Overview of BESIII Experiment

Hai-Bo Li (Z= #F J%)
(Representing BESIII Collaboration)

Institute of High Energy Physics

Symposium on Lepton and Hadron Physics at Meson Factories,
Messina, October 13-15, Italy



Outline

Introduction
BESIII data sets

Selected results from BESIII

— Hadron spectroscopy (XYZ, light hadron spec.)
— Charmonium physics

— Charm physics

Summary



T-charm: Main physics goals

v'Hadron spectroscopy and test of QCD at low energy:
Light meson and baryon
Glueball: direct test of QCD at low energy For XYZ, see Yuping Guo’s talk
Hybrid/exotics states/multiquark states/molecular states...
Charmonium(-like) spectroscopy and decays / Charmed baryon decays

v'Precise test of the Standard Model:
R values, tau mass and tau decays, CKM matrix, lepton universality test...
Decay constants, form factors (in D meson decays)

v New physics searches at low energy ( tiny/forbidden in SM):
Rare charmonium decays: weak decays, LFV, LNV, BNV ...
Rare charm and tau decays: FCNC, LFV, LNV, invisible decays
Rare light meson decays: n/n'/®/¢ rare decays For n/n’' rare decays:
Neutral D mixing Chritoph Redmer’s talk
CP violation in tau and charm: tiny in SM
CP violation in baryon /charmed baryon weak decays

v’ Exotic physics:
Light dark matter candidates, Dark photon, light Higgs boson(a,),

New interactions...
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constructlon
» 2008: test run
2009 - now: BESIII physics run




BEPCII storage rings
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Beam energy:
1.0-2.3 GeV

Design Luminosity:
1X10% cm~st

Optimum energy:
1.89 GeV

Energy spread:
5.16 X 10+

No. of bunches:
93

Bunch length:
1.5cm

Total current:
091 A

Circumference:
237m
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Achieved luminosity: 0.7 X 1033 cm2s
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BESIII Detector

Magnet: 1T Super conducting

BESIIII detector: all new !

CsI calorimeter
Precision tracking

Time-of-flight + dE/dx PID

5600

4100 750

JV!DC: small cell & Gas:
He/C Hg (60/40), 43 layers

0,,=130 pm
S R o,/p =0.5% @1GeV
.L s dk/dx=6%
lE]I MDC i _ ;a%ﬁ%*
=15 T . En TOF:
L = o= 100 ps Barrel
s S 110 ps Endcap
Muon ID: 9 layers RPC
= 8 layers for endcap
EMC: CsI crystal, 28 cm’ Data Acquisition:

AE/E =2.5% @1 GeV
oz = 0.6 cm/WE

Event rate =4 kHz
Total data volume ~ 50 MB/s

2013-10-14
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The BESIII Collaboration

Political Map of the World, June 1999

UsS (6) =

Europe (13)

e Germany: Univ. of Bochum,
Univ_ofawa - 3 Univ. of Giessen, GSI
Univ. of Washington ¢ - W “* Univs of Johannes Gutenberg -+«
Carnegie Mellon*Univ. . -I-Iel:mhal,tz Ins. In Mainz
Univ. of Minnesota Russia: JINR-Dubna; BINP Novosibirsk . Korea (1)
Univ. of Rochester - Italy: Univ. of Torino, Frascati Lab, Ferrara'Univ. IN G
Univ. of Indiana - - Univ. of Perugia, Univ: of Eastern Piedmont * Sgou at. Univ.
~—23) : Netherland: KVI/Univ. of Gropingen “"'™* ~ _ = =
¥ .~ “Sweden: Uppsala Univ. = . Japan (1)
= Turkey: Turkey Accelerator Cem;er - =
e Pakistan (}) A o 8 RotyalUiiv:
% Univ.of Punjab’"-;-_- 2o Chlna(29) ‘ .
=2 e GOWISAT CIT IHEP,:CCAST GUCAS, Shandong Umv, —
- - Univ. of Sci. and Tech. of China-
: Zhejiang Univ., Huangshan Coll.
o Huazhong Normal Univ., Wuhan Univ. .
~350 members zhengzhou Univ., Henan Normal Univ. |

Peking Univ., Tsinghua Univ.,
Zhongshan Univ.,Nankai Univ., Beihang Univ.
Shanxi Univ., Sichuan Univ., Univ. of South China
Hunan Univ., Liaoning Univ.

Nanjing Univ., Nanjing Normal Univ.

... Guangxi Normal Univ., Guangxi Univ.

Suzhou Univ., Hangzhou Normal Univ.

52 institutions from 11 countries
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Lanzhou Univ., Henan Sci. and Tech. Univ.
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BESIII data taking status & plan
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4040/4160/4260
/4360 MeV

'

R scan

2013-10-14

Previous
data

BESII: 58M
CLEO: 28 M
CLEO: 0.8/fb

CLEO: 0.6/fb
@ y(4160)

BESII

BESIII present & future

1.2B 20* BESII
0.5B 20* CLEOc
2.9/fb  3.5*CLEOc

2011: 0.5/fb @ y(4040)
2013: 2/fb@4260, 0.5/fb 4360
Data for lineshape

2012: R @2.23,2.4,2.8,3.4GeV
25/pb tau
2013-2014: high mass resonances?
R measurement ?

Hai-Bo Li (IHEP)
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BESIII collected 3.3/fb for XYZ study (2012-2013)
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MASS [GeVic?]

T from Ryan Mitchell
4.4 —| ﬂn{“'sﬂl- 1
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i 29p
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Kez(17P3)
he11P1) |xﬂ,:|3|:l-1].' -
34 L [eal1%Pe)
32 predicted, discovered
predicted, undiscoverad
3.0 ~ [e7591] unpredicted, discovered
01— 1= O n 2+
JFC

Charmonium spectroscopy

Charmonium states below
open charm threshold are
all observed

Above open charm threshold:

many expected states not

observed

many unexpected charmoniumlike
states observed

Z(4430)
Z(4250)
Z(4050)
Z(3900)
Z(4020)
Z(4025)

X(3872)
X(3915)
X(4160)
X(4350)

XYZ(3940)

Y (4008)
Y(4140)
Y(4260)
Y(4360)
Y(4660)

For detail, see Yuping Guo’s talk

(IHEP)
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o(e’e” — J/yr'T)(pb)

Cross section of ete™—> ©w'nJ/y

m1

resonance Y (4260) seen in ISR production at eTe~
BARAR, PRL 95, 142001 (2005); CLEO, PRD 74, 091104 (2006);

m No obvious place in charmonium spectrum; unexpectedly large
decay rate into J/y w7t~ for charmonium state

Agree with BaBar & Belle! Best precision!

