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Charmonium: Positronium of QCD
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Charmonium states are narrow
and well separated !
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Institute of High Energy Physics, Beijing

* The Institute of High Energy Physics (IHEP) is the biggest and most comprehensive
fundamental research center in China.

 The major research fields of IHEP are particle physics, accelerator physics and
technologies, radiation technologies and applications

— 1000 employees, ~ 650 physicists and engineers,
— 400 PhD Students and Postdocs
e Established in 1950, and became an independent institute for HEP in 1973
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#<2004: start BEPCII consTrucTﬂ
2008: test run of BEPCII
2009-now: BECPII/BESIII
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Beam energy:
1.0-2.3 GeV

Design Luminosity:
1x103%3 cm-2s1

Achieved Luminosity:
0.65%x1033 cm2s1

Optimum energy:
1.89 GeV

Energy spread:
5.16 X104

No. of bunches:
93

Bunch length:
1.5cm

Total current:
091A

Circumference :

237m




BESIIII detector: all new !

BESIII Detector s calorimeter

Precision tracking

Magnet: 1T Super conducting Time-of-flight + dE/dx PID

MDC: small cell & Gas:
HelC,H, (60/40), 43 layers

R o B UE/ : 0 %% “ree
SIeeeeaee e, i o vl H /dx—6%
g B
@ 8 TOF:
o= 100 ps Barrel

110 ps Endcap

Muon ID: 9 lavers RPC

F—

1 L
e ——— 8 layers for endcap

AE/E =2.5% @1 GeV Event rate = 4 kHz

EMC: Csl crystal, 28 cm | Data Acquisition:
oz = 0.6 cmVE Total data volume ~ 50 MB/s




Data samples

« So far BESIII has collected : _(x10°

M 200

+ 2009: 225 Million J/y o =y

* 2009: 106 Million v’ 160 ,

—

« 2010-11: 2.9 b W(3770) " y

(3.5 x CLEO-c) 120
- May 2011: 0.48fbL @4010

MeV: Ds, XYZ
spectroscopy %0

e Plans for 2012: 60
- 1 Billion J/iy, 700 Milliony %
. 20
Tau mass scan e a _l
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Physics Topics at BESIII

€ Light hadron spectroscopy
€ search for non-qg or non-qqq states
€ meson spectroscopy
€ baryon spectroscopy

€ Production and decay mechanisms of
charmonium states: J/y, y(2S), Nc(1S), %cio,1,237 0809.1869

Nc(2S), he(*P,), W(3770), etc.
New Charmonium states above open charm threshold (X,Y,Z2)

arXiv:

€ Precise measurement of R values
€ Precise measurement of CKM matrix elements

€ Search for DDbar mixing, CP violation, etc.
€ Search for rare and forbidden decays
€ Precision Tau mass measurement via threshold scan




Study of the spectroscopy — towards deeper

understanding of hadron structure

Glueball spectrum from LQCD

m Motivation:
Establish spectrum of light hadrons
Search for non-conventional hadrons 12} _ |9

0 m—
Understand how hadrons are formed .
10 e
: T |
® Why at a t-charm collider ? e b
O Gluon rich i R ;
. o I 1
O Clean environment = .
hadrons o 6l 2++_0 —

O JPC filter

4 0++—

hadrons Y. Chen et al., [
2 PRD 73 (2006)014516
0 ‘ : : 0
hadrons ++ -+ +- - 3
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Physics Topics at BESIII

€ Light hadron spectroscopy
& search for non-qq or non-qqq states
€ meson spectroscopy
€ baryon spectroscopy

@ Production and decay mechanisms of
charmonium states: J/y, y(2S), Nc(1S), %0123 0809.1869

Nc(2S), he(*P,), W(3770), etc.
New Charmonium states above D threshold (X,Y,Z)

arXiv:

€ Precise measurement of R values
€ Precise measurement of CKM matrix elements

€ Search for DDbar mixing, CP violation, etc.
€ Search for rare and forbidden decays
€ Precision Tau mass measurement via threshold scan




O .‘
® What to study ?

CIProduction, decays,
transitions, spectrum

® For what ?

C1A lab at the interface of
pQCD and non-pQCD

C1Calibrate LQCD

CTHow do quarks form a
hadron ?

B Why at a tau-charm
collider ?

[JA clean environment
[ITagging possible
CIAbundantly produced

Charmonium physics

unassigned

Charmonium mesons

[— states 1", 01’ 1;’
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Orbital levels

Examples of interesting/long standing issues:

*pT puzzle

* Missing states ?

e Mixing of states ?

