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Bird view of BEPCII /BESIII
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"v»/( ~‘ 2004-51'ar'1' BEPCl—III construction

> 2008: test run of BEPCII
9> 4l 2009-now: BESIII data taking
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BESIII Detector

: NIM A614, 345 (2010) Muon Counter
Drift Chamber (MDC) > Resistive Plate Chamber

Small cell, 43 layer > Barrel: 9 layers

Gas He/C;H=40/60 Endcaps: 8 layers
oP/P (°/,) = 0.5%(1GeV) SR®=1.4 cm~1.7 cm
Saesax (%) = 6% =

2

YV V V VY

) Super-conducting

Time Of Flight (TOF) magnet (1.0 Tesla)

Plastic Scintillator

o, (Barrel) : 90 ps
o, (Endcap) : 110 ps
Endcap upgrading ......

YVVVYYVY

EM Calorimeter

CSI(TI) : L=28cm (15 X,) Cost: 200 M RMB
Energy Range : 0.02-2GeV

GE/VE(/,) = 2.5 % (1 GeV) Data acquisition ~ “Grid” computing
G, .(cm) = 0.5 - 0.7 cm/VE > Event fatg: 4 kHz » CPU: 3200 core
i > Datasize: 50MB/s ;. giorage: 2.2 pB

RO channels: 104

YV V VYV V
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BESIII Commissioning

IntegrallLumAvg 2.6fb1 XYZ data (25pb_1/d ay)
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~ 2010: "~

2009: ' & Jly /
ol _¥‘_/__—/_Lr_/_ _- ____________________
0
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Physics Programs @ BESIII

> Light hardron phv@ @rm physics: >

— meson & baryon spectroscopy — (semi-)leptonic form factors

— threshold effects — fy & fp, decay constants.

— multiquark states — CKM matrix: V4 , Ve

— glueballs & hybrids — DO9-D% mixing and CPV

— two-photon physics — strong phases

— form-factors

SM Test & New Physics
> Charmonium physics: earches >
— precision speciioscopy — né&n'decay physics
— transitions and decays — Light dark matter, LFV ......
— Rare decay

» OCD & r=physics:

— precision R-measurement

» XYZ meson physics:

Car4 o VaValy - -

—  Y(4260) nun, decays
— Searches for new states

— 1t mass/ 1t decays
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hysics
meson & baryon spectrosc

— threshold effects

— multiquark states
lueballs & hybrids
— two-photon pnhysics
— form-factors

» Charmonium physics:
— precision spectroscopy

— transitions and decays

» OCD & r=physics:

— precision R-measurement

— 1t mass/ 1t decays

Physics Programs @ BESIII

Charm physics:
(semi-)leptonic form factors

fy & fps decay constants.
CKM matrix: V4, Vg
DO-D° mixing and CPV
strong phases

SM Test & New Physics

Searches

n&n’'decay physics
Light dark matter, LFV ......
Rare decay

XYZ meson physics:
Y (4260) nnh, decays
Searches for new states

27/05/2013 H. Peng (USTC)
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BESII 58M J/vy: J/y—vpp

1m | 1 T 1T 1 1 | e Cwm | T 1 T | T | T T ,q‘*
' q 1
| PRL 91 (2003) 022001 BES]] : %
vl 19
3 100 4 3
0 B o Q
° S
8 I 2
§® g
u [ 1 &
0’ I- 8....| | AT~ TSNP Al I O Aol PPt
03 .00 0.05 0.10 015 0.20 025 030
M 2m (GeV) M -2m,(GeV/c')
> Observed at BESIL: | > Confirmed at BESIIT in 2010:
— Agree with spin zero expectation — M =1859,,,."°"° MeVic?
— M=1860,,5"" MeV/c? — T< 30 MeV/c2 (90% C.L.)

— TI'<38 MeV/c?(90% C.L.)
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PWA of J/y—ypp (m,,<2.2GeV)

—X(ep)

f,(2100)
—1,(1910)

...........
e n TR R T Sy

(a)°

0.1
Mp§—2mp (GeV/c?)

v

JP€=0+, >6.8c better than other J°¢ assignments.
M = 1832*19 (stat)*!8 .(syst) £ 19(model) MeV/c?
13 £ 39(stat)*10 5,(syst) £ 4(model) MeV/c? or T' < 76MeV/c? @ 90 C.L.

T =

coso

BESIII Results:
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v BESIII 5 Times more data
v Include the FSI effect

v Fit features:
— The fit with BW and S-wave FSI (I1=0)

factor can well describe pp mass
threshold structure.

— Itis much better than that w/o FSI
effect (7.1o)

— Different FSI model - Model

dependent uncertainty

PRL 108,112003(2012)

Br(Jhy—yX(pp)) x Br(X(pp )—=pp) = (9.0%04 ;(stat) *15 ,( syst) £ 2.3(model))x10°
Suggest Br(X— pp) is large Il

27/05/2013 H. Peng (USTC)
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A pp bound state (baryonium)?

> Many theoretical Interpretation:
— Normal meson, multi-quark, glueball....
— Final state interaction (FSI)

— pp bound state?

deuteron Baryonium
attractive nuclear force?

L ]
®©:0

attractive nuclear force

L |
®.n

loosely bound 3-q & loosely bound 3-q &
3-q color singlets 3-q color singlets
with M;=2m -¢ with M,=2m,-5?
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A pp bound state (baryonium)?

