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The Beijing Electron Positron Collider
-- BEPCII --
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To Tiananmen Square (~10 km)



BEPCII storage rings
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Beam energy: 1.0 - 2.3 GeV
Peak Luminosity:

Design:1 X103 cm2st
Achieved:0.65x1033 cm=s?

Beam energy measurement: Using
Compton backscattering technique.

Accuracy: s, /Eym =~ Dx107°
2>0E,..m = 50 KeV @E, ., = m,




‘ The BESIII Detector \

Muon Counter . SC,‘EZ%?“

BESIII’s 15t event

Be beam pipe

Drift Chamber
% -0.5% @ 1GeV

dE/ y— 6o .
o(1E/ ) = 6% CsI(T1) calorimeter
Alf L=2.5% @ 1GeV
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BESIII Collaboration
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e*e” annihilations at 2.0 <E_ < 4.6 GeV
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Large and diverse suite of physics topics



Physics program @ BESII|I

Light hadron physics

-meson & baryon spectroscopy

-multiquark states
-threshold effects
-glueballs & hybrids
-two-photon physics
-p & n form-factors

Charmonium physics:
- precision spectroscopy
- transitions and decays

QCD & z-physics:
- precision R-measurement
- T decays

Charm physics:

- semi-leptonic form factors
- fp & fp decay consts.

- CKM matrix: V4, V

- DO-DY mixing and CPV

- strong phases

Precision mass measurements:

- T Mass
— DY, D* & D, masses

XYZ meson physics:

-Y(4260) 27z, & other decays
- searches for new states



MASS [GeVicZ

BESIII data samples

(+data taken at 3.65 GeV and resonance scans)

——> ~2.9 fb’
—> ~106 million (+more)

Yozl 13P2)

0.5 b @4010 Me
0.5 ' @4260 MeV
0.5 fb'" @4360 MeV (ongoing!)

+——> =1.2 billion (225M analyzed)

o+ 1— 1+ 0+ 1+ 2+

~10-20x previous generation charmonium factories




Physics program @ BESII|I

LI physi Charm physics:
-meson & baryon spectroscopy - semi-leptonic form factors
-multiquark states - fp & fj decay consts.
-threshold effects - CKM matrix: V4, Vi
-glueballs & hybrids - D%-DY mixing and CPV
-two-photon physics - strong phases

-p & n form-factors o
Precision mass measurements:

Charmonium physics: - T Mass

- precision spectroscopy _ DO D*& D. Mmasses
- transitions and decays i

QCD & z-physics:
- precision R-measurement
- T decays

XYZ meson physics:
-Y(4260) 2 zzh, decays
- searches for new states




related to? J

Mesons near‘the pp threshold

BESII -- 10 years ago --

J/w =y pP (58M J/y events)
15E| I I | I L] | | '| L] I I I I L] I
a)

A fit using an
acceptance-
weighted
S-wave BW
Plus bkg.

 M=1859 B3 5 MeV/e2

-10 =25

I'< 30 MeV/c? (90% CL)

acceptance

i
°
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BESII PRL 91, 022001 (2002)
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BESIII, in 2012, with 5x more data

J/\ﬁwop

Partial Wave Analysis:
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BESIII PRL 108, 112003 (2012)

-JPt= 0*>6.80 better than
other assignments
-I1=0 FSI (Juelich) improves
the fit quality by ~7c
-M=1832*7 *3% + 19
MeV

model

~21t1,-40 MeV
-1=13%20;; MeV, <76 MeV

-Bfu/*u“f‘%% X Bf(X->pp)=
(9 0 -1.1-5.0 — x 2. 3model) X 10_5

=»suggests Bf(X—>pp)~large




Some non-observations
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A pp bound state (baryonium)?

There is lots & lots of literature about this possibility

attractive nuclear force attractive force?

. = . =
@ ®-0
loosely bound loosely bound
3-q & 3-q color 3-q & 3-g color
singlets with singlets with
M4=2m,-¢ M,=2m -5 ?




An old idea




Fermi & Yang in 1949
(7 years before p discovery):

If NN potential is attractive, they
could bind to form n-like states.

THE
PHYSICAL REVIEW

A journal of experimental and theoretical physics established by E. L. Nichols in 1893

Seconp Series, Vor. 76, No. 12 DECEMBER 15, 1949

Are Mesons Elementary Particles?

