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The Beijing Electron P03|tron Colllder

SaTelll’re view of IHEP Belng
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| 1K Founded: 1984, Ecm=2-5 GeV/
. 1989-2005 (BEPC):

, L eak=1.0x10%" /cm?s

1« 2008-now (BEPCII):

: L eak=7%103%/cm?s

BEPCII

(Beijing electron-
positron collider)
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Wire tracker (no Si); TOF + dE/dx for PID; ([@3@3&l; RPC muon
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BESIII: data and physics
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BEPCII can reach herel

Vector y/Y states can be produced directly

C-even states can be produced from radiative transitions
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Light hadron spectroscopy



PWA of J/w—=>ynn

* best solution: PRD 87. 092009
£(1500),f,(1710), f,(2100): |

£,°(1525), £,(1810), ,(2340): , |
0++ phase space, ¢n 3 '-4,;}1. Nt ]
- nosignificant evidence of:  § ol
— scalar: f,(1370), f,(1790), Pl
f,(2020), f,(2200), f,(2330) CR T I ¢
~ tensor: £,(2010), f,(2150), D e e
f,(2220) source of sys. unc. M Aqaassanasansasanan 1 ol ]
+ ¢n background: o 00 fa Y
— interference of ¢ tail 8. . |
accounted for HM uf T
— source of systematic
uncertainties S
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PWA of J/wy—=>ynn

Resonance Mass(MeV /c?) Width(MeV/c¢?) B(J/v» — X — vnn) Significance

fo(1500) 14687 (53] 136756 100 (165703741 50) x 107° 820
17506752 172410572 | (2.3550 017102 x 1074 | 25.0 0
2081413%20 27372170 | (11350951050 x 107 11390
15134577, 7hTETLe (3427020115 x 1077 1100
f2(1810) | 1822+23+%5 220702, (5407 DR x 1077 G4 o
£2(2340) / 23627557130 3341021100 (56070 TSIy x 1077 760

N~

no significant evidence of:
* scalar: £,(1370), £,(1790), £,(2020), £,(2200), £,(2330)
* tensor: £,(2010), £,(2150), £;(2220)
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PRD 88, 032010

PWA of v’ ppbar n

Low background:
— sidebands and continuum

Best solution:

— N(1535) combined with an
Interfering phase space

ppbar enhancement: <3o

Events/(25MeV/c?)
Events/(25MeV/c?)

N(1535): T :
M=(1524£5+10) MeV/c2 £ g .
= (130+27+10) MeV/c2 2 a -
suppressed (<1296): € ey, 1] L
_ By2S)—=ppn) o (GeV/c?) cos(®,,)
Qs = By > po) (3.210.46)%

G. LI/7th FCPPL Workshop/08.04.14  PRD88, 0320109



EVENTS/(10 MeV/c?)

EVENTS/(10 MeV/c?)

New structure arounc
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Comparison to the BESIII results
of the masses and widths of the
X(1835), X(ppbar), X(1870), and
X(1810)

Mass consistent with X(1835)
and X(ppbar), but width different

. % X(1840); JF unknown (this result

:_ X(1870); J¥ unknown (Ref. [14])

E X(1835); J = 0" (Ref. [4])

:— B X(pP): J° = 0 (Ref. [15])

E 4  X(1810); J’ = 0" (Ref. [16])

N +

- ~

:..I..l.l....l....l...
1800 1850 1900 1950

Mass (MeV/c?)

