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A study of several 3- and 4-body hadronic final states (nT7~ 70, 7tr—ntnx~, Kt K—nt7~ and
K+*K~K*tK™) accompanied by hard photon is presented. These states are produced from et e~
collisions at the c.m. energy near T(4S5) resonance using 90 fb~! data sample collected with the
BABAR detector at the PEP-II colider. The invariant mass of the hadronic final state determines
the virtual photon energy, so that data can be compared with direct et e~ cross sections. The cross
sections for the above final states have been obtained from the threshold to 4.5 GeV with about 5%
systematic errors. The accuracy of the results are comparable with the best direct eTe™ results overall
and with much better precision in 1.4-2.5 GeV region where very few data are available. In addition
to light meson spectroscopy these data can be used to improve the determination of R - the ratio
of ete™ — hadrons cross section to eTe~™ — ptpu~ - and thereby to impact the understanding of
recent (g — 2),, measurement. The ISR technique also gives access to J/v production. Measurements
of branching ratios into 3- and 4-body final states given above are made to a level of precision that is
tipically better than that obtained in the combined earlier measurements.

1 Introduction virtual photons and can be calculated with
better than 1% accuracy 23. ISR photons
The possibility of using the initial state ra- 54 produced at all angles relative to the col-
diation (ISR) of hard photons at B-factories  |ision axis. The BABAR acceptance for such
to study hadronic final state production at photons is around 10-15 % 3.
lower ete™ c.m. energies has been discussed An advantage deriving from the use of
previously »*?. The interest of this kind ISR is that the entire range of effective col-
of study has been increasing because of dis-  1igion energy is scanned in one experiment.
crepancy between the measured muon g-2  Thig avoids the relative normalization uncer-
value and the one predicted by the Stan-  tainties which can arise when data from dif-
dard Model *, where the hadronic contribu-  fopent experiments are combined. A disad-
tion to the prediction is taken from e*e” vantage is that the invariant mass resolution
experiments at low energies. The study of  jipits the width of the narrowest structure
ISR events at B-factories can provide inde-  hich can be measured via ISR, production.

pendent measurements of hadronic cross sec- The ISR method gives an access to J /¢

tions as well as contribute to low mass reso- decays. The cross section for the final state

nance spectroscopy. f
The ISR cross section for a particular fi- ) 9
nal state f depends on eTe™ cross section Jg/w(s = M-W(s,x);x = 1_M7

os(s) and is obtained from: My S 5(2)

do(s, z) =W(s,z) os(s(1 — ), (1) is proportional to the product Iee - By or

dx I'- Bee - By where I' and Be., By are the

where x = 2\%; E, is the energy of the total width and branching fractions of J/

ISR photon in the nominal c.m. frame, and to eTe~™ and f. The invariant mass of
/s is the nominal c.m. energy. The function the final particles determines the position
W(s,x) describes the energy spectrum of the of J/¢ peak and a detector mass resolution
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~8 MeV can be achieved by using a kine-
matic fit. Preliminary studies of some partic-
ular ISR processes have been performed (see
Ref. »%7) showing good BABAR detector® ef-
ficiency and particle identification capability
for these type of events. Signal and back-
ground ISR processes are simulated using
Monte Carlo (MC) event generators based on
the computer code described in Ref. 9101112
Also simulated were generic background from
quark-antiquark and 77 processes using JET-
SET '® and KORALB '° packages.

2 7wtx— =0 final state

The initial selection of eTe™ — ata 70y
candidates requires that all the final particles
are detected inside a fiducial volume. One
of the photons is required to have an en-
ergy in the c.m. frame above 3 GeV. Two of
the tracks must originate from the interaction
point, have a transverse momentum above
100 MeV/c with no kaon-ID and be in the
good region of detector acceptance. The pho-
ton with greatest c.m. energy is assumed to
be the ISR photon. The remaining photons
are paired to form candidate 7%. A kine-
matic fit is applied to the selected event, im-
posing energy and momentum conservation,

0 invari-

and constraining the candidate 7
ant mass. Analysis details can be found in
Ref. 7. The 37 invariant mass distribution of
the events after background subtraction was
fit with a sum of excitation curves describ-
ing w(782), $(1020), w(1420) and w(1650) res-
onances. Relative phases for w(1420) and
w(1650) are fixed at 0 and 7.  The result-
ing parameters obtained from the fit (Fig. 1,
x?2/dof = 146/148) are the following:
BueeBusr = (6.70 £0.06 £ 0.27) x 1072,
BpeeBpzr = (4.30 £ 0.08 £ 0.21) x 1072,
BureeBurzr = (0.82 £ 0.05 £ 0.06) x 1076,
M, = (1350 £ 20 + 20) MeV/c?,

[, = (450 & 70 £ 70) MeV/c?,

BorreeBorgr = (13 +0.1+ 01) X 10_6,

M,,» = (1660 £ 10 £ 2) MeV /c?,
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Figure 1. The background-subtracted 37 mass spec-
trum for masses between 0.70 and 1.05 GeV/c? (top)
and for masses from 1.05 to 1.80 GeV/c? (bottom).
The curves are the result of the fit.

T = (230 £ 30 £ 20) MeV/c2.

