansion. 

Introduction 

With a view to understanding heavy quark bound 
systems, the hadronic transitions between heavy quark- 
onia are of considerable interest. They can provide 
hints on the structure of confining QCD in a nonrela- 
tivistic system as well as on the gluon contents of 
ordinary, light hadrons. The transitions 
QQ(2S)--+ QQ(1S)+hadrons have already been inves- 
tigated in the J/~ system [1, 2] and in the Ysystem 
by several groups [-3-8]. Here we present an analysis 
of the complete data sample collected on the F(2S) 
with the AR GUS detector. 

The data, comprising an integrated luminosity of 
37/pb at the F(2S) energy and of 2.7/pb in the contin- 
uum at 9.98 GeV, were taken in 1983 and 1984 at 
the DORIS II electron-positron storage ring at 
DESY. The ARGUS detector [6, 9] is shown in Fig. 
1. It is a solenoidal magnetic spectrometer, with a 
cylindrical drift chamber in a magnetic field of 0.8 T. 
We achieve a momentum resolution of 

A P -- ]/0.009 z + (0.012- p/(GeV/c))2. 
P 

The drift chamber is surrounded by time-of-flight and 
shower counters, arranged as a barrel and two end- 
caps, a magnetic coil and iron yoke, and finally three 
layers of proportional chambers for muon identifica- 
tion. 

Three different trigger conditions contribute to 
our event sample. They require in coincidence with 
a bunch crossing signal: 

(i) a total energy Etot>0.8 GeV in each hemi- 
sphere of the shower calorimeter, i.e. at 0 < 9 0  ~ and 
0 > 90 ~ with respect to the positron direction. 

ARSUS 

t I ~  Z 
lm 

Fig. 1. The ARGUS detector, cut along the beam tube. (1) muon 
chambers, (2) shower counters, (3) main drift chamber, (4) time-of- 
flight counters, (5) mini-beta quadrupole, (6) iron yoke, (7, 8) coils 

(2) three or more charged tracks entering the bar- 
rel shower counters, which are defined by a fast coin- 
cidence between groups of time-of-flight and shower 
counters and by a slow coincidence using track masks 
in the drift chamber. The shower counter information 
is used to require at least one track in each hemi- 
sphere. 

(3) a pair trigger defined as in (2), requiring only 
two tracks, which are back-to-back in azimuth within 
+ 60 ~ 

Using these data, we have investigated the transi- 
tion F(2S) -~ F(1 S) n + n -  for both inclusive F(1 S) de- 
cays and the exclusive final states e * e - n + n  - and 
/~*#-n+~c-. A search for the decay F(2$)-~ F(1S)q 
with t / - ~ n + n - n  ~ and F ( 1 S ) ~ e + e  - or /~+~t- has 
been made and we have reconstructed events of the 
type F(2S) ~ F(1$) n~ ~ in e+e - +47 and # + # -  +4~ 
exclusive final states. 

Inclusive final states with lr +~z- 

Events of the inclusive n + n - X  final state were se- 
lected by requiring at least 4 charged tracks from 
the interaction region, defined as a cylinder of 1.5 cm 
radius and 16 cm length centred on the interaction 
point. In order to be insensitive to trigger acceptance, 
a requirement that at least three tracks enter the bar- 
rel shower counters was made. 

From these events, all charged tracks with p• 
>80  MeV/c and Icos 0[<0.9, which fit either to the 
common primary vertex of the event or to no second- 
ary vertex, are considered as pion candidates, and 
combined to n + n -  pairs. The distribution of the miss- 
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ing mass 

re(X) = 1/(m 2s 2 -- E,~,~) - - p ~  

for all ~ § combinations is shown in Fig. 2. A clear 
r(1S) peak with 13250 entries can be seen, with a 
width of cr = 3.1 MeV/c 2. 

All distributions shown in this paper  on the inclu- 
sive process Y(2S)~  rt + re- r (1  S) have been extracted 
by the same straightforward procedure, illustrated in 
Fig. 3 for the m(Trrc) invariant mass. The missing mass 
distribution (Fig. 2) is divided into several bins of 
the variable under consideration, in this example 
m(ltTr). For  each bin the missing mass distribution 
is fitted with a Gaussian for the Ypeak plus a polyno- 

mial background. The fitted number  of Y(1S) is then 
acceptance corrected on a bin-by-bin basis. The result 
for m(rtzt) is shown in Fig. 4. 