PRD88, 091502
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XYZ Physics
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Charmonium spectroscopy

States below charm threshold are all observed now,

GeV A : .
still many missing states above charm threshold.
4.80
3%p,(4.52)
m435|[4.45}
4401
2%0,4.19) 2D,(4.21) 23Dy(4.21) 2°D5(4.22)
3 t4.oe)3_._;§' (310} 1%F,(4.09) IF5409) I°F3(4.10) *F,(4.09)
'j———///////// ' 23P,(3.98)
4 Q00+ 2'p (3.96) 2%p (3.92) 2%p (3.95) 2277
13D(3.82) E— | \ 1I'D,(3.84) 1D,(3.84) 13D,(3.85)
3%511368) \ +
e (362 A0 o aen n(ZS 1) LJ
3.60p77777 I1p(3.52) PPI(3.5) sty
\ 13R,(3.44) S55Ys N radial quantum number
il i i .
S total spin of ¢ & cbar
3.201 15,(3.10) L orbital angular momentum
I FETIITrTY?
| Sol257) L=0,1,2..correspond to S, P, D, ...
5 80 N | 1 | | : | | J=S+L
o |—— I+— O++ l++ 2++ 2-—+ 2 P =2 ( )L+1 parlty

Godfrey & Isgur, PRD3§ Li?%??fbggjshoplos pall - (—1)-*S charge conj.



There are lots of XY/Z states

Z(4430)

Charmonium in the final state, but

7(4250) GeV A Notan obvious charmonium state What are they ?
Z(4050) (charmonium-like or XYZ)
2(3900) 4801 @
Z(4020) s
Z(4025) 3%p,(4.52) oo 8+ g+8+§ { @ ?
4 40 777777
X(3872) 23D,(4.19) 8 2'0,(4.21) 23D,(4.21) 2°D5(4.22)
35 {4.06}353,&.15) I*F,(4.09) IF3(409) PPF3(4.10) 3,
XYZ(3940) 4 00 - ’”’///’215 (3.96) 2% (392) 2%, (3.95) 2>P2(3.98)
13D,(3.82) ' 1'D,(3.84) 13D,(3.84) 1°D,(3.85)
X(3915) 551569 :
's (3.62) sesbiiils , Charmonium?
égj(l)ggg 360757 PS5y s S o Hybrid?
Y(4140) S Tetraquark?
Y(4260) 320} %, (3.10) -
Y(4360) g2 e Molecule
582285 2.80 e e T TR R W TR B R
.C O—+ 1—— |-|- O-H— l-H- 2++ . 2-+ 27— - 3— - 3+— 3++ '

Not all of them are charmonial



What Is the X(3872)7

Mass: Very close to D°D™ threshold

Belle, 2003
140/fb

Width: Very narrow, < 1.2 MeV m /
JPC=1+*  [LHCD] 3

Production M(ned /) -M(T /) [GeV]
— in pp/pp collison — rate similar to charmonia

— In B decays — KX similar to cc, K*X smaller than cc
— Y (4260)>y+X(3872) [BESIII, see next slides]

Decay BR: open charm ~ 50%, charmonium~O(%)
Nature (very likely exotic)
— Loosely DD’ bound state (like deuteron?)?

— Mixture of excited ., and D°D™ bound state?
— Many other possibilities (if it is not y'.,, where is 3., 7}




Observation of e*e— yX(3872) ""-H272%

—
o
[}

E;E —+—data ‘%3103? " —data

S10F " [Ecm=4.01Gev| 31°F " |Ecm=4.23 GeV

S 10f i} S 10F “ |

o kit hfl 8ok i 1

g ' Ml Ll 0000 & bbb It LA
3.6 MS.Z -JIB.BG 39 4 3.6 MB.Z -JIBSG 3?2) 4

1o, (' dly) (Ge BGSEQDS; (m*d/y) (GeV/e

> —+ data > f —+ data

‘g“f;‘ * |[Ecm=4.26 Gev| S1UF . |Ecm=4.36 GeV

;- 10_ ; 10%— +‘

£l il Wu ....... m IIIIIIII i R AN T
3.6 . 4 3.6 3.7 3.8 3.9 4

M(n :n:Jh ) (GeWc ) M(r+re /) (GeV/c?)

Clear ISR v’ signal for data validation X(3872) signal at around 4.23-4.26 GeV
G. LI/7th FCPPL Workshop/08.04.14 15




BESII

500~
400

300

Events / 0.001 GeV/c?

