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Introduction — OQCD and confinement

From about 10-% s on, all quark and anti-quark
TR hecame confined inside the hadron matters.
Only proton and neutron remained after about
1 second.

No matter how hard one strikes the proton,
One cannot liberate an individual quark/gluon

Interaction between quarks unknown
throughout 98% of the hadron volume

Courtesy of Craig Roberts, Argonne

How does QCD give rise to hardons?

What's the role of gluon inside hadron?

What are the properties of predicted states beyond the
guark-anti-quark systems (hybrid, glueball, multi-quark states...

Need to map out spectrum, new states using experiments and theory
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Introduction — experiments

»'B factories: BABAR and Belle experiments
M Large sample of Y(nS) and B mesons
W Also large sample of charm and charmonia: o(e*e——ccbar) =1.3 nb
B Charm and Charmonium from B decays, ISR and yy processes.

Samples | Y(1S) | Y(2S) | Y(3S) | Y(4S) Y(5S)

& BaBar 14 fb-1|30 fb-1[433 fb-1| 3.2 fb-!(scan)

E Belle| 6 fb-! |24 fb-1| 3 fb-! | 711 fb! 121 fot

» Charm factories: CLEO-c and BES-IlIl e*e~—J/y, y(2S), y(3770) scan 2.0-4.8 GeV
m BEPCII/BESIII: designed: L~1033/cm?/s;
B reached peak Luminosity: 6.4x103%2/cm?2/s
B Dedicated to charm/charmonia,
B BESIIl is a factory for light hadron in charmonium decays

»_Tevatron: D@ and CDF
pp collider vs~1.96 TeV, L~10fb—! per experiment
Good place to study B¢, b-baryons as well as charmonium/charm states

» Many experiments for light hadron and charm/charmonia : KEDR/KLOE/COMPASS/...

» Experiments at LHC,
LHCb, CMS and ATLAS are also important for charmonium and bottomonium states

Future: PANDA, GlueX/JLab, Belle-Il, Super-B abd LHCb upgrade...

Sorry, cannot cover all of them!
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Light meson spectroscopy and decays
most recent results
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n meson decays at KLOE

Test of ChPT at low energy 300
theoretical prediction: BR(n—4e)=(2.4 — 2.7)x10-°
[ J. Bijnens and F. Perrsson, hep-ph/0106130 ] 200

KLOE results based on 1.7fb-1on ¢ peak 100
[arXiv:1105.6067]:

BR(n— eTe eTe™(y)) = (244 0.2 £ QI 10_1 .

Precision measurement of : [arXiv:1107.5733 ] VDM 77 Contact term |r+
'(y—r*my) / T(n—onra’ N\, [
(m—mwy) /Ty ) o= NS
value events author  year n/n' n/n'
0.203  0.008 PDG average wo |V o] Y
0.175+0.007 + 0.006 859 CLEO 2007 Based on 558pb-! on ¢ peak,

KLOE preliminary result:

CLEO result (2007) is I(n—o>rx'ny)

2 — 3 ¢ lower than PDG: =(0.1838 + 0.0005

stat

- +0.0030,,)
I'(no>rnrn)
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http://arxiv.org/abs/1107.5733

New results on n'=3xn in J/y—ynnr at BESIII
With 225M J/y collected in one and half month

3 160 F
—~ 9005 BESIII preliminary —~ - BESIII preliminary
% 800F L 140F
= 700E > 120F
© s00: Q 100f
o = o C
) 500F 0  onE
E - 80F
S 400F Sy = F JNhy—>ymOnOno
I - & 60F
£ 300 c b
> 200 > )
100E 201 1
e i ol L L1 = | . |l C
085 1 105 1.1 0086088090920940960 98 1 1.021.04
M(m*i0)/(GeV/c?) M(moron0)/(GeV/c?)

Preliminary results:
Improved by | Br(/ — ntn~7") = (3.83 £ 0.15(stat.) &+ 0.39(sys.)) x 107
factor of 3 PDG2010: (3.6%11 ,,)x10-3(2009 CLEO-c)

Two times of  [Br(n — 37") = (3.56 & 0.22(stat.) + 0.34(sys.)) x 1072
PDG 2010 value PDG2010: (1.68+0.22)x10-3 (1984: GAM2)
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Search for spin exotic states

Constituent quark model QCD: meson states beyond

* color neutral qq sys.tgmps.C - Glueballs: gg, 9gg —

* Quantum numbers /° J L =

eP=(-1)L*1 C=(-1)L*S G = (-1)HL+ * Hybrids: aqg ONO

* JPC multiplets: 0+ , 0%, 1=, 1+=, 1+, 2++, .. | Tetraquarks: (qa)(dq) Q=0 O=C

* Forbidden: 0--,0*~,1-*,27-,37 7%, ...

;:300 I"I'pr P (d)
Hybrid candidates (1.3 - 2.2 GeV/c?): ;UU_— ’ ” i
lightest hybrid predicted: exotic JPC =1+ EP: l
* 7,(1400): VES, E852, Crystal Barrel —> 1 " s |
* 1,(1600): E852, VES —> pr. ', f,m, bm fg(‘jg Wy
« 71,(2000): E852 —>f,(1285) 1, b,(1235) « T R A1
.. still controversial = COMPASS . Mol e GV
S L (a)
COMPASS (2004): 7~Pb— 7~ 7+ 7~ Pb s H *
BW for 7 (1600) + background: =20 i
0.000 2 2505
M = (1.660 +0.010 2399) GeV /c o e
[ = (0.269 + 0.021 19:9%2) GeV /c? S0 A TorPe 0GRS

= Confirm the 1 71;1(160(_)) 40070608 1T 12 14 16 18 2 22 24

Mass of mm’” System (GeV/ ‘2)

COMPASS: PRL 104 (2010) 241803
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i

2008 run:

190 GeV - beam
on liquid H,

T +pP>TTAR +p
100 M events

onfirm w,(1600) at COMPASS

COMPASS: 7~ +p — 1’1 + p

The spin exotic JC 48

2008 run:

190 GeV = beam
on liquid H,
T+tpon 7T +p
Strong 1-* signal

. The spin exotic JC =1-+
x1
= - 0.1 GeVYS < < 1.0 Gevic®
8 20F e,
£ C pof
2 15:— t +¢+ ++++
E ; *+’+“_,¢ ot n(1600) — pm ?
10__ + + ‘0‘% ‘
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20001
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or P-wave:

soF- AP prP-170"pnS) ggf’ﬁi?w

OOE 0.1GeVlet < r<|10(}ewc+
L : - - ‘ »
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06 08 1 12 14 16 18 2 22 24
Mass of m ° n” System (GeVicd)

207 COMPASS 2008

o SR i
2208 phase D+-P+ “ ) + *

-40} .

-60f .:" 4,

-801- behe

100}

-]2()_

-140% Tt _q-F

Acb 2 )

_]80 Il 1 | 11|
l. . 2 22 24 "6 2.8

m [GeV]
9



Evidence for 1t,(1600) In Xe1 M 'm'n- at CLEO-C
=T

v" Very low background in y'—yy.,—>nnrn-

v' Opportunity to study y.,—n"'n*n-
B study (nm)-S-wave
B search for spin exotic,
1-* mm or n'n states

Cl

=th(2.5)
Xc1

[o.)
(=]
o

400

Events/ 5 MeV/c?

hJ
[=]
o

/v

1 z,)(QS)—W?}—*x'_

Events/ 5 MeV/c?

CLEO-c preliminary okeees

3.45
10; 8 & _
o 9 .. Xa=>NTm W Q30004 . 4 (980 .
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OO 5 SR £ 1000 ", so 't ht
o of 2 o N r J|'H“|J|'{.{v ++
= 1; : P’ -:'_ :If I-fﬂ"‘ X 1 q>, A L i iy
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R 3 S0 2 t A Mj u
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n7) [GeV/c?]