BESIII: o(e*e—> m*l/y) = (62.941.943.7) pb @4.26 GeV |
525/pb @4.26 GeV

o
S
|

I"\""“""""""I‘:‘

} BaBar:
PRD86, 051102 (2012)

2013-10-14

1 | IS‘ZI 1 \5.4\
E..(GeV)

%f | Belle: 1304.0121

I,

3 402{ | Hﬁ

B 30

S iy

R i} HHIM# HHH%} b e b
] e t hﬂ*ﬁ{“ﬁﬂm
38 4 4D 44 46 48 5 52 b4

Ecm (GeV)

BESIII: PRL110, 252001
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Observation of Zc(3900) at BESIII

Illll]

40

30

201 1A
10f/+

~4- Data
— Total fit
==== Background fit

BESIII

Significance
>80 \

== PHSP MC

Mnax(m2J/y) (GeV/c?)

~4-data
— it

BESIII: PRL110, 252001 (2013)

M = 3899.01+3.614.9 MeV

I'=46+10+20 MeV
307 =48 events

The mass position is 24 MeV away
from DD* threshold!
A Partial wave analysis is on going!

Confirmed by Belle ?Dnd CLEOc: established!
-

S .:-”-| T o

MR
Mnnax(m/y) (GeV/c?)

— Background

.+« PHSP MC

Belle: PRL 110,
252002(2013)

i .l‘. -': B

-Bo Li (IHEP)

2 - ¢ Data M(Z.(3900))=3884.6:4.6 MeV
o 35 --- Phase Space
T f CLEOc datpa
- 586/pb @4.17GeV
- I gl arXiv: 1304.3036
15;
10:—‘} J
sgrrf{J...s..=1|.=,.|=,..§:{.
%EDD 3700 3800 3900 4000
Mo, (T20) (MeV)
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ete™ — 1= (DD*)T — Z,(3885) with 525/pb @4.26 GeV

Partial reconstruct: reconstruct “bachelor” 1t

0
reco.nstruct D-> K7.t.and Dt 2Kt Submitted to PRL
looking at the recoiling mass of

BESIII: arXiv:1310.1163

90F ST
80F §1oo_—
E = 80F Fit with mass-dependent
50F < 60F BW with phase space
o @ 4 f d effici
30F @D 40F actor and eftriciency
E cC - .
20F S oo correction.
10F T,

3085 390 395 400 405 410 4.1¢

3.85 390 3.95 4.00 4.05 4.10 4.15

M(D°D*) (GeV/c?) M(D*D*) (GeV/c?)

Z.(3885) — DD*  Z.(3900) — 7J /v
Mass (MeV/c?) 388394+ 15442 3899436449 The pole mass and width

I' (MeV) 248 £33+ 11.0 46 £ 10 £ 20 are reported for Zc(3885).
o x B (pb) 83.5 £6.6 £ 22.0 13.5£2.1£48

Y(4260)—Zc(3900)! Large non-DD

I'(Z.(3885)—~DD™*)
I'(Z.(3900)—nJ/vy) — 6.2+ 1.1 :': 2'7 coupling!

13



Quantum number of Zc(3885)

cos 0. angle between bachelor pion and beam axis in CMS
excluded by parity conservation
7T and Z.(3885) in P-wave, with J, = 41 = dN/d cos 8,; « sin® 6,
7 and Z.(3885) in P-wave = dN /d cos 8, « 1+ cos? 0

7t and Z:(3885) in S or D wave. Assume D wave small near
threshold: flat distribution in cos ;.

Event yield in 4 bins in | cos 0|

0.5
0.45
0.4
0.35
0.3
0.25

0.15
0.1
0.05

Fractional yield

BESIII
preliminary

01 02 03 04 05 06 07 08 0.9

|cos 6

BESIII: arXiv:1310.1163
Submitted to PRL

data clearly favour J~ = 1+
for DD* structure

first measurement of J© for one of
the Z;

MENU2013 Walfgang Gradl



Cross-sections of e'e™— n*n~h (1P)

arXiv:1309.1896
——————— Belle, eTe " J/p T~ submitted to PRL
BESIII preliminary, ete™ — hemt ™™

eol ++ + * {Reconstruct h.—>m,,
Z + o + 1M.—16 exclusive modes
40 * Jusing data 2.4/fb
i i {at different energy points.
20 —+ # ]

~42 43 44 45 46
Ecm (GeV)

G (pb)

molete” whon T )=o(ete” = Jpntn),

but different line shape . . ’
m Local maximum around 4.23 GeV? For detail, see Yuping Guo’s talk
m Broad structure around 4.4 GeV? MENU2013 Walfgang Gradl

2013-10-14 Hai-Bo Li (IHEP) 15


http://arxiv.org/abs/arXiv:1309.1896
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Puzzle of “Y(4260)”

Assuming the nt*nh_(1P) is from Y(4260) decay:

(Y (4260) » z* 7z h (1P))

*, — (66.0+7.6)%
T(Y (4260) - 77 w(1S))
/ >
S(hc(lP)) =0 Spin-;lip No spin-?lip

S(/v)=1

Process with spin-flip of heavy quark is not suppressed.

Mechanism of *"h_production is exotic!
Study of the substructure is motivated !

Hai-Bo Li (IHEP)
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Z* (4020) in e*e > 2>7w*n"h (1P)

m Using data taken at 4.23 GeV, 4.26 GeV 4.36 GeV (total 2.4fb ™)
m See structure in hot* spectrum, close to D*D* threshold :

w18 0w 1200
E: e % I s
3 17:_ N g 1“0:— ,Ed{l
- = - s i
...:-E’: B 7 = 80— g‘ A,
- 16_ & “E’ - - Lo !" .
- B u ] - 7 e 1
I 5 Z 60f ,gl ki
15 ik * = _ 248 30 40 A
n 3 40: M., (GeV/c?)
14:_ 2 20_
B 1
pab b L b L L b 0 {]
a.ﬂ 0.1 02 03 04 05 06 07 08 595 400 405 410 415 420 ‘-’5-25
M;E-(GEV."(‘.!)z Nlnihc(ce" /c :'

M(Z-(4020)) = 4022.9+ 0.8 2.7 MeV/c?  arXiv:1309.1896
[(Z:(4020)) = 7.9+ 2.7 +2.6MeV submitted to PRL

No significant signal Z;(3900) — het™ seen :lessthan2.10
2013-10-14 Hai-Bo Li (IHEP) 17


http://arxiv.org/abs/arXiv:1309.1896

Z2c(4025) in ete > 71t (D*D*)*+c.c. @4.26 GeV

Partial reconstruction technique: reconstruct D* from D** decay, bachelor 7",

and at least one soft 10 from D* < D° wor D**—> D*nt® decays .