200

100~

Observation of e*e-2>yX(3872)

PRL 112,092001

ke
=
T T T 1

Events / 3 MeV/c®

o
1 T T 1

—+ Data
— Total fit
==» Background 7

0

I' 1 llll' 'I I.!-I.

37 371 372
M(r*mJhy) (GeVic?)

I oeinalsg, R N
19.66 3.67 3.68 3.69

. -"3_8'5 )
M(rJiy) (GeVic?)

3.9 3.95

ISR ’ signal is used for rate, mass, and mass resolution calibration.
N(y’)=1818 ; AM=-0.34+0.04 MeV,; A c,,=1.14 £0.07 MeV

N(X(3872))=20.1+4.5

6.30

M(X(3872)) = 3871.9+0.7+0.2 MeV  [PDG: 3871.68 +0.17 MeV]



BESIT Observation of ete- >vX(3872)

\/E {GEV] Nnbs E 0_5; i‘?’?ﬁﬁﬁ) gﬂ -B {Dh]
4.009 0.0+0.5 3 osf e | 0.00 +0.04 4 0.01
4.229 9.6+£3.1 % osf 0.27 +=0.09 + 0.02
4.260 8.74+3.0 § o N 0.33 +0.12 4+ 0.02
4.360 1.7 £1.4 X .F — 0.11 +0.09 & 0.01
® F -
0 el T R R B B S| T

4 41 4.2 43 4.4 4.5
E.. (GeV)

These results suggest that X(3872) may comes from Y (4260) decays.

oB[ete>vyX(3872)]*B[X(3872) > nJly]/cB[ete > nn-Ihy]=(5.2+1.9)x102 at
4.26GeV.

If we take B[X(3872)> w-Jw]=5%(>2.6% in PDG), then

0'(6’+€_ —> yX(3872)) ~

0.1
0(@*9_ > J/y

Indicates that Y (4260) has large E1 transition rate to X(3872) PRL 112,092001



Y-family states

(vectors observed In Initial State Radiation)

+e*e" 27w nh, from BESIII

G. LI/7th FCPPL Workshop/08.04.14 18



Events / 0.002 GeV/c?

Select ete— ' l/y at 4.26 GeV

. N ]
1601 882133 I 120° 595428
140 0 i
o Jy 2ptn O 100k Jhy 2>e*e
i Ql L
100" S 80
- © -
80 : E 60
60 - -
: o 4o
40 - i -
- 20 L
20 n
0 i 08 Lo NEL o s R V.. . .. St i o 0 2ot _enpalllol] e e or 3 TR ““l ,., ol Laale
3 3.05 3.1 3.15 3.2 3 3.05 3.1 3.15 3.2

M(u'w) (GeV/c?) M(e*e)) (GeV/c?)

Select 4 charged tracks and reconstruct J/y with lepton pair.
Very clean sample, very high efficiency (~45%).
o(ete— nm'n-J/y)= (62.941.9+3.7) pb

G. LI/7th FCPPL Workshop/08.04.14 PRL1 1 O 252081



Cross section of e*

e— n'nd/y

BESII "

70
60
50
40

30 \
20 H}

10

BaBar: PRD86, 051102 (2012)

120F

Belle: PRL110, 252002

ﬂ <D

o(e’e” — J/yn'm)(pb)
o(n'n J/y) (pb)

'424446485 52 54

Ecrn (GeV)
BESIII: PRL110, 252001

mﬂ

%8

it
F' L ____: + ,_ ¢
H KA ARTARIN )

4.6 4.8 S 52 54
E..(GeV)

BESIII is measuring cross sections at more
energy points, and more data being taken! p

BESIII: o(ete— ntn-J/v)

= (62.941.9+3.7) pb
Agree with BaBar & Belle!
Best precision!




