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Beam energy 1.0-2.3 GeV
Ener'gy spread: 5.16 x 10™*
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2004 s'rar"r BEPCII construction
"~ 2008: test run of BEPCII
f‘ 2009 -+now: BECPII/BESIII data takings



BEPC II: Large Crossing Angle, Double-ring
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,// Compton back-scattering \\\ Luminosity:
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 NIM A614, 345 (2010)

The BESIII Detector

Super-conducting
magnet (1.0 Tesla)

Drift Chamber (MDC)
op/p (°/,) = 0.5%(1GeV)
GdE/dx (O/O) = 6%

¥

| ounter
8- 9 layers RPC
ORP=1.4cm~1.7 cm

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

EMC: GE/\/E(O/O) =2.5% (1 GeV)
(Csl) Gz’q)(cm) =0.5-0.7 cm/VE
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BESIII Data Taking

« July 19, 2008: first e*e” collision event in BESIII
* Nov. 2008: ~14M y(2S) events for detector calibration
«2009: 106M y(2S) 4XCLEO-c
225M J/W 4 %< BESII World’s largest sample of
J/v,w(2S) and y(3770)
«2010: ~0.9 fb1y(3770)
«2011: ~2.0 fb1y(3770) 35X CLEO-c
~0.5 fb! @ 4.01 GeV
«2012: tau mass scan: ~22 pb?; y(2S): 0.4B; J/v: 1B;
J/v lineshape, R scan (2.23, 2.4, 2.8, 3.4 GeV)
«2013: ~1.0,0.8,0.5 fb! @ 4.23, 4.26, 4.36 GeV and
scan in vicinity

Future plans: R scan, D, physics (E.,,=4170 MeV), t scan,
G.S. HUang 5'1 O fb-1 \|1(37709p£951£,)JQeQ|§1ySICS, ......



The BESIII Collaboration

http://bes3.ihep.ac.cn
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Physics Programs @ BESIII

X physics: Charm physics.
-Zc in Y(4260) 2 7t w J/y semi-)leptonic decays

decay constants.
Light

- CKM matrix: V. Ve
-meson & baryon spectrosco - DY-D° mixing and CPV
eshold effects

- strong phases
-multiquark states .
_glueballs & hybrids QCD & z-physics:

@T decays
- precision R-measurement
- form-factors
- two-photon physics

Charmonium physics:
DTEC1S10N SPECtroscopy
ansitions and decays




The Charmonium System
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Recent Results on XYZ meson Physics

e Observation of the Zc(3900)

SPCS2013, June 3-5

10



Events / 0.02 GeV/c?

Z*observed at BESIII

) r 1 B ) Data
fgffsoivfh@fgﬁ@ Belle v ' D@ U7 A
better precision; 2> sob oo Background it
Zc significance > 8c; O - e
Mass (3899.0£3.6+4.9) MeV; S 60
Width (46+10+20) MeV; >~ b
Quickly confirmed by Belle& € [

CLEO-c; o 2034
arXiv:1303.5949, accepted by . B
PRL. 07577 38 39 4.0
M, ax (TEJ ) (GeV!'c )
oo e v b 0 A H
A : § o0 e
ool l¢H| Jﬁu |i| S oof S :mE [ s1esana l|||
of L S wf S ]
. & I}]l Hﬁmﬁ ﬁﬁi 2“; Fs .% zu:‘ }}}PHM ty H*’r]l Wuw‘h
055534 353637 38 39 4 4142 02 04 06 08 1 12 14

M(r*Jhy) (GeVicd) M(mJhy) (GeV/c?) M(r'r) (GeVic?)



Z,*, 2> Exotic Hadrons

* |In Quark Model, hadron has 2 or 3 quarks;
meson: baryon:
2 quarks 3 quarks

» QCD allows hadrons with N ,«s#2, 3

— glueball : Nguarks = 0 (99, 999, --.)

— hybrid : Nyuarks = 2 + excited gluon

— multiquark state : Ny, > 3

— molecule : bound state of more than 2 hadrons

* 7,5, Z are special, because they apparently have
4 quarks (bb/cc + 2 light quarks): TT*Y(nS), TT*@(NnS).

G.S. Huang SPCS2013, June 3-5
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Recent Results on Light Hadron Physics

* 0 threshold enhancement in J/y—y®n0

* MM system in J/y—yMn
e JJy—>AX0+c.c.

SPCS2013, June 3-5
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®¢ threshold enhancement in J/y—y0d

JIy — rpp. ¢ —> KK~ (OZY) J/y — yop (DOZI)

BESII M =1812"" +18 MeV/c?
] o ['=105+20+28 MeV/c’
3 P B JPC favors 0+ over O*
'-.E ; ARl FETHSENY FERINTEE ENT N | l: ----------------------------------------- and 2++
1R 2 22 24 26 28 3 é.:* 05 1 15 _'2 25 3 35 4» -&S
M(m)) (GeVicT) M (yo) (GeV/c™)

Phys. Rev. Lett. 96(2006)162002
G.S. Huang SPCS2013, June 3-5
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PRD 87, 032008 (2013)

J/Ww—ywo at BESIII

250 e Data 600 y -
r —_ E'c-tje:tinr' (a) - + (b) L ¢ + (c)
< 200f i < | | —~ 1000f }
= - . f 2(1950 = . o I .
2 [ L, —— rﬁigzgsg; j ® 400F q) > 0
C . G i . i1
@ 150 Phase-space & ' M
g - Background 8 g L
g S EDD- l’ S s0op
= = B = -
§ S i it G ; t:‘-"d"'ﬁ"‘b.
L C Ll:J M - LI}J I “;‘r NS o e ‘~
0 > o5 3 098 1 1.02 1.04 1.06 1.08 0.5 1 1.5
e M(K'K))(GeV/c?) M(r*n n0) (GeV/c?)
M(K*K T %) (GeV/c?)
TABLE I. Results from the best PWA fit solution.
Resonance J°e M(MeV/c2) I(MeV/c?) Events AS Andf Significance
X(1810) 0" 1795 =7 95 = 10 1319 = 52 783 4 =30a
f>(1950) AR 1944 472 665 + 40 211 2 20,4
f0(2020) 0t 1992 442 715+ 45 100 2 13.90
1n(2225) 0 2226 185 70 £ 30 23 2 6.4
Coherent nonresonant component 0" 319 + 24 45 2 910
Is X(1810) the f,(1710)/f4(1790) or a new state?
G.S. Huang SPCS2013, June 3-5 15




G.S. Huang

Study of M System

PRL48 (1982) 458.

e |
1

First observed f,(1710) from s Jh
J/y radiative decays to nn

by Crystal Ball in 1982. u n/ A L\PWLE_JJ J~L
) S e i il P

30

[T
n

Crystal Barrel Collaboration (2002) My (GeV]
analyzed the three final states n°n%n°, nn°n° and n°nn with
K matrix formalism. Found a 2** (~1870), but no f,(1710).
E835 (2006): ppbar = n°nn , found f,(1500) and f,(1710).

