
Ruslan Chistov                     Charm Baryons at B-factories     KEK Seminar (January 9, 2007)
1

Charm BaryonsCharm Baryons  atat  B-factoriesB-factories

   ▪ Introduction:  B-Factories and QCD
  (A)   Charm Baryon Spectroscopy
       (1) Prehistory: Charm Baryons before B-Factories Era
       (2) Observation of New Charm Baryons
  (B) Charm Baryons from B-decays:
            New Charmful Baryonic B-decays and New Dynamics
  (C)  Summary and Perspectives

Ruslan Chistov
(ITEP, Moscow)

                             KEK     Seminar     (January 9, 2007)
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Integrated luminosity

May ‘99

B-Factories and Data SampleB-Factories and Data Sample

> 1 fb-1/day

e+e-→Y(4S), {ll, cc, qq}

Not only EWP and CPV.

> 700 fb-1  

+ L (BaBar)
 → > 1ab-1
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Why it is important to studyWhy it is important to study
heavy heavy hadronhadron spectroscopy? spectroscopy?

QCD is one of 3 theories describing the fundamental interactions
(EW+QCD+G)

And we are far  from understanding how QCD works 
at longer distances governing the hadronhadron spectra spectra since 

many hadrons have unexpectedunexpected properties. 

We need to understand it in order to separate the EWP from 
strong-interaction effects. Moreover we may need to use our 

experience with QCD in dealing with any non-perturbative 
effects encountered at higher energies (e.g. at LHC).   

Heavy hadron spectroscopy is one of the best places to test 
     different theoretical approaches in QCD.
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Charm BaryonsCharm Baryons

Baryons are the main part of THE MATTER AROUND USTHE MATTER AROUND US
and turn out to be very complicated objects built from 3 quarks. In
baryons we face with the problem of relativistic non-perturbative
3-body system!! ⇒ Baryon is a very difficult object…
Thus we should study baryons to understand the nature of matter.

The charm baryons are more or less simple since
they consists of one heavy c-quark. So, the generic picture is:
Light diquark moves around one center – heavy c-quark.
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B-Factories have started toB-Factories have started to
study Charm Baryonsstudy Charm Baryons

Now Belle and BaBar 
are the reachest sources of charmed baryons.  

They could provide new knowledge about the spectroscopy, 
decay modes and production mechanism of charmed baryons.

Baryonic B decays
Charmed baryons

in e+e-→ cc continuum

What was before? 
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Before B-factories: ARGUSBefore B-factories: ARGUS
detectordetector

Λc(2625)+Λc(2625)+
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Before B-factories: CLEO detectorBefore B-factories: CLEO detector

Λc(2765)+

Σ*c
++Σc

++

Λc(2880)+
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Observation ofObservation of  ΛΛcc
++→→ΛΛ K K++,,  ΣΣ00KK++  at Belleat Belle

and study of and study of ΞΞ(1690)(1690)0 0 at at BaBarBaBar

ΛΛcc
++→→ΛΛ K K++

ΛΛcc
++→Σ→Σ00KK++

Λc
+→Ξ(1690)0K+

Belle  PLB 524, 247 (2002)

Belle

BaBar  hep-ex/0607043

BaBar

Belle

BaBar

Improve knowledge on C.-s. decays               test different theoretical models

    Ξ(1690)0→Σ+K-

Ξ(1690)0→ΛK0
S
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Introduction to  CharmIntroduction to  Charm
Baryons at BelleBaryons at Belle

Improved measurement ofImproved measurement of
ΞΞcc

00 and  and ΞΞcc
++ masses masses at Belle at Belle

PLB 605, 237 (2005)

The Ξc’s are reconstructed in 7 decay modes

ΛK-π+

pK-K-π+

ΛKS
0 pKS

0KS
0

ΛK-π+π+

Ξ-π+

Ξ-π+π+
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Introduction to  CharmIntroduction to  Charm
Baryons at BelleBaryons at Belle

Improved measurement ofImproved measurement of
ΞΞcc

00 and  and ΞΞcc
++ masses masses at Belle at Belle

PLB 605, 237 (2005),
Erratum PLB 617, 198 (2005)

+0.2-1.4

+0.2-1.4

Due to the mass scale
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Belle:Belle: Study Study of excited states  of excited states ΞΞcc(2645)(2645)

Mass(Ξc
+ π-) Mass(ΞC

0 π+)

ΞΞCC(2645)(2645)00 ΞΞCC(2645)(2645)++

Reflection from 
ΞC(2790)0→ Ξc

’+
 π

-,
Ξc’+ → Ξc

+ γ
(verified with MC)

