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Introduction to charm quark and charmonia

Recent results
- New resonances, a,(980)-f,(980) mixing
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The ¢ Quark and Its Discovery

¢ quark was predicted by S. Glashow, J.Lliopoulos
and L. Maiani in 1970. Discovered in 1974.

Nobel prize for physics of 1976
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Charm Quark and the Standard Model

Three Generations
of Matter (Fermions)
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The Charmonium States

Parity:

P= (_1)L+1, C= (_1)L+S
Total spin:

S=0, 1

Total angular momentum:
J=S+L
Quantum state: n>"'L

Quantum number: JC
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Quarkonium Potential

Potential = Coulomb + Linear 3
4 o, 05 |
V=
3 V 0}

* Heavy quarks can be treated as noneg, |

relativistic approximation

» One gluon exchange dominant at small |

distance (asymptotic freedom): V~1/_r1_5

 Confining potential at large distance:
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» Consider spin-spin efferct

| QCD potential
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Charmonium Production

e*e” annihilation Initial state radiation Two-photon production

N p|_3 annihilation

s All quantum number
Double _charmomum available
production

a '.‘ g
u

Color suppressed
b—c decays



Charmonium Transition and Decays

Quarkonium are unstable and decays through

* Annihilation ¢ €
- Generally suppressed for bound states EMe+

- Clean experimental signal to decay to leptons

« Strong interaction ¢
- Dominant above D meson (3.77 GeV) 54((" < C
- Suppressed below M, threshold ’ \g~d C
« Radiative transition

gl

- EM radiative transition emits y J_,"f ¢
- Emission of gluons produce light quarks c

c
c

gl

Decays features

« Suppression of strong decays leads to narrow width, thus onger
life time

« Radiative transitions are most accessible, and competitive
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Data Sample For Jhp and y(2S)

(x106) e jp, 200
200 m—y25)
150 - 100
100 - 58

0 ,/hl —I -I | JI |

MKIlIT CBAL BESI BESIHI CLEO BESII

Both CELO and BESIII have ~900 pb-' data sample
taken at \(3770)

P1C2010 Karlsruhe, Zhengguo Zhao



g B

Evial).005 Gewle?
)

pp Mass Threshold

58 M Jhp Data Sample
————

PP -
9 BESII: PRL 91 (2003) 022001-
: JIy—=ypp 4 M=1859" (stat):(syst)
S I <30MeV /c2(90%C.L.)
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"0 0.1 0.2
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The observed anomalous enhancement near pp
mass threshold stimulated theoretical discussions

* pp bound states
« FSI effect
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Statistical error only!



¢ 26 M y(2S) data sample
* Y(2S)—=ntwdhp, Jp—>ypp

Events / 20 MeV/c’

SIS

2 :

Confirmation from CLEO

QWG2010
Z. Metreveli

JN—ppy

0 100 200 300 400 500 600 700 800 900
AM=M(pp)-2m_ (MeV/c’)

* Fit with one resonance as BES
did
M =1861° MeV
I=0%°MeV
B,(J/y — yR) x B,(R — pp) =593 x107

* Fit with three contributions

Rir + 5(2100) + PS

(1) (2) (3)
M =1837" ) (stat)", (syst)MeV
'=0""MeV(26.1%C L.)
B,(JIp — yR) x B,(R — pp)
=[11.42; (stat)?y > (syst)] x 107



Events/ 5 MeVic

pp Threshold from w( )eypp

) 20 10, RSLEARL N
7 \ui + 155‘ -5
E ~ # +*+ ¢ + 3 :
2% 1t + i e
0} Sf
BES 111 | : BESH 3
0Bt o . Prlehmma'y et 5, %% “21“2.2“12%41“2%51 Hz%el :11312
M(pp)-2m (GeV/c') PRL 99 (2007) 011802 Mpp (GeV)
2 —
Tl | BESI | CLEO
E N(event) 1.7+ 6.7 9,4 *10
B(w(2S)—>YR)*B(R—pp) <54%x106 <1.6x10°
(90% C.L.)

