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e Status of BEPCII/BESII!

* Highlight of BESIII results
— Light hadrons spectroscopy

— Charmonium transitions and decays

— Charm decays

* Summary
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Bird view of
BEPCII /BESIII %
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Beijing electron positron
collider BEPCII
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Beam energy 1.0-2.3 GeV
Ener'gy spread: 5.16 x 10~*

2 LAY "MRGEN  AREEES. .4

Design luminosity
1x1033/cm?/s @ ¢(3770)

f / N \V,E\/
» 2004: start BEPCII construction

.".’ 2008: test run of BEPCII
1 2009-now: BECPII/BESIII data taking

BESITI
detector




The BESIII Detector

NIM A614, 345 (2010)

Drift Chamber (MDC)

oP/P (°/,) = 0.5%(1GeV)

O 4E/dx (°/0) = 6%

Time Of Flight (TOF)
o;: 90 ps Barrel
110 ps endcap

Super-conducting
agnet (1.0 tesla)

= Counter
~ 8-9layers RPC
OR®=1.4 cm~1.7 cm

EMC: oE/VE(°/,) =2.5% (1 GeV)
(Csl) OZ’¢(Cm) =0.5-0.7 cm/VE
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The BESIII Collaboration
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BESIII commissioning

* July 19, 2008: first e*e" collision event in BESIII
* Nov. 2008: ~ 14M y(2S) events for detector calibration

 2009:

« 2010:
« 2011:

«2012:

106M y(2S) 4XCLEOC World'’s largest samples of
J/W, $(2S) and ¢ (3770)
225M J/\V 4 X BESII (and still growing)

1
900 pb™y(3770) L ;o o

2000 pb-l \V(3770) Peak luminosity reached
470 pb-l @ 4.01 GeV 6.5 X 1032 @3770 MeV

tau mass measurement
y(2S): 0.3 billion; J/y: from ~April 1
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Physics Programs @ BESII|

Light hardron physics Charm physics:
n & baryon s opy - (semi-)leptonic form factors
-threshold effects -y & g def:ay constants.

“m - ViAoV oS
-glueballs & hybrids - DO-D° mixing and CPV
-two-photon physics - strong phases
-form-factors

QCD & 1 -physics:
- precision R-measurement
- Tmass / T decays

Charmonium physics:

- precision spectroscopy

<= fransitions and decays> XYZ meson
physics:
-Y(4260)1Th, decays
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Recent Results on Light Hadron Spectroscopy

* pp mass threshold structure in J/vy —ypp
* X(1835) and two new structures in J/y— yz'z ™
* N(1405) in J /v —v£,(980)7", £,(980) = 2x
* PWA of J/y—=ym

* PWAof J/y—=ywp
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Observation of X(pp) @ BESI|

—a
Y r
-

EviaN 005 Gewe:

8

L3 e

M=1859 3 *5 MeV/c2
-10 25
I' <30 MeV/e? (90% CL)

Theoretical interpretation:
> conventional meson?

» pp bound state/multiquark
» glueball

» Final state interaction (FSI)
> ...

PRL 91 (2003) 022001
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Confirmation @ BESIII and CLEOc

Events/(0.005GeV/c?)

Fit with one resonance at BESII did:

w%ﬂnJ/w,J/w%Vpp

e —
70§
;5 BESH
60 o) +
50 [t + +
40 H I /
h f— L g™ y
30 Iy, AR e ! ¢
20 et T oI i .................................

8.00 0. 05 0. 'I 0 O 15 0.20 0.25 0.30

Mpa-zmp(GeV/cz)

M=1861*_,*’, MeV/c?
I' <38 MeV/ce? (90% CL)

Chinese Physics C 34, 421 (2010)

&

3 3

Events / 20 MeV/c®
n
D

0 s
0 100 200 300 400 500 600 700 800 900
AM=M(pp)-2m (MeV/c’)

M(R,,) = 1861* . (MeV), T'R,,) =02  (MeV),
B, (Jy-1Ry,) X By(Ry, pP) = (5.928 ;) x 10°

PRD 82, 092002(2010)
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Several non-observations

" YaS)+ 7 pB@CLEO " | | | B
_1of T = S wf J /Y — o pp@BE
“%Q‘_ k * Wl + E § eof-
e |R 73 (2006) 032001 s 2° ERIC 53 (2008) 19
| D |

21 23 2.5 27 2.9 3.1 00 00Z2ZPOsS 008008 0.1 0120_])_1:’)“16(&1\,8/‘:9)2
M{pB) (GeV/c2)

: T T T T T T T T T T T T T T T T T T T T T TTTT ~ 12
aF AR RN RN RN RN R §10 v(2S)>1pp @CLEO
sk W' — v pp@BESI S L PRD82(2010) 092002
&

PRL 99 (2007) 011802

1|||||||||||||||||||||||||1|1 00“1'0.0;-1--'-0.}"""'0.15" O.ZJJLO.Z_;LIJO..?

AM = M(pp) — 2m, (GeV)

of 1 JJI J‘ﬂ’L
|l M”ﬁ

8 2 22 3 32
Pure FSI mterpretation is disfavored
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PWA of J/w%ypp @BESIII

* PWA of J/P->ypp was first
performed

* The fit with a BW and S-wave
FSI(1=0) factor can well describe ppb

-01.0 05 00 05 10

03

mass threshold structure. | .M"" o) 350 -
o T T BT -
* Itis much better than that without NSOM% {9 &
FSI effect, and A2InL=51 (7.10) o PR '
3 3 150f
* Different FSI models—>Model 1oof ;g 100f
S50k = e
dependent uncertainty e I
-10 05 00 0 S l 0 -100 0 100

cos8, 6 (®

e Spin-parity, mass, width and B.R. of X(pp):  PRL108,112003(2012)

J*=0" ==y |56 8g better than other JP¢ assignments.
M=1832" (stat)+18 (syst) = 19(mod)MeV/c’

