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Bird View of __
BEPCII / BESIII f’"’ >

Beijing electron
positron collider BEPCII
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Beam energy 1.0-2.3 GeV
Ener'gy spr'ead 5.16 x 107*

AT . e TR

Desugn luminosity

oy 33/ ~m?
BESIII 1x10 ./cm /s @ \y(?770)
detector Achieved luminosity
A5 ~O 65 x 1033/cm2/s

2004 s1'ar'1' BEPCII construction
- 2008: test run of BEPCII
t' 2009-now: BECPII/BESIII data taking



BEPC llI: Large Crossing Angle, Double-ring
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Beam energy:
1-2.3 GeV

Luminosity:
1x1033 cm2s"

Optimum energy:
1.89 GeV

Energy spread:
5.16 x10

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91A

SR mode:

0.25A@2.5GeV
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 NIM A614, 345 (2010)

The BESIII Detector

Super-conducting
magnet (1.0 Tesla)

Drift Chamber (MDC)
op/p (°/,) = 0.5%(1GeV)
O 4E/dx (%) = 6%

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

110 ps endcap 8- 9 layers RPC

ORP=1.4cm~1.7 cm

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

G.S. Huang FPCP2012, May 21-25 5



BESIII Commissioning

 July 19, 2008: first e*e collision event in BESIII
* Nov. 2008: ~14M y(2S) events for detector calibration
* 2009: 106M W(ZS) 4XCLEO-c World’s largest sample of
225M J/y  4XBESII J/y,y(2S) and y(3770)
.2010: ~0.9 bl (3770) (and still growing)
F 2 Y 3.5X CLEO-C
«2011: ~2.0 fb1y(3770)
~0.5 fb'! @ 4.01 GeV
« 2012: tau mass scan: ~5.0 pb;
Y(2S): 0.4 billion; J/y: 1 billion (May 22!)

Tentative future running plans:

2013: D, physics (E.,,=4170 MeV) + R scan (E_,, > 4 GeV)
2014: y(2S) /t/ R scan (E,, > 4 GeV);
2015: y(3770): 510 fo ! for DD physics



The BESIII Collaboration
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Physics Programs @ BESIII

Light hardron physics Charm physics:
-meson & baryon spectrosco semi-)leptonic decays
-threshold effects decay constants.

-multiquar - CKM matrix: V. Vo
-glueballs & hybrids - D-DY mixing and CPV
-two-photon physics - strong phases
-form-factors OCD & t-physics:
Charmonium physics: - precision R-measurement
DreC1S10Nn Spectroscopy b/ T decays
ansitions and decays
XYZ meson physics:

-Y(4260) 2 7wmh, decays



Recent Results on Light Hadron Physics

* pp mass threshold structure in J/y—ypp
N(1405) in J/y—y f,(980)r°, f,(980)—2xn
31 Decays of J/y and y(2S)

®( threshold enhancement in J/y—yno

nmn system in J/y—ynmn

G.S. Huang FPCP2012, May 21-25



Enhancement at pp threshold in J/y—Ypp

J/w—Ypp V' =rtnJ/y, J/y—ypp
180 [ra— ] A T
4 ] £ ™F BESIII
HE : : S 60 | \ }
E 100 |- = § 50
i - = |
8. : E :: b H : --1" +
& o [y L=
] 10"
L % T = T I T
_ g M __-2m_(GeV
M, -2m (GeV) o 2my(GeV/c?)
Observed at BESII in 2003 (PRL,022001) Confirmed at BESIIl in 2010
agree with spin zero expectation (CPC 34,421 (2010))
M =1860_3 %2 MeV, ['<38 MeV (90% CL) M =1859_%5_% MeV, I'< 30 MeV (90% CL)

Many possibilities:

normal meson/ pp bound state/multiquark/glueball/Final state interaction effect(FSI)......

Spin-parity analysis

os uandS €ssential for determining place in the spectrum and possible nature.



PRL 108, 112003 (2012)

Spin-Parity analysis of J/wﬁ'ypp (M < 2.2GeV)

r<:2500 TN\ T 1 £ 400F
> "A\ s % 350] Four components:
O < e 7] ] s _
=1 200} | and 07 phase space
21 150f | i , .
E With M5 — 2m,<50MeV j
; 100 T A Include the FSI effect
35— 0102 e T
«s, Fit features:
S J g3 1771 The fit with BW and S-
% 40F 13 300 n il Tale _ f
S ssf 2ok 1% - wave FSI(1=0) actor
5 a0 20004 can well describe pp
j; 100; 15 mass threshold
15 50; With M ,; — Zmp<50Me\:{ 1(538é structure.
Lof iuaaRa E ohsi | It * Itis much better than
1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 -1.0 05 00 05 1.0 .
M (GeV/e?) cosf, that Without FSI effect

Spin-parity, mass, width and Br. of X(pp): (7.10)

JP¢ = o+ >6.8 G better than other J©¢ assignments.