* No threshold enhancement are observed
0 Q.05 Q.7 0.15 02 0.25 03 . .
AM = M(BB) - 2m, (GeV) Pure FSl is disfavored

P1C2010 Karlsruhe, Zhengguo Zhao 13
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Observation of X(1835) from Jhp—ymtnn’

N =N
o
T

| BESII: PRL95,262001(2005) [ M=1833.76.1(stat)+2.7(syst)MeV

I'=67.7£20.3(stst)x7.7(syst)MeV

« X(18395) is confirmed at BESIII
 Two new resonances are observed

14 2.0 26 * PWAis needed, inference among the
M(z*zm’) (GeVic?) resonances needs to be considered
3 N'->yp, T

sig.
()
25

X(1835) 1838.1+2.8  179.5%9.1
X(2120) 2124.84¢56 10114 7.2
X(2370) 2371.0+6.4  108+15 6.7

1416182022242628
M“_n,(GeVIcz) ;2010 Karlsruhe, Zhengguo Zhao 14
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- ,(1285)
Nn(1405) Wb

PO
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M=1873 + 11 MeV
['=82 + 19 MeV

Statistical error only!

Is X(1870) a new resonance, or n,(1870) or X(1835)7?



Study of a,(980) — ,(980) mixing

« Mixing intensity provides important information in
understanding the nature of a,(980) and f,(980).

* Narrow peak (8 MeV) at around 980 MeV can be expected
in N (J/y — ¢f, — da, — ¢n1m case) or T (x4 — QT
— f 1% — 10 case) invariant mass spectra.

J.Wu, Q.Zhao, B.Zou PRD75 114012, J.Wu, B.Zou PRD78 074017
C. Hanhart etc. PRD76 074028,
etc.
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a,(980)-f,(980) mixing: f,~>a, transition

J/y>¢fo>0ae>¢nn°

N
=

Significance:

3.30

e

s . T J I
08 09 1 11 12

M(nr°)/(GeV/c?)
... Mixing signal

--- a,(980) contribution from
J/v>7*/K*K>¢a,(980)

--- Background polynomial

— —
(=) O,
T LI N N

Events / ( 0.01)

o))

BESIII
Preliminary

N(mixing)=24.7 £ 8.6

(<36.7 @90% C.L)
Br(l/w — ¢ f, — ¢pa, —> ¢nr’)
=(3.1+£1.1+£0.8)x10™°

(<5.5x10™° @ 90% C.L.)
Mixing mntensity:
_Br(/y > ¢f, > ¢a, > ¢nr’)
" By > ¢f, > prr)PY
=(0.6£0.24+0.2)%

(<1.1% @ 90% C.L.)

U
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a,(980) - f,(980) mixi

V' DVYe1r Xer2Apn0>fon0>n+n-n0

ng: a, >f transition

BESIII
Preliminary

Significance

2.00

(o)}
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o

N ___

N(mixing)=6.5+3.2
(<12.1 @90% C.L)

! 0 0 + — 0
Br(v — 7 )Bt(Y, > agT > fof 7T 7T 7))

[ 4=(2.841.4+0.5)x107
[ L]

M(m* )/ (GeV/c?)
... Mixing signal

--- f,(980) contribution
from other processes

--- Background polynomial

08 09 1 141 12

Mixing intensity:

_Bi(y, »anx’ > fr' >xr )

o
L

Daf [PDG]

Br(y., > n’a, >nr’n’)
—(0.340.2+0.1)%
(<0.9% (@ 90% C.L.)

arlsruhe, Zhengguo Zhao 18



Events/(2.5 MeV/cz)

e +~ o ® =
IS IS S S S

=

e*e—e'en, N, KK

Babar: PRD 81 052010 (2010)
V. Druzhinin ICHEP2010

| M(MeV)

o PDG 2980 + 1.2 27.4 2.9
{ 470fb1 @ Babar 2982+0.4%1.5 31.7+1.2+0.8

['(n—>vy)B(n—KKn) keV

NCAZERE CLEO| 0.407+0.022+0.028

T Mok Babar 0.379+0.009+0.031

'

N =13890+320+670
N(n)=13890£320:670 = 51y 5 0.44+0.04

2.8 2.9 3 3.1 ‘)3.2

My, (GeV/c?)

uuuuuu 0 Karlsruhe, Zhengguo Zhao 19



Cross Section and Form Factor efe—e*em,
__Babar: QWG 2010, Christ West

T | E \ Form factor e*e—e* enc
z 0t Cross section of S os [}
S ty  ete—e‘en, = | "-..,_O pQCD PLB413, 410(1997)
2 +
% 1 +_+_ 0.6
—+— |
F 0.4 -
0 —t— '
; !
f 021 Systematically ~— ——+—
10 '; ; ~ lower than LO pQCD ’
0 10 20 30 40 50 00 T, 20 30 40 50
Q™ (GeV7)

« N=8.5+0.6+0.7 GeV? consistent with theoretical predictions
A= 8.4 £ 0.4GeV? (Lattice QCD)
A =m?3(Jhp) = 9.6 0.6 GeV? (Vector meson dominant)



Events / ( 0.004 GeV/c?)