I =13=20(stat)",. (syst) + 4(mod)MeV/c® or I' < 76MeV/c* @90%C.L.
B(J [ =y X(pp))B(X(pp) = pp) = (9.0} (stat)’s  (syst) = 2.3(mod)) x 10~

1.1
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Mpp threshold structure of vy’ — ypp @BESIII

@450;(' ')" ' ' T ARNIPRIT AN '(5)
2 o (a 1% R :
Obviously different line % sl 1% R T
—_ Q g 1 O b LmamiitTiiiiiiroiooita. ]
shape of pp mass spectrum = 2(5)3: \ 1 &SP ITITILILiINITINEE
near threshold from thatin | & 20}
J/U decays ] \
s a0 s T B S
M(pp)(GeV/c?) M; (GeV/c?)’
PWA results: PWA Projection:
* Significance of X(pp) is > 6.90. D T
* The production ratio R: first measurement E 30
' — S 25
__BW —yX(pp)) S ool
= = S 2
B(J /¢ —yX(pp)) 5 1sp L L.
=(5.08"" (stat) )< (syst) £ 0.12(mod))% - 12 A e
* [tis suppressed compared with “12% rule”. 8001 02 03
M, -2m, (GeV/c?)
PRL 108,112003(2012)
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Observation of X(1835) at BESII

J/yw —=vyn'an @ BESII

& 120
% . BESII results(Statistical significance~7.70') :
= sol M =1833.7 £6.1(stat) = 2.7 (syst)MeV / ¢’
s = 67.7+20 3(stat) = 7.7(stat)MeV / ¢*
E 40| B(J /1y —yX(1835)B(X(1835) = ' n')
E ; ¥ ' PRL 93,262001(2005) = (220.4(stat)=0.4(syst))x 10~

1.4 2.0 2.6

Mzt (GeVicd)

Theoretical interpretation:
» pp bound state

» 1 excitation
>

» Whether are X(pp) and X(1835) from the same source?

5/31/12 Meson2012 14




g Events/(0.02GeV/c)
- 58888

dN/d|cosb, |

- 5 8§ 8 8 8

LA L S B B S | rrrorr T T

14 1.6 1.8 2.0 2.2 2.4 2.
M, (GeV/c?)

- —

- Angular distribution‘l"

.0 0.2 04 0.6 038 1.0

|cosO,|

X(1835)in J/y— y='zn' at BESIII

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 > 7.24r
X(2370) 2376.3 £ 8.7 83 £ 17 > 6.4c|r
For the X(1835):

BR(J /vy —yX(1835))+ BR(X(1835) = n*nn)
=(2.87+0.09(stat)’) 5 (syst))x 107

The polar angle of the photon in J/psi
center of mass system is consistent
with expectation for a pseudoscalar

PWA is needed, inference among the
resonances needs to be considered.
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ro Mg

12 ¢

10 ¢

Why are X(2120)/X(2370) interesting?

PRD73,014516(2006) Y.Chen et al

vt is the first time in J/y radiative decays

. 1 5 resonant structures are observed in the 2.4
0 m— :
GeV/c? region,
2" m— e B it is interesting since:
++ 17 ——
3 + —
° LQCD predicts that the lowest lying
2 — 1 3 = pseudoscalar glueball: around 2.4 GeV/c2.
' 2++— O-+_ %
= J/y-->y1rmn’ decay is a good channel
{2 L )
o for finding 0" glueballs.
1 v'Nature of X(2120)/X(2370)
pseudoscalar glueball ?
. n/n’ excited states?
t - - AA bound state?

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),
and more...
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Anomalous line shape of f,(980) in J /y—y3n

B 2o fo(980)—>m'n- § G | £,(980)—>n0n0 |
2 160 -
(e
S e S o -
3 ' 2
1= » c
E |~‘|“ Lﬁ T -o-+ +
~=_LJJ‘.... L M B T S R S T T
70 11 12 0=—09 1.0 1 1.2
M(m*1)(GeV/c?) M(r°r0)(GeV/c?)
M = 989.9 +0.4MeV/c? M = 987.0 £1.4MeV/c*
=95+ 1.1 MeV/c? '=4.6+ 5.1 MeV/c?
Surprising result: PRL 108, 182001 (2012)

very narrow f,(980) width: <11.8 MeV/c*@90% C.L.
much narrower than the world average (PDG 2010: 40-100 MeV/c?)

A possible explanation is KK~ loop, Triangle Singularity (TS) (... wu et al, PRL 108, 081803(2012))
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n(1405) in J/tp—>yf (980)u° fo(980)—>2

T T ]

T 250 f0(980)—>n T ‘S 50 f0(980)—>3'|10ﬂ§0

> > 1

é 200 8 40 i

2 150 2 30 fi/m ;

= % 1.20 [

£ 100 £ 1 . + +

& 50 G 10F gt g it e

AT e T A o —=r‘w—.::—L 1 \: ----------- P
92 TS 1.6 1.8 92 1.4 16 1.8
M(f (980)n%)(GeV/c?) M(f (980)n%)(GeV/c?)

First observed: 1(1405)—f,(980)x° (Large isospin breaking):

BR(1n(1405) — £,(980)7" — n*n m")
BR(1n(1405) — a,(980)7" — n’x’n)

£ Br(x.,— £,(980)x" = x*a ")
v Br(x, — a,(980)7° = na’x’)

~(179%42)%

<1%(90% C.L.)| PRD, 83(2100)032003

a,-f, mixing alone can not explain the branching ratio of n(1405)

5/31/12 Meson2012 18



New results on '3

__900F - 150;‘
0 800F JJ / + 0 b 140F
S Ok —=>yn' 2t S TF
> 700F V=T > 120F
(59 600 (59 100F
= S
® F 2 eob
2 oo § z @
> 200F S 40p
Y oof : _".____,:_" “ 20 -.
e /_ Tt e el 0E L mrterm el
fs5 09 095 1 1.05 1.1 0.860.88 0.9 0.920.940.960.98 1 1.021.04
M(rc e r0)/(GeV/c?) M(r°rn®)/(GeV/c?)
New results: PRL 108, 182001 (2012)

Br(m' » n*tn~n%) = (3.83 £0.15+0.39) X 10~* (PDG2010: (3.6133;) X 1073)
Br(n' -» n°n°n%) = (3.56 +0.22 +0.34) x 10~3 (PDG2010: (1.68+0.22) x 1073)

0.0

For the decayn’ = m%n°x%?, it is two times larger than the world average value.

