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Integrated Luminosity of B factories
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The X states



Search for more decay modes of X(3872)

» X(3872) was discovered in 2003 but still unclassified.
> X(3872) is very close to the D°D*? threshold
(3871.81 + 0.36) MeV/c?.

25

PRD, 81, 031103.
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Mass: 3872.970-¢(stat)T)-s (sysm) MeV/c?.
Width: 3.9128(stat)*9-2(sysm) MeV

M(D*D) (MeV/c?)

Br(X—=>D°D*°)/Br(X—>J/Ym?)
= 892i242, 19.948.05 (calc from papers)
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Events/ (2.5 MeVic?)

Events/ (9.5 MeV/c?)
omSnBREas

Search for more decay modes of X(3872)

> In the molecular mode, X(3872) — yJ/y is dominated by VMD while y)’
is mostly by LQA (Phys. Lett. B 598, 197, Phys. Rep. 429, 243).

» But Barbar report B(X(3872) - yy')/B(X(3872) - yJ/Y)=3.4 + 1.4.
(Phys. Rev. Lett. 102, 132001)

> Observe X(3872) — yJ/y but no significant signal for y'.

) 7f (0) Phyk. Rev. Lett. 107, 091803
N B(X(3872) - y')
15 L I . < 2.1((@t90%C.L.)
10 -":E zg l .': ] B(X(3872) - )/]/llj)
;175 ‘35 585 30 395 8 ::'a-t's ' Eall‘i[*n;' “!fsil'a'Ls a
M., (GeVic) M., , (Gevic) Compared with LHCb result:
_ | (NPB 886 (2014) 665)
g BIXGRT2) = WD _ 5 46 40,64 40,29
2 1of B(X(3872) = J/yy) ' e
g : Pure DD* molecule is unlikely...
" 24t It agrees with expectation for a pure

Sy 5 Taes 58 ses a e 5 ame 583864 charmonium interpretation and a molecular-
M, g, (GeVic?) M, 5, (GeVic?) . . . .
charmonium mixture mterpretatlons. 9
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Events/(10 MeV/c?)
WO M = oo M &

Search for more decay modes of X(3872)

Using 772 X 10° Y(4S) BB events, X(3872) and x.1(2P) is
searchedin BT — (y.,m*m™) K™ decay.
No signal of X(3872) or y.1(2P) .

PRD93,052016(2016)

E No3872 B(B* - X(3872)K*) x B(X(3872) = ye mtn )
3 <1.5%x107° (at 90% C.L)

E: . _ B(B+ - Xcl(ZP)K+) X B(Xcl(zp) - Xc17T+7T_)

3 A NOy(2P) | < 1.1 x 1075 (at 90% C. L)

EL b E r-'1"-|--r| . .L"."-h-u.*-.u A
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M, (GeV/c)
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Search for X,

» The X(3872) counterpart in the bottomonium sector Xj,.
» As X, is above wY(1S) threshold, this isospin conversing
process should be a more promising decay mode (PRD, 88,

» WXp1/p2 are observed for the first time!

Events/(10 MeV/c?)
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PRL, 113, 142001.
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From the 2D fit of the M(n %) vs M(yY(15)):

Mode Yield T (6) & (%) oy (pb) B (1073) ol (%) ol (%)
7t %0 <136 1.0 6.43 <31 <63 25 24
a1, 80.1+9.9 12 6.61 0.90 +£0.11 £0.13 1.85 4+ 0.23 £ 023 14 12
1% 28.6 6.5 59 6.65 0.57 £ 0.13 £0.08 117 £0.27 £ 0.14 14 12
@Y bo <175 0.5 6.35 <19 <39 29 28
W b1 59.9 +8.3 12 6.53 0.76 £ 0.11 £0.11 1.57 £0.22 £ 021 14 13
Y b 129+ 4.8 35 6.56 0294011 +0.08  0.60+023+0.15 26 25
(252 7)oy ¥ 0 <107 04 6.68 <23 <48 41 41
(xt 1) b 23.6 + 6.4 49 6.88 02540072006  052+0.15+0.11 21 20
(271 7°) oot b2 15.6 +5.4 3.1 6.91 030+£011+0.14 061 +£022+028 45 45

g(ete”>wxp1)

= 0.38 + 0.16 + 0.09, where the common systematic

g(ete " >wypy)
uncertainties cancel.

No significant signal of X}, is observed.

T
- +-Data
Zu:_ __Tngc
N _m;{mMG
15 [ sideband

—0.4 £ 2.0 X, from the fit.