—4— data ——Z.(4025)

— total fit comb. BKG
---- PHSP signal

H s

| —e— data —— Z_(4025)
- WS - PHSP

AN
o
O

_______________

Events / ( 7.5 MeV/c?)
o &
< =
e

N
(@)
(&)
I
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v

205 21 215 22
RM(D')+M(D*)-m(D*) (GeV/c?)

80+

N
o

Events / (2.5 MeV/c?)
>

40

W
o
52 ) |

G0y G dils @iE

RM(r) (GeV/c? )

Fit to * recoil mass yields 401+47 Z (4025) events. >10c

The pole mass and with:

M(Z.(4025)) = 4026.3+2.613.7 MeV; I'(Z(4025)) = 24.8+5.7+7.7 MeV

R =

olce - 17 — (D)
olee - 7 (D))

olde — (D) = 137+ 9 + 15 pb

= 65+9+6)%

2013-10-14
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arXiv:1308.2760 submitted to PRL
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http://arxiv.org/abs/arXiv:1308.2760

Summary of Z states

Channel Mass [MeV/c?] Width [MeV ]

J/l/)_?ﬂL 3899.0+3.6+49 46+£10+£20 Close to
(DD*)*  38839+15+42 248+4+33+11.0 D*D*threshold=3875MeV
hertt 40229+08+27 794+27+26 Close to

(D*D*)*t  4026.3+26+3.7 24.+£56+7.7 D*D* threshold=4017 MeV

With electric charge thus has two more light quarks! = Nquark >4 |
Clear signature of exotic state

Nature of these states?
m Tetraquark L. Maiani, A. Ali et al.

m Hadronic molecule u.-G. Meissner, FK. Guo et al.
m Hadro-charmonium wm. B. Voloshin

m Meson loop Q. Zhao et al.

m ISPE model x. Liuet al.

o ...

2013-10-14 Hai-Bo Li (IHEP) 19



X(3872) at BESIII



Observation of ete™— yX(3872)2>yrn*nJ/y

450E
400
350 F
300E
250
200E
150 F
100F
50 E

Sum of all
energy points

-
|I
|

Ll

066367 368 369 37 371372 08382 3.84 3.86 3.88 3.9 3.92 3.94
M(m*Jiy) (GeV/c?) M(m*mJhy) (GeV/c?)

Events / 0.001 GeV/c?
Events / ‘ﬁﬂ?’ GeV/c?

ISR v’ signal is used for rate, mass, and mass resolution calibration.
N(y’)=1242 ; Mass=3685.961+0.05 MeV; c,,=1.84 £0.06 MeV

N(X(3872))=15.0+3.9 5.36
M(X(3872)) = 3872.1+0.8+0.3 MeV [PDG: 3871.68 £0.17 MeV/]

2013-10-14 Hai-Bo Li (IHEP) 21



Observation of ete >yX(3872)

— 0.5————

s BESI .

E((): preliminary g _ ﬁ [Ge\/] B < B [pb]

B : 4.01 < 0.13

2020 . 423 03240154002

= 0.1 E 426 0354012 +£0.02
: : 4.36 < 0.39

m 4
X T T
= 897744143743 44 45
s [GeV]
It seems X(3872) is from Y(4260) decays. At 4.26 GeV,
ocBlete™ - ntm=J/2p) = (62.9+1.943.7) pb,
oglete™ — vX(3872)] - B(X(3872) — ntn—J/v)

— (5.64+2.0)x103
olete” — atm—J/) ( )x

If we take B(X(3872) —» w7~ J /1Y) ~ 5%, ( >2.6% in PDG)

o(eTe™—vX(3872))
D'(e‘l'e_—};rr-FiT_J/‘l,f)] ™~ 112%

Large transition ratio |

LP2013, C. Z. Yuan



Light hadron spectroscopy

-= from charmonium decays



PWA of J/y—>ypp @ BESI  [5esi-prL 108, 112003 2012)

200k

“SBO00FT CRid/mbint1.513776 |
= 700F

E =
=600f
73 = o
1 Ssoof
5400f
“300f
200f
100}

1 il

14 16 1.8 20
M, (GeV/c)

o BRS ML

cosﬂp_pfs

ot
-1.0 -05 0.0 05 1.0

| Shoop R | £4(2100) /1,(1910) fixed to PDG.
[ e { Sig. of X(ppbar) >>30c
| * The fit with a BW and

Vot ety S-wave FSI(1=0) factor
I can well describe ppb
§ AR mass threshold

g structure.

800;

600} o '

:ggﬁﬂ * |tis much better than

foomRee, Sl that without FSI
e effect, and A2InL=51
= /.10.

M =1832""(stat.) 15 (syst.) +19(model) MeV / ¢?
I =13+ 39(stat.) ;s (syst.) £ 4(model) MeV /¢’ (I" < 60MeV /c* @ 90C.L.)
Br(J/y — yX)Br(X — pp) = (9.0"; (stat.) "z > (syst.) = 2.3(model)) x10™°

Cr00f  ChIZ/nbin=1 491970
=
§600 3 X(pP)
S 500} i /L
= + o
Za00k —1,(1910)
- :
5300F
200} =
100}
0: - e e B
0.0 0.1 0.2 0.3
M _-2m (GeV/c?)
o TR B IR LR T R |
gaooz ++ ;
-‘-I2t)0_ X(oD)
- —0'PS
[0007 f,(2100)
800f — £,(1910) ]
600l | chi2/nbin=0.8579p2
400} ' o
200J i
N~ . semwrrsa ATy
-1.0 -05 00 05 1.0
cosB, J/y
JPC O—+
2013-10-14