3.55 3.45 3.50 3.55 3.60

M(nm™n7) [GeV/c?]

A full amplitude analysis
with isobar model :

X.1—> 1sobar + bachelor hadron

BW for most of resonances
Flatte: a,(980)
it S wave : KK, it scattering

M. Kornicer
PANIC11
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CLEO-c preliminary R esults

. | A (X) F [%]
| I w1 (980 | o e @, (980) _ o
N wizo)| | N w3200 | a,(980)m 66.2+1.2+1.1
200 L . (;.:.]__5__ T S S ). 0
% el o || a,(1320)x 9.8+0.8%1.0
2 _ (mm)eM 22.5+1.3+2.4
*GEJ 100_— 50
z | o £,(1270)n 7.4+0.8+0.7
501 L
| R | L . :
0 e TRt R e e = s 0 ! T LT g i
T wmewa % PwBede” *CILEQ-¢ PRELIMINARY
60 " 807 .
nmm K s T e A (X) F %]
I e (), i o ()
I ) | ! s | ag(980)T 11.02.3+18 |
% — «,(1600) — 7,(1600)
3 40} a,(1320)w 0.4+0.5+0.6
g 2o i ()N’ 21.6+2.7+1.4
[ N . £,(1270)n’ 27.0+2.9+1.8
02 10 J"Ivi??[z}z[ge\f‘fgél]j 0 - 0 ].OM{:];_'E; [Ge2\;f[3'62] 2> 30 IT[1(16OO)TE 15125:27Zl:32 I
Assuming BW shape for 1-*: First evidence for a;—»n'n:

M=1670+£30+20 MeV/c?
B(a (980 '
I =240 +50 +60 MeV. ( 0(980)_’“ )~ 0.064+0.013 = 0.012
Sianificance >4.0 o HOS= ) kormicer PANICLL
First evidence in charmonium decays BoLi ((HEP) ' 1




First Partial Wave Analysis near pp threshold -
in Jhy—>ypp at BESIII Prellmlnary

iy " chi2/nbin=1.391976] “C800F " GRi2/nbin=1.5 Ifo‘7 E L-SUU'T chi2/nbin=1.362709 ] .
] B AL ol R ] £5(2100) and £,(1910) fixed to PDG.
S_ | —o" =600} {1 Ze600k ] etz
Ssoof _f"ﬁi?’ﬁi 1 Ss0ok ] %:gg_ 1 Significance of X(pp) >>30c
400 - 1 Saoof { Saoof . .
2300} 2 300k I « The fit with a BW and
200F N, 1 200} 200f _
00f e 100} - Took S-wave FSI(1=0) factor
8o o1 oz o3 fa 16 18 20 9 can well describe ppb
M, -2m,(GeV/c?) M, (GeV/c)
8400F Ty o Bacol v ] @e0of mass threshold
D200k Oy ] &..F 400
”*[323 G 1 200 1 "ioock structure.
ool I«2100) 00 1000}
- — L ] {00 g .
600k .(_:ili2fnbin:0.8\579 2 6002_ 800? Ly ] * |tis much better than
4005]‘ o 1 400 a00f UM L that without FSI
200k i 2005k T T g
. v o =l -2 , effect, and A2InL=51
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 -100 0 100
COS&, Jiyr {:059 PP ¢'p—pp- = 7.10--

Spin-parity, mass, width and B.R. of X(pp):

J*=0"  >6.8 0 better than other JF¢ assignments.
M =1832 +5(stat)"}; (syst) £19(mod) MeV/c’

I =13+ 20(stat) ", (syst) = 4(mod)MeV/c* or ' < 48MeV/c* @90%C.L.
B(J/y — yX(pP))B(X (pp) — pp) = (9.0+ 0.7 (stat) s> (syst) + 2.3(mod)) x10~°
Different FSI models =2 Model dependent uncertainty
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PWA on the pp mass threshold structure in' — 7 pp

Preliminary
o |BESHI|" T 1% F it (by
Obviously different line 2 5o X 1 % b ULFLINEEE
shape of ppbar mass g a00f \ ;’7& AN EEHE L
spectrum near threshold ool 1) EN ittt a8
from that in J/ v decays s \
s 50 s e R
il MOPGevEy . My y(GeVicy
PWA results: PWA Projection:
* Significance of X(pp) is largerthan 6.90 . ¢ F7 chiznbin=0887100
. . > : ]
e The production ratio R: | first measurement | & 30 F
' — o 25§
_ B(y' — yX(pp)) S 20
B(J /y — 7X(pP)) ose LD )y T
810§ f,(2100) :
= (5.08 £ 0.56(stat) "y, (syst) = 0.12(mod))% 5| e
e Itis suppressed compared with “12% rule” 0 o1 M;f@@{,?ﬁ)
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Confirmation of X(1835) and two new structures at BESII|
BESIII: PRL 106, 072002(2011)

ESIIPRL 95.262001(2005)

—
%]
(]

BESIII: 225M

Jy events:

Jy—>yn'ni
n' >N
n'—=yp

B
[

EVENTS/(20MeV/c")
]
[

o

1.4 2.0 2.6
M(r*n ") (GeV/c?)

BESII result(Stat. sig. ~7.70):

n' excited states?

M =1833.7 £6.1(stat) £ 2.7(syst)MeV
I'=67.7+20.3(stat) £ 7.7(syst)MeV The same st_ate
as that in pp

BESIII fit results: enhancement?
~esonance - : at.Sig
X(1835)  1836.5+3.0%¢,, 1901+9.0%38,  >200
X(2120) 21224+ 6.7%7,, 831631, 720
X(2370)  2376.3+8.732,, 83 + 1744, 6.40

An amplitude analysis will help with
interpretation for the additional new structures!

Mostly are candidates of n excited states.
2011-8-22 Hai-Bo Li (IHEP)

Glueball candidates?

%>-
o
%
<
2

1416182022242628
(GeV/c?)

71:1'm

L
5000 |
4000 |

3000 | .

= ' ] 1
2000 [~ ]

1000 |- .

0o 02 oa 06 05 10
|cos6, |

X(1835) consistent with
0%, but the others are

not excluded
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X(1870) in Jhy—oX, X—a,(980)r (a,—nm) at BESIII

Jhy—onntn, a,(980) reconstructed in nrt

woowfp 10 - X(1870);
e e 7.2 -
% 700 ?1(1285) j ‘ 7 A ‘ é
= 600} -
(@R | B
Zs00f ; k
- 0 :
£ : T |
§ 300 o BESIII preliminary Igilzg)ﬂcatmn of X(1870):
~ ?88 P 1 1tis X(1835)?
2 | Need PwA!
1.2 1.4 1.6 1.8 2.0 2.2
M+ n— (GeV /c?)
BR(Iy—oX, X— a (980)77)
Resonance | Mass (MeV/c?) Width (N[eV/cg)i%ranch ratio (10™%)
f1(1285) |1285.1+£1.07)C 22.0+£3.177° 1.25 £ 0.107)-?
n(1405) |1399.8 £2.272% 528 £7.670 ) 1.89 £ 0217020
X (1870) [1877.34+6.3727 57412177 1.50 £0.261)%2

2011-8-22
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Mass (GeV)

