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Hadrons: normal & exotic

* Quark model: hadrons are composed from 2 (meson)
quarks or 3 (baryon) quarks
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» QCD does not forbid hadrons with N,,4s#2, 3

— Glueball :

— Hybrid :

— Multiquark state
— Molecule :

Nquarks =0 (gg, gqg, ..
= 2 (or more) + excited gluon
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bound state of more than 2 hadrons




XYZ particles

XYZ or quarkonium-like particles

X(3823)GeV A _ |
X(3872) * Not an obvious quarkonium
X(3915) 4.80F < Butquarkonium in the final state
X(4350) e . O,
Y(4008) a2
Y(4260) 4.40f 7 ogase
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Godfrey & Isgur, PRD32, 189 (1985) °



Variety of recorded reactions
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Too many models !

— Theory 1: screened potential

— Theory 2: hybrids with excited gluons

— Theory 3: tetraquark states

— Theory 4: meson molecules

— Theory 5: cusps effect

— Theory 6: final state interaction

— Theory 7: coupled-channel effect

— Theory 8: mixing of normal quarkonium and exotics
— Theory 9: mixture of all these effects

— Theories ...

QCD is another least understood part of the SM.

“The absence of exotics is one of the most obvious
features of QCD” - R. L. Jaffe, 2005

“The story of pentaquark shows how poorly we
understand QCD” - F. Wilczek, 2005



The Belle experiment

SCC RF(HER Belle detector
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>1ab!
On resonance:
Y(5S): 121 fb!
Y(4S): 711 b !
Y(3S): 3!
Y (2S): 25
Y(1S): 6 b}
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~100 b}

~ 550 fb™!
On resonance:
Y (4S): 433 fb !
Y (3S): 30 b
Y (2S): 14 b !
Off resonance:
~ 54 fh!



The X states



What is the X(3872)’?

Mass: Very close to DD threshold m;- | 140/fb

Width: Very narrow, < 1.2 MeV =
JPC=1++ m_

Production oLt 1

M(nnJ/\p) M(J'/\V) [GeV]
— in pp/pp collison — rate similar to charmonia

— In B decays — KX similar to cc, K*X smaller than cc

— Y (4260)>v+X(3872)

Decay BR: open charm ~ 50%, charmonium~O(%)

Nature (very likely exotic)

— Loosely DOD* bound state (like deuteron?)?

— Mixture of excited y., and DD bound state?

— Many other possibilities (if it is not y'.,, where is y'.4?) 10



BESIL opservation of Y(4260)>7X(3872)

PRL 112, 092001 (2014)

5 go'sg 4 data
o [ +Data _ ] :; 05F — Y(4260)
§ i — Totalfit I “—,‘“ - - P.hase Space
% 10__ 636 - Background__ +§ 0.45— | --- Linear
@t : 0.3F
s | % -

S 5 | 5 02
Ok R
1] M o
L T 0
9 3.85 3.9 3.95
M(m*m /) (GeV/c?)
N(X(3872)) = 20.1+4.5 A new Y(4260) decay mode
M(X(3872)) = 3871.940.7+0.2 Mey A New X(3872) production

mode

If we take B(X(3872) — w7 J/v) ~ 5%, ( >2.6% in PDG)

gleTe™ o
J((e*‘e—:;f?f'e—’sj/z’g?))) ~ 107%

Large transition ratio |



=4 Secarch for X, in e*e" -» ym*'mm?Y(1S) at 10.867 GeV

<o

BELLE PRL 113, 142001 (2014)
» The X(3872) counterpart in the bottomonium Gl T S TS
sector X, NOT observed decay channel n*7Y'(1S). m é
« As X, Is above oY (1S) threshold, this Isospin- Fom !

conserving process should be a more promising ™ /= f

decay mode. [PRD88, 054007]. “F':LB“’D"’; 57 (23135]
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RS — Jota 1 %  —Total | —~ 20F --yX, MC
= ———— o r b
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M(r*r ) (GeV/c?)

Assuming X, is narrow, th
*Large Brs of Y(5S) to m*mn% 10, Op1/pp Ar€ ssuming X, IS narrow, the

observed for the first time and their ratios are upper limit on the product

branching fraction was
measured.

given.



The Y states

(vectors)

13



ISR production of vector charmonia
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Entries/20 MeV/c?

Events / (0.020 GeV/c?)
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The Y states
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PRL110,252002
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| PRD86,051102
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Events /50 MeV/c?