* New states above open charm
threshold(X,Y,Z)
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Physics Topics at BESIII

€ Light hadron spectroscopy
& search for non-qq or non-qqq states
€ meson spectroscopy
€ baryon spectroscopy

€ Production and decay mechanisms of
charmonium states: J/y, y(2S), Nc(1S), %cio,1,237 0809.1869

Nc(2S), he(*Py), W(3770), etc.
New Charmonium states abov D threshold (X,Y Z)

arXiv:

0 Precise measurement of R values
€ Precise measurement of CKM matrix elements

€ Search for DDbar mixing, CP violation, etc.
€ Search for rare and forbidden decays
€ Precision Tau mass measurement via threshold scan




R values and precision tests of the
Standard Model

e Measurements of the total cross section for ete —annihilation into hadrons
are

* Indispensable input for the determination of the non—perturbative
hadronic contribution to the running of the QED fine structure constant,

= An essential input parameter in precision electroweak measurements

Rpaa(s) = 22 (e"e” — 7" — hadrons)
7 T T T | T T T T T T - ‘ : ‘ :
L (25) o ;
6 } Mark-I ' | ‘ ‘ E
| e .
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Physics Topics at BESIII

€ Light hadron spectroscopy
& search for non-qq or non-qqq states
€ meson spectroscopy
€ baryon spectroscopy

€ Production and decay mechanisms of
charmonium states: J/y, y(2S), Nc(1S), %cio,1,237 0809.1869

Nc(28), he(*Py), W(3770), etc.
New Charmonium states abov D threshold (X,Y,2)

arXiv:

€ Precise measurement of R values
€ Precise measurement of CKM matrix elements

€ Search for DDbar mixing, CP violation, etc.
€ Search for rare and forbidden decays
€ Precision Tau mass measurement via threshold scan




Leptonic decays of D mesons:
Non-perturbative QCD meets CKM physics

D+ decay constant CKM Matrix Element

(D" — (Tv) =

i

G5 m?
F 2 z ant
8[ fl2)+'m-1 J‘[{’)+ (1 — ) |‘/cd|2

172
M2,

I+
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Decay constants and Lattice QCD

CLEO-c f, = 259.5 + 6.6 + 3.1 MeV
P CLEO-c
Lattice: 241 + 3 MeV [HPQCD-UKQCD]
p——— LQCD [MILC-FNAL)
249 + 11 MeV [Fermilab-MILC] o LOCD [HPOCD-UKOCD]
CLEO-c f,=205.8 + 8.5+ 2.5 MeV coom £ Mev)
Lattice: 208 + 4 MeV [HPQCD-UKQCD] D
207 £ 11 MeV [Fermilab-MILC]
— - +— BaBar
CLEO-c f,, /f,=1.26 + 0.06 + 0.02 H————H Belle
Lattice: 1.162 + 0.009 [HPQCD-UKQCD] e CLEO-C
1.200 + 0.027 [Fermilab-MILC] A CEO e
p———— CLEO-C 7
i CLEO-c combined
2.3 o difference for fy. real ? T LOCD [MILCFNAL]
BESIII may resolve this issue, o LQCD [HPQCD-UKQCD]
reaChlng the prQC|S|0n Of LQCD. 200 220 240 iﬁh%eV) 280 300 320
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Search for new physics

e Energy frontier (LHC)

—Direct production of new particles
* Higgs, SUSY etc.

* Precision frontier (SuperB, Tau/Charm
factories, other precision experiments)

—New physics appears in loops

* Modified SM decay rates
—Look at rare or forbidden decay modes

—Non-SM-CP violation

—Invisible decays

18




Selected results

Light hadron spectroscopy
Charmonium spectroscopy

Open charm production

19




Observation of proton-antiproton mass threshold
enhancement
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M=1859 *° ™ MeV/c2
-10 -25

I' <30 MeV/c? (90% CL)
PRL 91 (2003) 022001

Events/(0.005GeV/c?)
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Chinese Physics C 34, 421 (2010)
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JIy = ypp
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» Evident narrow ppbar mass threshold enhancement in J/{ decays.

» Partial Wave Analysis (PWA)
e Convariant tensor amplitudes (S. Dulat and B. S. Zou, Eur.Phys.J A 26:125, 2005).
* |Include the Julich-FSI effect (A. Sirbirtsev et al. Phys.Rev.D 71:054010, 2005).
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Preliminary:
PWA results and projectionsin J/y = VYpp

Component | J* | M (GeV) I' (GeV) Stat.sig.

