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Physics activities @ BESIII

Charmonium physics: Charm physics:
- spectroscopy - (semi)leptonic/ hadronic dec.
- transitions and decays - decay const., form factors
- CKM matrix: V4, Vs
Light hadron physics: - DO-D%ar mixing and CPV
- meson & baryon - rare/forbidden decays
spectroscopy
- glueball & hybrid Tau physics:
- two-photon physics - 1 decays near threshold
- e.m. form factors of — T.Mass scan
nucleon

More...




BEPCII storage rings
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Beam energy measurement: Using Compton backscattering
technique. Accuracy up to 5x10-°



BESIIII detector: all new !

BE SIII Detector CsI calorimeter

Precision tracking

Magnet: 1 T Super conducting Time-of-flight + dE/dx PID
i MDC: small cell & G
, 4100 . 758 . Small ce as:
—~ — He/C;Hg (60/40), 43 layers
0,,=130 pm
I KRR S p=0.5% 1GeV
=¢=¢;>< \Superconductor MG 02202 3:& |l gﬁ:},ﬂx:ﬁ%ﬂ @ ¢
e e | TOF:
' oy = 100 ps Barrel

110 ps Endcap
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R

Muon ID: 9 layers RPC
= 8 layers for endcap

EMC: Csl crystal, 28 cm Data Acquisition:

AE/E =2.5% @1 GeV Event rate =4 kHz
oz = 0.6 cmVE Total data volume ~ 50 MB/s




Data Samples
« BESIII collected

~2009: 225 M Jhy Int. luminosity: 2009.01- 2011.06
~ 4.0 fb! @ all energies
—2009: 106 M v e gl
— 2010-11: 2.9 fb~! y(3770)
(3.5x CLEOCc 0.818 fb™) 7
— 2011-05:477 pb~t @4010MeV|
””””””” 2010;¢(3770)
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« BESIII data-taking plans

— 2012: 1 billon Jhy, 0.7~1 billon v’

— 2013: @4170 MeV Dq physics; R scan

— 2014: y’/T/ R scan

— y(3770) 5-10 fb? 5



Publications

»  Charmonium Spectroscopy and Transitions
- Properties of the h, (PRL 104, 132002 (2010))
- @'— ywJ/y (to be submitted soon )

* Charmonium Decays
- y'—vynO, yn, yn'(PRL 105, 261801 (2010))
- Xy — 7910, nn (PRD 81, 052005 (2010))
= Xy > YP, YW, YO (PRD83,112005(2011))
- Yy — Ww, 9o, we (PRL 107, 092001(2011))
- Xy — 4n0 (PRD 83, 012006 (2011) )
- %7~ ppK'K (PRD 83, 112009(2011))
- n'-nr'n matrix element (PRD 83, 012003 (2011))
Search for CP/P violation process pseudoscalar decays into pipi (PRD 84, 032006(2011)).

. L|gh‘r Quark States
ao(980) - f4(980) mixing (PRD 83, 032003 (2011) )
- X(1860) in J/y — ypp (Chinese Physics C 34, 4 (2010))
- X(1835) in J/y — yn'n'n- (PRL 106, 072002 (2011))
- X(1870) in J/y — wnn'n- (accepted by PRL)
- PWA onJ/y — vpp (to be submitted soon )
- PWA ony — npp (to be submitted soon )



Physics activities @ BESIII

Charmonium physics: Charm physics:
- spectroscopy - (semi)leptonic/hadronic dec.
- transitions and decays - decay const., form factors
- CKM matrix: V4, V.
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Charmonium states
h. ., 7.(1S), n.,(2S)
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1
n.(*Py)
Spin singlet P wave (S=0, L=1)

Potential model: if non-vanishing spin-spin interaction,
AM,(1P) = M(h,) - <m(1 3P,)> #0
Where <m(1 3PJ)>: [(M(XCO)+3M(XCl)+5M(XCZ)]/91

E835 found evidence for h, in pp 2h, 2y,

CLEOC ObserVEd hC in ee 9l//’9ﬂ0hc, hC 97/77(: PRL 101 182003 (2008)
AM, (1P)=0.08+0.18+0.12 MeV/c?

Consistent to 1P hyperfine splitting of 0.

Theoretical prediction:
BF((2S) 27°h,) = (0.4-1.3) x10
BF(h. 2y7,.) =48% (NRQCD)
BF(h.2y7.) =88% (PQCD)
Kuang, PR D65 094024 (2002)

BF(h.2y7.) =38% °
Godfrey and Rosner, PR D66 014012(2002)




y(2S) 27, , h. 2yn,

1000 BESITI BESIII: PRL 104 132002 (2010)
T e Mass = 3525.40+0.1340.18 MeV/c?
2500 | Width = 0.73+0.454+0.28 MeV
?gggz— ' <1.44 MeV @90%
1000} | | CLEOc: PRL 101 182003 (2008)
500 3 351 352 353 352 El tagged _
o_ T Y Mass = 3525.28+0.19+0.12 MeV
50000/~ Width: fixed at 0.9 MeV
40000 as00
30000 15 Hyperfine mass splitting
20000? o) _ 4oL AMp(1P)=M(h,) - <m(1 3P,)>
10000} el lusi BESIIl: 0.10£0.13£0.18 MeV/c?
L - = 7 ™ INCIUSIVE  cLEOoCc: 0.0240.1940.13 MeV/c?