E. Ferumr anp C. N. Yanc*
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received August 24, 1949)

The hypothesis that x-mesons may be composite particles formed by the association of a nucleon with
an anti-nucleon is discussed. From an extremely crude discussion of the model it appears that such a meson
would have in most respects properties similar to those of the meson of the Yukawa theory.



Expectation for pp bound state meson

%Eﬂﬂ
below-threshold: ..t
annihilate to \:
mesons 2N

above thr
X=2pp ~1

eshold:
00%

L]

I=0, JP¢=0-* init. state:
pp 2 mmm is common

Phys. Rev. C 72, 015208 (2005) G.J. Ding and M.L.Yan
Comm. Theor. Phys. 42, 844 (2004) C.S. Gao and S.L. Zhu
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J/w 2 vX(1835)>y(ntnt™m')

BESII -- 8 years ago --

l mp+mp
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X(1835) confirmed at BESII!

(+ two new structures with M>2GeV)

X(1835) _ X(1835) consistent with 0-*
N T "IWo new onesl T ¢ | T L ]
2 500
frbrpe—
J/\|!—)VT] mT EAOOE ]
' + —
N—=NTT ¢ 1510)
/ + - 8 | 1
n—1mn 3 30()#: X(1835) -
e - 1
S 200}
PRL 106, 072002 (2011) [y 02 04 06 OiZOSOiiO

100 ;_ "’ . r"::.-:--. i
X(1835): same masg,aft FPC e

larger width

Resonance M( MeV/c?) I'( MeV/c?) Stat.Sig.
X(18 5) 1836.5i3.0+5'6_2.1 190.1i9.0+38_36 >200

X(ZIZO) 21224 i 6.7+4'7_2.7 83 i 16'3'1711. nar'r'ow!! 720

X(2370) 2376.3+8732,, 83+177%, 6.40




ro MG

12 ¢

10 ¢

What are these 2 new structures?
way above threshold, but narrow (I'<100 MeV)

PRD73,014516(2006) Y.Chen et al

0" m—

DT \

O 0*: 2560(35)(120)

2++: 2390(30)(120)

++ -+ +-

(GeV)

Mg

v first distinct resonant structures
observed above 2 GeV:

-LQCD predicts that the lowest —lying
pseudoscalar glueball: around 2.3 GeV

-Jhy=>yn’mtn Is a good decay channel
for finding 0* glueballs.
v' X(2120)/X(2370) possibilities:
-pseudoscalar & tensor
glueballs?
-n/n’ excited states?

v Need spin-parity analyses

PRD82,074026,2010 J.F. Liu, G.J. Ding and M.L.Yan
PRD83:114007,2011 (J.S. Yu, Z.-F. Sun, X. Liu, Q. Zhao)



Physics program @ BESII|I

Light hadron physics Charm physics:
-meson & baryon spectroscopy - semi-leptonic form factors
-multiquark states - fp & fj decay consts.
-threshold effects - CKM matrix: V4, Vi
-glueballs & hybrids - D%-DY mixing and CPV
-two-photon physics - strong phases

-p & n form-factors o
Precision mass measurements:

Charmonium physics:
- precision spectroscopy
- transitions and decays

QCD & z-physics:
- precision R-measurement
- T decays

- T Mass
— DY, D* & D, masses

XYZ meson physics:
-Y(4260) 2 zzh, decays
- searches for new states




Precision charmonium

* mass of the . € charmonium ground state
* properties of the h, € most recently discovered charmonium state

« M1 transition y'->yn. € first observation

- 3960805012
3.8_ 2 M(D) 1
3.6 (1P)
c2
X1 (1P) =]
N Xco(1P)
<34 = -’
= |
8 F 7 Y
% i
= 3.2_— ]
JAp(1S)
3.0LM(1S) N
:J — 0_+ 17~ 1+ - 0++ 1 ++ 2++:
L L=0 o0 1 1 1 1
2.8




N(15)

« The S-wave spin-singlet charmonium ground state, found in 1980

* M &I measurements:
-J/y radiative transitions: M ~ 2978.0 MeV, ['~10 MeV
-yy processes/ B>Kn.: M=2983.1+1.0MeV/, T'=31.31+1.9 MeV

® Yy, pp, B decay

| » o V(1S, 25)>1n,

II' . |'I\ 2
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n¢(1S) mass (MeV) n-(15) WIDTH



250
C [ other v’ decays

N
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V' 2YN., N, 2exclusive decays

interference with non-resonant background is significant!!
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Events / 10 MeV/c?
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1
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2.