M = 1832f%9(stat)f%§(syst) + 19(model) MeV/c? model: Model dependent uncertainty
(Different FSI models)

I' = 13 + 39(stat) T3 (syst) + 4(model) MeV/c? orT" < 76 MeV/c? @ 90% C.L.
Br(J/y = yX(pp))Br(X(pp) = pp) = (9.01%7 (stat)*13(syst) + 2.3(model)) x 1075



PRL 108, 112003 (2012)

\p(ZS)ﬁ’ypp (M,5< 2.2GeV)

< 450

@] o

= 400F

& 350F

S 300fF
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5 1o i — X(pp)

ook i—0"PS
g | — f,(2100)
. ..l,.rll e il —1,(1910)

25 30 35
M(pp)(GeV/c?)

M, I and J7¢ of X(pp) are fixed to the results obtained from J/y decays.

Br((2S) - yX(pp))Br(X(pp) - pP)
= (4.57 £+ 0.36(stat) 145 (syst) + 1.28(model)) x 107°

The production ratio R:

_ Br(y(25)-yX(pp)) _ r071 .
Br(J /W-yX(pp)) (5 082545 (stat) I355 (syst) & 0.12(m0del)) %

G.5. Huang It is suppressed:compared with 12% rule. 2
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Recent Results on Light Hadron Physics

pp mass threshold structure in J/y—Ypp
31 Decays of J/y and y(2S)

®( threshold enhancement in J/y—yno

nmn system in J/y—ynmn
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PRL 108, 182001 (2012)

(1405) in J /\|I—>yf0(980)7t° f0(980)+27t

60__ | i v | ! ' i | ]
G 250 G sof f,(980)—non0
> T
S 150 S ik
S c *F
% %
2 100 B af
g i) N
o 50 o 10E
e T E— 1.8 e B R
M(f (980)m9)(GeV/c?) M(f (980)x0)(GeVic?)

First observed: Nn(1405)—f,(980)x° (|sosp|n breaking)

Helicity analysis indicates the peak at 1400MeV is from 1n(1405) , not from f;(1420)
Be(J /v — m(1405) — w'f, — y'’nn) Br(J /v — m1405) —» m'f, - w'n’x’
= (1.50 £ 0. 11(stat.) £ 0. 11(syst.)) x 107 = (7.10 £ 0. 82(stat.) £ 0. 72(syst.)) x 107°
Large Isospin-violating decay rate:
BR(n(1405) — £,(980)7° — #*7m x°)
BR(n(1405) — a,(980)x° — ='z'n)

=~ (17.9 £ 4. 2)%

In general, magnitude of isospin violation in strong decay should be <1%.
a, — fo mixing alone can not explain’the Branching ratio of 1(1405)—f,(980)70



Anomalous Lineshape of f,(980) in J/y— f,(980)7°

— T T T T T T 100F - - - -~ 1 - - T " 4
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1.0 1.1 1.2 0 09 1.0 1.1 1.2
M(m ) (GeV/c?) M(n°r0)(GeV/c?)
M = 989.9 +0.4MeV/c? M = 987.0 +1.4MeV/c?
=95+ 1.1 MeV/c? I'=4.6+5.1MeV/c?

Surprising result:

very narrow f,(980) width: <11.8 MeV/c?@90% C.L.
much narrower than the world average (PDG 2010: 40-100 MeV/c?)

A.-possible explanation is KK* loeg,Triangle Singularity (TS) (.J. wu et al, PRL 108, 081803(2012))



Recent Results on Light Hadron Physics

pp mass threshold structure in J/w—ypp
N(1405) in J/y—y f,(980)r°, f,(980)—2xn
31 Decays of J/y and y(2S)

®( threshold enhancement in J/y—yno

nmn system in J/y—ynmn



PLB 710, 594 (2012)

31 Decays of J/y and y(28S)

Dalitz plot with b

ackground subtracted

and corrected for efficiency:

J/v - ntn~n® decays are dramatically different
from y(2S) » ntm~n° decays:

« J/yis dominated by p

m(rn%)? [GeV?/ct)

e y(2S) is strongly populated by higher mass state
absent in J/y decay

Precision measurement of branching fractions:

Br(J/y -» ntn w0 =
(2.13740.004(stat)*3928 (syst) ¥3:027 (norm)) x 1072

Br(y(2S) » ntn n®) =
(2.1440.03(stat) X8 (syst)* 9303 (norm)) x 10~*

The ratio of these two branching fractions:

Br(y(2S) » n*tn~n?)
Br(J/y » ntn—nY)

m(nn%)? [GeV2/c

= (1.00 £ 0.01(stat) *33¢ (syst) ) %

. _ Br(y(2S)—~hadrons) _ Br(y(2S)—ete™) - o +
pr puzzle: Qp = Br(J /W—-hadrons) — Br{J/ysere=) T 12%

background

J AU R i 1

10

+ 0y 2
Cut to remove ~ Mimn )" [GeV/cT]
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®¢ threshold enhancement in J/y—ywd

JIy = rpp. ¢ > K'K (OZY) J/y - yop (DOZI)

oo
m
4

M =1812"" +18 MeV/c?

