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 Status of BEPCII/BESIIT

 Selected Results from BESIIT
—Light hadrons spectroscopy

—Charmonium transitions decays

—Charm decays

* Summary
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Large Crossing Angle, Double-ring

Compton back-scattering for high
precision beam energy measurement

T-Charm Region

v' Beam energy:
1.0-2.3 GeV

v Energy spread:
5.16 X10*

v' Optimum energy:
1.89 GeV

v" Luminosity:
1%x1032 cms

v No. of bunches:
93

v Bunch length:
1.5cm

v’ Total current:
0.91A

v" SR mode:
0.25A@2.5GeV
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The BESIII Detector

NIM A614, 345 (2010)

uCounter
— 8-9layers RPC
= JdRP=1.4cm~1.7 cm

Drift Chamber (MDC)
cP/P (°/,) = 0.5%(1GeV)
Oe/ax (/o) = 6%

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

110 ps endcap ~ Super-conducting

magnet (1.0 Tesla)

EMC: cE/VE(°/,) =2.5% (1 GeV)
(Csl) GZ’¢(cm) =0.5-0.7 cm/VE
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The BESIII Collaboration

http://bes3.ihep.ac.cn
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BESIII commissioning

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

v'2009:

v'2010:
v'2011:

v'2012:

106M y(2S) 4xCLEO-c
225MJ/y  4xBESII
~0.9 fb! y(3770)
~2.0 fb1y(3770) } 3.5%CLEO-c

~0.5 fb! @ 4.01 GeV

tau mass scan: ~5.0 pb1;

y(2S): 0.4 billion; J/y: 1 billion (May 22!)

World's largest sample of J/y, y(2S) and y(3770)
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Physics Programs @ BESIII

CS
meson & baryon spectroscopy
hreshold effects
— multiquark states
— glueballs & hybrids
— two-photon physics
— form-factors

v' Charmonium physics:
— precision spectroscopy

< _transitions and decays >

v’ Charm
(semi-)leptonic form factors

fy & fp, decay constants.
— CKM matrix: V4, Vg

— DO-D° mixing and CPV
— strong phases

v  QCD & rphysics:
— precision R-measurement

— 1t mass/ t decays

v XYZ meson physics:
— Y(4260) nnh, decays
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Recent Results on Light Hadron Spectroscopy

v pp mass threshold structure in J/y—ypp
v' X(1835) and two new structures in J/y—>yn*n 1’

v 1(1405) in J/y—yf,(980)°, f,(980)->nn

06/07/12 H. Peng PLHC2012 9



Enhancement at pp threshold in J/y—ypp

J/y—>ypp Vo J/y, I/ y—>ypp

150 L TS I ) (7SS PN PP GO Ram [R e e ki . . pEmsn
L q) PRL,022001 BESII i § 70 | i CPC 34,421(2010) BESIII
b § 3 3 60 [ +
3 100 4 &8 50 +
Q 5 . =] !
: | g < Ty TS
§ s D IR 51 s e wua BEE
wo [ 1 & 20F el e
- . 10"
[ 1 L L | l L 1 1 1 I 1 L 1 1 W sl qedin v aveese gnssav s g —f iz g.ly
g | B I UL T TR 800 005 010 015 020 025 030
M, -2m, (GeV) M, 2mi(GeWics)
v Observed at BESII in 2003: v Confirmed at BESIII in 2010:
— Agree with spin zero expectation — M =1859 ;5,6 MeV/c?
— M =1860_40.5 " MeVic? — TI'<30 MeV/c2(90% C.L.)

— I'<38 MeV/c? (90% C.L.)

v' Many theoretical Interpretation:
— Normal meson/ pp bound state/ multiquark/ glueball/ Final state interaction (FSI).......

v’ Spin-parity analysis:
— Is essential for determining place in the spectrum and possible nature.
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PWA of J' /\|1—>ypp (M

b

0<2.26eV)

z 7o Xem @ v Four components:
: 2100 ’ _ -
Z soof — o) _ — X(pp), £,(1910) , f,(2100) and 0** PS
§‘400i— ;
5209 150F | mep-2vp<sovev | 4 v" Include the FSI effect
m 200f M(pp) < 2.2GeV 100F | I
TOOF Ny 7w e ;-*2 SO © I .
T M e glaliico i iisde d v Fit features:
80 o1 0.2 0.3 1.0 -05 00 05 10
— The fit with BW and S-wave FSI (1=0)
?5 300F 4 factor can well describe pp mass
A 2500 4
200} threshold structure.
150F — Itis much better than that w/o FSI
100 effect (7.10)
sof

— Different FSI model - Model

0059

dependent uncertainty

v' BESIII Results: PRL 108,112003(2012)

— JPC=0+, >6.80c better than other JP¢ assignments.

