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Belle experiment and data samples
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Search for n.,(1D) in B decays

Y(4626): ete” » D D¢1(2536)" /D D;,(2573)™ + c.c.
Search for a doubly-charged DDK bound state
Study of ete™ - K™K~ ]J /1 via initial state radiation

Summary



Search for 1,,(1D) in B decays

Motivation: [JHEP 05, 034 (2020)}
« Evidence for the 1, (1D) was first found by Belle in B¥ — {,(1D)(= Xc1(—
J/Y)V)K™ [1].
* The masses of the Yy,(1D) and n¢,(1D) are very close [2-5].
* The ne(1D) is expected to decay predominantly via E1 transition to h.y [6-9].
« The B(B* - 1., (1D)K*) x B(n.,(1D) - yh,) is expected to be 1.0 X 107> [9].
Reconstruction:
* B* 51, (1D)K', B - 1, (1D)K2, B? - Ne2(1D)T™ K*,and Bt -
Ne2 (1D)T[+KO
* Mc2(1D) - hey and he - ey
* 1 is reconstructed in the ten decay channels: K*Kon~, K*K™n?, KK
K*K™n, KtK"K*K™, n' (= nutn)ntn, pp, ppn’, pprtn~, and AA.

LData sample: 772 x 10° BB pairs !

Analysis strategy:
* The multivariate analysis using the multilayer perceptron neural network.
* A global optimization is performed. [ e

opt = g+\/ma

[1] PRL 111, 032001 (2013). [2] PRD 32, 189 (1985). [3] PRD 44, 2079 (1991). [4] PRD 52, 5229 (1995). [5] PRD 67,
014027 (2003). [6] PRL 89, 162002 (2002). [7] PRD 72, 054026 (2005). [8] PRD 80, 014001 (2009). [9] PRD 94, 034003 _
(2016).
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Y (4626): eTe™ - DS Dg1(2536)7 /D5 D%, (2573) + c.c.

Motivation:
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* Y(4260) - ,(980)(—» wtm™)] /Y, Y(4660) - £,(980) (= nrn™)Y(2S)
f0(980) has a sS component, and / /1 has a c¢ component.

 Itis natural to search for such Y states with quark component of (c5)(Cs), e. g.,
D,D.,(2536) and D, D>, (2573). -6-
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Analysis method
ete™ - y;srD¥ Ds;(2536) 7 (- D*°K™/D*"Kg)
We require full reconstruction of the y;sg, DI , and K™ /KZ.
« DI - ¢pnt, K*°K*, KIKY, KTK ntn?, KIn’Kt, K**K?, nm*, and n'n?t

* For the signals, the spectrum of the mass recoiling against the DK~ ysg system
should be accumulated at the D*°/D*~ nominal mass.

Mree (visnDEK/KS) = |(Eim, 2 - (p

* To improve the M¢c(Yisr) resolution, My, (yISRDgr K=/ Kg) is constrained to be the

nominal mass of the D*0/D*~ .
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Data samples:

YisrDE K~ /Kg

Vs (GeV) Luminosity (fb™)
10.52 89.5+1.3
10.58 71110

10.867 121.4+1.7
Total 921.9+£12.9

* For the study of ete™ — y;ggDI D3, (2573) (- DK ™), the same analysis method

is used.



M(Dg Dg1(2536)7)

[PRD 100, 111103(R) (2019)]

An unbinned simultaneous likelihood

fit:

* Signal: a BW convolved with a
Gaussian function, then multiplied
by an efficiency function
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* A non-resonant contribution: a two-

body phase space form

* D¢1(2536)™ mass sidebands: a
threshold function

« ete™ - Di*D(2536)~ background
contribution: a threshold function

M=(4625.9182(stat.) + 0.4(syst.) MeV/c?
' = (49.87132(stat.) + 4.0(syst.) MeV

Fee X B(Y ~ D{Dy; (2536)") X B(Dsa (2536)” =
D*°K™)= (14.3%38(stat.) + 1.5(syst.) eV

* One possible background is from e*e™ - D;* (- DJy)D4;(2536)". -8-



M(D{D5,(2573)7)

[PRD 101, 091101 (R) (2020)]
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« One possible background is from e*e™ - D;* (- D{y)D;,(2573)".

