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multiquark states from diquarks & diantiquarks
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multiquark states from “molecules”

RN A T

U 1
/ /4 /4 1
/G0 / O,™ /O, [ T,0,P,W
1
1

u
@ N @— @5
A p D*
Pent k
entaquar H-dibaryon baryonium tetraquark
meson

-new dimensions to Nuclear Physics-



Non-qg mesons or non-qqq baryons
predicted by QCD-motivated” models

Where are they ??
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non-qq & non-qqq color-singlet combinations



¢®¢ & o o

Pentaquark

H-Dibaryon

Baryonium

Doubly charged state



No Pentaquarks
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H dibaryon

Tightly bound Hyperon-hyperon
diquark triplet molecular state

R.L. Jaffee, PRL 38, 195 (1977): JP = 0* di-hyperon with M, = 2m, — 80 MeV
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long-lived
ct >3 cm!!

models predict M ,=2m ,
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Figure 1: Theoretical predictions for the mass of the H-dibaryon as a function of year of prediction



Recent Lattice QCD calculations

S.R. Beane et al (NPLQCD) PRL 106, 062001 (2011)
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S.R. Beane,’»2? E. Chang,®> W. Detmold,*® B. Joo,> H.W. Lin,® T.C. Luu,’
K. Orginos,*® A. Parrefio,®> M.J. Savage,® A. Torok,® and A. Walker-Loud®
(NPLQCD Collaboration)

! Albert Einstein Zentrum fiir Fundamentale Physik,

Institut fiir theoretische Physik, Sidlerstrasse 5, CH-3012 Bern, Switzerland
?Department of Physics, University of New Hampshire, Durham, NH 03824-3568, USA
9Dept. d’Estructura i Constituents de la Matéria. Institut de Ciéncies del Cosmos (ICC),
Universitat de Barcelona, Marti Franqués 1, E08028-Spain
4 Department of Physics, College of William and Mary, Williamsburg, VA 23187-8795, USA
? Jefferson Laboratory, 12000 Jefferson Avenue, Newport News, VA 23606, USA
% Department of Physics, University of Washington, Box 351560, Seattle, WA 98195, USA
"N Division, Lawrence Livermore National Laboratory, Livermore, CA 94551, USA
8Department of Physics, Indiana University, Bloomington, IN }7}05, USA
Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
(Dated: December 20, 2010)

M,=2m, —16.1+2.1+4.6 MeV
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Production via gluons in Y(1S) decays

Need to:
produce 6 quark-antiquark pairs

(including two sS quark pairs) €Is this likely???
very close in phase space




Anti-deuteron production in Y(1S) decays

ARGUS & CLEO expts:
Y (1,2S)—> D + anything is large
Bf(Y(1,25)> D X) =3 x 10°°

H. Albrecht et al (ARGUS) PRB 236, 102 (1990)
D.M. Asner et al (CLEO) PRD 75, 012009 (2007)

Belle data samples: 100x10° Y'(1S) decays + 160x10° Y(2S) decays
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90% CL upper limits on Y(1S,2S)2>H X
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pp bound state in J/\—=2ypp?

BESII -- 10 years ago --

J/y — v pP (58M J/y events)

A fit using an LY (L L S A B B B B B B - +3 45 .
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2012, with 5x more data

Partial Wave Analysis:

-JPt=0+>6.80 better than
other assignments

- =0 FSI improves the fit
quality by ~70
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PRL 108, 112003 (2012) =>»suggests Bf(X->pp)~large
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A pp bound state (baryonium)?

There are lots & lots of models about this possibility

attractive nuclear force attractive force?

. B

@ n ®-0

loosely bound @p loosely bound
3-q 3-q color /oo | 3-q 3-@ color
singlets with @_ singlets with
My = 2m - ¢ P M, = 2m -3 ?
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Expectation for pp bound state

;200 C
m

180

180 -

below-threshold ™}

p and p wb N Above threshold

mesons - ( N

8 3 :/
Ill

a

1560 1865 1670 1875 1880 1885 1290 M;:.IgE’Me‘:(gm
T
I=0, JP¢=0-* init. state: m,+m,
pp 2 wwm’ and 3(w*n’)
are common v
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Are the pp, mtnn’ & 3(n*n”) peaks all
from the same state?

