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BEPCII Storage Rings

»Beam energy :

RF SR RF 1.0-2.3 GeV
= | »Energy spread:
5.16 %104
Compton back-scattering for high >Optimum energy:
precision beam energy measurement 1.89 GeV

»Luminosity:
1x1033 cm2s-1
»No. of bunches :
93
»Bunch length:
1.5cm
»Total current :
0.91A
»SR mode:
0.25A@2.5Ge

Achieved Luminosity
0.7x10*3cm2s1@3770MeV
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BESIII Detector

Drift Chamber (MDC) NIM A614(2010), 345 Muon Counter
»> Small cell, 43 layer > Resistive Plate Chamber
> Gas He/C;H,=40/60 ,_ / > Barrel: 9 layers
> ©,/P=0.5%(1GeV) Y = > Endcaps: 8 layers
> Oyeax= 6% 1 » AR®=1.4cm~1.7 cm

Time Of Flight (TOF)

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

Super-conduct
magnet (1.0 Tesla)

YV V V VY

RO channels: 104

EM Calorimeter Cost: 200 M RMB

= -t

> CSI(TI) : L=28cm (15 X,) — . .
> Energy Range : 0.02-2GeV Data acquisition “Grid” computing
> o¢/VE(°/,) =2.5% (1 GeV) » Eventrate : 4 kHz » CPU: 3200 cores

> ©,4(cm)=0.5-0.7 cm/VE > Datasize:50 MB/s > Storage: 2.2 pB
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BESIII Collaboration
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BESIII Comm
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Hy(3770)

> 12pb1 @ 2.23,2.4,2.8, 3.4
> 25pb! @ t mass Scan

pb!

2300

3.5xCLEO-c
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3000

1200

Have collected World’s largest
threshold producted sample of

2000 -

J/v, V', ' and XYZ data

Plan to take R measurement data
& High mass resonances data
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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, V¢

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

— two-photon physics — strong phases

- form-actors > XYZ meson physics:

— XYZ new states

> Charmonium physics: _
- — XYZ properties

— precision spectroscopy

— transitions and decays > SM Test & New Physics
Searches :

» QCD & rphysics: — mné&n'decay physics

— precision R-measurement — Light dark matter, LFV ......

— 1t mass/ t decays — Rare decay
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Charmonium Spectroscopy

Y(4360) =
Y(4260) @@
42 -en 3°Po
— > Below open charm threshold :
A 4_%@ g ALI are observedh echold
= o
3 mEw — x{m}m Above open charm threshold :
o - — Many expected states are not observed.
® 38 PR Xe0(2%Po) . .
< w — — Many unexpected charmonium-like
ag | @S o states are observed.
@@l
an | 2(4430) X(3872)  y(4008) Not all charmonia,
2(4250) X(3913)  Y(4140) \What are they?
2(4050) X(4160)  y(4260) _
3.2 |- predicted, discovered X(4350) Y 4360
- 2(3900) (4360) @
predicted, undiscovered 2(4020) XYZ(3940) Y(‘GGO) 9
3.0 - [na1sa) | unpredicted, discovered Z(4025) o -
0+ 1= 1= 0= 4= 2=
JPC Hybrid? Tetraquark? Molecule?
y q
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X(3872) State

» First observed : Bfskimtn-Jhy by Belle PRL 91 (2003) 262001
. 0_*0 | I I I I L= D

» Mass : close to D°D® threshold e ﬂJ
> Wi ; : )
Width : very narrow (<1.2MeV) 140fb1

> JPC
— 1* [CDF (PRL98, 132002); LHCb (EPJC72, 1972)]
> Production :

20

%

Events . 010 Gay

0o

— B meson decay — KX similar to cc, K*X smaller than cc

L
— pp/pp collision — rate similar to charmonia "0 . 120
— Y(4260)—>yX(3872) [BESIII, next slides] Mix"®1°T] - M) (GeV)
»> Decay :

— Open charm ~50%, charmonium ~ O(%)

> Nature (Very likely exotic) :

— Loosely DD bound state (Like deuteron)?
— Mixture of excited x., and D°D bound state?

— Many other possibilities (if it is not x.,', where is x.,'?)
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ete—>YX(3872)->nt )/ vy

103§

10

Events / 0.004 GeV/c?

—

103§

10

Events / 0.004 GeV/c?

10% £

10% £

1g

arXiv:1310.4101, Submitted o PRL

\II —+— data

— background

ECM=4.01GeV

| |

3.6 365 3.7 3.75 3.8 3.85 3.9 3.95 4

M(rtcJd/y) (GeV/c?)

‘e

'

|

36 365 37 375 3.8 38539 395 4

t

—+— data

— background

ECM=4.26GeV

?

H

Ji

M(rctrcJ/y) (GeV/c?)

Events / 0.004 GeV/c?

Events / 0.004 GeV/c?

10°
107

10

10%E

10?

10

1

3.6 365 3.7 3.75 3.8 3.85"3.

—+— data

— background

ECM=4.23GeV

3.05 4
M@t J/y) (GeV/c?)

+ data

— background

: ECM=4.36GeV

3.6 365 3.7 3.75 3.8 3.85 3.9 395 4

M(rctrcJ/y) (GeV/c?)

Clear ISR y' signal for data validation; X(3872) signal at around 4.23-4.26GeV
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ete—>YX(3872)->nt )/ vy

arXiv:1310.4101, Submitted o PRL

© 450F © 12[
> - -4 data > i
o 400F — total fit Q 101
O . | @ 10r
-— 350:_ — Gaussian | ™ B
S 300F S 8 5.30 ¢
S 250F S &L 4
@ 200F e L '
o 150F o af ol
> C > [ ]
0 100F (L] | l Hﬂ
E 2 Hu
50:_ W] |
- | I ot LA
19.66 367 368 369 37 371 3.72 3. 382 384 386 3.88 39 3.92 3.94
M Jhy) (GeV/c?) M(rrJhy) (GeV/c?)

> ISR y' signal is used for rate, mass, and resolution calibration.
— N(y')=1242; Mass = 3685.96+0.05MeV/c?; 5=1.84+0.06MeV

> X(3872) signal

— N(X(3872))=15.043.9

— M(X(3872))=3872.11+0.8+0.3MeV/c? [PDG : 3871.68+0.17MeV/c?]
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ete—>YX(3872)->nt )/ vy

arXiv:1310.4101, Submitted o PRL
V5 (GeV) oBleTe™ — vX(3872)] - B(X(3872) — 7wHa—J /) (pb)

4.009 < 0.13 at 90% C.L.
4.230 0.32 4+ 0.15+£0.02
4.260 0.35+0.12 £ 0.02
4.360 < 0.39 at 90% C.L.

It seems X(3872) is from Y(4260) decays. At 4.26 GeV,
oB(ete™ - mtr=J/1p) = (62.9+ 1.9 +3.7) pb,
olete™ — yX(3872)] - B(X(3872) — wtn—J/v)

— (5.642.0)x1073
olete” = mra—J/1) ( )

If we take B(X(3872) — nt 7~ J/¢) ~ 5%, ( >2.6% in PDG)

o(eTe™—4X(3872))
G’(eJre——};TYJrﬂ('_J/’gb) ~ 11.2%

Large transition ratio !
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The Y States

r S|
- Mainly from B factory via ISR
4700~ Yias60) > Y(4008) : ete>yntn)/y [Belle, not BaBar]
4500 - . [ > Y(4260) : ete—>yn*n)/y [BaBar, Belle, CLEO]
wl, T — > Y(4360) : etfe—>yntny(2S) [BaBar, Belle]
Y(4260) e
- — V(4160) > Y(4460) : ete —>yntny(2S) [BaBar, Belle]
» - W(4040) . .
o Y{4008) == — 1, 2P BESIII : directly from e*e~ collision
> 3900
O
£ ol .
FOPALI —VE What are the Y states?
| h (1'P) —— ==, (% ) . .
3500 S _2“ EL?; > Hybrids are expected in this region
c0 0
3300 > Molucular states?
3100+ o (1'sy —— (1) > Threshold effect/FSI can not rule out
e - S
2900 N
A 4
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PRL110 (2013), 252001

t;‘-? 160]  882+33 +ou
g 140 3y - > Select 4 charged tracks and reconstruct J/y
S Eg_ o with lepton pair
g 80} » Very clean sample, very high efficiency (~45%)
: o(etfe >ntn)/y ) =(62.9 £ 1.9 1+3.7)pb
20F o o
o e Agree with Babar& Belle, best precision!
3 3.05 3.1 315 3.2 -
10, S :
o M) (GeVic?) é | PRD86(2012),  gof e
SQ 120 595i33 +Data +E IDO \ 051102 . 70? @
8 100 My—orete -2 9 60 s
Q- el B 12 50k \ PRL 110 (2013),
S 8- ‘ - 2 4 H 252002
S 9 i 30:~ \ \
60— — iy -
g ! ’ -2 0 Hﬂ H~ .
L% 40- 10 1051H} M HWHH i
20C SR I 7 ﬂ Him i
0_ ‘} 9. AP ; 0: n ﬁﬂ M
3 3.05 3.1 3.15 3.2 38 4 42 44 46 48 5 52 5.4
M(e'e) (GeVi/c?) E, (GeV)
measuring Xsec at more energy points, and will take more data!
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ete"—>n™n~"h (1P)