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

SPCS2013, June 3-5 16



PRD 87, 092009 (2013)

J/y—ynM at BESII: sy esn | =
LQCD: lowest mass glueball :m e, _
with 0** is in 1.5-1.7 GeV REANUOLAUDOA W B 0

> £,(1710) and f,(2100) are Y
dominant scalars |
» f,(1500) exists (8.20) -

600

400

) M : 'E' 4-DD- -E'
» f,’(1525) is the dominant = =
- g 200 N
tensor ] [ '
D1 II—GI.SI“ILlI””D!E””1 0:’2 [III IIE
(c) cost, (d) L5
Resonance Mass (MeV/c™) Width (MeV/¢%) B(J/ — yX — yqnq) Significance
fo(1500) 1468"12" 3] 136731138 (1.657 53771 3) X 1072 8.2a
fo(1710) 1759 = 614 172 + 10*32 (23570134134 % 1074 25.00
£(2100) 2081 + 13+% 27342470 (L.1310001064) % 104 13.9¢
f5(1525) 1513 £5', 75% 15780 (3.42703 7 13) X 1072 1.0
f>(1810) 1822139146 229135188 (5.401060+342) % 1073 6.40
£2(2340) 236243540 341G (5.60*462+337) X 1073 7.60

G.S. Huang SPCS2013, June 3-5 17



PRD 86, 032008 (2012)

J/W—AZ +c.c.

L (a) e 1 I |I | | (b) o
o HEE NS I SV | :
e PDG2010: s T s i o |
Br(J/w—AZX%)<1.5x10* o Ll 124 ]
* First observation P,
e Study isospin breaking : e
mechanism in J/y — AX° " . K
(c) &0 (d) ]
+ C.C. < < | i
* Search for A(1520)—>YA = A 1 E i
* Measured n.—AA (Only E Ei | ]
observed by Belle in B g
%AA K bEfO re) 1, [2).: o %I _2.|{:I1'c“|,"_.-':~éj.
TABLE Branching fractions (1077)
J/0r decay mode BESIII PDG
AZ® 146 = 0.11 =012 <7.5
As" i 137 =012 =011 <7.5
YA, — AA) .98 =021 =032 -

AAdi152 L orn iA1= — o -
G.S. Huang SPC.L‘-EI:J_{}} ColACIS20) — »A) 41

e e ————




G.S. Huang

Recent Results on Charmonium Physics

* Observation of y(2S)— yn.(2S)
¢ ete—=>nJ/y @4.009 GeV

* Y(25) = n/y, n/y

o Y(25)— K*K'TO, K*K™

* Y(25) > ppm°

c Xy —>AATTC

© Yy —>AA X0 TS

* Yy — P, pnw

SPCS2013, June 3-5

19



> First “observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3% from y(2S5)—YX,

MN(25)

never confirmed by other experiments.)

» Published results about 1 (2S) observation:

Experiinent M [MeV| I' [MeV] Process

Belle [1] 3654 + 6 + 8 BT — KF .(259). 1.(25) S| Ah=xT
CLEO [2] 36429+ 3.1+ 1.5 6.3+ 124+ 4.0 v = 1(28) —[A gk ]
BaBar [3] 3630.84+34+1.0 17.0+£83+25 v — 1.(28) =[KeKEnF
BaBar [4] 3645.0 + 5.5+ ete™ — J/ie

PDG [5] 3638 £ 4 14 4 7

Combined with the results based on two-photon processes from BaBar and Belle
reported at ICHEP 2010, the world average I'(n.(2S))=12+3 MeV

» The M1 transition y(2S)—m(25) has not been observed.
(experimental challenge : search for real photons ~50MeV, )

> Better chance to observe n(2S) in y(2S) radiative transition with ~106M y(2S) data

at BESIII.

> y(2S) > .(2S) > yKsKn / yK*K1° observed (>100): PRL109, 042003 (2012).

G.S. Huang

SPCS2013, June 3-5
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PRDS7, 052005 (2013)

Y(2S)—>YN.(2S) = YKsK* T w1

* Formn.2S), only two S g0t —o

measured decay Brs are o

available: KK wand KK+ & 10°F

- 70 S

T N 2 10?

* Y'—yn(2S): M1 transition g _
2

* Search for more 1 (2S) s 10N |

decay modes o FANVARR Y | VO
e To measure the mass, width 33 385 34345 35 35536 365 37

3C 2
of nc(zs) MKngn (GeV/c9)

M=3646.91+1.613.6 MeV/c?
The measured M, I are consistent [=9.214.812.9 MeV
with previous BESIII observation B(y(2S)— yn.(2S))xB(KsK+ 7w+ 1t +1r)
(PRL109, 042003). — (7.03+2.10+0.70)x 106

G.S. Huang SPCS2013, June 3-5 21



PRDS6, 071101(R) (2012)

ete” - Nl/y @4.01GeV

 Datasample: 478 pb! @4.01GeV E
* First observation: ete > nl/y =
(significance > 100) £
* Born cross section: (32.1+2.8 +1.3) pb &
* Assuming 1nJ/v from y(4040),
Br(y(4040)—nJ/y)=(5.2+0.5+0.2+0.5) X103 3
Br(y(4040)—7%/vy) < 2.8x10*% @90% CL §
 Consistent with the theoretical 5
calculation (Q.Wang et al., arXiv: 2
1206.4511) 5
* Partial width of y(4040)—nJ/y: ~400keV
(> two times \|I(4040)—>TI:7UT}\|I) 827703 04 05 "-EM{“-?} (G‘_‘-‘; ’ ;’}-9
— Similar to the hadronic transition of i i
Y(4S) (admixture of a four-quark 1;._;- o +ome
state in the wave function, M. B. o ° —
Voloshin, Mod. Phys. Lett. A 26, 773 s ©
(2011)) g 4
(5:_ "0.15 02 025 03

M(yy) (GeV/c?)
G.S. Huang SPCS2013, June 3-5 22



PRD 86, 092008 (2012)

v — nJ/y, T0/y

* Decay final states: yyu* or 2 T >
- 035F -
Yye*e 3 E
) 0 : L. : ~ 030F E
® — = 3
Y’ — w2/ isospin violation & | E E
. . > - =
e QCD multipole- expansion + & o0F =
axial anomaly = R =0.016 = 01sF ST
= of e =
(G. A. Miller et al., Phys. Rep. 194, 1 (1990).) E R 3
0.05 F G -
e Charm-meson loops = R = N A
0.11+0.06 U1LS 1’0 12,5 13.0
M/Jw (GeVic?)
(F. k. Guo et al., PRL 103, 082003 (2009))
Bor R Final state This work Combined Particle Data Group review
B(y' — 70T/ ) yye'e 1.27 + 0.03 * 0.03 -
(X1073) Yyt 1.25 = 0.03 + 0.03 1.26 + 0.02 + 0.03 1.30 + 0.10
By’ — /) yyete 33.77 + 0.23 * 0.93 :
(X103 Yy u 33.73 + 0.24 + 0.90 33.75 + 0.17 + 0.86 32.8 + 0.7
R = il yyete 3.76 + 0.09 + 0.06 x e
(X107 yyu" 3.71 = 0.09 + 0.05 3.74 + 0.06 = 0.04 3.96 + 0.42