Events/(10 MeV/c?)

0 B =
10.2 10.3 10.4 10.5 10.6 10.7
M{w1({1S)) (GeVic?)

B(Y(10860) - yX,)B(X, - wY(1S)) < 2.9 x 1075 at 90% C.L.



The Y states



e JPC. 177
* Production: ete™ = (y;5p)Y
* Y has ¢ and ¢ quarks.

* But not the simple charmonium.

PRL, 110, 252002. » Two enhancement, Y (4008) and Y (4260) are
) observed.
120 F 10 . . .
: TR » Two solutions for the unbinned maximum
o 100F N T .
st 102 o™ likelihood fit.
E an - ] H LT
= % TN
E Eﬂ:- f w.”i”nl Parameters Solution | Solution [I
£ 40} i e+ Solution I M(R,) 3890.8 + 40.5 + 11.5
- olR)) 2545 +39.5 + 13.6
SRR RIS L0 v I, BR, — a7 J/¢) (B8+06+04) (84+12%11)
0 Y S e G i o LL T TP S gy L AL L TR Y] M{Rz) 4253.6 + 83 - ]2.1
3.8 4 42 44 46 48 5 52 54 I (Ry) 1341 + 164 + 5.5
Mz dly) (GeVic®) I,B(R,— wta J/) (6.4+08=06) (205 1.4=+2.0)
) 50+ 17 + 11 —116 £ 6+ 11
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Y(4360) and Y(4660)

PRL,91, 112007.

> Based on 980 pb~1! data.

> Reconstructed with m¥m ',
> Clear Y (4360) and Y (4660).

> Unbinned maximum likelihood fit

without Y (4260), get two solutions with o

same mass and width:

) [ #)
[=] [=]
— T

Entries/20 MeV/c®
3

ﬂ

MIT n u(25}| (Gew:;

Parameters Solution 1 Solution 11
M vy 4360, 4347 +6 13

['yia360) 103 +£9+5

B[Y(4360) — zta y(2S)]- F;L.;:j'_m: 0.24+0.6+06 10,9 0.6 0.7
M v, s660) 4652 £ 10 £ 11

[y ia660) BE L 11+5

B[Y(4660) — zta w(2S)]- F;.;:_%'mﬂ: 20+03+0.2 3.1+1.1+1.0
i 324+ 184+ 20 2712+ 847

(c)

%ﬂhﬁ

5.5
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Entries/20 MeV/ic?

<10}

]
o

-
o

Add Y (4260) in the fit with constrained mass and width.
Amp = BW, + e'® - BW, + e'® - BW,

L Sol. Il i

ha
o

Entries/20 MeV/c®
>

M mw(28)] (GeVic?) M w(28)] (GeVic?)

30‘..5.3'|.‘,:‘.‘|..‘.

Entries/20 MeV/c?
n
[=}
Entries/20 MeV/c®

o

M y(2S)] (GeVic?)

T

ha
(=]

-
o
T T T

45 5
Mr ny(2S)] (GeVic?)

Parameters Solution 11 Solution 1V Solution V Solution VI
M y4260) 4259 (fixed)

Uy (a260) 134 (fixed)

B[Y(4260) — atn w(25)] - riyuizm 1.5+06+£04 170705 1044+£13+£08 839+ 12408
My 4360) ' 4365+ 7 + 4

[y (a360) T4+144+4

B[Y(4360) = xtn :,.r;[l‘f}]d"‘r'.;:m: 411006 49+£13+£06 211+£35+14 177+£26+1.5
My 660, | 4660 £ 9 + 12

[y (1660) 74+£12+4

B[Y(4660) — 't n w(25)] - r?rn-:fﬂ'r 22+£044+£02 §41+09+£09 93412410 24+£051+03
P I 304+ 24 £21 294+ 25423 130 +4+£2 141 £5+4
¢ 26 £ 194+ 10 238+ 14 £+ 21 3294+ 845 11723 £ 25

The significance of Y(4260) is only 2.8, but it affects Y(4360) and Y(4660) masses

and widths.

5.5
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The Z states



 Many Z states have been observed now.

m--

Z:(3900)*
Z(3885)"
Z:(4020)"
Z:(4025)*
Z-(4200)*
Z:(4200)°
Z-(4050)*
Z-(4250)*
Z-(4430)"
Z,(10610)*
Z,(10650)*
Z,(10610)°

]/
(DD "

nth.(1P)

(D*D*)
]/
] [P
7T+Xc1

+
T Xc1

Tt (2S)

ntY(nS)
ntY(nS)
oY (nS)

2013
2013
2013
2013
2014
2014
2008
2008
2008
2012
2012
2013

BESIII, Belle, CLEOc
BESIII
BESIII
BESIII
Belle

BESIII
Belle

Belle

Belle, LHCb
Belle

Belle

Belle
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Z-(4050)%— Y (29).