Comparison: Isospin violations in ' :

BR(n > n 7°) 0.9% BR(11 -7’7’ x")
~ U. 0,

BR(r§ > 7 n) BR(1f —>n°7°n)

~ 1.6%
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Study of nn system

— ——

- First observed f(1710) from Jhp - [ = priasos2) ass.
radiative decays to nn by s A |
Crystal Ball in 1982. 2 | L |

* LQCD predicts: “ - :-t@‘%i - =

0*:1710+ 50 £ 80

* Crystal Barrel Collaboration (2002) analyzed the three final states
nOnn?, Naln® and nt®nn with K matrix formalism. Found a 2**
(~1870), but no f,(1710).

* E835 (2006): ppbar 2 nt’nn, found f,(1500) and f,(1710).
nm 0 0

* WA102 and GAMS all identified f,(1710) in 1.

5/31/12 Meson2012 20



Preliminary PWA results of J/{->ynn @BESII]

Resonance Mass(MeV /c®) Width(MeV /&) B(J/v¥ — vX — ~mm) Significance

fo(1500) 1468+ 13770 136736 %00 (1.61%3:35%9:35) < 1077 8.20
fo(1710) 1759+ g+iZ 172730195 (235500577 672) X 107% 250 o
fo(2100) 2081*F13+33 273327153 (9.99F0-22+537) x 10— ° 13.9 o
f2(1525) 1513+2+3, 75120 (3.41F925+1-22) x 10°° 11.0 o
f2(1810)  1822+35+%) 2298 Gy (5.3875:89+331) x107° 6.4 0
f2(2340)  2362F557 557 3{?’?4;”«33 (5.58%0 65+ 1.81) < 1077 7.6 o

100

>

[ L

<5150_—

(o)) L 2 NG —

o r X~ /Npin=2.14

S1o0r * f,(1710) and f,(2100) are

c C °

& % dominant scalars

0TS 50 '2')2{5' .
(a) Mg, (GeV/c o
000y 700 ® T(1500) €Xists (8.2 O)
800; ; C ]
700E - :
600k x*/Nbin=0.69 E - ’ . .
2200F : * f,’(1525) is the dominant
(] F 3 o
11400E 3 @m300F ]
w E ] w E 2 /Npin=0.68

300 1 b X/ tensor

200F 3 2

100F E 100F 3

9% 05 00 05 10 N -

(c) cos6, (d) o,
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M, threshold enhancement in J/{->yw®

2 =
= =
= =
5 g,
5 s
2 22 24 26 28 3 22 e % A3 3 e 3 23 4’.15
M(wd) (GeV/e) M (Yo) (GeV/c)
PRL 96(2006) 162002
For X(1810):

M =18127,; +18 MeV/c’

['=105+20+28 MeV/c?
JPe favors O** over O-* and 2**

J Iy — yop (DOZI)
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Preliminary PWA results of J/->yw® @BESII|

Resonance J7Y M(MeV/e?) TI'(MeV/e?) Events AS Andf Significance

X (1810) o++ 1795 = 7 95 + 10 1319 =52 783 4 > 300
f2(1950) 2++ 1944 472 665 + 10 211 2 > 100
fo (2020) o++ 1902 442 715 + 45 100 2 > 10c
7(2225) 0+ 2240 190 70 + 30 23 2 6.40
phase space 0 2400 5000 319 + 24 45 2 > 8o
250 o~ 6
) 1 P
: L .
K 2“0:- Prellmmary % nlnary
2 f =l
0 o
150 L /_e.\ I
S f =
o o
o 1f = i
2 2[
c . -
w sk
: "_wl'--'lli'l‘-‘_ -
oL 0
b . 0 1 2 3 4 5

M(o0)(GeVic®)

NAZ/e o NS>\ 11 2\2

Is X(1810) the f0(1710)/f0(1790) or new state?
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Recent results on Charmonium spectroscopy

* Properties of h_

* Mass and width of n_

* Observation evidence of {’->yn_(2S)
* First observation of ¢’->yyJ/Y

* Multipole in Y’->yx,,

5/31/12 Meson2012 24



Property of h_

» First evidence:
E835 in pp—=>h_,2Yy1. (PRD72,092004(2005))

» CLEO-c observed h_ in ee>y’'>n’h,,
he=2m,
AM, (1P)=0.08+0.18+0.12 MeV/c?

(PRL104,132002(2010))

» Study isospin forbidden transition:
B(V/ — 7r0hc)
» Measure as well the E1 transition:

~ B(he — ymc) . »
» M(h.) gives access 10 hyperfine splitting
of 1P states:
AM(1P)=M(h)-

1/9(M(x0)+3M (1) +O5M(%c0))

5/31/12 Meson2012 25



>, @ BESIII

w0 BESTII
3500 s gl A~ E1 tagged
3000 | -

t 1000
2500 o
20000 ool
1500 L s+ iy

| T + 4
1000 2w

_4(X)- ) ‘ ‘

500 b 351 352 353 354

0, - - . - M |.‘ .
50000 | iy v s 1NC IUSIVED
40000| 500

: 2000 | .
30000 1500

[ 1000
20000 %l 1y 4t 4

LY T

10000f oL | |

: -1000 =755 352 353 354

0351 352 353 354

PRL104, 132002, (2010)

>
>

>

Select inclusive wt° (Y’ 2> x°h )

Select E1-photon in h.2>ym_(w/o E1 tagged)

El-tagged selection gives
M(h.)=3525.40+0.13 +0.18MeV
( AM, (1P)=0.10+0.131£0.18MeV/c?)