ECM=4.26GeV B*

h.—>yn., Mn.—hadrons (16 decay modes, ~35% of the h_decays)

¢: Belle e'e—m'nl/y
¢: BESlll e*e'—> nt'wh,

oF

60 - + .
S SRS
: o o + { 74 + ]
250 3 354 356 358 360 0k A
M Gevie?) B SRS R S
4.2 4.3 4.4 4.5 4.6
g 60f- ECM=4.26GeV Ecm (GeV)
g 5“2— > o(ete>ntnh )~ o(ete">ntn)/y), but
S f a;X|t\)l:1309é1I:8:f, different line shape
2 300 mitte
ER: e > Local Maximum ~4.23GeV, Hint for a vector
" Pt | cchybrid?
ol _
o, T W » Broad structure ~4.4GeV, more data at high
£50 3.52 3.54 3.56 3.58 3.60 . .
M, (GeVic?) energies to complete the line shape
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Z_: Charged charmomium-like States

(D Z b ln B factory Z,(10610) signal Z,(10650) signal

o

BELLE 80 ULILE, o B i d g e g 'I{']l');' g 2L \
D2 12000
0 » § ol hy(1P)
/ \‘. Pl ] 10000 f
,5 [ 8000
> wof R | ]
o Ml | | 6000 |-
7 Ing | | 4000 ¢
20 - H \ ~
” 2000 ] { {
| b, ] o]
sl o W i e S WY
Jo4 1045 105 1055 106 1085 107 1075 T ! .
-2000 Il 1 1
Mass distributions (GeV/c?) of parent 104 10.5 106 10.7
/ \ particles that decay into an T and a pi Mass distribution (GeV/c? of parent
New discovery at Belle: meson. particles that decay into an hb and a pi
Exotic mesons containing bottom quarks meson.

— At least four quarks must be contained

PRL 108 (2012) 122001

=

C By analogy, similar substructure
with charm quarks pair?
\ Z,(10610) and Z,(10650) /
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Z.(3900) : etfe > )/y @4.26GeV

100/ PRL110 (2013), 252001 4 Data

— Total fit

--== Background fit

307148 Events,
Significance>8c

80

-.= PHSP MC

60

40

-l
i .
.....

Events / 0.01 GeV/c?

20 Lk

3.7 3.8 3.9 4.0
M, (t5/w) (GeV/c?)

» 1D fit to extract resonance parameters

S-wave B-W with phase space factor & efficiency corr.
> M=(3899.0+3.6+4.9)MeV/c? ,I'=(461+10+20)MeV
» Conformed by Bell and with CLEOc data

Events / 0.02 GeV/c?

Counts/10 MeV

1595 Evts in J/y signal
region, purity ~90%

PRL110 (2013), 252002

—4-data
— Fit
— Background

---- PHSP MC

37 38 39 4 41 42
Mnax(m/y) (GeV/c?)

arXiv:1304.3036

g ¢+ Data M(Z:(SQDD))=3884.64_4.6 MeV
35 --- Phase Space

F — Fit

301

40

25
20

15

10—}*

pyrpret]

(3]
T

s

e IS T TN N [T T S T S O ST S T '
%500 3700 3800 3200 4000

M, (i) (MeV)
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Partial Reconstruct
Reconstruct DO/D+;
Reconstruct “bachelor” nt*

Require D* in he missing mass

vV V V V

Looking at the recoil side of ©t

Fit with rel. Breit Wigner (S-Wave).
Bkg modeled with smooth function

3,65 3.00 3.5 4.00 405 490415
M(D'D*") (GeV/c?)

YV V VYV

D°D*- and D*D*? give compatible results:
— M=(3883.9+1.5+4.2) MeV/c?

— TI'=(24.8£3.3+11.0) MeV

— oxBr=(83.5+ 6.6 + 22.0) pb

Events / 4 MeV/c?

Are Z (3885) and Z (3900) same states?

- . 0 .|||||
%%:&Hl.lﬂ] Large non-DD coupling 585 3.90 3.95 4.00 4.05 4107415
M(D°D*) (GeV/c?)
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-
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Fractional yield

01 02 03 04 05 06 07 08 09
cos B

> 0+
> 0
> 1
> 1+

excluded by parity conservation
P-wave, with J,=11 o sin?0_

P-wave, o 1+c0s%0,

S/D-wave, Assume D wave small near
threshold, flat distribution in cos0_

Clearly favor JP=1" assumption

26-10-2013 Hai-Ping Peng (USTC) 21



Z(4020): etfe—>n™n"h (1P)

arXiv:1309.1896, Submitted PRL

o 18 1w -
@ [ 9 W 120
= >
> i
3 11 : & 100
< b B .
o= = d 80
16—_ i.“ . a | ] ° i
: ﬂ'rr' #--- "H' S
B |l TR . -
151 : _||_ 4 = M 39 40 4
[ - m T Jr l 1 3 M'n‘hl,(Gev‘! Cz]
14F _5 ] 2 20
- III.:.1 1 )
T T N T * gy ¥ s '
13.0 01 02 03 04 05 06 07 08 0 o5 400 405 410 415 420 425

M

nth,

(GeV/c)

M:._(GeV/c):

» Obvious structure around 4.02GeV/c?> » 6=8.7+1.9+2.8+1.4 pb @ 4230
» Simultaneously fit to 74+1.7+2.1+1.2 pb @ 4260
4.23/4.26/4.36GeV data (2.4fb1) 10.3+2.3+3.1+1.6 pb @ 4360

> M= (4022.9 £ 0.8 + 2.7) MeV/c2 Significance Z,(4020) ~ 8.9c

» I'=(7.9+£2.7£2.6) MeV Significance Z(3900) ~ 2.1c
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Partial reconstruction technique

& [+ data ——2Z (4025)
= B ws e PHSP

% 400: ------------ Argus fit to sidebands
=

10 300f +

M~

E 200}

c

2 100

L1l

205 21 215 22
RM(D'm)+M(D*)-m(D") (GeV/c?)
Fit to 7 recoil mass yields :
> M = (4026 * 2.6 + 3.7) MeV/c?
> T =(24.8+5.6+7.2) MeV
» 401147 Events, Significance : >10c

arXiv:1308.2760,
Submitted PRL

Reconstruct 7, D*and one ©t° from D*+—D*x° or D*%— D0

80 g —4—data  —-Z.(4025)

{; 70F — total fit —— comb. BKG
= - -.-.- PHSP signal
%3 60? ws

= 50[

LD_ r

o 40;*

S 20,

= B

i 10f

.2 404 4.06 4.
RM(t) (GeV/c?)

ole'e™ — 75(D*D*)*) = (137 + 9 + 15) pb

o (66 — nZ7(4025)— 7 (D'D*))

il = (65£9+6)%
c (e - ' (D'D)")

R =
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Summary of Z_

Channel Mass [MeVc?]

Jynt  3899.0+3.6+4.9
(DD*)* 38839+15+4.2

hertt 40229+08+2.7
(D*D*)t 4026.3+2.6+3.7

Width [MeV ]

46+ 10+ 20 DD* mass threshold
248+33+11.0 (3875MeV)
79+27+26 D*D* mass threshold
24.+56+7.7 (4017MeV)

Signature of exotic states
> cC
> has electric charge

» = At least 4-quarks Clearly

Nature of these states?
» Tetraquark? L. Maiani, A. Ali et al
» Hadronic molecule? U.-G Meissner et al

> Hadro-charmonium? M. B. Voloshin

» Meson loop? Q. Zhao et al
» ISPE model? X. Liu et al
> ...

26-10-2013 Hai-Ping Peng (USTC) 24



Charmonium states

Spin singlet states : 1.(1S), n.(2S), h.(*p,)

07 408002

3.8 -
2M, - BESIII:
106 M V'

0 events.
— Will be
3.4 used for
& following
% an - " analyses.

