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Study of charmonium (like) ==t

resonances at Belle

K.Trabelsi
KEK

(cc) states : X(3872), Y(3940), X(3940), Z(3930)...



Belle is a B-factory...
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b—ccs is a dominant process

% Jlw,p’,
b M Ne, Xogees

\ Brs~107* (inclusive)

B mesons are a good source for charm,
charmonium and other cc states

An example : reconstruct B- KKK "

Beam— constrained mass : PRL89,102001(2002)

M= i (Eppd 2~ By Fit M,_in bins of

Enerqgy difference : KsK m" invariant mass
AE=Y E~(EJ2) of 40 MeV ¢’




B—- KK K m" toseen2S)
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X(3872) observation S.— K.Choi, S.Olsen et al

PRIL91,262001(2003)
B-KnnJly using 140fb"
12000 — —
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i ys)*f’w""
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significance 10.3 o I <2.3 MeV



(4
X(3872) seen by 4 experiments ru--corpreiminay 20t
1 2
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Mass (GeV)

Is it a cc meson ?
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No obvious cc assignment

) Mtoo low and I too small
C

L hc’ angular dist’n rules out 1+

1%, Ty way too small

\l|J2 I (yX.) too small;M(1t1T) wrong

\‘lcz 1otn, should dominate
W (X, & DD) too small
3

=+ = |t gt [ ott ot 90— g o= ot 4+
T hep-ex/0407033



Non observation of X(3872)-X_ ;y decays

The radiative decays toX y expected to be large for
some charmonium states... but not found

XC]YK XCZYK
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JPC possibilities (forJ < 2)

O--

O-+

O++

0+

exotic (n !!) DD allowed exotic
violates parity ’ (X !) DD allowed
c0
NN GO R &
DD allowed exotic (X 1’) (h !)
¢ c
—("[|J(35)) DD-alewed
2+ | 2+ | 2n | 2r
(l-l-’z) (ncz) DD allowed exotic
AVARA DD allowed
\Xc2 J




JPC possibilities
0- ruled out; J°P=0+,1" & 2* unlikely

0--

exotic O-+ O++ O+-

violates parity

(n ”) DD allowed exotic
) =) DD allowed
c0
RN EEEE ERE G
DD allowed exotic (Xcl’) (hc,)

— (P(3S)) DD-allowed
2' - 2' + 2++ 2+-
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Areas of investigation
to assign J°¢
Search of other modes (radiative decays...)
Angular correlations in X—nn Jly decays

Fits to the M(rrm) distribution

Search for X- D' D'’



Events/hin

Events/bin

Evidence for X(3872) - Jlyy hep—ex/0505037 (256 b ")

Ty Look for B— XK where X- Jlyy and K=K, K
_ X.— Jlwy as calibration mode
100 :— “ — 20
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BaBar (PRD74(2006) 071101)
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Evidence for X(3872) -» nrrre’ Jly hep—ex/0505037 (256 fb ")

virtual w(782) ?
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Large isospin violation



C=+1 established

o X— Jlyy is only allowed for C=+1
o same for Jly "'w "’
o M(nm) for X—m n Jly looks like a p

PRL96, 102002 (2006)
CDF Il 360 pb™

250 X(3872) — Jlyrn'mw

= Jiy p (L=0)
200 = - jiyp (L=1)
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JPC possibilities

C=-1 ruled out)

0- O+-
exotic O -+ O ++ exotic
Violates  parity
DD allowed
y) DD allowed
M. )
(g I
1-- \XCO ) 1+
DD allowed 1 - + 1 ++ ;
WES) (h,)
; y
exotic (Xcl )
5 DD allowed -
(lIJ 2) 2' + 2++ exotic
DD allowed
(n 2) DD allowed
C

[AVERAY
\Xc2 J




Angular
Correlations

Rosner(PRD 70 094023)
Bugg (PRD 71 016006)
Suzuki, Pakvasa (PLB 57967)




Use 256 fb ' (275 M BB pairs)

hep-ex/0505038
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S— and D— waves possible but
D disfavored by M(m ) and
should be suppressed by phase space

-

€,)

»< Decay amplitude « (¢, .