I'(h)=0.73+0.45 +0.28MeV (first measurement)

(<1.44MeV at 90% CL)
Br(y'->ani°h_)xBr(h,>yn, )=
(4.58+0.40£0.50) x10-

El-untagged selection gives
Br(¢y'-> n%h_) =(8.411.3+1.0) x10*

Combining branching fractions leads to
Br( h.2> yn.) =(54.3+6.7%5.2)%
(first measurement)

5/31/12

Meson2012 26



Y=2>a’h., h,>yn., n. exclusive decays @ BESIII

Events/1 MeV
Events/1 MeV

Events/1 MeV
Events/1 MeV

3.52

7° recoil mass (GeV/,

Events/1 MeV
Events/1 MeV

Tl Tn(YY)

A .
34 ) 352

o 3. 56
T recoil mass (GeV/c™)

Events/1 MeV

Events/1 MeV
—

Simultaneous fit to s1¥ recoiling mass
v?/d.o.f. = 32/46

Mass = 3525.31 £ 0.11 + 0.15 MeV/c?
Width = 0.70 + 0.28 + 0.25 MeV

Events/1 MeV

Events/1 MeV

Events/1 MeV

N.l}

I}
2 i 11 .,
|.‘.lll|lhl|||,liil||l|,llllﬂ£iiil:lllm i
50

50 . 352 5 '
T recoil mass (GeV/c)

50, 352 g5 5
T recoil mass (GeV/cY)

fag 380 , 353 354 %6
T recoil mass (GeV/c")

Events/1 MeV

Events/1 MeV

Events/1 MeV

.50 0 5. ) )
T recoil mass (GeV/c")

Events/1 MeV

n*n-n*n'nono

7° recoil mass (GeV/c’)

Consistent with BESIII inclusive
results PRL104,132002(2010)
CLEOc exlusive results

M(h_ )=3525.21+0.27+0.14 MeV/c?

N =

136+14

PRL101, 182003(2008)
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RENY,

* The lowest lying S-wave spin singlet charmonium, discovered in
1980 by MarklII

e Parameters:

J/y, ¢’ radiative transition: M ~ 2978.0MeV/c?, I' ~ 10MeV
Yy process: M =2983.1£1.0 MeV/c?, T'=31.3+£1.9 MeV
® vy, pp
)
® YIS, 28)2>m. .2 a
Mass WIS, 252, / width AUBERT  O8AB BABR 28
{ Tt AUBERT 08AB BABR 24 UEHARA 08 BELL 00
T UEHARA 08 BELL <3 $ WU 08§ BELL 57
ABE 07 BELL —-4 WU 08 BELL
| WU 06 BELL 69 - ASNER 048 CLEO 03
oo WU 06 BELL 08 ® - AUBERT 04D BABR 7.8
‘ ASNER 0d CLEO 04 81 . AMBROGIANI 03  EB3S 08
AUBERT 040 BABR 20 : 8al 03 BES 1.6
. AMBROGIANI 03 €835 24 — FANG 03 BELL 0.0
o BAl 03 BES 37 . BAl 00F BES 33
— FANG 03 BELL 0.1 . s ARMSTRONG 95F ET60 0.1
. BAl 00F BES 26 2 . BAGLIN 878 SPEC 74
. . Bal 908 MRK3I 4 — : BALTRUSAIT.. 88 MRK3
. GAISER 86 CB8AL 06 & GAISER 8 CBAL 125
° 304 | 420
;\04‘-:) .“1,3 ;-()I‘vo :0.‘1‘3 ."iliDO \':).OO C-Ln - 00 0014 ;‘j - : ;‘j —"C '!0 ' 8; COL.< 0- 0001
N 1S) mass (MeV) 1.-(15) WIDTH

5/31/12 Meson2012 28



Y->yn., n. Dexclusive decays @ BESIII

250 . 4o 250+ 4ot arXiv: 1111. 0398 ACCGpted by PRL
E [ other vy’ decays ) E [ other y(2S) decays + — U
w2005 % KsKm | w2008 22, VAR S (N AR =
> F ---- sig > F ---- sig " > F ---- si
é’ 150 :_ — — non-reso g 150 I — — non-reso LY % 100; f
= = = 8ok
3 2 % 60
c c C 40F
g g g ok
L L W] £
0 E
27275282852929533053131532

272752828529295 3 3053131532
M(KK=®) GeV/c?

105 Y | TN AP PRI PR I L deaa, [ I I
2872752828529295 3 3053131532
M(mn) GeV/c?

M(KsKr) GeV/c?

140 > data F —e— data 250F —— data
o ong;er vy’ decays 300 — . ::her v’ decays L ol g;;er v(2S) decays
1205 cont o - me cont 0 0 200w cont
Q1207 o KsK3m | %esof 2K2mm? | g2o0p = 6
0] - — — non-reso = 200[ — — non-reso 0] [ — — non-reso
= gof =" F — E 150
o n
> 60f S 10 = 100f
2 2100 2
s O 2 5 S 50
L 20k L B (T
o :'I I_‘ s S —— — S me— 0 E o -...I........ gageesrrreeeenasaastte ettt
2.72.752828529295 3 3.053.13.153.2

3 AP PP I PP IPEIPIP I P IR PP B
272752828529295 3 3053131532 2.72.752828529295 3 3.053.13.15 3.2
M(2K2nn®) GeV/c? M(6m) GeV/c?

Interference with non-resonant is significant !

M(KsK3r) GeV/c?