7he branching ratio o f  1c(2S) into )P(1S)7z + ~ -  

F rom the number  of events in the peak in Fig. 2, 
we can determine 

BR(Ir ]('IS n+n  -)  - -  Nincl  #]Y2s 

NY 2S ~ had ~]incl " 

A subsample of 32.6/pb has been used for which the 
hadronic cross-section measurement  was stable. The 
number  of entries in the Y(1S) peak in the missing 
mass distribution for this subsample is Nincl  = 11627 
+ 256. The number  of I~(2S) mesons has been calcu- 
lated from the number  of observed mult ihadron 
events with the cuts noted above, after subtracting 
the cont inuum contribution from q~ jets, using 

L i n d  Scont 
Sr 2 S ---> had = S h a d  ( l P 2  S) - -  Nhad ( c o n t )  �9 Leon t Sr 2 s" 

At Sl/~ont=9.98 GeV we have Shad=9429 events in 
a sample of Lco,t = 2.66/pb. With S h a d  z 208 713 at the 
Y(2S) energy, we obtain Nr 2s ~had ~ 94144_+ 1262. 

The acceptances have been calculated by a Monte  
Carlo simulation, generating Y(2S) decays with the 
known branching ratios [10] to all final states, includ- 
ing e+e and /2+/z , and with gluons fragmenting 
like quarks. The events are submitted to a full detector 
simulation, and subsequently reconstructed and se- 
lected in the same way as real data. The acceptance 
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Table 1. BR(F2S--* r l S n + n  ), inclusive measurements 

LENA [3] (26_+ 13)% 
CLEO [ - 5 ]  (21.2+2.6+2.1)% 
CLEO I-7] (19.1 + 1.2+0.6)% 
this experiment ( 18.1 + 0.5 + 1.0)% 

average (18.7 _+ 0.8)% 

for all r (2 s )  decays, t/r2s , is (77.4_+0.4)%, while the 
acceptance for the Y(1 S)rc + =-  channel, including the 
efficiency for reconstructing the two pions, is t/inr ~ 
= (52.9_+ 0.3)%. Using these numbers, we find 

BR(F2S --, Y1Sr~+ re-) = (18.1 _+ 0.5 + 1.0)%, 

where the first error is statistical and the second sys- 
tematic, including an uncertainty in the luminosity 
ratio of 2%, in the event acceptance ratio of 4% and 
in the track reconstruction efficiency of 2%, contrib- 
uting to r/i,cl. This result includes the data used in 
our 1984 publication [6]. Our result is compared to 
previous measurements in Table 1. 

Kuang and Yan [11] have calculated the ratio 
of the widths F (1"2 S ~ g 1 S n n) and F (~9' ~ J/~9 n 7~) 
using non-relativistic colour-field multipole expan- 
sion and potential models. With the known parame- 
ters for the ~ system [ i0]  they predict 

F(F2S- ,  Y1Srcn)=6 to 7 keY. 

As pointed out by Yan [12], this is valid for vector 
gluons, whereas scalar gluons lead to an expectation 
of F ~  100 keV, of the same order of magnitude as 
for the ~ system. Taking the total width of the Y(2S) 
of 3 0 _  7 keV [10], we obtain 

F(F2S--, F i S h + n - ) = 5 . 4 _ +  1.3 keV. 

If one extrapolates with the isospin zero factor 3/2 
to F (Y2S --* Y1 S rc 7t) ~ 8.1 keV, this value is incompat- 
ible with the scalar gluon assumption, and agrees well 
with the Kuang and Yan prediction. 

Exclusive final states with e + e - ~  + ~ -  
and p+ p-~+ ~- 

Exclusive events containing the rc + re- f + f -  final state 
were selected by requiring 4 charged tracks from the 
interaction region, two of them, the lepton candidates, 
being fast ( p > l  GeV/c) and back-to-back (cos 0+_ 
< - 0 . 9 5 ) .  The pions were required to have a trans- 
verse momentum larger than 0.05 GeV/c, and 
Icos 01<0.9. 