X(pp) 0-" | 1.832£0.005 | 0.013+£0.020 | > 300
f0(2100) | 0FF 2.103 0.209 11.20
f2(1910) | 2% 1.903 0.196 770
phase space | 07T - - 6.30

G0k chi2/nbin=1.251976] GB00F ™ Chid/nbint1.513776 | L800F
> | 2700F 1 2700}
G600} —X(pP) S | Ok
S canf —0°PS = 600F 1 S600F
=>00F fo(2100) Ss500F 1 S50k
Z400f 190 2, 0f PN
‘§ ) 5400; ] 5400;—
3 300F ) + M 3000 1 300}
200p 4 * 1 200f {1 200}
100f 100f 1 100f
0: e 1 0: 2 0:
00 01 02 03 14 16 18 20 1.4
M -2m,(GeV/c?) M, (GeV/c?)

* chi2/nbin=1.36

| ]

18 2.0
Mﬁ(GeV/cz)
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PWA on the ppbar mass threshold structure in \|;' - Ypp

: : _ % |[BESIN 19 F Lasmnmo o (b)
Obviously different line T el dJ 1% o iR
shape of ppbar mass g | S sf RN
spectrum near threshold from| <
that in J/y decays < \ ST TS

s 30 3% sty
____________________________________________________ MEPGeV/e)  MinGeviey
PWA results: PWA Projection:

e Significance of X(ppbar) is larger than 6.90. g 3sf | ([ omZbin-0RETIN0
e The production ratio R: [first measurement | & 39 '
/ —_ = 25
R By > yX(pp)) S 20
B(J v > 7X(pP) 2w g
= (5.08+0.56(stat) ", ;7 (syst) £ 0.12(mod))% 5t =
 Suppressed, consistent with “12% rule”. Bo™ o M. m (GeV/e)
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Confirmation of X(1835) and
Observation of two new structures

PRL. 95,262001(2000)

<, 120
> BESII
% 80 |-
]
E 40
5 | PRL 106 072002(2011)
° 1.4 2.0 21) 500F
M( ") (GeV/c?) > -
[ N
o g4m)
J/y—y'pi*pi- S :
n'—npi+pi- = 300}
’ E ) B
=rhe 2 f1(
m =
100:
0

f"."."..-|...|...|...|...|...|...:
1.41.61.82022242628
(GeV/c?)

TETCT]
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Confirmation of X(1835) and
Observation of two new structures

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

X(1835)  1836.5:3.0"%6,,  190.1+9.0*38_, >200

X(2120)  2122.4+6.7%7,, 83+16"31, 7.20

X(2370)  2376.3:8.7°32,, 834174, 6 40

W
(=3
(=3
(=]

BESIIT 1

3000 [~

1 1
T
1 1 1
= = =t ]
2000 [ .
1000 |- .
B o o o o i

00 0z Joa 06 08 10
|cosO, |

dN/d|cos9, |
8
S
I
!

PWA is needed to understand

these structures.

X(1835) consistent with O-*
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ro Mg

What's the nature of these structures?

12 t

10 |

PRD73,014516(2006) Y.Chen et al

i 2++_

| 0++_

0" —
2" m— w—
%__ ——
[a—1

3 — 3 —

O e— 1+ —

0-*: 2560(35)(120) .
2*+: 2390(30)(120)

bt -+ +-

1 5

Mg (GeV)

v'First time observation of resonant

structures in the 2.4 GeV/c? region

LQCD prediction: lowest
pseudoscalar glueball:
around 2.4 GeV

J/y-->yppn' decay suitable
for observing 0" glueballs.

v'"Nature of X(2120)/X(2370)
pseudoscalar glueball ?
n/mn’ excited states?
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Entries/MeV

EM transition inclusive photon spectrum

N, (2'Sy - v (2°S))

3
g_<10 ] h Yot (1°P))
-~ Xo2 Xo1 teo (1)
- C C
- \ Xco ;
Iy (1°S,)
200 5 0 (115, 1
Z X122V /WY
100(—

l]lllllll

BESIII preliminary
| | ] |
200 300 400 500

—t
S
°11111||[1|1|1111

E /MeV
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Observation of h, (taged and inclusive)

PRL104, 132002 (2010)

—| Tag the E1 photon, yields:

ot R E1 photon tagged (2S) — n%hc) x B(he — ync)
: =(4.58 £0.40 £ 0.50) x 10
(consistent with CLEO-c)

Inclusive analysis provides:

B -68888

B(y(2S) — n%h,) (first measurement)
=84+13%x1.0)x101*

Combining the two results:

Bhe =) =(543x26.7+5.2)%

(first measurement)

Natural width of he:
['(h.) = 0.73 £0.45 + 0.28 MeV /¢’

(first measurement)

Hyperfine splitting:

351 35 353 354 )
70 vecoil mass (GeV/c?) AMys = —0.10%0.13 +0.18 MeV /c

(consistent with zero)

28




f:

Nc resonance
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L 200
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Events / ( 0.01 GeV/c?)
g

[$)]
o

NS
]

2.8 29 3 3.1 3.2 %.7 2.8 29 3 3.1 3.2
2
M0 (GeV/ic?)
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% 250 BESIII % 200
) imi O]
O 200 preliminary o
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© 150 °
g = 100
© 100 @
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o ; o 50
& °F @
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2 2

Simultaneous fit with BW by considering the interference between n. and
non-n. decays, as well as the energy dependence of phase space:

mass: 2984.410.5,,,+0.6,,, MeV/c? f: relative phase between 1.
width: 30. 5+1.0,,4+0.9,,. MeV decay and non-resonant

2 35+0 05.. .+0 04_ _ rad component at the signal region,
: =Y -¥Ystat=" -~ "sys

assuming non-n. is 0™ .




Comparison of the mass and width for n,

The world average in PDG62010 was using earlier results
2= s

T ] T T T T I T
= Belle yy Belle yy
CLEO yy CLEO vy
BaBar yy —®—— BaBaryy
CLEOc J/y CLEOc Jy
(stat. onIy) (stat. only)
BESIIy’ BESIIIy’
| 1 1 1 | 1 | | 1 1 1 I 1 1 1 I I 1 1 ] 1 | I 1 1 1 I 1 1 | I I | 1 1 1 I 1 |
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
1, mass (MeV) n, width (MeV)

BESIIT results include both stat. and syst. errors, which
is the most precision measurement: the interference between
N. decay and non-resonant contributions is important.
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Preliminary results on N* baryon in w—npp decay

ialitz plot of Tit

result

B_ES”J Dalitz plot

data

-
o= —
-=a N
- N
ao= B
= o
Sa= L B
Lo =u= S
b = ' B
o Hes = [ =
= | — o= > =OOo =
= - 3 =
S o = S
= moo= =
= BN = —
= == =
ar—

Dalitz plot
MC fit

A full PWA is
performed.

RMS 0.3845
|¥*  nbin = 1.65038499889

N(1535)

— Data
1]

M(pn)
Br(y'—ppn)=(6.6+0.2+0.6)x107°
PDG2010: (6.0+1.2)x105

+C.C.)

4 I nbin = 0.87087064524

== ||I¢ Integration

=—TN(1535) is 1/2-

Mass:
1.524 700070 Bavic?

Width:

0.027+0.0
- | 0. 130+0 027+0 0‘?’4?

Br(y' eN(1535)p)><Br'(N(1535)—>pn

= 5.5%37 %107
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New results on n'—3pi in J/y—7ppp

= — 160 - BESIII preliminary ‘
__900F ﬂ BESIII preliminary f}’: o0 :
0 800F O 140 00w :0
> 7005 > 120F J/y—vpipi°pi
) = ;4 O =
O so00f < 100F
S 500 1T/ by e 0 O F
s 2% L J/y=prpiplt o sof
E 4005— ~P~ g 60;—
T A S 40F
2 200& - B ok
100 A e : # X
e IJIAJ_g H.-.'l/‘l__. i T e R ST T 0 o A T I . O
ds5 09 095 1 105 11 0.860.88 0.9 0.920.940.960.98 1 1.021.04
2
M(m*t0)/(GeV/c?) M(n°n°n0)/(GeV/c?)

Preliminary results:
Br(n — mt77") = (3.83 £0.15(stat.) £ 0.39(sys.)) x 1077
PDG2010: (3.6*'',,) 1073 (2009 CLEO-c)
Br(n’ — 37Y) = (3.56 & 0.22(stat.) + 0.34(sys.)) x 107
PDG2010: (1.68+0.22)" 1073 (1984: GAM2)
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Observation of n.(2S) in v—yn.(2S)M.(2S)—KKp

& | ' T BESI préliminary 1 M(1(2S5)) = (3638.5+2.3+1.0) MeV/c?
SN —— data B
% 10 — fitting results EiN(nC(ZS)) 50.623.7
v === X 1 Statistical significance larger than
8. 102 = _'nc(2s) —ZGOSI
3 _____ bElegl'Olllld e i L lliti™®f£le i i
Z ¥, ' E Br(v’-2>m.(2S)2>YKsKmn)
% 10t T ' ':! = \ = :(2'98i0'578tati0'488y8) x10-6
i Bt X +
| w4 | Br(n.(2S)>KKnm)=(1.9+0.4+1.1)%
e From BABAR(PRD78,012006)
M:((;Kn (GeV/ch) | |