Relative phase ¢ values from each mode are M: 2984.4 + 0.5 + 0.6 MeV
consistent within 3o, I'r 30.5+1.0+0.9 MeV

= use a common phase value in the ¢:  2.35+0.05 =+ 0.04 rad
simultaneous fit.
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Comparison of the mass and width for 7,

The world average in PDG2010 was using earlier measurements

| | T T | T T I T T
m Belle vy Belle yy
CLEO vy CLEO yy
BaBar yy —®—— BaBaryy
—O—= CLEOc J/y —O— CLEOc Jy
(stat.only) (stat.only)
—— BESIIIy’ BESIIy’
e.
| | | | | | I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | |
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n_mass (MeV) n, width (MeV)

Hyperfine splitting: AM(1S) = 112.6 £ 0.8 MeV

Consistent with B factory results in other production mechanisms.

Agree with lattice QCD calculations of the charmonium hyperfine splitting

5/31/12 Meson2012
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Crystal Ball’s “first observation” of ¢’ —y X (M=3.592, B=0.2%-1.3% )

never been confirmed. PRL 48 70 (1982)

“Seen” n.(2S) from inclusive photon spectrum of v’ decays.
Branch ratios and parameters are far from modern measurements.

Observed in different processes other than radiative transition

Experiment M [MeV] [ [MeV] Process
Belle [1] 3654 + 6+ 8 B* — K+ 1.(29),1.(25) — KgiK*nT
CLEO [2] 364294+ 3.14+1.5 6.3+ 124+ 4.0 Yy = 1e(28) — KgK* 7
BaBar [3] 36308+ 3.4+1.0 17.04+83+25 Yy = 1e(2S) — KgK=nt
BaBar [4] 3§(i~|5.()+.").."')';:2 ete™ — I /ipee
PDG 5] 3638 £ 4 14+ 7

M1 transition y > yn.(2S)
CLEO found no signals in 25M v’
BF(y’2yn(2S)) < 7.6x10* CLEO: PRD 81 052002 (2010)

Experimental challenge : search for photons of 50 MeV
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Observation of ¥ 2> yn.(2S)->y (K .Kx ) @BESIII

o~ T
o BESIII prellmlnary

~

& —_ ﬁttmg results

0 === Ker

< 102E - - ng(2s) -
S B F x4\ e background

~

= I 4

5 0pTT

> Fe 0TS

m A

1 E

N.(2S) signal:

|

M1 transition

3.5 3.55 3.6 365 %7

(GeV/c )

2
EO
EyEo + (E), — E0)2

Width fixed to 12 MeV (world ave.)
Events: 50.6+9.7; Significance >6.00!

Mass = 3638.5+£2.3+1.0 MeV/c?

C Br(yp™>yn,(28)> YK Km)

=(2.98+0.57+0.48)x10-6

Br(n,(28)> KKm)=(1.940.4+1.1)%

—  BaBar: PR D78 012006 (2008)

Br(y=>yn,(25))
= (4.7+0.9+3.0)x10*

3 , S
(E5, X BW(m) X damplizg(Ey)) ® Gauss(0, o) CLEO-c: <7.6%104

PRDS1 052002 (2010)

Potential model predicts
(0.1~ 6.2)*104
PRL 89 162002 (2002)
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b’ ->yyl/ U

* Two photon transitions are well known in excitations of molecules, atomic hydrogen,

and positronium.
[F. Bassani etal, PRL 39, 1070 (1977) A. Quattropani etal, PRL 50, 1258 (1983)]

* Never been observed in the quarkonium system.
CLEOc: upper limit of Br(y’— yyJ/w) is 1X 10~3 (PrRD 78,011102(2008))

e Observation helpful to understand heavy quarkonium spectrum & strong interaction

v(ky) v(k2)
Theoretically: :@r ;
(2S) J
* Potential models give discrete spectra g wmP)
(W(25) = Veer X > 1/ W) , ,
ik ) ( )
e Possibility of testing the hadron-loop effect
(25) J /1
> >

e Coupled channel: the hadron-loop effect
also may play a important role in the
continuous spectra

D' loop
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First evidence of " ->yyJ/\ @BESIII

e Select w(ZS) —> YYJ/W' J/w — ete- and M+u- events arXiv: 1204.0246

Y.m - lOW energy gamma

2

—

(=]
—

* the ., components: double E1

.~ scaling

* yields of the two-photon
events

* continuum(green)+

~

—
=

(]

-

A

Events/2MeV/c
=

-‘v:l II\I“JI f

(c) (d)

/
l'e ==l 5}

2

3.4 345 3.5 3.55 ] 3.‘;5 3.5 3.55
RM"{sm(GeV/C )

[—
o
o

¢ Global fit of the two-photon process and
cascade ), processes
* See clear excess over BG + continuum

« Briy’ > vyJ/vw) =(3.3 + 0.619%) x 10*

Eveng\S MeV/c
th
(]

a X b
(both ee and ) 3.05 3.1 3.}5
* Significance : 3.8c including systematics RM yy(GeV/c)
* Br(w'— Y%t — ¥J /) are also measured e
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Higher-order Multipole in y'—Yx,, X~ 7, KK

* Y >V, is dominated by electric dipole (E1) transition,
but expect some magnetic quadrupole component (M2).

* M2 amplitude provides sensitivity to charm quark anomalous magnetic
moment k : M2 = 0.029(1 + k)

* Use large clean samples of y ,—n*n" and 3 ,—K'K";
Yo Samples used as control since M2 = 0.