G.S. Huang
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e  Motivation

— Test 12% rule (Q;) & Study p7

Y — K*K'1°,

puzzle in y'— VP decays
— Test HSR

— Search for excited ¢, K* states

KK

PRD 86, 072011 (2012)

-l T 1 ‘
10__ L

oy
R
o 8 3 R el
R R DL P A
e F oW " e, P4 ., -
S | F . .\...-}‘-E' .-:h:'-
© 6y T V¥ --;.;-‘.'2..‘-,'.
O [ & .1 avpfIgs v
= PR
% Rz Tl
o~ X 4__ - ..';._'. . . . .::;“_',’_'-. o
..q e o""::.\.' ot
oL S

. o Bl R
* PWA applied PSR ST
) * o) I I i B [ 00‘ 5 '} I6| 5 15
— Measured y'— KK”, on, om° g & M;fg (ijcg)f b M. (GeVIcy
(isospin violated) s 5,(1850)2  4(2170)?
— @, in VP decays significantly T 306 380
deviate from 12% S.E
. . [
* First observation: y'— Sk W — K+ K-
* _ =
K*K",(1430) ‘E“w;—
(HSR suppressed decay) Wk
w 5
:I: I 'I_4I I I1fﬂl I I'I_IEII I IZI_CII I Ille ) I2.I4I I IZ_BI I IZ.EI I a0
M. (GeV/c?)
Mode (' — ) el %) jobs Br(x107) Q, () PDG ( %X 1077) CLEO ( ¥ 10°3) BESII ( % 1079)
7 K* K (inclusive) 21,52 917+37 407*0.16 +0.26 <8.9 2] “e o
K*(892)' K +c.c. 2025 224+21 318 *0.30')%  0.62*0.09 1.7+0:3 1.3 10=03 29=*13=04
K;(1430)* K~ +ce 2028 251+22  7.12+0.62'%4 >2
nK*K (¢ excluded) 2210 284 =27 308 0.29 + 0.25 <13 <13 E
N 3353 216*16 314*023+023 4.19=0.6] 2.8 00 20+ 1.1 204 33+ 11=*05
35.63 <10 =2(1.04 <().4 0.7 04 4

G.’ﬁ-l.?fifuang
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PWAof v - pp

* Non-relativistic quark model is successful in interpreting of the excited baryons
* Predicted more excited stated (“missing resonance problem”)
* J/y (V') decays offers an window to search for the missing resonance

* |sospin conservation = A supressed

* Two new baryonic excited states are observed!

G.S. Huang

Events/(32MeV/c?)

Events/(32MeV/c?)

T
200

—
w
o

50

200 |

150

50

PRL110, 022001 (2013)

e N |

N(2300)
—.-N(2570)

-
aur

Resonance M(MeV/c?) T'(MeV/e?) AS ANg,; C.L.
N(1440) 1390751750 340730t 725 4 11.50
e1n+3+11 =+2040
151072750 1157570, 19.8 6 5.00
153515155 12075010, 494 4 9.30
+5+411 rn+21+14 ‘
16507200 150750 821 4 12.20
17007353132 4507007 T 3% 556 6 9.60
: +40+109 : +30+110
2300131%103 ) ,3L;Lo_+3191 e 120.7 4
2570 10 7 25005775 78.9 6
Resonance N e(%) B.F.(x107%)
N (940) 1870790 T 27.2£ 04 6.427) 20T TS
N (1440 10607907352 27.6 + 0.4 3.58 0221150
N (1520 190713 7%% 27.7+04 0.64700270-22
6737527323 25.5+ 0.4 2.4710-2810-99
1080711352 26.9 + 0.4 3767028 et
510737730 26.6 £ 0.4 179701003
948753 03 33.8+£04 2.6270-28 7112
79552 T L37 34.94+04 2137005030
4515493 25.5 4 0.4 16.5+0.3+ 1.5




PRD 86, 052004 (2012)

X —> AAT T

e Color-Octet contribution:

Large effect in P-wave state. 3 : M )
_ ) o e F (b TX(1385)An
— e.g.: Yy — PpDp, theoretical & 8 s
prediction consistent with < =
exp. & i 5 )
|_|:j i . '. 3. LI'JJ "" = “.I”I ".“. = .”‘
(Wong, Nucl. Phys. A674, 185 (2000)) M.ﬁrr-wn:-z.;-assn (Gevic?) "'E.n-:-,. L sec. |_.,_-e~,-.-'c )
— %o — A A not consistent T &
— What about other baryon 3 3
anti-baryon decays? g 8 °
* Experiment measured s :
— NR: XCJ - AAT T L% D s e vy E Y Y R R R T

- XCJ — 2(1385)+£—\ U +CC My r3ssr T 0 iCE”E‘} My 13857 E12asy ¢ (GeVic?)

— X — 2(1385) A m*+cc

— First evidence: %, — X(1385)
¥(1385)

— Experiment consist with
theoretical prediction

Events / { 0.005 GeVic?)
Events / ( 0.005 GeVic?)
=

I
$25 a;- 335 3.4 345 35 355 36 $25 33 335 34 345 35 ZE.EE 36
AT =% LN r
(GeVic™) M‘_m_r itatal) [GeWicT)

My j2esrn EEEIY
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PRD 87, 032007 (2013)

X —> AN X030, THY

* X decay properties are essential 0T

to test pQCD models and QCD-
based calculations.

* many decay modes of ., —BB
have not been observed yet, or
measured with poor precision.

* measurements of x, —BB are
helpful for understanding the HSR,
which prohibits %, decays into
baryon-antibaryon pairs.
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Events/3.0 MeV/c?

