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IntroductionIntroduction  
  Recent observations of 

(unexpected) new states    
have   been   performed.  

 Several resonances do not 
fit theoretical predictions.         
                       
 Many subsequent 

interpretations  of  these new 
states and methods were     
suggested       to  analyze  
their    structure (HQT, chiral HQT, chiral 
symmetries, 4-quark models,  symmetries, 4-quark models,  
bag   model, Lattice...bag   model, Lattice...)

DD
_DD*
_

Z(3930)X(3940) .

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

The  spectrum of  Heavy Heavy 
QuarkoniumQuarkonium states is an  
ideal   place   to  provide 
precision  tests  of  QCD.        
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MotivationsMotivations
                                                              1999-2007 1999-2007 ☞☞ ~ 433fb ~ 433fb-1-1 @  @ Y(4S) Y(4S) (on-peak data)

        end of Dec07- end of Feb08 end of Dec07- end of Feb08 ☞☞ 30fb 30fb-1-1 @  @ Y(3S)Y(3S)
end of Feb08-6end of Feb08-6thth of April08  of April08 15fb15fb-1-1 @  @ Y(2S) Y(2S) 

                                  scan about scan about Y(4S) Y(4S) (25pb(25pb-1-1 every 5 MeV)      every 5 MeV)     

_

  BaBarBaBar is a B-factory:                                                                                     
                                                                                                                           
                                                                                                         

 The main goal of the BaBar Physics has
 been the measurement of the sides and 
 angles of the Unitarity Triangle, and rare 
 decays. 
                                
 B-factories  have been  demonstrated  to             
be also a huge source of cc production.
(e+e- cc) = 1.30 nb]

_

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

 SPECTROSCOPY

Total int. luminosity: 531 fb-1
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SpectroscopySpectroscopy

The main goal of the physics @The main goal of the physics @Y(3S)Y(3S)  andand @ @Y(2S)Y(2S)  is the search ofis the search of  bottomonium
states andstates and  light Higgs. 

bottomonium spectroscopybottomonium spectroscopy

charm and charmonium spectroscopycharm and charmonium spectroscopy

 Production in continuum:  e+e–  JX   (C
X
=+)

 e+e–  
ISR

 X (only JPC=1- -)

 Production B decays:  bc (color suppressed decay)

  open-charm and charmonium 
(cs and cc meson, cqq baryons; cc +...)

_ _ _

 Transition Y(4S)Y(2S), Y(4S)Y(1S)Y(4S)Y(1S)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

  X  (J
X
≠ 1)
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Summary of the main results: B Summary of the main results: B [X,Y] K[X,Y] K

X(3872)

?

 X(3872) is seen now  in  
several B decay modes

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

 Y(3940) is seen in J/
 from B decays

X(3872) D*0D0

    X(3872) → J/ X(3872)→(2S) 

_

X(3872)        J/
PRD 77, 111101(2008)

PRL 102, 132001 (2009)

PRD 77, 011102 (2008)

what else?what else?

PRD-RC 82, 011101 (2010)

new

Y(3940)

X(3872)        J/
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Summary of the main results: BSummary of the main results: BZ KZ K
E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

Belle has reported a new charged charmonium-like state in the decay: 
B→Z-K, Z-→ψ(2S)π-(PRL 100, 142001 (2008)) 

  The reported mass and width are:
 

PRD 80, 031104 (2009)

M = (4443+15
-12 +17

-13) MeV/c2 
Γ = (109+86

-43 
+57

-52) MeV 6.5σ

 BaBar searched for the Z(4430)- in the decay modes B-0→ψπ-K0+

 Describe the Kπ- system in detail, since structure in the Kπ- mass and 
angular distributions dominates each Dalitz plot.

 Correct the data for efficiency event-by-event across the Dalitz plot, 
and describe using only S-, P-, and D-wave intensity contributions

  Project each Kπ- description onto the relevant ψπ- mass distribution 

to investigate the need for Z(4430)- signal above this “Kπ- 
background”

No significant effect of any Z-(4430) was found!