MM_

1832%32 13*23 (0.973:23)x104
T 1837% 190%33 0+(?) (2.940.1)x10*
3(mtm) 1842*8 83+17 Fis (0.24+0.08)x104

Need: JP¢ measurement for the X(1842)->3(rt*nt”) signal
better measurements of widths & line shapes
other decay modes

Some of this will be done soon with BESIII’s 1.2B J/1 event data sample,
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Charmed Meson Spectrum Puzzle
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The D, & D.* masses are heavier than the
D & D* masses, consistent with m,-m ~100MeV.

Why aren't the D,,(2317) and D,(2458) masses
higher than their non-strange partners?
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Search for Z** ( = D_,**(2317))

Some theorists (e.g. Terasaki, P 116, 435 (2006)) interpret D, mesons as tetraquarks

D¢,*(2317) production
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Improved BF for B 2D ,D: b~k

B’ =D D!}(2317) D" - K'n'mw

255.265.275.285.29 5.3
M._ (GeV)

B* — D°D’,(2317);

J-C+
Py )

/O
BELLE

Bf (B’ = DD},(2317))Bf (D;, =Dn")
=(1.00£0.12+0.10 £0.05) x 10~

PDG(B?): (0.97+040-0.33)x103

weighted average
Bf (B® —D'D;,(2317))Bf (D}, —D;n)

= (0.78201 £0.10 £ 0.05) x 10~
PDG(B*): (0.73%0-22-0.17 )x103

Agrees with PDG avgs
& improves on the errors

Belle Preliminary




Search for Z**
in B*>DZ*™; Z**> Dt

Belle Preliminary
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The XYZ quarkonium-like mesons



Charmonium spectrum
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XYZ charmoniumlike mesons

State m (MeV) I MeV) Jrc¢ Process (mode)
X(3872) 3871524020 13+06 1** B— K(x+tn=J/¥)
(<22) pp— (AT I/Y) 4
8> Eify) Y(4260) Sy X(3872)
B — K(D*°DY) !
B—K(yJ/¥)
Z.(3900)*| 3899 + 6 46+22 10 Y(4260) > (w1 /p)
X(3915)  39156+3.1  28+10 (Q** B — K(wJ/V¥)
ete™ = eTe (wl/Y)
X(3940) 394277 37477 o+ ete™ — J/Yy(DD*)
ete= = J/¥ (...)
G(3900) 3943 +21 52411 1 ete= — y(DD)
Y (4008) 4008*'2! 22697 1—— ete™ = y(nta—J/y¥)
Z1(4050)* | 405112 8238 0*")/1—¢#) B— K@t xa(1P))
Y (4140) 41434 +3.0 1571 yins B— K(¢J /)
X(4160) 4156132 139418 o+ ete= — J/Yy(DD*)
Z>(4250)+ | 4248718 177732 0*1/1—) B — K(x+xa(1P))
Y(4260)  4263+5 108414 1~ ete~ — y(ta=J/¥)
ete™ — (nta—J/¥)
ete™ — (7{07!0]/1,0)
Y(4274) 42744153 32122 P+ B — K(¢J/¥)
X(4350)  4350.6%%¢ 13.3%184 02+ etem —ete (I /)
Y(4360) 4353+ 11 96+42  1-— ete — y(xta =Y (25))
Z(4430)T | 444312 1075103 1+0) B — K(z+y(25))
X(4630) 46347 9243} 1= etem = y(AFAY)
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cC assignments for the XYZ mesons?

no unassigned levels for “4 - [, Y;”;‘;z’g) — the (4) charged Zs
the 177Y(4260) & Y(4360) | — TR [ Xe2(3°P2) must have a minimal

(c1(33P+1) — ~ud
.o Y(4260) Z.(4250) — 1 _ quark content of ccud

. AT T 07 L
X(4160) | y(>:D) //
/’

sfes]  [Han F ST/ ave toc
the X(3940) & X(4160) as //{1 X(3940)
the 1 (3s) & n.(45) would -

222N high for the y o(2P)

. . n 2P,
imply huge hyperfine 38 [y (15D e L —, < al
splittings for n=3&4 2Mo =3 the X(3872) is a long
I EXEED complex story.
he(17Py) Xl '
© Xer(1°P1) Latest news observing
34 L Zo(19P) Y(4260) >y X(3872) Il
see Shen Chengping' talk
3.2 established cc states
JIP(13S4) predicted, undiscovered
30 | m Neutral XYZ states
Charged Z states

0+ 1-—- 1+- O+t 1++ 2++



Quantum numbers of the Z(4430)*
Z(4430)* > 7y’ in B Ky’