Entries/20 MeV/c®

PRD, 91, 112007. reglon Ny :
20 ———

The M(T[+l/)(25)) in Y (4360) singal

2
Cad
[=]
T
—
(]
e

—
L4
L L

10

Hi
1
ntyies/20 MaV/ic
B
TEm———

G\
+ T T

MIr T w(2S)] (GeVic?)

1Ak " _' 1 Unbinned maximum likelihood fit is
—— JFJE performed to the maximum of
M 9(25)1 (GeV/c' Mty (25)) and M (P (25)).
¢« M(Z,) =4054 +3 + 1 MeV/c? No significant structure in the
e =45+ 11+ 6 MeV m1(2S) system in Y (4660)

singal region.
+ Significance: >3.5c
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Zc(4200) > ] [y

My ), GeVc!

2o

20f
18

16F

12}

PRD, 90, 112009.

4-dimensional Amplitude analysis
of B > J/YK nt:
All K* and Z-(4430)" resonances.

The known mass and width of the
Z-(4430)" ( ) are
used to limit the floating mass and
width:

M2y ), GeV !

M—-M,)’ -T,)°
( _ 0) +'[ {]')‘

—2InL —- -2InL + =
OM, Or,

L PN T T T bl e "
05 1 15 2 25 3 35 4 45 : 3 35 4 45
MA(Km), GeV¥c? M2(K.), GeV¥c
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1.2 GeVEic' < MEKT) < 2.06 GeV¥e* 2,06 GeVEic" < M(Kx) < 3.2 GeVeic

K " 120F “ [
0 o - o L
PED}PO, 112009 s L 50
@160 @ 100F a |
=5 14 =5 B =F 4[}_
EW:: ﬂ aob ﬁ !
o 120 o [ o -
- PR - 30F
£ 100 = £ I
= B0 = i = [
] i rl[}: i EE}-
60 y [
'E 20 . I '||:|':—

I+ ot [

B N APRPEPEL S BPETEPIN NP B | L

i2 14 16 18 20 22 i2 14 16 18 20 22 o

> Z-(4200)" is observed with a significance of 6.20.

> The preferred assignment of the quantum number J7: 1%
with global significance of 7.90.

» Find evidence for Z-(4430)*-> n*] /Y, 4.00.

MP(Kx) > 3.2 GeV/c*

M Jhy m), GeV&/c'

MWy &), GeVeic!

Eiat 48
1999168 20 -2
Me( Sy ), GeVEic!

Mass: 4190F33 (stat)*1Z(sysm) MeV/c?.
Width:370%78 (stat)* 73, (sysm) MeV
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A fit with the Z-(4200)* Breit-Wigner amplitude changed
to a combination of constant amplitudes is performed.

Argand plot for H1 Argand plot for H{;
I D1k r -
E - E 01F
0.05 |3.91 9 :
C \ 3.642 0.05 3.919 4.473
oF |\ -
- O
-0.05F L 0.05 -
04F CF a0 \[ 3892
r '-.|4 104 01 4.288 //
-0.15F - - )
C T 015
-02F u 4.750
r -0.2 —
025F 1 E \ l \ I \ l
03 02 -01 0 01 0.2 -0.1 0 0.1 0.2
ReH, Re H,

The plot for H; shows a resonancelike change of the amplitude
absolute value and phase.
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Z,inY(55) » ntn~Y(nS)

Studyon 121.4 fb~1 Y(SS) data, select t "~ by requiring
M(n T ) with tagged utu~. Clear signal of t*m~Y(nS).
PRD, 91, 072003.

10.8 rrr e
106 |

104 |

e 2 » Amplitude analysis on Tt ~Y(nS):
o 1 Anny = Anz, + Anz, + Aoy + Ay + Ay + Ang,
. 1 where Ay is the non-resonance

9.4

1 components.
1 » Remove the background contribution:

L=-2 Z In(fsiS + (1 — fsig)B)

9.2 [ s

9.0 92 94 96 98 10.0 10.2 104 106 10.8
M, ('), Gev/c?
events
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(Events,/10 Mev/c®)

Eﬂ_..||||||||||||||||||||||||||||||||_

20

M{Y{18)m)_,

0 (.1 Pt P R M o O A M D g 0 Taraae N T ]
10.1 1U2 10.2 104 105 1ﬂﬁ 10? 10.8
wr b Ge'n.?,.n"c i

(Events/5 MeV/c®)

=S

praa e by byl
(Events/5 MeV/c')
&
(=]

20 F
D i t [T i u C s s S g [ P o o P O R Pt A ) S P DT, T . s — o
104 1045 105 1055 10 1055 107 10.75 10.58  10.61 10.64 1067 107 1
M{T(28)m) ., (@ev/c®) M(Y(38)m) ., (GeV/c®)

PRD, 91, 072003.

