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The Belle experiment
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Observation of x_(2P) in e'e” — J/yDD .{B

BELLE

X(3915) was observed by the Belle in B —» J/PwK decays. J°¢ is measured
to be 0*". As a result, it was identified as the x_(2P) in PDG 2014.

Doubts: expected main decay x_,(2P) - DD in an S-wave.
We search for e*e” — Jhp X_,(2P) with x_,(2P) - DD

Only J/Y and one of the D
mesons are reconstructed; the
other D meson is identified by the
recoil mass of the J/PD system.

e D*— KO, KT, KO T,
K, and KO T Tt

« D°- K", K°. ', Kmr'mt®, and
KTt .
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Observation of x_(2P) in e'e” - J/yDD ':B
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Observation of x_(2P) in e'e” - J/yDD ':B

* A new charmoniumlike state, the X*(3860) is observed, with mass of
38627°_ ° . MeV/c?, and width 2017 _*%  MeV.

* The J°©0* is preferable, from 2** at the level of 2.50.

80 :
Value in data

« X*(3860) consistent with x_°(2P)

charmonium state hypotheses.
* The measured mass is close to 60
potential model expectations for the

Xo(2P).
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Yy~ 1n.(1S),n(2S) and n' m'n”
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BELLE

Motivation: improve measurement of n_(1S)parameters, measure L, for n (2S)
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7-(15) 7e(25)
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4173

M (MeV/c?) 2984.6 = 0.7 +2.2 3635.1 £ 3.7 £ 2.9

I (MeV)
I..B (eV)

30.8733 +£2.5
65.4 = 2.6 £ 6.9

11.3 [fixed]
56717 +1.1

First observation of
N (2S)-n'n'w

New decay mode

n.(1S)-n" (2080)
f°(2080) - '
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Search for efe — AN

Reconstruct only one Z :
Z *(4050), Z *(4250) - "y, (1P),
Then check recoil mass for other Z.
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R C C BELLE
Mode Arfit NUL| € [ B [oay B(Y = z7zU)~)x BY (T = zFz)—)x
(%) | (9)| (%) |B(Z5 — 7Fxe1(1P)/n4(25)) | B(ZF — ntxe1 (1P) /77 9(25))
Y(15) — Z7,(4050)Z 2 (4050) —2.147.2|13.1 (216 - |41.3 —2.4+ 8.1 15.8
T(1S) — 25(4200) 5(4250) —8.3414.1|21.7(20.9| - [34.5 —9.7+ 16.8 26.6
T(1S) — Z1, (4 0 0)Z (4250) +ec.c.|—1.34£10.2|18.1 [10.1| - | 25.9 —3.14+24.3 44.2
T(25) — Z (4000) — (4050) 29477 |16.4(20.5/0.2| 38.7 2.2+5.9 13.5
T(2S) — ZJr (4200)ZC (4250) 8.1+ 15.8 | 32.6 |19.2|0.5| 34.0 6.6 £ 13.2 26.7
Y(28) = Z 1(4000) 5(4250) +c.c.|—6.3+£10.5/16.1 | 9.4 | - | 18.0 —10.5 £ 17.6 106 27.2 106
T(1S) — Z7T(4050)Z_ (4050) 6.7+5.3 |14.4(16.0/1.4| 16.4 10.0 + 8.1 23.3
T(1S) — zj(4430)zc (4430) —1.5+7.6 |13.6 16.2| - |22.0 —2.2+11.3 20.3
Y(1S) — ZF(4050)Z7 (4430) 4+ c.c. | 4.4+5.7 |14.3| 7.7 | 0.8 | 28.8 13.6 +£18.1 45.5
T(2S) — Z1(4050)Z (4050) —~1.94+6.4 |10.8 [15.1| - | 16.1 —-1.9+6.6 11.1
T(2S) — Z+(4430)Z (4430) 3.44+96 |20.0(15.3/0.3|17.8 3.4+090.7 20.3
T(25) — Z+(4050)Z (4430) +c.c. | —4.94+6.2 |10.2 | 7.5 | - | 26.1 —10.1 £ 13.1 21.1
Mode Vs Nfit NUL| € | X | Osyst o x B(Z} o't x B(Z}
(GeV) (%) | (9) | (%) |—= mFxe1 (LP)/mH9(25)) | = 77 xe1 (1P) /7T 4(2S))
eTe~ — Z1(4050)Z; (4050) 1052 | 1.2+6.5 [13.2[209/0.2]283 2.3+124 25.0
eTe” — Z1,(4250)Z,(4250) 10.52 | 40.9 + 16.8 | 65.1 [19.4|2.6 | 32.9 83.9 +44.1 143.9
ete” — 77 (4050)2',:2 (4250) + c.c.| 10.52 | 5.2410.4 |21.5| 9.5 |0.5] 33.0 21.7+44.1 93.2
ete™ — Z 1(4050) Z 7 (4050) 10.58 | 4.1 +18.9 |36.3[20.5/0.2|21.9 1.0+ 4.6 8.8
ete” — Zj (4250) Z_,(4250) 10.58 | —35.2 +48.3|25.7 |19.2| - | 458 —9.0+13.1 7.1
ete™ — Z7,(4050)Z,(4250) + c.c.| 10.58 | —18.0 +24.8|34.5 | 9.8 | - |45.0 —9.1+13.2 18.2
ete™ — Z7,(4050)Z_, (4050) 10.867| 8.6+85 [23.0[19.4|1.0]26.0 12.9 +13.2 35.7
eTe” — Z1,(4250)Z,(4250) 10.867 | 27.7+ 16.1 | 49.5 |18.5|1.7| 27.0 43.6 + 28.0 82.0
ete™ — Z7,(4050)Z,(4250) + c.c.|10.867| —17.5+8.6 | 9.4 | 9.1 | - | 285 —55.7£316 1 30.8 nb
eTe” — Z(4050)Z (4050) 10.52 | 9.4+15.5 |[18.1[15.0|1.1|23.4 24.5 + 40.8 47.7
eTe™ — Z7T(4430)Z (4430) 10.52 | —9.7+8.4 |10.5|15.0| - |16.9 —25.3 +22.3 29.7
ete™ — ZT(4050)Z7(4430) + c.c. | 10.52 | 6.5+£7.2 |18.7|7.5|0.9|17.3 33.9 + 38.0 97.9
e+e— — Z(4050)Z 7 (4050) 10.58 | 7.7+9.3 |23.5[15.0/0.7|16.5 2.5 4+ 3.0 7.6
eTe” — Z1(4430)Z (4430) 10.58 | —60.5 + 27.8(22.9 [14.6| - |12.7 —20.1+ 9.6 8.3
ete™ — Z+(40 50)Z 7 (4430) + c.c. | 10.58 | 22.8 +17.2 | 48.5 | 7.3 | 1.3 | 19.5 15.1 £11.8 32.2
eTe” — ZT(4050)Z (4050) 10.867| —8.0+3.4 | 5.2 [14.2| - |20.8 —16.1+ 7.6 10.8
ete” — Z1(4430)Z (4430) 10.867| 2.7+8.2 |16.7]14.0/0.3|22.1 5.5 + 16.7 35.2
ete” — ZI1(4050)Z7 (4430) + c.c. |10.867| —3.7+5.7 | 9.1 | 7.0 | - |21.1 —15.1+23.4 39.1 10