Hai-Bo

Different FSI models > Model dependent uncertainty 24
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N* resonances in y(2S)—=2 ppm® decays

Phys.Rev.Lett. 110 (2013) 022001

m 2-body decay:

P(2S) — X7°, X — pp
¥(2S) — pN*,N* — pr¥ + c.c.
W iSOspin conservation:

A suppressed
Best solution:

T —r——
....... N(1440) (a)
= — N(1520)
= — N(1535)
— 150 A5 -
= = N(1650)
-
o
e 100 —]
=
S
=
f'_" Faa- 1
:u' 50 'E-' 'I., i =
A,
0 r--::—-:-‘-l— | Ll-—-r-—-.n. e e e e
15 2.0 3 25
M, (GeV/c?)
BT L ] T ]
....... N(940) (b)
= — N(1720)
-~ Ji(
o - :
’ d 4
-
~
r 100 —
=
E
=
@
- 5 o —
= 30 ey ey, " A
0 i
1.5 2.0 P 25
M, (GeV/c)
2013-10-14

Resonance N (%) B.F.(x107")
N(940) 1870 0 355 27.5 £ 0.4 6.42F7 020102
N(1440) 106015, T35 27.9 £+ 0.4 3.68T 0t o
N(1520) 19019108 28.0 4 0.4 0.641 002022
N(1535) 673730 T ons 25.8 0.4 2470067
N(1650) 1080171352 27.240.4 3761055 1 6o
N(1720) 510757100, 26.9 4 0.4 179t 0to 2
94851202 34.2 4 0.4 2.621 025t 12

7o5T o HlaT 35.3 £ 0.4 2.13F 008 +0-20
otal 4515493 25.8 £ 0.4 165+ 03415

Two new baryonic excited

states are observed !

Hai-Bo Li (IHEP)
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X(187?7?) near the threshold position of proton-antiproton

‘:';300 _l_l BN .l RN R l 250 n % X(1840); J° unknown (this result)
S - arXiv:1305.5333 A m ’
g 250 Submitted to PRL + 200 :— X(1870); " unknown (Ref. [13])
o - . ~ - X(1835); J° = 0" (Ref. [4])
5200 E_ X(1840)Z J/\|I—)’Y 3(713 TE) _E g 150 :— B X(pP); J° = 0 (Ref. [14))
% 150 — E E X(1810); J° = 0" (Ref. [15])
- 1 ° 100—a4——
5 100 — = - +" l
50f- 3 50 > l I
0 - ; PR el 1;+|r|T|||||| L |: 0 :| ' I I A
1.6 1.7 1.8 1.9 2 2.1 1800 1850 1900 1950
M(3(r*)) (GeV/c?) Mass (MeV/c?)

Are they the same particle? Observations at BESIII with 225M J/y decays:

It is crucial to identify these * J/y—y(3(r7)) X(1840) arXiV:1305.5333

Observations. O j/w—) ® (T]TCTC) X(1870) PRL107, 182001
A J/y—y (nW'nm)  X(1835) PRL106, 072002
B J/y—y (ppbar) X(pp) PRL108,112003
—+J/y—y (0d)  X(1810) PRD 87, 032008



PWA in J/y—ynn

Phys. Rev. D. 87, 092009 (2013)

Resonance Mass(MeV /c®) Width(MeV /e®) B(J/v — X — ~nn) Significance

fo(1500) 1468+ 13+70 1364557500 (1.6175:33%935) x 107° 820
fo(1710)  1759Fg*+32 17275 0 (2357007 0 72) X 100* 250 0
fo(2100)  2081F3375 27373079 (9.99E55215357) x 1077 1390
f2(1525)  1513%Z*+3, 75 160 (3.4175557153) x 1077 1100
f2(1810)  1822+35+E 220%337 %5, (5.3835571551) x 1077 640
f2(2340) 2362+ 55557 334753 55"  (5.58%58s 1 R1) X 1007 760
F | ] 180 * .
w200 ] 160F i e
s | reobt bt i *1£,(1710) and f,(2100) are
S0 7 120E = .
N £ 00t 1 dominant scalars
Z100[- 1 @ 8o ]
2 ¢ - £
50 - 40F = H
@ *°; I | *f,(1500) exists (8.20)
0 I I1_I5l - |2|_0I I |2I)2|_5I 30 —qO - —05 I IO_U'I - I{)_5I I1 0
(a) NI,N(GeV!c (b) cosB, ’ . o
000ty 1005 —erreeerreery® T2’ (1525) is the dominant
- 600 tensor
500" X?/Nipin=0.69 500F
E E n F
=500 = :400_
g ] © L .
S a00F 1 Ssoof 1 +f£,(1810) and f2(2340) exist
300F E - E
2005 1% 1 (6.4 and 7.60)
100F ] oo ;
90 05 00 05 10 035, N "3

* No evidence for f,(2220)



Decay rate of pure glueball from LQCD

Pure scalar-glueball rate in J/\y radiative decays:
Long-Cheng Gui et al.

BR(J/y—y G(0**)) = 3.8(9)x10~3 PRL 110 (2013) 021601
57 7f(1710) — vKK (85 Tis )x1w04  s=12
(158 7f0(1710) — ~77 (40 410 )x10~4
M50 7f0(1710) — qww (31 +10 )x10~4
¥f,(1710) —>mMn (2.3570.1375:74) x 107*

Pure Tensor-glueball rate in J/y radiative decays:
Yi-Bo Yang et al.

BR(J/w—y G(2*)) = 1.1(2)x1072 arXiv: 1304.3807
Large decay rate is predicted! Submitted to PRL

Need more experimental information!

2013-10-14 Hai-Bo Li (IHEP) 28



Study of J/yw—yf,(980)7°, f,(980)—nn

BESIII: PRL 108 (2012) 182001

60
< 250 —— :
5 o S sof 1(1405)
3205 m | L/n(1405) 2 : e e
3 i | & o : 3
S 150 f(980)onnt | 8 21 b1 £,(980)—>non
g 100} % 2n§— ] :
& 50¢ & 1n§— f
?_ L I — I = '-'L-‘I_--'_-"_"“E'H o I 7 I R h ;.-_li_.__.r.—j. LT T PR TRTT IV AT
2 13 1 :ﬂ{fﬂ:@ﬁf{GL?ﬁc%Tr 18 19 ?.2 13 1.;‘ {fﬂ:t.[]E)”GL.?ﬁc%.? 18 19
First observation oof Br(J/v¥ — yn(1405) = v for¥ — ynl7nt717)
1(1405)—>f,(980) = (1.48 + 0.13(stat.) £ 0.17(sys.)) x 107>
(isospin violated decays)
and J/y—f,(980)m° Br(J/vy — yn(1405) — v for¥ — yn707Y)

= (6.99 + 0.93(stat.) £ 0.95(sys.)) x 10~
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Anomalous f,(980) lineshape in n(1405)—>f,(980)x°

Very narrow f,(980) — much narrower than PDG value!