3.51 3.52 3.53 3.54

By combining inclusive results with E1-photon tagged results

BF(y 2 2°h.)= (8.4£1.3%+1.0) X10* Agree with prediction from Kuang,
BF(h.2 7 7n.) = (54.3+£6.7£5.2)% Godgrey, Dude et al.
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Events/1 MeV
L g

Events/1 MeV
We - L L s w

v 27N, h.2yn., n.exclusive decays

BESIII Preliminary
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Mass = 3525.31+0.11%0.15 MeV/c?

Width = 0.70£0.28+0.25 MeV

BESIII: PRL 104 132002 (2010)
CLEOc: PRL 101 182003 (2008)

Eveﬁts/ 1 MéV

Summed distribution

200 FBESIIT Preliminary +

i 832435 evts.

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

Consistent with BESIII inclusive results
Mass = 3525.40+0.13+0.18 MeV/c?
Width = 0.73+0.454+0.28 MeV

CLEOc exclusive results
Mass =3525.211+0.271+0.14 MeV/c?

evts. =136+14
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1. lineshape from y'>n°h,, h.>yn.

Events/10 MeV

r 200 —
160 - BESIII Preliminary %~ BESII Preliminary
140 2 150 |
120f  Sum of 16 of S Background 1}
C — L
1005 1. decay modes g " subtracted |
80 [ S .. i
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‘ 4250308-001
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17.(15)

» The lowest lying S-wave spin singlet charmonium, discovered in
1980 by Markl|

e Parameters:

Jhy radiative transition: M ~ 2978.0MeV/c?, ' ~10MeV
Yy Process: M =2983.1+1.0 MeV/c?, T'=31.3+1.9 MeV
« CLEOCc found the distortion of the n.line shape in y’ decays.
e VY. PP
| N
® y(1S, 2S)>y _
Mass | xﬁc width || X
| H— - AUBERT 08AB BABR 24 - AUBERT 08AB BABR 25
| +H— - UEHARA 08 BELL 43 7 -~ UEHARA 08 BELL 00
'.'I' | ABE 07 BELL | |I —t— WU 06 BELL 57
—+— N W 06 BELL 6.9 7 '|' WU 06  BELL
— gl b & oL o O, o ogw o
." : o RER o0 Sicm 20 { q| - AMBROGIANI 03 E835 08
| @ - AMBROGIANI 03 E835 24 s BAl 03 BES 16
ORI S I oY me  mom o
o\ EANe oOF BES o8 [ —@—| - ARVSTRONG 95F E760 0.1
' L. BaAl 90B MRK3 4.1 @ | BAGLN 87B SPEC 7.4
/+ o e B EE s & SATRUSATLE MG
L | | ‘l‘\.\ | (Confidence Level = 0.0014) /l'/ | | \F (Confidence Level co‘%d%”

2950 2960 2970 2980 2990.&_30'00 C.L=0.0014 i 20 40 60---_____815 C.L.<0.0001

T}'C(].S) mass (MEV) nr‘(ls) WIDTH



v 2yn., 1. exclusive decays

Possible interference has been take into account

250+ gata 250

>\ —+ data 160 —+— data
E 5 ;}I):er vy’ decays | E 5 $;er y(2S) decays + 0 140 -5 5 gl}:er vy’ decays
CS ;‘-3 200 - - c_on't KS KTC ‘T>9_ 200 - - c_on't + K K_TC T;E 120F W c_onlt n‘*‘n‘
L o----si L ----si Eo----si
% 150 —- ;:?n—reso g 150 —— ngn—reso I8 g 100 ;7 J— ngn—reso
C o E o E o
« T 100F Z100f =
a 2 2
E & 50 o 50F o
> > >
. — w E L im}
AT P PR P TS P P ST P AT FUTEE T ST R ETE FITTE PR ST S D T P PR PP TP D T S T
m 272752828529295 3 3.053.13.153.2 27275282852929 3 3.053.13.153.2 8.7 2752828529295 3 3.053.13.153.2
b M(KsKn) GeV/c? M(KKn?) GeV/c? M(mmm) GeV/c?
& L —e— dat :_ —e— dat; 2 — —e— dat
140 E 5 ﬁ;:r v’ decays 300 o E :I?)I::r v’ decays 0 50E E ;:.?;:r (2S) decays
L1200 - cont KsK3m “baso; == cont 2K27nm Lo00; = con 6Tt
e 2100 __ fonreso o E_ —~ non-+eso o F —_ non-reso
— E F =200 T E 150 - it
- — 150F o -
m -~ T ~ 100
%] 2] C
2 £ 100 2
Ll & 2 2 50.
W} w 50 £ bt w =
m P I U I DU P kol I DT B Of
272752828529295 3 3.053.13.153.2 272752828529295 3 3.053.13.153.2
M(KsK3r) GeV/c? M(2K2rn®) GeV/c? M(6m) GeV/c?

