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| The BESIII Experiment @ BEPCII |

Beijing Spectrometer

e*e” collisions
VS 2 = 4.6 GeV [ Physics program |

SC magnet.

Muon Counier

~

/> Charmonium Physics
: _. 1,|:- _' (i Lo > D_PhYSiCS
Be heam pipe & » Light Hadron Spectroscopy
S ey Y > 1-Physics

Dl Chamber

CsI(T1) calorimeter
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—
i Satellite Vlew of B PCII/BESIII ,&»

(a.‘,’ b-’ v

2004. start BEPII consrucio |
2008: test run of BEPCII
2009=: BECPII/BESITI data taking
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:a'.'-i-" em J"i‘-?r r
e
P Tants

QdBeam energy: [ BEPCIT Storage Rings ]

1.0-2.3 GeV Beijing Electron-Positron Collider
LDesign Luminosity: RT.. SR, RE
P ne e Ty

11033 cm-2g-! , s ,,__ja\\
HdAchieved Luminosity: / \
~0.65X1033 cm=2s1 | 2
i i \
LOptimum energy: I’
1.89 GeV i
QEnergy spread: 4
5.16 X104 i
ONo. of bunches:
93
dBunch length:
1.5 cm
QTotal current:
091 A
QCircumference:
237m

/
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EMC: CsI crystals, 28 cm

AE/E =2.5% @1 GeV

[BESIII De‘rec’ror} ‘0.6 cE
Magnet: 1T Super conducting ,’ TOF:
. Eai) .‘ o B 80 ps Barrel
¢ 4100 o 750 .* 110 ps Endcap
: * c ¢ o*
] “t .
MDC: small cell & He gas
5 - . “‘ Cxy™ =130 um
' /p 0.5% @IGQV
j S : g dE/dx = 6%
B e
Py i, = ord .
= % - " = “.Muon ID: 9 layer RPC
EE*""? 3500 l R
.
| 5 ﬁ\ Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

L

Zero Degree Detector (ISR)

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s
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[Da’ra Sample}

So far: /
3 2008: First collision

Q0 2009: 225 Million J/\p}
0 2009: 106 Million v

\ (x108)
0 2010-11: 2.9 fb! y(3770) e | wmm JAy

(3.5 x CLEO-c 0.818fb™1)

0 May 2011: 0.5fb-! @4010 MeV (one
month) for Ds and XYZ spectroscopy

In the next future:
d more J/vy, v', y(3770)

O data at higher energies (for XYZ
searches, R scan and Ds physics)

180 -
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120 -
100 -

80
60

40 -
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Charmonium Spectroscopy and Transitions
— Properties of the h, (PRL 104, 132002 (2010))
— Y'— yyJ/y (to be submitted soon )

Charmonium Decays

— ¢'— ynO%, yn, yn'(PRL 105, 261801 (2010)) ] ]

— oy — 7070, nn (PRD 81, 052005 (2010)) [ Pubblications ]

— Yy — VP, YW, YO (PRD 83, 112005 (2011))

— Yy — Ww, 0, we (PRL 107, 092001 (2011))

— ey — 470 (PRD 83, 012006 (2011)

— %3~ PPKK (PRD 83, 112009 (2011))

— n/->nr't matrix element (PRD 83, 012003 (2011))
Search for CP/P violation process pseudoscalar decays into nn (PRD 84, 032006 (2011))

L|gh‘r Quark States
— ay(980) - f,(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 — wnr*n (accepted by PRL)
— PWA onJ/y — ypp (to be submitted soon )
— PWA ony' — npp (to be submitted soon )
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Charmonium
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[Charmonium Physics]