BESII arXiv:1201:2737

20 T T T T T T

500 ‘ Fitted mass:

0 180 | M.. ., = 989.9 + 0.4 MeV

> fo

5 16{] I__‘.Hf " = 9-5 i 1-1 Mev

Q 140 0 P

S 120 The peak is midway

S 100 between 2m 0 & 2m+

g gg + + ) & width = 2(m 0 - m+)

S aopriiadt Ny PDG2010:

22 NI O M, =980 £ 10 MeV
0.9 1.0 1.1 1.2 1"f0=40 ~ 100 MeV
M(r*m)(GeV/c?)

Possible explanation: J.J.Wu et al, PRL 108, 081803(2012)
effect of Triangle Singularity!
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Large isospin breaking: 11(1405)—f,(980)x°

BESIII; PRL 108 (2012) 182001

In general, magnitude of isospin violation in strong decay should be
less than 1% or at 0.1% level. For example:
! 0 3 1 +_ —_0
BR(y'—> nJ/vy) :O.2><10‘2x|P" |3’ BR(n"—>n'nn)
BR(y'—> nd/vy) [P, BR(M'—>n'nm)

=0.9%

However:

BR(n(1405) — f,(980)x")
BR(1(1405) — a,(980)n)

~(17.9 £ 4.2)%
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n'—3nin J/y—oynnn

_s00f ! | - 160 £ |
E EDDE_ J./W—}'}f nr %’]‘[-’_TE_TEG 2 140 g Jhp_yy, T]; %Tﬂﬂﬂﬂﬂ:ﬂ
o 700F $ o 1200
O s00f 3 © jook
E : o n
S| S o
I 3 : B ol
£ 300f £ jg;
> 200F > _
Y j00F (N T, PR Wo20f
T 1 g -‘-'|'/i_-; |IT [T il T s DR [ S N B I | u = s .T'u_l_u'uu_l‘ﬁu 2
@85 03 095 1 105 11 0.860.88 0.90.920.940.960.98 1 1.021.04
M(m* o)/ GeV/c?) M(n’rm0)(GeV/c?)
New results: PRL 108, 182001 (2012)

Br(n' - n*mn°) = (3.83 +0.15 + 0.39) x 10~% (PDG2010: (3.6+}1,) x 1073)
Br(m' = n°n’n%) = (3.56 +0.22 + 0.34) x 10~ (PDG2010: (1.68+0.22) x 1073)

For the decayn’ — %7 %x, it is two times larger than the world average value.

Comparison: [sospin violations in w2 nnn :
F - 0 0_0_0
BR( >n'x H)a:o_g%: BR(# >n )

~1.6%
BR(1f > 7 7™ n) BR(1# —»n°7°n) ’
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Results on n/n’ physics

n and n’ decays are the perfect lab to See Chritoph Redmer’s talk

m test symmetries and symmetry breaking in QCD at low energies

m search for physics beyond the Standard Model
H.B. Li “n/n’ physics at BESIII” J. Phys. G: Nucl. Part. Phys. 36 085009 (2009)

= Matrix element for n' - 111N Phys. Rev. D83, 012003, (2011)
m Search for CP violation n/n' - 1+t 110710 Phys. Rev. D84, 032006, (2011)
® BF measurement of n'— 1t 1r-110, TIOTTOTT0 Phys. Rev. Lett 108, 182001, (2011)
= BF measurement of n'— m*rrete, T TP Y- Phys. Rev. D87, 092001, (2013)
m Search for n/n' invisible decays Phys. Rev. D87, 012009, (2013)
m Search for n/n' weak decays Phys. Rev. D87, 032006, (2013)

Observation n'>w'nn*n-
Observation of n"—yyn?°

On going analyses at BESIII : Observation of '—sye*e-, n—nle-+e-
Study of W’y ntn- ...
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Charmonium states
\ll’l hc(1P1)I nc(ls)l nc(zs)

3.8l

2.8l

2013-10-14
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v 2>n°h, h.2vn,, ﬂc exclusive decays

BESIII: PRD 86, 092009 (2012)

Summed distribution

-

180
160 &
140
120 F
100 F

TG

-
- -
1

32 £35 evts.

Events /(2 MeV/c?)

Events /(1 MeV/e?)

o0
=]
[RARRRARY

3.56
1’ recoil mass (GeV/c?)

56 3 352 35
r ecoll mass (GeV/c?)

Simultaneous fit to 7° recoiling mass y2/d.o.f. = 32/46
Mass = 3525.31+0.11+0.14 MeV/c?

Width = 0.70+0.28+0.22 MeV/c? Hyperfine mass splitting :
DMhf(1P)= M(hc ) - <m(1 3P, )>
CLEOCc exclusive results BESIII: 0.01+0.11+0.14 MeV/c?

Mass =3525.21+0.27+0.14 MeV/c?
evts. =136+14 CLEOc: PRL 101 182003 (2008)

35
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N(1S)

* The lowest lying S-wave spin singlet charmonium, discovered in
1980 by Markll. Properties not well known.

e J/y radiative transition: M ~ 2978.0MeV/c?, [ ~10MeV
YY process: M =2983.1+1.0 MeV/c?, T'=31.311.9 MeV
* CLEOCc found the distortion of the n_line shape in v’ decays.
e CC hyperfine splitting M(J/y)-M(n_(1S)) is the important exp.
input to test LQCD, but is dominated by error on M(n_(1S)).

