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Overview on bottomonium  studies at           Overview on bottomonium  studies at           
  BaBar  BaBar
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 Asymmetric e+e¯ beam @ PEPII

 Peak luminosity: 1.2×1034cm−2s−1

 >500 M BB produced 

Y(4s)
e+e¯

s = 10.58 GeV

BaBar: Who? Where? What?BaBar: Who? Where? What?

_

: 11 countries and 630 physicists!
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Physics @ BaBar Physics @ BaBar (I)(I)
The BaBar detector has been 

optimized for:

 study on CP violationCP violation in BB 
system

     measurement of the angles and sides   
   of the Unitarity Triangle 

 rare B meson decays 
     (search for new Physics)

  

• Sides ~ λ3

• CP violation ∝ triangle area

• Test the flavour sector of the 
SM

_
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The spectrum of Heavy QuarkoniumHeavy Quarkonium 
states  is an ideal place to provide 
precision tests of QCD.                      
                                        
Very accurate calculations are 
possible using Lattice techniques. 

   M
c
~1.5 GeV/c2 is high enough to try

   to describe QCD in term of NRPM.     
                             

  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.

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

_
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Spectroscopy @BaBarSpectroscopy @BaBar

_ Well known charmonium 
states below the DD threshold 
and some 1-- states above 
threshold
 States below the DD 

threshold are in good 
agreement with theoretical 
models
 New states recently observed 

at the B-factories do not fit 
theoretical expectations
 QCD  foresees a more rich 

spectroscopy: hybrids, 
tetraquark, molecular states...
 BaBar is also working in this 

direction in order to interpret 
these new states...

_
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charm and charmonium spectroscopycharm and charmonium spectroscopy

The main goal of the physics The main goal of the physics @@Y(3S)Y(3S) and  and @@Y(2S)Y(2S) is the is the
  search of search of bottomoniumbottomonium  states and   states and light Higgslight Higgs. . 

 Transition Y(4S)Y(2S), Y(4S)Y(1S) Y(4S)Y(1S)

bottomonium spectroscopybottomonium spectroscopy

Heavy Spectroscopy in eHeavy Spectroscopy in e  ++ee  –– interactions @Y(4S) interactions @Y(4S)

 Production in continuum:  e+e–  J X   (C
X
=+)

 e+e–  
ISR

 X (only JPC=1- -)

 Production B decays:  bc (color suppressed decay)

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

_ _ _

   X  (J
X
≠ 1)
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Continuum
production

e+

e–
c

γ ∗
γ ISR

c

Production 
in B decays

(color suppressed)

K(*)

b

q

W

c
c

s
q

B

e+

e–
c
c

J/ψ

Double charmonium
production

e+

e–

e+

e–

c

c

Two photons 
production

B-factoryB-factory: : 
charmonium production processescharmonium production processes
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Systematic program for the study of Systematic program for the study of 
charmonia production in B decaycharmonia production in B decay

[ ]       J/ψ[nx] K

B       J/ψ h0 K 

Some possibilities are investigated for the study of 
resonant structures in B decays (missing or new states, missing or new states, 
hybridshybrids):

J/ψ

K
s
, K±

h
0

c

s

c

q

b

q

B q

q

[]       J/ψ π0π0K                
[]       J/ψ π+π− K                                    

[]       J/ψ π+π−π0 K
....

h0
  
= π0, ω, φ, ρ0, η, η’

(neutral light mesons)

B
ISR
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Selecting B mesonsSelecting B mesons

Main kinematic variables:

s = inv . mass of e+e− system;
p

B
, p

0
 = 3-momentum module

           of the B candidate and 
          e+e− system respectively

s = inv . mass of e+e− system;
q

B
, q

0
 = 4-momentum module 

             of the B candidate and 
             e+e− system respectively

GeV/c2

For Charmonium studies in B decays most of the bkg is from combinatorics: use 
two uncorrelated variables reflecting momentum and energy conservation.

Elisabetta Prencipe                                                             LAPP                                                 17th October, 2008                                 
GeV



  11

X(3782)X(3782)

– Discovered by BELLE in B XK, X→ →J/ πψ +π-; confirmed by CDF, 
D0, (PRL 91, 262001 (2003), PRL 93, 072001 (2004), PRL 93, 162002 (2004)),and BABAR 

         (PRD 71, 071103 (2004)[117 fb-1], PRD 73, 011101 (2006) [211 fb-1])
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  Exclusive searches @ BaBar:Exclusive searches @ BaBar: B BXKXK

  Update on the study:

    BXK, XJ

R(B0/B±) = 0.41±0.24±0.05

M =(2.7±1.6±0.4) MeV/c2

 < 3.3 MeV @90%CL

X→J/ψ γ 
 B±→ J/ψ γ K± 
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B+→XK+

X→J/ψγ

B+→XK+

X→ψ(2S)γ
 B±→ ψ(2s) γ K± 

X→ψ(2s)γ 

B0XK0
S

433fb-1

B±XK±

hep-ex/0803.2838

X(3872)        J/ψ π+π−

NEWNEW

B0XKS

What is this What is this 
X(3872)X(3872) state? state?

