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Charmonium

= =

Charmonium states as testing ground for QCD!

-> clear experimental signature

-> non-relativistic nature -> non-relativistic QCD (NRQCD)
-> exclusive charmonium modes even simpler

-> no unknown non-perturbative parameters
e.g. E.Braaten and JLee, PRD D67, 054007 (2003)
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Possible explanations

Potential problem with the momentum scale bias
the peak is actually not n/

Double J/W production via 2-y annihilation

(this mode is forbidden by C conjugation conservation
for 1-y annihilation)

=> See G.T.Bodwin et a., Phys. Rev. Lett. 90, 162001 (2003)
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=> See S.J Brodsky et ., Phys. Rev. Lett. 91, 112001 (2003)
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The Belle Detector o

Wmﬁm

1 and K, detection system

Central Drift Chamber

1.5 T SC solenoid ToF counter
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Event selection
.

= ==

B

Use all SVD1 data

140 fb! on-resonance _ 4
15 fb-! of f-resonance } = 155 fb™ fotd]

J/W reconstruction: J/V¥
dr<2cm,dz<4 cm
P.=L,/(L,+ L+ L)>05 e* /
P,=L,/(L, +L,,.)>0.01 -
Add Bremsstrahlungsphotons closer /\
than 50 mrad around electrons/positrons

|M|| - MJ/Lpl <30MeV=>2b50
(sidebands = 100-400 MeV)
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Recoiled mass

Nch >= 4 suppresses QED background
P*;,u > 2 GeV suppresses BB background

Define the 'recoil mass':
Mr‘ecoil - \/(ECMS - E*J/LIJ )2 - p,kZJ/LIJ

Invariant mass of the rest of the system J/¥
is taken from kinematics of the J/W! /
e'l-
> <«
Ao
X
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) - I>
The recoiled mass spectrum

x ~ 50
—SeT*TOO ) ¢ n.(2S)y
----- set * to 90% C.L. n b Xeo %
upper limits “ N %
20 - J + N H
Yields for J/W, X,, and W(25) 0 Ll i
are compatible with Ol R
2.2 26 3 34 3.8
cc Mrecoil Nev‘r Y Vet cevie
J/W Fixed @ PD6  -14+ 20 x
3.407+0011 89 +24 3.8
XcO
o meseme  w0:zr = 0=VoIn(o/ L)
n.(25) 3.630+£0.008 164+ 30 6.0
W(25s) Fixed @ PD6 ~ -26 + 29 *
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J Calibrate M, with e'e” -> W(2S) y Sy

BELLE
0

i

= =

Fit Mzr'ecoil(q)(zs)) :f 0 7 W(2S) --> J/W e
with free peak position 8¢
21001
Very clean sample N
-> <1% background j
from non-¥(2S) i e

M2 () (GeVZ/ch

-> AM?_, ., = 0.010 + 0.009 GeV2/c4 (data/MC)

-> AM,..ii (/W) <3 MeV/c for M. (J/W) =3 GeV/c
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Angular analysis

Correct for efficiency
and fit 1 + aldos?6

NRQCD (s-/d-wave):
*) Qprod / Qg = +0.25/+0.25

200

1901 : - Glueball:
o(; 02 04 06 08 0 02 04 06 08 1 GPf‘Od / Ghel = _09 /_09
lcos(6,64)l |cos(6, )
aprod Upel aprod Uprel apr‘od = Uy
N, +1.4 +11/-08 +0.5 +0.7/-05 +1 +1 +0.93 +057/-0.47
Xeo -1.7 +05/-05 -0.7 +0.7/-05 -1 -1 -1.01 +0.38/-0.33
N.(2s) +1.9+20/-12 +0.3 +1.0/-0.7 +1 41 +0.87 +0.86/-0.63
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Look for e*e- -> W(2S) cc

(sva svoie]

Reconstruction same Y n.(25)
as above, = r X0
Y(2s)-->J/¥Wmm g -

cC Neyt 0

e 36.7£104 4.2

J/W 6.9+89 *

X 354+10.7 35

X + Xa 6.6+8.0 i 5.3 0 observation of sum of n., X.o. N.(25)
n.(25) 360+114 34

W(2s) -83+85 *
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o
Cross sections for J/W and W(2s) (==

OELLE

cC Oporn X B((€C)pes -—> > 2 charged [fb]
J/ ¥ W(2s)

N, 25.6+28+34 16.3+46+39

J/¥ <91 <16.9

X 64+£17+10 125+38+3.1

X+ Xe <53 <8.6

n.(2S) 165+17+04 16.3+46+39

W(25s) <91 < 16.