Relative phase ¢ values from each M: 2984.4+0.5+0.6 MeV/c?
mode are consistent within 3¢, width: 30.5+1.0+0.9 MeV
= use a common phase value inthe  ¢: 2.35+0.05+0.04 rad

) ; 14
simultaneous fit.



1. (25)

Crystal Ball’s “first observation” of /' —y X never been confirmed
PRL 48 70 (1982)

Observed in different production mechanisms,

1. B-=2Kn(2S) Belle: PRL 89 102001 (2002)

CLEOc: PRL 92 142001 (2004)
2. 2 n.(2S)2>KKrz Belle: NPPS.184 220 (2008); PRL 98 082001(2007)
3. double charmonium BaBar: PRL 92 142002 (2004); PR D72 031101(2005)

production BaBar: PR D84 012004 (2011)

M1 transition y’2yn.(2S)
CLEO found no signals in 25M y’.
BF(yv'2yn.(2S)) < 7.6 X10* CLEO: PRD 81 052002 (2010)

Experimental challenge : search for photons of 50 MeV

15



Observation of " 2yn.(2S) 2y (KK )

106M \|1
v [ ~ BESII | yreliminaryl BF(y’>yn.(2S)>vKsKr)
3 ——data | - -6
% 10 % —_— ﬁttlng results % —(2.98 i 0.57 i 0.48) X 10
v - === XeJ ]
g 1025 _'nc(2s) — T, 0
3 E ..... background E BF(nC(ZS)eKKTE):(lgiOAI-i 11) Y0
= R ] BaBar: PR D78 012006 (2008)
z F LGz BF(y°>1n(2S))
- : j{/ | =(47£09+3.0)x10%
'E R - AL
35 3.55 3.6 3.65 3.7

M3, (Gev/ich)  CLEOc: <7.6x107*
PR D81 052002 (2010)
Width fixed to 12 MeV (world ave.) _ _
Events: 50.6+9.7; Significance >6.0c! Potential model predicts

L} -4
Mass = 3638.5+2.3+1.0 MeV/c? (0.1” 6.2)x10
PRL 89 162002 (2002)
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Summary for n./ 77C(28)

BaBar yy . BaBar YY *—
Belle [1] vy —— Belle [3] vy o
CLEOc [2] vy ® CLEOc [2] vy —_—
BESIII w’->yn_ —— BESIII y’->ym_ ——
BeIIeB >|Kn L — . — BeIIe B >Kn L -—I.—— IIIIIIIII
2978 2980 2982 2984 2986 2988 3625 3630 3635 3640 3645 3650
n,.(1S) mass (MeV/c?) n_(2S) mass (MeV/c?)
BaBaryy T e BaBar yy o
Belle [1] vy —— Belle [3] vy —_——
CLEOc [2] vy —— CLEOc [2] vy [ ]
BESII y’->n_ 0=
BoleB>Kn, . . . L BelleB>Kn, &
5 10 15 20 25 30 35 40 45 -20 -15 -10 -5 0 5 10 15 20 25

1,(1S) width (MeV) 1,(2S) width (MeV)
[1] NPPS 184 220(2008); [2] PRL 92 142001; [3] PoS ICHEP2010:162, 2010

Hyperfine splitting: AM(1S) = 112.5 £ 0.8 MeV,
AM(ZS) =476+ 1.7 MeV

2701 ( 2 _, AM(1S)~ 118 MeV

AM,;(nS) =M (n°S,) — M (n'S,) = — AM(2S) ~ 68 MeV

(w(0)/m,)*

AM, (nL) = M (n°L) - M (n'L) =0, L0 = AM(1P) = 0 MeV

K. Seth hadronl1l



Study X(3872) at BESII|

477 pb-1 data taken @ 4.01GeV
Y (3S)>7X(3872)

— Ey~170 MeV, very narrow peak in photon spectrum (energy
resolution ~ 4.5 MeV)

w(3S)>y + X/Y/Z(3940)/X(3915)

— Ey=100~125 MeV, narrow peaks in photon spectrum (width
~ 30 MeV)

Analysis Is on going

18



v =y P(7°,n,m)

V—yP test various mechanisms:
Vector meson Dominance Model (VDM); Couplings & form factor;

Mixing of n-n" (-m,);

— VN Y s VAUV VYAV
Jv s i V(2S) s, it
— —

LO-pQCD predicts R; ® R, Ry, BF W (nS) - ym)
PRP 112 173 (1984) BF (w(nS) — y17')

CLEOc found R, surprisingly small ! PR D79 111101(2009)
R,=(21.1#0.9)% R,<1.8% at 90% CL

Other processes contribute? _ BF(y'—> X) 100
Or related to the “prx puzzle”? CBFJ/y > X) 19




Results from BESII|

V2> V21

10 | : ™ e

n—ontrnd

N—>mn0n l

BESIII PRL 105, 261801 (2010)

a0 | \¢

20 -

TR JJLi T . I G S %05 01 015 02 025 03
M +h n_ BE(Y > m)
ST Messgevyey T BF(V — 1)
Mode | BF(v) [x10] |e BF(/v) [X104]] Q (%)

y® | 158+042 | 035+003 | 45+1.3

m | 138+t049 | 11.04+034 | 0.13+0.04

- 126+ 9 52.8+1.5 24+02

R, , | (1.10£0.39)% << (20.9 + 0.9)% i

VDM associate with Mixing of n.-n(7) ?