Events / 10 MeV

Relative phase ¢ values from each mode are

[ NN FEEEE FEETE TR RS S FE R ST R
72752828529295 3 3.0563.13.153.2

M(KsKr) GeV/c?

[ —+— data
FC X,
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[ ----sig

o int

[ other v’ decays

r — — hon-reso

KsK3r

M(KsK3r) GeV/c?

consistent within 3c;

= use a common phase value in the

simultaneous fit.
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250 —— data
[ [ other y(25) decays
TN ] 6
200~ mm cont
SV e TC
Q [ —— non-reso
=150 ... int.
o
E 100 .
5 B
2 50
lu -

272752828529295 3 3.053.13.153.2

M(6m) GeV/c?

M: 2984.4 + 0.5 + 0.6 MeV
30.5 + 1.0 + 0.9 MeV
2.35 + 0.05 *+ 0.04 rad

BESIII PRL 108, 222002 (2012)



Comparison with previous 1, results

f : 1 2
Mass i , width / X
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Hyperfine splitting (BESIII alone): AM(1S) = 112.5 *+ 0.8 MeV

0.12; Theorists are happier with this value
arlier result -- ~117 MeV -- was too large for them)
0.1F
0.08
LQCD- McNeile QWG2011
0.06 | | l

1 I 1 1 1 1 | 1 1 I 1 |
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1
n.("Py)
e Spin singlet P wave (S=0, L=1)

« Potential model: if non-zero P-wave spin-spin interaction,
AM,(1P) = M(h,) - <m(1 3P,)> =0
where <m(1 3P,)>= [(M(y0)+3M(y.1)+5M(y,)1/9,

« CLEOC 1% observed h. in ee 2y 27°h, h_2yn.
AM, (1P)=0.08 +0.18 +0.12 MeV/c?
Consistent with 1P hyperfine splitting = 0.

Theoretical prediction:
BF(y(2S)>7°h_) = (0.4-1.3) X10*
BF(h_=>yn_) =48% (NRQCD)

BF(h. >yn,) =88% (PQCD)

Kuang, PR D65 094024 (2002)

BF(h.2yn.) =38%
Godfrey and Rosner, PR D66 014012(2002)



methods for studying the h_

3.8]

3.0/

2.8l

-|++

1

2++:

1

hadrons

only detect the t® - “inclusive”
(com h from kinematics)

Rate < Bf (v —7°h.)

I
] detect the n° & y > “E,-tagged”
| ute M, _from kinematics)

Rate o« Bf (yf —7°h,) x Bf (h, —ym,)

detect the n°, y & all n. =2 X; decay products—> “exclusive”

(compute M, _from 4-C kinematic fit)

Rate o Bf (' —>7°h,) x B (h, —>y1,) < Bf (1, =>X,)




y' 27 %h,, h,>yn,

1900 '‘BESIII BESIII: PRL 104 132002 (2010)
jost It Mass = 3525.40+0.1310.18 MeV/c?
2500 | Width = 0.73+0.45+0.28 MeV
2000 |- 0
1500; <1.44 MeV @90%
1000} == | | | CLEOc: PRL 101 182003 (2008)
500 g 3.51 352 3.53 354 El tagged
0k - T Mass=3525.281+0.191+0.12 MeV
50000 Width: fixed at 0.9 MeV
40000 [ 2500
30000| 150} Hyperfine mass splitting
20000 *°) _ AM,(1P)= M(h_) - <m(13P,)>
10000 oot inclusive BESI: 0.10£0.1340.18 Mev/c’
ob———brii o . CLEOc: 0.02£0.19 £0.13 MeV/c?
3.51 3.52 3.53 3.54

By combining inclusive results with E1-photon tagged results

BF(y' 2 7°h_) = (8.411.311.0) X10* Agrees with prediction from Kuang,
BF(h.2 yn,) =(54.31+6.7£5.2)% Godfrey, Dude et al.




v’ 27 °h,, h.2vn., n.exclusive decays

BESIII Preliminary

Summed distribution

Events/1 MeV
We - L L s w
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Events/1 MeV
LEREL ek ek g b
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1 .gl
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LX il £ M x < X
7 recoil mass (GeVie
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ol 1 e L

R i i ok AL
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ﬂrﬂ(w)

o0
[=]

Events/1 MeV
Events/1 MeV
IR
Events/l1 MeV
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e

" '.“. i

A B .7
7 recoil mass (GeVie

‘:r*n"n*m:“no 20
!
}

5 M
A Nl

TR TR & <
7 recoil mass (GeVie

s
w
e LA R
itk o bt N

R s s e
7 recoil mass (GeVie

Ty R 3.56
» M(x" recoil mass) (GeV/c?)