Electron and muon pairs were separated on the 
basis of the associated energy deposited in the shower 
counters: above 1 GeV the lepton is an electron, be- 
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Fig. 5. Invariant mass m(~+~ ) versus missing mass re(X) for the 
selected e+e-n+~t  and #+/~-~+~ events 

low 1 GeV a muon. Pairs are identified uniquely by 
this procedure. The mixed category, i.e. one track with 
more and one with less than 1 GeV, is discarded. Such 
events represent less than 3 % of the data at the Y(1 S) 
missing mass, and originate from shower counter inef- 
ficiencies, early muon decays and z + z -  pairs decaying 
into an electron and a muon. 

The main source of background in the e + e -  zc + ~ -  
sample are radiative Bhabha events, where the photon 
has converted in the beam pipe or the inner detector 
materials into an e+e pair. To reduce this contribu- 
tion considerably, we demanded in addition that the 
cosine of the opening angle between the pion pair 
be less than 0.925. 

Figure 5 shows a scatter plot of the missing mass 
re(X) versus the invariant mass m(rc + it-) which exhib- 
its the almost complete background rejection 
achieved by these cuts. The enhancement to the right 
of the F(1S) band is due to early decays of rc + ~ # -+ v, 
where the muon is taken as a pion. 

The re+re - missing mass re(X) is determined 
with much higher precision than the lepton pair in- 
variant mass. Therefore a cut on the latter would not 
improve the selection, while the missing mass is used 
to select the F(1S) states, with 9.45 GeV/c2<m(X) 
< 9.47 GeV/c 2. 

The mass difference m( Y2S) -  re(Y1 S) 

Fitting the missing mass Y(1S) peak shown in Fig. 
6, we obtain a precise measurement of the mass differ- 
ence A =m(Y2S)-m(Y1S) .  Using a Gaussian over a 
very small, linear background, our result is 
m(F1S)=9460.32+_O.16 MeV/c 2 and ~r=3.34_+0.13 
MeV/c 2 with m(Y2S)=lO023.1 MeV/c 2 taken as 
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Fig. 6. Projection of Fig. 5 onto the m(X) axis. The fit is a Gaussian 
plus linear background 

Y(2S) mass. From this we derive a mass difference 

A = (562.78 • 0.16 • 0.57) MeV/c 2. 

The systematic error of 0.57 MeV/c 2 comes from a 
conservative estimate of our magnetic field precision 
[13], determining the accuracy of the pion momen- 
tum measurement, and the error on energy loss cor- 
rections. 

The lepton pair branching of the Y(1S) 

From the number of inclusive and exclusive events, 
the branching ratio of the Y(1 S) into e + e-  and # + # -  
can be determined by: 

Nee"/']incl" Lincl 
B R ( Y 1 S ~ E + f - ) =  

Nincl" ~ee" Lte 

where N is the number of observed events, ~ the ac- 
ceptance and L the luminosity for the sample of inclu- 
sive and exclusive events respectively. For  the dec- 
trons we find Nee = 307, with an acceptance of 51.2% 
in a simple of Lee--36.8/pb. Together with the 
numbers for the inclusive data given above, we obtain 

BR(Y1S-~e+ e-)=(2.42• 

where the first error is statistical and the second sys- 
tematic, including an uncertainty in the event accep- 
tance ratio of 4% and in the charged track reconstruc- 
tion efficiency of 2%. 

The analysis for muon pairs is not so straightfor- 
ward, since for the cuts described above the trigger 

Table 2. BR(Y2S ~ Y2S rt+ n - ) .BR(Y1S ~ f + {  -) 

LENA 1-3] (0.61 _+0.23)% 
CUSB 1-4] (0.54 + 0.03 + 0.04)% 
CLEO [7] (0.54 + 0.04)% 
Crystal Ball [8] (0.49 _+ 0.04 _+ 0.10)% 
this experiment (0.44_+ 0.02 _+ 0.04)% 

efficiency cannot be reliably calculated due to uncer- 
tainty in the energy thresholds for minimum ionizing 
particles. We therefore make the more restrictive re- 
quirement that all four tracks enter the barrel region, 
i.e. Icos 0l <0.65 and p•  GeV/c. The number of 
muon pairs remaining is Nuu = 86, with an acceptance 
of 15.0%, in the same sample of runs (L~,,=Lee). We 
find: 

BR (Y1S ~ #+/~-) = (2.30 • 0.25 • 0.13)%, 

consistent with our result for Bee. Both values are 
considerably lower than the present world average 
[10], but consistent with any single earlier experimen- 
tal result. 