— M =1832*19 (stat)*'8 ,,(syst) £ 19(model) MeV/c?

— I'= 13+ 39(stat)™10 ,(syst) = 4(model) MeV/c?or I' < 76MeV/c? @ 90 C.L.

— Br(Jhy—>yX(pp)) x Br(X(pp )—ppP) = (9.0%04, (stat) "1 ,( syst) £ 2.3(model))x10-
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X(1835) in J/y—yrn*nn'@BESII

120 v' BESII Results:
BESII — M=1833.716.1(stat)+2.7(syst) MeV/c?

j — T'=67.7 £20.3(stat) £7.7(syst) MeV/c?
- I Il — B(J/y—yX(1835))B(X(1835)->n'nn’)
' =(2.240.4(stat)£0.4(syst))x104

— Statistical Significance 7.7c

=
L
|

v" Many Theoretical interpretation:
— pp bound state

PRL 95,262001(2005)

EVENTS/(20MeV/c®)
[ e
i

A — n excitation

1.4 2.0 26 — ...
M(II:-I-]T-T' ) (Gevfcz} — Are X(pp ) and X(1835) from the same source?

=
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X(1835) in J/\u—)yn n-n'@BESIII

% s00f PRL 106, 072002 (2011)
= I
g 4005 resonance | M( MeV/c?) | T'( MeV /c?)| significance
€ 300 X(1835) | 1836.5+3.0 | 190.1 £9.0| >> 200
zmz X(2120) | 21224+6.7 | 84+16 > 7.20
- X(2370) | 2376.3+£8.7 | 83+17 > 6.40
"14 16 1.8 202224 2. v BESIII Results:

20 2530

— B(J/y—yX(1835))B(X(1835)—>nnn’ )=

< 5000} B +0.
% - Angular distribution’l‘ ' (2.87 £0.09(stat) o e, (syst)) <10~
% 4000 — The polar angle of the photon is consistent

2000 with expectation for a pseudoscalar

2000 | — Two more structures are observed.

llIh';'l— u . .

: | PWA is needed, interference among the
00 oz o4 06 o8 10 resonances needs to be considered.
|cosO,
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n(1405) in J/y—>yf,(980)7°, f,(980)—>nmw

N

O

O
I

200
150F

100 F

Events/(0.02GeV/c?)

)]
@)

fo(980)—)75+7t-

PRL 108, 182001 (2012)

Events/(0.02GeV/c?)

14 16 1.8
M(f (980)n0)(GeV/c?)

First observed: 11(1405)—f,(980)r° (Large isospin breaking)

60F
50F
40f
30F
20f

10F

95" RV T
M(f (980)n%)(GeV/c?)

v Helicity analysis indicates the peak at 1400MeV is from n(1405) , not from f,(1420)

v' Large Isospin-violating decay rate:

BR(77(1405) — £,(980)7° — 7" 7" %)

BR(77(1405) — a,(980)z° — 7° z°n)

~(17.9+4.2)%

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

Sar

ap-fo mixing alone can not explain the branching ratio of 1n(1405)—>f,(980)n°

_ Br(y., = f,980)7° > 7' 7°)

B Br(y., —a,(980)7° — nx’z°)

0

<1%(90% C.L.)  ppp 83(2100)032003
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Anomalous line shape of f,(980) in J/y—y3n

PRL 108, 182001 (2012)

20T T T T T T T T T T 100F ~ 1~~~ 7 T =
-
ﬂ f0(980)_)7t n < T fo(980)—)7t071'.0 T
&)
=989.9:+0. 3 l
';,"_9899 0.4MevV/c3 > M=987.0+1.4MeV/c? .
B o | = 4.6+5.1MeV/c? .
o
g 50
E -
c
QL
| =
- L
O.JL_...-—..l\r-=.LJ+J.... 0..|_.../..|‘.-L..|....
0.9 1.0 1.1 1.2 0.9 1.0 1.1 1.2
M(z*)(GeVic?) M(n°r®)(GeV/c?)

v' Surprising result:
— very narrow f(980) width: <11.8MeV/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)
(J.J. Wu et al, PRL 108, 081803(2012))
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Recent results on Charmonium spectroscopy

v’ Properties of h_
v Mass and width of n_
v Observation evidence of y'—»yn.(2S)

v First observation of y'—>yyJ/vy
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Property of h.(!P,)

v' First evidence (E835): pp—h.—m.