AN sin%0
d(cosé, ) I
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=0 Decay amplitude « p,,, .(€ ;, X€,)
d’N
d(cosf)d(cosy)

- X*/d.0.f=18/9 |
P
- 0.50 I ‘COS 9 1.00
- X’/d.o.f=34/9 *

o sin’0sin’y




Je=1"" S— and D— waves allowed

PN o Decay amplitude «< € yX €, X¢€,
d(cos6,) d(cosX) s, ——
H_ le/ d. o.le 1/9 -
g — E
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X /d 0. f—5/9
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\cos x|



JPC possibilities

(0+ & 0+ ruled out)

0- 0+ 0+ 0+
; .
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PRI.97, 162002 (2006)
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Events /4.25 MeV /c”
Events /10.0 MeV

D.IDEEE CJ. - ?65
M(D"D"r")-2M(D")-M(x") GeV/c*
23.4+5.6 signal evts significance=6.4o
B(B-D'D'w’ K)=(1.22+0.3177%)x10™*
M=(3875.2+0.7"2:+0.8) MeVIc’

27" from three pseudoscalars
— at least one combination in D—wave
— production should be suppressed

if this enhancement is X(3872), 27" is unlikely




177 cc state ? (X _,)
o Mass is 100MeV off

o X_,— Jlyp not allowed by isospin

...but B(X(3872)-»n"n Jly)>4.3 %
BaBar, MoriondQCD 2005

F(X'c1_’Y]/‘I’)
’ ~40 Godfrey and Barnes,
Ir'(X,~nmJly) PRD69, 054008 (2004)
I(X-yJly)
=0.14+0.05
I'(X-nmrjJly)

o Expect

X, component is small (< few %)



D’ D™ bound state (deuson) ?

Voloshin & Okun JETP Lett 23, 333 (1976)

Bander et al PRL 36, 695(1976) Tornqvist
DeRujula et a ,
Manojhz:r &t \;’ils)zllili’sBii’;,(;jz’i;93) hep-p 11/0308277
Tornqvist, Z Phys C61, 525(1994)
deuteron: deuson:
attractive nuclear force attractive force??
5 .
@ ..... T @
2 loosely bound 2 loosely bound
_ Cqu color aq color singlets
singlets with M, = with

m+m,- € M=m, , m,-0



X(3872) = D’ D bound state ?

o M~mDO+mD*0

C_q++ o Swanson PLB588, 189 (2004)
o J''=1"" is favored Torngvist PLB590, 209 (2004)

o Maximal isospin violation is natural (and was
predicted) Swanson PLB588, 189 (2004)

o I'(X-y Jly)<I'(X-nr Jly) was predicted
Swanson PLB598, 197 (2004)



Another enhancement is found in Jly w final state
around threshold : PRI1.94,182002(2005)

M=(3940+11) MeViIc’
=(92+24) MeV

MbC for B—>]/q/me bins 0fM<J/([J w)

high M(Kw) cut to reject K decays

| a) 3887 MeV | 6Y 3957 Mev | &3 3877 Mev

L &M\ ¥(3940) -
a;ﬁﬂﬂﬂﬁmﬂﬂﬂ-u il v i e ,_%I'I'[III,’JI!PWHHHI‘!II ] : Slg'ﬂlﬁcance>80' :
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: MM _M jﬂ =i ]ﬁ r,"ﬁqfﬂH\,

1 1
| g) 4137 MeV L hY 4177 Mev 1 1 4217 Mev

|, oy Thach ot

| = 1
| JY 4257 Mey 1 k) 4297 Wev 1 I} 433? M

iy o ol A T 1A
P i il i 1 P T 11 1 | el
5.200 5250 5200 5250 5.200 5.250 5.300

M, (GeV) M, (GeV) M, (GeV)

M(wJhy) (MeV)



- The mass is well above DD threshold and decay

to Jly w should not be dominant if Y=charmonium
— no obvious charmonium meson assignment

o gnother molecule ?

- M~2m, . ¢
— not seen in Y-n J/y(BaBar, PR1L93,041801) .

— width too large ~ S
— no  exchange for D_D,

o c¢c¢ gluon hybrid (Horn and Mandula, PRD17898(1978))
— predicted by QCD

— decays to DD and DD are suppressed
— large (hadron+ J/y) widths predicted

— but masses expected to be 4.3~4.4 GeV|c’

c .




Double charmonium e e - Jly c¢ PRL89,142001(2002)
PRD(RC)70,071102(2004)

Study of Jly recoil mass spectrum : M, CO,-,=\/(EC —E;/(,,)Z—P;/zw

re

Large rate for process of the type e e - Jlyn,:
o(e e - Jlyn)xB(n—~>2charged)=25.6+2.8+3.4 b

NRQCD prediction ~ 2fb n.(2S)
o 50— nC
2 155 fb™"
édﬂ PRD(RC)70,071102(2004) Xco b \
- gl T
o [ M
it e -
0 K T |
Confirmed by BaBar 2 26 Mmj{ ) >4 (GeV m%.a

hep-ex/0506062



Observation of X(3940) in double c¢ production

hep—ex/0507019
submitted to PRL

N=266+63 cand

o X(3940) SUpS
wqspl —1 significance 5o
> 387 1b n.(2S) v | |
= fi
2 T G 8 T
0t bl [TLHT]
2100 v v | | I threshold function
| | Rt | e'e-JlyD' D’
>0 | 'I' * |
N S
o |
2 25 3 3.5 4 4.5
M (hy) GeV/c’

M(X(3940))=(3936+14) MeV/c’
X =39+
[(X(3940))=39£26 MeV' \\  q)\_3626+5+6 MeVIc?