Events / ( 0.004 GeV/c?)

vy —=1N.(29), n.(2S) =K. K n/K* K-t !

KK m
. preliminary | n, Babar: V. Druzhinin ICHEP2010
Qe s WY, O . T
600 N(n.(2S)) =620+70+30
- PDG  3630+3.4+1.0 17.0+8.3+2.5
; 1
2001 512 b Babar 3638.3+1.5+0.5 14.2+4.4+25
RN N S '3.16'“'0';.18" ' "24
m(KSKn) (GeV/c)
i First measurement
1200} 4 o
00 BG.. > KK ”jriﬂ )=l.44i0.06i0.26,
e B(n. > KK 7")
000 o M B(.28) > KK a'n ") _ 52404405
wo- K K.Tli T i, B(n.(25) > K.K°7) +0.4+
20— preliminary N(n(2S)) =1190+130£180
028 28 3 3z 84 36 38 4
m(KKnnn®) (GeV/c?)
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Events/5 MeV

First Observation of 1.(2S) —6 prongs
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Belle: H. Nakazawa, ICHEP2010

200
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75
50
25

0 11 1 1
S5

Invariant mass in GeV

First observations

M( 7 (2S)) MeV/c? I (n (25)) MeV Ev(n (2S)) | Signi. | [, B(Nc(28)) eV
6TC 3638.9+1.6£2.3 10.74.9 1485274 | 850 |20.1%3.7+3.2
2K4AT 3634.7+1.6%+2.8 1473, <13 (90%C.L) 40791 620 |102+23+34
KK3m |3636.5+1.8%2.4 15957 Py 56371 870 |30.7£3.9+3.7
Average | 3636.9%1.1£2.5%5.0 ) 9.9+32%2.6%2.0 ) Ynceftainty from posisible interferende




MASS [GeV/c?]

3.8

2Mp

3.6

3.4

3.2

3.0

Search for Y(2S)—=yn.(2S)

49T

E1-Dominated Transitions
M1-Dominated Transitions

* 1.(2S) observed in B decays, vy
fusion and e*e'—=J/YX

* Only K,Kr decay mode observed
* M =3673+4 MeV/c?
T =14+7 MeV/c?

* For ¢(2S)—yn.(2S) search
- Allow M1 transition
- Predicted B: (0.1-6.2)x104
- search with exclusive decay
modes



Events / 4 MeV

P(2S)—=>1M(25)

CELO: QWG2010, Ryan Mitchell

0970309-006

1 "« Sum of the seven channels N, B,B, (X 10-5)
1201 ¢« No significant signals are Channel (90% C.L.)
100# == Oobserved KK 11.71 59749+ 1.8 <145
s + + 2(77; 17'”) 47.9; 9.0:%5 + 1.7 <14.6
¥ 3(mtar) 10.17 2.7+42 + 0.9 <13.2
60 |- R K'K mta 12.8% 2531 +0.9 <9.6
ol / ----- : K'K wta a° 3757167193 + 8.0 <43.0
E suggestive enhancement? e K+K_2(7Tf 7T_) —0.3"— Olfj?, +0.1 <9.7
20 [~ (but < 30) KK*m ntm™ 1297 6473+ 18 <15.2
0 I RN ST TR T SN S A RS R
0.03 0.04 0.05 0.06 0.07 0.08 0.09

Ey (GeV)
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Events / 4 MeV

Search for n(2S) with n,n’

_CLEO s

2of | by Nobs/Nogz B1B2 (X 107°)
Channel (90% C.L.)
1.0;0-Loo * o o900 n 4/43 <43

0.5 - —I_ — L U Ll 7’ ’ '
T T k'km 8/6s <5.9

osf oy 2/1.8 <14.2

0.5

Ofnuuun.uluuu‘l.unl

* No signal is seen

2.0F

15F

of] e 0
05|
| Lom -

Ey (GeV)

0 C
003 0.04 005 006 0.07 0.08 0.09

r1C2010 Karlsruhe, Zhengguo Zhao

25



Events / 8 MeV/c?

Events / 4 MeV

Search for n . (2S)—=ntnm(1S5)

CELO: QWGZO1O 0970309-005

20

S

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

RyaF Mitchell (a)

290 292 294 296 298 3.00 3.02 3.04

16 =

Inv mass of n_ (1S) candidate (GeV/c?)

14 |-

(b)

Decay channel
P(25)—>1N,(25)
N(25)—>mrn(1S)
N(1S)—=KKr/KKn'/4m/2K2x
Select mass of n(1S)

Look at energy of y

Branching fraction
B((28) = y1:(28)B(n.(28) = 7" 7~ n(15))

— Nsig
Nyos[X € X Bi(n (1))

= (-0.3970% +0.18) x10™
<1.7x107*(90%C L.)



