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Abstract

With the known branching ratios af (25) — = +7~ andy (25) — KK, the branching ratio ofy (25) — K9k is
calculated as a function of the relative phase between the strong and the electromagnetic amplitude&2sf tthecays. The
study shows that the branching ratio ¥{2S) — K?Kg is sensitive to the relative phase and a measurement oi’?dég
branching ratio will shed light on the relative phase determinatioh(@s) — 0~0~ decays.

0 2003 Published by Elsevier B.V. Open access under CC BY license.

1. Introduction betweenJ/vy and vy (2S) decays. There is also a
theoretical argument which favors th®0° phase [8].
This large phase follows from the orthogonality of
the three-gluon and one-photon virtual processes.
But an extensively quoted work [7] found that a
fit to ¥ (2S) — 170~ with a large phaset9(° is
virtually impossible and concluded that the relative
phase between the strong and the electromagnetic
amplitudes should be around 180 degfee.

However, it is pointed out in Ref. [9] that the

The relative phase between the strong and the elec-
tromagnetic amplitudes of the charmonium decays is a
basic parameter in understanding the decay dynamics
Studies have been carried out for mahfyr two-body
decay modes: 10~ [1,2],070~ [3-5], 171~ [5] and
NN [6]. These analyses revealed that there exists a
relative orthogonal phase between the strong and the

electromagnetlc_ampl|tudes ifyy decays [1-7] contribution of the continuum process via virtual

As to ¥ (25), it has been argued [7] that the only hot lected in al t all the dat |
large energy scale involved in the three-gluon decay of P o+or1 was negiected in aimost all the data analyses
charmonia is the charm quark mass, one expects that™ €€ experiments. By including the contribution of
the corresponding phase should not be much different

2 In Ref. [7], the phase& = 0° between the strong amplitude
- and thenegative electromagnetic amplitude is corresponding to the
E-mail address: moxh@mail.ihep.ac.cn (X.H. Mo). phase¢ = 180° between the strong amplitude and tpesitive
1 supported by 100 Talents Program of CAS (U-25). electromagnetic amplitude here.
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the continuum process;(2S) — 170~ decays have trized as
been reanalyzed and it is found [10] that the phase of

—90° cannot be ruled out. Unfortunately, the current A, +,- = E, Ag+g-=E+ EM,
experimental information o (2S) — 10~ decays 2
are not precise enough to determine the phase. A oo = @M 1)
For the time being the experimental information ~ sz 2 ™
for ¥ (2S) decays is less abundant than that fgr). where E denotes the electromagnetic amplitude and

Among the other modes used Yy decays to mea- \/TéM the SU(3) breaking strong amplitude.
sure the relative phase, the only mode with experi- “ As has been discussed in Refs. [9,14]yif2S) is
mental data iny(25) decays is thej(25) — 070~ produced ineTe™ experiment, the contribution of the

(i.e., pseudoscalar meson pairs), includings) — continuum must be included in the total amplitude,
ntrn~ andy(2S) — KK . But this is not enough  inatis

to extract the phase between the strong and the elec-

tromagnetic amplitudes, since there are three free pa-stot  _p 4 E At _E L E+ EM
rameters, namely, the absolute values of the strong AR ' KTk 2
and the electromagnetic amplitudes, and the relative ﬁM 2
phase between them. Another@ decay channel k9O~ o @)

¥ (25) — K2K? is thus needed to determine all these
three parameters.

Although, as has been pointed out in Ref. [11],
¥(2S) — 070" is allowed in leading-twist pQCD

whereE, is the amplitude of the continuum contribu-

tion. Besides the common paé., E and §3M can
be expressed explicitly as

while ¢(2S5) — 170~ is forbidden, the relative phases 1 1 V3 0
found in these two modes may not necessarily be the £c & =, E o< 2 B(s), — MocCe S B,
same, it is still interesting to test this since .y (3)

decays, the phases in these two modes are found to b
rather similar.