J(18)
3.0 | N{18)
JPCop—+ 1 1t- ott qtt ott
L=0 0 1 1 11
2.8
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N(1S) : y(2S)—>y n(1S)

» S-wave spin-singlet ground state

» The mass and width are not well know
J/y radiative transition : M ~ 2978.0 MeV/c?, G~ 10 MeV
vY/pp/B decay : M=2983.1 = 1.0 MeV/c?2, G=31.3 = 1.9 MeV

» cc hyperfine splitting M(J/y)-M(n_(1S)) is the important input to test LQCD,
but is dominated by error on M(n(1S))

» CLEOc found the distortion of 1_line shape in y(2S) decays.

WEIGHTED AVERAGE
WEIGHTED AVERAGE 29 7+2 1 (Efror scaled by 2.0)
2981.0+1.1 (Ermror scaled by 1.7)

(Tl c) tot (T] c)
2
PDG12 X PDG12 even worsel
DEL-AMO-SA...11M BABR 1.2
VINOKUROVA 11 BELL 32 xz
IAEJE?ERT i;gAB gﬁﬁ gg - - DEL-AMO-SA_..11M BABR 25
UEHARA 08 BELL 386 L yHOKURQVA A1 BELL 28
ABE 07 BELL 20 - - AUBERT 08AB BABR 13
wu 06 BELL 7.6 : \l;'v'lEJHARA ﬁ ggtt E-g
. wWu 06 BELL 0.9 -

- - ASNER 04 CLEO 02 e o 38 ©re 18
AMBROGIANI 03 E835 1.8 - - AMBROGIANI 03 E835 14
B o SEE i 2 = = i
""" - BAl 00F BES 3.2 ARMSTRONG 95F E760 03
| ' BAI S0B MRK3 45 BAGLIN B7TB SPEC 92

GAISER 86 CBAL 0.4 - - BALTRUSAIT... B6 MRK3
- - - GAISER B6 CBAL _164

(Confidence Level = 0.0006) fdence Level < 0.0001)
I 1
2950 2960 2970 2980 2990 3000 3010 -20 80
1c(15) mass (MeV) nc(1S) WIDTH
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NA1S) : v

250- —s— dlata EU' —— data 18&'_
- E:};ar v decays . Eﬁw?w'ﬂﬂﬁ 140—
%200;-1‘.@'! ::;-.zm:_-;?m + %13)_
% 150:_ - g 150:_ B g 100:
[ -—int F—— int F
o L - =] o 80F
T 100F KsKmn T 100 g
I £ £ o
50 En' L
L;gl " I.;gJ L L% 20:
‘ ! 1 I 1 ! il ! ! EL, ! ! I ! Pt 1 DE 1 ! 1 ! 1 | ! ! I
27275282685292985 3 3053131532 272752828529295 3 3.053131532 -2%7 2752828529205 3 3.05313153.2
M(KsKm) GeV/c® M(KK1®) GeVic? M(xn) GeV/c?
L ——a F —— data 250 —+— da
1405_ -g::::;r W decays gmz— -gl!‘:ﬂrqr' decays . E EE&:’ Yy decaye
21205 R Fon " 250F 8 cort £ 200 . cont
% 100f %9 B, [ ? [T
E BU E_ -—:;':H-!'ﬂﬁﬂ EE? : Thl:i'rﬁsﬁ E 15);
> 60 KsK3m ' P 2K2mm? ~ 100%
T 4of . S B
G 20k ' i i 50F g =
ML L ; | T T - - i T I Vs i
U'..-..|.._..-|-.-.'..T.._|..‘.-.l....|....|..'i':.‘li'.'i'ﬁ.m.".'.|....| 0?"‘”““ i D‘....|....|....|....|....l....l'..'..|'ii'i.|.;";.|.".".".'
27275282685292985 3 3053131532 272752828529295 3 3.05313.1532 2727528285292.95 3 3.053.13.153.2
M(KsKar) GeV/c? M(2K2nr?) GeVic? M(6x) GeV/d?
» Studied from y(2S)—>yn,, with 6 1. decay models M =2984.3 £ 0.6 £ 0.6 MeV
> Simultaneous fit with distorted lineshape with significant I =32.0+1.211.0 MeV
interference (156) between 1n_and non-n_decays PRL108 (2012), 222002
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it
= Belle yy Belle yy

CLEO yy CLEO yy

BaBar yy BaBar yy
eiGe CLEQOC J/y CLEOC J/y

(stat.only) (stat.only)

S BESII y' BESIIy’

T 1 1 | 1 1 !
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n, mass (MeV) n, width (MeV)

o P 120 _I 1 | | 'I | I | I | 1 | | I I_
» BESIIl is the most precise measurement E S o 0.2 ms .
. . — . S 115+ ¢ 0.1 mgs -
> Consistent well with yy and ppproduction. ~ Bl : O physical :
> Hyperfine splitting : g 110 5 =
’ - i -
- 2 ~ ﬁ y
Ath(ls)ccbar_ 112.6 i 0-8 MeV/C 3 105 — . . o
> Good agreement with LQCD calculations: 3= | L?tt'ce 2012 a‘rx'v'121l'225|3 :

100 1 | | 1 L 1 L | 1 1 1 1

108 ~ 117 MeV/c? 0.00 0.01 0.02

a’ (fmz) ¥
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N(2S) : y(2S)—>y n(2S)

> First “observation” by Crystal Ball in 1982 (M=3592MeV, y(2S)—>YX), not confirmed
> First observed by Belle in B*¥—>K* 1(2S), n.(2S) =>KsKn
» PDG2012 : All from B-factory/CLEO

Experiment chaIIenge : search for photons with 48MeV

LI - ~ LI L L L Y L L Y D B B B LB B B |

& i I+data(K K+n*) | ] SN —— data (K'K'1")
% 104§— W'—)Ykskﬂ —_ ;i:lresult 3 % 10 ? \lj' —)'YkkTCO — glzjresult "
O I —-nc(zs) ] O 10°: —-1(25)
wis S\ e background = wo f background
s I\ A KK f S ol Kk
Al ' Il o
% 10: % 105
5 Ef: 5 -'.-..........’ .....
@ [ . - s & Ie. . et |
T - S v v "37 35 35 36 36 37
Moy ey (GeVic ) My 0 (GeV/cz)
> Observed signal in K .K7, found evidence in KKr®
» Simultaneous fit of 1 (2S) and 7, signals PRL109 (2012),
— M=(3637.6 £2.9+ 1.6) MeV/c* I' = (16.9 £ 6.4 £ 4.8) MeV 042003

— Statistical significance 11c, 127 + 18 events
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N(2S) : y(2S)—>y n(2S)

BESIII : Br(y(2S)—yn.(2S)—>yKK7) = (1.30 + 0.20 + 0.30)x105
[PRL 109 (2012), 042003]

BaBar : Br(n.(2S)—>KKn) =(1.9+0.4+1.1)%
[PRD 78 012006 (2008)]

First measured Br(y(2S)—>yn_.(2S)) = (6.8 + 1.1 + 4.5)x 10
Potential model (0.1-6.2)x10%;
CLEOC : < 7.6x 10 [PRD 81, 052002]
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N(2S) : y(2S)—>y n(2S)

V(2S)—>y n(2S) 5K K37
ety V! 1 1 T | 1
otk — e '5 > Evidence significance 4.20
s E::ikn:z:hduu for QED background E > M= (36469 +1.6% 36) MEV/CZ
100 O > T =(9.2+4.8+2.9) MeV

> Br(y(2S)—>y n(2S) >YKK3r) =
(7.03 +2.10 £ 0.70) x 10

2

Events / ( 0.0025 GeV/c?)
)

PRD 87 (2013), 052005

33 335 34 345 '35 355 36 365 3.7
KSKE (GeV/c?)
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__ o BESIIy(2S)--> yKsK3r BESII| v(25)-> 7KsKr

BESIIy(2S)-->yKKn
BESII y(2S)-->y KKn
BaBar yy -->KK3n
BaBar yy -->KsKn
BaBar yy -->KsKn

Belle B --> K n (2S) Belle B --> Kn (2S)

. 13 ave.
| I - ‘ 11 | - ‘ I - I | - I | - ‘ | - ‘ L1 11 1 1 1 1 1 1 J 1 1 1 1 I 1 1 1 1 J 1 1 1 1 { 1 1 1 1
3630 3635 3640 3645 3650 3655 3660 3665 3670 0 10 20 30 40 50 60
1 (2S) mass (MeV/c?) 1 (28) width (MeV)

Hyperfine splitting : AM, (2S) = 46.7 + 1.3 MeV/c? (PDG2012)
LQCD calculation : AM,(2S) =57.9 + 2.0 MeV/c? (arXiv:1209.5790)

BESIII will be able to improve mass
and width precision with more data!
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h.(*P,) : y(2S)—>n°h_

» Spin singlet P-wave (S=0, L=1), its mass is important to learn about
hyperfine interaction of P-wave states.