® Yy, Pp, B decays

. I-'I.'I‘ >
(1S, 25)> | x

| |
M | i ‘ \ll 18’ 28 Vrlc 2 o .J.—'li— < - - - - - AUBERT 08AB BABR 2.5
ass ' X W|dth 4‘1 : . UEHARA 08 BELL 00
AUBERT 08AB BABR 2.4 & . wu 06 BELL 57

- UEHARA 08 BELL 4.3 .—J—M— S WU 06 BELL
. - ABE 07  BELL ‘474 4- - - ... . ASNER 04 CLEO 0.3
— .} mg o°  BEIL o% ; —Hl - - - AUBERT 04D BABR 7.8
+ ASNER 04 CLEO 0.4 .+ [ ) gmBROGIANI 82 EE%S ?'2
—+ | AUBERT 04D BABR 2.0 . | FANG 03  BELL 0.0
‘ ’ —+ - . - AMBROGIANI 03 E835 2.4 N | = Sl =
|+ BAI 03 BES 3.7 %7 . :
/ ... . FANG 03 BELL 0.1 1 - - - - - - - ARMSTRONG 95F E760 0.1
. ’ BAI 00OF BES 56 y <+ - -}t.. ... . BAGLIN 87B SPEC 74
S ' BAI 90B MRK3 4.1 BALTRUSAIT...86 MRK3
/ 4¢_.\ - - GAISER 86 CBAL 0 5 / \ GAISER 86 CBAL 125
\ 42.0
e C.L.=0.0014 L . o o
2950 2960 2970 2980 2990 3000 20 0 -0 40 60 80 \ < \

17(15) mass (MeV)

ZULo-LU-14 Mdi-Du LI (|. .._”.-“;15) WIDTH

vV




Nc resonance parameters from y'—ynat BESIII

Possible interference has been taken into account

250, 250

[ —=— data [ —— data 1m—_ —s— data
r I other y’ decays C I cther " decays 140:_ I cther y" decays
o, 200 1% 4, 200 T 7%, } Ny (UE X,
'-:,-. C -l:l_:lll! '-:}-.. r I cont ;120_-com
[ F :_; :lgn-mso [} a :_—_ :ili;n-mso [ 100F o
20— o =10,
:,‘_100 Z 100 KKTTO Z 6ol
(1] C 4] E
E s0f g . E 40F
50
Lu E L B L 20:
° .. 0 e oF
: | Serrinl Inrirnl Lriririd Ll Lt Lty il il Lo L arul L
2.72752323529295 3 3053131532 272752329529295 3 3053131532 2{2}_72_?52_32_852_92_95 3 3053131532
M(KsKn) GeV/c? M(KKn®) GeV/c? M(mmm) GeV/c?
F e da E ——d 250 —— data
140: -o1ht:r ' decays 3002— -oﬁr ' decays E -°$°" V' decays
% 120F E -, Nuzmlgzo&t
= — E !:;;;m B F - sig
%100:— E_——nonureso " £150_ — — non-reso
o 80F ~ 2 2 "t 3(nm)
~ 60 = 2K2nm0 A ~ 100F
£ F E n s Al A F
g 0 2 ; E I
W 20k w
0f Lo i W TS P PR PRI TN b SR TP T
272752323529295 3 3053131532 272752323529295 3 3053131532 272752828529295 3 3.05313153.2

M(KsK3r) GeV/c* M(2K2nn®) GeV/c? M(6n) GeV/c?

mass: 2984.310.6,,,. 0.6, . MeV/c?

width: 32.0+1.2_,_+1.0, ; MeV

stat—
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Comparison of the mass and width for n_(1S)

] I T T ! I T T | T I

Belle vy

= Belle yy
CLEO vy CLEO yy
BaBar yy —&—— BaBarvyy
—O— CLEOQOc Jhy —O— CLEOc JIy
(stat.only) (stat.only)
—e— BESIII ' BESII '
i i 1 I
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n_mass (MeV) n_ width (MeV)
[ e e 120 I I I I 1 I 1 I I I
Hyperfin litting: = T F | | | .
ypertine splitting E . ¢ 0.2 ms -
AM(1S) = 112.6 + 0.8 MeV S 115 © 0.1 ms .
’; BESIII :: O physical .
* The most precise measurement = 110 = E
* Better agreement withLQCD 5 ;o5 i
calculation. % : LTttlce 2012: aer|v:1211.22513 :
100 1 1 1 1 l 1 1 | 1 1 1 1
0.00 0.01 0.02
2013-10-14 Hai-Bo a? (fm?) .



First observation of y'->yn(2S)@BESIII

BESIII: PRL109, 042003 (2012)

Statistical significance >10 ¢

<
IIIIIII T TTT7

Events / ( 0.005 GeV/c?)
= 2,

..... background

T T I T T T T | I_ T T T
—« data (K"K*T)

R
— fitting results

== Kl
__-Tk'

l == l.-Il‘. 1 1 ‘\Il\ ' ‘I‘-.t i I.-.I 1 1 1 1 | | _;
35 3.55 3.6 3.65 3.;,’
My oy s (GEV/CT)

~ AP LA RS GRS L

b 10°E —~—data(K'’KT) 3

?u - — fitting results .

- 10%E e E

'] E _-TL' E

8_ £ ----- background

C:} |

;; 0B........, . +{~ { 5

E - R By il\

g 1_ \1. .H-:‘ A \

m = | | 1 1 | I.ﬂ‘l‘{;wlh\l | 1 | | I\I | 1 |
3.5 3.55 36 3.65 3]

* Observed signal in KK*+c.c., found evidence in K*K'rt°
Mass = 3638.5+2.3+1.0 MeV/c? T'(n.')=16.916.4+4.8 MeV

* First measured Br(y‘ —>yn(2S))=(6.81.114.5) X10%
PRL 89 162002 (2002)

Potential model expectation: (0.1-6.2)x10*
CLEOc: <7.6 X10*

2013-10-14
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PRD 81 052002 (2010)
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Charm physics at BESIII

Advantage of open charm at threshold
e*e” colliders@threshold:

ete- > W(3770) 5D [C=-1] OR e‘e = y* = DD [C = +1]

Good for charm flavor physics:

* Threshold production: clean

 Known initial energy and quantum numbers

e Both D and Dbar fully reconstructed (double tag)
e Absolute measurements

e Quantum correlation allow to determine the relative phase /
CP violation in D decays/mixing parameters
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D* Leptonic Decays