10“;

2

102-

’ w‘“
ul ummnun.m

3.6 3.7 3.2

Events / 0.0025 GeV/¢?
Events / 0.0025 GeV/c?
2

(GeV/cz)
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Signal Events

Higher-order Multipole in y'—Yx,, X~ 7, KK

. PRD84, 092006 (2011)
« Extract M2 using fit to :

250 - 250
full angular distribution 200} { o
Evidence of M2 contribution: § 1o § 1o
* 50:— . . 50;
ﬁlz 0.046 = 0.010 = O(D\ 0-; —0.8—(;.6-01.4-(;2 6 olz o'.4 ofs 08 1 .
g J— . 3o cost,
E3 = 0.015 * 0.008 = 0.018, 440 n »
N : . 20 g 0 N
* Significant signal for M2 amplitude .} 4% i y + Db g !
that is consistent with x =0 ool fHt voe | B JUR
- 50 —FtMC 50 —FitMC
10’% " { Crystal Ball
= : ? ?:E?CI)I 0-1 -08-06-04-02 0 02040608 1 0-1 08-06-04-02 0 02 04 06 038 ‘1
- . cos, cos,
o* -E i rﬁ _._ liB’rEeilcl:It:on 250E 250
= E - 2002 __ 200
10]é_ — E g 150E 3’ 150
~ : % 100 % 100
-....I....l.. 1 ..1..:.1....|.. M 4 505 . 50
-0.25

02 -015 01 0056 0 .06 0.1 016 02 0.25 05
M2

M(c)=1.5GeVandk =0
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Recent results on Charmonium Decays

* P —=ynd,yn, m’
* Search for n(2S)—=VV

* % decays
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P'—y P(t%m,M'), arise surprises

' —vy P are important tests for various mechanisms:
Vector meson Dominance Model (VDM); Couplings & form factor;
Mixing of n-n'(-n.); FSR by light quarks; 12% rule and “p n puzzle”.

- .."._v"A""r" "._. ".'.I..'.".‘.-."'.‘ / .'.,"'." ,".'..'_"".. “, & ;'-',".,'.‘.“V,-'--'..‘.".’.‘,". \ ""-_.y'.'-."."'n_-,.'.',‘.‘.'ﬂ",' "J
Ihp R0 ——— . VS PY2S)  FRIIO—
oo o i _} nory'
COCOOOO00 V" . CO00CO0L0D! -

theory experiment

CLEO-c: J/, §', Y" —y P

R(cz) = B Ry, = (21.1% 0.9)%
No Evidence fory' =y n®orym
LO-pQCD Br(y'—yn’')=(1.19 + 0.09)%
U R, < 1.8% at 90% CL
Ry ~ R
w J/ W R, <Ry,
PRP 112,173 (1984) PRD 79, 111101 (2009)
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YP'—y P(n%n,n’) @ BESIII

y'— V= ' —yn’
(First evidence4.30) (First evidence 4.6 7))
N—=n'w’ N —ntnm !

40 [\

= | 2T

1 E

E ’

al! z s - -
L ¥ v v Y| 102 . -
o- L L L

0.4 0.5 0.6 0.7 o0.8

. .85 0.9
Mass (GeV /c?)

0 F il | - FEPEEE R
005 01 015 0.2 025 03

Mode | B(y) [x106] |B(Jip) [x10%] epe)]| Q (%)
- 1.58+0.42 0.35+0.03 45=1.3
- 1.38+0.49 11.04+0.34 | 0.13 £ 0.04
- 1269 52.8+1.5 2.4 +0.2
R, = (1.10£0.38£0.07)% << R, PRL105, 261801, (2010)
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Search for n (2S)2>VV

Test for the ‘intermediate charmed meson loops’:

PRD84, 091102R (2011)

n.(2S)>VV is highly suppressed by the helicity selection rule.

4 1nterrned1ate charmed meson loops’ can increase the productlon rate of M C(ZS)QVV

E ” / = o N 2 10> s K . -
; Y : ’g + ’Q R +
E g “F i ﬂH L
3 m N
3.4 M;g;)o (Gé{//cz) 3. 3.6. o 335 3.4 3.4;/[3(1[:.—5 (G;i://c )3.6 3.65 3.7 3.35 3.4 345 M;)zgs(Gez\;;Cz) 3.6 3.65 3.7
Br(vy'=2n.(2S)=>yVV(107) Br(n,/2>VV) (103) Br(n,/2>VV) (103)
(using BESIII BF(y'>yn,(2S)) | Theory: (arXiv:1010.1343)
p0p? <12.7 <3.1 6.4 ~ 28.9
K*0K*0 <19.6 <54 7.9~ 358
0 <78 <2.0 2.1~938

* No signals observed in 1 (2S)~> pp, K*°K*, ¢¢;
 more stringent UL’s are set.

5/31/12
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¥ sStudy at BESIII

The %, decays provide good place to:

* Study gluonium: ¢ -> gg - (qq)(qq)
C. Amsler and F. E. Close,Phys. Rev. D 53, 295 (1996).

* Test the Color Octet Mechanism(COM)

G. T. Bodwin et al., Phys Rev. Lett. D51, 1125 (1995).
H.-W. Huang and K.-T. Chao, Phys. Rev. D54, 6850 (1996).
J. Bolz et al., Eur. Phys. J. C 2, 705 (1998).

* First measurement of y_, 2 0¢, 0w, ¢
* First measurement of x_, =2 y¢
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X2 99 and x., Pww are
Singly OZI suppressed

X 299 and x., 2wwis
suppressed by helicity

selection rule.

X 2 Pw is doubly OZ
suppressed, not measured yet

X, 2VV(V:o, ¢

M. (GeV/c?)

PRL107, 091803 (2011)

.1

o T I3 -
(a) MK*K' (GeV / c9)

Bl [A] [B

QAN
] 1
0.8 1.0 1.2 1.4

2
(e) Mmmo (GeV / c9)

Events/ 5 MeV/ &

5885888

Events/ 5 MeV/ ¢

Events/5 MeV/ ¢

+

ot e e

1408

160f- "
1209 |

1004 I

o |

2208 I
2008

160} |
1408 |

|
§0~..'~.'.-'~.~'* \H’hh'ﬂ'ﬂ'l le*f'vl

9 1.0 1.1

A 1.2
2
(b) M_ (GeV/c?)