¢Y'K": angle between Y’ and K* decay

planes

6y"y" helicity angle P e

Results from 4D fit
(M%2(Km), M2(Y'm), o', 68Y")

30
25
20
15
10

Events/ 0.17 GeV¥¢*

45 — with Z*(JP=1")
40 “7" without
35

arXivi1306.4894 M*(Y'm) Gev3/ct

J¥ 0~ 1~ 1+ 2" 2"
Mass, MeV /c?|4470 £ 20(|4482 + 4 [[4500 £ 12| 4545 £+ 2 (4367 + 2
Width, MeV | 139 £ 36 |[10.9 = 0.3 126 20 [|11.2 £ 0.6(9.1 = 0.6
Significance 4.40 1.20 6.1c 2.30 2.60

1*is favored over 0" by 2.9 ¢

28



the Y(4260)

found by BaBar in e*e”— y,ggmt - JP
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Y(4260) — n*n-Jp conflrmed by Belle

No sign of Y(4260) — D)D)

Y(4260) peak in o (/)
occurs at a dip in o(DDMN |

— ['(wrm) /) is large,
10~100 x charmonium

X. H. Mo et al., PLB 640, 182

+H++ M *+H++* i

BeIIe PRL99 182004 i

Sug

e te” DY R J/lp

i ++

F 5.5

M(n: nJhp) (GeV)

SII PRL88, 101802
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Is there a b-quark version of Y(4260)?
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Bottomonium spectrum 2013

11.00

2M,, = 10.56 MeV
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 —d
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Y(11020)

Y(10860)

_— cStablished

recently
discovered

still not
discovered

Belle: PRL109, 232002
h, (1,2P)—ym,(1,2S)

Most of the states below

"open bottom" threshold
have been identified

(0,1,2)**
1

(12,3
2
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“bottomonium” bb mesons
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FY(4S)9.TIJ+J'IZ'Y(1S)

Belle: PRD 75 071103

1—"’Y(SS)”975+7|:-Y(1S)

vvvvvv

Belle: PRL 100 112001

477 fb'1 6o} n €Y (49), where . 23.6 fb'1
# B factories run.
55/10860 _1
--------------------------------------------------- 5SF 20 0
S VAS) 5 Y(1S) o o /“+ ¥V ¥ Lum ~1/20th T
o I R B (OO I
.75k on-resonance ' Y ) ~
g™ T, [CLEOSS PRL T Signal ~x6 3
%150 — (7)) 10.8 0.7 109 T g
0 i CENTER OF MASS ENERGY (GeV)
‘S125] % Y . ™
c [ "
ok o S 280 (a) ppnn candidates In Y(18)-p '
: —
75;— 2S &"' .
503— 35 10 Slgnal (/55"
i 45
25 5
12 1.3 0

%.3 04 05106 07 08 09 1 1.
AM (GeV/c?)

04 06

1 1.2 14
AM = M(upnn)M(up) (GeVic?)

m N(T'S+T|3 Y(IS)) (Y s2nnY )

Y(4S) 1.75 £+ 0.35 keV  1.47+0.03 keV

“Y(5S)” 325+20 590 + 110 keV <1.5 keV
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_ 100:"'(\3‘;'§I"“|""\“"I”“ T T
i .
t 60
NE 40- : !
% 1%.58 10.6‘:‘]?62 ’10.64 10.66 10?6: 10‘.7 1+0‘7Z 10.74
M(Y(3S)7r*)
Y(2S) T+

[ Y(tiDy) |
@] Yeisy |
hp(11P1) Xb1(13P1) Xo2(1%P2)
Xbo(13Po)
T -
| established bb states—
3
(%S | states found recently |
-
0—+ 1 - 1 +— 0++ 1 ++ 2++

I T s T to ; L .
>.4 10.45 10.5 10.55 10.6, 10.65 10.7 10.7
| j

Y(1S) 7r§+ 7r§'

~ 10.6 10.7

M(Y(1S) t?)
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MASS [GeV/c?]
S
N

10.0

9.8

9.6

94 -

“Y(5S)” > vz

|— j’r*
....... 2Mer
_____ Me+Ms: . Y253
B 2Me. ( )
Xb1(33P1)
— Y
Y(33S1)
Nb(31So)
l ~6(23P0) Xo1(23P1) :be2(23P2)
B Y (13D
TTH
3
— | Nb(21S0) Y@ 5’1)

Xb2(13P2)

Xb1(13P1)

hp(1 !EO

Xbo(13Po)

bl,2

Belle PRL 108, 122001 (2012)
121.4 fbt

|9 Y (1,2,3S)