Belle: PRL99,142002, 670/fb
BaBar: PRD89, 111103, 520/fb
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o(n'mh) (pb)  o(n’n’Jy) (pb)  o(nT /) (pb)

(@) (PD)

75F PRL110, 252002}
:
254 t RS :
0'_7:”:”7: 77777 —+—————+— } 77777 I_
40 _ PRL115, 1120031+§ BGS
- e |
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.-\+ .
0 _l...l 11 .r.l 1‘. I1 77777 A ._E
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In tred/y, cross section peaks
at lower than 4.26 GeV

There is a narrow peak at
4.22 in th,

Possibly a narrow structure in

WXco

More updates from BESIII will
come out very soon

» simultaneous fit to all
the modes?

» Better model to parametrize
the line shapes?

16



Updated e*e” — nrmy(2S)

PRD 91, 112007 (2015)

Unbinned simultaneous maximum likelihood fit for Y(4360) and Y (4660).

Amp = BW; + €'? . BW,

—r 1 r r 1 r ]
30F . -
% both:mod es,) -
S ; ) ]
o | i
= 20+ : _
g i Ly
9 i h BELLE ]
£ 1T s i | ]
S T
B £ e LI ) L) AL A AL
o ] :4.5 5 ; 55
M[r ty(2S)] (GeV/c?)
Parameters Solution | Solution I
My (azs0) (MeV /c?) 4347 + 6+ 3
[y (4360) (MeV) 103+9+5

+ J—

B - TY4360) (€V)
My 4660y (MeV /c?)
[y (a660) (MeV)
+ J—

B - T 4ss0) (€V)
¢ (%)

9.240.64+0.6  10.9+0.6+0.7
4652 + 10 £ 11
68 =11 =5

2.0+ 0.3+0.2
32 +£18 £ 20

81+1.1+£1.0
272 £ 847

x?/ndf =18.7/21 .

@ Consistent with previous
measurement

@ No obvious signal above
Y (4660).

@ Some events accumulate at
Y (4260), especially the
7t~ J /v mode.

@ If Y(4260) is included in the fit, ...

LTy e L I I I B I I I
- = b w2s) - Jiyn'n +
= 35 B _
= W(2S) = 1'1 3
w30 =
Z [ ]packground E
3]

&0

}

L A I PR P P

4 42 44 46 48 5 52 54 56 58
m(y(2S)T ) (GeV/c?)

PRD89, 111103 (2014)



M (- w(2S)) with Y (4260,4360,4660)

Unbinned simultaneous maximum likelihood fit for Y'(4260), Y (4360) '
and Y(4660). Amp — BW, + e/t . BIW, + el2 . B,

30—

20 IF I Sol, I

[9%)

o
o
o

[ae]
(=]

-
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— T T T T T T T T
2
(=]

Entries/20 MeV/c?
3

Entries/20 MeV/c?

[==]
Entries/20 MeV/c?
[==]

(=]

; _HH , .,a,k.;'.. O 1 5-5 4 M =i .—:;;.. 1 [ __.._
M[r"mw(2S)] (GeV/c?) M[x"mw(2S)] (GeV/c?) M[m " w(2S)] (GeV/c®)
Parameters Solution | Solution Il Solution [lI Solution IV
_|_ —
B - T 4260 (€V) 15406404 17407405 104+1.3+08 89+1.2+08
My (4360) (MeV /c?) 4365 + 7 + 4
ry(4360) (MeV) /4 +14 + 4
BT 4360) (V) 41410406 49+13406 21.1+35+1.4 17.74+2.641.5
My (4660) (MeV /c?) 4660 + 9 + 12
[y (a660) (MeV) 74+ 124+ 4
BT 60 (V) 22404402 84409+09 93+1.2+1.0  24+05+0.3
b1 (°) 304 + 24 + 21 294 + 25 + 23 130 £ 442 141 + 5+ 4
b (°) 26 +£ 19 + 10 238 + 14 + 21 329+ 845 117 £ 23 + 25

Significance of Y(4260) is 2.40—Iow, but affects Y(4360) and Y (4660) masses and
widths.

FOUR solutions with equally good fit quality, which is x? /ndf = 14.8/19.



ISR produces events at all CM energies BESIII can reac

3000 £

Lum (pb'/10 MeV

2000 f
1500 |
1000 |

500 f

ISR at Belle Il vs. BESIII

= At 4.26 GeV for Iy
__ Eges = 46%

= Epelle = 10% -------------------------------------------------------

........................................................................................................................