24 o [ =105+20+28 MeV/c®
3 P R HT e JPC favors 0** over Ot
AT et ; I— and 2**
18 2 23 24 26 28 3 %.3 05 1 15 _lJ 25 31 315 -l‘_ -!'5
M(mb) (GeV/e) M (Yw) (GeV/c™)

6.5. Huang pcra01 oy 21 FNYS: Rev. Lett. 96(2006)162002
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Events / 0,002 GeVv/c®

Entries / 0.04 GeV/ic”

J/w—ywo at BESIII

600 b
I ! 1!.3_] ":5 I
i (I) 3 1000
' ; S
A00} P
i 1 ;
=
- é ® 50
.?[H:l_ w
| . ®
[ -
LLeTugles. oy o e LN
fo8T 1 102 104 106 108

MIK'K')(GeVic’)

200

100

0 2 25 3
MK K 7% 2%)(GeVic?)

Miz*z 2)(GeVic))

Backgrounds estimated

/ from ® and ¢ sidebands

Backgrounds estimated
from inclusive MC -- mainly
from ®K*K

FPCP2012, May 21-25 20



Preliminary PWA Results at BESIII

Entries / 0.04 GeV/c*

G.S. Huang

250

1m0

100 [

200 L

s0

0k

Preliminary

M?(y9) (GeVic*)y
IS

| g | S S B P S
- 3 6 4 @ 8 % B
M{wo)(GeVic) A2 f e s N = T 232

Resonance JF¢ M(MeV/c?) TI(MeV/c?) Significance

X(1810) 0+ 1795+7 _gq 95+ 10 > 300
f,(1950) 27T ' 472 > 100
f0(2020) OFT 442 > 100
n(2225) 07 V2 1903 6.40

Is X(1810) the f017 10)/f,(1790) or new state?

FPCP2012, May 21-25 21



Recent Results on Light Hadron Physics

pp mass threshold structure in J/w—ypp
N(1405) in J/y—71,(980)n%, f4(980) =2
31 Decays of J/y and y(2S)

®( threshold enhancement in J/y—yno

nm system in J/y—ynn



Study of M System

PRL48 (1982) 458.
* First observed f,(1710) from | Jf'i |
+ J/y radiative decays to nn 5
- Li - ,f L
by Crystal Ball in 1982. S h\WJ:_JJ 2l
@ L __ 07 _1
* Crystal Barrel Collaboration (2002) —_——

analyzed the three final states n°n°n°, nn°n° and n°nn with
K matrix formalism. Found a 2** (~1870), but no f,(1710).

* E835(2006): ppbar = n°nn, found f,(1500) and f,(1710).

WA102 and GAMS all identified f,(1710) in nn.

G.S. Huang FPCP2012, May 21-25 23



J/w—ymmn at BESIII:

Preliminary PWA results

Events / 20 MaVic®
oRs2=SREZEEN

» f,(1710) and f,(2100) are
dominant scalars

» f,(1500) exists (8.20)

» ,’(1525) is the dominant
tensor

Events
SSEE=Z28283

4 0080604020002 04 0608 10 -
cosé, 0,

Resonance Mass(MeV /¢?) Width(MeV/c?)

B(J/¥ —

vX — ynn) Significance

fall500) Md6BIiesl 1Bty SR B2
fo(1710y 1750755 7t ates RIS <10t Shilo
fo(2100)  2081%3%5  273T50 (9@%3 ot 180
f,(1525) 15131313, (0 AP, a4 o Ll
E(1810) 18258t  gogt o (BN 10" Bdo

G.S HJ;n(UQIMU) 2362150 50 l ﬂﬂmmbq-g“ﬁ gsim) X10° 760 24




Recent Results on Charmonium Physics

Properties of h_

Mass and width of 1
Observation of y(2S)— m.(2S)
First evidence of y(2S)— yyJ /v



Property of h. (1p1)

» First evidence: 38
E835 in pp—>h_ YN, (PRD72,092004(2005)) awl
ll.l{.?.'"ﬁi
» CLEO-c observed h_in [e'2'S9)] m
ee>y(2S)>nh,, h 2. 36 -
AM, (1P)=0.08+0.18+0.12 MeV/c2 g e
(PRL104,132002(2010)) > 2t
9]
B Xeo(13Po)
> Study isospin forbidden transition: & =
W(2S) > 7h. 2
» Measure as well the E1 transition: 35 |
h. =2 M.
» M(h.) gives access to hyperfine a0 |
splitting of 1P states: '
AM,(1P) = M(h,) — 1/9(M(x,) + S —
3M(Xc1)+5M(Xc2C)) c 0 1 1 i 0 1 2

G.S. Huang FPCP2012, May 21-25 26



Events/1MeV

2000 -
1500 ¢
1000

500

D
o
o
o

3500
3000

2500

| PRL104, 132002, (2010)

Observation of h_at BESIII (inclusive)

El-tagged

________

400+
200} + }

-200f
-400

353 354

BESIII

M
3.51

L L l L L L l L L
3.53 3.54
7° recoil mass (GeV/c?)