» Potential model : if non-vanishing P-wave spin-spin interaction
AM, (1P) = M(*P,) - <M(3P,)> = M(P,) — [ M(c o) + 3M(c,,) + 5M(c,,) 1/9 ~ 0

» Theoretical predictions :

— B(y(2S)—>n’h ) = (0.4-1.3)x103, B(h.—yn_) = 41% (NRQCD)

B(h.—~yn.) = 88% (PQCD) [PRD65 (2002), 094024]

— B(h,>yn.) =38% [Godfrey and Rosner, PRD66 (2002), 014012]

» Experiment measurement :

— First reported by E760 in decay pp—h_—J/yn?, not confirmed

— Evidence found by E835 in pp—h_—>yn_ in 2005 [PRD72, 032001}

— Observed by CLEO in y(2S)—>n’h_, h.—>yn. [PRL95 (2005), 102003]
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3.8]

“inclusive”

only detect the 7t°
(compute M(h_) from kinematic)

3.6 X2 1P Rate oc B(y(2S)—>n’h,)
o ]
o, B “E1 tagged”
E ] detectthe m° &y
o : Rate o B(y(2S)—>n°h )xB(h.—yn,)
23.2 7]
] “exclusive”
- . detect the °, y & .2 X decays
O ] Rate oc B(y(25)—>n°h )xB(h.—>n.)
: 2++: xB(n.—~Xi)
i = 0 1 1 1 1
28" HADRONS
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Events /(2 MeV/¢?)

L LA
,I‘lidl.l.h:luu-. )
348 a5 352 3.5 <

B by B R Be g p W B
L L LREARS |

KK =

-
-]
= ]

16 hadronic decays
(~*40% n_ decays)

832135 evts

Summed 16
channels

+

PR
3.50

352 3.54

3.56

n° recoil mass (GeV/c?)

P LA U A 1o P AR Do PRD 86 (2012), 092009
nt” recoil mass (GeV/¢?)

(MeV) BESIII Exclusive BESIII Inclusive CLEO

[PRD 86, 092009] [PRL 104, 132002] [PRL 101, 182003]
Mass 3525.31+0.11 +0.14 | 3525.40+0.13 +0.18 | 3525.21 + 0.27 £ 0.14

Width 0.70 £ 0.28 +0.22 0.73 +£0.45 £ 0.28 --

AM,((1P) | -0.01+ 0.11+ 0.15 0.10£+0.131+0.18 0.08 £0.18+0.12
26-10-2013
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N(1S) : h.—>n,

F ~ 160

~160 [ L a0k
=140 f 2
% Sum of 16 of 1 = 120
= 120 d d o 100 [
S Cecdymodes < w»|  Background
g O § 9 subtracted
5 60 = 40

40 |- 20

20} drttt Lo 0 WORLIVRRTL W,

f . . . . . . | . . L ] L L . ! ! ! ; 1 1 1 | 1 L L | L L 1
0 2.4 2.6 2.8 3.0 3.2 20 2.4 2.6 2.8 3.0 32
M(hadrons) (GeV/c?) M(hadrons) (GeV/c?)

n.lineshape in h—>yn_is not as distorted as in y(2S)—>yn. decays :
»>the non-resonant interfering background is smaller than y(2S)—>yn_
»>will be best suited to determine 1_ resonance parameters

(MeV) h—M. w(25)—ym. Consistent Wlt|'.l those from
y(2S)—>yn,, statistic errors are

Mass | 2984.49£1.16 £0.52 | 2984.3£0.6 £ 0.6 | yominated. need more statistics.

Width 36.4+3.2+1.7 320+1.2+1.0 PRD 86 (2012), 092009

26-10-2013 Hai-Ping Peng (USTC) 36



Light Hadron Spectroscopy
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10 years
ago

BISII 58M J/y: ) w—ypp

=

Evisd0. 005 Gewe”
-

(=

PRL 91 (2003), 022001

lllll

BESII

— X(pp)
—0'PS
f,(2100)
f,(1910)

-

M(pp) < 2.2GeV

= Sl muaEI T

0.1 0.2

cosﬁp

Events

40 -05 00 05 10

» The fit with BW and S-wave FSI (1=0) factor can well describe pp threshold structure.

> Better than that w/o FSI effect (7.1c), BESIII Results:

— JPC= 0+, >6.80 better than other JP¢ assignments.
— M = 1832*19 (stat)*18 ,(syst) £ 19(model) MeV/c?

—TI=

PRL 108 (2012),
112003

13 £ 39(stat)*1%_;(syst) £ 4(model) MeV/c? or I" < 76MeV/c?> @ 90 C.L.

— Br(J/y—>yX(pp )) x Br(X(pp )—>pp) = (9.0*% , ,(stat) *° ; o syst) + 2.3(model))x107
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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 attractive force?

®.n L P
loosely bound 3-q & loosely bound 3-q &
3-q color singlets 3-qg color singlets
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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 m-like states.

THE
PHYSICAL REVIEW

oA 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. Ferur ann C. N. Yawnc*
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received August 24, 1949)

The hypothesis that x=-mesons may be compeosite 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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BESIII pp PWA
1832+19_5+18_17i
19MeV/c?

—
M
i

» BESII Results : S
— M=1833.7+6.1(stat)+2:.7{syst) MeV/c?
— I'=67.7 £20.3(stat) £7.7(syst) MeV/c?
— B(J/y—YX(1835))B(X(1835)—>n*nn')
=(2.2+0.4(stat)+0.4(syst))x10

— Statistical Significance 7.7c

=
—

» Many Theoretical interpretations:
— pp bound state

EVENTS/(20MeV/c™)
i
e

PRL 95,262001(2005)

—

14 210 2f — nexcitation

Mr'Tn) (GeVie) — — -

Are X(pp ) and X(1835) from the same source ?
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Events/(0.02GeV/c?)

8§§§ -

dN/d|cosb, |

s e

14 16 18 2022 24

22 25505

Angular distribution‘|‘

==
=

0.2

04

0.6 0.8 1.

|cosO,

PRL 106, 072002 (2011)
resonance | M( MeV/c?) | T'( MeV /¢?) | 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

> BESIII Results:

— B(J/y—>yX(1835))xB(X(1835)>m'mn’ )=

(2.87 £ 0.09(stat)

+0.49
-0.52

(syst)) x10™*

— The polar angle of the photon is consistent

with expectation for a pseudoscalar.

— Two more structures are observed.

26-10-2013
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ro Mg

What are the two new structures?¥

PRD73 (2006), 014516 Y.Chen et al > First distinct narrow structures
12| 15 observed above 2 GeV (I'<100MeV)

0" m—
— LQCD predicts that the lowest-lying

2+__ 3:: —

107 %: 14 pseudoscalar glueball: around 2.3GeV
2t e 2 m— . o
g | — J/y -»>yn'n*t is a good channel for finding
Ot — +- ] <
1 — 3 @ -+
. o 0+ glueballs.
I - O — ~
O 2 £ > X(2120)/X(2370) possibilities:
1 2
4 | OFe— 0+: 2560(35)(120) — Pseudoscalar & tensor glueballs?

2+ 2390(30)(120) — n/n’ excited states?

» PWA is needed, interference among the

0 . . . . 0 resonances needs to be considered

++ -+ +-
» More processes to search these status

PRDS2 (2010), 074026, PRDS3 (2011), 114007

are necessary.
more...
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Others new observations

X(1870) in J/\y—)mn T 11 X(1840) in J/y—y3(n*m)
- fQ""" . L | L | |
o 900 PRL 107 (2011) y —; §300 arXiv:1305.5333,
=2 800 182001 ' ; =250; submit to PRL .
= 700} LSS S ST =~ =
= 600} %2'30 = =
& 500} > 150 3
. 400} W =
= 300f w100 —
(D] - — —
2200  plle - =
M 00| 22551 201 E
0 il ‘ T —— T o A . 0 2 nlal B T,-.|...;.4--|--|--r"| o |-.|-.-|. T
1.2 1 4 1.6 1.8 22 .0 2.2 16 17 18 19 2 21
(GeV/ c) M(3(r*r)) (GeV/c)

nnn

> i L]
Resonance Mass (MeV/c?) Width (MeV/c?) — B(107%) A structure is observed ,
£1(1285) 1285.1 = 1.0%18 220 31720 125010100 — M=1842.2+4.2+7.1-2.6MeV/c
n(1405) 1399.8 +22%3% 528 76701 189+ 021102 — I' =83+14+11MeV
X(1870) 1877.3+63%5; S57+1217 150+ 026*0% > No structure observed above 2.0 GeV

New structures or an existing states? Need more study!
(JP¢, relationship between different observations)
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Threshold Enhancement in J/y—70 (& )

PRL 96 (2006) 162002 _

" 2 [ ..{
: ¢ ¢ =EATERS

\/
0O7ZI DOZI
JIy —> ypp.p—> K"K~ J Iy — yop

> First observed in the 58M J/y in BESII

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

— JPC= o+

— M=1795+7*3 MeV/c?, T =95 +10*78 ;,MeV

» DOZI suppressed, but large branching ratio.