Ecm (GeV)



The Z_ and Z, states

20



Events / 0.01 GeV/c?

100F

N B (®)) Qo
o o o o

o
e T T T T T T T T T 7 T T T 17 T

Z.(3900) observed In two experiments!

BES3 at 4.26 GeV: PRL110,252001

—4- Data

— Total fit

-=== Background fit
-.= PHSP MC

o
Tl

3.7 3.8 3.9 4.0

Mmax(m:J/y) (GeVi/c?)

M = 3899.0+3.6+4.9 MeV
o ['=46+10+20 MeV
307 £48 events
e >80

Events / 0.02 GeV/c?

Belle with ISR: PRL110, 252002

70f
60
50
40F
30F
2001
10/4
E

—+— data
— Fit

— Background

---- PHSP MC

3.7

41
Max (/) (GeV/c?)

38 39 4

M = 3894.5+6.6+4.5 MeV
o ['=63+24+26 MeV
e 159 £ 49 events
e >520
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Z (4050):>

——— _ PRD91, 112007(2015)

An unbinned maximum-likelihood

—
02
1 rr 11
]

T \ fit is performed on the distribution

1 of M. (t*y(28S)), the maximum
114 of M(nty(2S)) and M(ny(2S)),

jf =T Ry JL simultaneously with both modes.

& 41 42
M__ [my(2S)] (GeV/c?)

Entries/20 MeV/c?
=

O
LI | T T 1 T T T T

* Y(4360) signal region
« M(Z,) =4054 + 3 £+ 1 MeV/c?

* [=45x1126MeV  geg)) results on eter Sty will

« Significance: >3.5c come out soon.
22



What’s the nature of these Z_ states?

At least 4 quarks, not a conventional mesor

» Tetragquark state?

Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc

« D™ D™ molecule state?

Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc ..

Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
e FSI?

* Cusp?

23



X. Y., Z particles are correlated!

What are they? Are they all molecules/tetraguarks/...?

G| -~ [0y

24



D

= 7 in Y (55)> - Y(nS)

BELLE b S o S Born cross
& 121 fbt data, tag Y(nS)>utu~ and select nrn- sc;ctlon
Final state Y(1S)nt o~ T(2S)m 7™ T(3$)?T+?T_
Signal yield 2090 4 115 2476 £+ 97 628 1 41
Efficiency, % 45.9 39.0 24.4
By (nsysptu—s % [14] 2.48 +0.05 1.93 +0.17 2.18 +0.21

vis

Ot e — YT (nS)r+mx—> pb
Oete— 3T (nS)ntm—> pb

1.51 £0.08 = 0.09
2.27+£0.12£0.14

2.714+0.11 £0.30
4.07 £0.16 £ 0.45

0.97 £0.06 = 0.11
1.46 4= 0.09 4 0.16

vis

et e— YT (nS)rtm—> pb Q]

1.61 £0.10 = 0.12

2.354+£0.19 £ 0.32

1.447 552 £0.19

14| .

. GeV? / et
—
—
[ *]

max
[y
-
(=]

[y
o
[=-]

106 |4 ix .

M (Y (18)m)

L e v
104 =g L, el R

102_|||||||||||||||||||

116 116 —
‘*U i qU
o~ 114 — _ o~ 115
& § >
Q qQ
O i o
S 4 S
£112 - — 2114 -
B 1 B
m m L}
o o0
- ] -
o110 — o113
= | =
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
108 5 0.2 0.4 0.6 0.8 12,

v ('), cevi/ch

1 0.1 1 1 1 1 0.2 1 1 1 1 0.3
M ('), cevi/ct

Belle: PRD91, 072003 (2015) 25
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BELLE

€ Full partial wave analysis of Y(5S)2>ntn utu-

Z, In Y(5S)=2>ntn~Y(nS)

€ Mass, width, fraction, and J°=1* of Z, states determined

(Events/10 Mev/cz)

(Eventa/20 Mev/cz)

80

60

40 -

120_|||||||||||||||||||||||||||

20 — 1

(a) M (n'n’)>0.20Gev/c

102 103 104 105 106
M(Y(1s)m) ., (Gev/c?)

7w Y(1S)

2 B T NSNS T STOa O T AT LA LA TN AL v wa e

10.7

10.8

100
80 [
60 [

40 [

(4)

0.2

04 06 08 4 12
M(n'm), (Gev/c?)