Events/l MeV
Events/l MeV
g

o T Tl T
350 352 354 -
= recoil mass (GeVie

Events/1 MeV
Events/1 MeV
I~

iR

350 352 354
7 recoil mass (GeVie

16 different n decay channels

Simultaneous fit to ©t° recoiling mass
p2/d.o.f. = 32/46

Mass = 3525.31 = 0.11 £ 0.15
MeV/c?

Width = 0.70 %= 0.28 %= 0.25 MeV

:|~ consistent with BESIII E;-tagged results



Nn. lineshape from y'=2r°h_, h.2yn_.

160 FBESIII Preliminary

140 F
120 -

Sum of 16 of
n¢ decay modes

g
| T

80 -
60 F-
a0
20E

Events/10 MeV

] d --|----‘|'"'.‘|' ] | |.‘."'|'-u.-|--..
2.8 3.0 32

M(hadrons) (GeV/c?)

Events/10 MeV

50 F

.50 L—

"BESIII Preliminary
g l
3 Background '
- subtracted | +
;#J'%+++H+*+“+++H’-”'h++;+++++%m**ﬁ”#*ﬁ;h*ﬁ H}t}. | ++1H%++}Jf]lﬁ+]l' H. +
2.|4III2.|6III2.|8III3.|OIII3.2
M(hadrons) (GeV/c?)

The n¢lineshape in h,>ynis not as distorted as in y'>yn. decays;
the non-resonant interfering bkg is small (non-existent?). Ultimately,
this channel will be best suited to determine n, resonance parameters.

yesterday's search - today's discovery > tomorrow's calibration



Nn. lineshape from y'=2r°h_, h.2yn_.

160 FBESIII Preliminary
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The n¢lineshape in h,>ynis not as distorted as in y'>yn. decays;
the non-resonant interfering bkg is small (non-existent?). Ultimately,
this channel will be best suited to determine n, resonance parameters.

yesterday's search - today's discovery > tomorrow's calibration



MASS [GeV/c?]
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Y 2YM,
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W,
ne(1150)

A2

[

4
i
J

1+

2++

JPC

1st observation
PRL 109, 042003 (2012)

Observation of Y(2S) — ync(25)

~ F e data KK
D 10t BESIII =— fit result ~
S - Ao -
S . ar — = T(25) :
w 100 N e background =
E: i ;
S el - ;
5 10 7 . =
= P “ I
23] - G 7 ]
]_ L L K i L :'. =K

35 3.55 3.6 3.65 37

Myoyesyr (GeV/C?)

M=3637.6£29+1.6 MeV
'=169+£64+4.8MeV

B(Y(2S) — y(28)) =
(68 +1.1+45)x 10~



Physics program @ BESII|I

Light hadron physics Charm physics:
-meson & baryon spectroscopy - semi-| f
-multiquark states - fp & fp, decay consts.
-threshold effects - CKM matrlx Vcd’ V.
-glueballs & hybrids ‘ - '*

-two-photon physics - strong phases
-p & n form-factors

_ _ Precision mass measurements:
Charmonium physics: T Mass

- precision spectroscopy _ DO D*& D. Mmasses
- transitions and decays i

QCD & z-physics:
- precision R-measurement
- T decays

XYZ meson physics:
-Y(4260) 2 zzh, decays
- searches for new states




Charmed meson physics at BESIII

currently @ y": | Lum dt =2.9 fb™"
ultimate goal : =207

e*e -2 y”(3770) > DD

Tag a D meson by reconstructing the accompanying D
---and vice versa--

- Kt In the CM:

* * 1

T E,=FE-=5E_ =

D cm

cm energy ot 1 _
difference: AE=E —3b,,=0

“tag side”

beam-energy

—_— — L 2 02
constr. mass M, = \/(2 E_ ) —(p)

“signal side"

produce a "beam” of D mesons



Nine D tag modes:

Krm— 7w~
Ilsh o
KoK -

KK —m—

D" tag side

2]
)
c
3
>
v
(-
o
-
3]
O
=
-
Z
20000
m.
; 1000(}
TR TR TR T BT iR
Mg (GeV/c?)

