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» Status of BEPCII/BESIII
» Selected Results from BESIII
- Charmonium Spectroscopy
(For light hadron spectroscopy, see Yang’s talk at
Light flavor session )
- Charmonium Transitions
- Charmonium Decays
- Charm Decays

» Summary
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Beam energy 1.0-2.3 GeV
Ener'gy spread: 5.16 x 1074
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Design luminosity
1x1033/cm?/s @ y(3770)

Achieved luminosity
~O 65 x 1033/cm?/s
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o 2004: s‘rar"r BEPCII construction
% 2008: test run of BEPCII

2’f 2009-now: BECPII/BESIII data taking




NIM A614, 345 (2010)

The BESIII Detector

Super-conducting
magnet (1.0 tesla)

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

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

110 ps endcap 8- 9 layers RPC

OR®=1.4cm~1.7 cm

EMC: GE/VE(/,) = 2.5 % (1 GeV)
(Csl) GZ,(I)(cm) =0.5-0.7 cm/VE



BESIII commissioning

 July 19, 2008: first e*e collision event in BESIII
* Nov. 2008: ~ 14M y(2S) events for detector calibration
* 2009: 106M \|I(ZS) 4XCLEOC World’s largest sample of

225M J/y  4XBESII J/y,w(2S) and y(3770)
.2010: 900 ob (3770) (and still growing)

' PV 3.5XCLEOC
«2011: 2000 pb1y(3770)
470 pb! @ 4.01 GeV

« 2012: tau mass measurement

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

Tentative future running plans:

E.,=4.26 GeV, 4.36 GeV and R-scan



The BESIII Collaboration
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Charmonium spectroscopy

* Properties of h_
* Mass and width of n_
* Observation of y’'— yn.(25)



Measurements of the h_properties at BESII|

--------------- | (exclusive)

BESIII prellmmary . y'—7nlhe, he—1ne,
L B TR el I S n¢ is reconstructed
exclusively with

16 decay modes

Summed 7° recoil mass
il g i i % 200 BESIII Preliminary |
i) P 3 . S 10
i i 2 i = 160
i3 % 140
P P > > E 120
£ : 5 ! S 100
i i 2 50
g E | N 60
Hetrnd e B ; 13 40
ecollmus(Ge\fc 20
Simultaneous fit to ©t° recoiling mass: 9'48 3';],[(“:0 reonl mass;SEGeV/cngG
M(h,) = 3525.31+0.11*0.15 MeV Consistent with BESIII inclusive
I'(h,) = 0.70+0.280.25 MeV results PRL104,132002(2010)
N = 832+35 D e T . ] CLEOc exlusive results
. _ \ BESIII preliminary M(h,)=3525.21+0.27+0.14 MeV/c?
x /doo-f- - 32/46 = - - - - === === N C- 136+ 14
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PRL101, 182003(2008)



Mass and width of 1 (1S)

« Ground state of cc system, but its properties are not well known:

J/y radiative transition: M ~ 2978.0MeV/c?, [ ~ 10MeV
Yy Process: M= 2983.1+1.0 MeV/c?, T'=31.31t1.9 MeV
| @YY, pp; B decay
!."ﬂ".l o ;'ﬂl 2
Mass | ® y(1S, 28)>yn. , width X
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* CLEOc found the distortion of the n_lineshape in v’ decays

* cc hyperfine splitting: M(J /Y)- M(n,.) is important experimental input
to test the lattice QCD, but is dominated by error on M(n,) 9



) . Phys.Rev.Lett. 108 (2012) 222002
V' 21N, N exclusive decays | arxiv: 11110398
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Interference with non-resonant is significant !

Relative phase ¢ values from each mode Mass: 2984.310.610.6 MeV/c?
are consistent within 3c; width: 32.0+1.2+1.0 MeV
= use a common phase value in the d: 2.401+0.07+0.08 rad or

simultaneous fit. 4.19 +0.03+0.09 rad *°



Comparison of the mass and width for n,

The world average in PDG2010 was using earlier measurements

| | JELE LI
L Belle yy Belle yy
CLEO vy CLEO yy
BaBar yy ——8&—— BaBar yy
—O— CLEOc J/iw —0— CLEOc J/y
(stat.only) (stat.only)
—— BESII ' — BESIIy’
e,
J N I — |. I — I - — J I — I - | 1 1 I 1 1 L | L | L 1 I 1 1 1 il |. L 1
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
N, mass (MeV) n, width (MeV)

Hyperfine splitting: AM(1S) =112.6 + 0.8 MeV

Consistent with B factory results in other production mechanisms.

Agree with lattice QCD calculations of the charmonium hyperfine splitting
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Observation of y’— yn.(25)

» First “observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3% from y'—>YX, never
confirmed by other experiments.)

