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Outline

• The X(3872) state

• Charmonium on the recoil

• Double charmonium

• Search for pentaquarks

http://accmac-server.kek.jp:8080/kekb/index.html


Babar and Belle

Delphi, Jun 9th 2005 Gianluigi Cibinetto - INFN Ferrara 3
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The X(3872) state
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Discovered by Belle 
(140fb-1)

B→X(3872)K
X(3872)→ J/ψπ+π-

then confirmed by 
BaBar, CDF and D0. BABAR

hep-ex/0406022
D0
PRL 93 162002 (2004)

CDF
PRL 93 072201 (2004)BELLE

PRL 92 262001 (2003)

Average mass

3871.9 ± 0.5 MeV



The X(3872) state
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Are we at a stage where we can start to discriminate among them?



B→X(3872)K, X(3872) →J/ψ π+ π−
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B+ X(3872)K+

mX=(3871.3±0.6)MeV/c2

BF(B+→XK+,X → J/ψ π+ π−)=
(8.5 ±2.3 ± 0.8) x 10−6

mX=(3868.6±1.2)MeV/c2

BF(B0→XK0,X → J/ψ π+ π−)=
(5.1 ± 2.7 ± 0.7) x 10−6

B0 X(3872)Ks

6.9σ 2.7σ

244 fb-1

hep-ex/0412051

∆M= mX(B+)-mX(B0) = (2.7±1.3) MeV/c2

0.15 < BF(B0→XKs)/BF(B+ →XK+) <1.34 @ 90%CL

Not yet at the stage to discriminate among models, but method promising…



X(3872) Belle update
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253 fb-1

M(π+π−) (GeV/c2)

M(J/ψ π+π−) (MeV/c2)

C(X(3872))=+1



Search for X (3872) charged partner
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• Is really X(3872)→J/ψρ0 → J/ψ (π+π−)?   
– If so IX(3872)= 1 ⇒ Expect X(3872)− → J/ψρ−

• If X(3872) belongs to isospin triplet we expect
– ⇒ BF(B→ X−K) ~ 2 BF(B → X0K) 

• BaBar searched for B0→ X−K+ and B−→ X−KS with X− → J/ψρ−

B0 B−

No evidence near 3872 MeV

212 fb-1

M(π+π−) (GeV/c2)

BaBar BaBar 

Isovector hypothesis
excluded 
[PRD RC 71,031501 (2005)]



Charmonium on the recoil
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Fully reconstruct one B

Brecoil momentum from 
Breco and beam 
parameters

Look for a recoil kaon. K 
momentum in the B rest 
frame

Study of the 2-body decay B->K+X

Measure the absolute branching ratios 
BR(B->K+X)

Observation of X states independently 
from their decays

Study of the X(3872) states
mES : B mass using beam energy

mes of all the 
exclusively 
reconstructed B



B+ K+Xcc Babar
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Very clear J/ψ and
ηc signals
N J/ψ=258+- 42
N ηc =266 +-42

J/ψ

244 fb-1

No evidence of the
X(3872) state in
B+ K+X

χc2 χc1 χc0

• Events with at least one charged kaon in 
the recoil selected with a NN

• Secondary K rejection with another NN

X(3872)

X(3872) production smaller 
than other charmonium
states



Branching ratios for B+ K+ Xcc states
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* Recently Belle measured 2.0±0.4±0.4

hep-ex/0412066

** Lower limit on 
BF(X J/ψπ+π−) > 4.2% @ 90% C.L
from BF(B+→XK+,X → J/ψ π+ π−)=(13.3±2.5)10−6

average from
hep-ex/0406022 BaBar
PRL 91,262001(2003) Belle

*

**



What else we learn
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Double charmonium
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}C=+1

Theorists predict the cross 
sections of the 2 
processes to be 
comparable

ηc , χc , ηc(2S)
G. T. Bodwin, E. Braaten & J. Lee

PRD67, 054023 (2003)

Study the double charmonium in e+e- annihilation

or ψ(2S)

}C=-1
J/ψ, ψ(2S)

or ψ(2S) Technique:

Fully reconstruct one J/ψ or 
ψ(2S)

Look at the recoil mass 
spectrum
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cc+J/psi Babar

e+e-

µ+µ−

Recoil Mass (GeV/c2)∆m=m(l+l-)-m(J/ψ) (GeV/c2)

Reconstruct J/ψ l+l- and study recoil mass spectrum

∆
m

 (G
eV

/c
2 )

124 fb -1
N

 / 
10

M
eV

/c
2



Double charmonium @ Babar
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Observe
ηc(1S) χc0(1P)  ηc(2S)

124 fb -1

2.0<m(cc)<3.8 GeV/c2No evidence for J/ψ , χc1 , χc2 , ψ(2S)

Single virtual photon only?

J=0 only?

