Y EVE: B

BELLE

XYZ from Belle

XiaoLong Wang (X * £)
Fudan University, Shanghai

5" Workshop on the XYZ particles
10/21/2018, 3 M X &



KEKB and Belle

KEKB
uest for CPV [ Mt Tsukuba

kekb.jp
Belle Detector

Aerogel Cherenkov cat,
3. n=1015-1.030

X.L. Wang (Fudan Univ.) XYZ from Belle 1/1



The data samples
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Outline

e ete™ = v+ Xes/Ne
@ Observation of xo(2P) inete™ — J/ + DD
@ Inclusive B — X..K and B(X (3872) — f)

@ 7)-transitions between quarkonim(-like) states

X.L. Wang (Fudan Univ.) XYZ from Belle

Color-suppressed B-meson decays Two-photon fusion processes
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FIG. 12.  Processes that produce ¢¢ pairs in e e~ collisions near
E.n = 10.6 GeV: (a) B — K(c¢) decays, (b) two-photon fusion
processes, (¢) e*e” annihilation into ¢¢cé, and (d) initial state
radiation.

More than these!
Pictures from Rev. Mod. Phys. 90, 1(2018)
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I.efe™ — v+ xes /e near 1.058 GeV

X.L. Wang (Fudan Univ.) XYZ from Belle
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Motivation (I)

@ Searching for C-even charmonium(-like) states in Y'(1,2S) decays: 1.02 x 108 T(15)
and 1.58 x 10° T(25)

process T—xe2y | T—=xay | T — xeoy | T — ney
BRgcp 51 %1079 | 4.5x107% | 4.0 x 1079 2.9 x 107°
BRocpioep | 56 x107% | 9.8 x 107% | 3.2 x 107° [ 4.9 x 107"

B(2S)/B(1S) =~ 0.77,Y.J. Gao, Y.J. Zhang, K. T. Chao: hep-ph/0701009v2
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C.P. Shen et al., PRD82,051504(2010); X.L. Wang et al., PRD84,071107(2011)
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Motivation (IT)
@ Continuum production predictions by NRQCD (for Belle II):

X+ 7)infb
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o
V3 in GV

s

N. Brambilla e al., PRD97, 096001(2018)
@ We can study with Belle data at first:
o olete™ = xco+7) = (1.44£0.3) fb;
o olete™ = xe1 +7) = (15.0 £ 3.3) fb;
o glete™ = xe2+7) = (45+1.4) fb.

@ ete”

M0

Vs in GV

T
Vs in GV

— ¥ + XeJ/ne measured by BESIII: PRD96,051101(2017) and Chin.Phys.C39, 041001(2015)

Ecm (GeV) Nobssignificance (0) U (pb)  o® (pb) 30F (b) Assumptions
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Xe2 75439 23 12 20411402
Yeo 01407 0.0 23 07+50+0.1 05 F
4360 xa 52449 24 29 141301 1 1 L L 1 | L
40 41 42 43 44 45 46
Y2 44£45 20 50 232302 Center-of-Mass Energy [GeV]
XYZ from Belle
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Data samples and expected signals based on NRQCD

TABLE I: The numbers of expected events in eTe™ — yx.s and ete™ — 0, at /s = 10.52, 10.58

and 10.867 GeV.

o5 (Ib) predicted in Ref. [12] by NRQCD with

Channel ~ [/5 GeV £ (17| Baecay (x1074) | (%) | Newpeetea
all leading relativistic corrections included
ete” = e 14 7.6 19.0( 0.1
ete” = yxe| 10.52 155 89.5 202.1 208| 58
ete 5 yxe 4.7 114.4 199 1.0
ete = VX 14 7.6 189] 0.1
ete” = yxa| 10.58 15.1 711.0 202.1 19.9] 432
etem = yxe 45 114.4 198 7.2
etem = VX 13 7.6 177 0.1
ete” = yxa | 10.867 135 121.4 202.1 68| 5.6
ete = yxe 1.0 114.4 163 0.9
o5 (fb) by LO QCD/og (fb) by NLO QCD
Channel ~ [/5 GeV £ (b~1) 5,Bi2i(%) Newpected
in Ref. [14]
etem = e | 1052 0.38/0.13 89.5 0.79 0.3/0.1
etem = me | 1058 0.37/0.12 711.0 0.78 2.1/0.7
ete” = e | 10.867 0.32/0.10 1214 0.76 0.3/0.1