PRD72, 092004(2005)
v CLEO-c observed :  y'—nr’h_, h.—>yn.

AM,(1P)=0.08+0.18+0.12 MeV/c?

PRL104, 132002(2010)
v' Study isospin forbidden transition:

3.8

@
(2}

‘23.4 y'—n° hg
S
;2?3.2 v' Measure as well the E1 transition:
_ he—1m,
3.0 Mc(1S) - | . -
POt (= 1+ gtt g+t o v' M(h,) gives access to hyperfine splitting of
23: Lo o0 4 1 . 1P states:

AM(1P)=M(h)-1/9(M(Xc0)+3M(xc1)+5SM(Xc2)

A none zero hyperfine splitting may give indication of nonvanishing
spin-spin interactions in Charmonium potential models

06/07/12 H. Peng PLHC2012 17



PRL104, 132002, (2010)

w00 BESITI
3500; ag el
3000 |

2500 |
2000
15000 |
1000| | "

5000

E1 tagged
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40000 F 5500

| 2000f
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[ 1000f

200001

0
-500F

10000 F

L
351

L
3.52

351

T35

353

354

v Select inclusive n(y'— n°h,)

v Select E1-photon in h.—»yn. (E1 tagged)
or not (E1 untagged)

v' El-tagged selection gives

—  M(h,)=3525.404+0.1340.18MeV/c?
(AM,;(1P)=0.10+0.13+0.18MeV/c2)

— TI'(h.)=0.73+0.45+0.28MeV/c?
(<1.44MeV at 90% C.L.)

— Br(y'—n°h )xBr(h.—m.)
=(4.58+0.40+0.50)x10-

(first measurement)
v' El-untagged selection gives
— Br(y'>n°h,) = (8.4+1.3+1.0)x10

v Combining Branching fractions leads to
— Br(h;—>yM.)=(54.3£6.7+5.2)%

06/07/12 H. Peng
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—7nh, , h >y

ey
. sznts:‘l 1:“‘;

o Events/1 MeV
W BEE D EREEEE
L, ventel MeV

By
. Bt ey
e ey
e ey

L, vents/l MeV
o el Y
iiyyly
o ot MY
Events/

Events/1 MeV

Events/1 MeV
W o e e w w
Events/1 MeV
g wooa @ S s
Events/1 MeV
W oz @ =z = om

3.50 352 354 36
7" recoil mass (GeVie

v y-nr’h,, h.—»yn. n. is reconstructed
exclusively with 16 decay modes

Simultaneous fit to n° recoiling mass
x2/d.o f. = 32/46

M = 3525.31+0.11+0.15 MeV/c?

I' =0.70£0.28 £0.25 MeV

n. exclusive decays

BESIII Preliminary

Summed r° recoil mass

2 200

180
160
140
120
1

00
80
60
40
20

ESIII Preliminary +

Yo

M(n" recoil mass) (GeV/c?)

v Consistent with:
— BESIIl inclusive results

PRL104,132002(2010)

— CLEO-c exclusive results

M = 3525.21+0.27+0.14 MeV/c?
N =136+14
PRL101, 182003(2008)
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Ground state of charmonium discovered in 1980 by Markll, but its
properties are not well known

Parameters:
— Jhy, ¢ radiative transition: M ~ 2978.0MeV/c?, I'~ 10MeV/c?
Yy process: M =2983.1+1.0 MeV/c?, T = 31.3%1.9 MeV/c?

CLEO-c found the distortion of the n.lineshape in y' decays

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

e 7V, bPp, B decay

,‘“‘I"\ » "r“| 2
Mass [\ ® y(1S,28)>m, , width | X
I X @ - AUBERT 08AB BABR 25
| @ - AUBERT 08AB BABR 24 9 UEHARA 08 BELL 00
| @ - UEHARA 08 BELL 43 [ —— wu 06 BELL 57

T ABE 07  BELL ot W 06  BELL
—— WU 06 BELL 6.9 f ... ASNER 04 CLEO 03
—+ 1V | WU 06 BELL 08 I @ AUBERT 04D BABR 78
‘,‘ | - - ASNER 04 CLEO 04 | AMBROGIANI 03  EB835 0.8
| - - AUBERT 04D BABR 2.0 i I Eﬁke gg SEEL ag
: ' AMBROGIANI 03 E835 24 T ~
'® L i o | BAI 00F BES 33