— Br(J/y—>yX—>ywd) =(2.00 £0.08+1-38 , ) x10*

— ~1/2 Br(J/y—>1¢)

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

» More channels searchs....

18 2 22 24 26 28 3 32
ri 2
M(wd) (GeVic)
PRD 97 (2013) 032008
— 2501
0 - —t— [ata
% 200! e
© 200F T 42020)
S . — 1(1950)
S 150F  Phasespace
5 r == Background
o -
i 100¢ ~ BES I
5[]: U o Ty
0 2 25 3
M(K K ' =) GeV/ic?)
26-10-2013
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X(18xx) new particles

250 :
. *I-:lé-l[]:-:.!" unknown{this result)
200 :_ OX(1870); J¥ unknown(Ref. (14])
< E AX(1835); J¥ = 07 (Ref. [4])
% 150 :— mX (p5); JF = 07 (Ref. [15])
E E +X(1810); J¥ = 07 (Ref. [16])
T 100=
= — +_' [
50f- a's
U:Illllllllllllllllllll
1800 1850 1900 1950
Mass (MeV/c?)
JPC = ? JP = 0 JP = 0*
X(1840): J/y—y3(rtn)  X(1835): J/y—y3(mi) X(1810): J/y—>ywd

X(1870): )/y—> e nutn-  X(PP) :J/y—> v p p

Are JP = 0~ same particles?
PWA, more data, more decay/produce channels are needed!

26-10-2013 Hai-Ping Peng (USTC) 46



PWA of J/y—>ynn

» Glueball searches is the directly test of QCD. PRD 87 (2013), 092009
» 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 : I'(Gonrn: KK:nn:mn':n'n’)=3:4:1:0:1

r T ] T ED III"'I"'I'q'l"'l"'l"'l"'I"'IIII HD:'—HIHII”IIIqllllllIHI”II“II”III“
g [ o 200 « 200E | 2+
" 200 I _ ] 180 2 180E M
-~ 2 Ny =1.72 2 :
w X JiVpin=1l.ia 0 160 E
= 150F . 2 140 :
gt &1 } ;
= onk ~ 100 :
~100F - o E
z I t o B0E
= I | L] BOE
= sof kY . 0 4 40F
L |'++. ) N ZE;
wE IR BT B H, [P P RS el TS I I i
s 2 35 3 021416182022 24 26 28 30 1214161820 1:1 24262830
. eV
I:;L} }[Tﬂ'l (GeVieT) |fh} Mﬂﬂ{GE\ﬂCl] |r1:| Mm{GeW :l
Resonance Mass(MeV/c?) Width(MeV /c?) B(J/¢ — vX — vnn) Significance > The Scalar Contribution are mainly from
Fo(1500)  1468+14+23 13675:7 70, (1.6570397100) <107 820 f0(1500), f0(1710) and fO(Z 100).
fo(1710) 1.’;9:0_9: LrE:I:lEJ_jE (2.35+5: 1841244 . g 25.0 o > No evident contribution from f0(1370)
fo(2100)  2081£13%32% 273+37+70 (1.13+5-93+9464y <« 104 13.9 o
f2(1525) 15135, [EART A (3.42754718T) « 1075 110 o and fo(1790)-
fOS10) st waetieE. (5a0theii <105 cao > The tensor components are dominantly
ROUO  werie  SWEHS GeRaE) a0t Tt from f,(1525), f,(1810) and f,(2340).
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Decay rate of glueball from LQCD

Pure scalar-glueball rate in J/y radiative decays
BR(J/y—>yG(0**)) = 3.8(9) x 103

1710 o KR o » L. C. Gui et al.

ey 2 TI0) — e oo e RS

M50 ‘.-.fu{lﬂﬂ}— ‘.-lw‘w‘ (31 +10 )x101 021601
¥f,(1710) — ymmn (2.3510-1341.24y 15—

—0.11=0.74

Suggest f,(1710) to have the large scalar-glue components

Pure Tensor-glueball rate in J/y radiative decays . B. Yang et al.
BR(J/y—>YG(2**)) = 1.1(2) x 102 PRL 111 (2013),
Large decay rate is predicted 031601

Need More experimental information
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N* Resonance in y(2S)— ppmn®°

200 [= M - Npasoy - " (a) T
2 s > 2-body decay : PRL 110 (2013)
= - - —_—
2 - Nutesm — y(25)>Xn°, X—pp ’
z A 022001
= - — y(2S)—>pN¥*, N> pr
'E‘: . .
E | > Isospln conservation
e .
U — Alis suppressed
M_AGeVic » Best solution :
Resonance M (%) B.F.(=10=%)
N (840 T80 g tT 276 + 0.4 BAZ g
N(1440) 10603000 27904 3.58 j;E- :;Hj
N N(1520) 190+ 1 HE 28.0 £ 0.4 H'M:HZ::'E :H;'ﬁ
= N{1535) eralitiis 25.8 £ 0.4 ?.-lTIHj';ﬂ Zoo7
= N{1650) 10e0t 5 27.2 + 0.4 :1.?5133%113‘?;
3 N{1720) 510t 2y, w0 E04 170l nten
= 9-1H_m_.}_'l¥: 312 01 Zh27 020 03
i N(2570) Ta5 Hi+12 35.3 0.4 2.13+hi+iA
otal To1hE03 K 6o 0.3E15

Two new excited baryon N*(2300)[1/2*], N*(2570)[5/2] are observed
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< 250 PRL 108 (2012), 182001
> : 1 =
§ 200E & a0f
C o C
S 150 o 30f
5 C @B C
% 100E *g 20E
4 50F o1 10E
Q' _ T N
M(f_(980)1%)(GeV/c?) M(f (980)n°)(GeV/c?)

First observed: 1(1405)—f,(980)n° (Large isospin breaking)
» Helicity analysis indicates the peak is from 11(1405), not from f,(1420)
» Large Isospin-violating decay rate:
BR(1(1405) — £ (980)7° — 7' 7" 7°)
BR(1(1405) — a,(980) 7’ — =’ z°n)

~(17.9+42)%

» In general, magnitude of i |sosp|n V|olat|on in strong decay should be <1%
gaf BI”(ch _>f()(980)7f ST ) %(90% CL) n_m;m_g)/ ) /

Br(y,, —a,(980) 7" - nx’7z’) PRD, 83(2100)032003 esono(eso\\

a,-f, mixing alone can not explain the branching ratio of n(1405)—)f0(980)1t°
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Anomalous line shape of f,(980)

20~ T T~ T T T T T T T 100F T~ — T 7 7 1 =
—~200F — ]
L 180E fh(980)om'm 3 o f,(980)—>nn°
S
o M=987.0+1.4MeV/c?
S i I'= 4.615.1MeV/c?
o 50 -
S
|
Q
-
L
09 ECE 1 12 0o 70 o1 TTT7»

M(7'm)(GeV/c’) | PRL 108, 182001 (2012) | M(n°n%)(GeV/c?)

jTD

e

K(K)

s : K'(K")
» Surprising result: 1(1440)
— Very narrow f,(980) width: <11.8MeV/c2@90 % C.L. —
— The world average (PDG 2010: 40-100 MeV/c?) K(K)

f0{980)<7T

A possible explanation is KK* loop, Triangle Singularity (TS)

(J.J. Wu et al, PRL 108 (2012), 081803 )
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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 triaur:gle

T T T T T
e

The widths of bands

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

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

04 0.2 0.0 0.2 04 06 0a 1.0

» Reduce width of band in trianglﬁe would lead to precisely test SM
and search for new physics beyond the SM.
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Charm Physics @BESII

>
>

Charm pair is produced at mass threshold y(3770)

Advantage :

Clean environment.

Known initial energy and quantum numbers = | _Juiaiaiabaiais
(quantum correlated for D° D ° pair)

Both D and D fully reconstructed.