35I gte—s ntrh,(1P) at BESIII

PRL 111,242001
* h Mo Me —hadrons [16 exclusive decay modes]

> p p, ot KK, wtp p, 2(KTKY), 2(ntw), 3(nt )
> 2(r ) KK, KLK* r+c.c., KK rrntn+c.c., KTK o
> p pro, K*Km, o, nrnnlnd, 2(nt ), 2(ntnnd)

24~ 3.2

~
[#]
S- — 29 —

& 20 O
= ] =
£ 3.1 18 =31
= 16 £
14

12
10

=== ==
2.§-- -|||| |||||| 2§ ||||_||||F||
3.5 3.51 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3:59 3.6 S 3.51 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3.59 3.6

m(h )(GeVic?) m(hc)(GeVz’cz)
G. LI/7th FCPPL Workshop/08.04.14 Z1




Events/ ( 0.001)

Observation of e*te— n*nh (1P)

Ecm=4.26 GeV
50 A
: | |
40
S
: .
10¢ B } - Ih_IF ot J] oo
N ; y
L ey S T e S e e e
M, (GeV)

N(h,)=416+28
Lum=827/pb
oB=41.0+2.8+7.4 pb

Events/ (0.001)

ook ] Ecm=4.36 GeV

20— ]
RBNIE S }
108107 el |

TR e ¥ l; IR et Y
Ll Lol

9.5 3.51 3.52 3.53 3.54 3.55 3.56 3.57 358 359 36
M, (GeV)

N(h.)=357+25
Lum=544/pb

oB=52.3+3.7+9.2 pb

PRL 111,242001



Observation of e*te— n*nh (1P)

90
80
70
60
S0
40
30
20
10
0

- III|
10 4.0

PRL 111,242001

Born cross section (pb)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

0 4.05 4.10 4.15 4.20 4.25 4.30 4.35 4.40 4.45
Ecn(GeV)

o(e*e— n*mh,) ~ o(e*e— n*n-J/y) but line shape different

Local maximum ~ 4.23 GeV

Hint for a vector Ecg hybrid? [PRD78, 056003 (Guo); 094504
(Dudek): cc in spin-singlet in hybrids!]




Comparison of e*te— n*nh, and n*nJ/y

Open circles: Belle e*e— n™nd/y

80 + Solid dots: BESII e*e— n*rrh,

Q 605_ o|* H. K, CPC 38 043001_-
© 40:- .+ +¢ o++ + ' -
20F4 § ¢ 9 .
e Po80%40%000
42 43 44 45 46

Ecm (GeV)

Broad structure at ~4.4 GeVV? Need more data at high
energies to complete the line shape measurement.



What are the Y states?

i e - Between4 and 4.7 GeV, at
most 5 states expected (3S,
4700 - viaseo) 2D, 4S, 3D, 5S), but 7
4500 : E e j observed
¢ 4415 H . . .
P v360) R - Hybrids are expected in this
43002 via260) mass region
. y(4160)
. 4100 - %, Jo0s, w4040y « Molecular states?
*, o 3
> 3900 e o =——12(@P;) |+ Cannotrule out threshold
s | @ o v (3770) effect/FSI/...
: ....... 21_5 _________________ 3. ___________________
3700 F N (27S,) v (2°S,) i | Y(4260), Y(4360), Y(4660)
c2 2 . .
3500 - h, (1°P,) 2ot (1) are all narrow and similar
Xeo (1°Pg)
3300 - _
; - w*nh,add more complexity
3100 - n (1's,) Jhy (1°S,)
2900 - e
0 1 1" G. LI/mth FCPPY. Workshop/08.04.14 25
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Z.. charged charmonium-like states

Find a clear signature for exotic state!

© ®e
© 00
Decays to charmonium thus has a cc pair!
With electric charge thus has two more light quarks!
> Nquark >4 |
Do searches in mJ/y, m*h (1P), TW(2S), Ty, - ..
BESIIIl: e*e- - m*+exotics, pt+exotics, .

G. LI/7th FCPPL Workshop/08.04.14 26



BEST ete— n*nd/y at Ecm=4.26 GeV

BESIII: PRL110, 252001

M(z*Jhy) (GeV/c?)