. \ BAI 03 BES 37 ;

/ _._ L. . . FANG 03 BELL 0.1 / —.— : - - ARMSTRONG 95F E760 0.1
' "‘.‘ . BAI 00F BES 26 B : : - BAGLIN 87B SPEC 74

oL Al 90B MRK3 4.1 b s - BALTRUSAIT..86  MRK3
—@— GAISER 8 CBAL 06 /@ GAISER 86 CBAL 125

30.4 / \ (Confidence Level 0456%1)
Confidence Level = 0.0014 onfidence Level = 5.
| | |\\,_  » ) /‘ { —
2050 2960 2070 2980 2990 3000 ( ! L.=0.00]4 20 0 20 40 e 80 ( L 0.0001
n(1S) mass (MeV) n-(15) WIDTH
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v'—>1M. ., N. — exclusive decays

PRL 108, 222002(2012)

—e— data 250

F [~ —— data 160F —— data
[ [ other y’ decays " [ [ other y(2S) decays + —_ 0 C [ other v’ decays + _
) 4 C %X, 140 ] nox,
 200F 1 KSKT | 2000 S35 HRIKTRD |y 10 S22 T
% o - - sig % o -- sig % 120: -- sig
[ — — non-reso [ — — non-reso F — — non-reso
E 150 [ e int i E 150 = e iRt E 1 00 : A TE
o o © 80F
Z100F A =~ =
@ @ 2 %%
§ 50/~ + 4t § § 40
m E +) m 20F7
., . " O ., Bl
2.72752828529295 3 3.053.13.1563.2 272752828529295 3 3.053.13.153.2 _28.7 2752828529295 3 3.053.13153.2
M(KsKn) GeV/c? M(KKn® GeV/c? M(mten) GeV/c?
—»— dat F —e— dat [ —«— dat
140 (| ntath v’ decays 300 mm olah:r v’ decays 250 r u:ah:r w(2S) decays
o~ 2 =X, ) o~ E X,
b 120 cont KS K3TC “'<>-> 250 cont 2 KZTCTCO L2001 cont 675
----si F -~ si F ----si
% 100 __ nogn-reso g 200 f_ —_— nc?n—reso g 150 Fr —— nc?n-reso
o 80 = g - int p r
— A 150 — ~ C
‘u; 60 & F ‘J) 100
= =100~ = F
GCJ 40 o F QCJ sof
D 204 @ 508 T _
0 P 0 E _I__I_“-—I_-_-_‘_ _\__’|— ‘T—_I—T-_—‘ 0 :_ =S e IS 0 B 550 - ‘~___ e .
272752828529295 3 3.05313.153.2 272752828529295 3 3.053.13.153.2 272752828529295 3 3.053.13.153.2
M(KsK3r) GeV/c? M(2K2r®) GeV/c? M(6n) GeV/c?

Interference with non-resonant is significant !

v' Relative phase ¢ values from each mode are ~ M:2984.4+ 0.5+ 0.6 MeV/c?
consistent within 3¢ I'"  30.5%+1.0+0.9 MeV/c?
— use a common phase value in the simultaneous fit. ¢: 2.3510.05%0.04 rad
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Comparison of the mass and width for 1,

The world average in PDG2010 was using earlier measurements

Belle yy

CLEO yy

BaBar yy

CLEOC J/y

(stat.only)

BESIii

1, mass (MeV)

| 111 | | 111 | L 11 ‘ 11| | |
2980 2982 2984 2986 2988 2990 2992

| ‘ | | I (-
25 30 35 40

‘ T T T T | T T T T ‘ T T
Belle yy

CLEO vy

—#—— BaBaryy

—0— CLEOc J/wy
(stat.only)

1, width (MeV)

Hyperfine splitting: AM,(1S) = 112.6 + 0.8 MeV/c?

v' Consistent with B factory results in other production mechanisms.
v' Agree with lattice QCD calculations of the charmonium hyperfine splitting
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1. (23)

v First "observation” by Crystal Ball's in 1982: PRL 48, 70(1982)

— “Seen” in inclusive photon spectrum of y' decay y'—>yX

— Branch fraction and parameters are far from modern measurements
— M=3.592GeV/c?, Br = 0.2%-1.3%