Double-tag technique, absolute measurement

Reconstruct D first, search for signal Don the other side

Two variables AE & M, AE=Ep ~ Foom

_ 2 2
Fully reconstruct about 15% of D decays. Mpe = \/EBeam Pp

Nine D* tag and four D° modes :
Krr K KK KKz Krrr K Krr
rrr Ko Krroor Koo Ko Krrnr

Ng’_g = (1.566i0.002)x 10°in 2.9 N;a_g = (0.774ir0.001)><106 in0.92fh”
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Leptonic Decay

. from CKM
fn‘Ter

ml)( ]} )

> Decay constant f, incorporates the strong interaction effects

[ (D, > 1'v)y=—L G, m; m (I
87

(Wave function at the origin).

» Use charm leptonic decay to validate theory (LQCD) and apply
to B mixing, which requires f;.

» Multiple test with charm : f, ;. and f,/f,..

» Sensitivity to new physics (charged Higgs contribution .....)
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Leptonic decay D*—>u*v

Preliminary results

——Data

D' =K
D=t

-
Other D decays

= |l non-D decays

lﬂzé D*—>u'v DK
" 425 candidate
10F "7 SR
1 i| | _1| l'-_z‘-‘llﬁ
10‘”“‘}ﬂlm

02 01 00 01 02 03

ME = EE 2

miss miss - Pmiss

Results: N(D*—>uv) =377.3+£20.6 +2.6
BF(D*—>uv ) = (3.74 £ 0.21 + 0.06)x10* |CLEOc: (3.82+0.32+0.09) x 107

GZ 2 m2
L(D™> 170) = = 2V [ i (1= )’
o D*

f, =(203.91+5.72 +1.97) MeV/c? f, =(207 +4) MeV/c? LQCD
|V_,| = (0.222 + 0.006 + 0.005) IV_4] = (0.2252 4 0.007) CKM Fitter
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Preliminary results of D*—pu*v

MARK-II = mmoMey aigos cl

MARK-II BES-II [t Ty

BES-I Q izoastsTeA a7 ey BES-II (Preliminary) >
]

=000 at 90% C.L

@082
: BES-Il | H  oomer Lattice QCD
(0.122°271 10 010)% fof ierisa ey Lattice QGO
- —=— (©u035:0014:0.006)%  CLEO-c (56 pb') - O —— QL (QCDSF)
[ | (2a548414) Mo QL {Taimn"
bad  ©040:00086 5%  CLEO- (281 pb) . mewiwr  GuUKGCD)
u {30140 May (=]
|m| (003800 00320 000Ers GLEO- (818 pb™)
{0.0374.10.002120.0006)% BES-III {Preliminary) O (2032T) WEV
C i—_ . QCD Sum Rule
bud {0.0352+0.0033)% PDG2010 Fod s QCD Sum Rule
} T e B Field Correlations
| | | | | | —r—] i=xzauer  lsospin mass splittings
| I I | | I | |
B(D*Dptv,) [%] f, [MeV] ”

» The most precise measurement is provided by BESIII

» The error is still dominated by statistics, needing more data
taken at 3773 MeV to reduce it.
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q2 - the invariant
mass square of the
lepton-neutrino
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
form factor calculation can be validated with Charm.

» Multiple tests available, semi-leptonic D decays to pseudoscalar

mesons are cleanest.
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Semi-leptonic Decays D°—K/wt ev

4 tag modes, 0.92 fb! data @3.773 (BESI

Il preliminary)

oUW o N
K . : J% DO—>Kev | [ DO—mev
3 - g - \
4000~ / 5500} ﬂ\r
i N, = 18460:143 £ »
i | \ - ' Ny, = 1677145
3000— - “ 9
L i L 00— ;Q
- b
2000— | 00— \s\ D%—Kev
+ r f - |
- € r !
: / = i
- Y
’ ¢ 1000/ % \ 5 \\: : i
" L / S 100- / .
V : L _Lm/k“‘}ﬁ_% T . T ‘
90.1 0.05 0 0.05 0.1 0.15 0.2 E]0.1 -0.05 0 0.05 0.1 0.15 0.2
Uk Upi
K Mode measured branching fraction(%) PDG CLEOc¢
DV = K*e i 3.542 4+0.03040.067 3.55 £0.04 | 3.50 £0.03 £0.04
DV = nte™p 0,288 +£0.00840.005 0.289 £0.008]0.288 £0.0084+0.003

» Systematics are preliminary

» Will improve with full data set 2.9/fb in the near future.

» Good consistency with CLEO-c, statistical precision is comparable
with only 1/3 data analyzed.
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Semi-leptonic Decays D°—K/rt ev

Preliminary results

6 ;_ Belle (2006) e 6 i_ CLEOII (2005) _'_"ﬁ

5;_ BaBar (2007) - 55_ Belle (2006) _"

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

3 - CLEO-c (2009) tagged - 3 S_ CLEO-c (2008) tagged p

2 E— BESIII Prel. —— 2 E_ BESIII Prel. _.

1 :— HPQCD —-—- 1 E— HPQCD ‘H

D:""""'"""""";EE"" UE...||||.|.|.||||||.||:i....|.
0.55 0.6 0.65 0.7 0.75 0.04 0.06 008 N 0.12 0.14 0.16

fK+(D} |Vcs| fn‘*{o) lv'?d |

» 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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Semi-leptonic Decays D°—K/wt ev

Y

Points: data with stat. error only

Y

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)

“ F @ -
o 25—
14 B
130 JD? D> mMev
121 i
- 1.5/
1.1 B
1:— 1__ ®
E B s = -
0.9 :*___..Ft.,__
- 05
0.8 L
: II|III|I\I|II\|III‘III|III|III|\II|I L | | | ‘ 1 | 1 |
0706204 06 08 1 12 14 156 18 % 0.5 1 1.5 2 25
qGeV? qiiGeV

BESIII Preliminary
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NP Search

SM Test
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NP Search & SM Test

N and n’ decays are the prefect lab to

» Test symmetries and symmetry breaking in QCD at low energies

» Search for new physics beyond the SM “n/n’ physics at BESIII” J. Phys. G:
Published results Nucl. Part. Phys. 36 085009 (2009)

» Matrix element for n'—>ntnm Phys. Rev. D83 (2011), 012003

> Search for CP violation n/n'>nn-non® Phys. Rev. D83 (2011), 032006

» BF measurement of N> nn%n'—>n’a%z° Phys. Rev. Lett 108 (2011), 182001

» BF measurement of n'—>n'nete,/mnutu~ Phys. Rev. D87 (2013), 092001

» Search for /1’ invisible decays Phys. Rev. D87 (2013), 012009

» Search for /1’ weak decays Phys. Rev. D87 (2013), 032006

On going analysis at BESIII
Observation of '>n'n
Observation of n'—>yyn®
> Observation of n'—>yete/nlefe” ...

Y V

Others searches
> Search for LFV decay J/y->ep Phys. Rev. D87 (2013) 112007
» Search for J/y invisible decay
» Search for FCNC decay D,—yy ......
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Tentative data-taking plan

> R scan data : 3.8 ~ 4.6 GeV (108 energy points)

» 500pb! @ 4415MeV peak for XYZ and higher charmonium
searches in E1/M1 and hadronic transitions

» Data @ 4.62GeV for A_baryon (absolute BR measurement)

» More data (5fb'') @4.170 GeV for D, physics

» More data (10fb!) @3.77 GeV for D physics

Red :year 2013-2014, approved by the collaboration
Black : future plans, need be approved in the Collaboration
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Summary

> BEPCII is operating near design luminosity (0.7x1033 @ 3.73GeV)
&BESIIl is performing successfully

— World largest data threshold produced samples J/v, ', y(3770), y(4040)
— Large samples of Y(4260), Y(4360) etc. are produced directly
» Some selected results have been shown :
— XYZ physics :

Y(4260)—>7X(3872); ete —orntml/w(h,); Z(3900)/Z.(3885)/z.(4020)/z,(4025)
— Charmonium physics :

y(2S)—>yn(1S); w(2S)—>yn.(2S)>KKn/KKnnrw; y(2S)—>n’h —>yn (1S)
— Light hadron physics

New X(18xx) particle; Scalar meson; new excited baryons; Isospin Violating
— Charm physics

Leptonic decay; Semileptonic decay; (strong phase; Y. )
— New physics search and SM test

BESIIl is in her golden age, expect many more results soon 11!
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>

Search for Dy—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,,9), non-perturbative calculated,
large errors, Dominated.

Short distance effect : non-perturbative calculated, interested, test SM.

