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Search for the nc2(11D2) in B decays

Evidence of yy*—X(3872)

Search for X(3872)—y rco
Search for y (2P) states in yy — yy'
Y(4626) in DD _(2536) and D D_(2573)

Search for doubly charged DDK



Charmonium 1D triplet: J=2

First evidence in B decays
Belle: PRL 111,032001(2013)
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Charmonium 1D triplet: J=3

Observation in pp collisions
LHCB:JHEP 07 (2019) 035
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Charmonium 1D singlet: search for J=2

The spin singlet 1D state n_(1'D) is expected to:
- be located at the cog of triplet D states
- decay to yh_(can't decay to DD)
- be produced in B decays at a rate comparable to
the 1p(13D2) , and the xc(13P2)
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Charmonium 1D singlet: search for J=2

The spin singlet 1D state nc2(11D2) is expected to: Belle:JHEP 2005,034 (2020)

- be located at the cog of triplet D states
- decay to yh_(can't decay to DD)

- be produced in B decays at a rate comparable to
the 1p(13D2) , and the xc(13P2)

y(’D,)
-DD
C.0.g.(1D)

Dataset : 772 M BB pairs c =YX

B decays to:
B'— ncz(lD) K", ncz(lD) J’E+KS + C.C.

B'—>n_(ID)K , n_(1ID) w'K + c.c.

With n_(1D)— yyn (1S) decays via h_

and n (15) reconstructed in 10 decay

modes: K'Kz’, K+Ksn',KSKSJ'cO,K+K'n, K'KK'K,
n'n'n ,pp, ppn’, ppm, AA

- MV A using a multilayer perceptron NN
- Global optimization performed



Charmonium 1D singlet:

search for J=2

3 2 7 HEP 2005,034 (2020
Fit results 2 |
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Charmonium 2P states: the 3850-3950 MeV jungle

DsDs

Yy — cc W Yy
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Charmonia from yy in

I Belle 694 fb™
. PRL104(2010)092001

%

the 3.7-4.2 GeV range

=
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The production of X(3915) in yy, with decay to yo,
was observed by both Belle and Babar.
PDG: I'yy x BR(X(3915) — yo) = 5449 eV

Events/10 MeV

o= B L o oo
TTTJTe T TE0
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Charmonia from yy in “E

I Belle 694 fb™
. PRL104(2010)092001

the 3.7-4.2 GeV range

The production of X(3915) in yy, with decay to yo,
was observed by both Belle and Babar.
PDG: I'yy x BR(X(3915) — yo) = 5449 eV

Events/10 MeV

(assuming JP=0+) ) X
Angular analyses disfavor 2+ and 0-. 3 [z |  Babar 519 fb’
5 200 | PRD86(2012)072002
But ... helicity 2 amplitude is dominant on < -
helicity 0, for pure cc states ... 2 |
£ 10
Let's look for radiative B |
transitions to ' e o S A e T W TR Y

1 415 ap
m{J/yw) (G ew::"')l




Charmonia from yy in “E

I Belle 694 fb™
12 = :
the 3.7-4.2 GeV range 2  PRL104(2010)092001
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Evidence of X(3872) in yy*

T

Dataset: 825 fb™
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Evidence of X(3872) in yy* PRL 126, 122001 (2021)

We then get
« Dataset: 825 fb™ Nsig = LinsB(X — J/pmn)B(J/% — £7¢7)
3 ) e d27..
2 2 2
« 3 events survive in the X3872 band el ) dQ"F(M, Q" e)eear(Q”) dWcIQfYQ Wt

And integrating Q° in the range [1.5,25] GeV?/¢?,
we obtain:
» The Partial width extraction from the number of I, B(X(3872) = J/yrTn~) = (1.88 £ 0.24) eV x Ny

observed events is model dependent (assumes that
the X8342 is a qq axial vector meson)

« Significance : 3.2 sigma .
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Events/ (5 MeV)