Phys. Lett. B697, 52 (2011)




Large y.,—y V(p,o,9)

PQCD prediction much lower than experiment

[\—E * Information of C-even state
B | » Two gluon coupling

XeJ | J 1 | ." p; W, &  Possible glue-ball or hybrid states
e » Hadronization

Mode CLEO' pQCD®° QCD®  QCD+QED®

Xco — VP < 9.6 1.2 3.2 2.0
Xei — vp° 243+ 19 + 22 14 41 42
X2 — vP° < 50 4.4 13 38
Xc0 — YW < 8.8 0.13 0.35 0.22
Xeo| — Yw 83 + 15+ 12 1.6 4.6 4.7
Xg2 — YW < 7.0 0.5 1.5 4.2
Xco — YO < 6.4 0.46 1.3 0.03
Xc1 — Y < 26 3.6 11 11
Xc2 — V¢ < 13 1.1 3.3 6.5
In unit of 106

1. PRL 101,151801 (2008). 2. Chin. Phys. Lett. 23, 2376 (2006). 3. hep-ph/0701009



Results form BESIII

- Phys Rev D 83 112005 (2011)

1
L L N ™ I v il ol S a—
M(y p) (Gevic?) M(y, o) (GeVic?) M(y,6) (Gevic?)
Mode CLEO! pQCD? QcD®  QCD+QED?® BESIII
Xco — VP 9.6 1.2 3.2 2.0 i
xor — 76 14 4 42
Xo2 — ¥P° < 50 4.4 13 38 <20.8
Xco — YW 8.8 0.13 0.35 0.22 C
et = yw  @BBE15E£12D 1.6 16 4.7
Xcp — YW < 7.0 0.5 1.5 4.2 6.1
Xco — 7P < 6.4 0.46 1.3 0.03 <16.2
Xci — V¢ < 26 3.6 11 11 25.8iS.2i2.0
Xeo — Y < 13 1.1 3.3 6.5

First o servatlon

An non-pQCD explanation: “hadronic loop correction”

arXiv:1005.0066; EPJC70, 177-182 (2010);



Polarization of y.,—yV(p,®,q)

Longitudinal polarization ( £, );
Transverse polarization ( £7); @: Helicity angle

dr 1. . | A
1— f.)cos?@+= f-sin’ @ fr =
chosHOC( ) 2 ! COIA P HIAR

1 K = 7P .

20
185
16;
:
: 1 o
10F - af
C 2k
0108 06 04 02 0 02 04 06 08 0558 06 04 020 bz'o4 06 08 0,08 56 04 02 0 03 os o6 05
coso(r, p) cos®(w,Norma Iof ®) cosO(K,d)
_ +0.015 _ +0.090+0.044 _ +0.13+0.10

Longitudinal polarization dominates, consistent with

theoretical prediction Z. Phys. C 66, 71 (1995)
Phys. Rev. 77, 242 (1950)




[ N;“: 700 !
112V (V. w, ¢) 3 I
.« .2 ddand y., Dow are s
Singly OZI suppressed okt B I N— |
| (8 M__(GeV/c? " (b) MW_ (GeV /c?)
* ya29pand y.Powls o .
suppressed by helicity = o 3 '“
. S o9 o 1
selection rule. DR z | |
EE o8 AL .l i bl s % I |
*  1.2dwis doubly OZI 4 [B] [A] B] R
suppressed, not measured oo st
yet () M . (GeV/cH) (d M, ,(GeV/c)
Reconstruct 3 AEeEEe | S |
$=> KK E 2 |
0)9 7Z'+7Z'7ZO i || |w
S A "

1 1
0.7 0.8 () Lo I.1

f) M_,(GeV/ c?)

0.2 Lo L2 L4

BESIII PRL 107 091803(2011) (&) M__, (GeV/ch



7.,2VV at BESII|

arXiv:1104.5068

E‘f: Mode Noet € (%) B(x1077)
° Xco — ¢ 133£23 224 78+04+03
Eio Xe1 = G 254 £ 17 264 4.1£0.34£0.4
£ Xe2 — ¢ 630 £26 26.1 10.7+04+ 1.1
O = — 2(KTK"™)
3= 4 Xeo — 00 170 £16 1.9  02+0.7 £ 1.0
a =L Xel = 90 112412 23 5.0+05+06
£ T xe2 — ¢ 210+16 2.2 10.74+0.7+ 1.2
@ 0 = — K"K ntn=x°
g - Combined:
3 E -
= E Xel = Q@ — —
£ .E E Xe2 = Q¢ — —
£ E S X0 — ww 991 & 38 13.1
= . Xel — Ww 597 429 13.2