N
o o

- -
o (5]
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Invariant Mass (GeV/c?)

w

.60
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PRD 86, 052011 (2012)

Xy > PNT,pnmnd

e Color-Octet contribution: o} onnes
Large effect in P-wave state: b~ o
k % =y +' t %
* Search for N* states 2 soof V| , s
* Experiment measured S T S
— Branching fractions for Xco,,  gfisiyemriiteia
— P n m +cC.C. M(prir) (GeV/c?)
Xco,1,2 —> P LT TO+C.C. S T
(most precise measurements) % romf s
. = 800 ' . ’” ¢
* |ntermediate states: I URIRU
— N*(1400), N*(1700) in both =7 .. N .
prand n T e s T
— Threshold enhancement of M(pr) (GeV/c)
o1, or N*(2190), N*(2220)? \@E@)H.* P
) t — ., sideband
— Further detailed PWA needto 3 =}
be done! g eoof P
% 400:— , te '
: 2005_ M
OS2 "33 54 26 2}% 3 a2 34
M(pn) (GeV/c
G.S. Huang SPCS2013, June 3-5 o
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G.S. Huang

Charm Physics (all preliminary)

* D*Dutv

e DK/ etv

e Search for D° = yy
* Dstagging

SPCS2013, June 3-5
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D- Tagging

. .9 fb-1 of data @3.773
------------- MM T Ty rrrrrrrrq
i } 4000¢ o]
150F 0. cer (@) 150006 5 Ky (b) ] 0 0 KK ()
1M : ”|. | - - % e |
S0t -j 00 1 1000
k | l Q .L f’){@
o . | ,"“'*“""'"— . X+
z 15000F o k% (@) 0-K1rd (: ) N\ > >
:5 o 1 1000¢ MBC:\/Ebeam_lle
: oo < 1 s ' Resolution:
P 1.3 MeV for pure charged
Y 2 1 . modes;
' ol (h) 1 , () .
' Ukterne D Krsr 1.9 MeV for modes with one T°.
y 5000 <
: 10000 9 singly tagged modes

182 184 186 188 182 184 186 188 ND' = (1.57i0.2) x 106
My[GeV] M, [GeV]

G.S. Huang SPCS2013, June 3-5 30




Dt+=2>utv

* In the system recoiling against the tagged D,
select leptonic decay for D*2>utv

C

'

=]

forgentum p GeV/

D

|
\
s‘: 20

,'; The neutrino
V. carries energy and 425
momentum away. .
candidates
for D*>utv

Signal selection:
* One charged track only

* Positively identified p

* No isolate photon

G.S. Huang SPCS2013, June 3-5



Dt+=2>utv

IOO__ mainly D+9H+‘"u | D+—)KLUT£+ | 20:_

15F .
10F
, :-..I'II'I....u....|...|....
. 0.4 J 08 09 1.0 LI 12
. [GeV/e?] Momentum of put [GeV/c]

The K escape from the detector.

There are still some backgrounds

G.S. Huang SPCS2013, June 3-5 32



Backgrounds for D+->utv

——Data

* 04 D -K

1 Do

D v

1 07) Other D decays
! B non-D decays

10"

0.2 -0.1 OO 0.1 02 03

[GeV/c?]

I'l].lS'i

G.S. Huang

Estimated with Monte Carlo events

Source mode Number of events
D"~ Kin® 79408
Dt =1ty 38405
DT =1, 6.9+0.7
Other decays of [) mesons 179+11
e"e” — y1(3686) 02+02
eTe” =Y 0.0£0.0
e"e” — light hadron (continoum) §2x14
e =TT 1.9+0.5
B(3770) = non - DD 09404
Total 11.7+23

SPCS2013, June 3-5
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D+->utv: Preliminary Results

N(D*>u+v) = 377.3 £ 20.6

B(D*>utv) =(3.74 £ 0.21s%t + 0.06%5)x10* f,* =(203.91 £ 5.725t%t + 1.97%5) MeV

MARK-III
<0.07%5: at 90%: C.L.
: = BES-I —
(0_031-0.1&!].05)(%
=0085-0,02
| = BES-II e

(0.122**""%0.010)%
<0.053

_PHMW L

fad ==t r s m e
= (0.0382+0.0032+0.0009)% CLEO-c (818 pb™)

H (0.0374:0.0021:0.0006)% BES-IIl (Preliminary)

H (0.0382+0.0033)% PDG2010

o Bl%)

|
|I| (205.8:8.5:2.5) MeV
H (202.915.72:1.97) MV
H (213+4) MaV
|-9-| (217+10) MeV
| | (206-46+3422) MeV
- (z352813) MeV
B (210=107)MeV
m-  (211:147,)MeV
Fod (177421) MeV
|-l _| (202:423) MV
I_D_l {185:20) MeV
|_1_| (210+10) MeV

|_1r_| (2824249 MeV
]

MABK-IIl <20movatgasclL.

BES-I (200 ") MeV
BES-II (3?1::'1251 MoV
CLEO-c (818 pb™)

BES-Ill (Preliminary)

Lattice QCD
Lattice QCD
QL (QCDSF)
QL (Taiwan)
QL (UKQCD)
QL

QCD Sum Rule
QCD Surmn Rule

QCD Sum Rule
Field Correlations
Isospin mass splittings

G.S.Quang 0-05 0.1 0.15 0-2 SPCQQBSune?)—S

200

£ (MeV)

400 600 34



D® Tagging

K* -
: mBC (0°Kr) " MBC (0'Kex \ /
EBESIIIPreIiminaW EE?BESIIIPreHminary V e — C
\.
4 tag modes, 0.92 fb' data @3.773

e (preliminary)
Fﬁ\‘l 1454 180 1 147 168 mﬁﬁa:llfﬁ *H ],ﬂﬂ 148 '|.mi 18 154 macﬁ-:lww
mBC ("K' mBC (0'-knnn)
E ot § Mode Data Yield

<k BESI Preliminary [ \ DL Preliminary DY & K—xt | 150.020 + 413
"t j DY K—ata® | 323.348 + 667
i o D° = K—7t7%0 | 78.467 + 480
P; W CE e —E o DD — K_?'T+?T_?T+ 21 ]_,'910 + 550

G.S. Huang SPCS2013, June 3-5 35



DO > K/mev

Z5000— . ~ F
= B i o )
= [ it BESIII Preliminary S A BESIII Preliminary
?nm_ ' g 600— —;— \ _

: ol |
000, Ngg = 18460+/-143 : ﬁ.

N 4+ L 400" | Ngig = 1677+/-45
2000 - \ 300 IH'I

B .:' C Illll

B ; &_ 200— - -

N \—\# 100 x’bg_:‘?" —Fqli—-'-t::T

:--.-—r—-r"'i T — I-rﬁhﬁkr?_r-f_f_iﬂ'l_lﬁ*ﬁﬁ*?—.*ﬁ i T |..|..|”.| . TR e e e e e S S S S S [T S S |

%.1 -0.05 0,05 01 015 0.2 Uk i:.E].*l 1] 0.05 0.1 015 0.2 Ui

il
D°->Kev DO->mev
Mode measured branching fraction(%) PDG CLEOc

DV — K*e v

E_?O — TT+E_L7

3.542 £0.030+0.067
0.288 +0.008+£0.005

3.55 +0.04
0.289 +0.008

3.50 +0.03 +£0.04
0.288 £0.008+0.003

BESIII preliminary, with 0.92 fb! data, will improve with
full 2.9 fb! soon. Form factor measurement ongoing.