El-untagged

vents/TMeV

Ll 30000 [

20000 |-

10000 |-

50000 |-

40000 |-

_____ BESIII

70 recoil mass (GeV/c?)

>

Select inclusive ©t° (y(2S)>7°h )

Select E1-photon in h.2>n.(E1 tagged) or not
(E1 untagged)

El-tagged selection gives
M(h_)=3525.4010.13 +0.18MeV
( AM,(1P)=0.101+-0.130.18MeV/c?)

I'(h )=0.7310.45 +0.28MeV (first measurement)
(<1.44MeV at 90% CL)

Br(y(2S)>n°h_) XBr(h,2>Ym. )=
(4.581+0.401+0.50) X104

El-untagged selection gives
Br( y(2S)> n°h_)=(8.4+1.31+1.0) X104

Combining branching fractions leads to

Br(h.~> yn./)=(54.316.715.2)%
(first measurement)



Events/1 Mc

Events/1 MeV

Measurements of the h_properties at BESIII

Events/1 MeV

Events/1 MeV
D Y

° recoil ma eV/ie
.
4
s
?|[|\ }

Events/1 MeV
Events/1 MeV

Bl I }
N ; illlllmla fHI AL,
B350 52

Events/1 MeV

Events/1 MeV
e« T 3 ¥ % ¥ W .

':.»

"
=\
B
‘5!4
e,
S

Events/1 MeV

Events/1 MeV

30, 35 35 56
7 recoil mass (GeV/e')

Simultaneous fit to t° recoiling mass:
M(h.) = 3525.314+0.11%+0.15 MeV
I'(h,) = 0.7010.28+0 25 MeV

N =832*+35 1=~ ~-~---~-"-~--"-"-<
v2/d.o.f. =32/46 (ool prefiminary

G.S. Huang FPCP2012, May 21-2

Events/1 MeV Events/1 MeV Events/1 MeV

Events/l1 MeV
1 ¥ & & &

. (exclusive)

y(2S)—>nlhe, hc—Me,
Nc is reconstructed
exclusively with

16 decay modes

Summed 7° recoil mass

200 FBESIII Preliminary *
180

160 £
140
120 F
100
80 -
60 |-
40
20

B .52 .54
7° recoil mass (GeV/c')

f‘ﬂ'ﬂ(’l’()

50, 353 33 %
7 recoil mass (GeV/c”)

IE+I[ T

Events/1 MeV

348 3. 40 3.5 354 :
” recoil mass (GeV/e')

P
*

0 s ;o as I
M(n" recoil mass) (GeV/c?)

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

= 136+14
PRL101, 182003(2008)

28



M. lineshape from \p(ZS)énOh h. 2.

200

% 160 ~BESIII Preliminary % BESIII Preliminary

2 140 - > 150 - {

= 120F Sum of 16 1, % «E  Background H

£ ' decay modes £ [ subtracted |

o 0 S sof +

= 60 = 5 +HH+ J'H |
40 N LI H,,,:,,H,ii@,;“H}“ﬁwi +”|+i|Jf ”
20 - E J‘
Y T S T R S Y Y S Y R P

M(hadrons) (GeV/c?) M(hadrons) (GeV/c?)

The 1lineshape is not distorted in the h.2>m., non-resonant bkg is small.
This channel will be best suited to determine the 1. resonance parameters.

4250308-001

450 3 Belle = 16 CLEO-c
o OF Yy —> Ne(1S); i3 IAP(1S) = y1(1S)
L 350 N(1S) = KsKm > T
% w0 ] ’ 21 Asymmetric lineshape
10 250 SymmZTI"IC g in\pdecay
. . &
E 200 IlneShape 5 °
> 150 o
W | m wpr'oduc'ruon I W

50 <

] | | &
9

L1 L1a A AR A AN A B AN AN A S RS N Ly v 1 ot Seman,
. . . . . . . . . . 0 AT e oLl Lol [T PR
G.S. Hiang =° 27 N;a (212 Ks) 3(1} ‘;/2 2)33 F"’P"cpz?ﬁz, May 2125  boa S5 = -7 ~=5
ass T ev/c
> E(y) [GeV]
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Recent Results on Charmonium Physics

Properties of h_

Mass and width of 1,
Observation of y(2S)— m.(2S)
First evidence of y(2S)— yyJ /v

FPCP2012, May 21-25
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n(15)