Reflection from
ΞC(2790)+→ Ξc

’0
 π

+

(verified with MC)
Ξc’0 → Ξc

0 γ

ΞC
+ → Ξ- π+π+

ΞC
0 → Ξ- π+

LL∼∼
45

0 
fb
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StudyStudy of excited states  of excited states ΞΞcc(2645):(2645):
mass measurements mass measurements at Belleat Belle

Belle (2006):

PDG(2006):
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Improved measurement of Improved measurement of ΛΛcc
++ mass  mass atat  BaBarBaBar

Sm
all

 en
er

gy
 re

lea
se

Phys.Rev. D 72, 052006 (2005)

ΛK0
sK+

Σ0K0
sK+

pK-π+

pK0
s Mass(Λc

+)=2286.46±0.14 MeV
PDG:            2284.9±0.6  MeV
Stimulation of lattice QCD and potential 
models for improving predictions (uncertainties)



Ruslan Chistov                     Charm Baryons at B-factories     KEK Seminar (January 9, 2007)
14

Signal

Λc
+ sideband

Feeddown from
 Λc(2880)+

Observation of Observation of ΣΣcc(2800) (2800) at Belle:at Belle:
(PRL 94, 12202 (2005))(PRL 94, 12202 (2005))

ΛΛcc
++ππ-- ΛΛcc

++ππ00 ΛΛcc
++ππ++

ISOTRIPLET!
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Observation of Observation of ΣΣcc(2800):(2800):
DiscussionDiscussion

Theoretical models predict a rich spectrum of 
excited charmed baryons in the vicinity of the Σc(2800) 
 [L.A.Copley, N.Isgur and G.Karl, Phys. Rev D 20, 768 (1979)].

One of the candidates is a Σc2 doublet with JP=3/2- and 5/2- 
(subscript 2 denotes the total angular momentum of light diquark.)
Σc2 is expected to decay principally  into Λc

+π in D-wave.

The predicted mass is close to the measured but the 
predicted width is only 15 MeV.

But the Σc2 (3/2-) can mix with the nearby Σc1 (3/2-) which would 
produce a wider physical state.   
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2006: Most Notable Results on2006: Most Notable Results on
Charm BaryonsCharm Baryons

BaBar: Observation of ΛΛcc(2880)(2880)++ , ΛΛcc(2940)(2940)+ + →→DD00pp
(Moriond QCD’06)

BelleBelle:   Observation of

(Moriond QCD’06)
BelleBelle:   Observation of ΞΞcxcx(3077)(3077)00  →→    ΛΛcc

++ K K00  ππ--

and  Evidence for  ΞΞcxcx(2980)(2980)00  →→    ΛΛcc
++ K K00  ππ--  (Charm’06)

BaBar: Confirmation of ΞΞcxcx(3077)(3077)++ and ΞΞcxcx(2980)(2980)++ (ICHEP’06)
BelleBelle:   Observation of ΞΞcxcx(2980)(2980)+/0+/0  →→  ΞΞcc

*0/+*0/+ππ+/-+/-      (ICHEP’06)
BelleBelle:   Observation of ΛΛcc(2940)(2940)++  →→  ΣΣccππ                   (ICHEP’06)
BaBar: Observation of ΩΩcc**→→ΩΩcc  γγ                               (ICHEP’06)

    BelleBelle & BaBar: No signals for the production at No signals for the production at √s√s ~ 10.6  ~ 10.6 GeVGeV
in in ee++ee-- collisions of the SELEX  collisions of the SELEX ΞΞcccc(3520)(3520)+ + →→    ΛΛcc

++ K K--  ππ++

ΞΞcxcx(2980)(2980)++, , ΞΞcxcx(3077)(3077)+ + →→    ΛΛcc
+ + KK--  ππ++  
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  BaBarBaBar::          Observation of   ΩΩcc
**→→  ΩΩccγγ

   M(Ωc
∗) − M(Ωc

0) =
 (70.8 ± 1.0  ± 1.1) MeV/c2

 ΔM Predictions  (MeV/c2)
       HQET                80
       Lattice QCD       90
       Non-relativistic
       Quark Model      50 - 73

hep-ex/0608055

JP=3/2+ from QM

This is the excitation ofThis is the excitation of
((csscss), but what about (), but what about (ccqccq)?)?
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Search for the Search for the Ξcc (3520)+→ Λc
+ K- π+

null result
N=8.3 ± 37.3 < 69.1 @ 90% CL

LL∼∼450 fb
450 fb

-1-1BelleBelle

SELEX
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BaBar, L~232 fb-1

Belle and Belle and BaBarBaBar observed  observed ee++ee--→→double-cc; double-cc; σσ is ~10 larger than  is ~10 larger than 
                            NRQCD predictions                             NRQCD predictions ⇒⇒ motivation to search motivation to search

Similar search in ΛcKππ, Ξcπ, Ξcππ 
 also shows no signals. UL’s are useful 
for models calculating cccc.