3 Xe2 — ww 762 +31 11.9 81
EEE — 2Ar T wY)
iy Xe0 — W 6+ 11 14.7 12+ 0.1+0.D «—o
£, Xel — wo 15+4 162 [0.22F0. O

sk A\ Xe2 — wo <13 157 <02

330 335 340 345 350 385 sep N K mimom L

Mo ( GeVic®) Evidenc

First observation

Long distance transitions could contribute

via the intermediate meson loops. PR D81 014017 (2010) 25
PR D81 074006 (2010)




Events / 5 MeV/c’

Search for r.(2S) 2VV @BESIII

Test for the “Intermediate charmed meson loops™

Events / 5 MeV/c’

Events / 5 MeV/c®

‘3,45‘ = ‘3,5‘ - I?,SS‘ 3.6
N 2
Mgﬁbn (GeV/c?)

A B o R G
10’ (©) .
-

107 & M -

’,"4» ot + .
oL # - SN
Fa PN
C H ' Voo

1

o T KRR
£ \ i =
u \ K ]
Y I I IR B | O I I I B SV N R
L0;.35 3.4 3 36 365 3.7

345 35 3.55 3.
M (GeV/c?)

BF(y’ >y, >7VV) BF(n,>VV) | Theory BF(n, >VV)
(10°7) (10%) (10-%)

p0p0 <11.4 <3.1 6.4 28.9

K*OK %0 <19.4 <5.3 7.9735.8

b <7.8 <2.0 2.179.8

No signals observed in 77, 2pp, K*K*0, ¢, arXiv: 1010.1343

more stringent UL’s are set.
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Light hadron physics:

- meson & baryon
spectroscopy

- glueball & hybrid

- two-photon physics

- e.m. form factors of
nucleon

27



PWA near pp threshold in J/y—ypp

1%,700 T Cchi2/nbin=1.491970 ] %igg:' 'cﬁiéf'ut'aih'zi_s'l"}'é %:ﬁg " chi2/nbin=1.36709 i f0(2100) / f2(1910) fixed to PDG.
5222 Corpe ; SH,GOO* ' 1 g_ﬁoo 3 Slgnlf of X(1835) >>300c
Sy | | Sl | Shoo -
gioo b | 00l 1 Eaoo ~ L1 ¢ The fit with a BW and
5300 N *300F 1 300 ;‘_rJ‘HJ H'y ;
200 ¢ 200 200 | —
oob o y | . _ S-wave FSI(I1=0) factor
0o o1 o0z 03 02" 16 15 20 P27 16 15 20 can well describe ppb
M, -2m(GeV/c?) M, (GeV/c®)
Beoof | Beo R ] g LT mass threshold
”“200;— X(pP) ’ 1 200 g a
ooof £ =270 [ 1 o] 1200, structure.
800;_ Chi;nE(iLil(()))857922_ 800; hi2/nbin=2.037839 800; H
coof | SYETPITOBTIEEL  goop | chiZmbinT203TEOL o * Itis much better than
400 ol |- o] 400f ' . e i A .
200}, _;i::ﬁ]] 200 i 200% that without FSI
_='=1 PRSI ST S I S T NS R 1 1 1 = | = 1 =
G0 05 00 05 1.0 o 05 00 05 10 oo o 100 effect, and A2InL=51
cosB, J/y cosO,_pp q)p,pp

Spin-parity, mass, width and B.R. of X(pp): = /-10.
=07 =y |>6.80 better than other JP¢ assignments.
M = 1832+ 5(stat)"}> (syst) £ 19(mod) MeV/c’

7

[ =13+20(stat) "5, (syst) £ 4(mod)MeV/c® or ' < 45MeV/e* @90% C.L.
B(J/y — yX(pp))B(X(pp) = pp) =(9.0+0.7(stat) ", (syst) +2.3(mod )) x 10~

8
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Different FSI models =2 Model dependent uncertainty




PWA on the pp mass threshold structure in W’ —> 7 Pp

_ _ _ “E :(SJE BESIII| i :’3 7_' Liliiiiiin. '(]:'))
Obviously different line gmf_ Xcj 1% o M T
shape of pp mass spectrum & swf \ - i’% b,
near threshold from thatin § 2t =
J/y decays & 150f Ne . STNUAE I HHENE

100 \, : A= R
sok e E g%‘i.éé:;:::::'::::::::: ::: _
R 25 0 35 IR N S
o M(pp)(GeV/c?) My (GeV/e?)’
Preliminary PWA results: PWA Projection:
* Signif. of X(pp) is larger than 6.90. O S Y S T T
* The production ratio R: 3 30f F |
' — > 25f
_ By > yX(pD)) S 2
B(J /y — X (pp)) . X6 | i
0.7 0 10f f,(2100) .
= (5.08 £ 0.56(stat) -, 5 (Syst) +0.12(mod))% s —50910) | ]
e Itis suppressed compared with “12% rule”. 89 Mp;gmp(GeV‘)é%)
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X(1835) and two new structures