!
..u"' R'.“M."'ﬂ'«""cw

0.7 0.8 09 1.0
(d M__,(GeV/ c?)

S 10 L1

' ' 2
(f) Mmﬂto (GeV / c9)
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X, 2VV(V:o, ¢)

20 Mode Nhet e (%) B(x10~%)

2 2 o = 00 3103 224 78104108

g ¢¢(KK) Xco Xe1 — ¢ 254 +17 264 4.1+0.340.4

S, f*\, Ye2 — O 630 +£26 26.1 10.7+04 +1.1

= - } : — 2(K+K_)

3E Xe0 — GO I79+16 1.9 92+07+1.0

© o Xel — ¢ 11241223 50+05+0.6

§°E Xe2 = 0 219+16 22 10.7+0.7 £1.2

w20 S KtKntn 7Y

"3”3 - Combined:

';'m Xc0 — QP —

s Xet = 6 —

ét X2 — Cf)@ -

XcO — Ww 991 £+ 38

2 ;s, Xel — WW 597 £ 29

§ s Xe2 — Ww 762 £ 31

%T; — 2T~ 7P)

& 10 Yoo — W 76 +£11 147C12+01+0.D I
i I ) Ay ST TR Y N Yel = wo 15+4 162 0.22F0.06 %+ 0.02
330 335 340 345 350 355 360 .o — wo < 13 157 <02

M, ( GeVic?)

L onq distance transitions could contribute via the

S KtKntnx°

intermediate meson loops.

EvidencL
First observation

PRD81 014017 (2010) , PRD81 074006 (2010)

5/31/12

Meson2012

43



- PRDB3, 112005, (2011)

=)
il

M (V¢)

N [
UI

81 20
v1 00

Events / ( 0.01 GeVic?)
N
0

s
|
A
s

-
O

o
TT[TTT

d 4 il - spetyepeerees x
935 34 345 35 355 36 3.55 3.6
A travia2y Miv o) (GeVic?)

Branching fractions for ch radiative decays to a vector meson (In units of 107°)

Mode CLEO! pQCD? QCD®  QCD+QED® BESIII
Xco — VP » 1.2 3.2 2.0 <10.5
Xo1 — vP° 43—+19— 14 41 42 228+13+22
Xc2 — 1P < 50 4.4 13 38 <20.8
Xco — YW < 8.8 0.13 0.35 0.22 <12.9
Xo| — YW 83 4+ 15+ 12 1.6 4.6 4.7 69.7+7.246.6
Xoo — YW < 7.0 0.5 1.5 4.2 <6.1
Xco — Y < 6.4 0.46 1.3 0.03 <16.2
X¢1 — VP < 26 3.6 11 11 25.8+5.2+2.3
Xco — Y < 13 1.1 3.3 65 <8.1

First observation

prediction by pQCD much Iower than experiment
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Polarization of ¥ ,—y V (V:p,®,9)

oc(l—fT)C0829+%fTSi1129 Jr=

---------------------------------------

Longitudinal polarization (f;); Transverse polarization (f7); Helicity angle (8)

|47

|AT|2+|AL |2

----------------------------------------------

Aa 270,

5406 08
cose{m,Normal of )

71—0.090:—0.044
-0.087-0.026

1 08 96 04 02 © 02 04 06 08

£, =0.158+0.034

1 08 08 04 02 0

£, =024

1 % 0% 06 244 02 o 02 04 o8

- +0.13+0.10
Jr=0.297013 009

Longitudinal polarization dominates, consistent with theoretical prediction

PRD83, 112005, (2011)
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Recent results on D analysis

* Leptonic Decays
* Semi-leptonic Decays

e Search for DO->yy
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Number of events

| BESIII Preliminary (~2.9fb")
100

50j

b2

“\!E'.lu [chz,-fcz]

Preliminary results of D* 2 u+v @BESIII

1’

—— Data
D' — K 1t
D' —= &
ElD —TT
Other D decays
I non-D decays

0.2 0.1 006 01 0O O3

T2 2 2
Mmiss_ Emiss = Pmiss

Results: N(D*->u*v)= 377.3+19.4

BF(D* S>utv ) =(3.74+0.21#0.06)x10*

G
ﬂ T[(D*—I*v,) =

f,, = (203.91+5.72+1.97) MeV
V4| = (0.222+0.006+0.005)

2 p2 2
FJ p* 2 2 m; 2
I/Cd mlmD+(]'_ 2 )

mD+
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Comparison of B(D* 2 u*v) & f,

=i

fd

1

- b—e—]

-

|

<0.07%%6 at 90% C.L

A0 7440 08
(0 08_u oo

oy
oz )%

(0.122*°"' 40 010)%
Q053

(0.035:0.014:0.006)%
(0.0440+0.0066 ** %o,
0.0012

(0.038010.003210.0009 )%

MARK-I1II
BES-I
BES-II

CLEO-< (56 pb™)

CLEO=< (281 pb™)

CLEO-< (818 pb™)

H (0.037410.0021:0.0006)%

ses-m@o

(0.0382:0.0033)%

| L

PDG2010

! |

0 0.05

+ The most precise measurement is provided by BESIII
+ the error is still dominated by statistics, needing more

0.1

0.15

0.2

B(D*—)u"“v,_l) [%]

0.25

data taken at 3773 GeV to reduce it.