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, VoL. 76, No. 12 DECEMBER 15, 1949

Are Mesons Elementary Particles?

E. Ferur awn C. N. Yawnc*
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.
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A pp bound state (baryonium)?

If baryonium :
—Above-threshold : X— pp ~100%
—Below-threshold : annihilate to mesons
—I1=0, JP¢=0* decay to t*nn' is common

3:200 C
180 |
140 ;

o Above threshold:

&80 :— L o
below-threshold: p and p p ~100%
annihilate to mesons

PEPIE TSR T ISR S T AU TS NS
1880 1885 1880 1885 1g00
M,, (Mev)

g Lo v 1oy 1y LD
1860 1B8E& 1670 1E?T
PR

mp +mp

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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X(1835) in J/y—>yn*nn'

> BESII Results:
— M=1833.7+6.1(stat)+2.7(syst) MeV/c?

— TI'=67.7 £20.3(stat) £7.7(syst) MeV/c?
— B(J/hy—yX(1835))B(X(1835)—>n*tm’)
=(2.240.4(stat)+0.4(syst))x10*

— Statistical Significance 7.7c

=
—

> Many Theoretical interpretations:

ﬂ PRL 95.262001(2005) — PPbound state
— n excitation

1.4 2.0 9 — e
M{E-I-E-T] } {GEIWEE} — Are X(pp) and X(1835) from the same source?

—

Workshop on tau-Charm at High 14
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PRL 106, 072002 (2011)

resonance | M( MeV/c?) | T'( MeV/c?)| significance

X(1835) | 1836.5+ 3.0 | 190.1 +9.0 >> 200
X(2120) | 21224+ 6.7 84 + 16 > 7.20

X(2370) | 2376.3 £ 8.7 83 + 17 > 6.40

5000 |-
4000

- Angular distril::-uticm_|'

v BESIII Results:
— B(Jhy—yX(1835))B(X(1835)>n*nn’ )=
(2.87 +0.09(stat)*oes (syst)) x10™

— The polar angle of the photon is consistent
with expectation for a pseudoscalar.

— Two more structures are observed.

|cosO,

27/05/2013 H. Peng (USTC)

Workshop on tau-Charm at High Luminosity 15



> First distinct structures observed

12 | — | ° above 2 GeV, but narrow (I'<100MeV)
— LQCD predicts that the lowest-lying
10 | 2 — m— pseudoscalar glueball: around 2.3GeV
r= |
3" — 3" m— — Jhy>yn’ n*n is a good decay channel
8t - for searching 0" glueballs.
O — | 3 >
g | S
CR Y S > » X(2120)/X(2370) possibilities:
| - = .- —pseudoscalar & tensor glueballs?
4| otwmm 0 2560(35)(120) — n/n’ excited states?
2++ 2390(30)(120) — e
| 1
21 > PWA is needed, interference among
the resonances needs to be considered
0 0
++ -+ +-
> More processes to search these
PRD82, 074026, 2010 (J.F. Liu, G.J. Ding and M.L.Yan) status are necessary.
PRD83: 114007, 2011 (J.S. Yu, Z.-F. Sun, X. Liu, Q. zhao),
and more...
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Others Observations

J/v—>»ay(980)n—>on*ntn
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§ 80O f(14200 Pt E
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£ 300} 1
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14 1.6 1.8 22.0 2.2
PRL 107, 182001(2011)
Resonance Mass (MeV/c?) Width MeV/c®)  B(107%)

f1(1285) 1285.1 = 1.0 18
n(1405) 1399.8 +22° %8
X(1870)  1877.3 £ 6.3*34

220317 125010700
528 76190 189+021702

ST128) 150026772

>
©
=

TS/(10

VE

J/y—>y3(n*n-)
A 0] S L B S A R e

250

X(1840)

H 111

= e

16 17 18 19 2 2.1
M(3(r*)) (GeVic?)

Preliminary Results

M = 1842.244.2+71 , MeV/c?,

I' = 83+14+11MeV/c?

B r(Jy—>yX(1840)—>y3(n+n-))
= (2.444£0.36%0%0 __ )x10~

<~ Are new structures or existing states? Jpe?
<- Relationship between different observations ?
<> Need more investigation in both theory and experiments Il

27/05/2013 H. Peng (USTC)
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PWA of J/y—ynn

> Glueball searches is the directly test of QCD.
> Radiative J/y decay is a gluon-rich process and is regarded as one of
most promising hunting grounds for glueballs.
> Glueball is flavor blindness, and predicted :
— I'(GHo>mr:KK:mqn:mn' :n'n")=3:4:1:0: 1 e
LI B B 20 BRI LR R AR RN L) RARE RALD RLE ED;_'""""""""""""""""""'
C l ] e 200 ll o l"ﬂ[};— Iq"
"% 2001 I N B 2 480 g 180E )
T f ¥ [Npin=1.7T2 E 160 o 160F
= 150F . = w40 2 140f
= R 120 & 120
g ] ~ 100 5 100g
E1n::nu: 1 % 80 E g;
& s0- Y - @ ﬁ T
s 4 20 20
N A O 4 16182022 24 26 2141518202224 26 28 30
) 15 \L {ZGE‘:;I.-,:E} arXiv:1301.1476 141618202224 26 28 30

(h) M, (GeVich) (1) M, (GeVic)

Resonance P\-Iilss(l\lc\-"f(:ﬂj Width(MeV /c2) B(J/i{ — +X — «nmn) Significance > The Scal ar Contrl b utlo narem al n Iy from

Jo(1500)
Fo(1710)
Fa(2100)
f2(1525)
f2(1810)

F2(2340)

laesTiiE 136, (1657939709 < 107° 820 f,(1500), f,(1710) and f,(2100).