» By comparing the fitted maximum likelihood, the favored quantum
number J¥=1%for both Z,,.
> JP=17, 2% are rejected at confidence levels exceeding 6.

Z,(10650)
Z,(10610) 5 1 2 2
14 Co0D 6033 42(33) 77(63)
1 26E7)  264(73) 224(68)  277(106)
24 205(33)  235(104)  207(8T)  223(128)
2 289(99)  319(111)  321(110)  304(125)
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Masses, widths and branching fractions are also

determined.

Bom cross
section

Final state
Signal vield
Efficiency, %

ET[n.’:’:"ﬁ—u-"p 1 E:{: [-I"'"!‘.l

TI:[S:I‘.'L'_I'?T_
2000+ 115

45.9

2.48 4 0.05

T{25)ym ™
2476 £ 97

3.0

1.93 £ 0.17

T(aS)a o™
G28 + 41
24.4
2,18 £0.21

Vi
Tete = TinS)nxtn

Tad e~ 3T (nSjntn

. pb
. pb

1.51 £ 0.08 = 0.09
227+ 0.1240.14

271 =0.11 =0.30
4.07 4+ 0,16 + 0.45

0.97 = 0.06 = 0.11
L.46 =+ 0,09 + 0,16

Wis

Tt o— FT{nS)ada—

. pb [1]

.61 £ 010+ 0.12

235 £ 019 +0.32

144755 +0.19

Parameter

Y(18)ztx

Y(2S)ntm

Y(3S)ntn

Jzz(10610)+ %

18.1 £ 31133

30.0 + 6.3%57

Z,(10610) mass, MeV/c?
Z,(10610) width, MeV

48+ 1243
10608.5 + 34457
18.5 + 5.3+

10608.1 +1.2%)3
20.8 +£2.5107

10607.4 + 1,508
18.7 &+ 3.4+33

3§ 0
fz;.;nmn_m' » P

0.16
0.87 £ 032175

0.95
4.05 £ 127073

16
13.3+£3.6/7%

Z,(10650) mass, MeV /¢?
Z,(10650) width, MeV

10656.7 + 5.013]
113427
12,1+ 1134

10650.7 + 1.5103
14.2 + 3,757

10651.2 + 1.0105
9.3 +£22403

B—0.6 !
iz, degrees 67 +36'3 —10 £ 13%3] -5+22t0

CZ,(10650) / CZ,(10610)
Txins)fa01270)> %
f'!'(rr.‘?}(x'x Js* %o

Sx(ns)fa(980)s %

0.40 + 012409
6.3
14.6 & 1.5%62
86.5 + 3.2135
6.9 + 16103

0.53 £ 0.074)37
4.09 £ 1,013

6.5
101.0 £ 4.2%97

0.69 & 0.091)8

40+6208

PRD, 91, 072003.
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Zp in t°m0Y (ns)

» It’s natural to expect the existence of neutral partners of

the Z;(10610), Z;F (10650) States.
> 197%Y(nS) are observed in Y(10860) decays for the
first time.

L]
=

(a)

+
+
+
+

g

Events/ 10 MeV/
s
E e
Events/ 10 MeVic®
-
RN R L LR R L RN RN

Tt tY(1S)”

@

=
] =1]
=] -1

| |H}

L R bt

o
90 92 94 86 98 100 102 104 1086 90 92 94 96 98 100 102 104 108 9.9 10.0 101 10.2 10.4
M, (r°n°), GeVic® M, (1°"), Gevic® M(Yn ), GeVic?

-
=

E ts! 10 MeV/
[ w - o
[-] =] o o
TTT T[T T T T[T T T T[T TTTTT
g ————
— .

£

5 e
[~] [
(=1 -] =]
LI
i
—— —
N ]

PRD8S, 052016 (2013)
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Born cross section:

oleTe™ — Y(15)7'7°) = (1.16 = 0.06 + 0.10) pb,

oleTe™ — Y(28)7'7%) = (1.87 = 0.11 + 0.23) pb,

oleTe™ = Y(3S)7"#") = (0.98 = 0.24 = 0.19) pb.