Charmonia

4600

3°D,
4400 |- v (4415)
: "’(243%}60) 21D, 2°D, 2°D;
4200 2D 1 o Sp o
[ glg a3 I'Fy I'F; 2 ¥ I'Fy
- 3—%?64948)51 2P
4000 |- 2 Pioin 2°Pi—F
- TP X
(=) SRR D, D Py -
sgool R I
i 2MO)
- 215.3:‘.=.2351 gartee
5600 Tt gme e BPL
F %, I c~: "11P1 k) f P'l-l:'_P 3 .
v PR X
2400 .hé:?ca:ﬁl‘ Papas®
3200 : Iy .
2 .- - .:: ;I;ESI’
[ & 05 recently measured
s000[ & LS
N YIS TN TR RN TN TR TR SRNN SN SR NN N

“—+ 1~ 1+— “++ 1++ 2++ 2—+ 2= a== 3+— 3++ 4++

Quantum numbers yPC

2011-8-22
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New measurements of
mass and width for
N(1S)/ n.(2S)/h (1P)

First observation of y'—y n.(2S)

Observation of new n (2S)
decay mode

Determination of resonant

parameters for J/y, y(2S) and
y(3770)
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Status of n.(1S) and n.(2S)

M1 (1S)) I'n(15)) M1 (2S))

WEIGHTED AVERAGE WEIGHTED AVERAGE
2980.3+1.2 (E

rror scaled by 1.6) 28.6+2.2 (Error scaled by 2.0) WEIGHTED AVERAGE
l 3637+4 (Error scaled by 1.7)
. ‘ !
.f \ 5 ‘Il 72 ”.
| - | - T f [
w X i .. LEES 10 BABR 4.6 Ny
ima LEES 10 BABR 1.3 t AUBERT 0BAB BABR 1.8 ( \
nJ —\I— AUBERT 0BAB BABR 25 —\» UEHARA 08 BELL 0.0 bty
R UEHARA 08 BELL 46 o wu 06 BELL £ ) I
— L ABE 07 BELL 17 —H e wu 06 DBELL i |
—_ = wu 06 BELL 6.7 |--J ASNER 04 CLEQ 0.6 PDG 2010 [
- wu 06 BELL 0B | | AMBROGIANI 03 F835 1.1 [ f \
| =—\- ASNER 04 CLEO 06 t BAI 03 BES 2.0 l\f' |
| AMBROGIANI 03 E835 27 L FANG 03 BELL 0.0 |
4 \ BAI 03 BES 3.2 — BAI 00F BES 3.8 | \ ?2
|t Y FANG 03 BELL Q.1 —0—0'— . ARMSTRONG 95F E760 0.2 \ —_—
— 4 BAI 00F BES 24 R BAGLIN 87B SPEC B3 — Wil ©+* ABE 07 BELL 2.1
—# BAI 90B MHK3 4.0 —l—,«—l‘— BALTRUSAIT..86  MRK3 I i AUBERT 05C BABR 0.7
i = | GAISER 86 CBAL 5 i/ | GAISER B6  CBAL 145 / g ASNER 04 CLFO 25
¥ \ 32 i 19 [ \ AUBERT 04D BABR 35
/,/ A\ (Confidence Level - 0.0018) 7 . (Confidence L evel < 0.0001) / '3 GHOI 02 BELL 28
I o | | | L ey | | / N 1.6
2950 2960 2970 2980 2990 4000 3010 -o0 0 o0 40 60 a0 100 /.'/ \‘\\ (Confidence Level = 0.021)
- 1 | | i S |
3600 3620 3640 3660 3680 3700

n.(1S) observed by several experiments,
but there is a large spread in mass and
width measurements
I'M.(1S)) = 15 MeV

(Jy, y(2S) radiative decays)
I'M.(1S)) = 30 MeV

(B decays / yy productions )

Until recently has been only
observed in exclusive decay
KKmn. Precise measurement of
n.(2S) parameters will help
discriminate among different
charmonium model.
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Ne resonance parameters from \If'—Wﬂc at BESII

2

Events /10 MeV/c?
E & B

-18

vl by b b by e b s bia e lera s ligig
27275282829295 3 3053131532
M(KsKn) GeVic®

Events / 10 MeVic®

TP TS PRTTE TETE PETTE PETTI PP PR P P
2727528285259295 3 3053131532
M{KsK3n) GeVic®

.

o
g

z

Events /10 MeV/
B B

v b b e s byrs o leas Lennn Bona b anaal i
2727628286292085 3 30631315632

M(KK=") GaVic®
I | . i
a0 - -gdilr'lwn-r dreilr _H
=re )
“% 950 - ot

:n||I||||I||||I||||I||||I||||I|'|||I||||I||||I||||
2727528285292%9 3 3063131532
M(2K2mm®) GeV/ic

Evants /10

TE?EEBEIBEEBE% 3 3.!'..'63.13]53_2

M{rmm) GeVic2
CRLL — 1 gata
[ E=] oiher wi25) deeays
[ =" ﬁ
D 200F = cont |
- ---- 5ig [
S m )
o f to 67
1-..-"]]:_ .'“1.
E : M i +
()| +
w e ¥ A ! i
f|iz=== fmen-emtC .\__"-- ]
2757508 08629005 3 S05 2151532
M(6m) GeV/c?

Considering the interference between n, and non-resonant decays,

mass: 2984.410.5,,10.6, . MeV/c?
width: 30.5+1.0,,+0.9,,; MeV
2.3510.05,0.04,  r

¢:

2011-8-22

ad
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¢: relative phase between n, and
non-resonant component. An universal
phase for different modes is used.
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First observatlon of 1n.(2S5) In Yy'->yM.(2S5),M.(2S)>K KT

6’:: - : " BESIII prellmlnary With 106M y' events at BESIII:
o e data i s
% 0 g resuls 3 M(N(29)) = (3638.5+2.3+1.0) MeV/c?
U i === XeJ i N(nc(zs)) = 506i97
S oL —-N(28) _| i Statistical significance larger than 6.0c!
3 o bﬂCkgrDUHd S RN
> i Br(y’2yn.(2S)2>vKsKn)
B o B 1 | =(2.984057,,+0.48,,) x10°
= E,
m +
1 N Br(n(2S)>KKn)=(1.94+0.4+1.1)%
35 35 36 365 ';n.? From BABAR(PRD78,012006)
M5, . (GeV/c?) JL
(E3 x BW(m) X damping(E )) ® Gauss(0, 0) ;
Y Y ’ Br(y’2>vn.(25))
l lE : =(4.740.9,,+3.0,,) X 10"
M1 transition E,Eo+( g}, R CLEO-c: <7.6x10* PRD81,052002(2010)
F e e e , Potential model: (0.1-6.2)x10-4

' T(n.(29)) fixed to 12MeV (world average) | PRL89,162002(2002)
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I
n. and 1_(2S) in BE5>KE(KKT)° at Belle

Considering the interference between  arXiv:1105.0978 z§300 i
n/n.(2S) signal and non-resonance ‘

C—

Using M(KsKm) and cos(0) distributions %o
to distinguish signal from non-resonant

backgrounds= 2D-fit K, e
®3s 3 3.5 4
/\ .
200

~ 300 = ~ 100
> cos® | = —" MEKKnm) =2 cosb | ¢ M(K Kr)
i //%ﬁ ) Zhu \ % =
200 ¢ = =
} Z 100 < 50t
100 ¢
il 50 } 25 |
.| R = Wﬁ
-1 -0.5 0 0.5 m_g(-}l ,nc 2.5 2.75 1\13(1(51(%;2(5}9\};%5 -1 0.5 0 CoselT] (ZS) 32.; 3:]'\;1(}(:){(?;;[}) )
M(n ), MeV 2985.4=1.5(stat) 5 (syst) M(n (2S)), MeV | 3636.1 Y statrmodel) “03(syst)
' ), MeV 35.1£3.1(stat) 10 (syst)  I'(n (25)), MeV 6.6 'gﬁi(staterodel) lﬁ:g(syst)