X.L. Wang (Fudan Univ.)
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ete™ — v+ x.s from Belle

® Xes — vJ/, J/p — pTu~ for reconstruction;

@ 5C constraints: 4C to initial eTe™ collision system &. 1C to .J/) mass

o ISRevents e"e™ — ysr¥(2S) — YisrYXcs removed by
M (Yexeyp ™) < 3.60 GeV/c® or > 3.78 GeV/c”:

° Nresidual(Xcl) —0.84 + 0.15 and Nresidual(xcz) = 0.43 + 0.05.

Yo X, % \5=10.867GeV

2l

1

\s=10.58GeV

Events/5 MeV/c?
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Going to be submitted to PRD(RC)

X.L. Wang (Fudan Univ.) XYZ from Belle

A significant y.; signal in 10.58 GeV
data sample:
o N°"(x.1) = 39.0753 with
e =19.9%;
o The significance: 5.1¢ including
systematic uncertainties;
e ete™ =5y 4 xa) =
(17.37%2(stat.) +
1.7(syst.)) fb.

Born(
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ULsof ete™ — vxes/Ne

L=

5=10.867GeV

o~
. 0 — o
@ 7. reconstructed in KGK V7™, >
— — — — \5=10.58GeV
ot KYK™,2(x 7)), 2(KTK ™) and =
+.-—). -
3(rTmT); <
T
@ ULs of X0, Xe2 and Nc are determined at 2 *§m \/s=10.52GeV
Lo
90% C.L. I
100|
25 26 27 28 29 3 3. 32 33 34
M(hadrons) (GeV/c?)
Channel  [/5 (GeV)| N | NVL 5 (a) [e(%) |1 — TTI*[ (L + 6)1sr |oeyse (%) on (fb) 8% (fb)
e"e” = Yxeo 29735 | 9.6 | 0.9 [19.0 0.732868 | 10.7 |286.273327 £30.7| 957.2
ete” = yxa 4.875% 1104 | 1.9 |20.8 0.733432 | 8.9 16.245%" +1.4 34.9
10.52 0.931
eTeT = yxe —08M13 45 | - |199 0.733675 | 128 | 50753 +06 | 289
ete” = e 6.8717% | 30.8 | 0.5 |0.79 0.732788 | 11.3 9.0722 £ 1.0 10.6
ete™ = vxeo —1.635] 165 | - |18.9 0.732725 | 13.1 | —20.0731223 £2.6 | 205.9
eTeT = yxer 39.000% | - | 5.2 199 0.73329 | 10.0 173755 £ 1.7 -
10.58 - 0.930
efe” = yxe2 =870 T2 | - 198 0.733532 | 20.9 —6.8755 £ 14 5.7
ete” = . 1.8 |0.78 0.732645 | 13.0 11.3750 £ 1.5 21.1
ete™ = yxeo —1349 o | - 177 0.732054 | 9.4 |[-101.473120 +9.5| 543.7
eTeT = yxer 19758 | 7.9 [ 0.7 |168 0.73262 | 134 58730 £0.8 24.3
10.867 0.929 _
ete” = yxe —2.8%3%] 53 | - [163 0.732863 | 144 | —157579+23 | 30.3
T e 12.34133142.3 | 0.9 [0.76 0.731974 | 9.1 123578 +1.1 42.2

X.L.

‘Wang (Fudan Univ.)

XYZ from Belle
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olete™ = vXe1) V8. /s
o Assuming o(ete” — yxes/ne) o 1/s™, the prediction:

charmonium ‘ X0

n

14

Xecl
2.1

Xc2
2.4

Te
1.3

L.B. Chen, Y. Liang and C.F. Qiao, JHEP1801,091(2018)
@ Combining measurements from BESIII and Belle.

o Fitting yields n = 2.1793.

10*
10°

10?

o, (fb)

10

10"

@ Can we use NRQCD to predict the productions of XYZ particles for Belle II?