— Never confirmed by other experiments

v' The M1 transition y'—>yn(2S) have not be observed

— CLEO-c not found signal in 25M vy’ samples, Br(y'—yn. (25))<7.6x10
— Experimental challenge : search for photons ~ 50MeV/c? PRD 81 052002 (2010)

v' Observed in different process other than radiative transition

Experiment M [MeV] [" [MeV| Process

Belle [1] 3604 + 6+ 8 B — K 5.(25).1.(25) = Kgk*aT
CLEO [2] 36429+ 3.1+ 1.5 6.3+124+4.0 vy = (28) = WghF
BaBar [3]  3630.8+34+£1.0 17.0+£83+25 vy u(285) o KgK=nT
BaBar [4]  3645.0+ 5513 ete™ — J/ihee

PDG (5] 3638 £ 4 14+ 7

v' Better chance to observe 1 (2S) in y' radiative transition with ~106M

v’ data at BESIII
— Decay mode studied : y'—yn(2S)>yKKn/K*K-n°
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Observation of y'—>yn. (25)

arXiv:1205.5103, submit to PRL

—«_data (K()KI:Tf)
— fitting results -
-—— X\’l =
—-T
----- background

<

Events/ ( 0.005 GeV/c?)
>

10ET. E
1 B A
3.5 3.55 3.6 3.65 3.;/

ngK*n: (GeV/cY)

Simultaneous fit with:
v1.(2S) signal:
— PDF: (Fl; X BW(m) X dampi;ilg(Ey)) ® Gauss(0, o)

5
L5
ELEo + (E, — E)?

M1 transition

V%7 Signal:
— MC shape smeared with Gaussian
v'Background:
—e*e'—>KKr (ISR), v —KKmt (FSR),
Y’ —>KKT
—Measured from data

10°

—
(=
o

T Illlln'l T IIIIHI]

Events/ ( 0.005 GeV/c?)
>

—
—— data (K'K')) =
— fitting results 3
¥

__]L’

----- background

..' ............... l_""-.-“\ '}»{- ,}, —E
v \

L PR T ' 1 Pl N T TN TN T B Al
3.5 3.55 3.6 3.65 3.7

e (GEV/S?)
BESIIT results: <<%
v'Statistical significance>10c

vM=3637.6+2.9+1 6MeV/c?
vT =16.9+6.4+4.8MeV/c?

v'Branching fraction:

Nex oy

—Br(y’'—>yn(2S)—>yKKm)=(1.30+0.20+0.30)x10>

—Br(n(2S)—>KKmn)=(1.9+0.4+1.1)% from BaBar
(PRD78 012006 (2008))

—Br(y'—>yn.(2S))=(6.8+1.1+4.5) x10*

> Potential model predicts (0.1~ 6.2)*10-4 PRL89 162002 (2002)

> CLEO-c¢: <7.6*10-4

PRD81 052002 (2010)

06/07/12 H. Peng PLHC2012
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y'—>yyJ /y

v Two photon transitions are well known in excitations of molecules, atomic
hydrogen, and positronium.

F. Bassani et al, PRL 39, 1070 (1977).A. Quattropani et al., PRL 50, 1258 (1983)
v Never been observed in the quarkonium system. ppp 758 011102(2008)
— CLEO-c: upper limit of Br(y'— yy J/vy) is 1x103

v' Observation helpful to understand heavy quarkonium spectrum & strong
interaction
(k1) v(kz)

Theoretically: . SX‘EA _é:; 5
kSl S

v'Potential models give discrete spectra Xes (nP)
(V'= YAz Xez = YI/V) W) k)

v'Possibility of testing the hadron-loop effect

v'Coupled channel: the hadron-loop effect also
may play a important role in the continuous
spectra
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First evidence of y'—yyJ/v

Select y'>yyJ/vy, J/y—e*e/pu*n events arXiv: 1204.0246 Submitted to PRL

Y<m - lOW energy gamma

4
o 10 the y.; components: double E1
= 203 .
= 10 scaling
Bﬁ 10° yields of the two-photon events
] 10 continuum(green) + y(2S) decay
} =
w BG(yellow)
of
0 O
2 L
_2 3 | | | | -:; 100+ ee +
3.4 3.45 3.5 3.55 345 3.5 355 @
RMTsm{GEV}'E } E
Ty
v' Global fit of the yy process and cascade y.; processes g 5i)
el
v See clear excess over BG+continuum E
>
v Br(y'->yJ/v)=(3.310.698)x10-4(both e*e- and p*p-) (L

305 31 3.]5
v' Significance : 3.8c including systematics RMyv(GeVic?)

