ISR ete™ to charm at Belle

G.Pakhlova
ITEP, Moscow, Russia

Introduction spectrum of masses recoiling against fh&)*~gg sys-

Studies of exclusive open charm production near thresﬁﬁm
old in eTe~ annihilation provide important information on MrCC(D(*HmSR) = \/(Ec_m, —JE,:,(*HWSR)Q—pQD(*>+ Q)
the dynamics of charm quarks and on the properties of the e
1 states. peaks at theD*~ mass. Herelp o+, andppeo+qgp,

Another motivation for studying exclusive open charmare the c.m. energy and momentum, respectively, of the
production is the existence of charmonium-like states with*) " y1sr combination. This peak is expected to be wide
masses above open-charm threshold and quantum nuamd asymmetric due to the photon energy resolution and
bers JP¢ = 1-—. Although these have been knownhigher-order corrections to ISR. The resolution of thiskpea
for over four years, the nature of these states, found iestimated to be- 300 MeV//c?) is not sufficient to sepa-
ete — mHa—J/i(1(28))visk processes, remains un-rate theDD*, D*D* or D) D*r final states. To disentan-
clear. Among them are th& (4260) state observed by gle the contributions from these final states and to suppress
BaBar [1, 2], confirmed by CLEO [3, 4] and Belle [5]; combinatorial backgrounds, we use the slow pion from the
the Y (4350) discovered by BaBar [6] and confirmed byunreconstructed>*~. The difference between the mass
Belle [7]; two structures, th& (4008) and theY (4660)  recoiling againstD*)*y;sg and D™ ¥ sk (recoil
seen by Belle [5, 7]. mass difference):

The absence of open charm decay channel¥ fetates, * b —
large partial widths for decay channels to charmonium Myee=Mree (D 1sR) = Mreo( D g, msk) s (2)
plus light hadrons and the lack of availablé® = 17~ has a narrow distributiono{ ~ 1.4 MeV/c?) around the
charmonium levels are inconsistent with the interpretatioy, . — M3, Since the uncertainty inisg momentum
of the Y states as conventional charmonia. To explaipartially cancels out.
the observed peaks, some models assigr3tti# (4350), For the measurement of the exclusive cross section we
5351 (4660) with shifted masses [8], other explore coupleddetermine theD*)+ D*— mass & M;ec(visr) in the ab-
channel effects and rescattering of charm mesons [9]. Moggnce of higher-order QED processes). The photon en-
exotic suggestions include hadro-charmonium [10]; multiergy resolution results in a typicall,..(ysr) resolution
quark states, such as|ey][cg| tetraquark [11] andDD1  of ~ 100MeV, which is too big for a study of rela-
or DYD*? molecules [12]. One of the most popular exotictively narrow D*)+ D*~ mass states. We significantly im-
options for theY” states are the hybrids expected by LQCDhrove the M,..(visr) resolution by applying a refit that
in the mass range from2 — 5.0 GeV/¢? [13]. Inthis con-  constrainsM,..(D™*)*sgr) to the D*~ mass. As a re-
text, some authors expect the dominant decay channelsgfit, the M.+ p.— resolution is improved by a factor
the Y(4260) to ba"(4260) — D™D, of ~ 10. The recoil mass difference after the refit pro-

During the past three years numerous measurementsegdure A Mf*) has a resolution improved by a factor of
exclusivee™e™ cross sections for charmed hadron pairs. 2. We define the signal region by the requirement that
have been reported. Most of these measurements wevg,..(D**visgr) be within+£0.2 GeV /c? of the D*~ mass
performed at3-factories using initial-state radiation (ISR). and by the tight requirement ah M, within £2 MeV /2
Here we present Belle results on e~ cross sections to of themp.— — m,.
the DD, D*D*~ [14], D**D*~, D°D~n* [15,16,17],  Theete~ — D®)+D*— cross sections are extracted
AYA; [18]andD’D*~ ™ final states [19]. The data sam-from the D)+ D*~ mass distributions after background