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

J/y radiative transition: M ~ 2978.0MeV/c?, [ ~ 10MeV
YY process: M= 2983.1x1.0 MeV/c?, I'=31.3x1.9 MeV
| e YV, Pp, B decay
,':I"‘. . ;'ﬂ'u 2
Mass | ® y(1S,28)>yn. , width %
B X @ AUBERT 08AB BABR 25
| @ - AUBERT 08AB BABR 24 49  UEHARA 08 BELL 0.0
| 1@ - UEHARA 08 BELL 43 | [—— @+ 06 BELL 57
','I' i ABE 07 BELL —_— . Wu 06 BELL
| A '.‘ S WU 06 BRELL 6.9 ‘ e+ - ASNER 04 CLEO 03
[V WU 06 BELL 0.8 / @ AUBERT 04D BABR 738
|‘I I||. . - - ASNER 04 CLEO 0.4 ‘,." el e AMBROGIANI 03 E835 0.8
' \ -+ - AUBERT 04D BABR 2.0 —F o EQLG 82 EEEL a-g
'® .T . _@RA,BROG'AN' 82 523;5 %‘; —g=s b s BAI 00F BES 33
e | FANG 03 BELL 01 [ @ -~ - ARMSTRONG 95F E760 0.1
il R BAI 90B MRK3 41 - — - - BALTRUSAIT..8 MRK3
- \ . . GAISER 36 CBAL 06 GAISER 86 CBAL 125
T304 / \ 42.0
\ (Confidence Level = 0.0014) /| | | T et el
_+ | ! [ -

nc(1S) mass (MeV) n~(1S) WIDTH

CLEO-c found the distortion of the M. lineshape in y(2S) decays

cc hyperfine splitting: M(J /y)- M(n.) is important experimental input
te testithe lattice QCD, but is deminated.by error on M(n_.)

2050 2960 2970 2980 20890 30|00 CL.=0.00]l4 * ° I hsla C.L.<0.0001

31
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Y(2S) 2., M. exclusive decays

250 . gaa 250

—+— data 160 —— data
[ [ other y’ decays , [ [ other y(2S) decays K+K_TCO - [ other v’ decays
L 0 o u 0 o 140 °X
b 2000 % KsK7t | o0 050 + =l T
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E =X E % L C X
c:.‘i 1201 S cont S n ‘o 250 W cont 0 mm cont T
> E ---- sig > F ---- sig L ---- sig
§100: — — honh-reso §200_ — — non-reso 0: — — non-reso
o 80¢ S s0f S
e f 2100
o 40: o E
L 20k I SORREHEY g
C 7 ol o _ , 7
0'.”.m...|....|‘...|....\..H|."l"‘."‘."i"'.'(".‘"."|;...|‘..‘\ PRI (FSPEATY: NEPRTITE) CPPRISTS) EVPRTEN (ACPRTECS: kit EOEVRONY (PSP PR P I IS U DU DU P DU D B
272752828529295 3 3.053.13.153.2 272752828529295 3 3.053.13.153.2 272752828529295 3 3.053.13.153.2
M(KsK3r) GeV/c? M(2K2rn0) GeV/c? M(6m) GeV/c®

Interference with non-resonant is significant !

Relative phase ¢ values from each mode Mass: 2984.310.61+0.6 MeV/c?
are consistent within 3¢, width: 32.0+1.2+1.0 MeV
= use a common phase value in the 0: 2.40+0.0710.08 rad or

“siritiftaneous fit. FPCP2012, May 21-25 4.19 +0.031+0.09 rad *



Comparison of the mass and width for 1,

The world average in PDG2010 was using earlier measurements

T T | T T
0 Belle yy Belle vy
CLEO vy CLEO vy
BaBar yy —®—— BaBaryy
—O— CLEOc J/y —O— CLEOc Jiy
(stat.only) (stat.only)
—— BESIIIy’ BESIIy’
e.
| | | | | 1 1 | | | | | | | | 1 | | | | | | | | | | | | | | 1 | | | | | | | | |
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n_ mass (MeV) 1, 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

G.S. Huang FPCP2012, May 21-25
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G.S. Huang

Recent Results on Charmonium Physics

* Properties of h,

* Mass and width of n
Observation of y(2S)— . .(2S)
First evidence of y(2S)— yyJ /v

FPCP2012, May 21-25

34



N(25)

> First “observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3% from y(2S)—YX,
never confirmed by other experiments.)

» Published results about n(2S) observation:

Experiiment M [MeV] I' [MeV] Process

Belle [1] 3654 £ 6+ 8 B35 — KN* 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 +34+1.0 17.0+83+25 vy = .(28) —| KK -mT
RBaBar [4] 3645.0 + 5.5+ ete™ — J/iper

PDG [5] 3638 £ 1 T

Combined with the results based on two-photon processes from BaBar and Belle
reported at ICHEP 2010, the world average 1'(n.(2S))=12+3 MeV

» The M1 transition y(2S)—m(25) has not been observed.

(experimental challenge : search for real photons ~50MeV, )

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

at BESIII.