Within SM :
Short distance : Br(Dy—>yy) ~101
Long distance : Br(Dy—yy) ~108 (PRD 64, 074008)

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

— Br(Dy—yy) ~108 (PLB 500, 304)
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Search for Dy—yy

-2.9%7.1 events _

"\, B(D°— n°n?)

“‘ﬂi'rnull |
P — -—-- Fitted ARGUS bkg funcion |

'  —— The estimated backeround

F —--- The scaled amd
estimated backgrooand

'-!'I" . i
. : Prehmmary j E ﬁﬂﬂ_4081-_'-11?events
= ! : g
E Contamination from g T
= | I D? — mn?
: i | i 200
sk % | |7 i,
0 MRS NP i i £ o -
400 300 0 200 400 1830 1340 1850 1860 1370 1880
AE (MEV) M,, (MeVic®)
B(D° - yy)/B(D° - m°rt®) < 5.8 x 10°@90%C.L.
Experiments BESIII |BABAR |CLEOc | PDG11
BuP(DDyy) [x10€] |<4.6 |<2.2 <8.63 | <27
26-10-2013
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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/r) decay and vector meson (¢,J/y,Y) decay.

Br(J/y—ep)<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*—ye*)<2.4x10-12  Br(K °—>pe-)<4.7x10-12  Br(J/y—et)<8.3x10-6

Br(t*—ye*)<3.3x10-8  Br( n0—>p*e-)<3.8x10-10 Br(J/y—put)<2.0x10-6
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Search for n/n’ invisible in J/y— ¢l

> mn/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/m’ and narrow
infermediate meson width provide clean, large n/n’ sample.

—_
=
T

- PRD 87, 012009

Events/4.0 MeV/c?
3

(0]
77

‘ m ‘ | I
" |

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 Value

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

2 Br(n —yxx)~7.4x10-5

Theory : Br(n'—yy) ~8.1x10-7

B. McElrath, PRD 72, 103508 (2005)

26-10-2013

Hai-Ping Peng (USTC) 70



n/n’ weak decay in J/y— ¢n/

> The rates of quarkonium weak decays are expected to be tiny in SM

(Br(n—mnlv)~2.6x10-13)

> The Br(n/n'—nlv) 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*ev, PRD 87, 032006, (2013)

]

i
T

f""\rl-‘ —— 3'_
54 E (a “ F
= 2.5_—( ) E 2.5F
s ? S
— e -
& 15 150
5 E
> ‘ f 2 1
w h L F
0.5 J.L 0.5F

o -

B4 045 05 D56 0.5 065 0.7 0%

M{nev)(GeV/c?)

(b)

0.85

j
I l
r

T T I K
M{rmev)(GeVic?)

Br(n —>n*e v, )/Br(n—n*n-n0) <7.3x10-4 = Br(n—n*ev,) <1,7x10-4 @90% C. L.

Br(n'—n*e v, )/Br(n'—n*tn ) <7.3x10-4

Br(h'—n*e v, )<2.2x10-4 @90% C. L.
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» 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.

o~ f a 1 Br(n'—n*n-n°)=(3.8340.15+0.39)x10-3
2 800T ] : Br(n’'—n°n°r°)=(3.5610.22+0.34)x10-3
g eoo:— L ’ PD6G: Br(n'—n*n-n°)=(3.6*1-1_, 4)x10-3
S 400F - Br(n'—n7°7%)=(1.68+0.22)x10-3
E’ 2001 \ - l

N i

855 06 068 1 105 1.1 Br(n'—n*n-n°)/Br(n'—n*nn°)=( 8.87+0.98)x10-3
M(r*n'n®)(GeV/c?) Br(n'—nr%10)/ Br(n'—n*nn)=(16.41+1.94)x10-3

Theory : Br(n'—n*n-n%/Br(n'—n*r n%)=3.90%
Br(n'—n°1°1%)/ Br(n'—n*nn)=0.73%
B. Borasoy et. al PLB 643, 41, 2006

More than 4 standard deviations away from
both n°-n mixing prediction and the chiral

(9.£;5 09 095 : 1 1._05 H s 4
OO BeVICD) unitary framework prediction.
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> n'—n*n"e*e” have been discussed based on the Vector Meson Dominance

n'—n*n¢*¢- in J/y— yn'

model and Chiral Perturbation Theory.

> n'—n'n-e*e" is expected to proceed via virtual photon intermediate state,

n'— wn*ny*—>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
2m,. While a dominant p° contribution in M

above

T+~ *

i oF i iis- HER
5 ot i ls g ) o
- A 4 L LRE G
- = = H
L ks L L 1 1

H |
0.95

Mttt ) (GeVv/ce®)

BESIII Results
Br(n'—n*n-e*e” )=(2.11+0.12+0.15)x10-3
Br(n'—n*n-pu )<2.9x105@ 90% C. L.

e s 0 Effective Meson theory
(PRC 61, 0305206, 2000)
Br(n'—n*n-e*e” )=1.8x10-3
Br(n'—n*n-pu )=2.9x10-5
Chiral Unitary
‘[ (EPTA 33, 95 (2007))
Br(h'—>n*n-e*e- )=2.13*0-19_, .,x10-3
1,05 Br(n'—n*n-p*u- )=1.57+0-9_, --x10-5
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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)

S o /7 I o
T rBESIII Preliminary /// & [ BESII Preliminary
e A/ 25 % /f
C DO > K eyv /) r DO > mev /:_.;/
1.3 /1 L //
12F i
i 151
1:_ 1_ § ) //-:5//}.7’
09:— /%/ i r"‘jf
- P 05)-
087 :‘__,"_:1’ L
C V“"{
0_7_ II|III|\II‘I\I‘\\\‘I\\‘I\I‘\\I‘I\I‘I 7I 111 | I | ‘ I ‘ I | | L1l | 11
0 02 04 06 08 1 12 14 16 18 05 1 15 2 25
oP/GeV? QIGeV?
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Number of events

X0

150

- O+ KT

182 184 186 1

B8

D tag modes

20000F

(b)

(e)

152 184 186 1

88
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Is the X(1835) from the same gEnHR &

* 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->ymnmn’ 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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Obviously different line
shape of pp mass spectrum
near threshold from that in

J/U decays 150 \
L MODAGOVE) | MGV
PWA results:
e Significance of X(pp) is > 6.90. o
* The production ratio R: | first measurement | 2
__B(¥ > yX(pD)) s
B(J /'y —yX(pp)) 5 .
= (5.08"%7(stat) 2 (syst) +0.12(mod))% - .
* Itissuppressed compared with “12% rule”. T :
M, ,-2m,(GeVic
PRL 108,112003(2012)
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> Measured in each g2 bin, by fitting U distribution
> Compare results from each tag mode

— 2r
0 2 ¢
g I NO Sk DP>mwev
obDP 2> Kev o ke
[+ 2 * Kn - d
27F ot 3165 o
ﬁl’m_ . * Kn2n g - : E@,H?
O BESIII|Preliminary Kar c14F| BESII Preliminary —all
0'16_— —all [E] C [
:14:_ l 1.2_—‘ L—‘ [
r C f
12f ] | ; (I
10F- ; 08F
il { 06
6 ! 04F
‘v i 02F t
2 : -
: {]_Illlllllll|||||||||||||||||||
{]_I 1 1 | 1 11 | 111 | 1 11 ‘ L 11 | 111 | 111 | 111 ‘ L1 || 0 05 1 15 2 25 } 5
0 02 04 06 08 1 12 14 16 RGeV?