Approximately % of the corresponding values of eTet - T~ Y(nS).

A mass constrained Dalitz Analysis is performed:

116

M |“..'
14 .0 S
S s

—

iy

~
I

MAY(18)n"),, .. GeViic!
g
I

-

=

=]
T

-

=

B
I

102 ' '
o

-
=
=

T
L

(a)

0.5 1
M?(n"x"), GeViic*

4

¥
mae GEV G

MA(Y(25)")

116

=
=
B

=
-
=]

=
-
=

108
o

(b)

0.2

0.4 0.6
M (22", GeVire*

0.8

ME(Y(35)r7),,,, GeViic!

116
(e)
115
114
113
I
112 ' :
0 0.4 0z 0.3

M?(°2"), GeViict

Two solutions are found for %Y (2S) sample while single solutions for

r'70Y(1, 35).

PRD88, 052016 (2013)



> 5.30 for the Z7(10610) in both solutions for %Y (25) while 4.7¢
for t°n%Y(39).
> Simultaneous fit of m°m%Y(2,35), 6.80 of statistical significance for
Z2(10610).
> 28(10650) is not significant although the data are consistent with
the existence of Zp (10650).

Events/ 20 Mer02
ha
(=]
—

=
=
LI B R B

1 o o s e e e

101 10.2 10.3 104 105
M(Y(1S)m) .

Events/ 10 MeV/c®

10.8
cev/c’

-
=
T

w
T

5 1

M{v(28)m ..

Free the Z) (10610) parameters:

Mass: 10609 + 4 + 4 MeV/c?.

10.65
GeV/c

First isospin partner among “XYZ”.

Events/ 4 Mevfc:

1B TTTT T T[T TT T [TTTT

M(Y(38)a")_, , GeV/c

PRD88, 052016 (2013)
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ete” » T hy(nP)

» Using the scan data collected between Y(55) to Y(65).
> Reconstructed ™ and require M,,,;s(%) in mass region:
[10.59, 10.67] GeV/c?, which is Z}, signal region.

g 600 = 1150
D 4}
= =
uw - L
=~ 500 o
= i © 1050
PR .
§ 4o0f ntm hb(lP) §
w i i
o 1D_— "o
e >
= C =
I 0
2 D # J( =
£ g
: —5— | | z :
-l 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1
9.8 10 10.2 10.25 10.3

M e (T r‘.u GeV/c® M (TR, GeV/c®

PRL, 117, 142001.



a”(h,(1P)x*T) (pb)

o”(h,(2P)* ) (pb)

With tagged m* ™~ h, (nP) signal, find evidence of
Y(55) and observe Y(6S5) with significance of 3.5¢ and
5.30, repectively.

Y(5S)

Mass: 10884.7138(stat) 8.2 (sysm) MeV/c?
Width: 40.67337 (stat) 1, (sysm) MeV
Y(65)

Mass: 10999.017:3 (stat) 11%°(sysm) MeV/c?
Width: 27127 (stat) 3, (sysm) MeV

A

L } e s (1P =7 LG = U0 = 010 ph.

y hp(2P )7t 27 ) = 270 £ 0,17 £ 0.19ph

o

| R N R TR T L1
10.9 10.95 11
E_ (GeV)

PRL, 117, 142001.

30



> Release the requirement of an intermediate Z; and yield the

hy.

» Fit the data where Z;, parameters are fixed and non-resonance
background is set to zero.

» The hypothesis that only Z; (10610) if produced in
tm~hy (1P) channel is excluded at the 3.3¢ level.

h.(1P) yield, 10° / 40 MeV/c®

e
T T I T T

ntm~hy,(1P) i}
I -
| | + K
r L =
ﬂ1+#+ $
j—‘l l [ g
o s
:‘HZ!I.E: i B B R R

=k
o

ke
o

[

¢n

4]

mtn”hy,(2P)

;} (b)

Tt

10.7 10.8

M. (m), GeVic®

PRL, 117, 142001.
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C

T + .

ight be loosely bound BB*

(B B()

>7,(10610) and Z,(10650) m

ively.
>Reconstruct three body [B™ B ]r. Identify B meson by

and B*B* system, respect

mass and momentum in c.m.s.