10,610 MeV
10,660 MeV

®
——

\\\\\\

-
| established bb states |
3 =
(s | recently found bb states |
s | chargedbbstates |
O—+ 1 - 1 +— 0++ 1 ++ 2++

Y (15)

oLl

305 1o,

MY (nS) T )

-
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Summary of parameter measurements

@
,f/oi:
e e’
* v
: x
=
+ %
£  Z,(10610) £ 7,(10650)
Y(1S)n' i —e— —-— ——
YS)r' T D —— - ——
Y(3S)n'n -:*— _°_E -Oi- —O—E
h,(1P)" -~ —— - -
hy@P)T'n  |e—si | . — .
Average -¢- + * +
R R R N R
AM, MeV AT, MeV AM, MeV AT, MeV
2,(10610) Z,,(10650)
M=10607.2+2.0 MeV M=10652.2+1.5 MeV
I'=18.4+2.4 MeV I'=11.5+£2.2 MeV

Belle PRL 108, 122001 € March 2012 38




B-B* & B*-B* molecules??

Z,(10610)*

D% « ” —
B-B* “molecule B*-B* “molecule”

M _(My+M,,) =+ 2.7 + 2.1 MeV
zy(10610) ~(Mp+ M) My, 1o6sty~2Mpe =+ 2.0 £ 1.8 MeV

Slightly unbound threshold resonances??

Belle: M=10607.2+2.0 MeV M=10652.2+1.5 MeV
I'=18.4+2.4 MeV I'=11.5+£2.2 MeV

PDG: Mg + Mg. =10604.5£0.6 MeV M. + M. =10650.2 + 1.0 MeV

39



Z,(10610)>BB* & Z, (10650)2>B*B*

“Y(55)” > 7 (BB*)*

Bf(Z,(10610)->BB*)

Bf(Z,(10610)>m*(bb))

50_'|'|'|'|'|'|

a0 |-

20 - {71

Z,(10610)*

0:00

:0

25

Potetede!

tetetelels! -

XX 05

XA ;
o||||||||||||||||||||||||

.75

arXiv:1308.2646
arXiv:1209.6450

“Y(55)” > w(B*B*)*

50_'|‘|

40 -
30 [
20 |

10 [

ol

Channel

Fraction, %

Zy(10610)

Z(10650)

-+

T(1S)m
T(25)w
T(3S)m
hy(1P)mt
hy(2P)mt
BTB* 4+ B'B**
B*+ B*0

[N}
+

_|_

=6.2+0.7

0.32 +0.09
4.38 £1.21
2.15 £ 0.56
2.81 £1.10
4.34 £2.07
86.0 £ 3.6

0.24 £ 0.07
2.40 £0.63

1.64 +0.40 Bf(Z,(10650)>B*B*)

Z,(10650):

(b)

743 +£2.70
14.8 +6.22

73.4£7.0

D>
<o

BELLE

=2.810.4

Bf(Z,(10650)>x*(bb))



Are there c-quark versions of Z,’s

] Y(4260) discovered
10 2 E | | 1T T | | | L I| \

3 i, ' ?
03 L (25) Is there a b-quark equivalent:
, 88 N
-4
10 | -
E 10 5 ,‘.-!.L“ u,'i.ﬁ«'
b 295 %y Yes, &itdecays to Z, states

Are there c-quark versions of Z,’s?

10 Alllllll L L lllllll
1 10




run BEPCII/BESIII as a Y(4260) factory
L Typical

ete— )Y I Sww
@E__=4260 MeV x

" Belle PRL99, 182004

80T e*e” DY, /AP
/‘g_ : e yISR
BESIII: arXiv:1303.5949 //:'69“; .
o(ete— mtmwl/y) = (62.9+1.9+3.7) pb i | W X, ——>m
i

T
l *H# i il +++++++ il

;T a5 5 5.5
E.., (GeV)




MASS [GeV/c?]