» Decay mode studied: y(2S) — y_.(2S) = yKsKm / yKKnO,

G.S. Huang

FPCP2012, May 21-25
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Observation of Y(2S)2>ym.(2S)

N(25) > Kskm

Events / ( 0.005 GeV/c?)
=

—
T T T
v

=
IIIIII| T TTT

p—
=
TTTT
L
W

—.— d'lta (KqK ‘:T J
— fitting results -
i I‘{ 3
—- T
----- background

""""
----

1 1 3-.5I | 1 I3-55I | | j-ﬁl 1 | 1
My og g (

GeWc }

e Simultaneous fit with:
N.(2S) signal: modified BW (M1) with fixed width (Resolution

extrapolated from ;)

Events / ( 0.005 GeV/c?)

ot
c'-.hi

[am—

BESIII preliminary

(25) 9 K+K—7:O

i
TT

,_.
=
TTF T 11

I T T

= d'lta K+K ) E

— fitting results -
-- Xu

— 'I'k'
- background

e,
.....

Statistical significance > 10c

X signal: MC shape smeared with Gaussian
BG from et e— KKx (ISR), y(2S) — KKn (FSR), v (2S) — TEOKKTE

measured from data



Preliminary results on Yy(25)—M.(2S)—=>YKKT

BESIII preliminary

e M(M.(2S)) = 3637.6+2.94 1.6 MeV/c?

e T(1.(29)) = 16.9+6.4+4.8 MeV

—————————————————————————————————————————————————————

Br(y(2S) -»>m.25)=(6.8 1.1 ,*+4.5.) X10*

stat — SyS

CLEO-c: <7.6x104 PRD81,052002(2010)
Potential model: (0.1-6.2)x104 PRL89,162002(2002) 37



G.S. Huang

Recent Results on Charmonium Physics

* Properties of h,

* Mass and width of n

* Observation of y(2S)— m.(2S)
First evidence of y(2S)— yyJ /vy

FPCP2012, May 21-25
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y(2S)— vyJ /v

e Two photon transitions are well known in excitations of molecules, atomic hydrogen,

and positronium.
[F. Bassani etal, PRL 39, 1070 (1977).A. Quattropani etal, PRL 50, 1258 (1983)]

e Never been observed in the quarkonium system.
CLEO-c: upper limit of Br(y(2S)— yyJ/y) is 1X 1073 (PRD 78,011102(2008))

e Observation helpful to understand heavy quarkonium spectrum & strong interaction

1) -

Theoretically: § j:F
¥(25) 7/

> >

e Potential models give discrete spectra o (nP)
(W(2S) = Ve Xs = Y/ W)

e Possibility of testing the hadron-loop effect

e Coupled channel: the hadron-loop effect
also may play a important role in the
continuous spectra

G.S. Huang FPCP2012, May 21-25
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\ arXiv: 1204.0246 Submitted to PRL

First evidence of y(2S)— yyJ/v
e Select Y(2S) — yy/v, J/y — e*e and u'ir events

Ysm - lOW energy gamma

4
o 10 * the ), components: double E1
E 10° scaling
N1 « yields of the two-photon
£ ~ events
E 10¢ * continuum(green) +
2
0
= 5 o
34 345 35 355 345 35 355 100 ee +

RM TYsm {GEV.-"C }

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

* Br(y(2S) > vyJ/y) =(3.3 £ 0.677%) x 10 _
(both ee and z44) 305 31 315

* Significance : 3.80 including systematics RM v (GeV/cT)

* Br({(25)— VX — YT/ V) are dlse'méasiired 3.44<RM(Y., )<3.48GgV

EVEHA\E MeV/c
th
_




Charm Physics (all preliminary)

 D*2utv

e DK/ etV

* Search for D° - yy
* Dstagging



of Events

Number

D- Tagging

an . ~2.9fb-1 of data @3.773
150 o er (a) 1 15000 0' 5 K (b) ) m. SKK (c)
m
100r 7 10000 {1 200
m k i y l | '” l
: 50000 """'"'"""
15000 o k% r () 0 -Keed (:-) ‘\
10000k e K@ N 1 10000 BC \/ beam |pD
- 000 <¢ { s : Resolution:
1.3 MeV for pure charged
| ¥ 4o modes;
) < UL {-)
F 0 e ke 1.9 MeV for modes with one .
10000 ‘ 9 singly tagged modes

B £ k. ol :T'.' 182 184 186 188 ND' - (1.57i0.2) X 106
M, [GeV] MbE[GEV] M, [GeV]

G.S. Huang FPCP2012, May 21-25 42



D+>utv

* In the system recoiling against the tagged D,
select leptonic decay for D*>utv

=
: 5 1.0
_iDtag =
= %
S : ay
I - x
11 . The neutrino ny ¥
WV, carries energy and 425 M2.. [GeV? /)
momentum away. .
candidates ,_
for D*2>utv

Signal selection:
* One charged track only

* Positively identified p

* No isolate photon

et r'q_i;r‘ I1f..'_|,
G.S. Huang FPCP2012, May 21-25 \l?f.nss 1(-1*\ 43



Dt+2>utv

[00F 200

| | mainly D*>p'v,

15F

10F
SF J\N
:n ] |" n: P | I [ T TR TR NN T N | I T !
J 08 09 1.0 L1 12
Momentum of put [GeV/c]

The K’ escape from the detector.