V' Br(y'—YXcs.%e3—>¥J/v) are also measured 3.44<RM(y, . )<3.48GeV
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Preliminary results on D analysis

v’ Leptonic Decays

v Semi-leptonic Decays
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Preliminary results of D*—u*v

v In the system recoiling against the tagged D- with 9 different
decay modes, select leptonic decay for D*>u*v

_iDtag )
& e () : QR T
! ;-;: 1 1 . L y
By The neutrino -0.2 0.0 0.2 0.4
V. carries energy and 425 M2, >eV?2 /ct)
momentum awayv. 2
candidates :
.. for D*2>putv |
they require:

* One charged track only

* Positively identified p
* No isolate photon
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Preliminary results of D*—u*v

10
| BESIII Preliminary (~2.9fb-!) 4E —Dalm
100 107 |52
i i 103 B -E:l;:r'r;}fdeta}s
E ? B non-I decays
st 10°
£ 50r -
g - 10E
7 - -
: 15
%27 00 02 o4 10 | |
-U. > e . 0.2 0.1 0.0 0.1 02 03
Mmiss™ Emiss = Pmiss M2. =EZ2. -pz.
miss~ “miss ~ Fmiss

Results: N(D*—uv) = 377.3+20.6+2.6
BF(D*—uv ) =(3.74+0.21+0.06)x10-4

+ 2
T(D"—>I"v) =—2|, dmszmm(l_ )’
h¥a m_.

fo. =(203.91+5.72+1.97) MeV/c?

|vcd| = (02221000610005) fD+ - (20714) MeV/c2 LQCD
IV_,| = (0.2252+0.007) CKMFitter
29
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Preliminary results of D*—u*v

MAREK-II < 20 MeV at S0 C1
BES-I fam’ ) Ma
MARK-IN BES-II far e s MaV
0,07 &t 90% .1 |
BES-| BES-II { Preliminary)
o DE_‘:“':_:"':‘]-%:-.
BES-I H FSETE LT Lattice QCD
012277 " L0 010)% fol T mev Lattice QCD
L }—s—] (0035:0014:0006)%  CLEO-c (56 pb™) = {20610+ 3232 Howtt QL (QCDSF)
W (2aEaa01 &) Mol QL {Tﬂiml‘l.:l
Fad  (0.0490:0.00669 %%  CLEO- (281 pb'™) o B L oL (UKQCD)
u ERRERE Y LY QL
[=] 003800 0oz E0.000s s CLEO-c (818 pb™)
B - o {17T221) Mol QCD Sum Rule
H @nm 140.0006)% BES-III (Pmm> e QCD Sum Rule
_— I e QCD Sum Rule
[ {0.0382+0.0033)% PDG2010 e Field Correlations
—r— =z lsospin mass splittings
! | | i A | ] 1 1 1 | 1 1 |
0 005 0.1 015 0.2 025 200 400 600

f [MEV] 13
B(D*u'v,) [%] 7

v" The most precise measurement is provided by BESIII

v the error is still dominated by statistics, needing more data
taken at 3773 GeV to reduce it.
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Semi-leptonic Decays D°—K/n ev

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

Differential decay rate function:

2
dar G > o
= 3 V. ‘ pX | f. (g )| q2 - the invariant mass square of
dg~ 24n the lepton-neutrino system
mBC (0"Kr) MAC (0"=Krx') + -
é!:ucol:— E.M K H
“EBESI Preliminary . BESI Prelminary \ /
- c-:-:voE +
: ; I - ©
A= MJE | _‘i
i I T W i i " T W LI V " \
mBG tD°—>K‘mUn°} mBE (0°-Knnn)
35""‘5: Mode Data Yield | Fraction of All Tags (%)| Tag Efficiency(%)
JM._BESIII Prelimi mal“ P o
D' Kt | 150,029 + 413 0.7 62.0840.07
} D" K-rtn” | 323,348 + 667 418 33.56:+0.03
ot D' = K-ran’ | 78467 + 480 10.1 14.930.04
; AN T, (DU Kot 211910 £ 550 274 36.80£0.04
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Semi-leptonic Decays D°—K/x ev

BESIII Preliminary

(~0.92fb-1)