M Jhy) (GeV/c?)

G. LI/7th FCPPL Workshop/08.04.14

1595 evts in
S~ 1a4f R - Jly signal
o M 45 o q7F Vv sig
> 1 2- 4 > C fmlig reglon,
o ©  {pfF Tar : 0
©) : 35 O E R, purity~90%
= s o 1k ‘};
F: - - ::'5 .
I 25 S 14p 'n'-lfil-
T 0.6F i 7) B 3 T,
= ¥ NE 13F _-ﬁé;""'
0.4f 1'5 12 J"‘ﬁi
0.2f 1E KL
G0 11 12 13 1 15 18 \17 0091712713 12 15 16 17 18
M Me(mtd/y) (GeV/c?)?
. ~+-data .
?_E_J__ 100~ = PHEP MC ‘:'Q == PHSP MG “:9‘ 120 E f::; " \ }
= r —Z,(3000) MC = —Z,(3000) MC = 1001
8 o)} )] r — Z,(3800) MC { \
o g Ea 80  [sidevand H
S o S o |
Q (=] Q -
5 S iy
c c g 40 + o + n m
g S S b +i+ﬁ"? § ;
L L . L - ,t’f } " it +:
[ ; L - '.H"H'.mﬁ. ﬁ :"l:: & b
82 333435363738239 4 4142 82704 08 08 1 12

M@r‘r) (GeV/cd) o7

14

= N WP 010NN 0O =

o

o



Z.(3900) observed in two experiments!
BES3 at 4.26 GeV: PRL110, 252001

“ BESTI

oo
o
"t

Events / 0.01 GeV/c?
S5 S

N
o

3.7 3.8 3.9

—4— Data
— Total fit
---- Background fit

-.= PHSP MC

4.0

M ax (M) (GeV/c?)

Events / 0.02 GeV/c?

Belle with ISR: PRL110,252002

70F
60
50
40F
30F
200 1¢
10/4
E

—+— data

— Fit

— Background

---- PHSP MC

37 38 39 4 41 42
Max (/) (GeV/c?)

« 307 + 48 events

¢ >8c

* M =3899.0£3.6+4.9 MeV
« T'=46£10+20 MeV

G. LI/7th FCPPL

Wor

« M=38945+6.6t4.5 MeV
e« ['=631+24+26 MeV

« 159 + 49 events

« >H 2c

N
(00}

kshop/08.04.14




Confirmed with CLEOc data!

Counts/10 MeV

—4- Data

CLEOc data at 4.17 GeV: ‘1><2 100;_ BESIII :;Zi;:oundm
PLB 727/ 366 8 80:_ -=- PHSP MC
- { Data M(Z3(3900))=3884.6+4.6 MeV g 60¢
— --- Phase Space ° g i
- — Fit @ 40r -
— C L ) T JNE
u 'eh) I
= o 200y
3 l 0737 38 39 40
- M ax (/) (GeV/c?)
- { * | } 70 "
E— * NQ 60 — Fit
_Hf:*l N T T S O S O [ S ::;:+ % 50 — Background
600 3700 33800 3900 4000 O - -=+* PHSP MC
Moo (TH0/y) (MeV) & 40f
o -
« M =3885+5+1 MeV P
S 20f
o I = 34+12+4 MeV g 4
« 81+ 20 events SSL N R
G. LI/7th FCPPL Workshop/OE?.O4.143.7 3.8 39 4 4.1 4.2
¢ 6.1c M, (m/y) (GeV/c?)



Events / 0.01 GeV/c?

What is Z,(3900)?

88%
N
H

—

40+

20 [4%
3.7 38

DD* molecule?

Tetraquark state?

Cusp?

Threshold effect?

Couples to cc

—4— Data i
— Total fit .
—magenae | ¢ HAS €lectric charge
" PHSPMO « At least 4-quarks
+ [ sideband o
\ « What is its nature?

3.9 4.0
M..@Jy) (GeV/ic®)  Predictions and more

experimental information

will be essential to
understand its nature.