M(Λc
+K-π+)

M(Λc
+K-π+)

(recent work by A.K.Likhoded and A.V.Berezhnoy suggests – two prosesses are the 
same order – hep-ph/0602041)
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New Charmed Baryons from New Charmed Baryons from BelleBelle

Near threshold in Mass(Λc
+ K- π+) two new charmed baryons

ΞΞcxcx(2980)(2980)++ and  and ΞΞcxcx(3077)(3077)++ were observed

Ξcx(2980)+

Ξcx(3077)+

wrong-sign Λc
+ K+ π- 

Ξcx(3077)+: 9.2σ
N=326.0 ± 39.6 events

M=3076.7 ± 0.9 ± 0.5 MeV
Γ=6.2 ± 1.2 ± 0.8 MeV

Ξcx(2980)+: 5.7σ
N=405.3 ± 50.7 events

M=2978.5 ± 2.1 ± 2.0 MeV
Γ=43.5 ± 7.5 ± 7.0 MeV

LL∼∼450 fb450 fb-1-1

PRL 97, 162001 (2006)

What is a nature of
 these new states?
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New Charmed Baryons from New Charmed Baryons from BelleBelle
To get more information about the properties of found states Belle
searched for their isopartners in Mass(Λc

+ K0
S π-)  and observe  ΞΞ

cxcx(3077)(3077)00

Ξcx(2980)0

Ξcx(3077)0

wrong-sign Λc
+ K0

S π+ 

High mass state - Ξcx(3077)0
N=67.1 ± 19.9
M=3082.8 ± 1.8 MeV
Γ=5.2 ± 3.1 MeV
Significance=4.4σ

Low mass state - Ξcx(2980)0
N= 42.3 ± 23.8
M=2977.1 ± 8.8 MeV
Γ=43.6 MeV FIXED
Significance=1.5σ

LL∼∼450 fb450 fb-1-1PRL 97, 162001 (2006)
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BaBarBaBar : : Confirmation of Confirmation of
Ξcx(2980)+ and Ξcx(3077)+

Reported on
the resonant
substructure: Σc

(*)K.

Belle also sees the
res. substr. but
didn’t publish.

Results are consistent;
BaBar performed 2D fit
(M(ΛcKπ) Vs. M(Λcπ))
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Discussion of New Discussion of New ΞΞcxcx States States

                Observed Properties:Observed Properties:

•Charm and strange quarks in the final state (Λc
+ and K-);

•These new charm baryons have
                   *large masses (largest in grand family of charm baryons),
                   *finite widths;
•Neutral partners also observed

             not double charm baryons

Most natural interpretation:  excited charm strange baryonsexcited charm strange baryons

which could be D-wave excitations.
Possible JP are 1/2+(or 3/2+) and 5/2+
                                (H.-Y.Cheng, C.-K.Chua, hep-ph/0610283;
                                                     J.L.Rosner, hep-ph/0612332)
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Belle:Belle:      Observation of ΞΞcxcx(2980)(2980)+/0+/0  →→  ΞΞcc
*0/+*0/+ππ+/-+/-

Ξc(2815)+

Ξcx(2980)+

No Ξcx(3077)+

M(Ξc(2645)0π+) M(Ξc(2645)+π-)

??

Ξc(2815)0

Ξcx(2980)0

No Ξcx(3077)0

??

Search for another, “natural” channel for the new states Ξcx

hep-ex/0608012
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BaBarBaBar::      Observation of      Observation of
Λc(2880)+  and Λc(2940)+ →D0p

    Λc(2880)+

       A New Decay Mode;
       Improved Mass and Width

       M = (2882±0.1±0.5) MeV/c2

       Γ = (5.8 ± 1.5 ±1.1) MeV

  New Charm Baryon:  Λc(2940)+

   M = (2939.8 ± 1.3 ± 1.0) MeV/c2

       Γ = (17.5 ± 5.2 ± 5.9) MeV

   Is itIs it  ΛΛcc
++ or  or ΣΣcc

++ ? ?
       Search for        Search for IsospinIsospin

Partners       Partners       ⇒⇒

hep-ex/0603052
Λc(2880)+

Λc(2940)+
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BaBarBaBar::      Observation of      Observation of
Λc(2880)+  and Λc(2940)+ →D0p