P(2S)—Xpp, X=n,7°

CLEO

Quantity Events | CLEO result PDGO8
in 107 in 107

B(25) — vpp) 318422 | 4.2440.27+0.18 | 2.940.6

B-z,’:(QS)—>7r0pp):|>FaCtor of two improvement | 948437 | 15.540.6+0.6 | 13.3+1.7
B((28) — 5pp) 154+16 | 5.6£0.6£0.3 | 6.0+L2

Bi(1(2S) — vf2(1950)) x Ba(f2(1950) — pp) +c.c. | 11119 | 1.240.240.1
B1(14(25) — v£2(2150)) x By(f2(2150) — pp) + c.e. | 73£18 | 0.73£0.18+0.03

A
Q@
Bi(1p(2S) — p ’\7*(1440)) X Bo(N{(1440) — pa°) + c.c. | 474442 | 8.240.740.3
* 0 _ 3
B (4(28) — p /5(2300)) x Ba(N3(2300) — pr’) +c.c. | 26539 | 40406402 | [ [ D
Bi(y(25) Hyr R(2100)) x Ba(R(2100) — pp) + c.c. 76429 | 1.140.440.1 @
B (1(28) — 7R(2900)) x By(R(2900) — pp) +c.c. | 133438 | 2.3+0.6+0.1 g
¢/
-]

B1(14(25) — pN*(1535)) x Bo(N*(1535) — pn) + c.c. | 123+£16 |  4.4:+0.640.3
Bi(14(25) — nR(2100)) x By(R(2100) — pp) + c.c. 31410 | 1.240.440.1

P1C2010 Karlsruhe, Zhengguo Zhao 27




h. ('P,) State

» Potential model with spin-spin
Interaction gives none zero
AM,(1P) =

m(h,.) - —[m(xco) +3m(x, ) +35m(x,,)]

« E835 has the first evidence from =34

pp —>h. =,
 CLEO observed from
P(2S)—n’he, he—>m,
and reported
AM,~0.08+0.18+0.12 MeV/c?

3.6

YR

Mass (GeV

0.8l

3.8

3.0




CLEOc’s Result —y’>7’h_, h_2yn_, E1-tagged

2 o""ﬂ‘"”"mbw"\aa‘

1200
1000
800
800
400
200
o
250
=00
150
100
f=1e ]

o
-850
100

Events/t MeV

h,at CLEO

ARGU20R-Q0R

e
. 1

+++—++;++r—*#:#

4{ ?*WLM

3. Gl
° recoil

35"

353 351
mass in GevVv

CLEOC’s Result — y’2>n°h_, h.2yn_ exlusive

3850208-0D4

38
— 30
%—‘ 25
i 20
@ s |
$ 10 H
el r“***lﬂn}—l‘w*+ bt Ny s,
3.48 3.49 a.s 3.5 a.52 3.853 3.54 31.855
° recoil mass in GeV
Inclusive Exclusive
Counts 1146 =118 136 = 14
Significance 10.0e 13.20
M(h.) (MeV) 352535 (123 £ (.15 352521 £0.27 £ (.14
B, X B, X 100 422+044 +0.52 415+ 048 +0.77

PRI1.101,182003(2008)

CLEOC’s Result — y’>n’h,, h,D2(n*n)n°

PRDS80, 051106(2009).
0990609-002
150 r P ———— T
(a)
100
50
o f———————————
Mode efficiency (%)  Yield B1 x By x 10°
JT+K_/|0 27.0 10 .>9 < 0.19
Wnta u.' 188 92123 |188+3*}§+Gi\
3(ntx")x® 115 35126 (1.2+0.9+0.3) (<25)

In previous experiments, the absolute
branching ratio B(y(2S)->n’h ) and
B(h_2yn_) has not been measured.