120 (L RE 99,262001(2005) BESII result(Stat. sig. ~7.70):

el M =1833.7+6.1(stat) + 2.7(syst) MeV
['=67.7+20.3(stat) = 7.7(syst)MeV

40

EVENTS/(20MeV/c?)
[s]
[

PRL 106, 072002(2011)

o

14 E..CI E_E B | | T LI L | L B

TM(xtrm) (GeV/c?) N§ 500 ! two news!
y . S 400
—>yn'TrT S |
4 ’\2 e S 300
ﬂ’ ' 5200 """"
n—=7P D N T
100}
X(1835) is confirmed at BESIII withye” .
225 M J/y. Two new structures are !4 1:01.8292284202.8
observed. o
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BESIII fit results (225 M J/y)

Resonance M( MeV/c?) I'( MeV/c?) Stat.Sig.
X(1835) 1836.5+3.0*¢,, 190.1+9.0*38 ,, >200
X(2120) 2122.4+6.7*47 ,, 83+16%3 /.20
X(2370) 2376.3+8.7+32 5 831744, 6.40
F W0 pegy |
S ol [1 X(1835) consistent with 0+,

3000 |
1

but the others are not ruled out.
2000;

[  Bkg-subtracted: { PWA is needed to understand

- Eff.-corrected { these structures.
%.O‘ | ‘012‘ | ‘014‘ | ‘O.‘6‘ | ‘018‘ | ‘1.0
cos6,
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ro Mg

What’s the nature of new structures?

PRD73,014516(2006) Y.Chen et al

12 i O+-

P

10 ¢
3+ s 3+ m—

O o 1+ m—
O —

6 t O+ e—

4t OF " —

_LII\)I w

0-+: 2560(35)(120)
21 2++: 2390(30)(120)

++ -+ +-

t

15

0

Mg (GeV)

v" It is the first time resonant
structures are observed In the 2.3
GeV/c? region, it is interesting
since:

LQCD predicts that the lowest

lying pseudoscalar glueball:
around 2.3 GeV/c?.

Jhy—>ynnn' decay Is a good
channel for finding O-* glueballs.
v" Nature of X(2120)/X(2370)

pseudoscalar glueball ?
n/m'’ excited states?

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),
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X(1870) in I/ y—oX, X—akt (980)7F

I o] : +
0 DAL B S PO, Jy—onmn,
= 10f ) Y 4000F ., 20 ] : +
= RTINS B { 8,(980) reconstructed in nm
800 " 4 [ .
2 wf W . | S ] arXiv: 1107.1806 (accepted by PRL)
2 o Lspmcd 1> o0of +(1405) X(1870)4
%8 10 12 1?4 176 l‘.S 2‘.0 2‘,2 24 %.6 O‘.S l‘,O 1‘2 l.‘i 1{6 1{8 20 22; 800 ;1(1285) 7.26 —
B - . 700 4 " $is
M(T'Iﬂ+7t ) ' M(Tlni) S 600F \
1 -
oL F T T T T T T T T T T 500 -
N 4 b g P g o
> 383 (c) MH++ ' ol (d) ,+'lH++ % 400 | - / E
= b Non a,(98@) S 300f
S swk :"“.* o 00} W . 200] .
~ mf 4y i h wl M -
,,‘é} 300f ! ' . :’I‘ 100 | o#% -
T 00k ' b v'“ =
5 wf 2 PHSP MGy Fl 12 14 16 18 20 22
00.8 10 12 14 16 18 20 22 24 %.8 10 12 14 16 18 20 22 24

M(a,(980)x)

M(nmtmo)

+0.19
1.25 4 0.10177-19

Resonance | Mass (MeV /c?) Width (MeV/c?)
f1(1285) |1285.1 +£1.07,5 22.0+ 31777
n(1405) [1399.8 £2.272°% 5284+ 7.610 L
X (1870) |1877.3+6.3727 57+ 127 .°

+0.21
1.89 £ 0.2170-21

+0.72
1.50 + 0.26170-72

M, w+n— (GeV /c?)

Branch ratio (10-4) ldentification

of X(1870): 0—*(?)
It i1s X(1835)?
Need PWA! 33



n(1405) in Jhy—vyf,(980)n°, f,(980)>nm
First observations: m(1405)—f,(980)r° (isospin violated)

0

J/\V—>yf0(980)71:
R preliminary : preliminary
G 2507 S 503_
E 200?1(1285 f,(980)>n*n- % 1ocF2(1285)) f,(980)—nOn°
N 5 = Q : ;
% S
2 2 0
9 ©
0 @D 10f

R B R N Y R

M(fﬂnﬂ)f(eewc?)