- A partner below/above Z.?

G. LI/7th FCPPL Workshop/08.04.14
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2

(GeV/c?)

h.w

18

17

16

15

14

e*e— ' h (1P) Dalitz

M2, _(GeV/c?)

G. LI/7th FCPPL Workshop/08.04.14
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RESTT e'e— nZ.(4020)>n*nh (1P)

120 PRL 111,242001
100 -
a B - Reflection and possible
E 30 :_ R | Z.(3900) signal
vt - 20 J U
S - !
= 60 ¥
E e
‘;:: 40 3.8 M3.9{G :?}0, 4.1
=2 “he Y N=114425@4.23GeV
20 N=72+17@4.26GeV
8 N=67+15@4.36GeV
3.95 4.00 4.05 4.10 4.15 4.20 4.25

M,., (GeV/c?)
Simultaneous fit to 4.23/4.26/4.36 GeV data and 16 1, decay modes: 8.9
M(Z,(4020)) = 4022.9+0.8+2.7 MeV: T'(Z,(4020)) = 7.9+2.7+2.6 MeV

G. LI/7th FCPPL Workshop/08.04.14



BESII

e+e-— nZc(3885) — w (DD*)*+c.c. @ 4.260 GeV

PRL 112,022001

Events / 4 MeV/c?

M(D’D*) (GeV/c?)

o : ':".IA....I.."...I
3.85 3.90 3.95 4.00 4.05 4.10 4.15 3.85 3.90 3.95 4.00 4.05 4.10 4.15

M=3883.9+1.5+4.2 MeV;
['=24.843.3111.0 MeV

(b)

e
o
o
LA L

80}

Events / 4 MeV/c?
N
o
1

-

o

M(D'D*") (GeV/c?)
nZ.ang. distr. favors 1+

disfavors 0- or 1-

o(ete— m Z (3885)* x Z (3885)* — (DD*)* +c.c.) = (83.5+£6.6+22.0) pb

_ I(Z.(3885) — D*D¥)

[(Z.(3900) — 7 J/y)

= (6.2%1.1£2.7)

G.LI/7th FCPPL 33
Workshop/08.04.14



BESIT ete— m (D*D*)*+c.c. at 4.26GeV

« 827 pb! data at Ecm=4.26 GeV

« Tag a D* and a bachelor m, reconstruct one n° to suppress
the background.

-~

Topology of the decays of the signal process. Thick line circled
D% and 7~ are detected in the final states and at least one of the
dashed line circled 7? or 71‘8' is tagged.

BESIII: 1308.2760, PRL 113,132001

G. LI/7th FCPPL Workshop/08.04.14 34



BEST] ete— m (D*D*)*+c.c. at BESII|

M(D*%)-M(D*)-M(r°)+m (D*)+m(=°) (GeVlcz)

., 8000f (a) N (b) " 4+ Data
> 2 i PHSP MC
2 6000} 210000 signal
N~ : = _
© 4000{ - removed l
® 2 5000 ;
& 2000| —+ Data 3 ! Remove
b : T [
0:. | L .T.Mpl L L | L 0_ DD, DD*,
1.84 1.86 1.88 19 *N*
M(Krt*r*) (GeV/c?) D*D,
DsDs,
C)
> |
£
+— = -
c <
v <
£ ¢
O +'H
£ . )
Ot: 2.01 2.02 2.01 2.02

35




BESII ete— nZ (4025) 97: (D*D*)*+c.c.