P1C2010 Karlsruhe, Zhengguo Zhao 29



h, State at BESII|

Y(2S)— n’h, h.— yn,, E1 taged P(2S)— 7'h,
E ;4?;_ . . BESIII Esooooj STty BESIII
E: o AN gmo_ z(s)gg \
5 200¢ w0l 5300002—?&:
?g 0| ty 20000} | i s
1000l _202» T - Ty _ -500F t T
Y Y 353 353 CTEs T awm am s
70 recoil mass (GeV/@) 0 recoil mass (GeV/c?)
M(h.)=3525.40+0.13+0.18MeV First measurement
F(hc) = (0.7310.45+0.28MeV B(w,%ﬂohc)=(8.4i1 311 .O)x10'4

<1.44MeV@90%CL (15t measurement) B(h,—ym, )= (54.316.7+5.2)%
B(y(28)—>1%h,)xBr(h;—>yn; )
= (4.58 £ 0.40 £ 0.50) x10~ BESIII: PRL104, 132002(2010)




v (1 °P,) States

Study of the ., decays provide information to

» Understand gluonium, e.g. x.—~99—(qq)(qq)
C. Amsler and F. E. Close, Phys. Rev. D 53, 295 (1990).

» Test of Color Octet Mechanism
G. T. Bodwin et al., Phys Rev. Lett. D51, 1125 (1995).
H.-W. Huang and K.-T. Chao, Phys.Rev.D54, 6850(1996).
J. Bolz et al., Eur. Phys. J. C 2, 705 (1998).



Radiative Decays of ¥,

(g BE 5 o KT 49 +1+ 3
XeJ B+ K=+ 1.11%793% | 0.09
B - — Xc2 11 _0.34 :
K - N ys
% §§
Preliminary results from o MBS e |
-1
712 b Y (4S) data BO s v o1 KO 37.8717 + 3
B° 5 x2oK° <26 @ 90% CL

First evidence of

K1)

2 130;: -
Bt—=K* —vJhp) S ToE i
XCZ (XCZ Y w .g 1202— %:
1:;; B
60—
‘232: M, , (GeV/c?)
Ditedabiitmiraiiiatet. ... e 5 el w-ls
My, , (GeVicD)



Y(2S) = VXeps Koy — T, M5 /M —yy

Y1 — 110, NN not allowed by parity conservation.

<

2000~

Entries / (56 MeV
o)
S
I

o, TP --‘--qu-‘h‘b’:‘;"--'-ﬁ-.i
0.1

BESIII:

PRD 81, 052005
(2010).

CLEO:

PRD 79, 072007
(2009).

P(28)—yn’n® 3 300/ (2S)—ymn ;
_\T‘.f: 200
100_
: 0J203 0 _
E(y) (GeV) E(y) (GeV)
Decay mode Yeo (1079) Yo (1073)
BESIII | 3.23+0.03+0.23+0.14 | 0.88+0.02+0.06+0.04
n'n® | PDGO8 2.43+0.20 0.71+0.08
CLEOc | 2.94+0.07+0.32+0.15 | 0.68+0.03+0.07+0.04
BESIII | 3.44+0.10+0.24+0.20 | 0.65+0.04+0.05+0.03
M | PDGO8 2.4+0.4 <05
CLEOc | 3.1840.13+0.31+0.16 | 0.51+0.05+0.05+0.03




Evete/( 0.01 Geitfe®)

XCJ — YV (V:(I)a W, p)

B (106) BESIII CLEOc pQCD
PRL101,151801 hep-ph/0701009
(2008)
Yoo —> Y0 | <14.8 <6.4 0.46
o1 —> YO | 27.3+£5.5, <26 3.6
ClUgh B sy | <78 <13 1.1
My, (GeVie?) ’ Xco = YP° <9.5 <9.6 1.2
o I %eg =00 | 241214, | 243+19+22 14
p DESIIE Yoo —> Y| <19.7 <50 4.4
P Yoo — 0 | <117 <8.8 0.13
e ey Yot 1w | 735476, | 83415412 1.6
Ay —> Y e — YO <5.8 <7.0 0.5
_BESIIL - pQCD predictions<<exp. data. May be explained
" preliminary ) ]

35 34 345

“igeoa g

e y NP o o
s = J—

ML, (GeVic?)

by non-perturbative QCD loop corrections.

D.Y. Chen et al, arXiv:1005.0066v2.




Events

Yoy —> VV', (VIV' = w, $)

« BESII results: PLB 630, 7 (2005); PLB 642, 197 (2006)
* Didn’t observe ., — ¢¢ / wow (highly suppressed because

C-parity requires

L =2.

B(10-3)

Xco

Xc2

— 99

0.94+0.21+0.13

1.70+£0.30+0.25

— WW

2.29+0.58+0.41

1.77+0.4710.36

140}

80 |-
60 [

BESIII: First observation

Yoy — 00 — 4K signals

X1
Xco \ *

it

L Hy

34 3.5

| Xc2

J

3.6

My, (GeV/c?)

B(10-3) BESIII PDGO08
Xeo —> PO 0.80+0.04 0.93+0.20
X1 —> 00 | 0.42+0.03 —_—
A2 —> OO 1.15£0.04 1.54+0.30

Errors: statistical only.