M =(3871.±0.6) MeV/c2
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 C=+ for the X(3872)
 I=1 for the (ππ) in J/ψπ+π- ;
 forbidden J/ψπ0π0, J/ψπ0, J/ψη      

                 I=0 favored for X(3872);
   the J/ψπ+π- decay is 
   I-violating (small width)

 Decay X(3872)→J/ψρ against
● charmonium hypothesis:
● no charged partner found!

m


(GeV/c2)

 Invariant 2-mass in J/ : 
  S-wave J/ favoured

J++ favoured over J–+

X(3872) study:

PRD 71, 031501 (2005)
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211 fb-1 

ee-- DD**ππ

ee++

BBrecoreco

BBsignalsignal
KK

XX

 Fully reconstruct Breco in hadronic 
modes
 The X mass distribution can be 

obtained from the momentum 
distribution of K± 
 Huge background due to secondary 

K± tracks
 Observation of X states 

independent from the decay mode
  Absolute measurement of          

 BR(BBR(B→→XK)XK)

BR(B±→X(3872)K±)<3.2·10-4 at 90% CL

From BaBar-Belle average:
BR(B±→X(3872)K±, X(3872)→J/ψπ+π-)=

=(13.3±2.5)·10-6

Inclusive searches @ BaBarInclusive searches @ BaBar: : BBXKXK          

BR(X(3872)→J/ψπ+π-)>4.2% at 90% CL

PRL96, 052002
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Still some surprisesStill some surprises:                :                                  
    

  BaBar studied the channels:

B+ →D0D*0K+ + D*0D0K+

B0 →D0D*0K0 + D*0D0K0

D*0D0 and D0

PRD77, 011102

347 fb-1

ψ(3770)

BB(DD)(DD)
XX
KK

X(3872)

MM

 = (3775.5 = (3775.5±±2.42.4±±0.5) MeV/c0.5) MeV/c22  

experiment Mass (MeV/c2)
BABARBABAR

BELLEBELLE 3875.2±0.7+0.3
-1.6±0.8

3875.2+0.7
-0.5±0.5

R R Expected: 1.3 for a state proceeding only via DExpected: 1.3 for a state proceeding only via D00DD00**

    M is ~4.5M is ~4.5 away from the world average  away from the world average in J/ in J/ 

       =1.37±0.56

  Measurements:
                       


R(B0/B±) = (1.33±0.69±0.43 ) MeV/c2

M = (0.2±1.6)MeV/c2

_ R                                 
X(3872) D0D0

X(3872) D0D0

_
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X(3872): interpretationX(3872): interpretation

X(3872) likely NOT  a charmonium state 

Radial excitation of Radial excitation of 
1c1c

 (1 (1++++) expected at 3950 MeV/c) expected at 3950 MeV/c22

No satisfactory cNo satisfactory ccc assignment assignment

PRD71 (2005) 074005

Measurements:

  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 MeV/c2 in in DD00D*D*00   

Is it a molecular state?Is it a molecular state?

Is it a 4-quark state?Is it a 4-quark state?

PRD71 (2005) 014028

BaBar: PRD73 (2006) 011101

BaBar: PRD73 (2006) 011101

...what else?..what else?

BaB
ar

BaB
ar

Pr
el

im
in

ar
y

Pr
el

im
in

ar
y

_

_

_

_
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Even moreEven more: B: BYYK, YK, Y  JJ   

 The measured values are    
corrected for efficiency      
and resolution effects

B Y K

hep-ex/0711.2047 347 fb-1

R
1
(B0/B+) =  

R
2
(B0/B+) = 

B±

B0
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B J/  K

    ;
signal
region
non
resonant 
contribution
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Study in ISR productionStudy in ISR production

  What are these new structures? First observed at BaBar

e+e-
ISR

 S

Γ = (172±33) MeV

M = (4324±24) MeV/c2

298 fb-1

 PRL98,212001

JJPCPC=1=1– –– –

e+e-
ISR

 J/
 PRL95, 142001

233 fb-1

Γ
Y
= 88±23+6

-4
MeV

M
Y
= 4259±8+2

-6
 MeV/c2

Y(4050)?

e+

e- γISR

γ*

J/ψ
ψ(2S)
ψ(3770)
etc

BABAR preliminary 
(454fb-1)

Update
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Y(4260) in B decaysY(4260) in B decays