G.S. Huang

SPCS2013, June 3-5
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Search for D%—yy

Forbidden FCNC transition (c — u+y);
SM prediction: B(D°—Yy)~103 or less;

Results presented in B(DY—y)/B(DY—n°1°) < 5.8 x 1073
UL @ 90% CL, or B(D°—Yy) < 4.6 x 10° UL @ 90% CL
(preliminary, to be improved);

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

1 1 | 1 | 1 1 1 | 1 1 1
LI I T T 17T I T 1T I T T T T I T T T T T T T 25' __
- I = | —
800 — ----- Fitted ARGUS bkg function - - .
- —— The astimatad back ground A , r 0 7]
F —--- The scaled and 20 __ D %W. '2.9i7. 1 eve ntS __
L estimated background i L " 4
600 — . i
- DOy 7r07r0 o i
> D*"—n°n”: 4081141117 events 2 5|
= I = - |
: z b
2 a0 s b
- @ 10
200
= 5 B
0 1 11 1 | 11 1 1 | 11 11 | 11 11 | 11 11 | 11 [) i
1830 1840 1850 1860 1870 1880 _A00 7
G.S. Huang M, (MeVich) SPCS2013, June 3-5 AE (MeV) 37



D, Tag
(part of data @ 4010 MeV)

[D—KK]
;1400j ;- =
7} - :»220:
§ . BESIII o= BESIII
¢ ¢ Preliminary g1s0- Preliminary
000~ <160
Esoo:— E::‘E
- o~ 1.6 MeV °F o~ 1.4 MeV
600 1001

60
200 40
20 HHHHHHH
L1 L1 1 L1 11 | | | | L1 1 ‘ L oo Ll 1 1 T el
P93 194 195 196 197 198 199 2 2.01 Po3 194 195 196 197 198 199 2 2.01
m, (GeV) m, (GeV)

fps (both 1 and T modes ) measurement underway

Note: this data is at 4010 MeV: ~0.3 nb of D} D

We plan to run at 4170 MeV: ~0.9 nb of D*D;
pro: higher cross-section; con: need D¢ transition photon (D;* — yDJ)

G.S. Huang SPCS2013, June 3-5



T Mass Scan



1785

=2
Tt Mass measurement - o] T
— 'y
g =~
| | | S I
_ ()
DASP 1807+ 20 . (20
SPEC 1787 = I :
-18 E:I__‘ g200 @
== i e
Markll 1787+10 | e Y = 400 &
.2 ' -’/
DELCO 1783, d o o o
Scan Point °
ARGUS 1776.3+2.8 d _ 1
12 points, Lum.: 5 pb-
CLEO 1778.2+1.4 L,
2 I T I ; )
OPAL 1775.1+1.9 .
{b}
Belle 1776.77+-0.35 )| =
BES  1776.96 ., | g
0.29 g 1
KEDR 1776.80.,,, | e
<1
| | | | | S
1700 1725 1750 1775 1800 1825

m_(MeV)

o)
3540 3560 3580 3600 3553 3554

0.18 +0.25
M_=1776. 96f021j017 MeV E,., (GeV)

oM./ M_=1.7 x10 -4

GIS_Huang

PDG10: 1776.82+0.16 MeV

BESI results: stat. err. (0.18/0.21)
+Is,.compatible with syst. (0.25/0.17)



Tt Mass measurement in 2012

New beam energy measurement system with a precision of 5x10-;
Data at 4 energy points were taken, ~5 pb-! at the t threshold;

Expect statistical precision is £0.3 MeV, systematic error <0.1 MeV;
More data expected later to reduce statistical precision to 0.1 MeV.
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

Cross Section (nb)
II|III|III‘III|III|III|III|III|\II|II
|III|III‘III|III|III|III| II|\II|II

O. & Lo b v b b e e e
:?.54 355 356 357 358 359 360 361
W (GeV)

G.S. Huang SPCS2013, June 3-5
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Summary

» BESIIT has been successfully operating since 2008:
O World largest data samples at J/y, w(25S), w(3770), Y(4260), Y(4360), ...

> Study of XYZ mesons:
O Observation of the Z¢(3900).

> Light quark states:
O wd threshold enhancement in J/v—ywd.
Q mn system in J/y—ynn.
Q J/y—AX0+c.c.

» Charmonium transitions and decays:

O Observation of n(2S) in y(2S)—>m(2S) decay.

Q ee—n J/v @4.009 GeV.

Q y(2S) > nJ/vy, i0J/y, w(2S)— K*K-1°, K*Kn

O New states in y(2S) —» p p n°

Q x;>AAT T, g >AAXOX, T3 x> pRn, pRw O

» Charm decays:
Q D*—>u'v,D%—= K/mev, DO — vy.

> T mass measurement.
> Lots of results published, more to come!

G.S. Huang SPC§2013, June 3-5
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G.S. Huang

Recent Results on Light Hadron Physics

* pp mass threshold structure in J/y—ypp
* 1(1405) in J/y—Yf,(980)r°, f,(980)—27
31 Decays of J/y and y(25)

SPCS2013, June 3-5
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Enhancement at pp threshold in J/y—Ypp

J/w—Ypp y'-rrnJ/y, J/y—ypp
180 [ am pT i e
4} ] = °f BESIII
" ] S 60 f*| }
E 100 |- = § 50 H
0 - S a0 | ;
: £ 30 iot 18 Tttt
E 50: 2 20 ,»i-'* . ; +
‘ T 2
e L B UL X T it o e s o e e
_ g M__-2m_(GeV
M, -2m, (GeV) - 2my(GeV/c?)
Observed at BESII in 2003 (PRL,022001) Confirmed at BESIII in 2010
agree with spin zero expectation (CPC 34,421 (2010))
M =1860_%3_12 MeV, I'< 38 MeV (90% CL) M =1859_5_%% MeV, I'< 30 MeV (90% CL)

Many possibilities:

normal meson/ pp bound state/multiquark/glueball/Final state interaction effect(FSI)......

Spin-parity analysis

is essential for determining place in the spectrum and possible nature.
G.S. Huang SPCS2013, June 3-5 44



PRL 108, 112003 (2012)

Spin- Parlty analy5|s of J/\|I—>ypp (M < 2.2GeV)

2500 T m400__
%20 Mx\ ey 1 S3s0f Four components:
(D < e = 3 .
s ol X (pP), (1910) ,f(2100),
1 200 | and 0** phase space
L%l 1502_ Nith M- — 2 SONEI v_
oy IR E T Include the FSI effect
35— 0102 D e
w0, Fit features:
g 1 39 ' * The fit with BW and S-
$ ] 5;28 wave FSI(1=0) factor
i) 2004 can well describe pp
E 1 1o mass threshold
100F with M5 — 2m,<50Mel] 100 structure
SOF 1 sof . '
_ e | RN St * Itis much better than
10 1.5 20 25 3.0 3.5 4.0 45 -10 -05 00 05 1.0 .
M: (GeV/e?) cosd), that Without FSI effect

Spin-parity, mass, width and Br. of X(pDp): (7.10)

JP¢ = o0+ >6.8 G better than other J*¢ assignments.