ple corresponds to a large integrated luminosity collectegiibtraction by the relation described in [16]. The resgltin
with the Belle detector [20] at th& (4.S) resonance and exclusiveete~ — D™+ D*— cross sections are shown

nearby continuum at the KEKB asymmetric-eneedy:~  in Fig. 1 with statistical uncertainties only. The total sys
collider [21]. tematic uncertainties are (11)10% and comparable to the
statistical errors in the differential cross section.
M easurement of the near-threshold The shape of theTe™ — D*tD*~ cross section is
ete— — D®ED*F cross section complicated with several local maxima and minima. Aside

from a prominent excess near threshold, thee= —
To seleciete™ — DM+ D*~~ 5k signal events we use D+ D*~ cross section is relatively featureless. The mea-
a method that achieves high efficiency by requiring full resured cross sections are compatible [22] within errors
construction of only one of th&®(*)* mesons, theysg, with the D*)D* exclusive cross section measured by
and the slowr;  from the otherD*~. In this case the BaBar [23] and CLEO-c [24].

slow
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M easurement of the near-threshold M(D D), Gev/c?
ete™ — DD crosssection . . .
o Figure 2: The exclusive cross sections for: e~ —
We selectete™ — DDvysr signal events by recon- DOD?; (b)ete~ — DtD~;(c)ete™ — DD. The dotted
structing both theD and D mesons, wherd> = D° or Jines correspond to the)(3770), (4040), v (4160) and
D*. In general, theygr is not required to be detected,; its +(4415) masses.
presence in the event is inferred from a peak at zero in the
spectrum of the recoil mass against thé system. The We calculate the cross section ratio

square of the recoil mass is defined as: o(ete” — D*D™)/o(ete” — DODV) for the M 5 bin
_ (3.76 —3.78) GeV/c? corresponding ta/ , 55 ~ My (3770
M2 .(DD) = (Eem. — Epp)? — 035, (3)  to be(0.72 + 0.16 + 0.06). This value is in agreement

within errors with CLEO-c [26] and BES [27] measure-
where E 55 aﬂd PpD _are_thec.m. engrgy and momen- mants. The ratior(ete~ — D+ D~)/o(eTe~ — DODO)
tum of the DD combination, respectively. To suppressntegrated over thé/,, range from 3.8 to 5.GieV /c? is

backgrounds we consider two cases: (1) thig is out  found to be(1.15 + 0.13 + 0.10) and is consistent with
of detector acceptance in which case the polar angle fggity.

the DD combination in thec.m. frame is required to be

|cos(0 )| > 0.9; (2) the fasty_ISR i_s within the de_tector Observation of ¢(4415) N Dﬁ*(2460)

acceptancef¢os(f ,55)| < 0.9), in this case thegr is re- d 2

quired to be detected and the mass of fhB+;sg combi- ecay

nation is required to be greater thah ., — 0.58 GeV /c?. We use the similar full reconstruction method described

To suppress background fraeme™ — DD(n)myisr Pro-  above to selectte~ — DD~ rntygr signal candi-

cesses we exclude events that contain additional charggghes. Theete~ — D°D—x+ cross section extracted

tracks that are not used in th® or D reconstruction. from the background-subtracté®® D~ =+ mass distribu-

To suppress the tail ot*e~ — DD (n)7%yisr  tion is shown in Fig. 3.

events we define a signal region by the requirement: To study the resonant structure if(4415) decays, we

|Mi.(DD)| < 0.7(GeV/c?)?. selectD® D~ 7+ combinations from &100 MeV /c? mass
The resultingete™ — DD, ete” — D*D~ and  window around the)(4415) mass [28]. A scatter plot of

ete” — DD exclusive cross sections, averaged over the/(D—=+) vs. M(D%x) and its projections onto both

bin width, are shown in Fig. 2 with statistical uncertaistie axes evidently demonstrate clear signals forfhg2460)°

only. The total systematic uncertainties are 10% and corand D} (2460)" mesons and positive interference between