N = (1.566 +0.002)x10° in 2.9 fb"



D*->u*v signal side

»only one charged track
» positively identified as a p*

»no isolated photons

100}

n’i“ )
|I'|II. "-_ :
II‘II 'Il S0r

rlll'

| I
mlss (2 _Ey)z _(_ptag _p,u)z




D*->u*v backgrounds

05 vy Event type Number
14 L D' K + - candidate
04 3 -n"_;rﬂ N(D™ — pv) 425
- |IED ST MC
) 03 i Other D decays N, (from MC) 47.7+23+13
VU E | nonDdecars 377+21 N(D* — pty,) 377.3+20.6 +2.6
_ 02 - signal evts
10 Background determined from data:
N, =48.9 + 4.8 evts
1
10! Bf (D" —p'v) = Torau
02 01 00 01 02 0.3 N o i
Miniss [GeV/e7] = (3.74 £0.21£0.06) x 10™

CLEOc: (3.82+0.32+0.09) x 107



f, determination

"

d

A

2 from CKM
fitter

G: m:

+ + . F .2 ] p)

Lom (D =1 v)y=——mymy, | 1———1 |V,
8?2 mD (5)

BESIII (2.9 /™) : f,, =(203.91+5.72+1.97) MeV




Compare with theory

(Input 15, Mp,, m,, of PDG10 and V4 of CKM-Fitter)

N MARK-IlIl <290 MeV at 90% C.L.
N BES-I (300" 7"%) MeV
BES-II (37177 125) MeV

- H (205.818.5:2.5) MoV CLEO-c (818 pb")
H (20291:572:1.97) Mev  BES-IIl (Preliminary)

H (2134) MoV Lattice QCD

fo| (@710 Mev Lattice QCD

- -l  (208:6+3:22) Mev QL (QCDSF)
| m-| (235:8214) MoV QL (Taiwan)

TE- (210£10'!)MeV QL (UKQCD)
-m-| (211%14'})MeV QL

- o4 (177421) MeV QCD Sum Rule
B (20:23)Mev QCD Sum Rule
o (195220) MoV QCD Sum Rule

i [=A- (2110 Mev Field Correlations

|—v—] @2:29)mev  Isospin mass splittings

] || 1 1 1 | 1 1 1 |
fo [MeV]




or: |V_,|determination

- fromLQCD

G m; p

r D + _ rF .. .2 1 V 2
SM( (5) > [ V) — m, m'uﬁ l | ed (s) | fD+
87T | m[)‘_] (2)

BESIHI 2.9/ : V.| =0.2218 £0.0062 +0.0047

Soimnen




|V_,| results

CLEO-c 0.234:+0.007+0.002+0.0§5 = !
@™ 5 7@ ovv,)
BES-II 0.2218-0.0062+0.0047

[Preliminary] (D* — u*v )

I—@-I\

PDG2010 0.229:0006+0.024 | s
(Charm decays at CLEO-c and Belle)
PDG2010 0.230:+0.011 — % —

(Neutrino and antineutrineo interaction)

I P ——

he most precise
determination of
|Vcd| is from the

| !

| BESIII |

0.15 0.2

|de|

0.25



D*—2>{*v prospects




Physics program @ BESII|I

Light hadron physics Charm physics:
-meson & baryon spectroscopy - semi-leptonic form factors
-multiquark states - fp & fj decay consts.
-threshold effects - CKM matrix: V4, Vi
-glueballs & hybrids - D%-DY mixing and CPV
-two-photon physics - strong phases

-p & n form-factors o
Precision mass measurements:

Charm_o_nium physics: ~ T.Mmass

- precision spectroscopy DD Masses

- transitions and decays S
QCD & z-physics:

- precision R-measurement
- T decays

XYZ meson physics:
-Y(4260) 2 zzh, decays
- searches for new states




Precision mass measurements

Particle Mass, MeV Tm [T
e 0.510998910 £ 0.000000013 | 2.5+ 107" | g factor of ~3000
m T Iz 105.6583668 £ 0.0000038 | 3.6-10°° /dispa rity
T 1776.82 4 0.16 9.0-107°

Feor(my,, me)

. . 77\ 2 Gt~ — e vi,) my . 5t o
|ept0n Un|Versa||ty: "= (a) - (G(}u — (il/MI/e)) _ (f)B(T = evrle) cor(my, my)

Koide’s formula: (Ve + /T + Vmr)? -+0.0000395
PRD 28, 252 (1983) ) ) ) — 1-4999973—0.0000304
(me +my +m;)

nhumerology?