» Published results about n(2S) observation:

Experiiment M [MeV] I' [MeV] Process

Belle [1] 3654 £ 6+ 8 B — K* 1n.(25),1n.(25) =g =aT
CLEO [2] 36429431+ 1.5 6.3+ 124+ 4.0 v — 1(28) —[A gk F ]
BaBar [3] 36308 344+ 1.0 17.04£83+25 vy = .(28) =K K+7F
RBaBar [4] 3645.0 + 5.5+ ete™ — J/iper

PDG [5] 3638 + 4 14 4+ 7

Combined with the results based on two-photon processes from BaBar and Belle
reported at ICHEP 2010, the world average I'(n.(2S))=12+3 MeV

» The M1 transition y'—>yn(2S) has not been observed.
(experimental challenge : search for real photons ~50MeV, )

> Better chance to observe 1 (2S) in ' radiative transition with ~106M y' data at BESIII.

> Decay mode studied: y'—yn(2S)2>yKsKn (KK~ etc. in progress)

12



Observation of n.(2S) in y'—>yn.(2S),
N(2S)—>KKr, K*K-n'
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With 106M ' events:
simultaneous fit results:

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

- M(n.(25)) = (3637.61+2.9+1.6) MeV/c?
: '(n.(2S)) =16.9£6.41£4.8
: Statistical significance larger than 10.2c!

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

Br(v'—yn(2S)>YKKn)
=(1.30+0.20,,,,10.30
+

Br(n (25)>KKn)=(1.9+0.411.1)%
From BABAR(PRD78,012006)

) X 10

sys

Br(y'— yn(2S))
=(6.8+1.1__+4.5

stat— sys

) X 10

CLEO-c: <7.6x104
PRD81,052002(2010)

Potential model: (0.1-6.2)x10-4
PRL89,162002(2002) 13



Charmonium Transitions

* First evidence of y'— yyJ /v
* Multipole in y'— vy,



First evidence of ' — vy J /v

‘ arXiv: 1112.0942 Submit to PRL

e Select y(2S) — vv/v, J/y — e*e and 1 11 events

Ysm - lOW energy gamma
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Events/2 MeV/c

* the x ., components: double E1
- scaling

* yields of the two-photon

~ events

* continuum(green)+

3.4 345 3.5 355 3.'515 3.5 3.55
Rm‘fsm{Gev."C }

e Global fit of the two-photon process and
cascade y, processes
¢ See clear excess over BG + continuum

« Br(y’ = yyJ/v) =(3.3 £ 0.6798) x 104
(both ee and uu)
* Significance : 3.8c including systematics

* Br(y'— YYXo — YJ /W) are also measured
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| PRD84, 092006 (2011)

Higher-order Multipole in y'—>YY ,, X,—>7' T, KK

Investigate the contribution from high-order multipole amplitudes

* y'—>Yy, is dominated by electric dipole (E1) transition,

Events / 0.0025 GeV/c®

but expect some magnetic quadrupole component (M2).

M2 amplitude provides sensitivity to charm quark anomalous magnetic
momentk: M2 =0.029(1 + k)

Use large clean samples of y ,—n*n and y,—>K*'K";
Yo Samples used as control since M2 = 0.

m‘*é—

1E_

10

Events / 0.0025 GeV/¢*

3.2 3.3 3.4 3.5
m,.. (GeV/c?) m,, (GeV/c?)



Signal Events

| PRD84, 092006 (2011)

Higher-order Multipole in y'—>YY ,, X,—>7' T, KK

* Extract M2 using fit to . L2
full angular distribution d S Wi
; §
Evidence of M2 contribution: ’ ey
_ +- - “1 05060405 0 03040608 1
M2 = 0.046 + 0.010 + 0.013 o
E3 = (0.015 * 0.008 + 0.018, 4.4 250, 250,
; sz
* Significant signal for M2 amplitude 3 P
that is consistent with x =0 % -
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- : O EgsrtlT
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Charmonium Decays

* Search for n(2S)—>VV
* Yy 2VV

* Xco/2 vy



| PRD34, 091102R (2011)

Search for n(2S)>VV

Test for the ‘intermediate charmed meson loops’:

N.(2S)=>VV is highly suppressed by the helicity selection rule.

‘intermediate charmed meson loops’ can increase the production rate of n(2S)=>VV.
(PRD81, 014017 (2010))

_% P{% z\% 10° & ) -
- =" _ - SRR
m B it T N
M::"Cp° (GeV/cY) a4 ”51\4:((‘0;0 (G:\Sflcz)”’ 37 335 34 343 Mq}g(Ge;;;Cz) 36 365 37
Br(y'=2>yn.(2S)=2>7VV) Br(n.,2>VV) (103 Br(n.,2VV) (103
(10°7) (using BESIII BF(y'=2>yn.(2S)) | Theory: (arXiv:1010.1343)
p0p? <12.7 <3.1 6.4 ~ 28.9
K*OK*0 <19.6 <54 7.9 ~35.8
00 < 7.8 <2.0 2.1 ~9.8

No signals observed in n_(2S)-> pp, K*°K*?, dd; more stringent UL’s are set.