In this Letter, the existing experimental data on
¥ (2S) decays torT7x~ and KT K~ are used as in-
puts to calculate the branching ratio ¢f(2S) — 35 Tee/a
KJK? as a function of the relative phase. Once () = s — M2 55+ iMyas) Ty )
B(l//(ZS) K2K?) is known, the relative phase be-
tween the strong and the electromagnetic amplitudes Here /s is the center of mass energy,is the QED

in v (25) — 0-0~ decays could be determined based fine structure constan#/y 25y and I; are the mass
on the calculations in this Letter. and the total width of/(2S); I is the partial width

toete
The Born order cross sections for the three channels
are thus

Swhere the real parametegs and C are the relative
phase and the relative strength between the strong and
the electromagnetic amplitudes, aB¢) is defined as

2. Theoretical framework

a PO (5) = 3ﬂ[1+2mB®%HB®N]
In ¥(2S) — 070~ decays, the G-parity violating 2

channelr * 7~ is through electromagnetic process (the X |]:”(S)| Prta=(5), ®)

contribution from the isospin-violating part of QCD Bom 14 2R(C+B B

is expected to be small [12] and is neglectefdx © ok (8 )_ 3/2 [ +20(CyB(s)) + [Cy Bs) 7]

through SU(3) breaking strong process, akit K ~ x |;z: (5)] 7’1(+1< (s), (6)

through both. As has been observed Jiny —

Kk 2K? [13], the SU(3) breaking strong decay ampli- 282‘0( )=

tude is not small. Following the convention in Ref. [5],

the ¥ (2S) — 070~ decay amplitudes are parame-

w20ﬂ30n|f;mn
X PK?KIE) (s), (7)
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Table 1
Energy spreads of different experiments
Experiment DASP/DORIS BESI/BEPC MARKIII/SPEAR
Ecm (GeV) V(29) ¥ (2S) I/
(3.686) (3.686) (3.096)
Energy spread 2.0 MeV 1.3 MeV 2.4 MeV

where F;; (s) is the pion form factor and the phase lished are from DASP [15]:
space factorP(s) (f = ntn~,K*K~,KIK?) is

expressed as B(y(2S) - ntm™) = (8+5) x 107>, ®)
B(y(2S) » KTK™) = (10+7) x 107>, (9)
Pr(s) = 33%3(, which are based on about®0x 10° producedy (25)
§ events. The uncertainties of the measurements are
with ¢ the momentum of the final state particle more than 60% because of the small data sample.
in two-body decay. The symbal, = 1 + Ceéi? is Another attempt to measure the branching ratios of
introduced for briefness. ¥(2S) — 7tn~ and K+ K~ is based on 3 x 10°

For the measurement of the narrow resonance like ¥ (2S) data collected by BESI, the results are [16]:
J/¥ and ¥ (2S5) in eTe™ experiment, the radiative B(I//(ZS) o n_) _ (O 844 0.55016)  10-5
correction and the energy spread of the collider must -\ U035 (’10)
be considered in the calculation of the observed cross
sections. In fact, the observed cross sections and?
the proportions of the contributions from resonance (11)
and continuum depend sensitively on the experiment Here the uncertainty forr*7~ is also considerably
conditions [14]. Fory (2S) decays tor*z~ and large, around 70%; while fok K —, the uncertainty
KT K, the contributions of the continuum, as well as  is about 30%.
interference terms, must be subtracted from the total It should be emphasized that the aforementioned
cross sections to obtain the correct branching ratios. values without subtracting the contributions from the
For K2K? mode, there is no continuum contribution. ~ continuum are not the real physical branching ratios.
Although the observed 2k 9 cross section depends These values should be multiplied by the experimen-
on the energy spread, the branching ratio is simply t@lly measured total resonance cross section of the cor-
the observedd 9k 9 cross section divided by the total ~ résponding experiment and the products are to be in-
resonance cross section. The formulae to calculate theterPreted as the observed cross sections of these two
experimentally observed cross section are presented inmodes under the particular experimental condition.
Ref. [14]. In the following analysis, the energy spread MOY? detgiled discussion of this pOi!’lt is in Ref. [14].
of differente*e~ colliders, as listed in Table 1, are ~ Since in both of these two experiments, ther -
adopted in the corresponding calculations. In addition, Pranching ratios have large uncertainties, and the cen-
it is also assumed that experimental data are takentral values differ by almost an order of magnitude,