17596135 1T2EI00E (2351501105 < 100 2500 » No evident contribution from f,(1370)
2081413753 273737158 (1.1375:9555:38) = 10— 13.9 & and f0(1790)

1513654, [ERET (3.427583F1885) < 107° 1100

» The tensor components are dominantly
from f,(1525), f,(1810) and f,(2340).

4D 3 A1 B2 < 34 4 2 - B "
182233188 22053758 (5.40' Q0 5EE) < 10° 64 o

2Go+31+140 994 +62+165 5 go+0-62+2.37 -5 -6
2362755 gs 334755 100 (5.6075 g 50p7) * 10 7.6 o
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. PRL 108, 182001 (2012)
('\lo -
= > F
§ 200 8 40:
(=) C
g./ 150 = 30:
% 100 *g 20E
31 50 @D 10E
Q' _ e R IV T I
M(f (980)1°)(GeV/c?) M(f (980)7°)(GeV/c?)

First observed: 1(1405)—f,(980)° (Large isospin breaking)
> Helicity analysis indicates the peak at 1.4GeV is from 1n(1405), not from f;(1420)

> Large Isospin-violating decay rate:
BR(77(1405) — £,(980)7° — n" 7" 7?)
BR(17(1405) —> a,(980)7° — 7°7°n)

> In general, magnitude of isospin violation in strong decay should be <1%.

O

N(440) / N T
D(QSO)UfG(QBO\‘\

~(17.9+4.2)%

0 + —_0
Brizn 2 ,ONT 27X 7) 104009 L)
Br(x., —a,(980)7" > nz"7")  prp, 83(2100)032003
ap-fo mixing alone can not explain the branching ratio of n(1405)—>fo(980)n°

gaf =
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100F

o))
o

Events/(0.01GeV/c?)

M(n*n')(GeVlcz).

PRL 108, 182001 (2012)

> Surprising result:
— Very narrow f,(980) width: <11.8MeV/c?@90 % C.L.
— The world average (PDG 2010: 40-100 MeV/c?)

K'(K")

1N(1440) i

K(K

)

EEEERY
M(n°n%)(GeV/c?)

jTU

+

K(K)

f,(980) :TT

A possible explanation is KK* loop, Triangle Singularity (TS)
(3.J. Wu et al, PRL 108, 081803(2012))

27/05/2013 H. Peng (USTC) Workshop on tau-Charm at High Luminosity
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Physics Programs @ BESIII

» Light hardron physics » Charm physics:
— meson & baryon spectroscopy (semi-)leptonic form facto

— threshold effects & fps decay constants

— multiquark states — CKM matrix: V4 , Ve
— glueballs & hybrids — DO9-D% mixing and CPV
— two-photon physics — strong phases

— form-factors _
> New Physics Searches

» Charmonium physics: and SM Test:

— precision spectroscopy — mné&n'decay physics

— transitions and decays — Light dark matter, LFV ......
— Rare decay......

» OCD & r=physics:

— precision R-measurement

» XYZ meson physics:
— Y(4260) nrh, decays
— Searches for new states

— 1t mass/ 1t decays

27/05/2013 H. Peng (USTC) Workshop on tau-Charm at High Luminosity 21



Charm Physics

> D leptonic decays is the window on weak and strong physics, and play an
important role in understanding of the SM of the particles.

> Weak decay is theoretically clean, and the strong interaction can test
Lattice QCD and over-constrain CKM.

» Unitary triangle

07

The widths of bands

— will be reduced if
LQCD pass the test
with measured f,
and fpq.

The widths of bands
are dominated by
the error of fg and fg,
from LQCD.

04 0.2 0.0 0.2 0.4 0.6 . 1.0

> Reduce width of band in triangle Would lead to precisely test SM and
search for new physics beyond the SM.
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>

Advantage :
Clean environment.
Known initial energy and quantum numbers [ Y

(quantum correlated for D°D  ©pair)
Both Dand D fully reconstructed.
Absolute measurements.

Double-tag technique
Reconstruct D first, search for signal D Az — E,—FE,.
on the others side

Two variables AE & Mg \/ Beam Pf) " o [)
Fully reconstruct about 15% of D decays tag side tag

Nine D* tag and four D° modes : )
Krzr Kr KK~ KKz Krra K z* K nn° _L’
. Koz Krror Kooz Ko7 Krrr

N©9 = (1.566+0.002)x10° in 2.9 fo N5 =(0.774£0.001)x10° in 0.92 b

27/05/2013 H. Peng (USTC) Workshop on tau-Charm at High Luminosity 23



C

D+

"L’I

> from CKM

G}{ . ’7712 fitter R
+ + . ; 2 2
rSM(D('.v) —>[v)= m; nty, I — 3 | V::'d(s) | fD+
8 (s) (s)
7Z- ml)(.)]

> Decay constant f, incorporates the strong interaction effects
(Wave function at the origin).

> Use charm leptonic decay to validate theory (LQCD) and apply
to B mixing, which requires fg.

> Multiple test with charm : fj, fy, and fy/fp..

> Sensitivity to new physics (charged Higgs contribution .....)