X.L. Wang (Fudan Univ.)

o

_/

—— Dependence of e*e™—yy
—e— BESllI results for e’y

—s— BELLE results for e’e'—y
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XYZ from Belle
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More about x.1(7)

yield  Mass[MeV] BR(B'— y(oy.7)K')

@ BT — yxe1 KT with xc1 — 7J/1 using

772 x 108 BB. w' 193£18 3685.3£0.6 (7.7+£0.8+0.9)x10™*
@ 1y — yxc1 was predicted, w, 33+9 (3823.5:2.8) (97728 +1.1)x10°

(T(¥2 = vXc1) = 260 keV).
Godfrey-Isgur, PRD21,189(1985); Eichten-Lane-Quigg,

PRL89, 162002(2002) and PRD69, 094019(2004) Searching for et e~ — ~yx.s via ISR
140

§ Signals:

EZO m B—y'K*, W'—Xay

00 m B—y2K*, Yr—Xay

@
e
T T T T T T T

s;";ls . +
Wi, Geies) ‘°§+++ ++++ + f ++ +

.8 4 42 44 46 48 H

@ 1) significance 4.20 w/syst. M3 (GeVIE)

ha

_ 2
© I'(tp2) =4+ 6 MeV/c? if fitted. Y.L. Han et al., Belle Coll.: PRD92,012011(2015)
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II. Observation of x(2P) in ete™ — J/¢) + DD

X.L. Wang (Fudan Univ.) XYZ from Belle 12/1



Begin with states near 3940 MeV at Belle

not seen in 0J/vy c';i’;j‘t;?-zlr?; not seen in DD* Probably the y.,'
X(3940) _— . Y(3940) Z(3930)

e‘e- > J/y DD* __B>KaJly yy > DD

D
o
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g
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LRI B e
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RN ok ] ol +.:Lj’fii+‘
3880 4080 4280 7)) (GeV/c?)
M(DD*) oo’ M(oJ/y) (MeV) M(DD)
M= 3942 7 + 6 MeV M=~3943+11+13 MeV | | M = 3929552 Mev
Ty = 37 %26 +12 MeV I, ~87+22+26 MeV Tyor = 2941042 MeV

X.L. Wang (Fudan Univ.) XYZ from Belle 13/1




Events/10 MeV/c?

Events/10 MeV/c?

400

200

400

200 .

X.L. Wang (Fudan Univ.)

States near 3940 MeV /c? at BaBar

Y(3940), B->K oJ/y
 (a) ' i i '
C | t ]
ChAS P
'
F®) :; gﬁ‘?uniuon ]
L X(3872) —
s I 97 ]
=+ Nonresonant
A ¥ S T
M(aJ/vy)

Mz3919. 1’38_35i2.0 Mev
I'~ 31410 ,+5 MeV

Entries / 10 MeV/c?

XYZ from Belle

Z(3930), yy=>DD

:

{HH
4.

m(DD) [GeV/c?]

2

M = 3926.7+2.7+1.1 MeV
Ty = 21.34+6.84+3.6 MeV

T

14/1



X (3915) in yy* — wJ /¢

14F 251
12F NAZO:
£ > 200
F g “0r
3 10F ?
= r S 50
o 8 S 15:
S F s [
g °F S0l
4 C £ c
w4k 2
r = 50 +
2- F j
0: ok h U B B X T ¥ *\1.++ a.H
= | Il x 1 Il 1 1 L Il
3.85 38 38 39 395 4 405 41 415 42

m(J/yo) (GeVic?)

X (3915) from Belle: X (3915) From BaBar:

o M = (3915 + 3 +£2) MeV; o M = (3919.4+ 2.2+ 1.6) MeV/c?;
o I'=(17+ 104 3) MeV o I'=(13+ 6=+ 3) MeV;

o N®& =49+ 14 + 4 events o N8 — 59+ 10:

o Signif. =7.70. o Signif. =7.6 0.

Belle: PRL104, 092001(2010)
X (3915) was expected to be xc0(2P)
candidate.

X.L. Wang (Fudan Univ.) XYZ from Belle 15/1

o Data largely prefer J© = 0% over 27.
BaBar: PRD86,072002(2012)



Xeo(2P)inete™ — J/yDD

@ X (3915) observed by Belle in B — K + J /1w, and was identified as the x.o(2P) in
PDG2014, but disappear in PDG2016.
o The main decay mode of x.o(2P) is expected to be DD.
e X(3915) — wJ/% would be OZI suppressed for the xc0(2P).
o Xc0(2P) — DD in an S-wave, it’s naively expected T' > 100 MeV.
o Mass of X (3915) is high, if Z(3930) = x2(2P) in vy — DD is expected.
Mz (3930) = (3838 £ 12) MeV/c? and I = (211 & 19) MeV.