\ X(3872) mass measurements

I | New W.A. 3871.67 +-0.17 |

’Tlr—i 3 i i ; i.s

, (Babars’ ] o
IS MX(3872) above or ? - I
Belle Preliminary . . 1 . . . ol
............. ,_._. M
............... —.— é“’/ BT
M(DJEM(D*) oo T e —— $

il IENAETE AFSFEP EFSTAPINE AR AT APSPINETE AFATETET AP AP I
3868 3868.5 3869 3869.5 3870 3870.5 3871 3871.5 3872 38725




BEPCIl beam energy monitor

1| #?/ndf 299.1/280
k| Prob 0.21

0000000

vA g
20
YA

Laser source

laser beam

HPGe detector@< %
b4 1

electron beam



- ¢lectrons

Dipole

T laseriloay
mse |I__,Jsuslen I

BEPCII tunnel

Vi A o o o ok o o, LSS TSNS SIS | 4
Shielding wall | 6.0 m

IR laser ] S p—
- Lenses

focal length f = ‘

wavelength A=10,835231 um
power P=25W.

steerer



Validate at the ¢’ peak

The accuracy of beam energy measurement was studied by comparison of y(2s)

resonance mass 3686.09+ 0.040 MeV, with its value obtained using the energy
obtained using BEMS data.

"€ 200
© 180}
160
140
120}
100 |
80|
60}
40
20f

W [MeV]

Two scans of y(2s) with
integrated luminosity about 4 pb-1.

Mass difference:

Am=m— m,, = 0.02+0.05MeV

‘ Deviation of the measured beam energy

of the beam from true value:

_Am

o0& =01£0.03

Accuracy of the BEMS: dg/g ~ 2 X10-5




Cross Section (nb)

e @
®

=

Results from a 5pb “pilot” run

-
(=]

mf'=1776.84") 2 MeV

-
[

fit
O

—4— o%*

-
-3

-
N

-

o
F

*‘III[II[!IIIIII]III[!I[I}I

e
(X

4 (1776.84+0.30) MeV

3540 3550

3560

3570
W (MeV)

3580

3590

3600




Data from 30.5 pb!

2.0_IIIII1III'[1I'IIIIITI'[lT'II[TTTI'[TII

1.5
1.0F

0.5f

Cross Section (nb)

0.0F

PRI ST R T A L1 L1 L1
3.54 3.55 3.56 3.57 3.58 3.59

[ B
3.60 3.61

Results: m_=1776. MeV

open soon

ultimate goal, with ~100pb?! = 8m_< +0.1 MeV



Physics program @ BESII|I

Light hadron physics Charm physics:
-meson & baryon spectroscopy - semi-leptonic form factors
-multiquark states - fp & fj decay consts.
-threshold effects - CKM matrix: V4, Vi
-glueballs & hybrids - D%-DY mixing and CPV
-two-photon physics - strong phases

-p & n form-factors o
_ _ Precision mass measurements:
Charmonium physics: T Mass

- precision spectroscopy _ DO D*& D. Mmasses
- transitions and decays i

XYZ meson physics:

RED AL LDWSIC: Y(4260) >77h, decays
: 5 rgecg:zg)s _ - - searches for new states




Y(4260) (& Y(4350)) studies @ BESIII

BaBar PRL95, 142001 (2005)

s
(=]

Events / 20 MeV/c?
S

20 "/"”;
pb ' .

3 T

ocbluls 1§ TN u ‘ s
9.8'"zlt"'4.'2"'4.4"'416|"48 5

m(rrJ/y) (GeV/c?)



Y(4260) confirmed by Belle

-2 | || || || ||
éo T I I ]
Belle PRL 99, 182004
NO L
S 60 L Solution | -
() .
s i mmims Solution Il
o
~ 40
—
%)
QD
. 20

s 5, 55
M(n " J/y) (GeV/C )



Not seen in e*e- = hadrons

J.Z.Bai et a/ (BES), PRL 88, 101802 (2006)

o(e+e- >hadrons) 55; | | | i
o(et+e- > p+u-) _ A | No sign of Y(4260)—>D\*)D(*)
W}WW |
s I
SRR
3__ }Hw W} H’} H | prak(y(4260)—)7l3+7r.l/\|l)~5() pb
i :