27/05/2013 H. Peng (USTC) Workshop on tau-Charm at High Luminosity 24



.fl!:;nlu..':;..

10

—— Data
] 04 D K
D=
3 — gm_} TI;TLIH
: h er ays
“. 1 {] I non-D decays
va D+_)K _TE+

il I

j 107

425 candldaTe

f
|' i

10
p | !
: V //,/ '_9.2 OOJ ((‘.C\r /(A) l{)—l
v " 02 01 00 01 02 03
Mrzmss_ Erzmss Pmiss
: * = .3+20.6+2.
Results:  N(B"—uv) 377.3£20.612.6 CLEOc: (3.82 +0.32 +0.09) x10™

BF(D*—uv ) =(3.74+0.21+0.06)x10-4

Gz 2+
ir(pwruf) =
37

Ve

fo. = (203.911£5.72+1.97) MeV/c?
V4l = (0.222+0.006+0.005)

2
2mfmﬂ+(l—m—;)2
Dt
fo. = (207+4) MeV/c? LQCD

IVl = (0.2252+0.007) CKM Fitter

27/05/2013 H. Peng (USTC)
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Preliminary results of D*—pu*v

MARK-Il <=soMevarsowcl
BES-I {00 2T M
MARK-II BES-II T &
=0.07% 8t 90% C.1
— — CLEC-c (818 pb™)
BES-I BES-IIl {Preliminary)
008 e 17®
BES-I Lattice QCD
(01227, o t0-010)% e I T Lattice GCD
—  p—=— 0.035:0014:0.006%  CLEO- (56 pb™) ™ (3084 2] Me QL (QCDSF)
[ EEE=TELERENT (=] {T-Iiml'l‘,l
I---l [LERE R R ] nns!’:?::_‘?::.";:. CLEO-= {231 Ph,"} | | (avecen ") Ma aL (uKacD)
ER e T (=]
i (0.03E0 0 003200009 CLEO-c (818 pb™™)
— ——— — Fod {177z Moy QCD Sum Rule
@n:ﬁu L, 00214000061 BES-II [Pw; o (208427 MoV acD Surm Rule
i o ooeaan wey QCD Sum Rule
b {0.0352£0_0033)% PDG2010 o o Bl Field Correlations
f=r—] =ezaner  lsospin mass splittings
I | | ] ] | | ! ] | | ] | |
0 0.05 0.1 0.15 0.2 0.25 200 400 600

B(D*>u*v,) [%] fo MeV] "

> The most precise measurement is provided by BESIII

» The error is still dominated by statistics, needing more
data to reduce it.
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q2 - the invariant

2 |y 3
dI' (D — {{(.—:r)ev) _ Ge Ve 1PK[ﬁ]ﬂf (4 ")H/ E:iinsiq.f:uriiﬁz the
dg- 247 L

system

> Use strong interaction theory (LQCD) for form factor, extract CKM.
> Use other measurements and unitarity for CKM and test theory.

> Theoretical uncertainties can be reduce in determination of |V | if FF
calculation can be validated with Charm.

> Multiple tests are available, semi-leptonic D decays to pseudoscalar
mesons are cleanest.
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Semi-leptonic Decays D°—K/n ev

4 tag modes, 0.92 fb-! data @3.773 (BESIII preliminary)

000

s -
: A DO>Kev ™ /I DO—>nrev
54000— / \ 600— j)i
"L / - Ny = 18460143 . «M
3000~ / \ - \:\Nsig = 1677145
00— \I
2000 ]L T : ::\
— 30— !
- / & - ! DO—Kev
+ i / -
v 1000(— 7L \ \ :
LY 0% #”/%T)TEHTF o
Uk
Mode measured branching fraction(%) PDG CLEOc
DV = Kte v 3.542 +0.0304+0.067 3.556 £0.04 | 3.50 £0.03 £0.04
DV = gre p 0,288 £0.0080.005 (0,289 £0,008{0.288 £0.008%0.003

> Systematics are preliminary
> Will improve with full data set 2.9/fb in the near future.

> 6Good consistency with CLEO-c, statistical precision is compareble with only
1/3 data analyzed.
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CLEOIII (2005)

Belle {2006)

CLEO-c (2008) untagged

CLEO-c (2008) tagged

i‘

Ei_ Belle (2006) e

5;_ BaBar (2007) 4-4_

43_ CLEO-c (2008) untagged -—-—-

3 o CLEO-c (2009) tagged -

24< BESIII Prel. D

gzllll|||||||||I|||.|..-;§§,|,,
0.55 0.6 0.65 0.7 0.75

f%,(0) | V|

HPQCD
L1 L1 1 | D - | 1 1 | | 1 | | - | | = i . | 1
004 006 008 01 012 0714 0.16
e, (0) [ V4l

» Number are from HFAG2012 report (arXiv:1207.1158).

> Error bar of BESIII preliminary results Will shrink with full data.

» BESIII results from D° only, CLEO-c use both D° and D*
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Physics Programs @ BESIII

» Light hardron physics » Charm physics:

— meson & baryon spectroscopy — (semi-)leptonic form factors
— threshold effects — fy & fp, decay constants.

— multiquark states — CKM matrix: V4 , Ve

— glueballs & hybrids — DO9-D% mixing and CPV

— two-photon physics — strong phases

— form-factors .
> New Physics Searches

» Charmonium physics: and SM Test:

— precision spectroscopy né&n'decay physic
— transitions and decays - L|ght dark matter, LFV .....
Rare decay......