PRL107, 091803 (2011)
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{ PRD85, 112008, (2012)
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D decays

* D*2uty
e DK/t~ etV
* Search for D° =2 yy



» D7 leptonic decays play an important role in understanding
of the SM of particle physics
» Unitary trianlge

The widths of
bands will be
reduced if the
LQCD pass the
test with
measured f,, f.

Widths of
bands are
dominated by
errors of f
and fz_ from

LQCD.
. 7 c .
» Test LQCD calculation of f,
1 Y D* i
. oL G m; )
FSM(D(S] > 1v)=—=mm, |1-— | Ii*d(s‘] cf o . "
| 8 o My, , © 3 1

» Reduced width of band in triangle would lead to precisely test the
SM, and search for new physics beyond the SM. 2



In the system recoiling against the singly tagged D", BES-III
selected the purely leptonic decay events for D*2>u*v

i 10°
K A —— Data
. :. e [ ] D K:IJ .
J : D tag 10 -D": IE"II:'E
K : ED —1'r
’ 1 03 Other D decays
T B non-D decays
B —— i
4 i
e e 10°

L The neutrino
V. carries energy and 1
momentum away. 1 0_1

-0.2 -0.1 00 0.1 0.2 0.3

M2 [GeVic?]

Br. & f;,, at BES-III

Results: @@
ND*2>utv) =377.31£20.6 \q\@@
BF(D* — i'v)=(3.74+021+0.06)x10™ \\\@%@

f,, =(203.91+5.72+1.97) MeV %’%



Comparison of B(D™2>pu*v) & f;,
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| EBES-I —_—
i} ﬂ:’!";::;’:]%
| BES-II —

=111

(012240 010)%
3,083

o2
I=| {0.038240.0032+0.0009)% CLEO-c {818 pb-)
H (0.0374+0.0021:0 0006)% BES-III {Preliminary)

I (0.0382+0.0033)% PDG2010

0

005 0.1 015 0.2 025
B(D*>u*v,) [%]

MABK-l - =somMevarsowcl.
BES-I |:u:|'1';':“] Ma¥
| BES-II (271 425) MoV
I'Ii (205848542 5% Mol CLEO-e {313 Pb‘1]
= [2oasisa 720107 MV BES-lIl (Preliminary)
H (21320} MaV Lattice QCD
bo] 2o mev Lattice QCD
| [20AH3+73) Mo QL (QCDSF)
] 2354811 4) eV GL {Taiwﬁn}
B 2101107 MeV QL (UKQCD)
m] QUIMEMV gL
o (177421) MV QCD Sum Rule
poo e QCD Sum Rule
FO-  (eesoimey QCD Sum Rule
= = Pl Field Correlations
imzzo) MV |sospin mass splittings

=~

1 | J ] ] |

200

400 600
f, [MeV] )




DO2>K-/m et v

* BESIIl, ~2.93 fb-1 data taken at
Y(3770), ~923 pb-1 analyzed (by two
groups, partially blind analysis)

* signal side: missing neutrino inferred

—

U=E,, —c|P|=0
v _i .. 09 BESII Preliminary g"’" BESIN Preliminary
- DK etV im oy s
s N, = 18460+/-143 " D°2>n~e*v
| ul N, = 1677+/-45
e LI i e R -
BESII Preliminary k (GEV) Uﬂ' (Gev)
Mode measured branching fraction(%) PDG CLEOe
DY s Kte w 3.542 +=0.030+0.067 355 =004 | 350 =0.03 =0.04

DY = e o .288 +0.008+0.005 0.289 +0.008|0.288 +0.008+0.003




B(D2>vyy) .gfy B(D°—r'n?)
B T T T T ] WIIII
i ] Pgn — -—-- Fitted ARGUS blg function L[ —
HHil, -2.9%7.1 events : Tﬁ bkt '
R - timated barclcgrommd 4
I _ 600 |- + i |
. 15; Prehmmary ) 4031 117 events | _
St :
: . 3 Contamination from E 400
sk 200
1] S R .
-400 -200 lEEI:I 1540 1850 1840 1370 1880

AE (MeV) (MeVic®

B(D°>y)/B(D*>7")<5.8x103 @907‘ CL, with
PDG value: B(D2>#'7%)=8x104,

BESIII: B(D%>y7)<4.6x10¢ @90% CL.

BaBar: B(D°2vyy)<2.2x10° @90% CL. 27



Summary

» BESTIT is successfully operating since 2008:

O World largest data samples at J/vy, v',y(3770), y(4040) already
collected, more data in future (D" Dy at 4170 MeV coming soon).

» Charmonium specscopy:
O Precision measurements of h.and n-(1S) and n-(2S) properties.

» Charmonium transitions
Q first observation of n.(2S) in y'—>yn(2S) decay.
O First evidence of y'— yyJ/v.

» Charmonium decays:
Q First measurement of y ., 2 0, ®®, ¢ and n(2S)DVV, x o/, >7Y.

» Charm decays:

[ precision open-charm D physics to come soon.

> Expect many more results from BESIII in the futurel

g
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