=5000 — § B
s F £\ DP—Kev ST DO—rev
T:E,4000} | gaoo;—
CF N, = 18460143 o0 Ny, = 1677145
3000:— | 400;
2000 — Y 3002_
- 200
1000 — AL -
- _ 100—
r o7 c
R o or X LI K 0.05 0 0.05 0.1 015 .
Um.u . Um" "
Mode measured branching fraction(%) PDG CLEOe
MW= K e i 3.542 +0.0304+0.067 3.55 £0.04 | 3.50 £0.03 £0.04
M= ate (0,288 +0.00840.005 (0,289 +£0.008(0.288 £0.0084+0.003

v’ Systematics are preliminary

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

v Form factor measurement is ongoing
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v’ BESIII is successfully operating since 2008:
» World largest data sample of Jhy, v’, w(3770), y(4040), still growing....

v A lot of results have been obtained:

»Light quark states :
— Confirmation the enhancement at pp threshold in J/y—ypp , JP¢=0"*
— Confirmation X(1835) with two new structures in Jy—yran'.
— First observation: n(1405)—f,(980)n° ( isospin breaking ).

» Charmonium transitions :
— Precision measurements of h, and n.(1S) properties.
— first observation of n.(2S) in y'—>yn.(2S) decay.
— First evidence of ¢y’ -»yy J/y
» Charm decays:
— Leptonic decay D*—»u*v
— Semi-Leptonic decay D° —-K/x ev
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Events/10 MeV

1. lineshape from y'=>nh_, h.>yn_

160
140
120

g

80
60
40
20

“BESIII Preliminary

Sum of 16 of
ne decay modes

.............

Lo

T
2.8 3.0 3.2

M(hadrons) (GeV/c?)

2.6

Events/10 MeV

b
]
w]

[
Lh
<

100

th
]
_2\\II|\\II|I\II|I

w]

¢
=

BESIII Preliminary

Background
subtracted

t
TR TR WA OO TR (AN T
TR g TF FF T 7 T +

L L

P P B s
2.8 3.0 3.2

M(hadrons) (GeV/c?)

2.4 2.6

The nclineshape is not distorted in the h,=yn., non-resonant bkg is small.
This channel will be best suited to determine the n. resonance parameters.

Event /5 MeV/c?

450F
400

100i

50

350
300 i
2501
2007
150 i

Belle
vy — nc(lS);
N(1S) = KsKm

Symmetric lineshape
in yy production

vl v b b Paow v Pownn s
2.8 2.9 3 3.1 3.2 3.3

Mass(KsKm) (GeV/c?)

n. Candidates/10 MeV [x107]

4250308-001

CLEO-c
JAP(1S) — yne(1S)

Asymmeftric lineshape
in v decay

b aabbotit

0.24
E(y) [GeV]
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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->ymnmn’ process should not
be ignored in the determination of the X(1835) mass
and width

— There may be more than one resonance in the mass
peak around 1.83GeV in | /y->ymnn’ decays.
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Mpp threshold structure of ' — ypp @BESII|

‘Sizgi' I :E 71 '(B)
Obviously different line % 350?(3) % 6f LGililitiinEEEA.
shape of pp mass spectrum | 5 o} \ | o o LR,
near threshold from thatin | .
)/ decays \
R w e R
e MODXGeviey L My y(GeVich?
PWA results: PWA Projection:
e Significance of X(pp) is > 6.90. T T
* The production ratio R: first measurement % 30
_ B > yX(pP) S ol
B(J/ y—yX(pP)) 5asc L1
= (5.08'%7(stat) **% (syst) +0.12(mod))% S
* Itissuppressed compared with “12% rule”. B__!

PRL 108,112003(2012)
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ro Mg

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

PRD73,014516(2006) Y.Chen et al

12 i 0+-
27—y
10 i 2“—
3+ om— 3+-_‘I
8 |
2-+_‘|+'—
6| - O —
4l 0" —
2 |
0
++ -+ +-

1 5

—

vt is the first time in J/yp radiative decays
resonant structures are observed in the 2.4
GeV/c? region,

it is interesting since:

LQCD predicts that the lowest lying
pseudoscalar glueball: around 2.4 GeV/c2.