PRD 79, 112001 (2009)
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Summary of the main results:Summary of the main results: e e++ee--
ISRISR

YY

BABAR update onY(4260) (preliminary):

    m = 4252 ± 6(stat) +2 -3 (syst) MeV/c2

ΓY= 105 ± 18(stat) +4 -6 (syst) MeV

No evidence for enhancement at ~4050 MeV/c2 
reported by Belle (PRL 99, 182004 (2007) )

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

Y(4260)

Y(4350)

e+e-→ ISRY(4260)→J/ψπ+π- 

e+e-→ ISRY(4350)→ψ(2s)π+π- 

arXiv 0808.1543 (2008)

PRL 98, 212001 (2007)

Y(4350) has been confirmed by Belle 
(PRL 99, 142002 (2007))

Belle reports another state: 
m=4660±12 MeV/c2, Γ=48±15 MeV
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Evidence of X(3872)Evidence of X(3872) J/ J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

Belle reported an excess  of 
events in m(3π)  above 750 
MeV/c2 in the decay B→J/ψ3πK  

|m
J/ψ3π

-3872|<16.5 MeV/c2 

⇒ interpreted as X→J/ψω 

BABAR confirmed the 
existence of the Y(3940) in 
B→Y(J/ψω)K but could not see 
the X(3872)→J/ψωK  signal  
when requiring 

0.7695< m3π<0.7965 (B+)

New analysis: 4.0σ (XJ/)

PRD-RC 82, 011101 (2010)

PRL 101, 082001 (2008)
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Criterion (GeV/c2)

0.7695<m3π<0.7965 (B+)

0.7605<m3π<0.8055 (B0)

0.7400<m3π<0.7965 (B+)

0.7400<m3π<0.8055 (B0)

Old
analysis 

New 
analysis 

X(3872) : Gaussian function (resolution)

Y(3940): Breit-Wigner function for the x 
phase space

Nonresonant: phase-space × Gaussian 
function × mJ/ψω

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

BABAR average:  0.8 ± 0.3
)( 3.17.1

)( 3.07.0

0
)/(
)/(

)/(
)/(

BBR

BBR

JXBF
JXBF

JXBF
JXBF

±==

±==

→
→

+
→
→

ψ π π
ψ ω

ψ π π
ψ ω

Fit Parameter Value
m

X
 (GeV/c2) 3873.0

-1.6
+1.8(stat)±1.3(syst)

m
Y 
(GeV/c2) 3919.1

-3.4

+3.8(stat)±2.0(syst)

Γ
Y 
(MeV) 31

-8
+10(stat) ±5(syst)

Gaussian μ (GeV/c2) 4435-30+35(stat)

Gaussian σ (GeV/c2) 356-38+35(stat)

NX
Bch

   (NX
B0

) 21±7    (6±3(stat))

NY
Bch

    (NY
B0

) 108
-23

+25(stat)  (19±8(stat))
R(X) =BR(X

B0
)/BR(X

Bch
) 1.0

-0.6

+0.8(stat)
-0.2

+0.1(syst)

R(Y) =BR(Y
B0

)/BR(Y
Bch

) 0.7
-0.3

+0.4(stat) ±0.1(syst)
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Angular distribution study in J/Angular distribution study in J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

The P-wave hypothesis for the X(3872) describes data better 
than S-wave

 X(3872) is more likely JP=2- 
than JP=1+ state, consistent 
with charmonium  

c2
(1D) 

interpretation. 
S-wave: χ2/NDF=10.17/5
P(χ2/NDF)=7%
P-wave: χ2/NDF=3.53/5
P(χ2/NDF)=62%
JP=1+ is still not excluded!