The product of branching ratios BR(Y2S 
~Y1Src+rc-).BR(Y1S--->f+E -) from electron and 
muon pairs is compared with results from other ex- 
periments in Table 2. 

In a previous paper [14] we have related Y(1S) 
z+z to the other lepton pair final states, finding 

B~/Bee, , ,  = 1.06 __+ 0.16 • 0.07. With our new result on 
Bee, this implies 

B R ( Y 1 S ~ z + z  )=(2.57_+0.42+0.18)%. 

Combined results from all n +~r- final states 

The TcTr mass distribution 

There have been many theoretical predictions of the 
distribution of the 7r ~ invariant mass since the discov- 
ery that for @'~  J/~blrlr transitions this distribution 
differs significantly from phase space. The approaches 
to the problem usually start with the emission of two 
gluons, which subsequently hadronize into two pions 
(or an eta). The second step, the conversion to had- 
rons, determines the m(~z) distribution and can be 
calculated from low energy theorems in the chiral lim- 
it [12, 15-19] or by assuming dominance of a scalar 
resonance ~ [20-25]. 

For  simple three-body phase space the distribu- 
tion of M = m ~  would have the form: 

PS = ] / ( M 2  - 4m2) [m4 + m4 + M e -  2(m2 M2 + m2 M2 + m2 m~)3 

where we use ml = m(Yl S) and m2 = m(Y2S). 
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Brown and Cahn [15] and Voloshin [16] were 
the first to use chiral symmetry arguments and PCAC 
to derive a matrix element. Brown and Cahn's ansatz 
includes three terms with free normalization parame- 
ters A, B and C. Neglecting terms involving non-iso- 
tropic angular distributions, that is with B = C - - 0 ,  
they predict 

da 
d M  oc PS- [M 2 -- 2m~ 2] 2. 

This is not compatible with the observed shape. 
Including the leading contribution from a colour- 

field multipole expansion, that is a chromo-electric 
E IE1 transition (the two gluon emission in a non- 
relativistic limit), Yan [12] finds that C =  0, but that 
B could be non-zero, although much smaller than 
A. Therefore he suggests the following more general 
form deduced from the Brown and Cahn calculations: 

da P .[(M2_2m2) 2 B ~ o c  S + ~ - ( M 2 - - 2 m ~  z) 

"(M2--4m2+2K2( 1 + ~ T ) )  + 0 ~ ) 1 2 m = 2 \ \  iB2\] 

with 

K=m2--m2 + M 2 

2m2 

where only the ratio B/A remains as a free parameter. 
This should be independent from the energy scale, 
i.e. the same for the t) and Ysystems. 

The description of Voloshin and Zakharov [18] 
is based on the same ideas. They calculated the matrix 
element in the chiral limit, m= = 0, and added a pheno- 
menological term 2m~2: 

da 
dMOCPS �9 [M 2 -- j~m2] 2 

with a free parameter 2, which is supported by an 
earlier work of Voloshin [16]. The result is equivalent 
to the suggestion by Morgan and Pennington [17], 

da 
dM ocPS. [c~(M 2 -- 2m~ 2) + flm2~] 2. 

As will be shown below, this simple perturbation term 
already suffices to describe the available data satisfac- 
torily. 