There are still some backgrounds

G.S. Huang FPCP2012, May 21-25 44




Backgrounds for D=>u*v

——Data

* 04 D -Kr

! Do
D -

1 07) Other D decays
B non-D decays

107!

02 0.1 00 01 02 03

M2, [GeV/c?]

G.S. Huang

Estimated with Monte Carlo events

Source mode Number of events
D™= Kin® 79+08
D" =1ty 38405
Dt =1y 6.9+0.7
Other decays of [) mesons 179z11
e7e™ — y(3686) 02£0.2
eTe” = MU 0.0£0.0
¢"e” — light hadron (continuum) 8214
e 1T 1.9£0.5
(3770) = non - DD 09404
Total 417+23
FPCP2012, May 21-25 45



D+->utv: Preliminary Results

N(D*>u+v) = 377.3 £ 20.6
B(D*>Utv) = (3.74 £ 0.215% + 0.065%)x10*  f,* = (203.91 £ 5.725%¢ £ 1.975%) MeV

MARK-II
<0.07%: at 90% C.L.
I = BES-I —
(0.08*%15-0%8)0,
-0.08-0.02
I = BES-II —_—

(0.122*>""%0.010)%
-0.0353

e B e e e v - - |

] (0.03820.0032+0.0009)% CLEO-c (818 pb)
H (0.0374+0.0021:0.0006)% BES-IIl (Preliminary)

H (0.0382+0.0033)% PDG2010

I— T R

OG.S. Huﬁ%OS

0.1 0.15

_B(%)
0 2 FPCPﬁlzgay 21-25

|
|-| {205 .8:8.542.5) MaV
H (202.815.72+1.97) MeV
H (212+) Mav
|-9-| (217+10) MeV
[ | (206:46+3422) MeV
- (23528:14) MeV
- (210108 MeV
m-l (Q11x147)MeV
o (177221) MeV
|_l .| (202:23) MeV
I‘D‘l [185+20) MeV
l_‘_l (210+10) MeV

I_'_l (262+29) MaV
|

MARK-IIl <200 Mev o0t CL.
BES-l (3005 hev
BES-Il (371] " +25] MoV
CLEO-c (818 pb™)

BES-Ill (Preliminary)

Lattice QCD
Lattice QCD
QL (QCDSF)
QL (Taiwan)
QL (UKQCD)
QL

QCD Sum Rule
QCD Sum Rule

QCD Sum Rule
Field Correlations
Isospin mass splittings

200

400

| If I('\Aa




Charm Physics (all preliminary)

 D*2>utv

e DK/ etV

* Search for D° - yy
* Dstagging



D® Tagging

K* -
mBC (0°-Kr) mBC (0"—Krx)

EIEWJ:— Emm.:— \ /

" BESI Preliminary - BESII Prelminary . ’
i~ o Vv P g \

] K-
m j 4 tag modes, 0.92 fb' data @3.773
et (preliminary)
Fﬁ.‘} 144 1480 1% 14¢ 168 mﬁﬁﬁ:ljw 1]!3 148 14 106 18 154 ,“am-,:.,w
mBe (B'-Kar'2?) mBC (0'-+Kann)

3 £ - Mode Data Yield
mi_BESIIIPreIiminaw [\ m;_BESIIIPreIiminary DY o Kt 150,020 + 413
" j DY = K—ntx0 | 323,348 + 667
£ o D" — K—nn%z" | 78,467 £ 480

pﬁ ST T I | seern———- > DY = K—nTa—xnt| 211,910 + 550

G.S. Huang FPCP2012, May 21-25 48



DO > K/mtev

g

:Ill-\lll

5000 2 -
< - T BESIII Preliminary gmu: A BESIII Preliminary
goon- o T 5
: ol |
- Ny, = 18460+/-143 |
: ! - o N, = 1677+/-45
2000 - \ 300 \.
B _:' - IIII'.
O | L 200— - —
1000 A - \ N
C \e\* 100— X‘L_;_:‘?“" _"‘“‘li*—-'-—':::—}
:l--'—F—F_'Il#ri TR ——T 1 rﬁhﬁ_?_r#*'—l'_"l_l“l—hlﬂ"’"—"‘ i —1, |l |..|..|”.| . T s s s e e N IR |
%.1 -0.05 0.05 01 015 0.2 Uk ':.E]_'1 0 0.05 0.1 0.15 0.z Ui
il
DP->Kev DO->mev
Mode measured branching fraction(%) PDG CLEOc

DY — KYe v

f}ﬂ — }T+E_L_f

3.542 £0.030+0.067
0.288 £0.008+0.005

3.55 +0.04
0.289 +0.008

3.50 £0.03 +=0.04
0.288 £0.008+0.003

BESIII preliminary, with 0.92 fb! data, will improve with

full.2.9 fb! soon. Form facter.measurement ongoing.
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Charm Physics (all preliminary)