2011-8-22 Hai-Bo Li (IHEP) 20



n.(1S)/.(2S) in two photon fusion at BABAR
{;% e* (-;-'H ------ undetected

— Hadron: 0%, 2%, 3%, 4¢

PRD 84, 012004
(2011)

BABAR e-

€ e undetected

SKHKTTTe 0
-~ «gwoo Yy . mnn bkg-sub
§ 1000 ‘ % 1400 !
3 M g 1200l :
E A ;:1000} ''''''
% 600 2 800
g 400 E 600 M o
200 aoo- First observation (1P) TN
| | 200; BABAR Xeo I'Ic(ZS) ¥
0|2.6|‘|2.8|‘|3‘|‘3.2H‘3.4‘|36|38‘|4 ol L .
m(KK ") (GeV/c?) 2.6 2.8 3 3.2 34 3. 6 38 4
m(K*K n*x ) (GeV/c?)
M(n,(1S)) = 2982.240.4+1.4 MeV/c? M(n.(2S)) = 3638.5+1.5+0.8 MeVic2
[(n(1S)) = 32.1+1.1+1.3 MeV [(n.(2S)) = 13.4+4.6+3.2 MeV

Most precise measurement for nC(ZS)
2011-8-22 Hai-Bo Li (IHEP)



Comparison of the mass and width for n./m.(2S)

BESIII [2011] Belle[2011] BABAR[2011] PDG 2011
preliminary arXiv:1105.0978 PRD 84 012004
y(2S)->m./M.(2S) B decays y v fusion
M(n,.), MeV/c? 2984.41+0.510.6 2985.4+1.5%02, . | 2982.2+0.4+1.4 2980.3+1.2
r'(n.),MeV 30.5+1.0x0.9 35.1+3.1+10 . 32.1+1.1+1.3 286122
M(n.(2S)),MeV | 3638.5+2.3+1.0 | 3636.1*39,.*05,, | 3638.5+1.510.8 3637+4
I'(n.(2S)),MeV 12 (fixed) 6.6%8:4  *26 13.41+4.613.2 1417

B First observation of n.(2S) in y(2S) radiative decay from BESIII

B Most precise measurement for n. parameters is from BESIII

B Most precise measurement for n.(2S) parameters is from BABAR y y fusion

W Hyperfine splitting: AM(1S) = 112.5 + 0.8 MeV; AM(2S) =47.6 £+ 1.7 MeV

AMy,/(nS) = M(n*S 1) — M(n'Sg) =

32nasg

min»

K. Seth, arXiv:0912.2776

¥, ()]

AM(1S) = 118 MeV

AM(2S) = 68 MeV

Discrepancies on M(n.) and I'(n.) disappear in different production processes.

2011-8-22

Hai-Bo Li (IHEP)
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ho(1Py) in y'—=wh,, he2m, ncex (16 n. modes)

6
%
5
-4
=
]
]
L
W
345
.
%
~
-
g ‘L
g .
=
2 .
W

Events/l ¥iey
Me o w s w -

i ‘ : £ Sum of 70 recoil mass
2 i B B
- : “ % X0BESII Preliminary *
2 miss . S 180+
o R £ ;
5 ;. i 2
e g g:?hm i g ki
b g A m‘q\ ‘B ‘. “‘: Iliilillll“lllllnll\ln F AL b T P n
34 J'11:"re::'0i]m= eV, A 7 el b ol T )
‘ pby £ : ‘Ls'f: 5
g48

392 354

a0
M(r" recoil mass) (GeV/c)

3.56

Events/1 MeV
We oz w2 & # s
T =

n x“ecll m (Wc )
Simultaneous fit to n°recoiling mass
In 106M y' sample:

M(h,) =3525.31+0.11 1,y %0.15 s, MeVi/c?
T(h,) = 0.70%0.28,,y%0.25,s MeV

Consistent with BESIII inclusive
results PRL104,132002(2010)

CLEO-c exlusive results:
M(h.)=3525.21+0.27+0.14 MeV/c?

N = 832+35 N = 136+14
AM,; = -0.01+0.11+0.14 MeV (Hypefine splitting) PRL101, 182003(2008)
2011-8-22 Hai-Bo Li (IHEP) 23



Determination of y(3770) parameters by KEDR/VEPP-4M

eTe~ — hadrons, light quarks contribution is subtracted

i o w2
opp X |[Ay3770) €7 + Fr |

7pp  |Ay(arro) €' + Ay(as) + BI®

Interference between A, 3770y and A,,p5) IS
important, and was firstly considered in
Mod.Phys.Lett. A 23, 3113 (2008) [Yang]

of — and PRD 81, 011501(R) [LI, Qin and Yang]
8:_ :::i_; Two solutions with close M, I' and different (¢,l )
si— _\'TD‘\_I 2 solution 1 solution 2 No Interf.

B j"“-"-("') e M, MeV 37796 £1.8 3779.4+18 3773.04+0.5
ol L, oo =SSR r, MeV 247+ 4.4 24.7 + 4.1 24.0+2.4
o b 1t e, €V 142 £ 79 508 + 68 306 + 29

5% (N i T it ¢, degrees  155.+35. 254+ 14. —

3740 3760 3780 3800 3620 ~ 3840 3860 3880 P('X2), % 18.8 10.1 1.8

W, MeV

Interference between resonance and
continuum is important for mass and I,

PDG: I',. = (259 % 16) keV w/o interference
Anomalous lineshape is not observed

BESII observed lineshape anomaly
[BESII, PRL 101, 102004(2008)]

KEDR final results on y(3770) parameters:
M = 3779.5+ 1.8+ 0.6 702 MeV,

[=247+44+03153 MeV.
(1) Tee = 142+ 79 £ 13730 eV,
10
(2) Tee = 508 + 68 + 46 00 eV.

The potential model favors low I,

2011-8-22

Hai-Bo Li IHEP)
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Determination of y(3770) parameters by KEDR/VEPP-4M

o"C, [nb] : BESII (2008)
[r— ) | | \ | I
= W daik R
- v BGa = 25 Ny 4 " T BESIII analysis
8- e scan 3 | A A # i i
B - F ) is on going.
i —— VDM o S .
TR (. AN e Fl. (g)& (LT b 20T | | | 4’: i =‘:’7|. ' 'IT"-—;-J?.J') J
4:_ --------------- No Interference 4r + (b) ]
7 o 2f B
137 R ﬂ* g ophbyyid W W Yt |
3740 5760 3780 5800 3820 3840 3860 3880 2T ++ % %) nﬁ) ]
W, M -4 | | +. | -
3.7 3.75 3.8 3.85
Interference between resonance and Ecm [GCV]

M = 3779.5+ 1.8+ 0.6 702 MeV,

[=247+44+03153 MeV.
_ (1) Tee = 142479 4+ 13 730 eV,

BESII observed lineshape anomaly 200

[BESII, PRL 101, 102004(2008)] (2) Tee = 508 + 68 + 46 "75" eV.

The potential model favors low I,
2011-8-22 Hai-Bo Li (IHEP) Evgeny Baldin EPS2011 25

PDG: I',. = (259 % 16) keV w/o interference

Anomalous lineshape is not observed




Charmonium-like and Bottomonium-like states

(2S+1)

LJ Is BS 3P :!p 3p 1P 3D 3D 3D 1D ‘?4;
5“5000 I B e o o i s
‘*-..
> | —

o 4750
s o CC
ﬂ | ; “’(43201; [— Z'(4430)
= 4250 T("-“iIm -\r(-;zm) { —— Z.E
= = wA160) R
4000, yuos0y 5 z;
X(3940) zcammm;? 2; ——
3750 | a Open charm threshold wa3TT0)
n(29)V25)_o
3500 Xa ,','
|
x
3250 “ ® Established
- —
3000=a— YV ® New States
n,(13)
2750 | Theory
2500 1 L { 1 J 1 | 1 ] 1 | 1 | 1 I | | |

o 1" 2" 1™ o™ 1 37 27 1 2¢ 97 Jve

XYZ from B factories cannot fill into the

empty slots.