BES-III PRL.122(2019)22001 Belle (772M BB decays at Y(49))
X(3872) observed in e'e” — yX(3872) PRD 99 (2019) 111101 :
in the region 4.15 < Ecm < 4.30 GeV : "
BR(B" — K'y_n°) = 3.3x10-4 007 %05 0005 01
b Sm mostly dominated by the K* band AE G
g XC1 BG K* veto: 791.8 < M(K'n’) <991.8 MeV/c?
4t 161
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Belle obtains these 90% upper limits:
B(B™ — X(3872)K") x B(X(3872) = y.17°) <8.1x107°
B(B* — X(3915)K+) x B(X(3915) = y.17°) < 3.8 x 10~

X
RXC1 < 0.97 (90% CL)

Does not contradict BES-III measurement
More statistics needed

BR comparable with \{x'n :

B(X(3872) = y.12°)
X = c _ +0.33
s B(X(3872) = J/yxtn") 0.88%557 = 0.10




Y(4626): e’e — D'D_(2536)/D_(2573) +c.c.

Base idea:
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The dipion pair in both Y(4260) and Y(4660) peaks resonates at the mass of the
f0(980), which has also a ss component.



Y(4626): e’e — D 'D_(2536)/D_(2573) +c.c.

Datasets: 89.5+711+121=921.9 fb-1 (@ Vs=10.52,10.58,10.86GeV)

Analysis strategy:

Dsl_(2536) — D*KC | D*'KS ;Dsz'(2573) — DK | D_KS
D " reconstruction in 8 final states: Q)TE+,K*OK+,KSK+,K+K_J‘E+TEO,K*+KS,11J'[:+,Y]'J‘E+

e P b 4
T -~ ~ A
Do 7
,,,,,,,, Yoo \
e+ \ / K ,K /
D* 4
/ ° 7/
/ a Y 7”7 An unbinned simultaneous likelihood
ISR fit:
\ _ - * Signal: a BW convolved with a

Gaussian function, then multiplied
by an efficiency function

Signal :
- D*/D* in the Mrec(Y

- D°/D in the Mrec(y

* A non-resonant contribution: a two-

ISR,DS,K_ / KS) distribution for Ds1(2536) body phase space form
Ds’K-/KS) distribution for Dsl(2573) * Dg;(2536)™ mass sidebands: a

threshold function

ISR’

« ete™ - D5*Dy; (2536)~ background
contribution: a threshold function



Y(4626): e’e — D 'D_(2536)/D_(2573) +c.c.
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Inclusive search for a ccds bound state

Following the LHCB discovery of doubly charmed baryons, a plethora of papers suggested
the search for doubly heavy same-sign bound states, initiated by Karliner, Rosner PRL119
(2017) 20, 202001, and Eichten,Quigg PRL 119 (2017) 20, 202002

State JP m(Q; Q; G, g, Decay Channel Q [MeV]

J
{cc}id] 1t 3978 D*D*0 3876 102
{cc}gk5] 1t 4156 DTD}* 3977 179
{ccHaeq} O, 17,2%  4146,4167,4210 D+tDO D*+D*0 3734,3876 412,292,476
[bc][idd] 0+ 7229 B—D+/B°D° 7146 83
[bc][G 3] 0t 7406 B;D 7236 170
[bel{Gkdi} 1t 7439 B*D/BD* 7190/7290 249
{bc}|id] 1t 7272 B*D/BD* 7190/7290 82
{bc}[gk3] 1t 7445 DB 7282 163
{bc}{qwq;} OF,1%,2t  7461,7472,7493 BD/B*D 7146/7190 317,282,349
{bb}[iid] 1t 10482 B~ B*° 10603 ~121
{bb}[q3] 1t 10643 BB /BsB* 10695/10691 —48

{bb}{gkq} O+, 1+,2* 10674,10681,10695 B~B° B~B*0 10559,10603 115,78,136
C.Quigg, Beauty 2019




Inclusive search for a ccds bound state

Following the LHCB discovery of doubly charmed baryons, a plethora of papers suggested
the search for doubly heavy same-sign tetraquarks, initiated by Karliner, Rosner PRL119
(2017) 20, 202001, and Eichten,Quigg PRL 119 (2017) 20, 202002