B0→J/ψωK0S

B+→J/ψωK
+

Combined

From the decay modes: 
X→J/ψγ, X→ψ(2S)γ ⇒ C=+1

PRD-RC 82, 011101 (2010)

Dalitz weighting technique: each event is 
given  weight of (5/2)(1-3cos2θ

h
), where θ

h
 is 

the angle between the π+ and π0 in the π+π- 
rest frame See SLIDES 40,41,42, 46 for details
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Observation of new D statesObservation of new D states (I) (I)

 4 new states observed: L=1
  2 in D-waves,  ~40 MeV
  2 in S-waves, ~300 MeV 

arXiv:1009.2076

 Channel under study:

e+e cc D**X D(*)X
–

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

454 fb-1
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Observation of new D statesObservation of new D states (II) (II)

 precise measurements of mass, width

 possibility to determinate JP

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

arXiv:1009.2076

454 fb-1

JP=0+ JP=1+ JP=1+

JP=2+
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Bottomonium at B factoriesBottomonium at B factories

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

pb
pb

pb

BB
_
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Bottomonium productionBottomonium production
E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

 
 

 
 

 

_
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Bottomonium statesBottomonium states

 Search for 
b
 using  e+e- conversions 

(L = 0 singlet). Also uses Y(2s) samples.

 Spectrum below open-flavour 
threshold richer than charmonium 

 Masses and BFs are important to
test potential model and lattice QCD


b
 found by BaBar (2008)

 h
b
(1P) not yet observed

 1D
J=2 

state seen by CLEO (2004)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

World average mass: 
b
 = (9390.9±2.8) MeV/c2

PRL 101 071801 (2008)


b
 and h

b
: hyperfine mass splitting

 Bottomonium states with L=0,1 and S=1
are known since 1970s and 1980s
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b b 

search using search using ee++ee conversion conversion
E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

Y(2s) sample


b
 discovered in  recoil spectrum

 It is confirmed by BaBar in Y(2s)
  (2009)

 It is confirmed by CLEO in Y(3s)
  (2010)

New study in BaBaR:

Y(2s) and Y(3s) to 
b
, using e+e-

PRELIMINARY results shown at ICHEP10

Y(3s) sample
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Bottomonium: search forBottomonium: search for h h
bb
(1P)(1P)

 Search for h
b
(1P) state 

(singlet L=1)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

 Expected in the decays: h
b


b
(~41%),

ggg(57%), 
gg(2%) 

Theoretical predictions:
PRD 66, 014012 (2006)
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Search for Search for Y(3s) Y(3s) 00hh
bb
(1P)(1P)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Search for Search for YY(3s)(3s)hh
bb
(1P)(1P)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

hh
bb
  mass scanmass scan

BaBar 
Preliminary

BaBar 
Preliminary

ICHEP 2010

ICHEP 2010

No indication of a signal in the Y(3s)h
b
 channel is seen
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Bottomonium search for L = 2Bottomonium search for L = 2

 
 Observation of 1D

J=2

state (triplet L=2)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

 Predicted mass:
~10160±10 MeV/c2

Godfrey&Rosner (2001) 097501

 Predicted separation 
between triplet states:
~5-12 MeV/c2
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YY(1(133DD
J J 
))Y(1s)Y(1s)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

ry

arXiV:1004.0175

Complete reconstruction of the event
- 6 different cascades for Y(1D)
- several other cascades with the same final state

Signal region:
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Quantum numbers ofQuantum numbers of Y(1 Y(133DD
J J 
))

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

dN/d ~ 1 + cos(2)

if
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Y(1s) Y(1s)   invisibleinvisible

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

arXiV:1007.4646

Old search: 

Huge background not negligible due to QED

NEW STRATEGY:

arXiV:0808.0017

new
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ConclusionsConclusions
E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

 After 2 years from the day that BaBar stopped to collect data several analysis are still ongoing

 Many results in spectroscopy are coming.....