With several refinements to the ansatz, a very sim- 
ilar approach by Novikov and Shifman [19] yields 

da [ 2 ~ o c P S - l M  _ t r  1_~)+2m2\ 0(•2)]2 

9 2 G 2 where ~c is calculable and equal to ~ as( Q )p (Q) 

~0.1 at a Q2 fixed by the inverse quarkonium radius, 
or equivalently by the rmass  scale. This is particular- 
ly interesting, since it might show the effects of a run- 
ning coupling constant. As a result the ~f and ~ sys- 
tems would have different shapes in contrast to the 
model of Yah. The other constant, pa, denotes the 
fraction of the pion momentum carried by gluons, 
which is assumed to be of the order of 0.5 by Novikov 
and Shifman. 

The idea [20] of scalar meson form factors dom- 
inating the amplitude is discussed in detail by several 
authors, using a single scalar 0 + + meson e. Schwinger 
and collaborators [21] find 

do- (M 2 --2m2) 2 
oc PS .-(M 2 _ m2)2 (1 + 6) 2 + m 2 F~ 2 R 2 

with 

R = l/1 - 4m~/M2 (M2 - 2m2)2 

1/1--4 2,m2, 2 2m2,2 m~l E tm~ -- ~1 v 

The fractional increase 6 in the real part of the e 
propagator, is assumed to be small, bounded by about 
5%. Almost the same form is found in [23] with 6---0, 
but with the important difference that the terms M 2 

2 2m2 are replaced by the correspond- - 2 m  2 and mE 
ing terms with " + "  signs. 

Pham et al. [22] suggest 

da P F 
dMOC S (M2_m2)e +m2 F2(l_4m2/M2) 

with 

F=l+2.(m2+m2--M2'~  2 
2m~am 2 -]' 

and another parametrization is obtained in [24] : 

da P F . (M 2-2m2) 2 
~ O C  S 2 ~ ~ - -  2 2 (M --m, +F~ /4) +m~ F~ 

with the spin summation term 

F =  2 + [m12~+ m2--~M2/2 

\ 2ml m 2 ,/ " 

In [25] the same ansatz is used, but two scalar mesons 
and e' and their interference is taken into account, 

and the spin summation term is replaced by F given 
above. Since both are varying over the whole m~  
range by only a few permille (and seem not appro- 
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priate for a polarized Y(2S) anyhow), this would not 
affect our results at all. 

Experimental rn(rc+n -)  distributions have been 
obtained from the exclusive sample, with the addition- 
al requirement that at least three of the four tracks 
fit to a common primary vertex. The subsamples of 
/1 + # -  rc + re- and e + e-  7z + re- events show no signifi- 
cant difference and therefore have been combined. 

The inclusive distribution has already been shown 
in Fig. 4. Although the inclusive study is based on 
13250 events compared to only 495 in the exclusive 
sample, the precision of the theoretical parameters 
derived from a fit to either result is of the same order. 
Since there are only very few entries at low mass 
values, the error on these points is almost completely 
dominated by the background in the inclusive missing 
mass plots, whereas the few events in the exclusive 
data have no background. 

Since the error bars of any point of the inclusive 
distribution shown in Fig. 4 is determined mainly by 
the statistical fluctuations of the background, the in- 
clusive and exclusive distributions are to a good ap- 
proximation statistically independent, although the 
exclusive data contribute as a small fraction to the 
inclusive sample. Therefore we have calculated the 
weighted average of both to obtain the combined dis- 
tribution shown in Fig. 7. Fits of the chiral symmetry 
parametrizations [12, 18, 19], which cannot be re- 
solved with the eye, are shown by the solid line in 
Fig. 7. All fit parameters are summarized in the fol- 
lowing table: 

1 dN / 

N dx G, T(2S) + T(IS) •+•- (ARGUS) S ) 
2.5-  "'-" 

2.0 

1.5 

1.0 

0.5 

0.0 
I I J. I ~ J J. J f I 

0.0 0.2 0,4 0.6 0.8 1.0 
x = (~,~-2~)/(m2s-mls-2m,) 

Fig. 7. Combined  distr ibution of the invariant  mass m(n + ~ - )  from 
our  inclusive and exclusive data samples, and from the Mark  II  
data on ~ , '~J /~brc+n - [1]. The fits show the Novikov/Shi fman 
function, but  other  parametr izat ions look exactly the same (see text) 

whereas Yan predicts identical distributions for Yand 
r [123. 