Study of n and dipion transitions in Y'(4S)
decays to lower bottomonia

Motivation: QCD multipole 10 zi' CTngE s U '__T ) Y (28) S Y (1) -
model predicts high - L (D) Y(RS)-sr Y (1S) ]
suppression of bottomonia 10 o (0) Y(ES)smmY (18) 2
transitions via n due to spin < [ .~-('d] ‘r’(4‘»)—>ﬂ: wY(285)
flip of heavy quark. > 98- S e
. . . L — o —

However tis IS not cosistent O - —7. 7
with experimental data. = 961 o

= B i O

S o4r I
Final state: u*u mt*n- 02 : (1} r
Slgnal SeIeCtlon: :I L |||+|||J': r1 | e 11 r |.| l 1501 1'1 I 'l l. .1 .| I 1.5 l | 1 |.| ||:

M(w*u-) and 03 04 05 06 07 08 2 09 1 11 12

AM= M(w*u m'n)-M(uu) AM (GeV/c')

Br(Y(4S) - - Y(1S)) = (8.2 £ 0.5 + 0.4)x10°®
Br(Y(4S) - - Y(2S)) = (7.9 + 1.0 + 0.4)x10°®

Phys.Rev.D96 052005(2017) 11



Study of n and dipion transitions in Y'(4S)
decays to lower bottomonia

- ] 5 F LA N N N B Y I B B B 3
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I8 = A E nomorn’ 3
N 16 - Y(4S) = nY(1S) /-\ — {; i = Y(IS) = ' =
= jap N’ - = = 3.5 £ =
o - STh - U = .
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S b — E e 25 — —;
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G L4 i COUTTTTT Y ] L 1] {] 1§ 1 1 Ll 11 g1 | 1 1

05 052 054 056 058 06 062 064 0.12 0.13 0.14 0.15 0.16 0.17 0.18
AM,, (GeV/c?) AM, (GeV/c?)
Measurement Result PDG value [17]
B(Y(4S) — 2~ Y(1S)) (8.2+£05404) x 107 (8.1+£0.6) x 107
B(Y(4S) - a7 Y(25)) (79+1.0+04) x 107 (8.6+1.3)x 107

B(Y(4S) = nY(15))
R as in Eq. (1)