State JP m(Q; Q;qxqi) Decay Channel Q [MeV]
{cc}id] 1t 3978 D+ D*° 3876 102
m {cc}[gk5] 1t 4156 D™D}t 3977 179
{ccHagkg} O0F,11,2%  4146,4167,4210 D+D° D+D*0 3734,3876 412,292 476
A narrow DDK state (total width ~2.5 MeV) 16 | | |
is predicted between 4.13 and 4.17 GeV Total
Huang et al, PRD 101 (2020) 014022 BT )
12 5 Df 4
D™ (py — s
) o sususaDD /DD .
§ <] i
g
©
= 4} |
D) 2222 FT-o-oTTSTTTTTTTTTTTTTT T
S : Ty o S R
Belle searched for peaks in inclusive D'D_ 4.3 KT KT RT: i
reconstructed in these modes: M (GeV)
e DY S5 K ntn /K(-» ntr)nt :
- D > Dty Datasets: 952.5 fb

« DI CPTT+IR*0K_ Y(1,2,4,55) and 10.52 GeV



Inclusive search for a ccds bound state RS STRIE R

Belle results
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No R** signals are observed.
| el 200 -+-Data TS
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. (Ge 2 2
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Fits assuming mass M=4.14 GeV/c2 and width I'=2 MeV



Inclusive search for a ccds bound state RS STRIE R

)
S

Belle 90%
upper limits:
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Y(2S)

—— I'=0MeV T'=3MeV
—— I'=IMeV —— I'=4MeV
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— I'=2MeV I'=5MeV

-

9
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I

B(Y (1S)—R"*+anything)xB(R™—D'D,
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| |
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M- (GeV/c?) Mo (GeV/c?)
& ) e
‘:;; 1400 — =0MeV r=3MeV ':2’ 16001 — =0MeV r=3MeV ‘g 2500k — I'=0MeV r=3MeV
2 1200F (a) —r=1mex —r=4xez Q 1400F (b) —r=1xez —r=4:ez Q - (o)) —r=1me¥ —r=4mez
b X —I'=2Me I'=5Me' 1 = — I'=2Me T'=5Me' by - — I'=2Me T'=5Me'
= 1000 & 12000 y/(4G) & 2000}
g P V5-10.52 GeV 2 1000f : F Y(59)
o 800 =2 s 2 15001
£ 600} g %o s f
g : € 600F £ 1000F
& 400F i 2 i .
& 2000 ki o % s00p
K C o 200:_ o C
o S Y PR N B B 3 | S Y U N EP R R O | U U NI BRI B
50 413 414 415 4.16 417 5’b 413 414 4.15 4.16 417 5’b 413 414 4.15 4.16 417

M- (GeV/c?) M.+ (GeV/c?) M- (GeV/c?)
B(Y(1S) — R** + anything)B(R** — D*D;*) <(1.18 - 5.65)x 10~*
B(Y(2S) — R** + anything) B(R** — D*D:*)<(1.63 - 9.27)x 10~*
o(ete™ - R + anything)B(R** — D*D;*) < (202.8 - 950.6) fb at /s = 10.52 GeV
g(ete™ = R™ +anything)BR"* - D*D;") < (218.9 - 1054.0) fb at /s = 10.58 GeV
o(ete™ - R** + anything)B(R** — D*D;*) < (346.6 - 1841.7) fb at /s = 10.867 GeV



In conclusion ...

11 years after the end of data taking BELLE is still actively contributing to
the understanding of the jungle of states discovered in the first decade of the

3" millenium.

Getting ready for the large datasets from BELLE-II, we keep analysing our
rich dataset to react to the new discoveries done by BES-IIl and LHC
experiments.

In conventional charmonium, the last years have seen the completion of 1D
wave triplet. Upper limits from the first search for the 1D wave singlet in B
decays were given.

Searching for X3872 decay to m'y,, ,BELLE unexpectedly find more coupling
to X3915: more statistics is needed , again

The radiative decays to ' from the 2P jungle region are explored for the
first time, hinting for signals from X(3915) and 4.02 GeV

LHCB discovery of double charm baryons and double J/vy has suggested
new ideas for further explorations on our old datasets: more results to come!