Y(4260)2>mZ (3900)* = )/

:: 14F
S 4ob
o BESIII: PRL 110, 252001 & “} 1
4.4 | Trars, P(43S1) arXiv:1303.5949 E 08f
Xc2(33P2) 04.: T o A re
| Y(42Q0) hc(31P1) |22(4250)+ Xc1(33P1) 02_ : ‘: - ,'__' .' __1‘ ‘_ )
42 | \ SOV trsioiuriol SIS "
[ X(4160) | w(23D;
N
(33 1 * - ugen
4.0 |- (8’80 |- 100| Significance
o
2(23P (&
MD+MD“---- .................. Z°(3,0)+ Y(3915) -X(3872)- XZ(Z) ______ 3 80 >80 ---= Background fit
3.8 8 -.=+ PHSP MC
DM [ e e Y N
o
3.6 -
Xc2(13P2)| "g 40
Xc1(13P1) o
= 201
3.4 Xco(13Po) LU 3
of
3.7 3.8 3.9 4.0
39 established cc states Mmax(ni J /\V) (GeV/CZ)
predicted, undiscovered
neutral XYZ mesons > MaSS = (3899-013-614.9) MeV
3.0 charged XYZ mesons > Width = (4611 0120) Mev
> Fraction = (21.5%3.3%7.5)%
O+ 1-— 1+- O++ 1++ 2++



Z (3895)* by Belle

Significance Belle: PRL 110, 252002
>5.20- arXiv:1304.0121
= +data
60 :— — Fit
50| — Background Mass = (3894.5 + 6.6 + 4.5) MeV

Events / 0.02 GeV/c?

=3
o

40f
30+
20011
10 3/
0=

---- PHSP MC

>

» Width = (63 * 24 * 26) MeV

» Fraction =(29.0 * 8.9)% (stat. error
only)

@ . Couples to cC
A i~ © Has electric charge

TN R N s S
37 38 39 4 41 42 At least 4-auarks
Moy (TJAY) (GeV/c?) O O qu

Confirmed with CLEOc datal!

w
[

Counts/10 MeV
N w
[47] o
LI l LI

n
o

'y
n
T TT

-
o
T

- § Data M(Z/(3900))=3884.6+4.6 MeV

- — Fit

el
rﬁﬁ,.léﬁl e 6.10

-~ Phase Space

|

CLEOc data at 4.17 GeV: 1304.3036

3
gy

e I'=34+12+4 MeV

4 ’ o M = 3885+5+1 MeV
iy, |}

e 81 +20events

%600 3700 3800 3900 4000

Mina(J7y) (MeV)



Observation of e*e— w*nh_(1P)

BESIII preliminary Charm, Changzheng Yuan
s O Ecm=4.26 GeV | & af ’ Ecm=4.36 GeV
z OF \ S s
g 402_ L::J; 40%—
302— ’. k.‘ 302— | ]
20 | 1. I } } }¥ { { 202—} v’ ) ‘ }
107 (i } TS i s 10: malal ! { {
- T N | ; I “I I Ly | Ly L ' ; H’ | 7 Wik
95 351 352 353 354 355 356 357 358 359 36 25 351 352 353 354 355 356 357 358 359|36
x(Ge M,x (Ge
N(h,)=416=28 N(h,)=357+25
Lum=827/pb Lum=544/pb
oB=41.0+2.8+7.4 pb oB=52.3+3.7+9.2 pb

h,—yn., . —hadrons [16 exclusive decay modes added]



ete— n*Z_(4020)>n*nh_ (1P)

BESIII preliminary

g 35 | Ecm=4.26 GeV
=
= )\
s 24430) ] z ¥
4.4 | Moaisy LX4S) 5 s
— 1 B R = 16.224.1x0.7 %
c2 2 . f— -+ -+
Y(4260), \(31P1) |22(4250)+ Xc1(33P1) ' ‘! \ b= T L =10 0
42 | ¥eo(3°Po) 15 102 3 1.
| X4160) [ w(23Di) BRER o
10
% 4.0 L [n3'0) 5 N=64+19
PO SRR TR TN T T U N RN T N SN UNE NN AU U SN SN RN NN NN R A
o, X(3940) | 1 2(23P2) -
o Mo +Mor ------------------ i -X(3872) | ] £ w Ecm=4.36 GeV
Iy |
2Mp \ ;
— V@S 0T & R=16.6£5.2+0.8 %
N’ (2'So) L+
3.6 -
(o 13P
(11P4) xe1(13P1) Xe2{1°P2)
34 1 Xco(13Po) 10
T < B
: T N=56+17
30 | established cc states 0 ‘% 398 ‘4 s 402 -804 406 408M.4.l
predicted, undiscovered — "
olee > 77 = a'7zh(lP))
JIP(13Sy) R = 8 a3
neutral XYZ mesons olce -z 7h(IP))
3.0 .
Me(1'So) S A= Simultaneous fit to 4.26/4.36 GeV data: 6.40

o 1 o 2o M(Z(4020)) =4021.851.0:25 MeV;
o [(Z(4020)) = 5.723.4+1.1 MeV !