New results

X(3872) from Belle, CMS and LHCb
X(4260) from B factories

X(4140) from LHCb

(28+1)

’ 1S0 331 3P2 3I:’1 3Pn 1l:)1 3Ds 3D2 3D1 1D2 ???
,{J-11000 I ‘ILn T T ] T T ] T 71
= i —

] —  Y(58) _|
210800 bb
s | Zia
3’11 0600 “:S) Open flavour threshold :z:,2
a
=
10400~ ]
m,(385) Y(3S)—w— - —
10200~ “u“"’t.,ﬂ"h (zp;n.,[zP) s -
Yos Y, Yo, 10
1000011—(551“25} . . ]
0800 WO MR i,
9600 ® New States
9400 = y(1s) | Theory N

m,(15)

9200—— S I I ATER I BPU BN B i

ot ..I“ o++ 1++ 0+ 1+- 3" 2—- 1-- 2-+ .?? JPC

Indication of (XYZ), like states from
factories.

New observations:
h,(1P), h,(2P),
charged Z,, and Z,,

2011-8-22

Hai-Bo Li (IHEP)
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X (3872) properties

X(3872) first observed by Belle in 2003 in B2>K X, X 2 J/ly w*n. o
Mass is close to the (D° antiD™) threshold. Width is less than experimental

resolution. Confirmed by BABAR, CDF, DO, LHCb, CMS. Nature not known® = =,

Determination of quantum numbers of X(3872) Conventional: ‘
> Evidence for X(3872)—J/yy established C = +1 c
[Belle arXiv:1105.0177; BABAR PRL 102 132001] PN

> X(3872)>Jlym'n by CDF = 1 or 2~ [PRL 98132002 g-..nC.
olecular:- £ /.
> X(3872) not seen ..y, X,y and J/yn modes DE D&

indicate that X may be not a conventional cc state
> X(3872) -»J/y @ by BABAR favors 2+ [PRD 82 011101]

Tetraquar k N

Still experimental results appear: Hybrid : C .
new results from full Belle data sample: 711 fb-! C

2011-8-22 Hai-Bo Li (IHEP) 27



Update of X(3872)—>J/yn*n~ In B decay at Belle

Full Belle data sample: 711 fb-1 arXiv:1107.0163
Diquark-antidiquark model predicts mass difference AM, on the X mass in the two

modes B*—>K*(J/yntn-) and BO—KO(J/yntn)

-

o0

BO—KOX

- wk - -

Events / ( 0.004 GeV )
Events /( 0.004 GeV )

20 A
Fory .
P P B B 3.8 385 3.9 395

3.8 3.85 3.9 3.95
M(J/y 1trt) (GeV) M(J/y 7er) (GeV)

AM, = (-0.69 £ 0.97 £ 0.19) MeV = is consistent with zero, the same particle.

__=‘:__
=

| d the previ
My = (3871.84+0.27£0.19) MeV T, <1.2MeV (90% C.L.) )'ur the width by &

CDF: M, = (3871.61 + 0.16 + 0.19 ) MeV [PRL103,152001] factor of 2
B(B*—>K*X)xB(X—=>J/yn*n) = (8.61 £ 0.82 £ 0.52) x 105
B(B°—KO0X)/B(B*—K*X) = (0.50 + 0.14 + 0.04)

2011-8-22 Hai-Bo Li (IHEP) 28



Angular analysis of X(3872)-J/yn*nat Belle

p—J/y system 9. Z arxiv:1107.0163

5 , o=z BB, = 160" § E o1
g+ gnz ,iI::'—‘%I %“; + C:‘—%
=1, 518, F cos®) S
L=1,8=2(B,) oty e SRV RN

g £ F=2" BB, = 1.565" § E T JFo=1"
Angular correlation (8, . 6,) il “:‘Z%ﬁ#—
Oy Jiy and direction of oppositetoKin 3 cosG) 1 = o
X rest frame L B I=g;xl L S A ¥ R L HWWW
=1** and 2-* are both possible, 5 5
= more statistics needed. 7> B
35? S ¥ R R T Ic;:;ﬂll 7 S % A F R R e e 7 lcgf;ﬂll LI B T B ]
E 30;— 2—+ 1++
g 25;
S 20 : o :
g Fit to the M(nt*nt-) distribution taking p—o
g o mixing into account = 1** and 2=+ are both
i3 1+1”“ possible

0" 52045 05 “0%5 06 065 07 075 08
M(rn) (GeV)

2011-8-22 Hai-Bo Li (IHEP) 29



Search for charged X*— J/yn*n°

arXiv:1107.0163
X(3872): singlet or triplet? M, . M(J/yr*n)

s -
- B

83

-MII,'JI\; nn)afGe$)2
BR(BO—>K-X)XBR(X*—> Jyn'n?)< 4.2 x 108 (90%CL) o evidence for charged
BR(B*—>KX*)xBR(X*— Jhyn*n?)< 6.1 x 10-6 (90%CL) partner =1=0

2011-8-22 Hai-Bo Li (IHEP) 30



X(3872)—)J /\|I(\|I')'Y Belle: arXiv:1105.0177

Molecular model: X—vy'y is highly suppressed compared to X—J/yy.

BABAR results: B(X —»vy'y) is 3 times larger than B(X—J/yy) [PRL 102 132001]
Can be an indication of a (c anti-c) admixture with a (D° anti-D*) component.

Using full data at Belle: 711 fb1
B(B* > XK*)eB(X = J/wy) =(1.78725 £0.12) x10°°

~0.44 —

B(B" - XK*)eB(X > y'y) <3.45x10°° (90% CL)
B(X -vy'y) / B(X—>J/yy) <2.1(90% CL) BABAR: B(X -vy'y)/B(X—>J/yy) =3411.4

X(3872) may not have a (¢ anti-c) admixture with a (D° anti-D*) molecular
B*oK*X(—=J/yy) B> K X(=J yy) B*oK*X(—>y'y) BO—>KsX(=y'y)

Q3 iy (b) T4 T
pe = = =
: e 3 i ©
w0 w o 0 3 0
g2 B &) e, o1
3 L + z 7 g
£ 1 g i 5 2 5
= 30w HE | [ = = b
I.I;J 1 M} HE w1 (|
z2 " Y ., W | 1 4
grmiprEniSt |
. b g Eln_n |.41l; ":l::‘.ll.lu44 ErL e T L vy L-"‘: R S N o
2_75 3.8 385 3.0 3095 4 5‘75 3.8 385 39 395 4 5.15 38 385 39 396 4 H.TS 38 386 39 3986 4
M, , (GeVic?) M,,, , (GeVic)) M, es) ., (GeVic?) M, 5, (GeVich)
2011-8-22
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X(3872) at LHCb and CMS and comparison

S. Choi, FPCP2011

><103
-
g [ | : s
=55 | CMS é,:: SR
E g "1 .‘. T e
£30- | 2011datals
5 e
E 25:_ +1’ e s M“[;Is . 'li V'J“
20— || | D. Fasanella EPS2011
15 [ -
- * s e g
- \E = 7 TeV
5

CMS Preliminary J L dt =896 pb™’

07. L1 | TN T T T S ———1 .I LA L L ] LA L1 I -1 | L i1 ] Ll 11
3.6 3.65 3.7 3.75 3.8 3.85 3.9 3.95 4
m(J/¥ + ') [GeV]

CMS: M,=3871.5 + 0.5 MeV/c?