<, | —— data ——Z.(4025) O —4—data  —- Z(4025)
S 400} m ws e PHSP c\’,"“‘ 70F — total fit - comb. BKG
Q [ - Argus fit to sidebands 2 - ---- PHSP signal
= %3 601 Wws
© 300 t = 50/ H
N~ To RN
~ N 40t
o 200 g
2 @
) S 20F
> 100¢ 7
L T 10;
205 21 215 2.2 Ta02 404 406 408
RM(D')+M(D*)-m(D") (GeV/c?) RM(m') (GeV/C)

Fit to * recoil mass yields 401+47 Z_(4025) events. >10c
M(Z.(4025)) = 4026.3+2.6+3.7 MeV; T'(Z(4025)) = 24.8+5.6+7.7 MeV

- —— e — 2 (D'DY)F) = 137+ 9 £ 15 ph
o (b — 27025 FWD)) Dol 2T IDV) = 2

R = — = (65+9 +6)%
(e — 7D PRL 113,132001




BESII

Y (4260)

Events/ (0.005)

Z.(4020)=Z,(4025)?

35F
30F
25F
20
15

10F

S5F

ot

~ap2 4.04 4.06 4.

D8 4.1
M

~ ©o
o O O O
TT T T T[T I Trrr]

o
TT 1T T T T TT

Events / (2.5 MeV/c?)
(en ]

—\I\.)(JJ-ISO'IO')

—4—data  —-Z(40

— total fit -~ comh
- PHSF

o
= T T TT
!

25)
. BKG
signal

. M(4020) = 4022.9+0.84+2.7 MeV
. M(4025) = 4026.3+2.643.7 MeV
. T(4020) = 7.9+2.7+2.6 MeV
« T(4025) = 24.8+5.6+7.7 MeV

Close to D*D* threshold=4017 MeV

Mass consistent with each other but
width ~1.5c difference

Interference with other amplitudes
may change the results

Coupling to D*D* is much larger

St than to nhc If they are the same state

404 406
RM(r) (GeV/c?

Will fit with Flatte formula ¥



Charm Physics
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« Constrain Ksteto my

D*— K Dalitz

, , .Good channel for Ksm® S-wave studies
Signal via Recoil Mass :

Resulting Dalitz Plot :

. N (a) SN * (b)

4 vector of e-e-and D give recoil .y Swa - oconar
mass = o | * is domi
"Q E Q"_ g_’moum_— . . IS daoming

% I c;‘: ‘; i b o
= 20000._ Pé 0.5} %’ 5000/~ -’.' .
: | >85% R e
"2 15000 ° 1 2 3 % 0.5 1 15 2
S mi, . (GeV/c?)’ m2, , (GeV/c?)?
I1]
o s © |5 (d)
i % ~ '.‘.- t% 6000]- kS
i (0] . . 0] e,
M7 § oo’ . o: ) § 4oou|_— .
i = * 2 = i Y ™,
E 2000 .'. f : E I * >’ ..
M, (GeV/c?) . '.;
. . mf(gm, (GeV/c?)?
Other projections
are dominated by
“cosz-shadow”of p PRD 89,052001
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D* Km0 Dalitz

« Try many resonances
« Drop insignificant ones
* Contains kr and non-resoant

“Model D” Fit

. 2
2
m,z(:no (GeV/c??

Events/(0.05 GeV?*/c*) Residuals

(%))
]
[=]
=

— Total 5+B
=-= All coherent (S)
- Background (B)
-- MR
pl770)
- - pl1450)
--- K (892"
- K, (1430)
: - K(16a0)®
Y — k(B00)

o - 173-.;-"“"-%. 1.5 2
m2., (GeVic?y
K d .
1; PIVCA 2 P

§$§

o,
]
(=]
T]

4
2
(-]

Events/(0.05 GeV?/c*) Residuals
(] o
g g
(=] (=]
S __ o __ o

E]
m2, . (GeV/c?)?

PRD 89,052001

Parameters Value Statistical errors
NR FF (%) 4.6 0.7
NR phase (°) 279 6
p(770)" FF (%) 83.4 «— 2.2
p(1450)" FF (%) 2.1 0.3
p(1450)* phase (°) 187 3
K*(892)Y FF (%) 3.58 0.17
K*(892)° phase (°) 203 2
K;(1430)" FF (%) 3.7 0.6
K;(1430)" phase (°) 334 5
K*(1680)" FF (%) 1.3 0.2
K*(1680)" phase (°) 252 2
&' FF (%) 7.7 1.2
kY phase (°) 93 7
NR +&" FF (%) 18.6 ¢=— 1.7
K" S-wave FF (%) 17.3 1.4

G. LI/7th FCPPL
Workshop/08.04.14
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Number of Events

Precision measurements of f,

Uses 9 tag modes (for reference, CLEO-c used 6)
Even includes Cabibbo-suppressed modes !