@GeV?
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Form Factor Fits

BESIII Preliminar

Simple pole model:

Modified pole model:
Beciirevic and Kaidalov PLB 478, 417
(2000)

Series expansion:
Becher and Hill PLB 633, 61 (2006)

1 T o) Z ax(to) [z(qz.,to)}k

Could fit: f,(0), a,la,, r,= asla,

= D Kie v
£t SE DO =
of - oh OY 2 & .
aof = modified.pole = \“*F‘,in{ple pole ‘modified pole
C E . \\\
- : : {\1\ }\(\
| : s \ o FUUERT
Enﬂz—\i '%-I:::~K G FIGevE
T2 series ‘?’* 3 par. series &sf, 2 par. series &£ 3 par. series
o B ST sy
: E I T S
AD:— 441:— - X %— \\ 2.5%— \'\-\
2ol = c I £ }
i: A Y .. 3 £ \
] A 0.5 -z .-_P.-e‘é‘?.- T 0E 02 05 ae8 1 2 1_55___‘:!_;3’“ E N , ?!5 ) 9,55_ N . , VIZ!E 79
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Form Factor Results

BESIII Preliminary

Simple Pole
DY = Kev

DY — mev

F+(0)|[Veggsl
0.729+0.0050.007
0.142+0.00310.001

1.943+0.025+0.003
1.876£0.023+0.004

Modified Pole
DY = Kev

DY = mew

F+(0)|Vegys)|
0.725+0.006+0.007
0.14040.0031+0.002

v
0.265+0.0450.006
0.315+0.071£0.012

2 par. series
DY = Kev

DY — mev

F4+(0)|Ves)|
0.726+0.006+0.007
0.1400.004£0.002

r]
—2.034+£0.1960.022
—2.117+£0.163+£0.027

3 par. series
DY — Kev

DY = mew

F+(0)|Ves)|
0.72940.008+0.007
0.14440.005+0.002

ri
—2.17910.355+£0.053
—2.728+0.482+0.076

ro
4.539+£8.927£1.103
4.19443.12240.448
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Problems :

Light Scalar Meson

> Inverted mass spectrum.

o)

2-quark model

experiment

Mass

> In qqbar meson monets, the 1=1 state (here the ay(980)) has not s-quarks

> M(f5(980))~M(ap(980)== "ideal” 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 (“ &o( Oe
o\
“ 0\)0\6
\ &«
\

\

tightly bound diquark-diantiquark

red+blue=magenta
(antigreen)

cyan+yellow=
a)

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

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

R.L.Jaffe PRD 15, 267 (1977)

26-10-2013 Hai-Ping Peng (USTC) 82



a,(980) -£,(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
)~ S
0 Ao 0 \ o do
/
~ _ /
KO
2m,+ = 987.4 MeV 2m,0 = 995.2 MeV
a, > f, >x'x or f, >a, >nx’
970 975 980 985 990 995 1000 1005 1010
0.16 gy 0.16
014 Black for |§fa|: 014
] Red for || {§ PDG2010:
o121 ——ForE o2 M;,= 980 = 10 MeV
0.104 = =ForF Uo.10 0
1 2my+ - -ForG | I',,= 40 ~ 100 MeV
expect a narrow line sh&pe:*°1 —- ForH 1008
G=2(my0-my+)=7.8 MeV 0067 1°9° Mao= 980 + 20 MeV
K K 0.04+ om.o 100 I'3o= 50 ~ 100 MeV
0.02- K™ ooz
0.00 Sy ey — 4 0.00

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

Jhp = ¢f, =@a; >K'Kna’  y =y, ~wa = fy>ma's
22 L B B B L T

- (a)

20 £ (a) :
18 ;—

Events/(0.01GeV/c?)
o
[
Events/(0.01GeV/c?)
o (98] I~ A [@) ~J
T T [

1

s I i
RIS | I a1 ,l .T.'"lh | ] :

0.8 0.9 1.0 1.1 1.2 (U
MMn®) (GeV/c?)

fﬁ,: (0.6(} + ‘(,)‘20.(3‘m.t.}.}‘.l: 0. ll2(slv§l}lIi_\().26(pm‘a}% :C:zf = (0.31 = 0.16(stat) = 0.14(sys) = 0.03(para))%.

B L
| |I o0 | ||. |l|| |IJ. Wil

0.8 0.9 1.0 1.1 1.2

f | 90% CL upper limits \ KK molecule model
2107 N A I B
§ 10 g \L .qz_az ]
b= i A KK 1
= vadg | ] , BESIII PRD 83, 032003 (2011)
¥ - .snp || | different m_ode_ls &
E v *KLOE parameterizations
10°F *BNL |4
y *CB | ]
o iy (- BESHF4
107 10
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A pp bound state (baryoniu

If baryonium :

— Above-threshold : X— pp ~100%

— Below-threshold : annihilate to mesons
— 1=0, JP¢=0"* decay to n*7n’ is common

3:200 C
180 [
140 [

wp / Above threshold:

&0 :— 1 o
below-threshold: p and p p ~100%
annihilate to mesong

e by by by
1880 1885 1880 1895 1g00
M,, (MaV)

%aes " iBos 1670 ;E'TT'
mp +mp

Phys. Rev. € 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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Some non-Observation

[ Y(IS)[ > 7pP@CLEC | Jy—>opp@BESIT
N ] 80F
toE E Y o7ob e
‘;‘;'—;‘: <i. |+ + + + + E E 60 nmogi—;i}zc;r;zm:mntribution
“5_;. 5[ # + + H ] 5 50
< HLT 4, n S 40
E O}“ I !l ' I' I+ [ g 30
'” E PRD 73 (2006) 032001 - E 20E
sk 11| - 10§
:|‘ I e e O ~"605 01 015 02
1.2 2.1 2.3 25 2.7 2.9 3.1 M(pp)-2m_ (GeV/c?)
M({pp) (GeV/c?) p
~ 12
rI‘20 _I 1 I mri | | I_II M1 I mri I LB | | L | I_ ‘_&:_]‘ :
. ¥ - ypp@BESII ] z 0| V(@S)>wp @CLEOC
15:_ _ \'3 s [ PRD 82 (2010) 092002
N ] R -
aeml o by Al il
5 ” F W i
[ PRL 99 (2007) 011802 ' T
FTT AL T
: 3 0 £ [6) RSN PRSRTINT] 1 N TSI A A Y JJ_LIJ'
0 LI I L1l | L1l | L L1 I L1l I L1l | L1 | 1 0 005 0_ 1 0 15 02 0 25 0__:

1.8 2 22 24 26 28 3 32

. . . L AM =M -2 GeV
Pure FSI interpretation is disfavored (PP) - 2m, ('e z.)q
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Z.(3900) : etfe > )/y @4.26GeV

" - 5 o 18F 10
oo 14F i
! 45 o g7k 9 .
ﬁ 2k A-_f;i' 4 E - 'y g 1595 Events In
I - 16
L a5 O 7 7 . .
s ) S i J/v signal region,
:E O st po : i 25 3 uE 5 purity ~90%
5 oo P L R :
04f K- LR :'5 = 12f 3
0 k) \, 05 3 1 PRL110 (2013), 252001
qﬂ 11 12 13 14 15 17 18 0 mHII 11 12 13 14 15 16 17 18 0
Mz Jhy) (GeV) M) (GeVic)
N 100 _ +::::P we | o 1001 +::t;p ve o 1200 +daa
% 80:— —Z,(2900) MC % 80 r —Z,(3900) MC % 100 - :H(SP M)GMC + ‘
o r \ .Sideband 0 : .Sideband 0 F - ?agm
CO“ \ \ o 60 - | { o 80: .Sldeband ‘“ )
o g I g 60k |+
@ g 8 gof }H ++}H{
5 et s - b i
> > 20 > S N H
it o o 207 t-+i‘++++ i i }
02 33343536373839 4 4142 8204 06 08 1 12 14
M(z*Jhy) (GeVic) M(rJAy) (GeVic?) M(r') (GeV/c?)
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pp Threshold Enhancement

BESII 58M J/y: J/yw—>ypp y(2S)->ntml/y, I/ yv—ypp
150 1 11 [ L e e e e B e e
PRL 91 (2003), 022001 ' el § 70| CPC34,421(2010) BEST]] -
COl 9
7 100} 3
O S |
LS| e H s *
.l 2 RN
§ o 3 TR 4 9
& R e A LRI
; | — | | l | S | 1 | | I | | | i s O Lo By SR (] IR 00 S YOS vt | i it S lagiigily
UH'HO | d.ll 1 10.2 1 1 0.3 ‘ 0.2 025 030
NIpp'z m, (G(‘V) Mpﬁ-2mp(GeV/C2)
» Observed at BESII: > Confirmed at BESIII in 2010:

— M =1860_,,, " MeV/c?
—I'< 38 MeV/c? (90% C.L.)

—— Agree with spin zero expectation

— M=1859_,,. """ MeV/c?
— I'<30 MeV/c?(90% C.L.)

26-10-2013 Hai-Ping Peng (USTC) 88



X(1840) in J/y—>y3(mt*m)

.ﬁ."""' [T 1 | 1T 11 | [ | T 11 | L | L | |
2% arXiv:1305.5333, submit to PRL
2 250F }
p 200; 4 > A structure is observed.
E - 1 — M=1842.2+4.2+7.1-2.6MeV/c?
Emg_ 5 I =83+14+11MeV
w100 — > No obviously structure observed
50F- S above 2.0 GeV/c?
U_ kel I -|-.-.|'-.-H--r--|"r"| g -| Ll

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

> The Mass is in agreement with those of X(1835) and X(pp )
» but width do not ....

» The production ratio :

— Br(J/y—YyX(1840))xBr(X(1840)—>3(r+r-))=(2.4410.36*0-60 . )x10>

A new structure or an existing state? Need more study!
(JP<, relationship between different observations)
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