e*te-— w- (D*D*)* + c.c. at BESIII

Charm, Changzheng Yuan

827 pb-1 data at Ecm=4.26 GeV
Tag a D* and a bachelor -, reconstruct one 7t° to suppress the background.

oy, 8000 N [ (b) |+ Data
= i § - B PHSP MC
= 6000} goooo-_ signal Remove
- i I
: [ o removed
© 4000 > € l DD,
[ < 5000} DD*
c [ ) i P ?
|_q>|j 20002— —+ ,[\),:;a b - s D*D*,
L - N . K d
o O"'T"“. PR R | -‘L DSDS,‘..
1.84 1.86 1.88 1.9 1.8 2 2.2 2.4
M(Krt*rt) (GeV/c?) RM(D")+M(D")-m(D")(GeV/c?)
{700 {0 or y
v === BESIII
1308.2760

Topology of the decays of the signal process. Thick line circled
D" and 7~ are detected in the final states and at least one of the
dashed line circled 7 or 7Tg| is tagged.
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.
BESIH °

>
A
2
T

N B

o o

&) &)
,_*_III[IIII[IIIIIIII

Events / ( 7.5 MeV/c?)
S &
(@) (@)

2.05

Pl)+7t'-rcc0il(yy) (GeV/c)
.c
=)
=)

LA S B L B B 1 LA

£ e*e— i Z_(4025)* S (D*D*)*+c.c.

o
.

2.01

2.02

.01

2.02

M(D*7%)-M(D*)-M(r°)+m (D")+m(r°%) (GeV/c?)

I ws

e Argus fit to sidebands

—+— data

™y
A
‘—

2.1
RM(D't)+M(D")-m(D") (GeV/c?)

—— Z_(4025)

2.15

2.2

Topology of the decays of the signal process. Thick line circled
D' and 7~ are detected in the final states and at least one of the
dashed line circled 7¥ or 7r8| is tagged.
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ete— nZ_(4025)* > (D*D*)*+c.c.

- BESIII: 1308.2760, submitted to PRL
801 —4—data  —- Z,(4025)
S 70F — total fit -~ comb. BKG
> 60F e | Fitto sw* recoil mass ~ >100
= 50) H Yields : 401+47 Z_(4025) events.
N 40} M(Z.(4025)) = 4026.3+2.6x3.7 MeV
o 30 I'(Z.(4025)) =24.8+5.6+7.7 MeV
o 20}
10}

402 404 406 408
RM(rt) (GeV/c?)

o(e'e” — (DD %) =(137+9+15)pb

L ole'e > Z:at > a*(D'D)

R

— =(65£9x6)%
o(e'ee = (D D) z")

49



Z (4020)=Z.(4025)?

1 * M(4020) = 4021.8=1.0+2.5 MeV

sz « M(4025) = 4026.3£2.6+3.7 MeV
EREE « T1'(4020)= 5.7+£3.4=1.1 MeV
- * T(4025) =24.8+5.7+7.7 MeV
S PDG2012: My, + My, = 4017.3£0.2 MeV
eI AT AR R S S Close to D*D* threshold=4017 MeV
BOF | e — 200} Mass consistent with each other but
G 7O | —rewm —empsks | width ~20 difference
3 % 602— -Ws signa . .
§ = = 5of H Interference with other amplitudes may
e  40] change the results
g_ 2 % zg Coupling to ®D*D* is much larger than
= N 2 ol to wth,, if they are the same state
© 4L N . .
= ap2 404 406 4aps  WIill fit with Flatte formula

RM(r) (GeV/c? -



Summary

€ QCD-motivated spectroscopies predicted by theorists do not seem to exist
- evidence for Pentaquarks has disappeared
- H-dibaryon with mass near 2m, is excluded at stringent levels

- No hint on D,**isospin partner state of D ,*(2317)

€ Numerous non-qgq mesons not specific to QCD have been found
- Baryonium in J/\(p—>ypp at BESII and BESIII ??

- XYZ mesons containing cc and bb pairs

@ The JPC=1-- Y(4260) and “Y(5S)” have no compelling interpretation
- huge couplings to i)/ (st Y(nS)) € not predicted in any modelll

- strong sources of charged Z_ (Z,) states with M near mp ) +mp. (Mp(x)+mp.)