(Events /5 MeV/c%

(Events/10 MeV/cz)

100 [T

ntn~Y(25)

owm
o

o
(=)

40 |

20 [

(b) M (n'n)>0.14Gev/c’

1045 105 1055 106 1065 10.7 10.75

M(Y(28)m) ., {(Gev/c?)

120_||||||||||||||||||||||||||||

100 |
80 [
60 [

40

(e)

s Y P T s P 8 M T WO w0

03 04 05 06 07 08
M(n'n), (Gev/c?)

Belle: PRD91, 072003 (2015)

ol berra v i b

{Events /5 Mev/cﬁ

{Events/10 MeV/cz)

120 ||||| | ||||| | T | ||||| | |||||
F (c) M (n'n)>0.10Gev/c’ ]
100 — —
80 - —
60 C .
40 - -
0 Furs S —————. ) b .
10.58 10.61 10.64 10.67 10.7 10.73
2
M(T(3S)T[)max, (Gev/c®)
80 T T | T L
(£)
60 —
40 — —
20 — —
L [ .-:.. e vy e v AL PO
%.25 0.3 0.35 0.4 0.45 0.5 0.55
M(n'n), (Gev/c?)
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BELLE

Z, In Y(5S)=2>ntn~Y(nS)

T(1S)n 7~

Parameter

T(2S)r ™

T(3S)m 7w~

T1.5
fzf_rrmﬁw‘mi’ 7 48+ 1.2 —0.3

18.1+£3.1753

30.0 £6.3727

10608.5 4 3.4727
185i53+3§

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

o

10608.1 & 1.2F5°5
208i25+3§

10607.4 £ 1.575°3
187i34+§§

fZ:F(IUGOU]Wi’ 70 0.87 £0. 32+8 ig

1.05 £ 1.27057

13.3+£3.672%

10656.7 & 5.073°1

—|—113—|—27
12.1 —4.8—0.6

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

o]

10650.7 &+ 1.575°5
14.2 +3.7709

10651.2 £ 1.0753
9.3 +2.2702

67 £ 36 2,
0.40 £ 0.12t8;§’§
14.6 £ 15752
86.5 +3.2F22
6.9+ 1.6753

¢z, degrees
CZ,(10650) /Czb (10610)
Jx(ns)£21270), 70
Frns)(ntn—ysy 70
Jr(ns)fo(980), %0

—10£137 32
0.53 £ 0.07033
4.00 +1. 0+° .33
101.0 + 4. 2+6 >

—5 X227
0.18
0.69 + 0.097 ¢ 55

44.0 +6.2+18

07+ (10610)7F < Brasyrs = 109+ 21150 0z (10650)xF * Brasyes = 20+ 5 b

0 2% (1061007 X Brasyss = 737+ 1267158 fh 07 (106507 X Br(asys = 165 + 49753 fb

Tz (10610)7F X Brasyes = 438+ 92477, b 07+ (10650)xF * By@asyrs = 194= 53155 1h
€ Relative BR of Z, decays 27

Belle: PRD91, 072003 (2015)
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Vi ete~>ntn~h,(nP)
arXiv:1508.06562
€ Using scan data between Y(5S) and Y(6S)

€ Reconstruct ©*n, require ©*/m~ recoil mass in Z, region: 10.59 <
M iss() < 10.67 GeV/c?

@ check the n*n~ recoil mass for h,(nP)

(8]

-~

o

o
I

1400 |
1350

't h,(1P)

RS} 3
g 3
> = :
=~ 600 ~ -
G < 13005
5 ~ 1250f
c 0 C
£ 500 g 1200
o T Y1150k
N :
N i 2 -
0 [
= 500 1[ }[ 2 2000F
2 3 X
g4 lH .}r|| J[ | S 1000 J[
J[ J[ WH H'H o e _ H,Jr
L I L I L I L -I ||||-|-T-|-| | . F-I-lJ[
98 985 99 995 10 B3 10.95 103

+ - 2
M ss(T ), GeVic Mo ), GeVIC® 28
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> ete~>ntn~h,(nP)

Simultaneous fit: 2 of % m-he(1P)
Y (5S): =
Mass = (10884.7 +36, 489, ) MeV <

Width = (40.6 £%275 , +11,5 ) MeV "“
Y (6S):

Mass = (10999.0 +73, +167. 1) MeV
Width = (27 £%7,, 12) MeV
A$p=0.1 04, . 401 - rad

L 4

4

¢

o

c°(h,(2P)t') (pb)

Resonant parameters agree with from

ete >t Y(nS) —— 08 085 709 1095 116'\'/
e

ete > n*nhy(nP) at the same level as Ecm=10865.6 £2.0 Me\/

ete =2>7n*n Y (nS); similar shape. oB(eTe™ — hy(1P)ntn™) = 1.66 £ 0.09 & 0.10 pb.