χc0ηc

ηc’
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Double charmonium @ Belle

As for BaBar no evidence of J/ψ , χc1 , χc2 , ψ(2S). 
Charmonium production rate comparable to BaBar results

hep-ex/0412041

Evidence for X(3940) in 
double charmonium
production

M(X(3940))=3940±12 MeV

Γ(X(3940))<96MeV 

@ 90%CL

Decays into DD and 
DD* 



Pentaquark searches
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Pentaquark discovery in 2003 was immediately confirmed by 10 experiments
(statistical significance of individual experiments is not high ~5-6 σ)

Claims of exotic narrow baryons

LEPS, CLAS, + others:

M=(1542±5)MeV/c2

Γ<21MeV/c2

NA49:

M=(1862±2)MeV/c2

Γ<18MeV/c2

H1:

M=(3099±6)MeV/c2

Γ<28MeV/c2

S

I3

Θ5(1540)+ [uudds]

Ξ5(1860)− − [ddssu]

Θ5c(3100)0  [uuddc]

Pentaquark theory expect Θ5
+ and Ξ5

− − to 
be member of the anti-decuplet



Pentaquark searches @ the B factories
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1. Inclusive search in e+e− interaction
e+e− →PX

Θ5(1540)+  → p K0
s

Ξ5(1860) − − → Ξ− π−

Ξ5(1860) 0    → Ξ− π+

2. PQ search in B decays
B0 Θ++ p
Θ++ K+ p

3. Inclusive search in electro- and hadro-
production
(inner detector used as target)

Θ5(1540)+ → p K0
s

New technique
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123 fb-1 e+e− → PQ + X hep-ex/0502004

Θ5(1540)+ → p K0
s Ξ5

- - → Ξ−π− and Ξ5
0 → Ξ−π+
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Λ+
c

No evidence
near 1860 MeV

BaBar 
preliminary

Ξ− π+

Ξ− π−No evidence
near 1540 MeV

BaBar 
preliminary

98,000  Λc+ used to check MC, mass 
resolution and efficiency 2 displaced vertices: Ξ−,Λ

Ξ5
0→ Ξ− π+

Ξ− →Λ π−

 Λ →pπ−

Ξ5
− −→ Ξ− π−

Ξ− →Λ π−

Λ →pπ−

Clear signal for known particles:
24,000 Ξ(1530)0 → Ξ− π+

8,000 Ξc(2470)0 → Ξ− π+



Pentaquark searches
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BaBar preliminary
upper limits (95%CL):
Θ5

+ <1/8 baryon rate
Ξ5

−− <1/4 baryon rate

Branching fraction assumptions

BF(θ5
+ pKS)~25%

BF(Ξ 5− − Ξ− π-)~50%

Ξ5
- -

Θ5
+

BaBar 
preliminary

Assuming same production rate 
in e+e- annihilation as for 
conventional baryons we expect:

8x10-4 Θ5/event

4x10-5 Ξ5
--/event

hep-ex/0502004
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Pentaquark searches in
electro- and hadro-production

• Electro-production: off-beam e- and e+ with Be beam-pipe

• Hadro-production:
interactions of 
hadrons  produced 
in e+e− annihilation 
with detector 
material

e−

e+

off beam

off beam

3GeV
9 GeV

Schematic plan view of interaction region

x

zdifferent x and z scales

Beam pipe

+ vertex detector

+ drift chamber inner wall (Be)

Results can be compared to fixed target experiments



BaBar Target Material:
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SVT

DCH Be Inner Cylinder
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Detector Tomography with 
pKS Vertices

+ many other 
features
well reproduced

e- side -0.2 < y < 0.7 cm

-3.1< x < -2.2 cm

Z profile

DCH 
Wall

Support 
Tube

SVT

Ta

Ta
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Pentaquark searches in
electro- and hadro-production

Θ5(1540)+ → p K0
s

Ks signal region

1 
/ 5

M
eV

pKS

pK-

nothing

Λ(1520)

155 fb-1

Belle

M(Ksp)

No evidence 

Ks sideband

230 fb-1

BaBar 
preliminary

pKS

m GeV
Select secondary pK pairs 
to search for the pentaquarks.

electro-+hadro- production



Summary (I)
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• The X(3872) state
– Discovered in J/ψπ+π-

– Steps ahead have been done in understanding its nature
– No charged partner found: isovector hypothesis excluded 

(BaBar) 
– Need more data to discriminate among the models

• Charmonium on the recoil
– Measure the absolute branching ratios BR(B+ K+X)
– Lower limit on BF(X J/ψππ) > 4.3% @ 90% C.L



Summary (II)
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•Double charmonium
•No evidence for J/ψ , χc1 , χc2 ,, ψ(2S)
•Evidence of X(3940) @ Belle

•Search for pentaquarks
•Searched in e+e- annihilation, B decays and 
electro/hadro production
•No evidence @ the B factories
•Put upper limits on production rate in e+e- annihilation



Backup slides



Pentaquark searches in B decays
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Fixed background shape from sideband data

Count the events in signal region and compare with 
background estimation

Upper limit B(B0→θ+p)x B(θ+→pK0
s)< 2.3x10-7 at

90% C.L.

θ+: Belle : 140 fb-1 θ++: BABAR : 81 fb-1

θ++: Belle: B < 9.1 x 10-8

ppKs/K+ final states
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Indirect measurement on eta_c(2S)
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cc+J/psi
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Comparison BaBar, Belle & Theory

(+) cross sections in fb ,        (*) hep-ex/0412041, hep-ex/0407009
[1] PRD 67, 054007 (2003),  [2] hep-ph/0408141

[2]

[1]

(+)

(+)

(+)

(*)

(*)
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Sig
Box

σ = (10-30)  MeV

σ(mES)  ≈ 3 MeV

B energy in the ϒ(4S) frame:

• Reco’d Energy : EB
* = E*

Breco

• Beam energy : EB
* = E*

beam

e- (9 GeV) e+ (3.1 GeV)ϒ(4S)

EE beam
ee

B

qqs **

22
≡

+
== −+

reco

mES : B mass using 
beam energy

∆E  : difference between 
beam and reco’d energy
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