 BaBar collected the largest world Y(3s) sample

 Converted photons in Y(3s) and Y(2s) to 
b
, and the 

b 
mass measurement now is improved

 First observation of Y(13D
J
) through hadronic decays (6.2): first tests for L. P, J are done

 Important confirmation for X(3872)J/

 Assignment for JP=2- favored for X(3872): 7%(S-wave) vs 62% (P-wave)

h
b 
(1P) was observed in Y(3s) data to h

b

 New observation of D states
See slide 46
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Back up slides

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Silicon Vertex Tracker
Precision vertex reconstruction, dE/dx 

DIRC
PID, K/π

Instrumented Flux Return
µ ID, neutral hadron detection

9 GeV e-

Drift Chamber
Momentum, dE/dx

1.5 T Solenoid

3.1 GeV e+

EM Calorimeter
low energy reach for π0, γ

e- ID, neutral hadron detection 

The BaBar detectorThe BaBar detector

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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  Final result from BABAR 
  on the study:

    BXK, XJ

X(3872)X(3872)
Belle: PRL 91, 262001 (2003), cited 412

CDF: PRL 91, 262001 (2003) PRL 93, 072001 
(2004)

D0:  PRL 93, 162002 (2004))

BABAR: PRD 72, 054026(2005)
PRD 73, 014014(2006)

Narrow resonance!

Molecular model predicts R(B0/B±)< 0.1

What is this state?

BF(B+→XK+, X→J/ψπ+π-) = (8.4±1.5±0.7) x 10-6 

BF(B0→XK0,X→J/ψπ+π-)  = (3.5±1.9±0.4) x 10-6 

<6.0x10-6 @ 90% 
C.L.

R(B0/B±) = 0.41±0.24±0.05

M =(2.7±1.6±0.4) MeV/c2

 < 3.3 MeV @90%CL

B±XK±

8.6
B0XK0

S

2.3

PRD77,111101(2008)[413fb-1]

X(3872)        J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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B+→X(3872)K+, X(3872) → J/

23.0±6.4 events measured

PRD 74, 071101 (2006)
PRL 102, 132001 (2009)

● BF(B+→X(3872)K+)×(X(3872)→J/)=

(2.8 ± 0.8 ± 0.2) × 10-6
3.6

3.5

First evidence for B+→X(3872)K+,
 X(3872)→(2S) 
BF(B+→X(3872) K+)×(X(3872)→(2S))=

(9.5 ±  2.7 ±  0.9) × 10-6

BF(X(3872) →(2S) )/ BF(X(3872) →J/



C-parity
: 1

+

[424 fb-1]

Final result from BABAR

on the analysis:

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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[347 fb-1]

BABAR: 
PRD 77, 011102 (2008)

N
o
 X

→
D

0 D
0

ψ(3770) X(3872)

BABARBABAR

[arXiv:0810.0358]: Belle has recently reported a new mass value.

BABAR and Belle disagree on this analysis!

    D*→ D0 and D0B+

B0

BaBar studied additional 8 channels:
 D0D*0K+ + D*0D0K+

 D0D*0K0 + D*0D0K0

_ _
_ _

QWG07                                       DESY, 19.10.2007                                Elisabetta Prencipe

M is 2.5 higher than the world average

(1.67±0.36±0.47)×10-4B+

3875.2+0.3
-1.6±0.8

Branching fractionmass (MeV/c2)experiment

(1.22±0.31+0.23
-0.30)×10-4B0+B+

3875.1±1.1±0.5BABAR  D0D

BELLE
Only D0
 D0D (0.73±0.17±0.08)×10-4

3872.6+0.5
-0.4±0.4

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

See slides 40 and 41
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invariant mass study (X invariant mass study (X J/J/)):: PRL96,102002(2006)

 JPC=1++ (S-wave)   or
 JPC=2 −+  (P-wave,   interference)