» OCD & r=physics:

— precision R-measurement

» XYZ meson physics:
/e d — Y(4260) nrh, decays
— Tmass/rtdecays — Searches for new states
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>

Search for D°%—yy

Flavor Changing Neutral Current (FCNC) (c—u+y) is forbidden at
tree level.

Charm meson FCNC including two effects :

Long distance effect : c>uV(V=p,®,$), non-perturbative calculated,
large errors, Dominated.

Short distance effect . perturbative calculated, interested, test SM.

Within SM :
Long distance : Br(D%-yy) ~108 (PRD 64, 074008)
Short distance : Br(D%-yy) ~10-1!

Beyond SM - minimal super-symmetric (MSSM) predicts the rate
could be enhanced by a factor of 100 by exchanging gluino :

— Br(D%>yy) ~108 (PLB 500, 304)
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Search for D°%—yy

B(D%— n%n?)
Y

T T T T T T T T T I T T T ".rnllul T I T T T T I T I I T T T
5 —
R i PE& — -—-- Fittsd ARGUS bkg funcion | ]

Sl -2.9%7.1 events [ e B
- ,I — B estimated hackground
LR (L . . | 600-4081*117 events
. i Preliminary o f -
= y R =
= s g
E Contamination from g T
= I I D? — mn®
o
b It} = L
[FL T T
LT
-iu-l £3 L1 S -..n-- " 111
Um o0 ; - “'"'“ — o0 1830 1840 1850 1860 1370 1880
AE OMEV) M, (MeVic?)

B(D° - yy)/B(D° - m°rt®) < 5.8 x 10°@90%C.L.

Experiments BESII |BABAR | CLEOc | PDG11
Bup(D%Dyy) [x10€] |<4.6 |<2.2 <8.63 | <27
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Search for LFV in J/y—ep

> With finite neutrino masses included, Lepton Flavor Violation (LFV) is
allowed, but the smallness of the mass leads to the predicted branching
fraction well beyond current experimental sensitivity.

> However, there are various theoretical models such as SUSY may
enhance LFV effects up to a detectable level.

> Any detection of a LFV decay indicates the existence of new physics.

» The LFV decay have been searched in lepton (u/t) decay, pseudoscalar
meson (k/n) decay and vector meson (¢,J/y,Y) decay.

Br(J/v—epn)<1.5x10-7 (90% C.L.) (BESIII 225M J/v)

Literature: Br( ¢—p*e-)<2.0x10-6

Br(J/y—pe)<1.1x10-6
Br(u*—ve*)<2.4x10-12 Br(K °—>p'e-)<4.7x10-12  Br(J/y—er)<8.3x10-6
Br(t*—ve*)<3.3x10-8  Br( n®—>p*e-)<3.8x10-10 Br(J/y—pt)<2.0x10-6
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> m/m’ decay play special role in low energy scale QCD theory.

> Invisible and radiative decays offer a window for new physics beyond the SM.

> The observation of the invisible final states provide information for light dark
matter states x, spin-0 axions, and light spin-1 U bosons.

» Huge J/y sample, large branching fraction of J/y—(y/¢)n/n’ and narrow
infermediate meson widths provide clean, large n/n’ sample.

14

= PRD 87, 012009

12

10f

Events/4.0 MeV/c?

83 04 05 06

"""" ARRRERRRRN Br(n'—invisible)/Br(n'—yy)<2.39x10-2

Br(n —invisible)/Br(n—>yy)<2.58x10-4

Br(n'—invisible)<5.21x10-4@90%C.L.
Br(n —invisible)<1.01x10-4@90%C.L.
Improved PDG Values

PDG : Br(n'—invisible)<9x10-4@90%C.L
Br(n —invisible)<6x10-“@90%C.L.

. Theory : Br(n'—yyx) ~8.1x10-7
09 1 11 1.2 Bl"(n _,xx)~7.4x10-5
M GeV/c?) B. McElrath, PRD 72, 103508 (2005)

recoil ¢(
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n/n’ weak decay in J/y— ¢n/n’

> The rates of quarkonium weak decays are expected to be tiny in SM
(Br(n—nlv)~2.6x10-13)

» The Br(n/n'—n=lv) is expected at level of 10-8~10-° by considering scalar
or vector type interaction.

> Search for n/n' weak decay will provide information on the new physics
beyond the SM.

225M J/vy , n/n'—n*e v, PRD 87, 032006, (2013)

]

i
T

o — 3r
o F (a g F
> % (=) S 250 (b)
= : @ .
s = 2
— e -
m 15 E 1.56
S = -
g 1 | I"E E "IIE— b 2 i
- i @ F f

05 I 0.5F \ I

b - ¢ ) |
H.4 045 05 055 06 065 0.7 H.E e 09 pas ; THE™ T

M(rev)(GeVic?) M(rev)(GeV/c?)

Br(n —n*ev,)/Br(n—>n*n"n% <7.3x10-4 =) Br(n—>n*ev,)<1,7x10-4 @90% C. L.
Br(n'—~n*e v, )/Br(n'—n*nm ) <5.0x10-* Br(n'—n*e-v,)<2.2x10-4 @90% C. L.
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n' three-pion decay in J/y— yn/’

» The three-pion decays of the n’ can probe isospin breaking.