CHARM2021 R.Mussa, XYZ and charmonia at Belle 23
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Still many results from Belle on charmonia and XYZ

The study of yy — yy(2S) at Belle X.L. Wang, B.S. Gao, W.J. Zhu, et al. (Belle Collaboration), submitted to
PRD Belle preprint 2021-08, KEK Preprint 2021-4, arXiv:2105.06605 [hep-ex]

Evidence for X(3872) — J/ynn- produced in single-tag two-photon interactions Y.Teramoto, et al. (Belle
Collaboration), published in PRL 126, 122001 (2021 March 23)
Belle preprint 2020-08, KEK Preprint 2020-7, arXiv:2007.05696 [hep-ex]

Search for a doubly-charged DDK bound state in Y(1S,2S) inclusive decays and via direct production in
e-e- collisions at \' s = 10.520, 10.580, and 10.867 GeV Y .Li, S.Jia, C.P.Shen, et al. (Belle Collaboration),
published in PRD 102, 112001 (2020 December 1)

Belle preprint 2020-10, KEK Preprint 2020-11, arXiv:2008.13341 [hep-ex]

Evidence for a vector charmonium-like state in e-e- — D+D,(2573)- + c.c. S.Jia, et al. (Belle Collaboration),
published in PRD 101, 091101(R) (2020 May 12)
Belle preprint 2020-05, KEK Preprint 2020-1, arXiv:2004.02404 [hep-ex]

First search for the n,(1D) in B decays at Belle K.Chilikin, et al. (Belle Collaboration), published in
JHEP 2005, 034 (2020 May 08)
Belle preprint 2020-02, KEK Preprint 2019-58, arXiv:2003.08335 [hep-ex]

Observation of a vector charmonium-like state in ere- — D D (2536) + c.c.
S.Jia, C.P.Shen, et al. (Belle Collaboration), published in
PRD 100, 111103(R) (2019 December 31)
Belle preprint 2019-20, KEK Preprint 2019-42, arXiv:1911.00671 [hep-ex]
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http://arxiv.org/abs/2007.05696
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http://arxiv.org/abs/2008.13341
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http://arxiv.org/abs/2004.02404
http://dx.doi.org/10.1007/JHEP05(2020)034
http://arxiv.org/abs/2003.08335
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.111103
http://arxiv.org/abs/1911.00671

Still many results from Belle on charmonia and XYZ

Search for Bo — X(3872) y
PC.Chou, et al. (Belle Collaboration), published in PRD 100, 012002 (2019 July 19)
Belle preprint 2019-08, KEK Preprint 2019-6, arXiv:1905.11718 [hep-ex]

Search for X(3872) and X(3915) decay into .7 in B decays at Belle
V.Bhardwaj, S.Jia, et al. (Belle Collaboration), published in PRD 99, 111101 (R) (2019 June 12)
Belle preprint 2019-07, KEK Preprint 2019-5, arXiv:1904.07015 [hep-ex]

Search for the B — Y(4260) K, Y(4260) — J/yn- decays
R.Garg, et al. (Belle Collaboration), published in PRD 99, 071102 (R) (2019 April 12)
Belle preprint 2019-01, KEK Preprint 2018-86, arXiv:1901.06470 [hep-ex]

Observation of e+e- — yy,, and search for e+e- — Yy, YX» and yn. at Vs near 10.6 GeV at Belle
S.Jia, X.L.Wang, C.P.Shen, C.Z.Yuan, et al. (Belle Collaboration), published in

PRD98, 092015 (2018 November 30)
Belle preprint 2018-22, KEK Preprint 2018-55, arXiv:1810.10291 [hep-ex]

Search for Y(1S,2S) — Z+Z.0- and e+e- — Z+Z.0- at \s = 10.52, 10.58, and 10.867 GeV
S.Jia, C.P.Shen, C.Z.Yuan, et al. (Belle Collaboration), published in PRD97, 112004 (2018 June 14)
Belle preprint 2018-02, KEK Preprint 2017-65, arXiv:1805.02308 [hep-ex]

Measurement of 1. (1S), n1.(2S) and non-resonant eta'sw+n- production via two-photon collisions
Q.N.Xu, et al. (Belle Collaboration), published in PRD98, 072001 (2018 October 3)
Belle preprint 2018-06, KEK Preprint 2017-71, arXiv:1805.03044 [hep-ex]
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