parable to the statistical errors in the differential cress-  the neutralD® D3 (2460)° and the charge® — D3 (2460)*

tion around the)(3770) peak; for the othed/ ;5 ranges decay amplitudes leading to the sam@D~ =+ final state

statistical errors dominate. The obsereéd~ — DD ex- for the decay ofC’ = —1 state. Because of the interfer-

clusive cross sections are consistent with BaBar measu@ace we do not studp® D3 (2460)° and D~ D3(2460)*
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Figure 3: The exclusive cross section fere~ —  Figure 4: (a) Thé\/pop- -+ spectrum for theD D3 (2460)

DD~ r*. The dotted line corresponds to the mass of theignal region. The threshold function is shown by the

¥ (4415). dashed curve. (b) Th@/pop-,+ Spectrum outside the
DD3(2460) signal region. The dashed curve shows the
upper limit on they(4415) yield at 90% C.L. Histograms

final states separately and define the signal interval for thehow the normalized contributions frodl o and M-

DD3(2460) combinations asM - .+ — M 246000 < Sidebands.

50 MGV/02 or |MD07|-+ — mD; (2460)+| < 50 MGV/CQ.

We perform a separate study efe~ — DD3(2460)  Fig. 4(b), in they(4415) mass window, is consistent with
andete” — D(Dm) The Mpop- .+ spec- the combinatorial background. We obtaffy(4415) —

A nonD}(2460) " 0 .
trum for the DD3(2460) signal interval is shown in 2 D Mhon—resonant)/ B(¥(4415) - —  DD3(2460) —

Fig. 4(a). A clear peak corresponding t0(4415) — D°D7wt) <0.22at90% C.L.

DD3(2460) decay is evident near the D’ (2460) thresh-

old. To compare mass and width of the obtained Measurement of the near-threshold
1(4415) signal with the corresponding)(4415) reso- ete™ — A}TAZ crosssection
nance parameters measured in finelusive study, we

erform a likelihood fit toMpop- .+ distribution with | .
fhe DD3(2460) signal parameDtoelr)izgj by anwave RBW ing full reconstruction of both tha™ andA_ baryons suf-
2 ers from the lowA. reconstruction efficiency and small

function. To account for background and a possible norL— _ . . )
ranching fractions for decays to accessible final states.

resonantD’ D~ contribution we use a threshold func—_l_h fore. in order to achieve hiaher effici )
tion . /M — mp — M5 (3150 With a floating normaliza- erefore, in order to achieve higher efficiency we require
_ _ 2 _ full reconstruction of only one of thd. baryons and the
tion. Finally, the sum of the signal and background funcs, ... photon. In this case the spectrum of masses recoiling
tions is multiplied by the mass-dependent linear efficiencygainst the\ sy system peaks at the. mass.
function and differential ISR luminosity. The fit, shown For the measurement of the exclusive cross section for
as a solid curve in Fig. 4(a), yields)9 + 25(stat.) Sig-  c+.~ _, A+A-, we determine the mass recoiling against
nal events. The significance for the signal is obtainehe ;o photon (,ec(v1sr)). To improve theMye. (visr )
to be ~ 100. The Obta'”ef peak mass,is) =  resolution (expected to be 100 MeV/c2), we apply a re-
(4411 + 0.007(stat.)) %ev/c_ and total widthl'voc = it that constrains\f,ec(AF yisr ) to the nominald > mass.
(77 & 20(stat.)) MeV/c* are in good agreement with the as 3 result, the, ;- resolution is improved substan-
Erggs [Szefgtigih]fg;afd thz (35155)resugsﬁ[fgélm-;ﬁopeahalIy; it varies from~ 3 MeV/c? just above threshold to
e” — — 3 - 2 e 2

cess atbe,. = m is calculated from the ampli- BMeV/c atMyyp, ~ 5.4 GeV)c. :

e Chm.RBW 1]6(4415_) i the fi be (et To suppress combinatorial background, we require the
tude of the UnCtIOﬂ_IL] the fit to _6*(6 € 7 presence of at least ofein the event from the decay of
©(4415)) x B(y(4415) — DD5(2460)) x B(D5(2460) — the unreconstructed; (p tag). As a result, the combina-