M = 1832+19(stat)*18(syst) + 19(model) MeV/c? model: Model dependent uncertainty
(Different FSI models)

I = 13 4+ 39(stat) *13(syst) + 4(model) MeV/c? orI" < 76 MeV/c? @ 90% C.L.
csBu{d [y = yX(pp))Br(X(pp) — pp) =¢(9:0F%d(stat)* 1> (syst) + 2.3(model)) x 107> 45



PRL 108, 112003 (2012)

(ZS)—>ypp (M5< 2.2GeV)

< 450F
O o
= 400fF
3 350
g 300F
2 250F
2 00f -
0 i — X(pp)
m 1505— ] _0+ PS
100F : f,(2100)
50: ] 45 q-:.a".!'-'-T:::I-::-'f.':if:-:'il'-':"g _f2(1910)
. 725 30 35 0501 0.2 03
M(pP)(GeV/c?) M, ;-2m, (GeV/c?)

M,T and J°¢ of X(pp) are fixed to the results obtained from J/w decays.

Br(Ww(2S) - yX(pp))Br(X(pp) ~ pp)
= (4.57 + 0.36(stat) 1123 (syst) + 1.28(model)) x 107°
The production ratio R:

__ Br(@(25)-vX(pp))
Br(J /W-vyX(pp))

(5 081072 (stat)¥322 (syst) + O.12(model)) %

It is suppressed compared with 12% rule.

G.S. Huang 46



PRL 108, 182001 (2012)

Tl(1405) in J/w—>yf0(980)n° f0(980)—>271:

- 60F ' S B B
3 250; S sof f0(980)—>non? :
% N > C
S 150k S . f
8' - 8 30:—
? - @ n
£ 100} 2 20f
2 5 e
L 50: W 10F
W R 1.8 T T S——
M(f (980)n%)(GeV/c?) M(f (980)n°)(GeV/c?)

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

Helicity analysis indicates the peak at 1400MeV is from 1(1405), not from f;(1420)
Br(J /v — m(1405) — ywr't, — yr'n'n) Br(J /v — m(1405) — 'ty — ye'zn’x’)
= (1.50 + 0. 11(stat.) + 0. 11(syst.)) x 107" = (7. 10 + 0. 82(stat.) + 0. 72(syst.)) x 107°
* Large Isospin-violating decay rate:
BR(n(1405) — £,(980)7" — 7z'7z x°)
BR(n(1405) — a,(980)7° — x°z’n)

~ (17.9 + 4. 2%

In general, magnitude of isospin violation in strong decay should be <1%.
6.5 g fo mixing alone can not explainsthe branching ratio of n(1405)—f,(980)7° 47



Anomalous Lineshape of f,(980) in J /y— f,(980)nr°

— 7T 100F - T - - - -1 T T T
| fo(980)>n'n- 1 G | f0(980)—>nn°
S
1)
Q)
= 50
3
=
QL
-]
L
| 1.2 07—, |
M(n*1)(GeV/c?) M(r°n%)(GeV/c?)
M = 989.9 +0.4MeV/c? M = 987.0 +1.4MeV/c?
'=9.5+ 1.1 MeV/c? I'=4.6+5.1MeV/c?

Surprising result:

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))



PLB 710, 594 (2012)

31 Decays of J/y and y(2S)

Dalitz plot with background subtracted
and corrected for efficiency:

J/v - ntn~n® decays are dramatically different
from y(2S) » ntm 0 decays:

« J/yis dominated by p

m(n)? [GeV/cY)

e y(2S) is strongly populated by higher mass state
absent in J/y decay

Precision measurement of branching fractions:
BriJ/v —» ntn~nP) =
(2.13740.004(stat)T3928 (syst) 10027 (norm)) x 1072

Br(y(2S) » ntn~n®) =
(2.1440.03(stat) X8 (syst)Fo0a(norm)) x 10~*

The ratio of these two branching fractions:

Br(y(2S) » ntn~n%)

B (T o ) = (100 £ 001Gt g8 (sys0) %

l 5 10
m(n ") [GeV/cY]
49

Br(\(2S)—hadrons) _ Br(W(2S)»ete™) _ F
pm puzzle: Qp, = = — = 12%
h Br(J /y—hadrons) Brggcé%l_ée+ﬁe ).

G.S. Huang ,Ju

Cut to remove
background



G.S. Huang

Recent Results on Charmonium Physics

* Properties of h,

Mass and width of 1
Observation of y(2S)— yn.(2S)
First evidence of y(2S)— yyJ/v

Xeo2 =YY

SPCS2013, June 3-5
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Property of h, (1p1)

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

» CLEO-c observed h_in
ee>y(2S)>nh,, h 2.

AM, (1P)=0.08 +-0.18 +-0.12 MeV/c?
(PRL104,132002(2010))

» Study isospin forbidden transition:

Y(2S) =2 n°h,

> Measure as well the E1 transition:

h. 2 M,

» Mi(h,) gives access to hyperfine
splitting of 1P states:

Ath(lp) = M(hc) - 1/9(M(Xc0) +
3M(Xc1)+5M(Xc2))

G.S. Huang SPCS2013, June 3-5

MASS [GeV/c?

3.8
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3.0
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Y
JAP(135)
Ne(1S0)
|
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51



Events/TMeV

1000  -200

i
o
(=]
o

3500 F
3000 |

[xe]
wn
[=]
[=]

2000 |

| PRL104, 132002 (2010)

Observation of h_at BESIII (inclusive)

El-tagged

________

BESIII

t 400
1500F 200 4

[ -400

500} 357

40000

Events/1MeV

30000

20000

10000

50000 [

353 354

L
3.51

L | L L .
353
7 recoil mass (GeV/c?)

El-untagged

- 2500

-
-

3.54

BESIII

-500
[ 1000

2000
b 1500F
1000}
500F
s ++ t
N Il

353

7° recoil mass (GeV/c)

354

>

Select inclusive ©t° (y(2S)>7°h )

Select E1-photon in h.>7m_(E1 tagged) or not
(E1 untagged)

El-tagged selection gives
M(h_)=3525.401+0.13 +0.18MeV
( AM,(1P)=0.101+0.13+0.18MeV/c?)