JPC=1++ (S-wave)  favored

B0→J/0K+ B- → J/0Ks 

PRD 71, 031501 (2005)

 inv. mass compatible with
but:

forbidden J/0, J/0, J/ 

 I=0 favored for X(3872) J/

 Decay X(3872)J/against  charmonium 
   hypothesis

No evidence
of charged partners

BABAR

PRD71,07103(2005)

X J/

9

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

PRL 96, 052002 (2006)
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Efficiency:
ØFor B+ (B0), the efficiency increases (decreases) 

gradually from 6% (5%) close to mJ/ψω threshold 
to 7% (4%) at mJ/ψω ~4.8 GeV/c2

Mass resolution:
ØThe resolution changes gradually from 6.5 MeV/c2 

at 3.84 GeV/c2, to 9 MeV/c2 at 4.8 GeV/c2

Study of X(3872)Study of X(3872)J/J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Clear mES signals in both B+ and B0 with 
~1160 and ~210 signal events, 
respectively 

|ΔE|<15 MeV |ΔE|<20 MeV

Study of X(3872)Study of X(3872)J/J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Selection Category Criterion

J/ψ→μμ mass 
(GeV/c2) 3.06<mμμ<3.14

J/ψ→ee mass 
(GeV/c2)

2.95<mee<3.14

π0 mass (GeV/c2) 0.115<mγγ<0.150

ΔE (GeV)
| ΔE|<0.015 (B+); | ΔE|

<0.020 (B0) 

B-helicity angle |cosθB|<0.9

Photon helicity 
angle θγ

cosθγ<0.95

ψ(2S) veto (GeV/c2) 3.661<mJ/ψππ<3.711

mES (GeV/c2) 5.274 – 5.284 (signal box), 
>5.2 for fits

Study of X(3872)Study of X(3872)J/J/
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Parameter values (other than normalizations) are consistent with fits 
to corrected data

Study of X(3872)Study of X(3872)J/J/
Fitting uncorrected data:

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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X(3872) : Gaussian 
function (resolution)

Y(3940): Breit-Wigner 
function for the × phase 
space

Nonresonant: phase-space 
× Gaussian function × 
mJ/ψω

Good fits are 
obtained

Fitting the Efficiency Corrected Data

Also corrected for 
K0L & K0S→π0π0

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Study of X(3872)Study of X(3872)J/J/
Comparison between old and new data:

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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mES  (GeV/c2)

B+→J/ψωK+

B0→J/ψωK0S

Study of X(3872)Study of X(3872)J/J/

Events around X(3872)

Events in 

3.8625<mJ/ψω<3.8825 
GeV/c2

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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BABAR PRD 77, 
011102(2008)

S-wave

P-wave
Δm=3 MeV/c2

Both  BABAR  and  Belle 
reported a shift in 
X(3872) mass in the 
decay mode 
X→D0D*0(~3875 MeV/c2) 
(No shift in mass in the most 
recent analysis from Belle)

The shift in D0D*0 mass may 
be due to one unit of orbital 
angular momentum, as for the ω

An explanation of the shift for 
X(3872)→ D0D*0 can be found 
in PRL 100, 062006 (2008)

Study of X(3872)Study of X(3872)J/J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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B0→J/ψωK0
S

B+→J/ψωK
+

Combined

Events in X-sig. reg.
3.8625<mJ/ψω<3.8825 

GeV/c2

Each point is the signal 
yield of an mES fit in 
m3π interval of 7.4 
MeV/c2
S-wave: χ2/NDF=10.17/5
P(χ2/NDF)=7%
P-wave: χ2/NDF=3.53/5
P(χ2/NDF)=62%

How do we justify calling such a distribution ω signal?