> Strongly bound qq state N pmomentu
> Non relativistic QM applicable HO 4040) o 8.0
O QCD analog to positronium || [T T -
D PF'OVIde InSIghT |nTO QCD 3900 n""'"""'""'""""""""l"'&"(';"l"')'""_“'i:')'ﬁ'("z""[?ul"' % -171
» Low Q7 -> non perturbative I LY s )
3700 = Y-Sy / -1 6.3
New interest in the last years M2 S ’_ "
> new measurements of 1. mass 3500 = ] X }wp[- 5.5
> 1'. unambiguously seen ” | |
3300 = (3 -1 4.8
> Open problems AN AN
- h¢ seen with poor statistics oo b / 1.,
- State above DD threshold (1) (W (1S
> New resonances (X, Y, Z) 2900 = IT( I 12 17 <3
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[Observa’rion of hc(lPl)]

> First Evidence: E835
Q pp>h >y, 38| v(1°D,) 2 M(D) ]
0 PRD 72, 092004 (2005) T p(s) T 3
- 1(29) ]
» Observation by CLEO-C 36— . 1P)’»‘{czf_1pﬁ‘_
A ere—y'—n’h,, h,>yn, . (1P) ]
Q PRD 72, 092004 (2005) Lsal- < .

S
> Br(y'—n°h.) isospin violating =320 7« -
> hc—yn¢ El transition large BR _ - ]
3.0 FN(15) —
> Hyperfine splitting of 1P states PC_ o=t 1= - gt g o+
MCh)-1/9(MOxeol3M(1c) M) | FL=0 o 1 1
spin-spin interaction ? '
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[Observa’rlon of h @ BESIIT (mclusnve)]

LR
=7 1
<

IN!-'N

BESIII Collaboration: PRL104, 132002, (2010) C

Events/1MeV

4000
3500 f
3000 -
2500
2000
1500 |
1000 |

500|

El tagged - h.—»yn,
BESII

800
600
400 F
200}
o 4 +
-200F
-400 |

351 352 353 354

S S S SN S N E S SRS N
3.51 3.52 3.53 3.54

7% recoil mass (GeV/c?)

Events/1MeV

5 &
o (=]
o =]
o o

30000

20000

10000 -

E1 untagged - inclusive

_____ BESIII
i_ 1000:
| 500}
0 f t
500 t 1
1000 352 353 354
331 — ‘3é2I | I353‘ ‘ ‘354‘

° recoil mass (GeV/c?)

» El-tagged analysis
0 M(h)=3525.40+0.13 +0.18 MeV

consistent with CLEO-C

(AM¢(1P)=0.10+0.13+0.18MeV/c?)

consistent with no strong spin-spin interaction

d I'(h.)=0.73+0.45 +0.28MeV

first measurement
(<1.44MeV at 90% CL)
a Br(y'—n%h, )X Br(h,—yn, )=
(4.58-+0.40+0.50) X104
consistent with CLEO-C

» El-untagged
d Br(y'—>n%h.) = (8.4+1.3+1.0) X104

first measurement

» Combined
a Br(h.—»yn.) = (564.3+6.7+£5.2)%

first measurement


http://www.ihep.ac.cn/

Measurement of h, @ BESIITI (exclusive)

16 decay modes

Events/1 MeV

Events/1 MeV
Mo L 35 5 E B
‘LB LAALELAAAN LRSS

Events/1 MeV
EEnERErEl

7" recoil mass (GeVic

Events/1 MeV
o = E Lo,

T et - R
350 54 56
" re ec ﬂmm(G@V )

Events/1 MeV
TS LE L

Events/l1 MeV

Eventsf'l MeV
- g

'%’} W ]
, uugﬂw ;4 w@

ss (Gl

> E— =X\ ///L_0

Evente/1 MgV
W o
e—— o = ===

— 4 E

1“% ] |

Events/1 MeV
W B m B OB B e
T =P

Events/] [vTeV

Events/1 MeV
Mo e e w

Events/1 MeV
We L. s w5 5 wie
= T

LS :-:hntsf'l MeV
b

Events/1 MeV
RN ..

[
NTH

6
" recoil mas.{ uwg:

T'T"n(w)

Events/1 MeV

Events/1 MeV
Wo oz @ ® & 2 e
ST T -.