38 4 42 44 46 48 5
E._ (GeV) BES data

F(Y426097'C+TC_ J/\'l) > 1.6 eV @ 90% CL

X.H. Mo et a/, PL B640, 182 (2006)



Belle saw a curious wtn~®(nS) structure
in the bottomonium system

c(e+e- 2 w'n Y, ) from a cm energy scan

~ Fit with common 1 and I, %*n.d.f. = 39.4/16

@ Y(1S)nn + +

¥ Y(2S)tn

e P

* Y(3S)nn Enhancement

+ | OTYHEQO)Q

| | ‘I | [ I T |
10.95 11 11.05
CM Energy (GeV

Y(nS)nr cross section (pb)
Q a4 N W & 00 OO N

—
=]
~y [T
&)
-
ot
QL
—
o
o
-
=]
w

10889.6 +1.8 +1.5 MeV
5478342 5 MeV

Belle PRD 82, 091106 (2010)

Y. peak position

u = 10865 + 8 MeV
PDG(Yss): =110 13 MeV



*,

This is a strong source of “Z.” mesons

Belle PRL 99, 182004 (2007)

“Y(5S)” ->Y(1S)r*t  “Y(5S)"—>Y(2S)r* v “Y(5S)” ->Y(3S)ntt

80 | I [rrr I i 30 T | L L T T T | 120:
(a) ] I 1 100 (3 -
60 - ] 60 - | — C :
[ 1 | | 4 80f -

40

20

] |
1 L | -
740 - { | { } . l, ’ oo
1 I ‘“L"-m T 1 a0
. 20 - H 1 :/:
I | b 1 20¢
N e 4 i 1

: N ++ i L 3 l I | E
TN, ZeT0 o0 ToTaT DT e o0 ;1 @ ) r " o = — = - — -_ . ol -l -1 G SR U YO N NG QY O G G NN R Y N P e e . docthed |
q0.1 10.2 103 104 0.5 106 10.7 10).%. :j_ 105 10.55 106 10.65| 107 10.7 1%.53 106~ 10.62 10.64 10.66 10.68 10.7 10.72 10.74
M(Y(3S)x) MY (25)70) ax M(Y(3S)70) max

Z,(10610) M=10608.1+1.7 MeV. Z,(10650) M=10653.3+1.5 MeV
['=15.5+2.4 MeV & — I'=14.0+2.8 MeV .
) Q)
o b/ 2Mg. = 10650.2 + 1.0 MeV b/
PDG: Mg+ M. =10604.5:06 Mev (&7 Q.

nx « ” -
B-B* “molecule”? B*-B* “molecule”?



Is the Y(4260) a source of ”Zci” mesons?

Belle PRL 99, 182004 (2007) ey g 4
0T 300 vazed) evts o | Belle ’ 4
N§ 60 — S E— Solution |
() .
= L T Solution |l
& 40 ] 20
5} 1 | 2 entries/evt | o
£ [ ' | S
i< [ +—
w 20 i §
1 10 ¢ S
O I"*" = T T | -
4 4.5 ) 9.5

M(r " Jhy) (GeV/c?)

10 11 12 13 14 15 16 17 18
M? — 2"y or Iy

BESIIT now has ~1300 Y(4260)>n*nJ/v events

--& has just accumulated a similar sample of ¥Y(4360)>n*n-yl evts--



We expect to have lots of interesting
results on the Y(4260) & Y(4360)
for Yongpyong 2014

Please invite us again



Concluding remarks

= BEPCII is operating near design luminosity & BESIII is performing at state-of-art levels

" pp threshold peak in J/y—=>ypp confirmed; J*¢ established as 0*; M=2m -40 MeV
=X(1835)2>7 't in J/w2>yrt ™’ confirmed at the same mass & JP©
=additional narrow (I'=80 MeV) n*tn’" mass peaks seen at ~2120 & 2375 MeV

mglueballs?

*Precision measurements of n.and h, charmonium-state properties are made
minterference with non-resonant bkg is significant

»World’s largest sample ever of y”—> DD decays already collected
= precision measurements of f,, | V.| and |V_| & strong phases in progress
=corresponding high-statistics D, measurements are planned

" 3 T-mass measurement with ~“£100keV precision is underway

=High statistics studies of the Y(4260) and Y(4360) are underway
=Search for charged Z_ “molecule-like” states

mExcellent detector, excellent machine, interesting program of physics for the next 10 yrs