1600 = HCb

[ Preliminary 650~
1400 —ys = 7 TeV Data I

r 600} }
1200 s50[- 'H' {}

1000;—LHCb 4s0) ] .
800:_35pb_1 3850 3900

600 Lo o
- i ol PR . PR R

400 T it

200

3900

I3800 I
M(J/y 7* ) [MeV/c?]

LHCDb: M,=3871.96 + 0.46 +0.10 MeV/c?
2011-8-22 Y. Zhang EPS2011

0 C 1 1 1 1
3600 3700

:){J'OETJHJ’:"(JE

XcSSNIVIEVICE)

CDF Il

BABAR (B%)
BABAR (B?)

DO

Belle (full dataset)

3871.61 = 0.16 £+ 0.19

3871.4 £ 0.6 £ 0.1
3868.7 = 1.5 £ 0.4
3871.8 £ 3.1 £ 3.0
3871.84 + 0.27 = 0.19

World Average

3871.62 + 0.19

LHCb (new)

3871.96 = 0.46 * 0.10

World Average again

3871.67 = 0.17

| M(D%)+M(D*) PDG2010

3871.79 + 0.30

Indistinguishable from DD* threshold
New: Am =-0.12 £ 0.35 MeV

Hai-Bo Li (IHEP)

Binding energy becomes smaller.
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' Search for Y(4140) at LHCb

‘QD-F arXivi1101.6058v1_L=6ot™ CHE gbserved structure (J/yo) ing ® Eﬁﬁg ﬁ Preliminary

‘;; g B™ —=J/yoK™ (¢ —K'K") decay _‘E ) Clean B signal
T . CDF 6.0 fbi: o

jéf . B*: 11512 events 2

$ 3 LHCD (2010+2011 0.4 fbt)  °

5 ; : B*: 381122 events oo TSR a0 i, S

3-body phase space Preliminary quadratic polynomial

% Expected:39 £9 +p o

o 7 % 5 events | e 3 f 0 * 3 eventy
M/yo) - MUONy) —— o 5o
. 5 |
2.5 g 2.5-
= .
Y. Zhang, EPS2011 Jial : : L .
1000 1100 1200 1300 1400 1000 1100 1200 1300 1400
M(Jhy d) - M(J/y) MeV M(J/y §)-M(J/y) MeV

Br(B* — X(4140)K*, X(4140)— J /w¢) <|0.07 for 3-body phasespace (90%C.L.)
BF’(B+ — J/ gk +) <|0.04 for quadratic polynomial(90%C.L.)

LHCDb does not confirm Y(4140) CDF: 0.149+ 0.039 +0024
2011-8-22 Hai-Bo Li (IHEP) 33
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Y (4260) properties

First observed by BABAR in 2005 in e*e —(J/yn*n") ISR £
Confirmed by Belle and CLEO.

e P I =

Production in ISR

= JPe=1- Iy

Family of 4 Y resonances from Belle
® ete > (Jlyn*n) o Y(4008), Y(4260)
€ cte > (y(2S)n'n ) \or: Y(4360), Y(4660)

4.5

Possible interpretation:

Events / 20 MeV/c?

10° , |
B on i |y i
wof gy Wy
AT
A A A WG AR S

36 38 4 42 44 46 48

-

X 48 5
m(TrIy) (GeVie?)

BABAR: PRL 95 142001

e Undiscovered Charmonium states
but cannot fit into spectrum

e Hybrid ?

e Tetraquarks ?

e (D anti-D,) or (D° anti-D*°) molecules ?
* f,(980)y(2S) molecule for Y(4660) ?

2011-8-22 Hai-Bo Li (IHEP)
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Search for Y(4260)—>]/yn'n’ N}

BELE
Isospin symmetry = Y(4260) ->J/yn°n° should be half the rate of J/yntn-

Large isospin symmetry violation could be a strong evidence of the exotic
nature of Y.

Study of the cross-section ete- =J/yn’n® as a function of mass based on 790 fb-!

7

Events/(0.05)

£ }!’ (2S) N =g.6+49 I..(v(2S)) = (2.30 + 0.10) keV
- / Vi e consistent with PDG:

o significance 2.4 T..(w(2S))= (2.35 + 0.04) keV
4? k. =R RN R RN LR EAEN RN LAY RN RN LR~
3F- o E Belle preliminary =
o “ :
c SO 1T =
e
¢ BNt e e e O 30~ =
5.5 6 - -
M(n’n"J/y) (GeV) 20;— —;
10F -
T xB(Ahynon® ) = (3.1977527020) eV A JF—l—_._ :
07 =
reeXB(.J/Wﬂ+7'E_) =2%(3.0 igg ) eV [PDG] i 3244 a8 48 5 52 54 56 58 6

M(r°r%Jly) (GeV)
Consistency with isospin expectation.
2011-8-22 Hai-Bo Li (IHEP) 35



-I>
Puzzles of Y(5S) decays

. et -1 OELLE
Anomalous production of Y(nS) n*= with 21.7 fb SRD82 091106R(2010)

PRL100,112001(2008) I'(MeV) g o2
T(55) — Y(1S)nT7~ 0.59+ 0.04 4 0.09 % 0010 ¢ vy .

_ = 0.008 M Y(2S)n :
T(55) — T(2S)n+ 7~ 0.85+0.07£0.16 & | d¥OSEE ++
Y(55) = Y(3S)m*x~ 0.52f537 +0.00  MO? x4 1
Y(2S) — Y(1S)nT7~ 0.0060 0.002f ! ;I 1 ; i
T(35) — Y(19)ntn~ 0.0009 0.000 —
Y(45) — Y(1S)rta™ 0.0019 " '

(1) Rescattering Y(5S)—»>BBran—>Y(nS)nn
Simonov JETP Lett 87,147(2008)

(2) Exotic resonance Y, near Y(5S) .

analogue of Y(4260) resonance P ... A
with anomalous I'(J/y n*w) ? '

R,, = o[bb] / °[upu]
=
T |
S |

01

Dedicated energy scan = 075 108 108 : 108 1095 1'1! 11.0
shapes of R,, and o(Y=r) different (2c) \'s (GeV)
A. Bondar

Y(5S) Is very interesting and not yet understood 555514
Finally Belle recorded 121.4fb! data set at Y(5S)

2011-8-22 Hai-Bo Li (IHEP) 36 36



Motivation for looking at Y(5S)-2>h,(nP)nn

Observation of e*e” — n*n" h, by CLEO-c  arXiv:1104.2025

og(e’e” — n* " (h_,J/yp)) (pb)

2011-8-22

70C
- oL FPCP 2011, J.Rosnher
60i o og(e'e — n” " h;) (scan data)
. e ofe'e —x*x hy) (4170 data) ?
505 0] UE(e+E' — 't JAp)
40;
: Efnﬁ]f%r%eszesnedg;%e |« Enhancement of o(h, n*)
i @ Y(4260)
20— _ ﬂ
b
1T||| o(h, n*n’) is enhanced @ Y%
3995 4 4.05 4.1 4.15 4.2 4.25 4.3

e‘e” Energy (GeV)

= Belle search for h, in Y(5S) data
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Introduction to h,(nP)

(bb) : S=0L=1 JPC=1*
Expected mass (CoG of X, ;)

AMye = test of hyperfine interaction

Evidence from BaBar 5rxijyv:1102.4565
Y(3S) = n%h,(1P) — =%y n,(1S)

3
170>I<1I0|\II‘IIIIIIIIII\I\III\I\IIII

1655— (b)

11.00[— T{11020)
: Y(10860)

10.75—
e S i __2MB)

10.50 [— f nn Y(32D)
- - - -

1,35 XGS)