@ So, we search for x.1(2P) inete™ — J/¢ + DD.

i : F background signal
@ Only one D-meson is reconstructed, while the other R g

one is identified by Myccoit (J/9D).
@ Reconstruction channels: 1k
o Dt: ng+, Kntrt, Kgﬂ'+ﬂ'0,
K=ntntr0 and Kdrtorta—.
o DY K=, Kdr*tn~, K=nt70 and
K-ntnto—.
o J/p:ete , utpu~.
@ Multivariable analysis to suppress background.

£

107!

PRDYS, 112003(2017)

X.L. Wang (Fudan Univ.) XYZ from Belle 16/1



J/v and D signals

22F
215 F o Signal yield is extracted from the fit to the
21 M, ecoir(J/1 D) distribution.
205 ® ™
) E F
s 2fF 25 |-
[ E r
© 15 [
= 19F o 20F
e @ @ @ s 0
1.8 F s sf
1758 O ®) (U] S of
il M | L | ERT S
28 29 3 31 32 33 g 1OF
M, GeV/c? v ’ M HN
s5p
Background contribution is estimated
using J /1 and D invariant masses: 46 17 18 19 2 21 22
@ pure combinatorial background Myec, GeV/c? g
@ real D, combinatorial .J/1)
© real J/v), combinatorial D Phy. Rev. D95, 112003(2017)

© signal

X.L. Wang (Fudan Univ.) XYZ from Belle 17/1



Amplitude analysis
@ 6-D amplitude analysis: M 5, Oprod, 0.7/%, Ox+, ¢—, ¢p.

Fit to data: Signal, non-resonant only, background

18F 2
16 20
14 F 18
12 16

10

Events / 50 MeV/c?

on s O

Events/ 0.2

COS 6,

Events /0.2

Events /0.2

X.L. Wang (Fudan Univ.

Events / (n/5)

XYZ from Belle

Events / (n/5)
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X*(3860)inete™ — J/¢ + DD

@ A new charmonium-like state is observed
at Belle, called X *(3860).

26+40 .
o M = 3862120790 MeV/c?;

_ o1+154+88
o T'=2017 2158 Mev.
@ The JP¢ = 1+ is preferred from 2+ at : P
the level of 2.50. 4 45 5 55 6
M5, GeV/c?

Events / 50 MeV/c?

@ X*(3860) is consistent with x.o(2P) 80
hypotheses. 0F

Value in data

@ The measured mass is close to potential
model expectations for the xco(2P).

Pseudoexperiments

Phys. Rev. D95, 112003(2017)

New question: What is X (3915) observed in w.J/1)?

X.L. Wang (Fudan Univ.) XYZ from Belle 19/1



III. Inclusive B — X .:K and B(X (3872) — f)

X.L. Wang (Fudan Univ.) XYZ from Belle 20/1



Measurements of the absolute Bs of B¥ — K+ X,

(b)

Events/10 MeV/c
Events/10 MeV/c
o
8

x

£X(3872)
00F-

: [ 1] :

200F- . . T H T 3

E v v e E

7 100 h, =

E oM ] 005 X2 heXy X—():
[\ S I L L I L L I L ot I L L L L L I 3
15 155 16 165 17 175 18 18 19 195 11 115 12 125 13 135 14 145 L5
Kaon momentum (GeV/c) Kaon momentum (GeV/c)

@ Clear signals of J/v, xc1, ¥(25), etc.
o B(B — X(3872)K) < 3.2 x 10~* at 90% C.L.