I'(h_)=0.7310.45 +£0.28MeV (first measurement)
(<1.44MeV at 90% CL)

Br(y(2S)>n’h_) XBr(h,2>Ym. )=
(4.58+0.40+0.50) X 10

El-untagged selection gives
Br( y(2S)-> n°h_) =(8.4£1.31+1.0) X10*

Combining branching fractions leads to

Br(h.~> vn.)=(54.316.7£5.2)%
(first measurement)



| PRD86, 092009 (2012) |
Measurements of the h_properties at BESIII

(exclusive)
5 a 2(K'K) m KK W(Z.S)%TCOhC’ hC%’YnC,
t ; Nc is reconstructed
2 i exclusively with
% = 16 decay modes
. .} Summed 7° recoil mass
of ot >
ar 1u§ : ; 60
? 5 * } ” 20 . - 42:;
(o o L L : .
248 a5 352 354 356348 a8 %52 261 356348 a5 9E a8 956348 a5 882 258 356 348 3.50 352 354 3.56
% vl == (Vi) T recoil mass (GeV/c?)
Simultaneous fit to 7° recoiling mass: Consistent with BESIII inclusive
M(h,) = 3525.31+0.11+0.14 MeV "esr':}"*s PF'—1°4'132|°°2(2°1°)
CLEOc exlusive results
- +0.28+
I'(h) = 0.7010.28£0.22 MeV M(h)=3525.21+0.27+0.14 MeV/c?
N = 832%35 N = 136+14

G.S. Huang spcs2013, June 3-5PRL101, 182003(2008) 53



N, lineshape from y(2S)=>n°h_, h.2>m_

L 1o 1 — 120
= 10F | EN:
2z 'F Sum of 16 1, | Z 100F Background ft
= ""F decay modes } * = % subtracted } |
= o —~ 60 |
N g «f h
> af 2 20F } {H |
w0k DMW . RA ﬁ{.ﬁm |'
0 2.4 2.6 z!a — 3.|u BEEY) 20 zl.4 - zl.r:'. — z!s | 3.Iu 32
Mihadrons) (GeV/ic?) Mihadrons) (GeV/c?)

The 1lineshape is not distorted in the h.2>m., non-resonant bkg is small.
This channel will be best suited to determine the 1. resonance parameters.

4250308-001

450? Belle T 16 CLEO-c
s Y —> Ne(1S); = IAP(1S) = yn(1S)
L 350 Ne(1S) = KsKm > e
E s00k 2 12 Asymmetric lineshape
o 250" Symmetric = in v decay
~ . 7]

g 20 lineshape o
i " i duction % :
100; | I”THW pro u 0 g, gy’ -z
501 S
T 3 T T B B S ¥ R X | S T
G.S. Huang Mass(KsKn) (GeV/c?) SPCS2013, June 3-5 004 014 024 034 A

E(y) [GeV] >4



n.(15)

* Ground state of cc system, but its properties are not well known:

J/y radiative transition: M ~ 2978.0MeV/c?, [~ 10MeV
YY process: M= 2983.1x1.0MeV/c?, I'=31.3x1.9MeV

e YY> PP, B decay

I" = |I‘I 2
Mass | ® (1S, 28)2>n , width | X
| X - - - AUBERT 08AB BABR 25
| ‘@ - AUBERT 08AB BABR 2.4 s B UEHARA 08 BELL 00
| ‘@ - UEHARA 08 BELL 43 [ |—— wu 06 BELL 57

- ABE 07  BELL — T WU 06 BELL
——Af | owu 06 BELL 6.9 ,( |- ---- - ASNER 04 CLEO 03
— @ w 06 BELL 0.8 8@ - AUBERT 04D BABR 7.8
I\' I|I .- - ASNER 04 CLEO 04 1 I : AMBROGIANI 03 EB35 0.8
- - - AUBERT 04D BABR 20 i a-s s s BR 03 BES 1.6
| €@ -  AMBROGIANI 03 E835 24 7m0 FANG 03 BELL 00
'OW "\ - - - BA 02 BES 37 = 2 s BAI 00F BES 33
| @ | - FANG 03 BELL 01 [ —@—' - - ARMSTRONG 95F E760 0.1
_._ : % %2« BAJ 00F BES 26 : - - - BAGLIN 87B SPEC 74

il . ; - — - .  BALTRUSAIT..8 MRK3
\ gﬁ'lSER ggs gBR;fS gjé -\ -+ ... - GAISER 86 CBAL _125
oy 04 / g 20

\ (Confidence Level = 0.0014) / . (Confidence Level <0.0001)
—t | | [ . | l | -

2050 Eééo 2070 2080 2990 30|00 C'L.=0.0014 2 . 2 e & _73‘5 C.L.=0.0001

ne(1S) mass (MeV) n~(1S) WIDTH

* CLEO-c found the distortion of the 1_lineshape in y(2S) decays

* cc hyperfine splitting: M(J /1)- M(n,) is important experimental input
to test the lattice QCD, but is dominated by error on M(n_.)

G.S. Huang SPCS2013, June 3-5



PRL108, 222002 (2012)

Y(2S) 2., M. exclusive decays

250

—e— data 250

—s— data 160 —=— data
C [ other y’ decays y [ [ other y(2S) decays + - 0 [ other v’ decays
. oo 2 ®X KsKn ~. 200 X | K*K™n o, 140 =X, T T]
o - I cont o - [ cont 2 {oQ [ M cont
%’ F ---- sig % F ---- sig N % - ---- sig
S 150 —- ?nc;n-reso 2 150F —- non-reso B 2 100 - —- :::n—reso
o - o - o -
Z100F Z100f =
&2 C ® C ®
o 50F o 50 o
> + > >
LU E L L
0 : 0 2 ..
272752828529295 3 3.056313.153.2 272752828529295 3 3.053.13.153.2 -28.7 2752828529295 3 3.056313.1532
M(KsKm) GeV/c? M(KKn®) GeV/c? M(rmm) GeV/c?
140f —o—dam 506 [ —— data 250 —— data
- [ other y’ decays — [ other y’ decays [ [ other y(2S) decays
% 120 o o KsK3mw =~ &= 2K2mtm® | o, f 6T
L F BN cont O 250 MW cont L 200 mam cont
%100-_ ---- sig > F ---- sig % F---- sig
F —— non-reso F — — non-reso [ — — non-reso
= : = 200 it = 150F e
= — 150F 2 F -
= - F ~ /A
@ 60: 3100: 3100: i
S 40F < E = L 0
< S 5ok S 5o B F R e
w20 I SOSPTRRMY - 7 et eter
0F= § 0:""|“"\- ! ! ! T ! Om" 7 _ N
272752828529295 3 3.05313.153.2 272752828529295 3 3.053.13.153.2 272752828529295 3 3.05313.1532
M(KsK3r) GeV/c? M(2K27) GeV/c? M(6m) GeV/c?

Interference with non-resonant is significant !

Relative phase ¢ values from each mode Mass: 2984.310.610.6 MeV/c?
are consistent within 3¢, width: 32.0+1.2+1.0 MeV
=» use a common phase value in the 0: 2.40+0.0710.08 rad or

cs. nuSimultaneous fit. SPC52013, June 3-5 4.19 +0.03%+0.09 rad 56



Comparison of the mass and width for n_

The world average in PDG2010 was using earlier measurements

T T | T T
0 Belle yy Belle vy
CLEO vy CLEO vy
BaBar vy —®—— BaBar vy
—O— CLEQOc J/y —O0— CLEOc Jy
(stat.only) (stat.only)
—— BESIIIy’ BESIIy’
| | | | | 1 1 | | | | | | | | | | | | | | | | | | 1 | | | 1 | | | | | | | | |
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

G.S. Huang SPCS2013, June 3-5
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> First “observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3% from y(2S5)—YX,

MN(25)

never confirmed by other experiments.)