RS By data

.I_

=
b=
w
o
(2

=
L=
=

/ASH §) /sjusam

] B related
N background
@ continuum
L background

3000

(=]
=
=
o

muxbu_.- ¥) /83usam

5.1

5.0

2
ss (BT) , GeV/e

-
ml

M

M(B), GevV/c®

PRL, 116, 212001.
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Events/ (5 MeV/c”)

Events/ (5 MeV/c?)

100

_I T T I T T T I T T T | T T T | T T T I T T T | T T T I T T I_ - - .
E @) ’?Jr &9 ws data | s daca | A simultaneous binned maximum
80 | i+ odel- 4 . . .
S Jﬁ _______ wode2-0 1 likelihood fit to WS and RS data.
60 - BB T }ﬁ ——————— Model-2 ]
40 - o —:@del-O: Z,(10610) [Z,(10650)] onl
ok 1 Model-1: Z,+Non-resonance.
: 1 Model-2: Z,(10610) +Z;,(10650) with
fa: 1 interference
80 [- 4 Model-3: Non-resonance
L = Model-0 -
Rl S Model-3 % } 7 Take model 0 as the nominal hypothesis.
r — ackground 7
wp T L :
5 B*E*n- 1 Parameter BBrx BB'n B'B'n
20 [- SRSSSBIUIET 1 Ny events 13425 357 + 30 161 + 21
1057 1059 1061 1063 10.65 10.67 1069 1071 1073 T-+ 5 {171u{i21u17 {1ﬁui{ffzu1ﬁ {]ﬁﬁj:i?ﬁ{llﬁ
2 Ll :
Mo (M) 4 GeV/e o, pb <29 174416419 875+ 1.15+ 1.04

PRL, 116, 212001.
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Assuming that the known Z, decay table is saturated.
Give the relative branching fraction for Z,, decays.

PRL, 116, 212001.

Channel Fraction, %

Z, (10610) Z, (10650)
T(15)x" 0.54 0104 020 0.17+0:074 0.8
T(28)x" 3.6210.76+078 1.39+ D3840
T(35)x 21510 33+050 1.63+)-5+0.9
hy(1P) 7 3450510 841551 106
hy(2P) ! 4 G7+1-24+ 118
B*B*" 4+ B'B** T
B*tB*" nom
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Other topic



Search for XYZ in Y(1S) inclusive decay

» A common feature of these XYZ states is that they decay
into a charmonium state such as J /Y or ¢'.

»>Y(1S) inclusive to J /Y or i’ with large branching ratios
[(6.5+0.7) X 10~* and (2.7 +£ 0.9) x 107%].

»Tag Y(1S) —» J /Y or ¢’ + anything : PRD, 93, 112032.

oy T e ¥ @] « T o ®)] o

> 6005 [ > Bf_h l >

g 500& t % : ﬂ g

0 400 l[ ; [ 0 ig il l-m FHMMM{I‘H,HM ll{ ‘] M o

2 %0 n 8 ob 1Y W | il 2

E 200 %ﬁlﬁﬁii‘m‘ﬁhﬁiﬂgﬁrﬁ : _ E jS l H [ | {} ” E 20 i.-nlll'lili:'ul *11

100¢ Pt i 10F 10 Hdits
09 255 3 305 31315 32 325 33 35 355 356 365 37 375 38 385 3.9 )5 355 36 365 37 375 38 385 59

M(I'T) (GeV/c?) M(I'T) (GeV/e?) M(z* e dly) (GeV/c?) |
Y — 1 P(2S) — I*I- P(2S) =i Y
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Enties/2 MeV/c®

Entries/10 MeV/c®

Search for X(3872),Y(4230),Y(4260),Y(4360) by combining J /i
ory' withm*m™.

140
120

100

60

50

- — Y(1S) Data

_ (a) °00
r — Fit curve

E' —.— Background X(3872) 500
- Continuum

300
200

Entries/20 MeV/c®

100

ob
46 385 37 375 38 385 30 305

M(r* i) (GeV/cd)

—+ Y(18) Data
— Fit curve (c)
--— Background

Continuum

50

40

20

Entries/10 MeV/c®
®

10

400K

—— Y(1S) Data
— Fit curve (b)

-— Background Y (42 6 0)

Continuum

4 42 44 46 48 5 52 54 58
M(m i) (GeVic?)

—+ ¥ (15) Data

— Fit curve ()

—— Background

ﬂl...l...l... i ik
42 44 46 48 5 52 b4 5B

M(mmy(2S)[=I'T]) (GeV/cd)

D.I...I... P P i X
42 44 46 48 5 b2 54 56

M(rmw(2S) = wdiy]) (GeVic?)

PRD, 93, 112032.

No evidence for any of
these states.