Drt) = (0.74 % (2)'17 +£0.08)nb. Usingo(ete™ — g background is suppressed by a factorol0 at the
¥(4415)) = 12”@1&(4415) X (FEELFM) we calculate the expense of about40% reduction in signal.
B(y(4415) — DD3(2460)) x B(D3(2460) — Dn™) = The M,+,- spectrum for events in the signal region
(10.5 & 2.4 &+ 3.8)% using they(4415) parameters from is shown in Fig. 5(a). A clear peak is evident near the
the PDG [28] and19.5 + 4.5 + 9.2)% for the ¢(4415) A+ A7 threshold. Assuming the observed peak to be a res-
parameters from Ref. [29]. onance, we perform a simultaneous likelihood fit to the
The shape of theMpop-,.+ spectrum with the M+ 5~ distributions for theA} signal and sideband re-
DD3%(2460) signal excluded, shown as a solid curve irgions to fix the combinatorial background shapes. As the

The selection obtte™ — AT A vsr signal events us-
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N Y measured via ISR by BaBar [30] has a different pattern:
M(Ac N\o) GeV/c

it increases sharply at threshold and then decreases gradu-
. Th for the sianal region: ally without any peak-like structure. Although both mass
Fllgur_e 5T eMAC*A_: spectrum for the signal region: (a) and width of theX (4630) are consistent within errors with

with p tag. The solid curve represents the result of the fif, . ¢ they’ (4660), this coincidence does not exclude

described in the text. The threshold function is shown bg ; ;
th t tat f th& (4630), f le, as th
the dashed curve. The combinatorial background pararg er Inerpreraions o ( ), for example, as the

eterization is shown by the dashed-dotted curve; (b) wit
proton (wrong-sign) tag. Histograms show the normalize

contributions fromA T sidebands.

onventional charmonium state [31, 8] or as a baryon-
ntibaryon threshold effect [32].

M easurement of the near-threshold
ete™ — D°D*~nt crosssection
signal function we use a sum of a relativistigvave Breit- For measurement of the-e— — DO D*— -+ cross sec-
Wigner function and a threshold function with a floating

- . . tion we employ the reconstruction method that was used
normalization to take into account a possible non-resonafil EA .
P rete” — DD andete™ — D°D~n*. The resulting

contribution. The fit, shown as a solid curve in Fig. 5(a), | _ DO Dt . :
. +32 : ete” — 7+ exclusive cross section averaged over
attributes142752 (stat.) events to the RBW signal. The L - . o .
btained K W — (46347815) MoV /c2 and th the bin width is shown in Fig. 7 with statistical uncertain-
0 ame_ pga mass +_40(+10 7o) Me /_C an € ties only. The total systematic uncertainty is 10%.
total width isI'yo, = (9_2_24_21)Mev. The significance 14 gptain limit onete— — $(4415) — DOD* gt
including systematics i8.20. We use X(4630) to denote process we perform a likelihood fit to th&f,op. .+

the observed structure. o distribution where we parameterize a possibléi415)

As a cross check, we present in Fig. 5 (b) &+, - signal contribution by ans-wave RBW function with a
spectrum for the signal region for wrong-sign tage, re-  free normalization. We use PDG values [28] to fix its
quiring a presence of a proton in the event in addition tgy555 and total width. To take a non-resonBAD*— 7+
the Afvisr combination. TheM, + - distribution from  ¢ontribution into account we use a threshold function
the signalA} window is in good agreement with the nor- /37 =m0 — mp.— — m,+ with a free normalization.
malized contributions from tha} sidebands. Finally, the sum of the signal and non-resonant functions is