      No signals at 2880 and 2940 MeV/c2

       →
       both 2880 & 2940 states are Λc’s

       Previous CLEO data shows thatΛc(2940)+ not observed in Λc
+π+π− ;

            Suppression not understood

CLEO’2000 But..But..
        ⇒⇒

Λc(2880)+

Λc(2765)+
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  Belle:Belle:          Observation of ΛΛcc(2940)(2940)++  →→  ΣΣccππ

M(M(ΣΣcc(2455)(2455)0,++0,++ππ±±))

Λc(2880)+

Λc(2940)+

Λc(2765)+

Confirmation of  
Λc(2940)+ 

Observation of a new decay modeObservation of a new decay mode
⇒

to check exotic interpretation
of Λc(2940)+ as
 D*0p molecular state
                             (hep-ph/0606015)                             (hep-ph/0606015)

   (Parameters are consistent)

One needs to measure 
BR(→D0p)/ BR(→ Σcπ) 

hep-ex/0608043
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  Belle:Belle:      Angular analysis inAngular analysis in ΛΛcc(2880)(2880)++→Σ→Σccππ

cos θ

hep-ex/0608043

J=5/2,    χ2/d.o.f.=10.8/7

J=3/2,    χ2/d.o.f.=36.0/8

J=1/2,   χ2/d.o.f.=49.9/9

    J=5/2 hypothesis is strongly favored
over 1/2  and 3/2 hypotheses.

Quark Model:Quark Model:
  JP           Mass
∗5/2-    2900  3130
 7/2-    3125
∗5/2+   2910  3140
 7/2+   3175

C
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ic
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R
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19
86

)

A lot of states are predicted at these masses.
One needs to determine JP to identify. 
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  Belle:Belle:          Observation of ΛΛcc(2880)(2880)++  →→  ΣΣcc
**ππ

Λc(2880)+ yield vs. M(Λcπ±)

Σc(2455)

Σc(2520) Crutial for the constraint
of the Λc(2880)+ JP   ⇒

hep-ex/0608043

Heavy Quark Symmetry:
5/2-       L=1 slight=1 jlight=2 ⇒ Γ(Σc*π) / Γ(Σcπ) =
                                                                          140%

5/2+     L=2 slight=0 jlight=2 ⇒ Γ(Σc*π) / Γ(Σcπ) =
                                                                           23%

(Isgur, Wise PRL66,1130(1991))
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SummarySummary  for New Charm Baryonsfor New Charm Baryons

Λc(2880)+ → Σcπ   and  D0p (!), but
Λc(2940)+ → mostly to D0p,
                           Σcπ  suppressed

Ξcx(2980) → Ξc
*π  and  ΛcKπ (Σcπ), but

Ξcx(3077) → only to ΛcKπ (Σc
(*)π),

                          no signal for Ξc*π

ΛcKπ threshold
D0p threshold

New charm baryons with 
new decay mechanism 
were discovered 
by BaBar and Belle:

Studies of their properties are ongoing

The list of new particles with not properly understood properties
has been widen.   
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 Charm Baryon Spectroscopy at B-Factories: Charm Baryon Spectroscopy at B-Factories:
Achievements and Perspectives:Achievements and Perspectives:

Several new decay modes of Λc
+ were observed;

Several new states were discovered.

• ΞCX and Λc(2940)+ properties should be studied further;
• New searches unambiguously are necessary, e.g.:
    * confirmation of Ωc

*0

    * search for orbitally excitated Ωc
0

    * … continue to search for the processes resulting in
                             production of double charm baryons.
•Measurement of Ξc absolute Br
              and precision measurement of Λc

+ Br.
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Charm Baryons from B-decays
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Observation of Inclusive Production ofObservation of Inclusive Production of
ΛΛcc, , ΞΞcc, , ΣΣcc at old years at ARGUS and CLEO at old years at ARGUS and CLEO

Σc
++

Σc
0

CLEO

CLEO

CLEO

A
R

G
U

S

First evidences for softness of 
momentum spectra of charm baryons
from B decays        MultibodyMultibody  charmfulcharmful baryonic baryonic
                                                      B decays are                                                       B decays are preferedprefered??
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Study of BStudy of B00  →→  ΛΛcc
+ + p np nππ      at Belleat Belle

Belle 
 PRD(RC) 66, 091102 (2002) CLEO   

PRD(RC) 66, 091101 (2002)

Belle  hep-ex/0608025
To appear in PRD(RC)

Variety of decays and final states  
+ prominent resonant substructure
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Study of BStudy of B++  →→  ΛΛcc
+ + p p ππ++  at Belleat Belle

Belle

P
R
L 

9
7
, 

2
4
2
0
0
1
 (

2
0
0
6
)

hep-ex/0607055

An enhancement of the dibaryon 
invariant mass near threshold !