?LLJIIIIIIIIIIIIII J

5371408 16 17T e
M(fﬂn“)f(GeWcz)

Helicity analysis indicates that peak ~1400MeV is from
n(1405)—f,(980)#°, not from f,(1420):
Br(J/v — yn(1405) — v for" — vz t77)
= (1.48 £ 0.13(stat.) £ 0.17(sys.)) x 107°

Br(J/v — yn(1405) — 7 for? — yn707") 2
= (6.99 £ 0.93(stat.) + 0.95(sys.)) x 107°



n'-23mn In Jy2>ynnmn

Jhy—yrtrn o Jhy—ynOnOnO

= 1605 . .
—~ 900Epreliminar <~ .. F preliminar
% 800 :p Y| L 140F g /
> 700F o 120F
O e00F © 100F

= o
;; 500 F o 80F
3 400F 3 60F
S 300F S 40C
> 200E AT

1008 | 20F A X
P85 09 095 1 hos Tia 00.860.88 0.90.920.940.960.98 1 1.021.04
M(rt e r0)/ (GeV/c?) M(nnlr®)/(GeV/c?)

Br(n — nta 7)) = (3.83 £ 0.15(stat.) + 0.39(sys.)) x 1073

PDG2010: (3.6*'1 4,)x10-3 (2009 CLEO-c)
Br(n' — 37") = (3.56 £+ 0.22(stat.) + 0.34(sys.)) x 1073
PDG2010: (1.68+0.22)x10-3 (1984: GAM?2)
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Results on N* baryon In vy —>npp decay

Prellmlnary = aemzpiorornrese % e
bt datales o) |40 e s E] Afull PWA ana
---=-__-;_::- - Sz _:-_E o - : iz IS performed-

N(1535) is 1/2-
Mass (GeV/c?)
+0.005+0.010
1.524 —0.005-0.004
Width (GeV)
+0.027+0.061
0.130 —0.027-0.014

¥ I nbin = 0.87087064524
— Data
= [||¢ Integration

M(pn) M(pp)
BF(y'—ppn)=(6.6+0.240.6)x105  PDG2010: (6+1.2)x10-5

BF(y'—N(1535)p)xBF(N(1535)—pn+c.c.) = 5. 5+g ?Zf x107° 36



Charm physics:
- (semi)leptonic/hadronic dec.
- decay const., form factors
- CKM matrix: V4, Vs
- DO-D%ar mixing and CPV
- rare/forbidden decays

37



Charm play an important role in flavor physics

0.7 T T T T T T T l T T T T T T 1 T T T T

i \ n
&y I A L J

¥
0.6 5 1 : g K ) CEEEAGE
3 ! \\ \\ .
(0] 1 \ —
= | \ —
0.5 o A\ —
[ ] \ —
o Ha sul.\wf s 2B < —
'g f B & f B -] (excl\.'\alt*')c\ff u,gs) =]
04 3 A % -
) o \ \ =
3 Y o\ -
A\ T
0.3 EK \ \ —
\
0.2 N\
. N\
\ 3
0.1 \\-\—:
B \
0.0 1 Ia 1 l 1 1 1 I L L 1 L L I 1 1 L I x
-04 -0.2 0.0 0.2 0.4 0.8 1.

" f4(0)

QCD calculations can be tested in high
precision with charm data at threshold

At BESIII, using charm decay we will
measure decay constants; form
factors; Vi »_Vvalidate QCD.

IVl fromB2>me¢v:

Form factor f(g2):

* Hard to calculate

« Limits IV, precision
» Lattice QCD can do
from first principles

Errors of f(g?) dominate!

B decay constant can not
be measured (precisely),
has to rely on theory

calculation.
38



Advantage at threshold

e*e” colliders at threshold: CLEOc, BESIII, Super-tau-charm

e R — TR e e 1] B o= — o 6 s )

Good for charm flavor physics:
 Production: clean
« Known initial energy and quantum numbers

» Both D and D fully reconstructed (double tag), allows
for absolute measurements

39



Clean single tag at BESIII «

-
N 7
420pb -1 (3770) Clean smgle tag .
12000_ 7 I I I I ! I . A“‘
] 14000—Prellmmary 4 v
10000:_Prellmmary = v ; \K
8000~ - 10000F 3
5000:— _: 8000;— -
[ 1 6000} —
4000 . -
' 1 4000F \/ E _| |2

2000 | DO>Kn 1 2000F | D*>Knm BC peam | Pp

0742 Tee 18 0—=%2 186

mBC Resolutlon:

2000— charged modes: 1.3 MeV

3 . T T E 5 T i - i [ . 0-
7000 J 12000} .
6000E 3 10000}
S000F 1 8o000f
4000F ERON:
3000 3 -
2000E D> Knnn 3 4000
1000F | A < 2000

0——s8 186 188 0"

mBC
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Prospects for Charm at BESII|

With increased luminosity, BESIII will achieve high precision

CLEOc errors with 818 pb-t@3770 BESIII (10fb-1)
fo. (D*>u*v): 24.1% (stat.) £ 1.2%(sys.) +1.2% (stat.)
f_(0) (D%—Trlv): +£5.3% (stat.) £ 0.7%(sys.) +1.5% (stat.)

BF(D°—Ktr): +0.9% (stat.) + 1.8%(sys.) limited by syst.
BF(D*—Krmrr): £1.1% (stat.) £ 2.0%(sys.) limited by syst.