Entries/10MeV

Yoy~ 00 [ O

BES Il ®©®
Preliminary
X cl

XCO

P e Sl e s el e S s il | == e -

l3.35 3.40 3.45 3.50 3.55 3.60 3.65
M, (GeV/c?)

First observation of x4 — ww

Entries/10MeV

X oy = 09— (e’ )(KK)

BES Il 0

35
Preliminary
30
25 XCO X
20 cl
15 ' , Xc2 ?

10 +
; ¢
925 330 335 340 345 350 355 360 365

M, ¢(GeV/ c?)

First observation of Doubly
OZ| suppressed %, = 0o



Nclgass (GeV / c?)
o

3.0}

2.8l

Yo —>XpP, X=r', n, ®

3.8

w
[=2}

w
>

Reaction studied by CLEO

\V(ZS)_)Y Xeds XcJ_)nopE_ no—’YY

=1 pPp n=>vy

- pp n->n*nn’
w—=>mHr o
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Branching Fraction of x_.,—Xpp

CLEO

(Xl(‘)_4) Xcl Xcl X2
Factorof three rppr?  TT62£03T£064 LT5£0162017 48320252047
St ppymean] 3730384033 1560224017 176£023£018

First measurement Pl 557048050 22840284021 36840354035

Meson emission model predicts [T.Barnes et al., PRD 81
034025 (2010):

B(yoy—>1"PP)=2.5%104, B(y(,, —nPp)=0.2x10

A factor of 3 and 10 below the CLEO
measurements—meson emission is not the dominant
decay mechanism.



First observation of Y(2S) — yyJ/y

» Two photon transitions are well known in excitations of
molecules, atomic hydrogen, and positronium.

A. Quattropani etal, PRA 25, 3079 (1982). F. Bassani etal, PRL 39, 1070 (1977).
A. Quattropani etal, PRL 50, 1258 (1983).

* CLEOQO observed two photon transitions in Y(3S) — Y(2S).
F. Butler etal, PRD 49, 40 (1994).

* Never been observed in the charmonium system.

Theoretically:
* Potential models give discrete
spectra for Y(2S) = 1eys Xecy = Y/ W

* Coupled channel models can give
continuous spectra.

 Theoretical work is ongoing.



B
ASe-
S84
18-
e
[
L0

L —
v h

Di-lepton Invariant Mass

3 450¢
350;— i 400 f I |
3002_ ee channel I “0_ 1 pp channe I

+|Z‘:‘<““ -1 avy

b - a1t
ATAL
vﬁ+!'

o

2500 4 i » — data
n el o

200F st S) “};‘.""“ — bkg. MC + cont.

— cont.

1501
N ™ I B PHSP signal

100;—
500

S el I L o e s 2 W T I W M - By SO 1 | ; . M, u
3.05 3.1 3.15 3.2 3.25 3.05 31 3.15 3.2 3.25

M, [GeV/c?] M, [GeV/c?]

Significant enhancement
around J/ ¢ peak

Br(w(25) — 4. /i) = (1.02 £ 0.05(stat.) ¥5 50 (syst.)) x 1077

P1C2010 Karlsruhe, Zhengguo Zhao 40



R = o(e*e—hadron)/o(e*e—u*u)

7 B I | T T | r - I 1
i J/zj; 1/)(25) bo c
6 Mark-1
- Mark-I + LGW
B Mark-11 'd’m.- | Q/) s
°F e PLUTO Psrro %. | - -
- DASP || | :L"Pﬁl | 5@ | 1
4 vr Crystal Ball \l' | 'L‘f' REITR ¥ i | ‘ 33‘ | ﬁ) | ‘ *
- | % BES | | | |;,* o p}}',r_ 5: : ‘
3 |- | Lo ;
B | I[l ‘ | | 4 ‘:+ {}“# t,llll""'l[(] !
L * * J L N l ' 4 \|lf‘,"
2 | ! I‘\ , E
SR R R R S R :
3 3.5 4 4.5 \/E (GeV]5

* Above the open charm, the region has not yet carefully
studies with direct e*e- data.

* Mass region where most of the XYZ particles are found.

* Any possible new state that has not yet discovered?

* Do we fully understand the high mass y states?