MARK-III  <zscMovatses L
BES-I (300 Y MV
BES-II 7120 Mev
[ [ MV CLEO-c (818 pb™)
C{ 20 97) MoV BWry)
i H y MaV Lattice QCD
4 ) o Lattice QCD
—m—]  (208:6:3+22) Mo QL (QCDSF)
- ) QL (Taiwan)
.- ) Mo QL (UKQCD)
m-] e QL
o4 (177321) MoV QCD Sum Rule
O« (eox2nm QCD Sum Rule
Fod  ossamey QCD Sum Rule
[=a—] (aroita) Mev Field Correlations
—r—] =2:2amev  Isospin mass splittings
1 | | !
200 400 600
fp [MeV] 15
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Semi-leptonic Decays @BESIII

5000 ‘ =
S F 4{; BESIII Preliminary (~0.92fb™")
‘§4ooo:— | \'\. ‘geoo:—
E I:I ll 500;
3000 — | | C
N | I"-. 400
2000:— .f! DO => K ev 300;
E f 200%}
1000 — s =
C / 100—
5 r'—r“’lj — =
] 005 === %
miss K
Mode measured branching fraction(%) PDG CLEOc
DV - KYe i 3.542 4+0.03040.067 3.55 £0.04 | 3.50 £0.03 +0.04
DV - nte b 0.2588 +0.0084+0.005 (.289 +0.00510.255 +0.0084+0.003

» Systematics are preliminary

= Will improve using full (3X) data set in the near future

» Form factor measurement is ongoing
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Search for DO->yy

EventsMeV

Forbidden FCNC transition (c ->u+y);
SM prediction: Br(DO->yy)~10-2 or less;

Results presented in Br(D,->yy)/Br(D,->n’n%) < 5.8 x 10° @
90% CL, Br(D,->yy) < 4.6 x 10 @ 90% CL(preliminary);

PDG 2.7 x 10, CLEO-c preli. 8.63 x 10%, BaBar 2.2 x 10°

LN AL SR B LA AL BN BN SN

,' BESIII Preliminary (~2.9fb-") L B 'f

800 — --—-- Fimad ARGUS bkg function L
- —— The estimated back 2round \ - i
~  ~—--- The scalod and h 1 20 -
L estimaied backorouwnd i i - ;

600 |— |
D% —m%xP: 408111‘11‘ievents 15 "_H [

10 —-‘

|| DO—syy: -2.9+7.1 events

Eventy 10 MeV

n l.-.::. v'-.l, Tl !l' : | ‘l
N R’ ”‘m‘rw st ’ |
: .”".""j : | |vJLLI“| || | l :
i : r | il '[m-lLll{__I‘__l u L]
0
-20 ] 200 65

L4 400

.) L L [ DI S - [ Lo L l Lo L
- E839, 1840 1850 1860
' M, (MeVich)

AE (MeV)
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* BESIIl has been successfully operated since 2008:

— World largest data sample of I/, ¢’, P(3770), Y(4040) already
collected, more data in future (D.**D, at 4170MeV coming soon).

A lot of results have been obtained:
»Light quark states:

Uconfirmation the enhancement at pp threshold in J/p->ypp, Jpc =0-+.
Uconfirmation X(1835) with two new structures in J/gp->y1mn’.
QFirst observation: n(1405)->f,(980)m° (isospin breaking).
O we threshold enhancement in J/p->ywg
O nn system in J/y->ynn

» Charmonium transitions and decays:
O Precision measurements of h. and n(1S) properties.
dfirst observation of n(2S) in W’->ync(2S) decay.
O First evidence of Y’ ->yyJ/y.
d Xc>wh , ww, 90, vo.

» Charm decays:
O DY -> ptv, DY -> K/ e v, DO ->yy.

* Expect many more results from BESIII in the future
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Events/10 MeV

160
140
120

2

80
60
40
20

N, lineshape from y’'=2>n°h_, h.2ym_

E_BESHI Preliminary Z 200 “BESIII Preliminary

= Sum of 16 of = 1ot Background ]

= n¢ decay modes = wf  subtracted *

= = -

f— !

=5 . ¥ + D

= 2_4 e L et 2'8 '''' ' 3_'0 """"""""" 3 50+ 24 26 28 30 32
M(hadrons) (GeV/c?) M(hadrons) (GeV/c?)

The n¢ lineshape is not distorted in the h_.2>yn. , hon-resonant bkg is small.
This channel will be best suited to determine the 1 resonance parameters.

Event /5 MeV/c?

450%* Belle
Yy — 1]C(IS);

N(1S) = KsKm

400
350
300
250
200f3
150}
100

50|

Mass(KsKm) (GeV/c?)

Symmetric lineshape
in yy production

4250308-001
| |

CLEO-c
IAp(1S) = e(1S)
Asymmetric lineshape
in decay
+

}padad it ;

—_
o))

—
N
T

1. Candidates/10 MeV [x10?]

E(y) [GeV]
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Tag Mode Reconstruction

Four tag modes picked

Best tag mode based

minimum AE

AE = E_ Ebeam

BESIII Preliminary

mBC (D°—Krm)

mBC (D°—Knx?®)

g t F
& 12000 2 18000~
10000:— 1600027 H H
EBESIII Preliminary. ot BESIII Preliminar
8000 [ 12000/
000~ 10000 —
E 8000 —
4000 — 6000 f—
2000 — 4000 ;
2000 —
s el e | | |
'P. 3 1.84 1.85 1.86 1.87 1.88 mBC/G;\.[ 9 P 3 1.84 1.85 1.86 1.87
mBC (D°—Knn’x®) mBC (D°—Knnr)
£ 16000—
& 5000 & E
imi ““EBESIII Preliminar
- BESIII Preliminar; 12000
10000:—
3000 s000 -
2000 6000 —
000 —
1000
2000 —
Pe3 1124 nlzs 1:36 |:z7 ; P&z g Llﬁ 81_6

8 1.89
mBC/GeV

Mode

Data Yield

Fraction of All Tags (%)

Tag Efficiency (%)

DY 5 K—nt
DY - K—xtxY

DY &5 K—ntaY70

DY 5 K ntnnt

159,029 + 413
323,348 £ 667
78,467 + 480
211,910 £ 550

20.7
41.8
10.1
27.4

62.08+0.07
33.56+0.03
14.93+0.04

36.80+0.04
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Is the X(1835) from the same source of X(pp)?

* 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->ymmn’ 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 J/y->ynin’ decays.

5/31/12 Meson2012 56