(Ef, X BW(m) X damping(E,)) ® Gauss(0, o)

1

M1 transition

5
E{)

EyEo + (Ey — Eo)’

Br(y’=>n(29))
=(4.72£0.944,1%3.0,5) x10

CLEO-c: <7.6° 10
PRD81,052002(2010)

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




Evidence for ¢’ decays into ypi and yn

PRL105, 261801(2010),

Y(28) = m . P(28) — yn®
. (First Observation) Maendnd o (First Observation)
S f ‘ —
< - - L 70
> | B o | Baem i
g o | nl g
5 | .
strange / ___q . 1 460
depletion! S~ ° '
—_—
430 g .
g’ 2
-~ Yy “‘L‘L‘ o ar ol 0% 0% 1 108
Mass (GeV /") Mass (GeV /") x10-6
BR 10-% BESII Combined BESIII  PDG10 |
(T — 158+ 040+0.13 158+040+013 <5
V= 'm('.'r"'r*':ro) 1.78 £ 0.72 £ 0.17 l
W = yp(r°=%x°) 107+ 065+008 1.38+048+0.09 <2 |
\U: — 7"‘”1(” =*n) 120+ 5+8 1‘
V' — YMigeg) (7 Tnty) 120+ 3+8 126+3+8 121+8
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Some surprises
PRL105, 261801(2010)

; AR AAAAVAVAVARY' . NN NN Y
Jhp OO0O00000) , VS Y(2S)  {OETON0N00)
’ | norm ' normn
000000000 ——— > 00000 ———
Theory Experiment
CLEO-c BT ) PRD79, 111101 (2009)
Br((cc)—~n) R _ BU/y—=m
= — : J/ ¥ — ~n =(211+x0.9) %
A(ce) Br((cc)—~n') § Sl BUy—yn) = :
. (consistent with other measurements
LO_pQCD -~ of n-n" mixing angle and LO-pQCD)
U . BESIII
: 25) —
Ry = B¥EI=M (11040382007 %
Ry ~ RJ/\U ‘ B((28) = ym)

(consistent with upper limit from CLEO-c)

PRP 112,173 (1984)

Difference?: Other processes contributing? Related to ptr puzzle, ... ??

Q. Zhao, PLB697(2011)52




Clean single tag at BESI|| .

@w(3770) with 420pb-! first clean single tagging signals: o ¢
— ' A"
12000 T T T3 L ' "
- 1 14000f
10000 BESIII : o BESIII
" Preliminar ] - Preliminar
8000 Y 1 10000 Y
- : 4 B 2 2
6000~ 80005 MBC - \/Ebeam_| pD |
- 6000 :
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Summary

* A new facility for Charm/Tau physics went successfully into
operation

e Huge amounts of J/\, U (2s) and D mesons can be produced
and studied with a state-of-the art detector

e Precision physics with the potential for standard model tests

e Light hadron spectroscopy, search for exotica in charmonium
decays (glue-rich environment)

e Charmonium spectroscopy, open charm physics
e First two years of running

—Many updates to PDG

—New states of unknown structure

—Some puzzles and surprises




Publications (2010/11)

* Charmonium Spectroscopy and Transitions
- Properties of the h,  (PRL 104, 132002 (2010))

-y'->ywl/y  (submitted soon )

* Charmonium Decays
- ¢d - m°n°, nn (PRD 81, 052005 (2010))
-¢cJ = yp, YW, YO (PRD83,112005(2011))
-cd - ww, 99, WY (PRL 107, 092001 (2011))
-y'->ym0, yn,yn'  (PRL 105, 261801 (2010))
-x, > 4n®  (PRD 83, 012006 (2011) )

-n,n'andn_—»nn  (Phys. Rev. D 84, 032006 (2011))
- Observation of x , — ppK'K"  (PRD83,112009(2011))

* Light Quark States
- a,(980) - f,(980) mixing  (PRD 83, 032003 (2011) )
-n' - nmm matrix element  (PRD 83, 012003 (2011))
- X(1860) in J/y = v(pp)  (Chinese Physics C 34, 4 (2010))
- X(1835) in J/y = y(n'mm) (PRL 106, 072002 (2011))
- X(1870) in J/y —» w(nm'm) (submitted to PRL)
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