I - h,(2P) %, (2P)

10.25 — —r— - =T Y(31D)
i ———

Mass (GeV/c?)
S

o
~J
(¥ ]

Bottomonium

teof E * family
9.50
155k t 300 b i
- . (012"  (1,23)"
B i 1 2
150j ]
B Ry TR T Y TR R R LYY m(hp)=9902 * 4s1ar) £ L(syst) MeV/c?
B(Y(3S)->1t’hp) X B(hp->ynp)=(3.7£1.1£0.7) X104
2011-8-22 Hai-Bo Li IHEP) 33 38



Observation of Y(5S)=2>h,(nP)nr at Belle
Search for signal | Y(5S) > hy(nP)[n+7-

Method : 7 |
missing mass Py(ss) Is given by P+ IS measured
technique c.m. energy and boost

Mhbnp) =V (Pyss) = Prig)? = MM(n'n)
—=Search for h,(nP) peaks in MM(n*r") spectrum
= reconstruct u*u in addition to n+x- to suppress background

S _ Y(25) 2
g 40000 f aI’XIV110334l9V2 l ;‘f"
g =
20000 - h,(IP) i‘:
=
10000 -

| | |.... ”., |,, | . i. __,,i Lhii |
AT O T Ol L L

24 9.6 9.8
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D>

Mass measurements in Y(5S)=2>h,(nP)/ Y(nS) ntn Lo

' OELLE
Yield, 10° Mass, MeV/c>  Significance . .. &1*1V:1103.3419v2
: _ Significance w/ systematics
T(1S) 1052458 £3.0 9459.4 4+ 0.5+ 1.0 1820 |
ho(1P) | 50.4+7.8t45  0808.3 4 1.1710 620 Mo(IP) 5.50; hy(2P) 11.20
35— 18 56 £ 19 0073.01 290 peviations from CoG of
T(2S) |143.5 4+ 8.7 +£6.8 10022.3 £ 0.4+ 1.0 1660 5 masses: AM,,
Y(1D 220+ 78  10166.2 £ 2.6 240 . , 2
(D) 220 Eos 10IhEA S0 5 hy(1P): (+1.6 = 1.5) MeV /¢
| hb (2P) 84.4 j: () 8 —10 10259.8 :l: 0.6_1 0 12.45 +1 6
25 = 15| 151.7+9.7%° 10304.6 + 0.6 + 1.0 570 hu(@P): (+0.5775) MeV/c?
T(3S) | 45.6 £5.24+5.1 10356.7 0.9+ 1.1 850 Agree with expected zero!
N B +0.07
LY (55) — hy(nP) w7 ] {0 46 £ 0.08_ 12 for h,(1P)

S(h,) = 0 = spin-flip :
b o spin-flip No h, signal at Y(4S)

Process with spin-flip of heavy quark is not suppressed

=Mechanism of Y(5S) - h,(nP) n*n~ decay is exotic! A. Bondar
This is the motivation to study resonant substructure of this process FPCP2011
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Resonant substructure of Y(5S) — h,(nP) n*n-
P(hp) = Pyss) — P(n*n) = M(hyn*) = MM(x™) = measure 1(5S)—h,zryield

Y(5S)—h,(1P)mm in bins of MM(7x)
L00fF Data S, Y(5S)—h,(2P)mm___
Z.0000f 121.4fb1 31750F Data
= ; 7> o15000F 121.4 fb1
5 so0oF - Qgé__? %12500
o Gl s 210000
i PHSP :
2000F . 1T " N 5000
. ,ﬂ.l “*ff 11. 8 2500
-2000 ﬂ T | -+. | . :
104 105 106 107 e L J’I
MM(x), GeV/c? 104 10.45 105 10.55 10.6 10.65 10.7

MM(nt), GeV/c?

Fit function: |BW (s, M{,T1) + ae'® BW (s, My, T'5) + bewﬁf—ﬁ
S

arXiv: 1105.4583
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‘ Fit results

arXiv: 1105.4583

D>

Lo

hy(2P)nEnT

}IJg,(llr))‘JT:t',rr$
M; (MeV/c?) | 10605.1 £ 22777
I'1 (MeV) 11 4Fke4E 2
My (MeV/c?) | 10654.5+ 2,57}
'y (MeV) zo.gflﬁbgjogi;
“ i
¢ (°) 1881 £ +4
b ~ 0

1.0
1.9

10596 + 775
v+ 16413
16t10i14

10651 + 4 =+ 2
12+él+8

1 3+3 1 ;64
ot %
255755 " 183

~ 0

~BB* threshold

Z,, ~B*B*threshold

* Good agreement between h,(1P) and h,(2P)
* Non-resonant part~0: nearly all hy(nP) produced via

Y(58) - ZFnF — hy(nP)nEaT

Z,,and Z,, are also observed in Y(5S) ->Y(nS) n*n- decays (n=1,2,3)
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Summary of parameters of charged Z, states

Y(1S)n'n
Y(2S)n'n
Y(3S)n'n
h,(1P)t'm
h,(2P)n'

Average

BB*

B*B*

® Relative phases: Y(=0°), h, (=180°)

® Mass just above B*B and B*B* thresholds
® Angular analysis favors JP=1*

Indicates Z,'s could be molecules

arXiv: 1105.4583
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y  Z(10810) Yy 2:(10850)
- | & L B
—— ——t - ——t
- —— e ——
|, i i |
+ e + ——
...I..-‘:....I... saalaa, : e e I....:....I ...... | I : saalaa,
-10 0 10 -10 0 10 -10 0 10 10 O 10
AM, MeV Al', MeV AM, MeV Al', MeV

7>
L Y
OFLLE

Z,,1(10610)
M=10608.4+2.0 MeV

['=15.6+2.5 MeV

Z,,,(10650)
M=10653.2+t1.5 MeV

['=14.4+3.2 MeV

Many theoretical papers:
molecules interpretations:
arXiv:1106.2968 , arXiv:1105.5935
arXiv:1105.5829, arXiv:1107.0254
X. Liu, S.L.Zhu, G. Ding et. al
tetraquark states

arXiv:1108.2197 A. Ali (beauty11)

cusp effect:

arXiv:1105.5492 D. Bugg

43 43


http://arxiv.org/abs/1106.2968
http://arxiv.org/abs/1105.5935
http://arxiv.org/abs/1105.5829
http://arxiv.org/abs/1107.0254
http://arxiv.org/abs/1108.2197
http://arxiv.org/abs/1105.5492

\Summary

New results on spin exotic 1", w,(1600), first evidence in charmonium decays

= BESIII providing exciting data on light hadron and charmonia

e The spin-parity of the ppbar mass threshold enhancement in Jh\y=2>y ppbar was
first determined as 0.

e Two new structures above 2.0 GeV observed in Jiy—»>y'nt*n- decays
e The first observation of n.(2S) in y'—>yn.(2S) decay.
e Precision measurements of n-(1S) parameters in y'-»yn.(1S).