BaBar: PRL96, 052002(2006)

X.L. Wang (Fudan Univ.) XYZ from Belle 21/1



Decays of X (3872)

Bf (B~ — XK )Bf(X — J /wz"'77)=(8.20£0.93)x10™°

Bf(B- — XK )Bf (X - J/yr'n n°)=(8.2+4.2)x10°°

Bf (B~ — XK )Bf (X — J /yy)=(2.840.8+0.1)x10°

Bf(B” — XK )Bf (X - w(2S)y)=(9.5+2.7+0.6)x10"°

Bf(B- — XK )Bf (X - DD +c.c)=(1.67£0.36+0.47)x10™*
82+lc

_BX s - ~6.6% @90%C.L.
f Ve R ) e 30+ 08405 060 1o o

23%<Bf(X > J /yz'7)<6.6%
14x10™ < Bf (B~ —> X (3872)K)<3.2x10™*  at90%C.L.

Bf(B- > w(2S)K
Bf(B-— 1. K"
Bf(B- > 7K

6.48+0.35)x10°*
4.9+0.5)x10™*
9.1+1.3)x10* 15

X.L. Wang (Fudan Univ.) XYZ from Belle 22/1



Bt — XK at Belle

Jhy
W

K] K]
> >
v 3
S o
e "
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] ]
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g 8
LY w500

0, L dooebene, o

28 9 295 3 X 31 3. 32 3.4 3.45 .
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5000 N

3000— v(28) X(3915) =
@ e W«‘«*’“"“M e stm/

2500 n (3770) &
L2 L2

H H

© 2000 O 3000p**1
8 8

8 g

© 1500 o

< < 2000

2 2

5 1000 5

2 2

o & 1000

5001

L TR N
38 385 39 3.95

X 3.
My (GVIC?) Mgy (GeVIe?)

355 36

@ Fully reconstruct one of the two charge B mesons (Byag) and require at least one K.
@ Scanning for charmonium states in My,jss(K) -

Mmiss(K) = (p:+67 - P:ag - p]’:)/c (€Y]
X.L. Wang (Fudan Univ.) XYZ from Belle Y. Kato et al., PRD97.012005(2018y 1



Bt — X, KT

o B — X..K™ branching fractions have been measured.

@ We significantly improve knowledge for 7. and 7.(2S5).
@ Results for J/1, xco0, Xc1 and 1(2S) are consistent with world average.

@ No significant signals are observed for ¢(3770), X (3872), X (3915). ULs at 90% C.L.

have been set.

Mode Yield  Significance (0) €(1077) B (10~7) World average for B (10~7) [10]
ne 2590 + 180 14.2 2.73£0.02 1200807 06=1.1
J/p |1860 + 140 13.7 2.65 = 0.02 8.9+0.6+0.5 10.26 + 0.031
Xeo | 430 £ 190 2.2 2.67£0.02|2.0£0.9£0.1 (< 3.3) 1504013
Xet 1230 £ 180 6.8 2.68 +0.02 58+09+05 4.79+£0.23
7:(25) [1050 + 240 4.1 2.77 £ 0.02 48+1.1+03 34+18
$(25) (1410 + 210 6.6 2.79 +0.02 6.4+1.0+04 6.26 +0.24
$(3770) | —40 310 - 2.76 £ 0.02 |-0.2 £ 1.4 £ 0.0 (< 2.3) 49+13
X(3872) | 260 + 230 11 2.79£0.01 [1.2+ 1.1 £0.1 (< 2.6) (< 3.2)
X (3915)| 80 =350 0.3 2.79£0.01 |04+ 1.6+0.0 (< 2.8) -

0 1.4x107* < B(B — X(3872)K) < 2.6 x 10™* at 90% C.L.
@ On the way to get the absolute Bs of X (3872).

X.L. Wang (Fudan Univ.

2

XYZ from Belle
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IV: n-transitions between quarkonim(-like) states

X.L. Wang (Fudan Univ.) XYZ from Belle 25/1



nJ /1 via ISR at Belle

@ Search for hadronic transition via emitting
n.
@ Reconstructions: 7 — vy /7 7~ 7°.

Entries/20 MeV/c?

MnJNy) (GeV/c?)

@ This is the first time to found 1) states in
charmonium transition. (> 6.0c for
1(4040); > 6.50 for 1)(4160).)

@ Large B(v — nJ/¢)! B(y(2S) —
nJjp) = (3.28 £ 0.01)%

@ Unlike v T7— transition, no significant Y
signal!!!

X.L. Wang (Fudan Univ.)