» The decay branching ratio are related to the strange quark mass
and SU(3) breaking.

Br(n'—n*n n°)=(3.83+0.15+0.39)x10-3
Br(n'—nn%:%)=(3.56+0.22+0.34)x10-3

PDG: Br(n'—n n-n®)=(3.6*1-!_, )x10-3
Br(n'—n%%r%)=(1.68+0.22)x10-3

u

Y R I B Y - Br(n'—n*n-n%)/Br(n'—n*nn)=( 8.87+0.98)x10-3
M(n*n'n%)(GeV/c?) Br(n’—n°1%1%)/Br(n’—~n%1%n)=(16.41+1.94)x10-3

A S S A B S ] Theory : Br(n'—n*n-n0)/Br(n'—n*nn)=3.90%

‘g ; ; Br(n'—n°7°z°)/Br(n'—n%n)=0.73%
S 10of ; B. Borasoy et. al PLB 643, 41, 2006
% sof 1  More than 4 standard deviations away from
2ol both n%-n mixing prediction and the chiral
Os5 0o " " 085 4~ 105 unitary framework prediction.
M(n°n%n®)(GeV/c?)
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Summary

v BEPCII is operating near design luminosity &BESIII is performing successfully
» World largest threshold produced samples J/y, y’, w(3770), y(4040)
» Large samples of Y(4260), Y(4360) etc. are produced directly, are growing ......

v' Some of results have been shown in this talk :

»>Light hadron spectroscopy :

— Are X(pp) in Jy— ypp, X(1835) in Jy —» yn'n*r, X(1870) in Iy —» enntn and

X(1840) in Jhy — y3(n*n) same states ?

— Are X(2120), X(2370) in Jy —» yn'n*n glueballs?

— First observation: n(1405)—f,(980)n° ( isospin breaking, Triangle Singularity? ).
» Charm decays:

— Leptonic decay D*—p*v

— Semi-Leptonic decay D° —K/n ev
»New Physics Search and SM Test :

— FCNC process : D%—yy

— LRV

— n/n’ invisible decay, weak decay ...... (more data will help)

v Expect many more results from BESIII in the future Il
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Thanks |
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Some non-Observation

3 V(ls)r YPP@CLEO " ™ £ b /¢ - wpp@BESII
G = S oof
T 5 + + + + + + z :
s H+ E 3
% 0}!! I!l }H' + + [t
“ | PRD 73 (2006) 032001 ] + EPJC 53 (2008) 15
_5?‘ [ | _:
_1.|9 I 2.I1 | 2.|3 | 2!5 I 2.|? | 219 I 3.|1 - DD D—Dzﬂm‘ill:;t‘zlli:i.l:l‘l;_.t;'l .0.12;1;; 4015&1‘*’32
M(pB) (GeV/c?) P2 )
o, 12
3 = 2S)->vpp @CLEOC
~ °% Sof W
s F o g ?:;ingg%EEsm S b ARD 82 (2010) 092002
g 50§ w Sideband I::% E
S 40 °r
E 30F 4 [l
g 20 LWL "'||||”|l]|1|l il
Oc;"'b.bs""o'.1"'b.'15""0.2 0':.‘...- } {{L}J
M(pp)-Qmp{Gercz) 0 005 01 0I5 02 025 o
i i . i AM = M(pp) — 2m, (GeV)
Pure FSI interpretation is disfavored P e m
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D tag modes
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Is the X(1835) from the same

source of X

* The mass of X(pp) is consistent with X(1835)

* The width of X(pp) is much narrower.

Possible reasons:
— X(pp) and X(1835) come from different sources

— Interference effect in J/Y->ymnn’ process should not
be ignored in the determination of the X(1835) mass
and width

— There may be more than one resonance in the mass
peak around 1.83GeV in ] /y->ymnn’ decays.
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pp threshold structure of @ BESIII

G ] [T
Obviously different line E:ﬁg?() E of i
shape of pp mass spectrum | S | \ | o0 of i
near threshold from thatin | % auf
J/P decays 150p \
s e B Er
L _ MOMXGeVRE) . My p(GeV/e)”
PWA results: PWA Projection:
 Significance of X(pp) is > 6.90. T ETT
* The production ratio R: | first measurement | 2 30
__B(y > yX(pp) S ol
B(J /w—yX(pp)) $1sp L
= (5.08'%7(stat) **% (syst) +0.12(mod))% S
* Itissuppressed compared with “12% rule”. 05

PRL 108,112003(2012)
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Semi lepton decays : Partial Decay Rates Resulff a

> Measured in each g? bin, by fitting U distribution
> Compare results from each tag mode

— 2r
“2F g r
2 F 0 Sisl DO > mTev
kDO >Kev o ke
&) - * Kn - . 0
2°F " Ko 316F ol
%13— Lo ¢ Kn2r' g - : gfﬂ
O BESIII| Preliminary . Kan c14] BESII Preliminary —all
S 16 —all =L .
- - ' .
12F ] | + (eI
10F ; 08F
8F- ﬂ 06
°r | g 04F
ya i 02F t
— T -
2 -
: {]IlllllllllIllllllllllllllllll
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f(g%) Results

« Points: data with stat. error only

« Curves: from Fermilab-MILC within one stat. error,
preliminary, arXiv:1111.5471 (XXIX International
Symposium on Lattice Field Theory);

« Other theoretical work: HPQCD, arXiv:1111.0225

« Comparing shape only here (f.(0) not known)