= B factories gave a dramatic contributions to heavy flavor spectroscopy, still
analyzing data, charmonium-like XYZ states are still mystery

= Updated results on X(3872) from B factories,
o isospin test favors 1=0, and JPCis 1** or 2
o Still statistical limited

= Indication for (XYZ), in b-anti-b sector, exotic states Z,;, and Z,,

= LHC starting exploit their data: X(3872) is confirmed by both CMS and LHCb
o Y(4140) is not observed by LHCb with 3.2 times larger B sample than that of CDF

= Super-flavor factories (Belle-Il, superB, LHC-b upgrade, PANDA...)
being expected to identify the charmonium-like and bottomonium-like states.
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Finally, I would thank my colleagues:

Torsten Schroder from BABAR
Karim Trabelsi, A. Bondar, S. Choi from Belle
Roy A. Briere, K. Seth, M. Kornicer from CLEO

Diego Tonelli, Giovanni Punzi, Robert M Roser,
Robert Harr from CDF and DO

Y.N. Gao from LHCDb

Hal Evans for ATLAS and CMS

Simon |. Eidelman, Evgeny Baldin from KEDR
Simona Giovannella, Paolo Gauzzi from KLOE

H.S.Chen, Y.F. Wang, S. Jin, X.Y.Shen ,C.Z.Yuan,
Y.H.Zheng, J.Z. Zhang from BESIII

Thank you!
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‘ (nm) S wave in ., —»n"'n*n- at CLEO-c

B +r— - A [
1200 Yo > MR - 8, g MU S
N - -5,
100 6ol
S LT
g 80| @ CLEO-c preljminary
2 sof % o
-
Z 40 & |
20 :
2011 ! :'
D: =T "oy _M-‘- e : 0 _I . L L—I-'_;-:t"r'.lli-l.:l‘-'ﬂﬂd—-lJ_Ll ad |+| ) |+| bl
00 05 10 15 20 25 30 00 05 /10 15 20 25 30
" M(xxn) [GeV/c] { M(z7) [GeV/c?]
. . — \/ - . . .
< dip in n*n spectra @ 1 GeV % 1,(980)-like peak from S-wave

KK—nn production

Note: B(¥; —SkxM) = B(Y —SkxN’) while
B(y. —S,M’) 1s suppressed compared to B(y., — S_.M)

M. Kornicer PANIC11
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Events / 20 MeV/c?

Threshold enhancement in pp mass
1505‘ ' FSI effect | | ‘i M3 W' — 7P + H ;
S o Baryonium (i.e. proton-antiproton  : + H ﬁ
g | bound state) 5 uf +H++H+++ +++ + 5
go- [ YRR Something of both ok +
L e A ] L BESIII Er'f,_f:,,i',!,a,y
Y A R NI T . e D e &
o whme " Compatible with BES-II results
S ; o J,i;H.I,M_, First seen in Jiy—ypp by BESI
s zzz s BESII Confirmed by BESIII and CLEO-c
2 iwf ' Not seen in y'—ypp, Jy—>—0p
lzz— . BES ; and Y(]_S)_)ypﬁ
_prelinginary... Enhancement seen in ete——pp

800 002 004 006 008 0.10 0.2 014

+ +
M ZmP(GcV;’L an d B _)K pp
3850614021 1
80F a) — = / =08 7 g7 T T
F J/w_).\{pﬁ “‘0120:— gwo— § BABAR 1 o[
- 2 I R # PS170 B
60k (3’100 Z L E 06 ¢ FD];NECE ] g r
I - P I =] 12 sF
c CLEO C *% 80 A P P A '% % 5:
;‘i Lﬁ 3 3.05 31 315 =) 04 B E [
3 R BABAR i v, J8°
F . L * + qur
02 _s
b el e -
P SRS TN I EE P S PR PR LLLLL1+“ e o M N S f L
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[ ]

Candidates/2 MeV/c?
(=]

-
o

ch . 2 - —
‘ S soaroh for X(3140) B J/voK- sampie>

f { For B+—JiyK+K-K+ events 1 * Loosep (muon system) and K
“I [1+2.56 around the B mass peak] (RICHes) ID cuts.
>t 1 + J/ymass cut.
ol | LHCb prelimina ] 2 :
o s P : Iy 4 + Good (utu)K+*K-K+ vertex, separated
o [ 0.376 fb" (2010+2011 data) from primary vertex but pointing to it.
E ok || o(1020) B*—=J/yoK* I After the ¢ mass cut:
E 381422 events E 70
g N - ;,_ 60 LHCb ) p B*’—)J.l"liI'UK"'
Zz 2 'l g preliminary 364420 events
! € 50 0.376fb-1
ﬁt it e a5 : E " 3.2x more than
IE}H?-H | 1050 1100 1150 1200 -E CDF in 6 fb!
Scaled fit to M(K+K-) MeV 3
the Breiebancs g also better S/B
2 a) 2
@ 50
= 10
lt'l': Slgna o e i |u.I—-II-'II.'l.'l|I Il_'J"I.I"I-:I-'.I‘ILIL‘rI.IiJI
Q 6100 5150 6200 6250 6300 5360 GA00 6460 800
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3B 20
T
; % 10
: o
T 101 102 103 10
My [GeVieT] 0 6.2 5.3 5.4

arXiv:1101.6058 m(JIyoK) [GeVic]
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 Exclusive Y(5S) ->Y(nS) -

Y(5S) —» Y(nS) n*tn~ (h=1223)

arXiv: 1105.4583 Y(nS) - pru-
C\.IO R
> 106F | Y(BS/
O] i '
= 104F 1i
% 102F 1(23) / /
ok § | VY | Fullreconstructions
: e Clear signal
98¢ Y(lS)/ LA = Dalitz analysis
9.2;— > | / reflections
9 i RN T NPT

s | 3 1 i 1 |
9 9.5 10 10.5
MM(r*r), GeV/c?
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\ Y(5S) ->Y(NnS) ntn- Dalitz plots

Dalitz distributions for events in Y(NnS) signal regions.

9.43 GeV <MM(n*1n") <9.48 GeV 10.05 GeV <MM(m* 1) < 10.10 GeV 10.33 GeV <MM( 7 * 1) <10.38 GeV
conversions - -
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Fit function: 8(81, 82) = ‘Azbl + Asz + Anr + Afo(ggo) + Af2(1275) ‘2
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'BEPCII storage rings

By 0

e
&
S y

B
- Q

Zoom into the IP

2011-8-22 Hai-Bo Li IHEP)

Beam energy:
1.0-2.3 GeV

Design Luminosity:

1X10% cmst

Optimum energy:
1.89 GeV

Energy spread:
5.16 X104

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91 A

Circumference:
237m
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BESIII Detector

Magnet: 1T Super conducting

BESIIII detector: all new !

CsI calorimeter
Precision tracking

Time-of-flight + dE/dx PID

5600

4100 750

JV!DC: small cell & Gas:
He/C Hg (60/40), 43 layers

0,,=130 pm
S R o,/p =0.5% @1GeV
.L s dk/dx=6%
l] | MDC | _ “‘%@%
=15 T . En TOF:
L = o= 100 ps Barrel
s S 110 ps Endcap
Muon ID: 9 layers RPC
= 8 layers for endcap
EMC: CsI crystal, 28 cm’ Data Acquisition:

AE/E =2.5% @1 GeV
oz = 0.6 cm/WE

Event rate =4 kHz
Total data volume ~ 50 MB/s
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Data samples

So far BESIII has collected :
o 2009: 225 Million Jhy

o 2009: 106 Million v’ o 10%) Jhy
o 2010-11: 2.9 fb~t y(3770) 180 ==
_ 160 ’
(3.5 x CLEO-c 0.818fb1) 90| -y

- May 2011: 0.5fb~1 @4010 MeV 120
(one month) for Ds and XYZ .
spectroscopy 80

BESIII will also collect: 3 j

2 more Iy, v, y(3770) ap——

- gj(aY'tZa Saéat}lgl‘?eesr nggl;:gal.re]SanEjf%S MKIlIl CBAL BESI BESII CLEO BESHI
physics) |
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luminosity since startup

Note that luminosity is lower at J/y,

‘an

3500000
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2500000
2000000
1500000
Loooooa

500000

d machine is optimal near y(3770)

| Integrated luminosity: Jan. 2009- June 3 2011
about 4.0 fb-! @ different energies
- Note increase in slopes!

2011: (3770) &

2009: ' & J/vy //
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