15t obs. of Y(6S)>m*hy(nP) oBeTe™ = hy(2P)ntn™) =2.70 £ 0.17 £ 0.19 pb.

3.6¢ for 1P, 5.4c for 2P. arXiv:1508.06562 29
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w4 Z,In Y(6S)2>n*tn"h,(nP)
& Fit 7t missing in each © missing mass spectra

€ Events mainly from Z, intermediate states: not clear if only one Z,,
or both. Single Z,(10610) hypothesis is excluded at 3.46 In n*n~
h,(1P); Single Z,(10650) hypothesis cannot excluded.

n nh,(1P) n'nh,(2P)

NE N-E:)._ [
> > 15t
[ d I b
: @ | 3 ®
o 4r T l'" 2 7
= T < |
c-;-H B m“-ﬁ 1D B
o [T L S
s 2[ 1 s |
K 1 Qo 5 |
> [F-tet--f-----1 - "
— - T 1T _ i
s o L Bl 8 bbelo
= el -+ = 0 [k o B -T
-2kl Lo by b1y :..l...HI-«-
10.5 10.6 10.7 10.8 10.7 10.8
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= Z inY(5S)>[BOBO]tn +c.c.

- DOD+——
¢ 8Br = B_B e ~ ® One B is reconstructed
b 0D ++— oR*x+——
& BB*r = B_ B*r=+c.c./ BOB**rn—+c.c. & Sclect a bachelor
€ B*B*x = B*OB**n+c.c.

B & Check Br recoil mass
M

€ € arXiv:1512.07419
B*
3000 ]

I LI B B | I 1 T T | 1 T 1 I T 1 1 1 1800 C

"18 B decay modes combined
2500 —

12263 +168
B signals

-B background

N
[=}
[=}
o

Nevents/4 MeV/c2
o
o
o

1000
B0 R S BRI 520 0 0
5 51 5.2 5.3 5.4 5.5 % £
M(B), GeV/c> P (B), GeV/c

qq background BOB™1 + BBy




Z, in Y(55)>[BOBOn+c.c.
Combine the B with a charged pion . k‘B/" -

=» calculate recoil mass of Brx s

*
600 | 1 I T 1 I 1 1 I T I 1 T 1 1 I I T 1 1 ] T 1 1 1 | B
— B]lBthreshold 1 RS data : 3000 ————r—
N ] i
) 1l ‘ — ] . ()
S 400 = I ~~ WSdata { ] sign al BB*nt
S Sl Ve R 1 Bl MC
90,00, 00. 9 0P OOt v ! — = .
m 9:0.0.90.9.90.9.0.0.0.9.¢.¢.0.¢.( p
E300 SIS T Yise0 | BBt
'''''''''''''''''''''''''''''' 0
+ B0 IRICIRI IR X X I $ - 1
B 200 Bty FOr 2y 4 8| B*B*x
B R Pl study! g
= 100 B s 1 y
B e B - P
05' ! 5.1" "5_‘2“' = '5_3‘ l 54 - 15.5 rM(B#) +M(B)-5.279, Gev/c’

rM(Bmr), GeV/c?
N(BBr) =13+ 25 N(BB*n) =357 +30 N(B*B*n) =161 + 21
arXiv:1512.07419




D

= Z in Y(5S)>[B")BM]tn +c.c.

Submitted to PRL - arXiv:1512.07419 Check reCOII mass Of bachelor 'ITi
@ Simultaneous fit of right-sign (RS) and wrong-sign (WS) samples
@ Contribution of signal events to the WS sample due to By mixing (at 10% level)

100 ¢ rrrrrrrrrrrrprrr ]
_ EBB*T 4| i owsasea +rsaaea | Model-0: Z,(10650) only
NQ 8o r !“6.{:\\ ————— Model-0
% ol fr % L maiz 3 Model-1: Z,(10610) + Non-res.
L '~\.‘ ............. Model-3 i
L C ) \\} ' —— Background
S aof Jf +. 1 Model-2: Z,(10610) + Z,(10650)
ER: Ao Posdihair 4 :
. S S ST E .
g % LSRR with interference
T s e o WE
_ | B*B*g ws aata } rs aata | MoOdel-3: Non-resonance
‘\12 80 E —:
e : .
A wosels .l i Z,(10610) saturates BB*m
N wh Background / ++_\1_ B N
n N N i
I + 1 and Z,(10650) saturates B*B*m
L T/ .