X(3940) decay modes ?

Reconstruct D and look for ( Jly D) recoil mass

Jlw DD process

ee—-

Clear evidence for
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Then we select events from the region of M, .(J/y D)
around D and D" masses

e e-JlybDD |"

N/10 MeV/c?
B

2

observation of X(3940)-» DD’ L T
N=24.5+6.9 o L it L]
significance 5c M, ()
M=3943+6+6 MeV/c* .
r=15.4+10.1 MeV : ee-Jly DD
B(X(3940)- D’ D)=(96"%3+22) %

B(X(3940)-DD)< 41 %
B(X(3940)- Jlyw) <26 %

N/T0 MeV/c?
h o

£

ra

) + - - . ! '\l-. -1-""1.‘-*.. +
3.9 4 a1 a2 4.3

X(394O)= Y(3940) 2 M, econ(d/W) GeV/c?

- no, X(3940)- J/yw not seen and width different !!
n.(3S)?? but mass ~



Observation of a new state Z(3930) in yy collisions
PRI 96, 082003 (2006)

No radially excited X ; states yet found
(only ¢ 's (3S,) and one n,(1S,))

First radially excited X ; states predicted in the range[3.9-4.0] GeV
(above DD threshold)

S.Godfrey and N.Isqur, PRD32, 189 (1985)
E.Eichten, K.Lane and C.Quigg, PRD69, 094019 (2006)

X_, and X, are expected to decay primarly into DD




Even

Events/10 MeV/c?

ts/10 MeV/c?

Observation of a new state Z(3930) in yy collisions
Look at DD mass distribution in yy events (P,(DD)<50 MeV/c)
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o T

4.1 4.2
M(DD) (GeV/c2)

clear peak atM,,~ 3.930 GeV/c’

N=64+18
significance 5.3 o

M=23929+5+2 MeV/c
I'=29+10+2 MeV

@B : M[Dﬁ]i 3.91 - 3.95 GeV/c2
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Check helicity of the Z(3930) : 6

(angle of a D relative to beam axis in the yy cm frame)

X’/d.o.f=23.4/9 for J=0
x’ld.o.f=1.9/9 for J=2

3

v ﬁ | 2t | | sintou-2
% Eﬁ H H Hi +.+ .+-|.++++++»#+.'H+ atomety B "o \é_\h__
%E ; * * |cose*| = 0.5 : :
u’J']Es‘ m H { |
%3;++++3'j +++ jt++}+*+*{+*+++i++'+i+ﬂ+++-ﬂz+ '+'4-3 zt;_ 0.1 02 0.3 04 05 0.6 07 08 08 1

M(DD) (GeV/c2) cos 0|

I, x Br(Z(3930)- DD)=(0.18+0.05+0.03) keV

Properties of Z(3930) consistent with expectations from X,



New Particles found by Belle
X(3872)

i1s a good candidate
cc charmonium component is small (< few %)

properties consistent with a D" D™ bound state

Y(3940)

No obvious ct¢ assignment
4 - quark state seems unlikely
cc—qgluon hybrid ?

X(3940)

new charmonium in e e - Jly(cc) : n(3S)??

Z(3930

X ., candidate in yy— DD production

1++



New Particles found by Belle

X(3940)
n.(2S) | X(3872) | ¥(3940) ,Z(3940)

>
2002 2003 2004 2005 20006
(New Particles—factory ?!)






M(rtmt) can distinguish
p—Jly S— and P-waves
For C=+1

S— wave P—wave
X’/d.0.f=43/39 (CL=28%) X*/d.0.f=71/39 (CL=0.1 %)

12 I I I | I I I | I I I | I I I 12 I I I | I I I | I I I | I I I

; )21+1 roll- off FOI’ (= +1

Shape of M(rrrr) distribution near
the kinematic limit favors S—wave



Possible JPC€ values
(J* ruled out)

1++

XD

2++

DD allowed
y 4 ,\
(XcZ )