An unbinned simultaneous

likelihood fit:

* Signal: a BW convolved with a
Gaussian function, then multiplied
by an efficiency function

9546474849 5 5152 53 54 55 56 ° Anon-resonant contribution: a
two-body phase space form

* D3,(2573)™ mass sidebands: a
threshold function

M=(4619.8%83 (stat.) + 2.3(syst.) MeV/c?

I = (47.01313(stat.) + 4.6(syst.) MeV

Te X B(Y - DID%,(2573)7) X B(DZ,(2573)" >

M(D*!D*,,(2573)) (GeV/c?)

DOK™) = (14.7132(stat.) + 3.6(syst.) eV
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Y (4626)=Y (4630)=Y (4660)?
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Search for a doubly-charged DDK bound state

* A doubly-charged and doubly-charmed molecule R*" decays to D™ D;™
with modest rates according to Refs. [PRD 99, 076017 (2019), PRD 101,

014022 (2020)].

* The mass of R** is predicted to be in the range of 4.13 to 4.17 GeV/ c?; the

width is (2.30—-2.49) MeV.

* A state decaying to D™ D; ™ is also a good candidate for a doubly-charged
tetraquark according to Ref. [PRL 119, 202001 (2017)].

D™ (p1)

D3 (p2)

e DY > K ntn /KY(» ntn)nt
* Dg" - D3y
« DY - ¢pnt /KK~

Data samples:

Vs (GeV) Luminosity (fb) Events
9.46 [Y(1S)] 5.74+0.09 (10243) million
10.023 [Y(29)] 24.91+0.35 (158+4) million
10.52 89.5+1.3
10.58 [Y(4S)] 71110
10.867 [Y(55)] 121.441.7

-11-
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Study of eTe™ - KK~ ] /y

* Very recently, Z.(3985)7(— (D;D** +D;~D°)) and Z.(4000)~ (- K~J/¢) were
observed by BESIII and LHCDb, respectively. [PRL.126.102001 (2021), arXiv: 2103.01803]
« The process ete™ - KTK™ J /1 via initial state radiation was studied by Belle.
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« The K*K~] /v invariant mass distribution shows a broad enhancement around 4.4 —
5.5 GeV/c?; the green shaded histogram represents the normalized ] /¢ sideband.

« Thee*e™ - K*K~ ]/ cross section at each energy point is calculated using
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https://arxiv.org/abs/2103.01803

Study of eTe™ - KK~ ] /y

* A search for resonant structures and associated intermediate states is performed.
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* Neither Z.5;(3985)% nor Z.(4000)* was seen in the K*J /1 system. -15-



We first search for the 1.,(1D) in the B = Kn.,(1D) and B = Knn.,(1D)
decays. No significant signal is found.

We report the first vector charmonium-like state decaying to the charmed-
antistrange and anticharmed-strange meson pairs DZDg;(2536) and
D{D;,(2573)~. The masses and widths are close to those of the Y (4660).

We report the results of a first search for a doubly charged DDK bound
state, called the R™*. No significant signal is observed in all studied
modes. The 90% C.L. upper limits on the production ratio under different
assumptions of RTTmasses and widths are obtained.

We ever studied the process ete™ — K*K~J/y via initial state radiation. No
obvious structures are observed in the K*J /1 system.

Belle II will reach 50 ab’, which will provide greater sensitivity and
precise measurements in charmonium(like) states.

Thanks for your attentions!
-16-
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M ec(YisrDTK™/KQ) and M, (yisrD¥) distribution is making before
applying the D*° /D*~ mass constraint.

The yellow histograms show the normalized Dg;(2536)™ mass sidebands

(left plot) and the normalized D mass sidebands (right plot).

Due to the poor mass resolution, the D*° /D*~ signal is very wide.

-18-
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Mrec(YisrDs K7) and M;q(yisrDs) distribution is making before applying
the D° mass constraint.

The yellow histograms show the normalized Dg,(2573)~ mass sidebands
(left plot) and the normalized D mass sidebands (right plot).

The D signal is wide and asymmetric due to the asymmetric resolution
function of the ISR photon energy and higher order ISR corrections
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o(s) = M2 127 4o B(R — f)Tior p(1/3)
VT s (s MR MR, p(M)
Model 1: a single BW function plus a background term,
Fitted mass and width: M = (4482 + 45) MeV/c?, Tyt = (432 + 56) MeV;

Model 2: a coherent sum of a BW function and a {(4415) component with mass
and width fixed at their world average values plus a background term,

Fitted mass and width: M = (4747 + 117) MeV/c?, Tyt = (671 + 86) MeV_ZO_