L0
] “‘.

0|||||||||||| > o
10.57 10.59 10.61 10.63 10.65 10.67 10.69 10.71 10.73

M. (), GeV/<:2



D

= 7 in Y(55)>[BUBO]*n+c.c.

Submitted to PRL - arXiv:1512.07419

@ Simultaneous fit of right-sign (RS) and wrong-sign (WS) samples
@ Contribution of signal events to the WS sample due to By mixing (at 10% level)

Summary of fit results to the M,y,jss(7) distributions for the three-body BB* 7w and B* B* 7 final states.

Mode Parameter Mod-0 Mod-1 Mod-2 Mod-3
Sol 1 Sol 2 Sol 1 Sol 2
BB* be(:LOGlO) 1.0 1.45 +0.24 0.64 4= 0.15 1.01 ==0.13 1.18 == 0.15 —
be(l{)ﬁEO) — — — 0.05 +0.04 0.24 +0.11 —
¢Zb(10550), rad. — — — —026 :I: 068 —163 :l: 0.14 —
far — 0.48 2= 0.23 0.41 4= 0.17 — — 1.0
¢nr, rad. — —1.21 4-0.19 0.95 £+ 0.32 — — —
—2log L —304.7 —300.6 —300.5 —301.4 —301.4 —344 .5
B*B™ be(l{)ﬁSO) 1.0 1.04 £ 0.15 0.77 £ 0.22 —
for — 0.02 +0.04 0.24 £+ 0.18 1.0
¢nr, rad. — 0.29 £ 1.01 1.10 - 0.44 —
—2log L —182.4 —182.4 —182.4 —209.7

@ Intermediate Z;,(10610) dominates in the BB* 7 final state, while intermediate Z;,(10650) dominates in the B* B* «
final state

Z,(10610) saturates BB*m
and Z,(10650) saturates B*B*mr



D

=l 7 in Y(55)>[BUBO]*n+c.c.

arXiv:1512.07419

Decay table of the Z, states
@ Assuming that the known decays saturate Z, decay table =>

B branching fractions for the Z;7(10610) and Z;(10650) decays. The first quoted uncertainty is
statistical; the second is systematic.

Channel Fraction, % BRs of Zb decays
Z,(10610) Z(10650)

T(1S)n+ 0.60 + 0.17 + 0.07 0.17 + 0.06 + 0.02

T(28)r+ 4.05 + 0.81 + 0.58 1.38 + 0.45 + 0.21

T(3S)rt 2.40 + 0.58 + 0.36 1.62 + 0.50 + 0.24

hp(1P)7+ 4.26 +1.28 +1.10 0.23 +2.88 +2.28

hp(2P) 7t 6.08 + 2.15 + 1.63 17.0+3.74+ 4.1

B+B*0 + BOp*+ 826+29+23 —

B*+pB*0 — 706 + 4.9+ 4.4

Q Z;‘(lDf)lO) and Z;‘(10650} decays to BB* and B* B* dominate

@ Smoking gun of molecular structure
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Search for XYZ In Y(1S) inclusive decays

@ \ery little available information on XYZ production in the decays of

narrow Y states

€ Y (1S) inclusive to J/¥ and ¥(2S) with large Brs [(6.5+0.7) X 10+ and
(2.7£0.9) X 10], some of the XYZ might have been produced

« Tag channels: Y (1S) —J/¥ + anything and ¥(2S)+anything

800

——Y(1S)Data
“p 700 Continuum
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= 600 !
©

S 500 t

O 400 ;
> i

& 300

:é 200

L 100 4 iﬂmiﬂmiiﬁﬁ!dii
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Continuum (b}

—— Y(15) Data (C}
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M(I'T) (GeV/c?)

P(2S) — I*I-

 Dots with error bars: data

« Shaded histogram: normalized continuum

Continuum

3.55 36 365 3.7 375 38 385 39

M(mtm i) (GeV/c?)