» Published results about 1 (2S) observation:

Experiment

M [MeV]

[ MeV]

Process

Belle []]

3054 =06+ 8

3=

s W (25, 1.(285)

ey iaEdl

CLEO [2] 36429+ 3.1+ 1.5 6.3+ 124+ 4.0 v = 1(28) —[A gk ]
BaBar [3] 36308 +34+1.0 17.0+£83+L25 ~y = 1e(25) —| KoK Ent
BaBar [4] 3645.0 + 5.5+ ete™ — /e

PDG [5] 3638 + 4 14+ 7

Combined with the results based on two-photon processes from BaBar and Belle
reported at ICHEP 2010, the world average I'(n.(2S))=12+3 MeV

» The M1 transition y(2S)—m(25) has not been observed.
(experimental challenge : search for real photons ~50MeV, )

> Better chance to observe n(2S) in y(2S) radiative transition with ~106M y(2S) data

at BESIII.

» Decay mode studied: y(2S) — ym_.(2S) = YKskmt / yK*K-n°.

G.S. Huang

SPCS2013, June 3-5
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Observation of Y(2S)=>yn.(2S)

(ZS) > KsKn _ N, ( ) 9 K+K_TCO

R _._d'lta(KqK ) ] b 10°E I (m( 2 ) s

;i; 10°: — fitting results = % g — fitting results :

8 ¢ - . war e

v —-1 n 107 —_1 E

: W k

8 10° S BRI B, S background 3 8 E v - background

- E ' i A3

Sk g (1) : 4 t -

2 10E = 2 i T

= S = S R

E preesse s, C - g 1 gt \

s |=r | | E 2 | | .f".w::‘l" LA |
35 3.55 3 6 3.65 3.7 35 3.55 3.6 3.65 3.1

e Simultaneous fit W1th° Statistical significance > 100

* N.(2S) signal: modified BW (M1) with fixed width (Resolution
extrapolated from %)

* % signal: MC shape smeared with Gaussian

e BG from e* e— KKn (ISR), y(2S) — KK= (FSR), y (2S) — TEOKKTE

measured from data
G.S. Huang SPCS2013, June 3-5 59



Results on y(2S)—M.(2S)—=>YKKT

* M(n.(25)) =3637.6+2.91+1.6 MeV/c?
* I'(M.(25)) = 16.916.4+4.8 MeV

—————————————————————————————————————————————————————

Br(y(2S) ->.(28)=(6.8+ 1.1, +4.5 ) X 10

stat — Sys

CLEO-c: <7.6x104 PRD81,052002(2010)
Potential model: (0.1-6.2)x10-4 PRL89,162002(2002) 60

G.S. Huang SPCS2013, June 3-5
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y(2S)— Y /v

e 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)]

e Never been observed in the quarkonium system.
CLEO-c: upper limit of Br(y(2S)— yyJ /) is 1X 1073 (PRD 78,011102(2008))

e Observation helpful to understand heavy quarkonium spectrum & strong interaction

o1) 9
Theoretically: SXF jSF
$(29) . /A

e Potential models give discrete spectra o (nP)

(W(2S) = VXX — W /V)

e Possibility of testing the hadron-loop effect

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

G.S. Huang SPCS2013, June 3-5 61



PRL109, 172002 (2012)

First evidence of y(2S)— vy J/v
e Select y(2S) — yy/v, J/w — e*e” and w1l events

Ysm - lOW energy gamma

4
o 10 * the ., components: double E1
E 10° - scaling
102 « yields of the two-photon
2 ~ events
E 10¢ « continuum(green) +

2

0
=5 o

34 345 3.5 3.55 345 3.5 3.5 i +

RNy (GeVic) 100 ee

e Global fit of the two-photon process and
cascade ., processes
e See clear excess over BG + continuum

* Br(y(2S) = 7yJ/v) =(3.3 £ 0.619F) x 10" _
(both ee and uu) 3.05 31 3.15
RMv(GeVic

.44 .48GeV
65 1 BHWY(2S) = VXX — Y/ V) are also,measured 3.44<RM(Y,n )<3.48Ge 62

Evenﬁ\EMEWc
th
=

* Significance : 3.8¢ including systematics



In analogy to the 3P
positronium decays ook S ARG
— R=I'(CP,—yy)/ > ]
[(P—>1)=0.27 & woof -
First-order QCD g e .
radiative correction >4 E
R=0.116%0.010 S so0F 7 et E
L # el g
(Voloshin,Prog.Part.NucI.Phys.61,455 0 . AT
(2008)) 0.10 0.15 %20 0.25 030 035 040
(v, (GeV)
First rr;beasurement of
—_T\=0
I o;\z_?r (Xeo =>V) /
F - (XcZ — W) Quantity

Relativistic potential

model = f,,,< 0.5%

(T. Barnes, in Proceedings of the IX
International Workshop on Photon-

Photon CoIIisions)

G.S. Huang

PRD 85, 112008 (2012)

Events / 0.05
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—FitMC

Events / 0.08
=
[=]
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o, -5

RARNS TR

. 1 1 1 1
10 -08 08 -04 02 D0 02 04 08 08

oS8,

Events / (m10)

—4-data

—FitMC

PDG global fit results

This measurement”

B, X B, X 10y )
Bl X BZ X l(}ﬁ(‘\’[g)c
B, X 104 x0)°
B, X 10%(x )"
Iy (xeo) (keV)
rw(,\’rg] (keV)

216 0.18
224+ 0.17
223 *+0.17
256 £0.16

232+0.22

0.50 = 0.05

217 +0.17 £ 0.12
281 £0.17 £0.15
224 +0.19 £0.15
321 £0.18 £0.22
233 +0.20 +£0.22
0.63 +0.04 = 0.06

R
fo/

0.22 £ 0.03

0.27 +£0.03 = 0.03
0.00 +0.02 = 0.02|_

0



R measurement and QCD study



mi'=1776.84) 7 MeV

: Iy ot
First R-QCD run o |
Data collected at 2.23, 2.4, 2.8 o,oz; \\ °o,4; T
and 3.4 GeV in June, 2012. —— D o2t ~

- 0 s S A AR [ R S Y S B s |
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'® i R\ U LI L
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28 Average

4
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Detail scan in high mass charmonia region planned

@ 5
- _
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2.5 |
2|
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E.. (GeV)

* What are these broad resonances?

* Mass resgion where some X, Y, Z particles are found.

* Possible new resonance that not yet discovered?