Back-up slides



Z,, &7, “smoking guns” for
non-qd mesons

u »>decays to Y (nS) & h,(nP) 2 must contain bb pair
>electrically charged & must contain ud pair




M?(n*1) (GeV/c?)?

1.4 L
120 TR,
1 AT
- = N L
081 :f&;‘fr'}f"f“r
06F jrouims < d TRk
04F = " ST 9N R
02F ugHEk L% e
Qdmﬁ”ﬁ”%”ﬁ”f”%“'
M?(*J/y) (GeVic
% 1QQ%erction t::;,mc «,
NN
o | 3
(@) L
O b af i+ o
§ = Mol
3.2 3334353637 3839 4 4142

| BESIII: PRL110, 252001

18
17
16
15
14
13
12
1

10"

M(dhy) (GeV/c?)?

1072

e*e— n*nJhp at Ecm=4.26 GeV

Illlllllllllll

1)
i
- 0 -_

IlllllllllllllIllllllllll

I id'
|| | | y

0 N

12

M(z*Jly) (GeV/c)

M Jhy) (GeV/c)

-+-dm

== PHSP MC
—2Z,(3000) MC
[ sideband

?3.2 33343536373839 4 4142

Events / 0.02 GeV/c?

13 14

5 16 17 18
M*(*Jhy) (GeV/c?)?

10

1205— oan

80;— .s;deband m

60 ﬁ

a i

U 3

R TR TS TeE—
54

M(r*r') (GeV/c?)

 £,(980)?

14



D

<O e*e— ' J/p from ISR

BELLE

 Belle: PRL110, 252002 2
o T T
1. M?(nt) vs. M2(rtdp) for 0150 05¢;{,~§,~="
4.15<M(nndly) <4.45 GeV 3 | TRt
2. (inset) Background events & -
in Jhp-mass sidebands B0
3. Structures both in niw and “;30 4
nJhp systems T
4. 689 evts in J/y signal oL o
region, purity~80% 10 8§ 20 22
(m*Jhy) (GeV/c™N
60:( ) +- data 45§ (b) ' -4 data 45§ ( ) -+ data
o 50:_a — MC ’ o 40F — MC o, 40 1€ —MC
L . - Z{3000) MC 2 35F --- Z(3900) MC =2 35F —--- Z(3900) MC
E’ 40 [ sideband { E’ 30; H [ sideband E’ 30;— ’ } [ sideband
o 305 o 25F o :
2 7 T 20f <
2 20f 2 15¢ 2
E 5; s E p il ) L) b
8504 06 08 1 12 14 92734 a6 38 4 42 92 34 36 38 4 a2

M(z*r) (GeV/c?) M(z*Jly) (GeV/c?) M(rJly) (GeV/ic?)



Neutral Z,° in Y(5S)—Z, 't°>Y(nS)
| ) A
*Y(55) » Y(nS)n’n® decay

In this fit mass and width are fixed from
the charged Z;, result.

— fit result with Z,,
— fit result without Z,,

B e Zb(10610)0 o i Rkt bbbl bt B i it it Liaiy
~ wf Y@2S)r® l 4.90 [ z,aab610)° | Y@ES)n®
> 5F }» S oL 4.50 h
PR ; :
3 b {7 J{ i L lw--!"-l“l 30 k k :
— : _I - | o 6 - a
§ 0f | i + I i °r ]
I i 4 I, -
%04 1045 105 1055 106 1085 107 1075 f038™105 10.62 1064 1058 1068 107 1072 Jo.74
MY (25)m?) GeV/c? M(Y(35)n?) GeV/c?

g») Simultaneous fit gives 6.3 o for Z,(10610)°
Qgg arXiv:1207.4345
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Luminosity (pb'1)

BESIII collected 3.3/fb for XYZ study

|| 1 1 1 I || 1 | 1 ] 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 l I ] ] ] I I ]
3 @
10 -
® .
o
o m o ® .
g ©
AN
o < o -
i (o)
o N
< < s
2 o
10 ~ = -
- ~ -
’ o Y ® o o
® ® © @
o o o (@)
e o (@) (@) .
00 o)) o ) LN o
- " 3 S 83 8 ¥8
<+ 9« < g
1 1 1 1 I 1 1 1 1 l 1 1 1 | l 1 1 1 1 l 1 1 1 1 l 1 | 1 1 I 1 |
3.8 3.9 4 4.1 4.2 4.3 4.4

Ecm (GeV) 57



The “Nagara” 2He event

! 2He

10um

H. Takahashi et al, PRL 87, 215502 (1977): MH >2m A-7.7 MeV



27t cC assignment?