at the energy which yields the maximum inclusive @n alternative way to do the analysis is to estimate

trapolated from3(J/y¥ — n 77 ~) with better preci-
sion. For this purpose3(J/v — ntmn~) = (1.58+
0.204+ 0.15) x 10~* from MARKIII/SPEAR [17] is
used. Although the contribution of the continuum is
small for J/y decays, it is taken into account in the
calculation here which yields

(¥(2S) - KTK™) = (6.1+1.41}3) x 1075,

3. Experimental data and predictions of
By (2S) - KJK?)

Presently the experimental data%ii2S) — 00~

2 —2
are limited. The only results which have been pub- ’F’T (MJ/,,,)| =(9.3+0.7) x 107 (12)
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Fig. 1.y/(25) — K 2K 2 branching ratio as a function of the relative
phase for three different inputs which are described in the text.

Extrapolate the result by 1/dependence [18,19] the
pion form factor becomes

(0.89+ 0.07) GeV2
- .

|Fr (8)] = 13)

With the pion form factor in Eq. (13), for example,
BESI should observea™ =~ cross section of 11.6 pb
aty (2S) energy, of which 4.8 pb is from the resonance
decays (the tota) (2S) cross section is 640 nb).

With the input of the branching ratios of" 7~ and
K*K~, the branching ratio ok 9k ? is calculated as

a function of the phase betweémndéM , as solved
from Egs. (5), (6) and (7) with radiative correction and
energy spread of thete~ collider considered. Three
sets of inputs are used for the calculations:

e Input 1: DASP results in Egs. (8) and (9);

e Input 2: BESI results in Egs. (10) and (11);

e Input 3: pion form factor from Eg. (13) and
B (2S) — KTK ™) from BESI measurement in
Eq. (11).

Fig. 1 showsB(y(2S) — KK?) as a function
of the phase for the three sets of inputs. It could
be seen thaB3(y(2S) — K2K?) is very sensitive
to the relative phase. With all three sets of inputs,

Table 2
Predicated B((25) — K2K?) (x1075) and relative strength

parameteC = |§M/E\ at different phases for different inputs

Phase Input 1 Input 2 Input 3
-9 B 52135 6.3"22 5.8t23
c 15172 ast3y 29754
+9° B 15782 45t21 34118
c 079755 3873% 2273
180 B 1417 86725 94727
c o48Tyas  3373F 18739
© B 06742 3322 21114
c 25758 52135 3758

the phase. With the Input 1B(y(2S) — K2K?)
varies in a larger range than the other two sets of
inputs. This is because the" 7 ~ branching ratio from
DASP is large, so the electromagnetic amplitugle
and the continuum amplitudg, are relatively large

compared with the strong decay amplitu@M , SO
the interference is more important. On the contrary,
with the Input 2, ther*~ branching ratio is small
from BESI experiment, which means th#& and

E. are relatively small, so the interference is less
significant.

Table 2 lists the predictions of the(2S) — K2k ?
branching ratios, as well as the relative stren@th
with some values of the phase which are most inter-
esting from theoretical point of view. These phases are
¢ = —90°, +90°, 180 and O, for the three sets of
inputs as discussed above. The first two phases are fa-
vored by the theory [8], and are the fitted results from
J /¢ data; while the third one is from an early fitting
of ¥(2S) — 170~ mode [3]. Here the uncertainties
due to the experimental errors sff7~ and KK~
measurements are included in the table. With the third
set of input, the theoretical uncertainty due to the ex-
trapolation of the pion form factor from/ to 1 (25)
according to 1s dependence is not included.