Since the description by Novikov and Shifman 
explicitly includes the running coupling constant ~s, 
a difference is expected between the distributions ob- 
tained at different Q2.  We find x=0 .194+0 .010  (X = 
= 38/24 d.f.) for ~' ~ J / O  re+re -,  which is significantly 
larger than the F values. This can be interpreted as 
a combined effect of a running es and the variation 
of pG, which describes the gluon content of ordinary 
mesons. It should be noted that inclusion of the O(x 2) 

Table 3. Fit results for theoretical parametr izat ions in m(n n) 

Yan  [12] B/A  = - - 0 . 1 5 4 + 0 . 0 1 9  

Voloshin /Zakharov  [18] 2 = 3.30 _+0.19 

Novikov/Shifman [19] x = 0.151-+0.009 

Schwinger et al. [21] re(e)= 0.86 -t-0.11 GeV/c 2 
F(e) = 2.4 -t- 1.3 GeV/c 2 

Genz et al. [23] re(e) = 0.633 _+ 0.018 GeV/c e 
F(e) = 0.37 +0.04 GeV/c 2 

Har r ing ton  et al. [24] rn(e)= 0.57 +0.04 GeV/c z 
F(e) = 0.39 +0.08 GeV/c z 

X 2 =27.8/19 d.f. 

X 2 -27 .4 /19  d.f. 

X 2 = 27.7/19 d.f. 

X z =29.8/18 d.f. 

Z 2 =42.7/18 d.f. 

X 2 =28.4/18 d.f. 

From the g 2 values one can see that all descrip- 
tions work equally well, with the exception of model 
[23]. The formula given by Pham et al. [22] does 
not fit our data (Z z =  125/18 d.f.), nor does it fit the 
Mark II data on 0'  ~ J/~b rc + re- (X 2 = 809/23 d.f.). 

Comparing the shape with the corresponding dis- 
tribution from the ~k system [1] in Fig. 7, one can 
clearly see that they do not coincide. The Yan-param- 
eter of a fit to the Mark II data is B/A = --0.21 _+0.01, 
significantly different from our Y result given above, 

terms given in [19] changes the fit results by much 
less than the statistical error. 

Some scalar meson dominance models give ac- 
ceptable fits to the data, raising the possibility of a 
low mass 0 + + state in the zcg channel with large glue- 
ball admixture, in the range 0.5 to 0.9 GeV/c 2. How- 
ever, if we fit the ~k data with the same functions, 
we find smaller masses and widths for the e resonance, 
and the best Z 2 values are 89 (Schwinger et al.) and 
73 (Harrington et al.) for 23 degrees of freedom. 



290 

Therefore we conclude that  only models giving 
mass-scale dependent transition matrix elements are 
able to describe the n + n -  transitions of heavy quar- 
konia. The idea of Novikov and Shifman, to connect 
PCAC theorems and the Q C D  running coupling con- 
stant, seems most  promising. 

0.1~ 

40 

50 

T h e  a n g u l a r  d i s t r i b u t i o n s  
20 

In all theoretical models the pions are expected to 
be dominantly in an S state. However, on general 
grounds, e v e n  + + states are allowed as well, and their 10 
contribution has to be found by experiment [26]. An 
order of magnitude prediction of the d-wave has been 
made by Novikov and Shifman [19]. 

Since the multipole expansion is expected to be 
dominated by E1 E1 radiation, the angular momen-  
tum of the Q(~ system is not changed in this process. 
One would therefore expect to observe the same po- 
larization as the F(2S) in the subsequent decay of 
the F(1S). This can be verified in the exclusive F(1S) 
decays into e + e -  and # + # - .  The cos 0 and ~b (azi- 
muthal) distributions with respect to the D O R I S  
e + e -  frame are shown in Figs. 8 and 9. 

The (1 +cos20)  distribution is clearly verified. " 
Moreover,  DORIS  beam polarisation, visible in the 
azimuthal distribution, is the same for muon and elec- 1~ 
tron pairs from the F(1S) as for muon pairs produced 
directly in e+e -annihilation or from the F(2S). A 
fit to the result shown in Fig. 9 gives a product  of 
polarisations P~P2=0.75+0.10, compared to 0.68 s0c 
_ 0.02 from direct # +/~--pairs [27]. 