107 o
F = © BESIIl Preliminary
10*F =k '
10°k :E'H;:ﬁr‘:ﬁ N(D+ 5 ,uw) - 377.3+20.6
107} B(D* - u'v)=(3.740.21£0.06)x 10
10} | f =(203.9£5.7+2.0) MeV '
: o = 12083 £05.7 £ 2. |
| < 4
107! Consistent with CLEO-c
-0.2 -0.1 0.0 0.1 0.2 0.3 still statistics limited — need more data!
M2 [GeVic?]
Most precise measurement!
Experiment B(D — pv) fy
BES Ill (preliminary ) (3.744+0.214+0.06) x 10—* (203.91 +5.72 + 1.97) MeV
CLEO-c (3.824£0.324+0.09) x 10=%  (205.8+8.5+2.5) MeV
Average (3.76 £ 0.18) x 10— (204.5 4+ 5.0) MeV

The error is still dominated by statistics, more data at threshold is needed.
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Semileptonic D decay

» Decay rate depends on kinematics and V

» Form factor encapsulates QCD bound-state
effects

» Consider Pseudoscalar final states: K, =

darr G?
e = 4;3 V.. I py | fu@)

g =(p,—py)

=M, +My;-2EM,+2p, - Dy

Precise measurement of |V_ |%xf (q?), get Vcx from CKM
unitarity to extract form factor as test of Lattice QCD-

or reverse the logic and test of CKM unitarity.
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DY— {K,m1} etV fits to decay rates

dl/dg?: BES Il data with fits using different form factor models

D= K*e Vv D—rte v

N A g - ,
U ,:Ex?-[_ BESII Preliminary ,'EI_ i BESII Preliminary iﬁ-[ BESHI Preliminary _:l-i—{ BESHI Preliminary
Bml O Bl s4bl™, Fab I
O | BN +H N TN
S | " =t a, £ x i N
I i azf : e ™
E uf e ‘ E- [ } TE— i E
:ﬁf—

uf  simple pole ‘--_\ «f modified pole ™. B simplepale

i F s E , E £
I B TETE O ET I NA T AT D T8 L. o) il e L Ly T ] R NI I W o Ol P e I T L = [ R I i T P N oL )
X ¢4 [I& 1OF T X 7a 15 18 1 i [ - T K] [+ 1 1 E -1 + I3 oY | 13 x 3
=11 EF e = A
guf - '_2 o = E g s L
] g BESHI Preliminary T by BESHI Preliminary Xz BESIN Preliminary Bk BESIN Preliminary
| B ¥ H w Ef
pal g Bl g, -4 I, [ aae ‘{ f
£ ™ E[ %, = - E .
3l o if 4 =% 1 St 1
thi B "‘| L Y f k *
i . [ " i o & ]
o 5 o “ : N : o N

o 2 par. series of 3par.series *E 2 par. series 'S 3 par. series
[ I . s \ £

o Il i i Il L i i a Il Il i i L L
Fil = I =1 1= | TE fu 3 1. = o o= [l 13 i EE] [E] (] z H
0 0F &4 08 0 1 LX 14 i 18 IF 42 04 f0F OF 1 12 14 1.|':r 1iE e o)

>

C|2/ Ge\/2 One third of total data@y(3770)

BES IIT: CHARM 2012 by Chunlei Liu
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Form factor shapes: BES Il / LQCD

note: these compare shape-only, no absolute scale.

o~ ._I,- rb- g
E i _.-"' = - ;
it 251 + ;.
Ly ; i /A i W
- AR Ty i : B BESII Preliminary iy
- ){ d A j ;_. __r"
1.3 e A i) Y
ok - V.
- }f y
12 /7 E Y/,
C /: /s i y o
: 74 s V4
'y 4/:j: ? ,f.-fif;:'."';/
- “ E [ ] _,.e.:j'.;-r &
- /;:.:I/ B -‘:::h:i.-'-'-'--"""'
0.8 F -
- P 0.5
0.8 = H-‘*‘i{f i
- PRI [N O T A A A N A A A BB A A I N peie b v b b v b i
D'?D 02 04 06 08 1 12 14 16 14 DG 05 1 1.5 2 2.5 .
0 qilGey? iGeV
D> Kev o —

Points: BES lll preliminary with stat errors
Curves: Fermilab/The Lattice/MILC with 1o stat error band, arXiv:1111.5471 (Nov 2011)

BES III: CHARM 2012 by Chunlei Liu One third of total data@y(3770)
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f,.2~T(0) from experiment and theory

With |[Ved = 0.2252 = 0.0007, 1
get from BES III new 1::51111 (3

par series - as used by CLEO-c):

Taken from Na. Davies. Follana, Koponen. Lepage and Shigemitsu. Phyvs.Rev,

D84 (2011) 114505 and modified (added BES III)

0.9

| HPQCD (2011) _
I D}«.;(O) — 0.666 (10) (21)5?5 == 4 % error )
B Fermilab/MILC (2005) —c / i
B Sum Rules (2009) N
i ETMC (2011, preliminary) it : _
B Experiment + CKM Unitarity ]
B CLEO-c (2009) el T
B Belle (2006) s )
i derived from EE Il (new, prelim) f<(0)|Veq| |
| WY ng: my own ca .fJ| tion I-*-I ]C[_'II I—( 54|
| | | | | | | | | I | 1
0.2 0.3 0.4 0.5 0.6 07 0.8
Dz, 2
£, 7"(q’=0)

(note: BES Ill result from D° only, CLEO-c use D% and D%)

2013-10-14
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f,.D=K(0) from experiment and theory

Taken from Na. Davies. Follana. Koponen, Lepage and Shigemitsu. Phys.Rev. D82
(2010) 114506 and modified (added BES III)
| | I | | | | | | | | | | | |

B HPQCD (2010) HBH 25 %emror

Other theory

Fermilab/MILC (2005) L > :

— Sum Rules (2009) —

Experiment + CKM Unatarity

i CLEO-¢ (2009) P i
With [V =0.97345, T get from |- BaBar (2007+update) _
BES IIT new result (3 par series - | . d rom BES 11l (new. orelim £V )
= 11 r CT TO-r)- e e P=KO) = 0.75(1)
as used I‘IR C LE(-]"‘-J- Warning: my own calculation H f v |
| | ) | | | | | | | | | | | | |
02 03 04 05 06 07 08 09 |
(note: BES Il result from D? only, CLEO-c use DY and D) f+(q..:0)
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Access strong phase of D decay at threshold