R Values and Y States
R(s) = o(e*e~—hadrons)/o(e*e——p*u~) - R4

3 § BES(2002)

" y3770

I I | | I | | I | I | I
T
=g
Y4260)
- =
5
—
Y(4660)
—a—

o 3.8

4 4.2 4.4 4.6 4.8 =]

if R u4s=2.285 +0.03  Durham Data Base N(s), GeV
Opportunity for BESIII

 Detailed scan (a few MeV steps, 10K each energy point)

 High statistics data taken at each peak (107-8) for exclusive
channel study



Summary (I)

X(1860) from JAp—ypp confirmed by CLEO and BESIII,
not seen in the Y(2S)—ypp.

X(18395) is confirmed by BESIII, Two new resonances at
2125 MeV, 2370 MeV are reported from Jhp—yxtnn’
decays (BESIII).

No n.(2S) signal is found from (2S)—yn.(2S) (CLEO)
Clear signal of n,(2S)—=K K*n/K*Krttn; First
measurement of the ratio of their branching fraction
(Babar).

First observation of n,(2S)—6 prongs (Belle).

ho(1P,) found from y(2S)—>n’h, (CELO, BESIII). First
measurements of T'(h.), Br(y’—=n°h,) and Br(h,—yn,)
(BESIII).



Summary (1)
First evidence of B*¥—=K*y., (x..—=yJ/p) (Belle).

First observation of y.,—=b0¢, X — 0w, Yo~ 0
(BESIII).

First measurement of x.,—wpp (CLEO).

First observation of ¢(2S)—yyJ/yp (BESIII).

Study of the exclusive decay channels of high
mass 1 resonances may greatly help our
understanding of these broad resonances and
the X,Y,Z particles as well.




Models of a,/f, give different resonance parameters
Comparison with &, /& from those parameters

a,—f, mixing:

a sensitive probe

0.015

a

mixing intensity &

0.01

0.005|

M“ﬁ

2

n

c

Q

Zoomed in c
(@)

£

X

- =

&~ 001 002

mixing intensity F,fa

0.047= qq BESIII
[ | * 9T Preliminary
L < K;K o
— X q
0.03r| %
[ | & KLOE
- | ¢ BNL
0.02[ | + c8
[ |+ BESII preliminary
0.07F
i
b 0.05

mixing intensity &fa

shaded region: BES3 measurements
red line: BES3 upper limit

dofs: various predictions




Higher Multipoles in W(2S)—=yx. Xcy—=vJ/W

non-relativistic theoretical expectations for multipole amplitudes:

M?2 E.,
P2S) = Yyl  =— bé_l = - - U (1+ KC)
o VEI? + M2>  4m,
b: “before the %~
a: “after the y.”
P2S) = VY2 —> bé=2 = M2 - i Ey (1+ k,) Kc: anomalous magnetic
) VEIZ + M22 + E32 /5 4m,. moment of charm quar]
mc: mass of charm quark
o E E,: photon energy from
Yer = VI — a;” ! = =——"(1+k,) V(2S) — Yy
2 VE1? + M2? 4m, L E,: photon energy from
Kt = YIP
J=2 M2

Y2 = YINp >

1+ «)

_ 3 E,
JEI1Z + M22 + E32 V35 4m,

Notes:

* sensitivity to K. (anomalous magnetic moment of charm quark)

* E3 expected to be zero, but allowed 1f there 1s S-D ((2S)) or P-F (¥(1P)) mixing
* also recent lattice calculations (Dudek et al., PRD73, 074507 (2006), PRD79, 094504 (2009))

Ryan Mitchell -- Indiana University -- QWG 2010



Measure Multipoles with Angular
Distribution

S~y Y frame

Angular distribution in the helicity formalism
(depending on five angles):

W(cost', ¢/, cos.,., cosb, ¢)
“ Y pWIEING, ¢)B),Bjpd”,, (0

i sul =1
m';u *1

X dJ_Xf/’f;(aw’)Al WAl e )

77’)

Relationship between helicity and multipole amplitudes:

X—Z 2] aJ"(J 1,1, v—1J,, )

= Fit angular distributions to data using an
unbinned maximum likelihood fit.




Signal Events

Magnetic Quadrupole Amplitude

10°
104
10°
102
10°
104
10°
102
10°
104
108
102
10°
104
10°
10?