Reminder from theory:
o(e+e- --> J/Wn,) = 2 fb, see EBraaten and J.Lee, PRD D67, 054007 (2003)
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Very recent update

5@

Whole Belle data set collected by Extend the studied region

L=285 fb-! v No signal of X(3872)
8 | v Significant peak at
- W | | M=3.940+0.011 GeV/c?
%0 . _
= ye b4 | | fi i | } v N=148+33 (4.50)
2 [wwwwalas | v The width is surprisingly
50 | 1 narrow <~ resolution
25 - b T (= 32 MeV)
e i AT |

2 25 3 3.5 4 45
Recoil Mass(J/y) GeV/c?
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Summary and conclusion

v ee - J/¥ (cT).. was studied in detail:

(€C).es = Ne» Xeo. Nc(28) are confirmed:;
angular analysis is done

(€C)rps = I/, Xc10 Xe2, W(2S) not seen
Xsec 1 order of magnitude larger than
theor. pred

v 'e*e --> Y(2s) (cc)' seen for first time,
Xsection has same order of magnitude as for J/W (cc)

v Strong evidence for new charmonium state
@ 3.94 GeV with a small width
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Some more details
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e*e” -> J/W(2S) n.' full reconstruction [a

3.4_ N 2_

N, - KK, KKt i oa b)
r]C .S 4 A3-2 -' ~ |
- Require: R S t— 2 1
- 3 events are found 2.8
in the data (>40) L I I s e
- 2.6 events are 3.2 >20 -
expected from MC £ 4 “’?ﬂ S
ok A | O =
based on M., = [T S 10¢
fit yield 28 : .
26" R 0 '
41-050 051 -1-050 05 1
AE AE
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Angular anaysis

Fit M,....i(J/) in bins of J/W production and helicity angles

“o - cos 0,00 <0.2 - 0.2<cos 0,r0d<0-4 NE cos 6, <0.2 1 - 0.2<cos 6,,<0.4
212 212
- | - W o
o o I
= | d £ o JMMMM
0 = 'j | Le ' ++| (1= | + '
0.4<cos 8, ,,<0.6 0.6<cos 8, |,<0.8 0.4<cos 6,,<0.6 | 0.6<cos 6,,<0.8
12 \ 12
0—+ ul? L 0 “cos 0,08 ; 22 26 3 34 38
cos 8, ,;>0.8 \2.2 26 3 34 38 e < e 9
12 } 12 | w
6
6 * 1 i
i ki * /| 0 L |
22 26 3 34 38
22 26 3 34 3.8 M) GeV/c?
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Idea: Reconstruct J/y and
one D; Look for the second
D™ in the event at recoil

mass a%ains‘r reconstructed

(J/pD
Use only the cleanest
DO~ K1t and D* - K-1r1r

ere” - J/YDID)+nothing
clearly seen
Look at Mrecoil (J/LlJ) when

Mrecoil (J/l.lJ D) ~ M(D*)
N=9.9+3.3 (4.50)

Mr‘ecoil (J/l]J D) ~ M(D)
N=4.1+2.2 (2.10)

Search for X(3940) -> DD
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-

OELLE

D reconstructed +
D* recoil
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a4

4.2 :
Recoil Mass(J/y) GeV/c?
% 2 ;_ & [
E iE 7 D reconstructed +
o™ - D recoil
= | =2 zﬁ S —n[
B* 3.Is 38 4 412 4.4
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Charm physics...

“‘; 80 |- X(3938) ‘
§ i DD threshold I
8 60 B o \ I I' it
i I, R T, mH |
0 glueball or |‘ | _|| 1
- 3.36 fluctuation | 1\ | |||';_|| . |
- i |..” b
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