¥Y(2S) »n*n JIY
arXiv:1605.00990



Search for XYZ In Y(1S) inclusive decays
Search for XYZ states by combining the J/\¥ or W(2S) with one or

+ [+t
two K*/n*
T(1S) — ¥(29) + X
140 —— Y(18) Data
r —— Fit curve (a)
© 1200 ...... Backgrou
= 100F Continu
: X(3872)
< 80F
@
.9 :
= B
L T 8
I\\\l\l|||||||||||||||II|IIII|IIII
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arXiv:1605.00990

e No evident signals
for any of these states



Entries/10 MeV/c?

Entries/10 MeV/c?

18

Search for XYZ In Y(1S) inclusive decays

14

12
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E —— Y(1S) Data
165 Fit curve
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Continuum
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i
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@ No structures can be identified.
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arXiv:1605.00990
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® No evidence is found for new structures or any of the known XY Z states.
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Search for XYZ In Y(1S) inclusive decays

arxiv:1605.00990
90 -
r ——Y(1S) Data E —— Y(1S) Data 90F —+ Y(15) Data
~ BUUE — Fit curve (a) - 80 E —— Fit curve (b) ~ 80F — Fitcurve (C)
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Zcs: M=(3.9740.08) GeV/c2, I'=(24.9+12.6) MeV [J Korean Phys.
Soc. 55, 424(2009); PRD88,096014(2013)]
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@ No structures can be identified.



Search for XYZ In Y(1S) inclusive decays

arXiv:1605.00990

State Nt Nup (%) eyt (%) B(0) Br
X(‘a&z) — o J/ 18+154 314 326 187 03 <95x10°°
Y (4260) — 7 tx~J/¢p  —31.14£88.9 1346 3.50 356 — <38x107°
Y (4260) — 7w a4(25) 6.7429.4 569 0.71 350 02 <7.9x107°
Y (4360) — ~r+¢ $(28) —25.4+30.1 456 0.86 50.0 — <52x107°
Y (4660) — 777 ¢(2S) —55.0426.2 231 1.06 40.7 — <22x107°
Y(4260) - KTK~.J/p —13.74109 145 191 458 — <7.5x107°
Y (4140) — ¢.J /1) —0.1£1.2 36 069 110 — <52x107°
);(4‘3)[}) — u]/v 2.342.5 76 092 104 1.2 <81x107°
Z:.(3900)F — 7/ —26.5439.1 575 439 473 - <13x107°
8(4200)i — niJ/a_* —238.64+154.2 235.1 3.87 484 — <6.0x107°
(4430)i .y iJ/r_* 94.2471.4 1958 3.97 344 12 <49x107°
40)0)i — wE(28)  37.0£47.7 1127 1.27 462 04 <88 x107°
Z (4430)* — 7 ;;(25') 23.2442.4 920 1.35 47.1 0.1 <6.7x107°
7t 5 KiJ/;,.. —222417.4 224 3.88 487 — <57x107°

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

fractions .



Search for exotic baryons in yy—ppK*K-

arXiv:1604.02525
€ LHCb reported Pc(4380)* and Pc(4450)* in J/'¥ p system

@ The first strong experimental evidence for a pentaquark state,
0(1540)*, was reported in yn—n K* K-in the LEPS experiment

€ The possibility of observing additional hypothetical exotic baryons
In yy collisions iIs discussed In [J. Phys. G30,1801 (2004)]

€ \We search for novel exotic baryons, denoted as ©(1540)°—pK-and
0(1540)**—p K* which are similar to ®(1540)*, in yy—ppK*K",

fit

120 - n

N(_) E i “ l | (a) g"‘,r’ﬁ.r’—}*p}‘jf{_l_lr{_ (II.TH.'M.H) — dl - -, 7 / 7
S 100 | | ||] | | a6 (Woyy ) AWy
2 s LN h
E RN || dL.. . 0 : S
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1] I o
£ 40] T
3 it I i by |
w200 RS i1,

of r T‘HT Lt

“3.‘5‘ - 4‘1 - I4.‘5‘ . ‘5H ‘5.|5H
M(p p K" K) (GeVi/c?)



Search for exotic baryons in pK systems

80|
60|

Events/5 MeV/c?

A(1520)°

(a)

15 1

M(p K) (GeVI 12’

Events/10 MeV/c?
H
(=)
. o |

16 . 1.7 18
M(p K*) (GeVic)

arxXiv:1604.02525

Simultaneous fit: A(1520)° and ©(1540)°
signal are included.