Coninuum Y (4230, Y|(4260), Y (4360)
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Entries/10 MeVic?

Entries/10 MeV/c?

Search for X(4140), X(4350), Y(4260) by combining J /1 or i’
with K*K~(¢).

18
16
14

12E

1

0
8
8
4
2
%

L —4— Y[1S)Data ' F —+— v(i1s)Data (b)
- — Fit curve 1?(4260) N 145 _ continuum
E - Background SU 12 i w(28) sidebands
E- i Continuum ‘ g 10f
3 S 8
3 8 of
3 Eaf
o L
E woh 1J [ %:f : 2
Ak 3 Sy 0 BB AR, i e M) Bl i Lk d 1 o
142434445464?4649 5 o 48 5 525455585525466

M(K'K Jhy) (Gevic?)

M(K K w(2S)[—IT]) (GeV/c?)

Entries/20 MeVic?

- —+— Y(15) Data

=4 Continuum (C)
wi(28) sidebands

G LRIER G Y |
52545658 6 626466
KK W(2S)[—=n'wJiy]) (GeVic )

® No evidence 1s found for new structures or any of the known XYZ states.

Entries/20 MeV/c?

] : —
F —+ Y(15) Data o —+ Y({1S) Data
TE — Fit curve (a} r—— Continuum (b)
GE- wemm Background TrA- r & sidebands
E 555 Confinuum 1 (4140}’{3‘(4350)
OE = 3
‘_ L]
45 &
3] 8 2
pjd E
1; L 1
E. ) n f;.Hl 1 L pE ri-H -LHIE.—; P1L |
%142434445464?484955 485525456586626466
M(pJiy) (Ge\hc ) qup(ES)[—ﬂ I (Ge\,’fc )

® No structures can be identified.

(]

0

1

—4—Y(IQ-} Data (C)

48 5 52545658 6 6264 6.6
Mty (2S ) [—m T hy) (Ge‘m’fc )

PRD, 93, 112032.
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Entries/20 MeV/c?

Entries/5 MeV/c?

Search for Z states by combining J /1 or Y’ with an extra 7 or K.
PRD, 93, 112032.

. 00 -
F —— Y{(15) Data E —+—Y(15) Data 90 —4— Y(15) Data
600 - — Fit curve (a) B0F _ Fit curve (b) 80F — Fit curve (C)
500 :_ ------ Background {1‘3:; TOE wemen Background N‘S’ 70 === Background
® 60F - Continuum © sk
400 = 505 = ME
o c o 50
00 < of It = a0f
T | gt 0 F Tk
200 s THE L £ 304y
o 20Q w20
10 10 Lk 10 ik 1o
[H N S 1'“' & 3 BT e . = | RS T T T T T A R A B Y J 17 '-""- :.'.E':L-I"'l"'l':' i rERATRuA 1 I ':“‘-I-';'u-l;l,;;l":l!ﬂ.! e
45 38 4 42444648 5 52 54 =442 42 45 a8 5 0554742724 a6 48 5
M(rtJiy) (GeVie?) M(ry(28)[ 1)) (GeVic?) M(my(28) > mdiv]) (GeV/c?)

Zcs: M=(3.971£0.08) GeV/c2, I'=(24.9£12.6) MeV [J Korean Phys.
Soc. 55, 424(2009); PRD8&8,096014(2013)]

E —— Y(15) Data F —— Y(15) Data 20F —— Y(15)Data
455_ — Fit curve (a) - 30F  continuum (b) o 18 :— —— Continuum (C)
405— ------ Background  Z.cs § 25F §
35E 5 Continuum [ F ("
H = 20F =
2 el S
% 1°F T E
@ & o S
£ 10 £ 6
TR w4
11 1i1'- | ” | i 2 i :
[EE T ST BT e .1,:.,:: | i i Vi ehesast & Wl ons AR B8 3 i ol 14 1 K
39 4 4.1 42 43 4 5244 46 48 5 52 54 5658 ﬁ 5 QZ 4-‘-1 4548 5 52 54 56 53 B 62
M(KJy) (GeVic?) MK w(23)[—IT]) (GeVic?) MK w(28)[—n wdiy]) (GeV/c?)

® No structures can be 1dentified.
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PRD, 93, 112032.