Events/1 MeV

summing all the modes

200

180
160 £
140 £
120 -
100 £
80
60 E
40 ¢
20F

I TEY

“BESIII Preliminary +

L e
354

ol
352

M(n® recoil mass) (GeV/c?)

23 350 356

Simultaneous fit to 7% recoiling mass
M(h,) = 3525.31+0.11+0.15 MeV
I'(h.) = 0.70+0.28+0.25 MeV

N

832+35
v?/d.o.f.= 32/46

BESIII preliminary

N =

Consistent with BESIII inclusive
results PRL104,132002(2010)
CLEOc exclusive results
M(h_)=3525.21+0.27+0.14MeV/c?
136+14

PRL101, 182003(2008)
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[Precision Measurement of the n, Proper‘ries]

charmonium ground state

Mass
[MeV/
4100

3900

3700

3500

3300

gl
é)
—

n.(2'Sy)

W(4040)

]_7 momentum

[GeVic]

= 8.0
e =171
&

=1 4.8

PDG
M(n,) = 2980.3 £ 1.2 MeV/c?
I'(ne) = 28.6 £2.2 MeV/c?

WEIGHTED AVERAGE
2 (Error scaled by 1.6)
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M({KsK3n) GeVic

E L ) ) e O : |
2727/5282852929 3 3053131532
M(2K2mm®) GeV/ic?

280 gaa —— data 1'51]——-—m1a
[ otmer v decays [ other w(25) secays 1a0E [ oiher " decays
% - o KsKn % - cont KK 'EO %13}'—____;.;“‘
glmr_——nm-res{- 180 —_— IPH:H'HE'SI} £1m__—— I'HH'H'ESD
- —imt —int. F —iint
= = 2 2 sop
~, 100 ~. 100 - ®OE
&0 B0 3 b oo
: o s 4
(TR (L i T Ef'_"_i_"' W
i) BL ﬂ-z- P P B a §!E;5Ei“.--
. 1 ETETI FET RN I J_u i L Lo bl e :LI_LlJ_LLLl_IJ.’
272752828529295 3 AD53]1 555 32 2727620285 B. =3 30830 B2 “B72752828529205 3 30653131532
M{KsKn) GeVi? MK Gevic” M(rmm) GeVic®
\ —— data [ —— data
140 EH]Z [ CEher wi25) decays
%
% 120 Ezm_— mnt ﬁ
> .0 = f- ' 6w
2 gmf i
o 80 = n
— — B
3 3 M (w +
b ° ;
50 A o
W 20 & mﬁ* - _ |
I] - = u_ _—
272752828529295 3 3053131532

2?2?52!! 28529295 3 3053131632
M(6m) GeVic

O Simultaneus fit with Breit-Wigner (considering M1 transition)
d Interference between 1. and non n. decays

0 1. mass and width and interference phase ¢ constrained to be the same
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[Mass and Width of ]

BESIT preliminary
> mass = 2984.4+0.5,,,; 0.6 MeV/c? currently the most
> width = 30.5+1.0,,,4£0.9, . MeV precise measurement

> ¢ = 2.35+0.05,,,, +0.04, ; rad

The world average in PDG2010 was using earlier results

T 1 I T 1

= Belle vy Belle yy

CLEO yy CLEO vy

BaBar yy BaBar vy
—O—= CLEOc J/wy CLEOc J/y
(stat.only) (stat.only)

—— BESIIy’ [ﬂ N v BESII vy’

‘D”_q H’ ”’ ﬂ' f/ '€ L
1 | 1 Il | | 1 1 | | 1 1 1 1 | | 1
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40

n, mass (MeV) n, width (MeV)
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[Searching for ns(2S) in v’ decays ]
1s* n. excited state