(GeV)

Mg

J/y-->y1rin' decay is a good channel
for finding O* glueballs.

v'Nature of X(2120)/X(2370)
pseudoscalar glueball ?

n/n’ excited states?
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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Partial Decay Rates Results

« Measured in each g? bin,
« Compare results from each tag mode

by fitting U distribution

22 —~ 2
W = L £ C
S oF ;  BESllIPreliminary 2 | BESII Preliminary
To <XF * Kn « 18—
N> 18_ L] Kf[](uﬂ NE : ™ KHTG
el Kn2n C ¢ Kmr
g - * Kar 81'6: Kn2n’
o 18 —all @ [ * Kir
L C ol4— —all
<14 T * a3 F
- 12
12 Iy + : L_|
10 i =l ]
L ; B
- 0.8F
8 i -
- 7 -
6/ L 0.6
- ¥ n
E i 04t
C H C
= . 02 t
{]_I 1 1 | 1 11 | L1 1 | L 11 | 111 | L 11 | 11 1 | 1 1 1 | L 11 | 1 : | | | L L | | | | | | | | | |
0 02 04 06 08 1 12 14 16 18 0 G 1 = L -
PiGeV PIGeV?
0 0
DO >Kev D°Po>Tme
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f(g°) Results

« Points: data with stat. error only

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

« Other theoretical work: HPQCD, arXiv:1111.0225

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

< T | :
= [ 250 f{;
1.4:_ BESIII Preliminary i BESIII Preliminary /__;;}____..
| ol '
1_2:_ :
: 15
1 1:_ _
| 1= i
: L B e ;-':-_-:-_§£=_=_=_'-_ ==
0.9 _;5"’/ )
| /?/// 0.5_
0.8 & _
B !/“{,{ _
N | L | | ) l
L1 | L 11 | 1 11 | 1 11 | 111 | L 11 | 111 | 111 | Ll | |
0.70 02 04 06 08 1 12 14 16 1.8 Da | 1 | 2 23(;5 V2
0 ?/GeV? qe
DV> Kev 0 ey
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Form Factor Fits

BESIII Preliminar 7 (,2)— _ J+(¥)

: _ S
Simple pole model: /mpaze.
Modified pole model: £.(0)
. : 2 +
Beciirevic and Kaidalov PLB 478, 417 (@) =+ = I
(2000) (l N m::roie) (1 - ?n;aie)
- - i ' o0
Series expansion: fold) = i S wlto) [+ fo}
Becher and Hill PLB 633, 61 (2006) )la,to) 1=
- Could fit: f+(0), r, = a,la,, r,= asla;
'I’;:E"f‘ \i\! H :—}\\T\I
" b . “b T R fasf
Z‘E'}\“‘P { £ ;:*%--.\f
- simple pEIe\ - modiw ,: ‘“}simple pole 9: “mog‘jfied pole
E [N . 3 N 3 \{\\\}\\ : } T
'''''' q--':;‘é\.' pEomsmEaE T T T4 1R e : . \{I\ E— -
5:‘ Z\par series § - 3 par. series %.<f; 2 par. series
Tl t\{ Tl 5 = b +-
qDE_ \\ _uz_ N = R \
" a \\

F = L
20 T zo—

(b L L s L L L L
/

v
e
D
<
i
1 /




Form Factor Results

BESIII Preliminary

simple Pole
DY = Kev

DY - wev

F+(0)[Vea(s)
0.72940.005+0.007
0.14240.003£0.001

Mpypole

1.943+0.02520.003
1.876+0.023+0.004

Modified Pole
DY = Kev

N — wew

F+(0)|Veais
0.72540.006+0.007
(0.1404+0.00340.002

v
0.265+0.045£0.006
0.315+0.071+0.012

2 par. series
D" = Kev

DY - wev

J+(0)[Veags)
0.726+0.006+0.007
0.1400.004£0.002

r1
—2.034£0.196£0.022
—2.117+£0.163+£0.027

3 par. series
DY — Kev

nY — wer

F+(0)|Veas)
0.729+£0.008£0.007
0.144£0.005-0.002

1
—2.179+0.355+£0.053
—2.728+0.482+0.076

o
4.539+8.927+£1.103
4.19443.12240.448
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BESIII commissioning

v'July 19, 2008: first e*e collision event in BESIII
v'"Nov. 2008: ~14M y(2S) events for detector calibration
v'2009: 106M y(2S) 4xCLEO-c

225M J/vy 4xBESII World’s largest sample of
v'2010: ~0.9 fb1y(3770) Iy, w(25) and y(3770)
v2011: ~2.0 fbly(3770) } 3.5xCLEO-c B

~0.5 fb! @ 4.01 GeV
v'2012: tau mass scan: ~5.0 pb?;

y(2S): 0.4 billion; J/y: 1 billion (May 22!)

Tentative future running plans (not Approved yet):
v’ 2013: D physics (E.,,=4170 MeV) + R scan (E_, > 4 GeV)

v’ 2014: y(2S) / t/ R scan (E.,, > 4 GeV);
v' 2015: y(3770): 5-10 fb-! for DD physics
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