[===Theory ® CLEO §XBal AE835 WE760 LCIBESH| ,cio000rr

| |—b—|| [ | [
- : a,’
' —A—
e : —
| : | | | |
-0.10 -=0.05 0.00 0.05 0.10
| [ [ '_‘_' T [ J 1
3 . bz_
L :: ’
| | | : | |
—-0.10 -0.05 0.00 0.05 0.10
T T 1 T T T
Fe 5
i J=2
A a;™"
= 1
—._| :
| | 1 | | |
-04 -0.2 0.0 0.2 0.4
- T T ™ T T 3
HO-h J=2 ]
] : b2
i : .
-0.2 —-0.1 0.0 0.1 0.2

Magnetic Quadrupole Amplitude

CLEQO’s results:

. PRDSO0, 112003 (2009)

aj~! = (—6.26 + 0.63 = 0.24) X 1072

by~1 = (2.76 = 0.73 = 0.23) X 1072

¥c2 (E3 terms fixed to zero):

a}=? = (-93+1.6x0.3) X 1072

by~ = (1.0 1.3+0.3) X 1072

CLEOQO's results have the best precision
and are consistent with theoretical
expectation



CLEO: E3 Term and the K,

e E3 terms consistent with zero in all fit variations
e.g. in the full 4-parameter fit:

al=2 = (1.7 = 1.4 = 0.3) X 102,

b3=2 = (—0.8 = 1.2 £0.2) X 1072

» Sensitivity to anomalous magnetic moment -- use:

af "t = = (1 k) = (L+ k)/€

to measure (assuming mc = 1.5 + 0.3 GeV/c?):

1 + x, = £a2=! = 0.877 * 0.088 * 0.034 * 0.175

Anomalous magenetic moment of the charm quark is
consistent with zero



The h_ (1'P,)

Quantum numbers: JFC¢ = 1*
Expected to have small width: I' < 1 MeV

Hard to access. Can be produced in:
— pp annihilation (unknown BR)
— radiative E1 decay from '

One of the main decay modes should be h_ — n_y

Precision measurements of the h, parameters give
unique possibility to test the hyperfine splitting
potential. The h, is expected to be within a few
MeV from the center of gravity of the ., states:

M(hc) = M(XCO)+3M(;(CI)+5M(X02) — 352536M€V




Resonances in the open charm region

55

sof BESII Phys.Lett.B660,315(2008) e All pOSSib|e two-body
i‘§§ I IBI( }IIHHQI - decays of w(3770),

w0t l]ll F; LIJ(4040), LIJ(4160),

=h I —r,l | Y(4415) are included in the

40 R

- =Rgn*R, R
1.5 | {o res ' *BW " int o ;
1.0 _ ;\ ;‘r' \qu R 270: flt .
05 _ ;l L i \ LL ,r‘; -,\ EN
0.0 :._Ekeébnaacé'.shépes _.,:maeﬂ\“'--, ° I nte rfe re n Ce : p h ase a n d
05 !

b e the width is energy

A7 3.8 39 40 41 42 43 44 45 46 47 48 49 50

Ecm(Ge) dependent must be

Arnancidarvrad 1n tha 'F.t

(3770) = DD:

(4040) = DD,D*D*,DD*,DD*,D,D;;

(4160) = DD,D'D*,DD*,DD* D,D,, D,D’:
(4415) = DD,D'D*,DD*,DD*,D,D,,D,D*,D:D".




Parameters of the broad resonances

Parameters (M, I, .. ) of the JP© = 1-- conventional
Charmonia @(3770), w(4040), w(4160), w(4415)
remain quite uncertain and model dependent

M, MeV Iy » MeV I'..,keV d, deg
y(3770) | 3772.92+0.35 27.3+1.0 0.265 £ 0.018 PDGO09
3772.0+ 1.9 304+8.5 0.22+0.05 0 BES08
v(4040) 4039 + 1 80 + 10 0.86 +0.07 PDGO09

4039.6 £4.3 84.5+12.3 0.83 £0.20 130+ 46 BESO8

y(4160) 4153 +£3 103 £8 0.83 £0.07 PDG09

4191.7+6.5 71.8+12.3 0.48 +£0.22 293 +£57 | BESOS8

W(4415) 4421 + 4 62 + 20 0.58 = 0.07 PDG09

4415.1+7.9 71.5+19.0 0.35+0.12 234 + 88 BESO08




d

©
-
b
=

x

(0

gnb

Non-resonanteser™ il Wi . 4 Planar

*.background

Results of 2-D fit

—_— |otal PDF

==== NOn-resonant background

= === Polynomial background

. Evgnts (00025 )
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Xy~ PPYY (/M —yy)

g“:_ gz—m
. P N
a3 R \
40%— 10[- )
o e ]
1 L S
£35 3a 34 g e X T 23 iF 3;.4-;”'”‘-'3.45'11‘ _3"15'.'"A ks 4 Allla.::‘r ‘
M(ppn? ) GeV M(ppn ) GeV
Perform 1-D unbinned extended maximum
likelihood fit in M(ppX)
P Total PDF: sum of Breit-Wigner shapes convolved with resolution, plus background.

- Linear background