Using this information, the pr imary angular mo- 
mentum from the gluon emission plus the internal 
angular momen tum of the two pion system must  add 
up to zero, i.e. the pr imary decay angular momen tum 
is also found as orbital angular momentum of the 

- ;  ' -2 -1 0 ' i ' ' ; 
~[epton 

Fig. 9. D i s t r ibu t ion  in the az imuth  q~ for e lectrons and  m u o n s  wi th  
Icos 01 <0 .75  from F(1S) decays. The fit gives a b e a m  po la r iza t ion  
p roduc t  of 0.75 +_0.10 c o m p a r e d  to 0.68 +0 .02  from #-pairs  a t  the 
Y(2S) energy 

I 

0 i i i 
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Fig. 10. Acceptance  corrected d i s t r ibu t ion  of cos 0"+ in the hel ici ty 
frame of n + n - 
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Fig. 8. Observed  d i s t r ibu t ion  of cos 0e+. The solid line is N. (1  
+ cos a 0). tl(COS 0) 

n n  system. Therefore one can fit the distribution of 
the helicity angle 0* of the n + in the n n cms (Fig. 
10) to a coherent sum of J = 0  and J = 2 ,  J z = 0  waves: 

d =N./1-I 1 Y ~  
d cos 

The fit result is shown with one and two standard 
deviation contours in Fig. 11. The real part  is 
Re e = 0.018 _+ 0.009, the best fit for ImE is 0 with a 
large error. If we allow a free phase, the fit gives 

+0.108 
b[ =0.018 

-0 .009  

which is just two standard deviations from zero. If 
nn  rescattering is negligible, e is expected to be real 
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Fig. 11. One and two ~ contours for a complex e describing the 
d-wave contribution to the ~z +g-- t rans i t ion  
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~ _~ -r ' 0 ~ ~ 3 
% .  

Fig. 12. Azimuthal  distribution of the ~+ in the rest frame of ~+ ~- ,  
with respect to the production plane (corrected for acceptance) 

[26]. In this case, our value of 0.018 is fairly close 
to the theoretical expectation [19], and proves the 
strong s-wave dominance in the process. 

The azimuthal distribution of the rc + in the nn-  
system with respect to the production plane (Fig. 12) 
is flat, as expected. Also the spatial orientation of 
the re+re - system in the ~'(2S) frame (Fig. 13a, b) 
shows no significant deviation from isotropy. If the 
Y(2S) were not a pure as vector meson, but rather 
an admixture of the lowest lying D-state of the bb- 
system, the cos 0 ~  distribution would no longer be 
flat. In addition, more entries at low m~) would be 
expected [12]. 
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Fig. 13. a cos0  and b q~ distribution of the n + n  - system in the 
e + e -  frame (corrected for acceptance) 

E x c l u s i v e  f i n a l  s t a t e s  w i t h  e + e -  G ~ n ~ 
a n d  #+ p-~o~o 

Final states with two rc~ have been selected from 
a subsample of 27/pb [28] by requiring two opposite- 
ly charged tracks of more than 2 GeV/c momentum 
and [cos 01<0.75, and four photons with energy E~ 
> 30 MeV. In order to reduce the contribution from 
radiative QED events, all photons had to be sepa- 
rated by more than 20 ~ from muons, by more than 
30 ~ from electrons or positrons, and by more than 
37 ~ from each other. Bhabha contamination was fur- 
ther reduced by the requirement that cos 0e+ <0.2. 

The invariant f+  E- mass for these selected events 
shows a broad F(1S) peak. In the range 8 GeV 
< m ( ( + E - ) <  11 GeV all Y7 mass combinations from 
the #+ # -  sample have been plotted in Fig. 14. There 
are 50 entries from 17 events in the n ~  ~ region of 
80 MeV < m (77) < 190 MeV, corresponding to + 2a in 
energy resolution. Only 4 events have no entry in 
this region, indicating an almost negligible back- 
ground. 