. - g
Q o 5
s S i
3 g i
2 ENEAL VI .
3 8
2 o
5 g
0
45 5 4 45
M{yn(t'n )  GeVic M(Jrym(yy))
Parameters Solution I Solution II
M ys040) 4039 (fixed)
Ty s040) 80 (fixed)
B0 48+09=15 12=13+21
M y4160) 4153 (fixed)
r P(4160) 103 (fixed)
B L0 40+08+ 14 13.8+13%2.1
¢ 336 =12+ 14 251 +4+7

T4 ((4040)) = (0.86 + 0.07) keV from PDG —
B {4040) — 1J/) = (0.56 £ 0.10 £ 0.18)% or
B(1(4040) — 1.0 /%) = (1.30 £ 0.15 £ 0.26)%.

', +.- (¥(4160)) = (0.83 & 0.07) keV from PDG —
B(p{4160) — 1. /1) = (0.48 £ 0.10 £ 0.17)% or

B((4160) — nJ/v) = (1.66 £ 0.16 £ 0.29)%.

TH T ey e

5
Ge\
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Cross sections from some ISR studies

ete” — atn y(29) ol
g 1(7)0 l ‘PRD91, 1i2007(201§)
7l °t h BELLE
= 50 | E
; o5 | 1\ H m HHH peaks ~ 75 pb!
- HW M# #*ﬂﬂhmﬁu +‘+++ et
2 0 mm } | | ARt
4 4'5@ GeV) 5 55

The o(ete™ — ntm™J/4) at Y (4260),
aglete” — mTr(29)) at Y (4360) and
a(ete™ — nJ/i) at 1)(4040) are almost the
same!!! WHY?

— Need Bellell data, or more BESIII data.

o(n*wJhy) (pb)
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Hadronic transitions
Important informations on bottomonium given also by the study of transitions between its
states.

These transitions can be predicted by effective potential models, rather well established in
the case of the dominant radiative transitions

Instead BRs not well predicted in particular in the 2-body hadronic transitions (1, 7°)

In quarkonia below open-bottom threshold, should be explained by QCDME (analogy
with the QED multiple expansion) in terms of momentum of the emitted gluons

From Heavy Quark Spin Symmetry (HQSS), the spin-flipping 7-transtions between
bottomonia are suppress by a factor (Aqcp/mp)? comparing to 7w+ 7~ -transitions:
B(T(nS) — nY(mS))

T(nS) — ntn=T(mS))

~ 1073 )

n—tran _
RWJrﬁ*ftran(n’ m) - B(
Expectations:

o suppression of spin-flipping transitions

(i.e. mS— n+nS wrt mS— wt 7~ +nS, and mS— 77~ 4+nP wrt mS— 77 nS)
o further suppression of isospin-violating transitions

(i.e. mS— w%+4n$S wrt others)

Some slides from QWG2017, but focus on 7 transitions.
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The 7 vs 7" 7~ transitions from Y (n.S): theory vs exp

[y [KeV]

J;Erggctions?

an transitions

Experiment (PDG 2014)
Segovia, PRD 91, 014002 (2015)

Segovia, arxiv:1507.01607 (2o|5)
Simonov, Front.Phys.China 1, 19 (2006)
Simonov PRD 79, 034024 (20

Simonov PLB 671, 55-59 (2009)

Meng, PRD 77, 074003 (2008)

T v +
No predictions?

n transitions
Experiment (PDG 2014)
Guo PRL 109, 062001 (2012)
Segovia, arxiv:1507.01607 (2015)
Simonov, Front.Phys.China 1, 19 (2006)
Simonov PRD 79, 034024 (2009)
Meng, PRD 77, 074003 (2008)
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More hadronic transitions
The partial width in units of keV:

Limited by available channels

T(4S) —

Y(AS)rTx~ 1.7+£02
Y(18)n 4.0+ 0.8

TES)rtr~  1.8+0.3
hy(1P) 4547

B(Y(4S) = nY(1S)) > B(Y(4S) —
T Y (19)M

Limited by available statistics

T(6S) —

Y(AS)rTn™ 137 + 32
Y2S)ntn~ 183 £ 43
Y(3S)rta~ 77+ 28

Z,(10610, 10650)* 7 F 1300 — 6600

X.L. Wang (Fudan Univ.)