Movsd] Ml PR
4100 = 040 - = 8.0 M(T]C(ZS)) = 3637 £ 4 MeV/c?
""""""""""" Ty : I'(mc(2S)) =14 £ 7 MeV/c?
3000 Iemeeeeeeeeeeeeeeeeeeeeeeee o DD ;_ - 7.1
2 O Observed in B decays and in
¢ two-photon processes
b5 Q CB observed M1 fransition in

y'—yX but never confirmed
71" |1 Q Challenge: real y @ 50 MeV

BESTIIT (106M ')
20000 5 0" T 1T 012 1Y =134 V' =1 (2S) >yKsKm
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R L L B A R : :
o | 2 | 1| | Simultaneous fit of
SN [ X ——data _
LCL,‘ ] - | — fitting results - HC(ZS) cmd LeT
8 B == ch i
< 102 & —'T“IL(2S) -
N . ¥ 2 W background el ke N(n.(2S)) = 50.6 +9.7
P 1| > Pure statistical significance
§ 10?_ .................. E more Than 60
I > Significance with systematic
e L Y variations not less than bo
- "31.'5 — ‘3.|55‘ — ?:|.6 — '3.155\‘ Y D xz/ndf=0.9
M5, - (GeV/c?)

d n.(2S) signal: modified BW (M1) with fixed width
(resolution extrapolated from y.s)

d y.7 signal: MC shape smeared with Gaussian

d BG from ere—K . Kn(ISR), v'—K.Kr(FSR), v'—nK Kr:
measured from data
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Preliminary Measurements from
v =1 c(25) 5>7KsKn

> M(nc(ZS)) 3638.5+2.3,,,, £1.0,., (MeV/cz)

> Br(y'—>1mc(25) = (4.7£0.95q, £ 3.0,,,) X104

CLEO-c: <7.6x104 (PRD81,052002(2010))
Potential model: (0.1-6.2)x10-4 (PRL89,162002(2002))
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Open Charm
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[Open Charm at Thr'eshold] K* n—

a e*e'—>\|1(3770)—>D5
O Production of two quantum correlated D mesons .

(almost) at rest v \

O Tag one D meson and study the other K-

Measurements with tagged D mesons
> Semileptonic decays m 99 m

Q| V.| and | V.| CKM matrix elements, form factor

> Purely leptonic d o -
D Ds Y ' / ////%7/ a

s
I [}
? 87////////,, .
04 —3
77 o

4"

IIII|IIII|'I1II|III\|IIII|IHI|IIII

> Absolute branching fractions = E¢ Vom0 ) 8
> CP or T violation A
> D-D mixing N PN e . DN

> ... p
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| Single tag at BESIII |
_@y(3770) with 420pb~* first clean single tagging sample

12000F ]
10000F 4 14000 .
- 1 12000 g
000 BECrss q 100005 ECs, :
6000~ Y2 - 8000F YA 3 >
- X -] >3 . - b3 ] 2
40001 | ] 6000c ] Mgc :\/Ebeam_‘pD‘
C 1 4000 .
2000 DO—Kn . 23235_
ol =SS B Very Clean
1.84 1.86 1.88 0
mBC
90005 T o T 3 -
80002— —z 14000;—
7000 DUST R o 3 120000 1 Resolution
6000 Z 3 10000F -
50002_ = 8000:— :D ~1.3 MeV/CZ
;ggg: 6000 { pure charged
2000- DO— K 4000 10 ~1.9 MeV/c?
1000F 2000t - .
. : with a n°
1.84 1.86 0
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[Ds Single Tag]

part of data @ 4010 MeV

~4400— —_
% - %220
& D.—oKKn 8
9200 S c~16 MeV g0 S c~14 MeV
2 L S 180
(=] — (=] —
4000 — Z160—
8 | a8
c - S 140—
¢ 800— S F
w B w1i20—
600— 1001
b et 80
4001 so;—
200 40
205f
P93 1904 195 196 197 198 199 2 2.01 P93 194 195 196 197 198 199 2 201
m,_(GeV) m,_ (GeV)

BC \/Ebeam _‘ pD‘Z
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80

20

[Lep‘ronic Decays]

[Semi-lep’ronic Decays]