CLEOc errors with 600pb1@4170 MeV BESIII(5fb?)

fos(DS*—p*v,tv ). £2.5% (stat.) £ 1.2% (sys.) +0.9% (stat.)
BF(Ds*—KKT1T): £4.2% (stat.) £ 2.9%(sys.) +1.5% (stat.)

For Dg study, data taken at 4010 MeV & 4170 MeV:
4010 MeV (clean, lower X-section, 0.3 nb) - BESIII 0.5 fb!

4170MeV (more BKG, higher X-section, 0.9 nb) > CLEOc 0.6 fb!
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DO DO quantum correlation @w(3770)

For a physical process producing D° D° such as

D - . __
o e'e” >y —»>DD°
+ - L=1C=-1
S ) _,, —0°F€ 1’
Q for a clorrelated state C=-1 & Do> _ ‘ 50>
0 y'=—=(D°)D°)-|D°)D’)) élDo\=|p°
Z.Z.Xing), PRD55, 196(1997) \/E ‘ >‘ > ‘ >‘ > > ‘ >
Cheng et al, PRD75, 094019(2007) fissE Rl
The correlated amplitude: <K‘7r*‘D°> /_@
; 0 . i D - g 0 = g€ ;
r; =(i1D°)j1D°)- (I D°)i | D°)  (K='|D) T
DY strong phase is necessary input for D® mixing and Oy connects
CKM measurements at B factories and LHCDb . measurements
of yand y’
For details

—>see “strong phase measurement” by X.K.Zhou



Measure D° mixing at threshold 5.
®

1, 7
’
+ —
'y
€ o— ®°
7
l
S
2
aRa

e'e” > (3770) > D°D° - (K 7" )(K*7¥)

(K*z7)(K*7"): P wave, C odd € y(3770)is 1~ ()
Bose-Einstein statistics does not allow the two D°

D%s decay into identical final states. Z.Z . Xing, PRD55, 196(1997)

. - ‘s H.B. Li and M.Z.Yan
But if there is mixing, e 094016(200%

e'e” > w(3770) > D)D) —» (K*7z%), (K 7z),
(D, Is not identical to D))
X?+Y?  N[D°D°—>(K 7" )K 7z%)] N[D°D° (K e"v)(K e*v)]
2 N[DD°(K z*)XK*z7)]' N[D°D°—(Ke'v)(K'e V)

Ry

For 107 D-pairs about 3-5 events will be detected.
Sensitivity to Ry, is about 104 43



CPV In D decay at super-tau-charm

Direct CPV in D decays is expected to be small in SM.

For CF and DCS decays, direct CPV requires new physics.
Exception: D*—Kg  * with Asp=-3.3x1073.
Singly Cabibbo Suppressed (SCS) decays, SM CPV could reach 10-3.

= _F D.S.Du, EPJC5,579(2007)
'AbP __ I(D>1)-T(D>T) Y. Grossman et al

- T (D>f)+I(D—>T) PRD75, 036008(2007)

Current Best limits:
Belle: D> K*K-,n*n

At BESIII (10fb). A p(K*K)=(0.43£0.30%0.11)%
CP asymmetry can be tested Ap(n*1)=(0.43+0.52+0.12)%

with 10-3 sensitivity for many BaBar: D*—>Kr*

final states. Acp(Kgn*)=(-0.4410.1310.10)%

CLEOc : Ks nt*n0
Aop(Kgntn©)=(0.310.9+0.3)% 44



CP violation near threshold

CP violating asymmetries can be measured
by searching for events with two CP odd or
two CP even final states:

wt, KK, 2070 K0

v’ — DD’ - f, f,
CP( f1 fz) — CP( fl)'CP( fz) ' (_1)L

CP(y") :@

Acp sensitivity : 4A ~1073
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Sensitivity of rare D decays at BESII|

* Flavor Changing Neutral Current (c>u I*I)
— D%Sptw SM <102 NP ~ 10
- CDF  BR<4.3x107
- D->X/I'F SM<10® NP ~10°

* DO BF(D* -7t 1t 1r)< 3.9x10°
. CLEOc BF(D*—rtee’)< 7.4x10

* Lepton Flavor Violation NP ~ 10
« BaBar BF(D° —u*e’) <0.81 x10°
* BaBar BF(D*—rte*u) <1.1 x10°

With 10fb-t y(3770), BESIII will achieve 10-® sensitivit6y.




Summary

Excellent BEPCII and BESIII performance. Large data samples
have been collected.

The first observation of n.(2S) in y'—yn.(2S) decay.

Precision measurements of n(1S) /h, parameters in y'->yn.(15)
[ y'=>rh,.

Study charmonium various transition/decays to test theoretical
prediction.

Confirmation of X(1835) in Jiy—>yn'n*n".

Observation of two new structures X(2120) and X(2370)

In Jhy—ynmn' decays.

Observation of new structure X(1870) in J/y—onnn.

Charm near threshold undertake complementary studies of D
mixing and CPV, and unique test of QCD techniques.

We expect rich physics results in the coming years from BESII|I
. . 47
Thank Haibo for help with the talk
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