Extensive 
Theoretical study

Br~10Br~10-4-4
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  Threshold peaking effect observed Threshold peaking effect observed at Belleat Belle

Histograms are 
phase space expectation

Threshold enhancement was first conjectured by Hou and Soni (PRL 86, 4247 (2001))
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Discussion of Baryonic B DecaysDiscussion of Baryonic B Decays

What about 2-body
charmful baryonic B decays?
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Belle:  Belle:  First Observation of BFirst Observation of B00  →→  ΛΛcc
+ + pp

Belle

PRL 90, 121802 (2003) hep-ex/0607055

Br~10-5  BcBM(~10-4) >BcB(~10-5)
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BB00  →→  ΛΛcc
-- p    and    p    and    B B++  →→  ΞΞ00

cc  ΛΛcc
++

PRL 90, 121802 (2003)

Br=(2.19+0.56-0.49+-0.32+-0.57)x 10-5  

Consistent with the pole model prediction         

but 100 times smaller than
 QCDsum rule predictions and diquark models

One can expect Br ~ 10-5

Belle
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Belle:  Belle:  Observation of BObservation of B++  →→  ΞΞ00
cc  ΛΛcc

++

PRD(RC) 74, 111105 (2006)

Br ~ 10-3 !
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Evidence for BEvidence for B00  →→  ΞΞ--
cc  ΛΛcc

+  +  at Belleat Belle

PRD(RC) 74, 111105 (2006)

This result has stimulated theory to study this effect. 
The current explanation is that one soft gluon is needed for 
BcBc’ but two hard gluons are needed for BcB  (H.Y.Cheng, C.K.Chua, S.Y.Tsai, PRD 73, 074015 (2006))  
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Belle:Belle: Observation of B Observation of B--  →→  ΛΛcc
+ + ΛΛcc

-- K K++

PRL 97, 202003 (2006)

The Br’s of 2- and 3-body double
charm baryonic decays are
approximately the same in contrast
of single charm baryonic decays.
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Belle: Belle: Observation of BObservation of B00  →→  ΛΛcc
+ + ΛΛcc

-- K K00

PRL 97, 202003 (2006)

No evidence for threshold enhancement!
Decay proceeds through FSI ?..

Br(BcBc’M)~
Br(BcBc’)
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Study of Study of ΛΛcc
+ + production from B decaysproduction from B decays at  at BaBarBaBar

Inclusive momentum spectrum 
of Λc

+ from B decays turn out 
to be really soft!

Nearly direct confirmation
of Belle results on exclusive 
B decays to two charm baryons!

The same situation with 
inclusive spectra of Ξc, Ξc’ and Ωc 
from B decays! 
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Study of Inclusive ProductionStudy of Inclusive Production
of of ΞΞcc, , ΞΞcc

’’  andand  ΩΩcc  from B Decaysfrom B Decays  at  at  BaBarBaBar

ΞC’           ΞC

ΩC
0
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Observation of BObservation of B00  →→ D Dss
++  ΛΛ p  p  at Belle at Belle

Threshold 
peaking of
dibaryon mass

To be sumbitted to PRD(RC)

Dalitz plot

This decay proceeds with creation of ss pair, Br~10-5  FSI Dp→Ds
+Λ.. ? 

?

It is
 interestin

g to clarify
 

the nature of th
is p

eak 
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 Baryonic B-decays at B-Factories: Baryonic B-decays at B-Factories:
Achievements and PerspectivesAchievements and Perspectives

 A lot of baryonic B-decay modes were observed;
 New QCD effect of threshold peaking of dibaryon
 mass in baryonic B-decays is established

• B→ΞC
*,’ Λc and Ξc

0Ωc
0 should be searched for to obtain

    coherent and unique description of
    2-body baryonic B-decays;
• Searches for another charmful baryonic B-decays
    proceeding through the creation of ss-bar pair;
• Study of threshold enhancement in 3-body BcBM;
   …

Hopefully, B-factories will contribute more soon!Hopefully, B-factories will contribute more soon! 