R

GeV

211 fb-1 

B±→Y(4260)K±

Y(4260)→J/ψ π+π-

PRD 73,011101 (2006)

N=128±42

CL 90%    13.0   
ψ)ππB(Y(4260)

)ppB(Y(4260) <
→

→
−+

CL 90%    eV 4.0  )φππB(Y(4260) <→×Γ −+Y
ee

CL 95%    6.7   
)ψππY(4260)(B

)DD)4260(Y(B <
→

→
−+

No signal

No signal

No signal

3σ( ) 5102.07.00.2

)πψπ)4260(Y(B)Y(4260)KB(B
−

−+−−

×±±=

=→×→
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Y(4260): interpretationY(4260): interpretation
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BELLE

mψ(2S)π- (GeV/c2)

K* veto

Z(4430)Z(4430)  --
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• BELLE has reported a new 
charged charmonium-like 
state in the decay: B Z→ -K, Z-

→ (2S)πψ -(PRL 100, 142001 (2008)) 

• The reported mass and width 
are:
– m=4433 ± 4(stat) ± 2(syst) 

MeV/c2 
– =45Γ +18

-13(stat)+30
-13(syst) MeV

• Significance: 6.5σ

• If this result is confirmed 
first observation of a genuine 
ccud “tetraquark” state, since 
it is charged and carries 
hidden charm 

     (e.g. Maiani: 0708.3997 (hep-ph) , 
        Karliner & Lipkin arxiv: 0802.0649 (hep-

ph) )
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B-→J/ψπ-K0
S B-→ψ(2S)π-K0

S

B0→J/ψπ-K+ B0→ψ(2S)π-K+ mKπ-  (GeV/c2) mKπ-  (GeV/c2)

Elisabetta Prencipe                                                             LAPP                                                 17th October, 2008                                 

<2.61.4 ± 0.7327 ± 170B0→Z-K+, Z- →ψ(2S)π-

<3.81.3 ± 1.4110 ± 118B-→Z-K0, Z- →ψ(2S)π-

<0.4-1.2 ± 0.4-666 ± 203B0→Z-K+, Z- →J/ψπ-

<1.5-0.1 ± 0.8-16 ± 140B-→Z-K0, Z- →J/ψπ-

Upper limit
(x10-5) (@95% C.L.) 

Branching fraction
(x10-5)

Z(4430)- 
signal

Decay mode
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BABAR preliminary

mJ/ψπ- (GeV/c2) mψ(2S)π- (GeV/c2)

Z(4430)Z(4430)    - - : corrected distributions: corrected distributions

no
significant
Z(4430)-

signal
was observed!
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...more recent....

....BB→→  JJ//  K K

Elisabetta Prencipe                                                             LAPP                                                 17th October, 2008                                 

Looking for tetraquark....
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Goals of the analysis:Goals of the analysis: 

The proposal is:

 to measure  the to measure  the BRBR of the decay channel             of the decay channel                      
                                                

  
 to study the invariant masses of the B daughters, to study the invariant masses of the B daughters, 
with particular attention towith particular attention to  [[J/J/ψψ  ] ] in order to check in order to check 
ifif   there is a new charmonium state decaying to there is a new charmonium state decaying to 
these two mesonsthese two mesons

BB→→  JJ//  K,   K,  →→KK++KK––

BB→→  JJ//  K K
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The transitionThe transition  B B →→  JJ//   K K most likely proceed as a most likely proceed as a 
3-body decay. 3-body decay. 

Another possibility to be exploited is that this Another possibility to be exploited is that this 
transition can proceed as a transition can proceed as a quasi-2-body decay, quasi-2-body decay, in in 
which which JJ//  and  and   are daughters of an  are daughters of an hybrid, hybrid, 
charmonium statecharmonium state  YY

gg
(ccss)(ccss)..

The transition The transition bbccsccs  is a very promising  is a very promising 
place to observe observe place to observe observe YY

gg
..

If this state exists, and it decays in If this state exists, and it decays in JJ//ψφψφ, the , the 
invariant mass will be invariant mass will be below 4.3 GeV/cbelow 4.3 GeV/c22  (the DD*  (the DD* 
threshold), as above 4.3 GeV/cthreshold), as above 4.3 GeV/c22  the dominant  the dominant 
decay should be Ydecay should be Y

gg
DD*.DD*.

__ __

__
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A recent paper (A recent paper (arXiV:0801.2036arXiV:0801.2036) provides ) provides 
theoretical  explanation for a model in theoretical  explanation for a model in 
quenched-lattice quenched-lattice QCDQCD  giving for vector  giving for vector hybridshybrids  
states  masses: states  masses: 

JPC          0−+        1−+            2−+             1−−

Mass   4.252     4.320        4.397          4.457

As the As the [[JJ// ] ] invariant mass lies in the range  invariant mass lies in the range  
[4.0;5.0] [4.0;5.0] GeV/cGeV/c22, we believe that the transition , we believe that the transition 
under examination is a very promising place to under examination is a very promising place to 
search for hybrids, new resonances.search for hybrids, new resonances.