Solid line: the simultaneous fit
The dotted curve: background estimate
The shaded histogram: ¥ Pt ~ sideband

- f 288448 A(1520)%vents, 8.66
1.9

22 1+34 ©(1540)° events, 1.4c

-16 =34 ©(1540)** events

No evidence of ®(1540)° or ®(1540)**
Is seen in M(p K-) or M(pK™) .
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Search for exotic baryons in pK systems
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——90% C.L. (b)
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M(o p) or M(¢ p) (GeV/c?)

No evidence of an ss partner of the

Pc(4380,4450) is observed.



Summary & outlooks
More studies on X(3872) and search for X,

Updates on some Y states
Observation of some Z_ and Z, states
Searches for XYZ states in Y(1S) decays

Searches for exotic states in pK systems in two-

photon process

Very exciting time ahead for Bellell with lots of (new)

exotic states to follow from 2018 ! 45
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ete annihilation to vector bottomonia
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Search for XYZ In Y(1S) inclusive decays

Define the scaled momentum ¥ = pfb/(ﬁ X (s — mgp))

arXiv:1605.00990

N T(1S) = J/v+ X
x Nat £ Osyst B(x107%)

(1%‘)%1 25)+ X

Nt

Toyst B(x107%)

(0.0,0.2) 379.28428.05 6.06 4.3 0.61 £0.05+0.03
(0.2,0.4) 1297.60£48.60 5.78 5.4 2.20 £ 0.08 £ 0.12
(0.4,0.6) 904.56£41.55 5.51 5.6 1.61 £0.07+=0.09
(0.6,0.8) 353.95£29.27 5.15 6.8 0.67 £0.06 = 0.05
(0.8,1.0)  54.23£13.36 3.36 7.6 0.16 £0.04 +0.02

sum  2989.62+£75.03 5.62 4.7 525+0.13+0.25

30.14£10.52 1. 81
71.25+£18.31 1.76
71.45+£15.37 1.68
39.52412.04 1.65
2.534+5.65 1.40
214.89+29.31 1.71

21.8 0.16 £ 0.06 4+ 0.04
26.5 0.40 £0.10 £ 0.11
18.6 0.42 4+ 0.09 £ 0.08
16.6 0.23 £ 0.07 £ 0.04
78.4 0.024+0.04 4+ 0.02
8.9 1.23£0.17x0.11

o 25F Y1) ot o ® The use of x removes the beam-
= LE —t— e Y(s) w;S) .x | energy dependence from the
S . comparison of the continuum data to
T 15[ * that taken at the Y(1S) resonance.
E @ An unbinned extended simultaneous
] : likelthood fit is applied to the x-
051 E [ — dependent ¥ spectra to extract the
o " —— | signalyields in the Y(1S) and

O
o
N
o
=N

scaled momentum x

06 08 1 continuum data samples.

Ours have smaller central values and much better precision than the PDG averages



Higher energy run

from K Akai,
BPAC Feb 2012

> Design: original design maximum energy is 11.05 GeV at Y(6S)

> Possible higher energy run (11.5 GeV — 12 GeV ) ?

— If any, higher energy run will be after several years running at Y(4S)~Y(6S)

— present max E__ is 11.24 GeV, limited by e Linac and e" BT magnets

— In order to inject the electron beam to HER at the required energy for 12 GeV
operation, there must be huge reinforcement of Linac (replacement of S-band

with C-band, 7.571 » 8.6 GeV

e” Linac (present limit)

e BT magnets

ST T T

440
% : : 1 i :
.. 0 o 116.1 118 12GeV|. .-
3 F : : ‘E\\\ 5
e [ E={Z 32 . 18F N NG o
54'2':1:05 GeV; origina:ul E... ma
14
ﬂ - E 11.24?(59\!; | \

1 preseft attainable E__, max .

| P S 1 A ] I - i i 1

7.4 786 78 8 8.2 8.4

HER Energy (GeV)

11.24 GeV region: A, A, threshold

1 4.364 GeV @ 860A
- Power supply of LER

main dipoles

e* BT magnets

] (with replacing power

1 supplies) e.g. [arXiv:1211.0103]

on- going discussion with SuperKEKB people
about beam energy measurement using
backscattered photons produced by laser
radiation scattered head-on the beams