(1.70 £0.23 £ 0.08) x 10~
2.07 £0.30 & 0.11

Phys.Rev.D96 52005(2017)
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\Eiw S Observation of Y'(4S)—-n" Y'(1S) <2

* Y(1S) - u*u.
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%E\gi? Observation of Y'(4S)—-n' Y'(1S) <>

< M S 6F -
% 0,35 i — = % -
S o <%0 1 2 °F H 2m2y E
i 0.25F- E % 4F =
0.2F- — = § L A &
0.15E =S — = -
0.1 ﬁ :_: 2:_ T _:
U.OSE— :é I m +— | H
Eulu..I...|...|.§.|...FE.|,,,|,;|,,,|,E - .
032 034 0.36 0.38 0.4 042 044 046 048 05 S YTy
M) - M [GeV/c? AM, [GeV/C?
B(Y(4S)- n' Y(1S)) =(3.43+£0.88+0.21) 10~
n B B(T(ilk_q) — -;;:”T(lS)) R’ﬁ"f’ﬁ' — 0.20 £ 0.06
T BT(AS) = WY (15)) Ry jmine = 0424 0.11

arXiv:1803.10303 14



o ~ Y(1D)
> 3000
= - Y(25)
l_{j -
— 2000 h,(1P) ’ h,(2P)
T = |
% .
@ 1000 Y(1s) J ]
¥ — !
= by TR, R AR
0 2t Lo ity 3 rlll I o TP ..: ) i I . !u e | ._I I : L || ! !:I n' | I . L I Rl T,
: ] -]'.H- 1 L+ f 1 : 1 " ! : |
TR R il i
~1000— i J | | ‘
—2000—
[— | | | I | | | I | | | I | | | I | | | | |
9.2 9.4 9.6 9.8 10 10.2
2
Process by _n"'fnmas[l[]z: e [%] o, [pb] 1 + d1sr op [pb]
ete” = nY(1S) 150 1.7+£1.0 20.1 < 0.34 0.644 & 0.007 < 0.49

ete” — nhy(1P) 270 3.9+1.5 22.2 < 0.52 0.644 &+ 0.007 < 0.76
ete” = nY(2S) 330 56+1.6 16.5 0.70 £ 0.21 = 0.12 0.644 £ 0.007 1.02 = 0.30 £ 0.17
ete” - nT(1D) 530 9.3+£1.8 17.2 1.14 £ 0.22 = 0.15 0.643 £ 0.006 1.64 = 0.31 £ 0.21
ete” — nhy(2P) — 52436 16.7 < 0.44 0.636 &= 0.005 < 0.64

arXiv:1803.03225 15



Search for light tetraquark states in .{B

Y'(1S,2S) decays

* The Dalitz analysis of the decay D° — m*rtnt° indicates the existence of exotic state decaying
into a pTt final state with J°© 0, at a mass of 1865 MeV/c?, can not be explained as qq

e Search for J’*= 0" and 1* teraqurk states X ___in

tetra
Y(1S,2S) decays to x_, X, and f (1285) X

tetra tetra

Xbl decayS tO J/LIJ Xtetra and W Xtetra' 1000 = — Y(ZS) Data
900 & “+ continuum
600 - 18 X === J/y sidebands
B e Y(15)- (1285)4X > 800 - b2 — Eit curve
400 |- Jﬁ —e Y(25)1 (1285)4X % 700 - Backgroun
T 200 | 1 1 QN 000 F Lbo
= - ——1 » 200
> Of ot S 400F
S - ' 0 B
D 200 T o 300
G ' 200
-400 100
- | L L o o 0
6005 02 o024 o6 08 ] 0.08 01 012 014 0.16 018 0.2
Scaled Momentum, x E y (GeV)

B(Y(1S) -, (1285) anything) = (46+28+13) 107, B(Y(2S) - f,(1285) anything) = (22+15+6.3) 107,
B(x,,—~ J/Y anything) = (15 +£ 3.4 £ 2.2) 107, B(x,,— w anything) = (490 + 130 + 60) 107,
B(X,,~ J/¥ anything) < 23 10~ 90% CL, B(x,, ~ J/P anything) <11 10 90% CL

Phys.Rev.D96 112002 (2017) 16



Search for light tetraquark states in .{B

Y’(lS 2S) decays
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Summary

* Observation of charmonium-like state X*(3860), consistent with y_,(2P)
‘Eiﬁ? Measurement of n.(1S,2S) and n m*nt- production via two-photon collisions.
SNew First observation of n.(2S) —» 1/ m+n- and n,(1S) - " 0(2080) —»n" w+m-

* No signal have been found for eve- - Z . Z-

siiew = Measurement of branching fraction Y'(4S)-n Y(1S)
Shew Observation of Y'(4S)-n' Y(1S)
* Observation of Y'(5S) —n Y (1D) decays in inclusive study
* No light tetraquark states have been found in Y'(1S,2S) decays

* More exciting results are going to come from Belle II.
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