~— C /' O - . -
< IBESIII Preliminary /] %5- BESIII Preliminary
- N/ ko] ol 1/
14 s, i /
' DO>Kev % ' DP>mev y
131 /1 L /f,:;/
12F i
- 151~
1.1 i
1= - s
09 :— 1 I// : “_.i:':r_:,:;:—'_-;-:-'ff::":':
S & o
08~ 4 i
i of
0_7_|||||||\\|‘l\l‘\\\‘l\\‘\\\‘l\l‘l\l‘l _\I\Ill\\I‘I\I\‘\I\\l\l\l‘l\
0 02 04 06 08 1 12 14 16 18 05 1 15 2 25
GRIGeV? q/GeV?
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Form Factor Fits

BESIII Preliminar ¢, (;?) — J+(0)

Simple pole model: 1 — qg/mpafe

Modified pole model:

.. . . 2
Beciirevic and Kaidalov PLB 478, 417 f+(q”) = = I
(2000) (1 N mpoie) (1 - CE” ;DDIE)
. . ) 00
Series expansion: fu(qd) = ORN Y alte) [+eh 1)’
Becher and Hill PLB 633, 61 (2006) )old* to) 1
- N — Could fit: f+(0) a,la,, r,= asla,
B - e, | D9 frey
“f -w modified.pole = : 1\“*?‘ierIe pole {\“npoé\ified pole
m; - . : ~. ?\\
s : | NG
g‘“" 2 series %m‘ 3 par,. series j:gu?\}%gar. s[,erles
EDE— = ES;E— ‘}\
< + 3
o £ P
w . L 5: \‘\\
: . = c T e i SRS g 46
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Form Factor Results

BESIII Preliminary

Simple Pole
DY = Kev

DY - wev

F+(0)|Veas)|
0.7294+0.005+£0.007

0.14240.003+0.001

1.943+0.025+0.003
1.876£0.023+0.004

Modified Pole
DY = Kev

N — wew

F4+(0)|Vegs) |
0.725+0.006+0.007
0.14040.0031+0.002

v
0.265+0.045£0.006
0.315+0.071+0.012

2 par. series
DY = Kev

DY - wev

J+(0)|Ves)|
0.726+0.006+0.007
0.1400.004£0.002

ri
—2.034£0.196£0.022
—2.117+£0.163+£0.027

3 par. series
DY — Kev

nY — wer

F4+(0)|Ves)|
0.72940.008+0.007
0.14420.005+0.002

ri
—2.17940.355+£0.053
—2.728+0.482+0.076

ro
4.539+8.927£1.103
4.19443.12240.448
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Light Scalar Meson

Problems :
>Inverted mass spectrum.

fo Mass

G I

2-quark model experiment

»>In qgbar meson monets, the 1=1 state (here the ay,(980)) has not s-quarks
> M(f(980))~M(ay(980) ==Fideal” mixing & small s-quark content in f,(980).

»But strong a,(980) & f,(980) coupling to Kkbar indicate strong OZI rule
violations.

»No "light” JP=1* and 2** partner nonet in the same mass region.
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If not qqbr, then what

loosely bound meson-antimeson
"molecule”

[— K " (C,e
q e\ ©
“(\\)G\e
\TT &
\

\

red+blue=magenta cyan+yellow=
(antigreen) a)

A colored diquark A colored diantiquark
Is like a antiquark is like a quark

tightly bound diquark-diantiquark

J.D.Weinstein & N.Isgur PRD 27, 588 (1983)

R.L.Jaffe PRD 15, 267 (1977)
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ay(980) -f,(980) mixing

isospin violation enhanced by K° — K* mass difference
C. Hanhart, B. Kubis, and J.R. Pelaez, Phys. Rev. D 76,074028 (2007)

KO
/ TN
fo do fo \ag
/
~ _ 7
7
2m,+ = 987.4 MeV 2m,0 = 995.2 MeV
a —f, —>r'n or f, >a] >nn’
970 975 980 985 990 995 1000 1005 1010
0. 1 6 gy ey 0.16
0 14_ Black for |c‘;fa|: 014
o Red for |, {§ PDG2010:
0.124 — HO0.12
o = | M;,= 980 =+ 10 MeV
e BRAWS ---ForGg I T',= 40 ~ 100 MeV
expect a narrow line sh&pé-** —- ForH 1008
G=2(Mo0-m,+)=7.8 MeV %% 109 Moo= 980 £ 20 MeV
0.04+ 0.04 [y= 50 ~ 100 MeV
0.024 0.02
Y = — — 40.00

970 975 980 985 990 995 1000 1005 1010
M () or M (m’]) (MeV)
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BESIII a,(980) -f,(980) mixing

J Iy —=¢f, >@a, K'Kna’ g =y, 2me = fy>ma's
22 R R e o R SRR

E I - T LRI BN LR U
205 (a) 3 7E(a) .
<, 18 ;— - — 6 E E
Z 16 F 1 - L
e 14 F 3 % 5E ]
S 12F 3 S
S 10k E S 4f ]
é 8 z _f : 3 y + -
> 6 F 2
o Rl |