The acceptance for these events has been evalu- 
ated from a Monte Carlo simulation, giving 
q#+u-~o~o=(8.3+2.0)% and ~/e+e-~o~o=(3.0+0.4)%, 
where the errors reflect systematic uncertainties. The 
large error for the muon sample derives from a rather 
uncertain trigger efficiency for muon pairs of 
(80+_16)%. Comparing this number to the exclusive 
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Fig. 15. Same as Fig. 5, with the expected region for events of the 
type 2c(2s) ~ F(IS)~/, r /~n+n-n  ~ 

Table 4. BR(Y2S ~ ~F1Sn~176 ~ (+E-) 

CUSB [4] 
Crystal Ball [8] 
this experiment 

(0.29 + 0.05 _+ 0.03)% 
(0.23 __+ 0.03 _+ 0.03)% 
(0.23 _+_ 0.04 _+ 0.05)% 

+re- final states,  we find the ra t io  

B R  (Y2S-+  ~'1S r~~ n ~ Noo.tl+_ .L+_ 
B R ( Y 2 S - +  Y 1 S n + n  - )  - N+_ .t /oo.Loo 

to be 0.59___0.21+0.08 f rom 8 events  in the channel  
F(1S)~e+e - and  0 . 4 9 + 0 . 1 2 + 0 . 1 2  f rom 17 events  
of  the  type  F ( 1 S ) ~ # + #  - .  This  is c o m p a t i b l e  wi th  
the i sospin  zero expec ta t ion  of  0.5. The  c o m b i n e d  re- 
sult  is 0 . 5 2 + 0 . 1 0 + 0 . 1 0 ,  giving B R ( F 2 S  
--+ ~Y1Sn~176 1.9_+ 1.9)%. In Tab le  4 the exist-  
i n g v a l u e s  o f B R ( ) ' 2 S - - *  Y1S~~176 f -) 
are  compared .  

Upper l imit  for Y(2S)  ~ ~'(1S) ~/ 

Fina l ly ,  we have  searched for the t r ans i t ion  
) ' (2S) -*  r (1S)~/  in the f + f - ~ + T c -  sample,  since no  
cons t ra in t s  were m a d e  on  add i t i ona l  p h o t o n s  in this 
selection. Events  where  ~ /~  n+~-7~ ~ wou ld  a p p e a r  in 
this sample  wi th  a miss ing mass  in the range  m(YIS)  
4-m(rc~ The  precise  
search region  is m a r k e d  in Fig.  15, which has  an  ac- 
cep tance  of  (28 .7+1 .2 )% based  on a M o n t e  Car lo  
s imula t ion .  W i t h i n  this reg ion  we find 5 entr ies  in 
ou r  d a t a  (Fig. 5). A visual  scan revealed tha t  four  
of  t hem are  rad ia t ive  Bhabhas ,  and  one has  p ion  can-  
d ida tes  c lear ly  no t  coming  f rom the p r i m a r y  vertex. 
W e  conclude,  since no event  has  been found,  tha t  
an  uppe r  l imi t  for  this  channe l  is N < 2.3 events  wi th  

90% confidence.  The  b r anch ing  ra t io  is given by:  

B R ( Y 2 S ~  ]clS~z+Tz - )  
BR (~ '25 -*  FISq)=NN~!Tqn B R  (q __+ ~+ re_ rco) 

Us ing  the accep tance  of  q , = 2 8 . 7 %  for the  cuts de-  
scr ibed above,  our  number s  of  e+e- rc+rc  - -  and  
/~+#-~z+rc--events ,  B R ( q - + r c + r c - r c ~  [10] 
and  BR(Y2S--+ ~ ' IS  n + r c - ) =  18.1%, we find 

BR(~'2S--+ Y 1 S q ) < 0 . 5 %  with  90% C.L. 

A n  u p p e r  l imit  of  0 .2% has  been o b t a i n e d  by  C U S B  
[4],  using the channel  q--+ 7 7. Both  are  still far above  
the theore t ica l  expec ta t ions  [11, 18] of  ~_0.05%. 

O u r  result  a lso implies  an uppe r  l imi t  for the G- 
pa r i ty  v io la t ing  channel  r(2S)--+ ) ' ( 1S )n+r t - zc  ~ of  
0 .12% with 90% confidence.  
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