6000
(a) (b)
40000+ 1000
4000
20000+
2000F 500
182 184 18 188 182 184 18 188 182 184 1.86l i.BB

Mgc [GeV/e?]

Mgc [GeV /c?]

Mgc [GeV/c?

(d)

=
=

2000~

15000

10000~

5000

(e)

4000

2000

)
182 1% 186 1.8?
Mgpc [GeV/c?)

i.
182 184 186 188

Mgc [GeV /)

)
182 184 186 1.8}3 °
Mpgc [GeV/c?]

IOOI)OL

5000~

10000~

5000

(1)

I 1% 1%
Mgc [GeV/c?)

182 181 186 188

Mgc [GeV /)

R RS
Mgc [GeV/c?]

Signal side: ONE track !
- Veto on extra tracks,

- and un-matched
showers

- with E > 300 MeV

Reconstruct "MM2"=
(missing-mass)?,

presumably just a neutrino:

signal peaks at O

G. LI/7th FCPPL Workshop/08.04.14
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Clean Signal
(log plot!)

—
C =ty
- D Kt
- ety
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Other Ddecuw
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1
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107! & |

0.2 0 0.2 0.4 0.6

2 2, .4
M2, [GeV¥cH
Combining with Ved , GF ,tD, mD :

fD=(203.2 =253 *1.8)MeV (%26 +0.9)% most precise !

previous best: CLEO-c: (205.8 £ 8.5 £+ 2.5) MeV
G. LI/7th FCPPL Workshop/08.04.14 42




What next at BESIII?

« Light hadron study
— Light hadron Spectroscopy
— Exotics searches
— Rare decays
 XYZ physics
— Spin-parity of Z, and Z.
— Neutral partners of Z,and Z./
— More decay modes [rny’, pn., open charm,...]
— Excited Z, Z. states? Z > KJ/y states?

« Charm physics: lots of analysis ongoing ...

* More data at high energies coming ...
G. LI/7th FCPPL Workshop/08.04.14
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Summary

 Lots of progress at BESIII based on the huge data
samples

B New light hadrons X(1840), N(1540) ...
B Observations and measurements of XYZ
B Precision measurements on the charm decays

B Sorry, many important results not covered by this
talk

* More results will come soon, stay tuned!

G. LI/7th FCPPL Workshop/08.04.14 44



Thanks a lot!

G. LI/7th FCPPL Workshop/08.04.14
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Luminosity (pb'1)

BESIII collected 3.3/fb for XYZ study
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M(rrnd/y)<[4.2, 4.4] GeV via ISR

548/fb at 10.58 GeV 2007/02/14 16
Peaks at 12 & 16 GeV2? +—+——+ 17—+ 177
Shown at QWG'2011 [ *
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& e
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J' L 2
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10 11 12 13 14 15 16 17 18
G. LIT{FCRRL WotkshopP884-14t ™ J /s 47




BEPC lI: Large crossing angle, double-ring

Beam energy:
1-2.3 GeV
Luminosity:
Compton back-scattering 1%10% cm-2s™
for high precision beam \ Optimum energy:

energy measurement \ 189 GeV

Energy spread:
5.16 x104

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91 A

SR mode:

0.25A @ 2.5 GeV




BESIII Detector

SC magnet, 1T

Magnet yoke

Be beam pipe

MDC, 130 um
0.5% at 1 GeV/c

oo

=2 ~40,000 readout chnls,
Data rate: 5kHz, 50Mb/s

Csl(TI) calprimgtes, 2.5% @ 1 GeV "
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