CP tag at threshold f }
( Ky — ,/g;r:g/ o £, A (F K7 )
CP / | |
/ y(3770)L=1 C=-1

Eigenstate (-) W
A(D° 5K 17

CP anti-correlated

p© >— ID 0 >J The CP tagged amplitude is overlap of CF and DCS decays:

‘DCP i>: %{ !
V2 A\D,. K77 )= A(D° > K77 )+ A[D° > K77

CPz

Quantum correlation - Interference - access strong phase!
If CP violation in charm is neglected: mass eigenstates = CP eigenstates

B B — R B _ . |=o\DCS
AC‘P—}-KTT — Do KTm? 2128 ﬂ-+- <K ” DO> =_r, g %=
BDQ—}K_TT+ +BD1—}KI_TT+ <K_ﬂ'+ D0>CF - Kz
2r{cos 0|+ v= (1 + Rws) - Acp— Kk,
- B B Agp_i. = <f|D1>
D% +|D°) |D°% — |D°) Acp. = (f|D
D) = Do) = i cpP- = <f| 2)
Pu=Tg T P E T
47
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Preliminary results of 6

Type Mode

Flavored K #at, Ktn~ Based on 2.9 fb!
C P+ K+K—, nta=, K9n%x°, n0x0, p0r0 ¥ (3770) data
CP— K27% KZn, Kdw

With external inputs of the parameters in HFAG2013 and PDG,
Rp = 3.47 £0.06%0, y = 6.6 2 0.9%0 Rws = 3.80 & 0.05%
we obtain cosd = 1.03 4+ 0.12 + 0.04 + 0.01

CLEO measurements of strong phase differences and coherence factors done
with 0.8 fb~1at ¢ (3770). /CLEO, PRD 86 (2012) 112001]

- - : & — () &1+0.2240.07
without external inputs: coso = 0.817 515 505,

- - . LS +0.19+0.00
with external inputs:  cosd = 1.1575717 508
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Measurement of y,: CP tag and flavor tag

We measure the y., using
CP-tagged semi-leptonic D decays ,
allow to access CP asymmetry In mixing Rep+ o [Acp=|"(1 F yop)

LS IV yor = 3lycosg(|” | + [2]) — asing(|7| — )]

CP- tag B T
(D) For CP tagged semileptonic D decays:

" < - Ricp= o J Al Acp=]?

flavor tag 1 (Hr cp+Rop—  Riycp—Repy )
e(u)

For D decay to CP eigenstates:

Yop =~

4" Riep-Repy Ricp+BReop-

e(u) _

Modes Ny, Wisaiiten Ny e
Type Modes 0 — —

K+K~- 54307 + 252 1216 + 40 1093+ 37
CP KK Kot i, il e

— 0 ; 0 g7 29

CP™ Kgm K sw, Kgn Ko° LLLJ\E 1699 + 47 1475 + 43
£ Kev, K n KOw x,31249 + 107 A73+£25 501 + 26

Kgn 0843 + 117 242 £ 17 237X 18

yop = —1.6% £ 1.3%(stat.) £ 0.6%(syst.)
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Comparison with world measurement

CHARM 2012

E791 1999 1

1.

CLEO 2002

BESIII (pre.)  |epmte—i]
Belle 2009 H—‘—H

——

LHCb 2012 - {

Belle 2012 H

World average H
shovod b b bovea oo Lovne b Linaals
4 -3 2101 2 3 4 5

0,

Yer(%)
2013-10-14

0.732 = 2.890 = 1.030 %

3420 = 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

-1.6 1.3 £0.6 %

0.110 « 0.610 = 0.520 %

0.550 = 0.630 = 0.410 %

1.110 = 0.220 = 0.110 %

0.720 + 0.180 = 0.124 %

0.866 + 0.155 %

Hai-Bo Li (IHEP)

compatible with
world average results

CLEOc 2012:

[PRD 86 (2012) 112001]

Yep=(4.2£2.0 £1.0)%

best precision in
Charm factory
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Tentative data-taking plan

e R scan data: from 3.8 to 4.6 GeV (108 energy
points;

 500/pb @y(4415) peak for XYZ and higher

charmonium searches in E1/M1 and hadronic
transitions of y(4415)

e Data @4.62 GeV for Ac baryon (absolute BR
measurements

e More data (5/fb)@ 4170MeV for Ds physics
 More data (10/fb)@3770 MeV for D physics

Red: year: 2013-2014 (will be verified by the Collaboration meeting in Nov.)

Black: future plans need approve in the Collaboration
2013-10-14 Hai-Bo Li (IHEP) 51



Summary

BEPCII peak Luminosity of 0.7x1033 (Ecm=3.73GeV) achieved.
BESIIl is playing leading role on hadron spectroscopy

BESIII starts study of XYZ particles

Confirmed exotic state with at least four quarks Zc¢(3900)
Observation of Zc(3885)/Zc’(4020) /Zc’(4025)

BESIIl is in her golden age, more results will appear: charm
meson, form factors, tau physics, two-photon and ISR physics,
rare processes ... (I did not present here)

More data will be collected near 4.420 GeV
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Thank you!



Luminosity at each energy points

/5 (GeV) L (pb™1) n};ljb olete™ = w77 h.) (pb)

3.900 52.8 < 2.3 < 8.3

4.009 482.0 < 13 < 5.0

4.090 51.0 < 6.0 < 13

4.190 430 88+£49 177£98+£1.6L28
4.210 547 21.7£59 348+£95+£32+£55
4.220 546 26.6=x6.8 419107 £3.84+£6.6
4.230 1090.0 646 £33 H02+£2.7+£46+£79
4.245 56.0 226£7.1 32.7+£10.3£3.0%£5.1
4.260 826.8 41628 41.0x£28+3.7x£64
4.310 449 3464+ 7.2 61.94+£129£56+£9.7
4.360 5445 357425 DH23+£3.7+48+£82
4.390 55.1 30.0£7.8 418108 £3.84+6.6
4.420 4477 291 4+£73 4944+£124+£45£7.6
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Observation of ete™— yX(3872)2>yn*nJ/y
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Sensitivity of the global fit at BESII|I

O MC study corresponds to 3.0 / fb data
O input of the central values of the world average in 2012:
O with the external constrains of :

Oxcn = 22.1597,(°), yp = 0.75 £ 0.12(%)

1 output: 2
PO Sk £8.3(9). yp : £0.10(%) |
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