Similar shift in D0D*0;
Explanation for such a shift can 
be found in PRL PRL 100, 
062006 (2008)

PRD 82, 011101 (2010)m3π for the X(3872)
Study of X(3872)Study of X(3872)J/J/

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Non-weighted

Non-weighted

weighted weighted

3π in the ω region 3π in the η region

27±10 evts -1±42 evts

28±6 evts 152±20 evtsEach event is given  
weight of (5/2)(1-
3cos2θh), where θh is 
the angle between the 
π+ and π0 in the π+π- 
rest frame

Non-ω events projected 
away

Study of X(3872)Study of X(3872)J/J/

DALITZ PLOT WEIGHTING TECHNIQUE

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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33 invariant mass  invariant mass 

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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 BABAR  also reports evidence of 
X(3872)→ψ(2S)γ in B+→X(3872)K+ 
at 3.5σ

 B → ψ(2S)(Kπ) background is 
included in MC study

 Belle  does not confirm the 
existence of the decay mode 
X(3872)→γψ(2S)

When remove the background due 
to B→ψ(2S)K*(892), K*(892)→Kπ0, the 
ψ(2S)γ mass does not show any peak at the 
X(3872) resonance

 Belle’s upper limit: 

BABAR
PRL 102, 132001 (2009)

424/fb

Belle Preliminary 850/fb

The X(3872)→ψ(2S)γ

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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BABAR background events 

BABAR: B→ψ(2S)(Kπ) background is 
included in MC studies

For more details see:
    PRL 102, 132001 (2009) & B. Fulsom 

UBC Thesis (SLAC-R-949)

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 
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Remarks on the X(3872)Remarks on the X(3872)
X(3872)→ψγ  C=+1

No charged partner found for X(3872)-   I=0    
   

X(3872) quantum numbers
–  Belle: JPC=1++ favored (ω-ρ interference is not included) 
–  CDF: ππ mass distribution analysis and the angular 

distribution study  JPC=1++ or 2-+

What is the nature of X(3872)?
– Hybrid?.... BUT m(ccg)>4.2GeV/c2 

– Tetraquark?... BUT 
      No evidence for charged X(3872)±

– Charmonium?... mass is OK for 2-+  state 
(ηc2, the 1D2 cc ground state)

– Molecular?
• m(D0) + m(D0*) = 3871.8 ± 0.4 MeV/c2

• Decays to X(3872) → J/ψρ, D0D0*, J/ψω  
expected; but we observe X → ψ(2S)

• Compatible with JPC = 1++,2-+ assignment

Belle: arXiv:0505038 
BABAR: PRD 74, 071101(2006) 
            PRL 102, 132001 
(2009))

BABAR: PRD 73, 011101 (2006) 

Belle: arXiv:0505038

CDF: PRL 96, 102002 (2006)
          PRL 98, 132002 (2007)

  R(B0/B+) = 0.50R(B0/B+) = 0.50±±0.300.30±±0.05 in 0.05 in JJ//  

  R(B0/B+) = 1.33R(B0/B+) = 1.33±±0.690.69±±0.52 in 0.52 in DD00D*D*00  

m =2.7±1.3±0.2 MeV/c2 in JJ//  
 m =0.7±1.9±0.3 MeV/c2in   DD00D*D*00  

 M
X
 = 3871.4±0.6 MeV/c2 in in JJ// 

 M
X
=   3875.1±1.1 MeV/c2 in in DD00D*D*00   

_

_

_

_

E. Prencipe  -  X Y Z  particles at BaBar,  PHIPSI09 ( Beijing) 

– BaBar: JPC=2-+ favored

  R(B0/B+) = 0.8R(B0/B+) = 0.8±±0.3 in J/0.3 in J/

 M
x
 = 3873.0

-1.6
+1.8±1.3 in J/in J/

_
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Summary of the main results: B Summary of the main results: B Z KZ K

E. Prencipe  -  Spectroscopy results  from BaBar -  HQL2010 ( Frascati) 

mJ/ψπ- (GeV/c2) mψ(2S)π- (GeV/c2)

Not c
onfir

med 

Z(4430)-
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