2 1444 it w'| T'MI t 1 1 - : E
0 boosotllilibuionins Pendadedlumslle b T T T
08 09 10 1.1 1.2 QLS LA B B/ Al UL
0.8 0.9 1.0 1.1 1.2
Mnn®) (GeV/c?)
& fe= (0.60 £ 0.20(stat)) = 0.12(sys) * 0.26(para)% Saf = (0.31 = 0.16(stat) = 0.14(sys) *+ 0.03(para))%.
L (:_l
w* [ 90% CL upper | Jis \ KK molecule model
g U | 17
E el PKK | _
. T s |4 different models & BESIII PRD 83, 032003 (2011)
£ » % ¢ | |°KLOE parameterizations

107 F *BNL |+

o xCB |7
| - BESH A
10° 1072
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l&lé’& :

2
@ _A= o
& 1958 5
&t >

5;_ Belle (2006) Tt 5; CLEOIII (2005) '_'—"ﬁ

5;_ BaBar (2007) 44 55_ Belle {2006) '—'—'“

4 E— CLEO-c (2008) untagged '—-—' 4 E_ CLEO-c (2008) untagged ._._..]

3 :— CLEO-c (2009) tagged ._.._ 35_ CLEO-c (2009) tagged ,_h

2 E— BESIII Prel. —— 2 E_ BESII Prel.

1 f— HPQCD —a——- 1 f_ HPQCD

D:...|.|..|..|.|..|.|..-i%5.|.. DE......|J..|...|...|...Li.|.
0.55 0.6 0.65 0.7 0.75 0.04 006 008 0.1 012 0.14 0.16

< (0)| V.. ] F(0) [V 4l

» Number are from HFAG2012 report (arXiv:1207.1158).
> Error bar of BESIII preliminary results Will shrink with full data.

» BESIIT results from D° only, CLEO-c use both D° and D*
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n—n*n¢*¢- in J/y— yn'

» n'—n*n"e*e” have been discussed based on the Vector Meson Dominance
model and Chiral Perturbation Theory.

> n'—n*n-e*e” is expected to proceed via virtual photon intermediate state,
n'— n*n-y*—>n*n-e*e-, and provides a more stringent test of theories.

> The e*e- mass spectrum is expected to be a peak with a long tail just
above 2m,. While a dominant p° contribution in M

o L

n+TT-

BESIII Results
Br(n'—n*n-e*e” )=(2.11+0.12+0.15)x10-3
Br(n'—n*np*p )<2.9x10-5@ 90% C. L.

Effective Meson theory
(PRC 61, 0305206, 2000)
Br(n'—n*n-e*e )=1.8x10-3
Br(n'—n*n-pup )=2.9x10-3
m Chiral Unitary

(EPJA 33, 95 (2007))
& 1 * Br(n'—n*n-e*e )=2.13+0-19_; ..x10-3
- = 105 Bl"(T]"”II"’JI’M"].l' )=1 .57"0'96_0.75)(10'5

Mttt n) (Gev/e®)
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X(1870) in J/y—>on*ntn

PRL 107, 182001(2011)

5000 BESIII , ~ 900? *:
| ] QO = .
S ; SO0l a0 gl ;

4000 Y : 2 f.(1285) ;

3000 * N ."%..,-, * S 500 S T g
[ K . 1 ~ 400 r‘:" E
— o % — 9] o <

2000 A .... ...‘ ] E 300 ; =
- ., ? 2 200} L E

10001 . . 1 = 100} &V A i
i‘:“‘H“H_H_H_H‘M 07_,_‘,‘..“.‘. | \__ AN N

8.6 0.8 1.0 1214 1.6 1.8 2.0 2.2 1.2 14 1.6 1.8 2.0 2.2
M, . (GeV/c) M, ... (GeV/c?)

B(10~) Is it a new structure,

Resonance Mass (MeV/c*) Width (MeV/c?) X(1835) or n,(1870) ?

f1(1285) 12851+ 1.075% 2203140 1.25+0.10755;

n(1405)  1399.8 +22%28 528+ 76401 189+ 02102l JP¢? PWA and more
X(1870) 1877.3+6.313% 571287 150026707 data will help Il
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X(1840) in J/y—>y3(rn*n-)

f{.:300 __I | | | L | | | L | L | |

2-50F- Preliminary Results

="""F { H > A structure at 1.846GeV/c2 is
T 200 — observed.

S s

Z 150 H > No obviously structure observed
& 100 = above 2.0 GeV/c2

sl

kit -|-..|..+-+—r--|"r"|'|-|--|- I

16 17 18 19 2 21
M(3(x*1)) (GeV/c?)

> The Mass is in agreement with those of X(1835) and X(pp), but width do not :
— M=1842.2+4.2+7.1-2.6MeV/C2, I'=83+14+11MeV/C2

> The production ratio :
— B r(Jhy—yX(1840))xBr(X(1840)—3(n+n-))=(2.44£0.36+060_ _ )x105

A new structure or an existing state? Need more study!
(JPc, relationship between different observations)
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Threshold Enhancement in J/y—>ynd

¢ ¢ ” (] c
c ¢ c é c ¢
\//

OZI1 DOZI

Ay e ¢ KK J Ty — yop

First observed in the 58M J/vy in BESII

Confirmed and improved measurement in 225M
J/y in BESIII.

JPC:O'H',

M=1795+7+23 ;MeV/c2, I'=95+10*78 ,,MeV/c?

DOZI suppressed, but large branching ratio.
Br(J/hy—yX)xBr (X—>n¢)=(2.00 £0.08+1-38 | ;) x104
~112 Br(Jhy—>y6¢)

Exotic states, f,(1710), FSI ....?

More channels search
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