6‘0“ e\‘
Q'\(\(\?/ 1’]0N; N\e\‘
: : W T 2%l oo
*Mass is too hlil‘yl?% &N\‘W mass (Ge
*3872 vs 383 eV 44 1 T —Ys
42 1 L e
s O 7y e lpzo
*Expt: Wi =P TW) 34,1, 4.0 —Yss
P =1 ) gt TN
use theory: T(n, =/p)=%keV Sl P N
Y. Jiaet al arXiv:0107.4541 [ 77c""""'"'¢ """""""""""""""""""""""""
3.6 T
= I(n,, = p"J ) = 30keV S X
c.f.: T(y'->n%/)=0.4 keV 3.4 —
*Theor: B->Kn, violates factorization ~ ** 3 T
*B->Kh_not seen 30 ne | e Godfrey—Isqur
*B—>Ky,, barely seen e o e e s

Je=0" 17 17 o 1™ 2% 27t 4T 27 3T

*Theor:m_, =2 DD* expected to be tiny

Y. Kalasnikovaet al arXiv:1008.2895

*Belle & BaBar::
T'(X->DD*)/T(X>n*n ) /y)=9.5+3.1

N2 Yh(1S) & e modes expected to dominate



“Y(5S)” is very different from other Y states

Anomalous production of Y(nS) '

Belle PRL 100, 112001 (2008) I'(MeV)
23.6 fb!

Y(55) — Y(1S)rTx~ 0.5940.04 £ 0.09

Y(55) — Y(29)rT7x~ 0.85+0.07 +0.16

T(558) — Y(3S)nTr~  0.527022 +£0.10 102
Y(25) — Y(1S)r T~ 0.0060

Y(35) — Y(1S)r T~ 0.0009

Y(4S) — Y(1S)r T~ 0.0019

Bf(Y(4S) = ' 7w Y(1S)) = (0.008 = 0.0003)%
Bf(Y(5S8) = m* 7w Y(S)) = (0.53 = 0.06)%

Recall Y(4260) with anomalous I'(J/1 m*m)
=> Is there a Y, equivalent close to Y/(5S)



The “XYZ” mesons

State
Y, (2175)

—>X(3872)

X(3915)
Z(3930)

X (3940)
Y (3940)
Y (4008)
X (4160)

Y (4260)
Y (4350)
X (4630)

Y (4660)
Z(4050)

Z(4250)
Z(4430)
Y}, (10890)

—>7,,(10610)
—>7,,(10650)

M (MeV)
2175 + 8

3871.4 £ 0.6

3914 + 4
3929 £+ 5

3942 = 9

3943 + 17
+82
4008182
4156 + 29
4264 + 12

4361 + 13

49
4634_11

4664 + 12
424

4051112335
424818
4433 + 5
10, 890 =+ 3
10,607+2
10,653+2

I (MeV)
58 + 26

< 2.3

23 £ 9
29 £ 10

37 £ 17

87 + 34

+97
226197

+113
139+1E
83 + 22

74 + 18
141

92_32

48 £+ 15

+51
- _+23?20
1715572
45™ 18

55+ 9

18+2
12+2

JPC

1——
1++

0/2%+

Decay Modes

¢fp(980)
7r+7r—J/3p,
vJ/%,.DD*

wl /¥

DD

DD* (not DD
or wlt/v)
wJd /1 (not DD*)
Tt —J/Y

D* D* (not DD)
wta—J /P
Y’
NN

O TN

Wchl

Wchl

wiw'
Tt~ T(1, 2, 3S)

Production Modes

et e~ (ISR)
J/ — nYs(2175)

B — KX(3872), pp

vy — X(3915)
vy — Z(3940)

ete™ — J/1X(3940)

B — KY(3940)
et e~ (ISR)

ete™ — J/X(4160)

et e (ISR)
e e (ISR)
et e (ISR)
et e (ISR)
B — KZ=(4050)
B — KZ=(4250)
B — KZ=*(4430)

4+

e"e” — Y

Y (1,2,35)/h,(1,25); BB* “Y(55) Dmtz,,
Y (1,2,35)/h,(1,25);B*B* “Y(55) >n*Z,,



_

Events / 10 MeV/c®

(a)

Fa—
—

==
o—*:

2 o

05 106 107
M,ee(0), GeVic?

nts /10 Me
S ™ o
o o O
8 8 8

(b)

10.4

106 107
M(h, =), GeV/c2

10.5
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