Y (5S5) transitions

T(55) —
Y(AS)rTrn— 238 £ 41
T(1S)n 39+ 11
T(AS)KTK™ 33+ 11
T2S)rta~ 428 + 83
T(2S)n 204 + 44
Y(3S)ntn™ 153 4+ 31
xb1(1P)w 84 + 20
Xo1 (1P) (7 7™ 7 non—w 28 + 11
Xb2(1P)w 32+15
sz(lP)(ﬂ+7r_7ro)non_w 33 + 20
Y;(1D)r T~ ~ 60
Y;(1D)n 150 + 48
Z,(10610) =7 F 2070 + 440
Z,(10650) T 7 T 1200 + 300

7t~ -transition is enhanced by Z states.

XYZ from Belle

Bondar et al. Mod. Phys. Lett. A32(2017), 1750025
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7 transitions from Y'(5.5)

@ 7 reconstructed in 7 — -y, look at the missing mass spectrum, after combinatorial backg]rsound subtraction

ur. Phys. J. C78,633(2018)

% 2 Y(1D)
% BELLE Y(28)
g 2000 Ru(1P) | | hy(2P)
ALY
- i
gt e bbb TN
SR TR T A
-1000;7 i } } |
_200(;; 9|4 ' ' gle — gla — 15 — '10‘2 '
Myiss(vY) [GeV/c?]

@ In particular, B(Y(55) — nY(1D)) in compatible with the prediction
@ Observation of Y(55) — nY(1D): B = (4.82 +0.92 + 0.67) x 10~3

»— T;(1D)
Process € (%) oy (pb) 1+ 8isr o5 (pb)

ete - T (1S) 20.1 <034 0.644 % 0.007 <049

ete — nhy(1P) 222 <052 0.644 + 0.007 <076 -

ete = T (2S) 16.5 0.70+£0.21 +0.12 0.644 + 0.007 102+ 030 +0.17

ete” = nYs(1D) 172 1.14£0.22+0.15 0.643 £ 0.006 1.64£0.31 £021 Wang et al., PRD94, 094039(2016)
ete™ > nhy(2P) 16.7 < 0.44 < 0.64

X.L.

0.636 £ 0.005
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@ n—atr wland 7 — 45, T(1S) = ptp~

@ Predicted to be enhanced with respect to the transition
Y(1D) — w77~ Y(1S) by the axial anomaly in

Mass (GeV/c?)

QCD

Voloshin PLB562, 68(2003)

(]
= = =P radiative E1 transition
——) hadronic n transition Y
[ = IS o Fres Py 25— ?

Jpc

X.L. Wang (Fudan Univ.)

XYZ from Belle

Y(1D) — 5T (15)

Belle: PRD96,052005(2017)

T T 1 BE]
Y(I'D, ;) - nY(1S) D E
n -’ @ E
< Y(IS) = BELLE E
L E
> El
) =
= El
Lo} e
I E|
8 |
= El
] E
£ =
H 3
5E L1 E
0E i i | i [ E
012 013 014 015 016 017 0.

AM,, (GeV/c?)

18

Y (1D) could be produced via double-radiative

transitions from Y (4.5) through x5 (2 P) states

B(T(4S) = vy Y(1D)) x B(Y(1D) —
NT(1S)) < 2.3 x 10~ 7 at 90% C.L.
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Summary

ete™ = 4 4 xc7/ne are measured by Belle, x.1 signal is observed at /s = 10.58 GeV
with 5.10 significance.

X*(3860) is observed in ete™ — J/v + DD, which shows that X *(3860) is a good
candidate of xco(2P). The following question is the nature of X (3915) observed in
wJ /1.

B — Xz + K measurement has been improved by Belle. It’s on the way to get the
absolute Bs of X (3872) decays.

n-transitions for quarkonium(-like) states have been reviewed. It looks n-transition is a
good way to study XYZ particles.

Thank you!
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Backup
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MVAinete™ — J/DD

Ve
Bprod R

N
)

Pigi

FIG. 9. Definitions of the J/y helicity angle and the angle ¢,

FIG. 8. Definition of the production angle (in the e* e center- .
(in the J/y rest frame).

of-mass frame).

FIG. 11. Definitions of the X* helicity angle and the angle ¢,

FIG. 10. The coordinate system (xx-, yy-,zx-) (in the X* rest (in the X" rest frame).

frame).
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