Ongoing measurements:
> D*—>p'v,
> D'y,

60f
40F

" part of data
B D> KOt

D+=> why,

'/r7

0- L\rrr m| L

02 00 02 04

Mzmiss [Gevz/c4]

1500

1000

500

'0.1 6 0_1 0.2

Umiss - Emiss - Pmiss [GQV/CZ]
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Light Quark States
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[Observa‘rion of pp mass threshold enhancemen’r]

J/ w»ypp

e T r ] <
[ 4) ' BESII <
*% [ 1 &
ﬁmﬂ:— §
B [ =
i wr g
i L - LLl

: [ PRL 91 (2ooi) 022001 .

M,-2m, (GeV)
BESII
M = 18593 15" ,5 MeV/c?
I' < 30 MeV/c? (90% CL)

pp bound state? FSI effect? ..?

w —> 77 Iy, Jwv— ypp

800 005 010 015 020 025 030
M _-2m (GeV/c?)

BESIII
M = 1861+6_13+7_26 MQV/CZ
I'< 38 MeV/c? (90% CL)
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[Observa’rion of pp mass threshold enhancement in J/y—ypp ]
BESIII Pr'ellmmar'y Resul’rs from PWA

Event/(0.02GeV/c?)

2500 =N T ] TTT T U L B \700 chi2/nbin=1.491976] G800F CRi%/nbin1.513776 | "5800’ chi2/nbint1.363705 1
(a) 1 ol 45 —_ uuuuuuuuuuuu b _— (3600 X(oB 1 ;7007 1 37007 E
J 1 .__L_)\ N =oooooOOO0O0 Oo ] 0*PS '*600- 7 Z600F B
L B B -=ooooOoOopoooQ EP'_ 1 Ssoof ’ 15(2100 1 Seo0b E—>
‘ ‘I > 40 ~  ©eeoeooo ooooooNm 7 3/4007 26,1910 E 2500 Fo00F 1
200 4 oD F e e, 1% E400f 1 Zaoof 1
L" / 5 =, /posooooooooooOn ooo | 1 &300F : Da00F I § ]
E ~ V51 ooo O ] *
~ coooon o\ ] 200f ¢ 3% 200F 1 200f
150 | o1 e B o a4 1oof Dok 1 100F
3.0 . 0 == i | 0 ; 0
- 00 01 02 03 14 re 18 20 i4 16 18 20
25 B i oML (GeV/c?) L (GeVie?)
.JE +"ooooooopoponDooopooooopOodOco ] T T @ T TRy T T I e e e R
1000 ToononooRGooaamGoaomGoanDa 1 g40of 1 H400 1 gooo
nnnnnnnnnnnnnnnnnnnnnnnnnnn 1 .4 - ! E L 1
9 ([ :ioeeoooooonooooooooonoacos | =200 1 Y200 4 3400
M| soooonoooDoDoDoODDDRODODODOOBD . _ 24200F B
| cocoooooooooooomooooeoooG . 4 1000p 1 1000 23
[ coooesoooDOOoDOOOOOODOOOOOOG @ - ] 108 5! B
500 ].5Fooocececccaeooacosaaas. J  soof 1 800 7
-)FoO0cooooooooooooooss - ] . 800} , ]
foO000goeooooaooass- 1 00 goof | chi2/mbin=2.037839 chidishin-1.2098
. | ooO0O0Oooooo o=« ] B 600 Lr' .
: | T 1.0 ooa0ne-- - | | | | R 1 400fe [ | q00f" L L
I I | I I I | I | - vl b b by by s b by g 1y —— r
0™ %0 2.5 3.0 1.0 1.5 2.0 2.5 3.0 3.5 40 45 ¢ ] 2°“ﬁ;lij 200t FE
. . . . . . . . . . . ) ) . B - =

M(pﬁ)(GeV /CZ) Mip(G eV /02)2 o 05 o0 Cgi{_l&\.’t’) A0 05 00 Béiep;g 100 0 l(:;ijﬁ
J=0"is preferable
FSI corrections improve the results

J*=0" BESIII
M = 1832+ 5 (stat)™ (syst) +19( nod) MeV/c? Preliminary
" =13+ 20(stat) 35 (syst) + 4(mod)MeV/c* or T < 48MeV/c* @90%C.L.