The ete™ — ATA_ cross section extracted from multiplied by a mass-dependent second-order polynomial
the background-subtractedA; mass distribution is efficiency function and differential ISR luminosity.
shown in Fig. 6 with statistical uncertainties only. The The fit yields 14.4 + 6.27}0 signal events for the
peak cross section for thefe™ — AFA_ process at 1(4415) state. The statistical significance for thé4415)
Eec.m. = mx 4630y IS calculated from the amplitude of the signal is determined to b8.10. We calculate an up-
RBW function in the fit to ber(ete™ — X(4630)) x  per limit on the peak cross section for the e~ —
B(X(4630) — AFA;) = (04710157008 £ 0.19) nb.  4(4415) — D°D*~ 7t process atbem. = My(aais)

We calculateT. /Tt x B(X(4630) — AFA;) = from the amplitude of the RBW function in the fit to be
(0.68791810-97 +0.28) - 10, olete™ — ¥(4415)) x B(y(4415) — DOD* 7xt) <

The nature of significant near-threshold enhancement re:76 nb at the 90% C.L. Using(ete™ — (4415)) =
mains unclear. In many processes including three-bod@n /m? (4415) X (Bee) and PDG values of the(4415)

B meson baryon decays, mass peaks are observed neess, ?ull width and electron width [28] we four8l. x
threshold [32]. However, the cross sectiondde™ — AN B(y(4415) — D°D*~xt) < 0.99 x 107¢ at the 90%




C.L andB(y(4415) — D°D*~71) < 10.6% at the 90% final states we also performed a fit to thdpop«— .+

C.L. All presented upper limit values include systematispectrum that includes complete interference between the
uncertainties. For illustration we include the correspondy(4415) RBW amplitude and a non-resonait D*~ 7+

ing fit function on the cross section distribution plot showrcontribution.  We found two solutions with similar

in Fig. 7. goodness-of-fit; the interference is constructive for ame s
lution and destructive for the other. From the fit with
destructive interference we find an upper limit on the
peak cross section farte~ — (4415) — D°D*~ ¢+
process to ber(ete™ — (4415)) x B((4415) —
D°D*~7t) < 1.93 nb at the 90% C.L.

In addition we performed four likelihood fits to the
Mpop-—+ sSpectrum with complete interference between
the X and(4415) states’ RBW amplitudes and a non-
resonantD°D*~x+ contribution. We found four solu-
tions for each fit with similar goodness-of-fit and obtained
the upper limits on the peak cross sections dfoe~ —

X — D°D*~nt processto be(ete™ — X) x B(X —

o(nb)

4 42 44 46 48 5 52 D°D*~7nt) less than 1.44, 1.92, 1.38 and 0.98 nb at the
MDD 1" Gevic®  90% C.L. forY (4260), Y (4350), Y (4660) and X (4630),
respectively.

Figure 7: The exclusive cross section fere~ — .
D°D*~r+ averaged over the bin width with statistical un- Conclusion
certainties only. The fit function corresponds to the upper

L o : .~ The measured six open charm final states nearly satu-
limit on ¢(4415) taking into account systematic uncertain- X L

. O . rate the total cross section for charm hadron production in
ties. The solid line represents the sum of the signal and.

threshold contributions. The threshold function is showf, ¢ . annihilation n the/s region up to~ 5 GeV. The ex-
. clusive cross sections for charm strange meson pairs have
by the dashed line. .
been measured to be an order of magnitude smaller than
charm meson production [24]. Charm baryon-antibaryon
pair production occurs at energies abdveGeV.
Belle and BaBar found no evidence for open charm
production with any oft"(4260), Y (4350), Y (4660) and
X (4630) states, in particular fo¥ (4260) — D°D*~ 7+
8ecays as predicted by hybrid models.

To obtain limits on the decay® — DD*~x*, where
X denotesY (4260), Y (4350), Y (4660) or X (4630)
states, we perform four likelihood fits to the pop«— .+
spectrum each with one of th& states, they(4415)
state and a non-resonant contribution. For fit function
we use the sum of twa-wave relativistic RBW func-
tions with a free normalization and a threshold function
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