Y.S. Kalashnikova, A.V. Nefediev
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MC Final FitMC Final Fit
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BB±±→→  JJ//  K K±± ,  , →→KK++KK––

BB00→→  JJ//  K K00

SS
 ,  , →→KK++KK––
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DATA Final FitDATA Final Fit

9.9

4.9
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B±→ J/  K±

B0→ J/   K0
S
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BR measurementsBR measurements

15.2 evt9.7 evt

B±→ J/  K±  B0→ J/   K0
S
 

PRL 91 071801 PRL 91 071801 

B0→ J/   K0
S B±→ J/  K±

hep-ex/....hep-ex/....
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OLD NEW
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Invariant masses studyInvariant masses study: : BB±±→→  JJ//  K K±±

  In order to
  understand if new 

resonances lie in 
the masse range  
under examination,  
we analyze  M

ij
.

  In the MC sample 
we do not expect to 
see any resonant 
structure , so we 
observe   smooth 
distributions.

MC sample
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BB±±→→  JJ//   KK±±

Expected events: 127
                 Measured: 125±15
                                  137±16

                                     119±16

MM
J/J/

MM
J/J/

MM


 (a), (b), (c)  are realized applying the selection cuts and requiring M
ES

>5.27

 (d), (e), (f) are realized after the background subtraction 
 A cut every 50/c2 (20)MeV was put on the M

ij
 range                         
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20 MeV/c2

50 MeV/c2
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Invariant masses studyInvariant masses study
BB00  →→  JJ//   K K00

SS
  

The same study as described in Slide28 was done for the neutral B channel decay.
In this case we used a larger MC sample of 1273 fb-1

MC sample
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BB00  →→  JJ//   K K00

SS
  

 (a), (b), (c)  are realized applying the selection cuts and requiring M
ES

>5.27

 (d), (e), (f) are realized after the background subtraction 
 A cut every 50 MeV/c2 was put on the M

ij
 range                                  

Expected events: 65
                 Measured: 58±13
                                  66±14

                                     60±14

MM
J/J/

MM
J/J/ ss

MM
 ss

after D/D* veto
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MC fitMC fit
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Results on DATA (I)Results on DATA (I)
BB±±→→  JJ//   KK±±
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Results on DATA (II)Results on DATA (II)
BB00  →→  JJ//   K K00

SS
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If we put together the charged and the neutral channel:

 (a), (b), ( c ) represent the binned fit 
 (d), (e), (f) represent the M

J
 invariant mass plot using the 9-tiles method 
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Efficiency correctionsEfficiency corrections
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Final invariant mass plotsFinal invariant mass plots

 Efficiency corrections applied
 Plots done on the full DATA sample: Bch + B0
 Excess of events seen around 4.50 GeV/c2, but also compatible with flat distribution
 Need of more data and accuracy to understand the nature of this enhancement

What is it? 
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ToyMC studyToyMC study
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BOTTOMONIUM SPECTROSCOPYBOTTOMONIUM SPECTROSCOPY
2 hb and 3 D wave 
states are narrow but 
not observed
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Y(1S)

Y(2S)

Y(3S)

Y(4S)

Y(10860)

Y(11020)

0 –+ 1 – – 1 +– 0 ++ 1 ++ 2 ++

 BB threshold

Unconfirmed J
 assignments of
 all the χb s


b

completely 
missing

 now BaBar foundBaBar found!
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
b

10

  ee++ee- -   Y(3S)  Y(3S)   bb
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M = 

BR=

under
bottomonium hypothesis

921.2+2.1
-2.8
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 Non BB decays

 PRL96, 232001

230 M Y(4S)Bottomonium @ Y(4S)Bottomonium @ Y(4S)

 Transitions: Y(4S) Y(4S) Y(2S)Y(2S)  ­­

                                              Y(4S) Y(4S) Y(1S)Y(1S)  ­­

   B
4S2S

=(1.29±0.32)×10-4


4S2S

=(2.7±0.8) keV

    B
4S1S

=(0.90±0.15)×10-4


4S1S

=(1.8±0.4) keV

Unexpected result:


4S1S


4S1S

= 2.41±0.40±0.12
E1M2/
E1E1
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B
4S1S

= (1.96±0.060.09)×10-4

Y(4S)Y(4S)Y(1S)Y(1S)

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SummarySummary
What is in the      zoo?

Theory still not clear.
Significant contribution from BaBar in these  9 years.

Important analyses are ongoing...

confirmed
 now also
from BES

MECHANISMMECHANISM
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