State Nat Nup (%) Osyst(%) E(0) Br
X(3872) = 7 «;r—.f;-a-,_fa 18+154 314 326 187 03 <95x107°°
}’(4260) S oata o J/ 3114889 1346 350 356 - < 38x107°
Y (4260) — ﬂ' T~ (25) 6.74294 569 071 350 0.2 <7.9x107°
Y (4360) — w T u(?s} —25.4430.1 456 0.86 500 — <52x107°
YV (4660) —» 7T 774(25) —55.0426.2 231 1.06 407 — «<22x107°
’(4260] S KYK g/ —13.74109 145 1.91 458 - < 75x10°°
Y (4140) — ¢J /1) —0.14+1.2 36 069 110 — <52x107°
X(4350) — ¢J /4 2.342.5 7.6 092 104 1.2 <81x107°
Z. (3900)F = 7 =g/  —26.5+439.1 575 439 473 — < 1.3x107°
Z:.(4200)F > atJ/yp —238.6+154.2 235.1 3.87 484 — <60x107°
Ze (4450)i — TiJ 0 9424714 1958 397 344 12 <49x107°

Z. (quU] S 1:(2&,) 37.0447.7 1127 1.27 462 04 <88x107°
Z.(4430)F = 7t (25) 2324424 92.0 135 471 0.1 <6.7x107°
75 o KT/ ~222+4174 224 388 487 - <5T7x10°°

We searched for a variety of XYZ states i Y(1S) inclusive
decays for the first Time. No evident signal 1s found for any of
them and 90% C.L. upper limits are set on the product branching
fractions .
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Search for exotic baryons in pK systems

» LHCb report the observation of P-(4380) and P-(4450) in J /Yp system.
» The possibility of exotic baryons is discussed in [J. Phys. G30,1801 (2004)].
> Search for exotic baryons, denoted as ©(1540)" - pK~ and

O(1540)*t > pK* inyy » ppK*TK".

3 Zg A simultaneous fit to M(pK ™) with A(1520)°
""E;- w0 o and ©(1540)° shape:
E’ 20, 1 A(1520)° with 8.60.
G 1 ©(1540)° with 1.40.

1.5 12.3 1.9

M(p K) (Gevic)

2
2 Fitto M(pK™) , with ©(1540)**shape only.
S No 0(1540)** singal.
- PRD, 93, 112017.

15 16 1.7 18 1.
M(p K') (GeVic’) 41



Events/ 200 MeVic?

oly v — A(1520)° BK") (pb)

Simultaneous fit to the pK invariant mass distribution in each ppK* K~ mass bin.
PRD, 93, 112017.
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= ] =] 3]
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I
!

M(©(1540)° P K") (GeVic?)

PRI I T SR TR TR N T T S
4.5 5

afy ¥ — 87 PK)Br(®” - p K') (pb)

-10
-20

-30

20
10

—
=]

T Tas s 55
M(©(1540)" p K') (GeV/c?)

S hMNMOoON B O ®

4 45 5
M(©(1540)" p K) (GeV/c?)

No evidence of ©(1540)° - pK~ and ©(1540)** is seen in M(pK ™) or M(pK ™).
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Mm |
hx / ﬁ Mr:j jﬂlﬂwh :

=T
sl G

T 1.02 1.04 106 1.08
M(K'K) (GeV/c?)

PRD, 93, 112017.

Entries/50 MeV/c’

\

L
=]
| RRARN ALY LLALN AL LALLM LA

(c)

| MMM& +++Jm+ e

M(o p) orMcbp GeWc

Events/2.5 MeV/c?

Entries’20 I‘h.f'le‘v..f'afr:2

No evidence of an ss partner of the
P-(4380,4450) is observed.
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Summary

* Although the data taking was finished on June 30,
2010, there may be rich physics to be analyzed in
Belle data, both for charmonium (-like) and
bottomonium (-like) states.

* Partner state is a a key to go further, which also
needs more data.

* Belle Il will start data taking soon, about 50 times
larger integrated luminosity!!

Thank youl!
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Very rich
structure!

Is ccg
already
there?




Charmonium region at Belle |l

ISR produces events at all CM energies BESIII can reach
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X ( 3 8 7 2 ) ) PRL91,261801(2003)

In BT - K*n*tn~] /1 decay mode " X(3872) -yt

Mass: Very close to D°D*? threshold. ! |
Width: Very narrow, < 1.2 MeV. R
JPC: 1+, N e

{+i-m¥n-

Observed with significance of 10.30.
My = Mg — MJ'** + M° = 3872.0 £ 0.6 + 0.5 MeV

[' < 2.3 MeV

Nature (very likely exotic)
Loosely D°D*0 bound state (like deuteron?)?
Mixture of excited y’.;and D°D*Y bound state?
Many other possibilities (if it is not y' ., where is y'.1?)