B(J /v = yX(pp))B(X (pp) = pp) = (9.040.7 (stat)": (syst) £ 2.3(mod ) x10°~°
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| Confirmation of X(1835)| i (%)

C

— i
R E:

EVENTS/(20MeV/c?) | g
& &
|

' PRL 95,262001(2005)

First observed by BESIT (50M J/vy decays)

Decay: J/y—yn'nn
Y n'—>nn, n'>yp

BESII Results (sig. ~7.7c)
| M =1833.7+6.1(stat)+2.7(syst) MeV

i

1.4 2.0 2.

M(r*r ") (GeV/c?)

°  TI'=67.7+20.3(stat) £7.7(syst) MeV

Confirmed by BESTIT
(225M J /vy decays)

With two surprisesll|

77 BESIIF
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100 F

Events/(0.02GeV/c?)

PRL 106, 072002(2011)
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BESIII Results

Confirmation of X(1835)
and observation of two new structures

Resonance M( MeV/c?)

I'( MeV/c?) Stat.Sig.

X(1835) | 1836.5+3.056,, | 190+9+38 »200
X(2120) | 2122.4+6.77,, | 83+16%31,, 7.20
X(2370) | 2376.3+8.7:32,, | 83+174, 6.40

X(1835)
consistent with O

Nature of X(2120)/X(2370)
» Pseudoscalar glueballs?
> n, n excited states?

PWA needed
to understand these structures

PRD 82,074026,2010, PRD 83,114007,2011,
and more...
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o Br(J/y —>nn) Ay +A
Br(J/y — pp) | Ay + A’
Azg A, €N R«d
A39 1 AY R z].

High precision

Q BESII: Br(J/y—spp) = (2.26+0.01£0.14) X 10-3 (PLB591,42) |«
Q FENICE:  Br(J/y—snn) = (2.31:0.49) X103 (PLB444 111) 3

Suffering from a large error
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[Preliminary results of J/y—pp, nﬁ]

T | o 8000 F
%5‘”’;— £ 7000 = . Data
Bo B 6000 & .
Z = ot -~  Inclusive MC sample
51:':?_— i E
ool § 4000 '
F K 3000
" 20005 -
o0 L5 1.0 1.5 2.0 2.5 4] S0 L) IIS#? 1000 __ -.-.—-.' |
DGTG E(T) (GeV) N hit in 50-degree cone 09 10 0 3
J / \lj_)pﬁn— control sample Angle between n and recoil direction of n
BESIII Preliminary Results PDG

B(J/y—nn)= (2.07 +001 +0.14 )103 | BQ/y—nn)= (22 £0.4)-10°
B(J/w— pp) = (2.112 + 0.004+ 0.027)10-3 | B( /v— pp) =(2.17 +0.07)-10°3

B(J/y—nn) ~ B(J/y— pp)
suggest a phase ~ 90° between strong and e.m. amplitude
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v both interfere differently
) * with non-resonant continuum
¢ JIy
e Ag N
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PB
T

G

— Ap=0° (\
J/vy line-shape scan A =90°
Look for interference pattern TE— Ag = 180°

(model independent) I::>1o—
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[ Summary ]

BESIIT is successfully operating since 2008:

» High Luminosity of BEPCIIT

» Good reconstruction performance

» Recorded huge data samples on J/v, v' and y(3770)

O Precision measurement of hadron properties, decays and new states
O Improvement of our knowledge of the t-charm energy region
O More exciting/interesting results are coming...

In the near future:

» More J/vy, y' and y(3770)

» J/vy, y' lineshape scan

» Data at higher energies (XYZ, R scan, D, physics)
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