The fitted masses and widths of the w’ and w”
mesons are model dependent but nevertheless
can be compared with the estimates of these
parameters by the PDG 4. M, = 1400 —
1450 MeV/c?, T, = 180 — 250 MeV/c?,
M, = 1670 £ 30 MeV/c?, Tyn = 315 &
35 MeV/c2. The PDG data are based on
small data samples for ete™ — W' ,w" —

16,15,20 0 0,00 21
, — wrdnl7 ,
We

present a new measurement of the w’ and

pp — Ww'w
22

37, wrmw
and 77p — w’n — wnn *? reactions.
w"” parameters based on a significantly larger
data sample for the ete™
action. From the measured values of B(V —
ete™)B(V — 3m), the electronic widths of
w’ and w” can be estimated. Assuming that
Bw' — 37) =~ 1 and B(w” — 37w) = 0.5
we derive that T'(w’ — eTe™) & 370 eV and
I'w” — ete™) = 570 eV. The large val-
ues of these widths, comparable with I'(w —
ete™) = 600 eV, are in disagreement with ex-

— W W — 3w re-
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Figure 2. The ete™ — ntn— 70

and DM2 (open triangles).

pectations of the quark model, which predicts
at least one order of magnitude lower values
for the electronic widths for the excited me-
son states (see, for example, Ref. 23).

The ete™ — 7770 cross section in the
1.05-3.0 GeV/c? region is presented in Fig. 2.
It is in agreement with the SND data °, but
in contradiction with DM-2 6 measurement.

3 ntn—nta—, KTK—ntn— and
KTK~-KtK~ final states

Event candidates were required to have

four good charged tracks and a hard
photon assumed to be from ISR. Good
PID in BABAR  helps to select events

with charged kaons.  The analysis pro-
cedure for ntn~7ntn~, KtK-ntn~ and
KTK-KTK~ final states is described in
Ref. 3. Figure 3 presents the obtained
ete™ — mta~wTw~ cross section in com-
parison with all existing ete™ data. The
estimated systematic error is about 5%.

The hadronic contribution to (g — 2),
from this particular channel * evaluated us-
ing all available ete™
0.56-1.8 GeV range is
aﬁ“dee 1010 = 14.21 £ 0.87¢4p £ 0.23,44.

and 7 decay data in
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Figure 3. The ete™ — ntn~ 7T 7~ cross section ob-
tained from ISR at BABAR in comparison with all
ete™ data.

100 =12.35 £ 0.96,,p & 0.40572.
The BABAR data in this energy range give
ahtd 1010 = 12.95 4 0.64¢0p £ 0.13,44
which shows the potential of ISR measure-
ments. Figure 4 shows the obtained cross
sections for 2K27 and 4K final states. The
systematic normalization errors are 15% and
25% respectively.
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Figure 4. The ete” — KTK - ntn~ (top) and
KTK~K+tK~ (bottom) cross sections obtained
from ISR at BABAR in comparison with ete™ data.

4 The J/1 decays

The invariant mass of three pions from J/1
decay is shown in Fig. 5(top). From about
900 events after background subtraction the
following product can be determined:
D/ — e B/ — 37) =
(0.122 £ 0.005 4 0.008) keV.
The systematic error includes the uncertain-
ties on the detection efficiency, the inte-
grated luminosity, and the radiative correc-
tion. Using I'(J/v — ete™) measurement
from Ref. ¢, the J/¢) — 37 branching frac-
tion is calculated to be
B(J/¢ — 3m) = (2.18 £0.19)%,
which is in substantial disagreement (~ 30)
with the world average value of (1.47 +
0.13)%, but agrees with the recent result from
the BES '7: B(J/v — 37) = (2.10 £ 0.12)%.
Figure 5 shows the J/v¢ and ¢(2S) sig-
nals (containing in 270+20 and 620+25 ob-
served events respectively) four charged track
invariant mass. The later is seen due to the
process (25) — J/¢yrtn™ — pprTaT and
can be easily isolated by requiring a J/1 mass
in one pair of charged particles (shaded his-
togram). By using detection efficiency from
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Figure 5. The signals from J/v and ¢(2S) in 3w (top)
and 4w (bottom) final states. The shaded region at
the latter corresponds to (2S) — J/wntx~, with
J/p — ptp.

simulation and the effective ISR luminosity
the following products have been obtained:
Byjp—an  Lijpee =

(1.954+0.14 £ 0.13) - 1072 keV,
By(2s)—s/pnta— Bijp—op - Ty2s)ee =
(4.50 £ 0.18 £ 0.22) - 1072 keV.

Using the world averages value for T'(J/¢ —
ete™), Tyos)—ete- and Byjy_.g, we de-
rive the values Bjyjyur. = (3.70 £
0.27 £ 0.36) - 1073 and By 28— i/pmtn- =
0.361+0.015+0.037. Figure 6 shows J/v sig-
nals in the KTK~ntn~ and KT K- K™K~
final states. 233+19 and 38.5+6.7 events
have been observed respectively. Using detec-
tion efficiency obtained from simulation and
effective ISR luminosity the following prod-
ucts have been obtained:

Byjp—aror  Uijpee =

(3.2940.27+£0.27) - 1072 keV,

Bjry—ar - Uyjpee =

(3.6 £0.6 4+ 0.5) - 103 keV.

Using the world average value for T'(J/¢ —
ete™) we derive the relative decay rates
Byp—2kor = (6.25£0.50 £ 0.62) - 1073,
Byjpoarx = (6.9£1.2+£1.1)-10"%
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Figure 6. The signals from J/v¢ in 2K27 (top) and
4K (bottom) invariant masses.

5 Conclusion

A number of ISR processes have been
studied with 90 fb~! data sample in the
BABAR detector, utilizing the excelent de-
tector efficiency and particle identification
capabilities of the detector. The pre-
liminary ete” — ata n0 wta nta,
KtK—ntr—, KTK-KTK~ cross sections
cover entire mass range from threshold to 4.5
GeV in the et e~ c.m. sistem with sys-
tematic normalization errors that are simi-
lar to those achived by the direct e™ e~ ex-
periments over a much smaller mass region.
Radiative return to the .J/i¢ resonance al-
lows the measurements of a number of rel-
ative branching fractions significantly more
precisely than earlier measurements.
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