In principle, the electromagnetic amplitudes of
¥(2S) - ntn~ (Ex) and v (2S) - KTK~ (Ek)
are not necessarily the same as assumed in Eq. (1), a
variation of Eg by +(20~ 30%) from E is tested for

the variation shows the same trend. They reach the various input. The changes of the predicted branching
maxima and minima at roughly the same values of ratios ofy(2S) — K?Kg are well within the quoted
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errors since the uncertainties of the(y(2S) —
xTn~) are large for Input 1 and Input 2; while
for Input 3, the resulting branching ratio curve lies
between the two curves from Input 1 and Input 2 in
Fig. 1.

4, Discussions

From Fig. 1 and Table 2, it can be seen that with the
Input 1, the central value af (25) — KK ? changes

dramatically as the phase varies. Nevertheless, such

predictions come with huge uncertainties due to the
large experimental errors of the inp&(y (2S) —
atn7) and B(¥(25) — KTK™). As a matter of
fact, the results by DASP in Eqgs. (8) and (9) can

accommodate the assumption within one standard

deviation that*/TgM =0 in Eqg. (2), i.e., the strong
interaction is totally absent which meaigy (2S) —
K2K?) =0. Such huge uncertainties make it virtually
impossible to draw any useful conclusion about the
phase even witl(y(25) — K9k ) measured.
However, with Input 2, because of the smaller
error of B(y(2S) — KTK~) and the relatively small
¥ (28) — n* 7~ branching ratid3(y (25) — KK ?)
are calculated with much smaller uncertainty. The
strong interaction amplitudeZBM is nonzero within
two standard deviation, anB(y(2S) — K9K?) is
predicted at the order of 18. The exact value

depends on the phase and varies by a factor 2.7 from

the minimum to maximum. The uncertainty of the

prediction, depending on the phase, is between 33%

to 50%. So with this result, ondg(y (25) — K2K?)

is measured, the phase between the strong and the
electromagnetic amplitudes can be determined to be

within one of the following regions: close to°0
around+9@, or close to 180.

With Input 3, the usage of the better measured pion
form factor atJ/¢ does not reduce the uncertainty
of the predicted3(y(25) — K2K?) very much. This
is due to the larger pion form factor and so larger
contribution from the electromagnetic interactiots (
andE. in Eq. (2)) than with Input 2. But the predicted
central values oB(y(2S) — KK ?) vary in a larger
range, with a factor of 4.9 from the minimum to
maximum. This makes it more sensitive to determine
the phase bB(y(25) — K2k ?) than with Input 2.

77

By virtue of the calculations with Input 2 and Input
3, onceB(¥(25) — KIK?) is known, at least it can
distinguish whether the strong and the electromagnetic
amplitudes are roughly orthogonal (with phase around
+90°) or of the same or opposite phasé (@ 180).
This is highly desirable from the theoretical point of
view.

To determine the relative phase between the strong
and the electromagnetic interactions with small er-
ror, the branching ratios ofy(2S) — =Tz~ and
¥(2S) — KTK~ must also be measured to high
precisions. These are expected from the forthcoming
CLEOc and BESIII experiments [20,21].

5. Summary

¥ (28) — K2K? branching ratio is calculated as a
function of the relative phase between the strong and
the electromagnetic amplitudes, based on the available
experimental information ofy(2S) — =z~ and
¥(2S) — KTK~ decay branching ratios. With the
results in this Letter, a measurement of the25) —
K2K? branching ratio will shed light on answering
the question that whether the phase between the strong
and the electromagnetic amplitudes is larg®Q°) or
small (O or 180) in they (2S) — 00~ decays.
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