 D*2>utv

e DK/ etV

» Search for D? =2 yy
* Dstagging



EventaMeV

Search for DO—yy

* Forbidden FCNC transition (c — u+Yy);
* SM prediction: B(D°—yy)~107° or less;

* Results presented in B(D°—y)/B(D*—n°r’) < 5.8 x 1073
UL @ 90% CL, or B(D°—y) < 4.6 x 10 UL @ 90% CL
(preliminary, to be improved);

 PDG 2.7 x 10>, CLEO-c preli. 8.63 x 10, BaBar 2.2 x 10°.

T T | T | T T T I T T T
T 1 1 1 I 1 1 T 1 I 1 1 T 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 15' __
- I = | —_
800 — ----- Fitted ARGUS bkg function — L -
- —— The estimated background . 1 I 0 7]
F == The scaled and 20 __ D %W ‘29i71 eventS __
L estimated background i L ‘ -
00 - | ] »
L N0__ 00 Z i
DY—>m°n’: 40814117 events s 15—‘ \ .
3 NEL
400 S L I
& ok -
200
: ]
T 1
i ISt 1
o v vy v e b v b by 0 1 1 1 | 1 1 1 |- |.|I| L |...T-.“h11T|TT._ ﬁi-._j-Il-HT._
G.Buangl840 1850 1860 1870 1880 FpCP2012, May 21-25  -400 2200 0 200 51 400

My, (MeV/c") AE (MeV)



Charm Physics (all preliminary)

 D*2>utv

e DK/ etV

e Search for D% 2 yy
* Ds tagging



D, Tag

;1400_— ;‘ F
© R GZZOZ
920~ BESIII S0 BESIII
S | Preliminary 10 Preliminary
=000~ <160/
%800:— %140%
| o~1.6MeV | " o~ 1.4 MeV
600 — 100:—
L 80
400 50;_
40__

200

(part of data @ 4010 MeV)

Tl

©o
w

I\‘\
2

mhc

L g MR

2 i ‘12.01
m, (GeV)

fps (both u and T modes ) measurement underway

Note: this data is at 4010 MeV:

We plan to run at 4170 MeV: ~0.9 nb of D;* D
pro: higher cross-section; con: need D¢ transition photon (D;* — yDJ)

~0.3nbof DD



T Mass Scan



=
T Mass measurement & =
g =
£
g =~
| | | @
| ]
DASP 1807+ 20 , - &
I T
SPEC 1787 = (b) 17
-18 : - ﬂa-.;l_-‘- 800 ~J @
5L i : 1 )
Markll 1787+-10 | e =S 400 i &
+2 0 L ' . \ ' . ) 2 f _.j N’
DELCO 1783, e 0 3 = = 5 [
Scan Point a
ARGUS 1776.3:2.8 v _ 1
12 points, Lum.: 5 pb~
CLEO 1778.2:1.4 N
2 1 | I I !
OPAL 1775.1+1.9 ol |
(b)
Belle 1776.77+0.35 . =
BES  1776.96 ., | S
t';_29 %}J 1
KEDR 1776.80,,, . e
&
| | | | | S
1700 1725 1750 1775 1800 1825
m_(MeV) )
3540 3560 3880 3600 3553 3554

— 0.18 + 0.25
M, =1776.96 *0.18+025 Mey . (GeV)

oM./ M. =1.7x10"*  BES] results: stat. err. (0.18 /0.21)
PDB&AG1776.82+0.16 MeV ~iig'compatible with syst. (0.25/ 0:17)




t Mass measurement in 2012

New beam energy measurement system with a precision of 5x10-;

Data at 4 energy points were taken, ~5 pb-! at the t threshold;

Expect statistical precision is £0.3 MeV, systematic error <0.1 MeV;,

More data expected later this year to reduce statistical precision to 0.1 MeV.

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

Cross Section (nb)

O. _i | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
?.54 355 356 357 358 359 360 3.61
G.S. Huang FPCPZOW IQ@QM} 56




Summary

» BESITII is successfully operating since 2008:
O World largest data samples at J/y, w(2S),w(3770), w(4040), still growing...

» Light quark states:

Q confirmation the enhancement at pp threshold in J/y—ypp , J7¢ =0+ .
O First observation: 1(1405)—f,(980)n° (isospin breaking).

O oo threshold enhancement in J/y—ywd.

Q mn system in J/y—ynn.

» Charmonium transitions and decays:
O Precision measurements of h.and n.(1S) properties.
O first observation of n.(2S) in y(25)—m.(2S) decay.
Q First evidence of y(2S)— yyJ/v.

» Charm decays:
Q D*—u'v,D%—= K/mev, DO — vy.

» T mass measurement.
> Lots of results published, more to come!

G.S. Huang FPCP2012, May 21-25 57



