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OUTLINE

Charmonium and charmonium-like states
X/Y/Z

Bottomonium and bottomonium-like states
Yb(10890)
ηb

Heavy baryons
Σb, Σ∗

b
Ξb
Ωb

Lighter quark spectroscopy
Search for exotic pentaquarks
Dalitz plot analyses of B and D decays



Y(4140)      4143.0±3.1 J/ψφ evidence, CDF only
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Quarkonium and Quarkonium-like states

Z(3930)

1.9
2.67.11 +

−



New X(3872) mass measurement at CDF

2.4 fb-1
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Μ(X(3872)) = 3871.61 ± 0.16 (stat) ± 0.19(syst) MeV/c2
arXiv: 0906.5218

Upper limit on the mass difference Δm
between two states as a function of the 
fraction f1 of the yield of the lower mass 
state

~ 6000
signal events

Four-quark state hypothesis
(Maiani et al., PRD 71, 014028, 2005):

2MeV/c)38( ±=Δm
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X(3872) Mass

Molecular model
still possible

Most precise mass
measurement

Combining B0 & B+
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Mass of X(3872) in 0*0DD
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X(3915) at Belle : γγ ωJ/ψ

Seen in J/ψω

same decay mode



Evidence for a narrow near-threshold 
structure in the J/ψφ mass spectrum: Y(4140)

2.7 fb-1
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75 ± 10 B+

signal events

++ → KJB φψ/PRL 102, 242002 (2009)



Evidence for a narrow near-threshold 
structure in the J/ψφ mass spectrum : Y(4140)

DPF 2009 - Hadron Spectroscopy

9

14 ± 5
signal events

>3.8 σ

)()( −+−+−+ − μμμμ mKKm

2MeV/c)syst(2.1)stat(9.20.4143 ±±=m
23.8

0.5 MeV/c)syst(7.3)stat(7.11 ±=Γ +
−
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Z±(4430) 
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Z±(4430) : Full Dalitz plot analysis 
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Fits to the corrected mψπ- distributions

mJ/ψπ- (GeV/c2) mψ(2S)π- (GeV/c2)

Four free parameters; mZ, ΓZ, NZ, and NKπ-,bkg m=4476±8 
Γ=32±16

2.7σ

m=4483±3 
Γ=17±12

2.5σ

m=4439±8 
Γ=41±33

1.9σ

No significant Z(4430)- signal…BABAR
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Z±(4050 ) and Z±(4250 ) decaying to 
π+χc1
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Bottomonium and bottomonium-like states

Bottomonium and 
bottomonium-like states
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Υ(nS)ππ production: Observation of Yb(10890)
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Peaking background components (1):
Υ(3S) χb0(2P) γ soft E(γ soft)  = 122 MeV

Υ(1S) γ hard     E(γ hard) = 743 MeV

Υ(3S) χb1(2P) γ soft E(γ soft)  =  99 MeV
Υ(1S) γ hard      E(γ hard) = 764 MeV

Υ(3S) χb2(2P) γ soft E(γ soft)  =  86 MeV
Υ(1S) γ hard       E(γ hard) = 777 MeV

Υ(3S) χbJ(2P) γ soft

(J=0,1,2) Υ(1S) γ hard  

Radiative return from Y(3S) 
to Y(1S):   e+e− → γ ISR Y(1S)

The Inclusive Photon Spectrum in Υ(3S) Data

Peaking background component (2):

Observation of the  ηb

Non-peaking 
Background subtracted

γISR ηb

19152 ± 2010 events All backgrounds
subtracted

PRL 101, 071801 (2008), PRL 102, 029901 E (2009)

28 fb-1

χbj(2P)



17Comparison of Eγ Spectra
Y(3S) and Y(2S)

Υ(2S) spectrum

Υ(3S) spectrum

Comparison with Y(3S) γ ηb  Analysis:

☛ Better photon energy resolution at lower 
energy

better separation between peaks

☛ More random photon background at  
lower energy 

less significance at similar BF

Non-peaking 
Background subtracted

Confirmation with the Y(2S) analysis

(91.6±0.9) million Υ(2S) events

3.5 σ

(109±1) million Υ(3S) events

10 σ

410x)6.05.08.4())3(( −±±=→Υ bSBR γη
41.1

0.1 10x)9.02.4())2(( −+
− ±=→Υ bSBR γη

12.025.0
16.023.089.0))3((/))2(( ++

−−=→Υ→Υ bb SBRSBR γηγη
Theory: 0.3-0.7
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Summary of ηb Results
ηb mass:

Hyperfine splitting:

Combined mass is m(ηb(1S)) = 9390.4± 3.1 MeV/c2

resulting in a hyperfine splitting of 69.9 ± 3.1 MeV/c2

    /MeV  7.29.9388)(       :analysis   )3( 21.3
3.2 cmSY b ±= +

−η

26.4
8.4 /MeV  8.19.9392)(       :analysis   )2( cmSY b ±= +

−η

23.2
1.3 /MeV  7.24.71)())1((       :analysis   )3( cmSmSY b ±=−Υ +

−η

28.4
6.4 /MeV  9.14.67)())1((       :analysis   )2( cmSmSY b ±=−Υ +

−η

(2008) 071801 101, PRL

PRL)  to(submitted 0903.1124:arXiv
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b-Baryons

b - Baryons
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Λ0
b mass

Λ0
b mass : PDG 2008 average

PRL 96, 202001 2006

00 / Λ→Λ ψJb

0

5620.2 ± 1.6  MeV/c2

20 MeV/c)(2.1)(2.17.5619)( syststatM b ±±=Λ
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Observation of Σb at CDF

PRL 99, 202001 2007

State Yield Mass 
(MeV/c2)

Σb
+

Σb
-

Σb
*+

Σb
*-

513
31232 ++

−−
915
41459 ++

−−
1017
61677 ++

−−
1618
51769 ++

−−

7.18.5807 0.2
2.2 ±+

−

7.10.12.5815 ±±

8.1
7.10.24.5836 +

−±

7.16.1
8.18.10.5829 ++

−−

22.00.2
3.02.2 /5.48 cMeVQ

b

++
−−Σ

=+

2/2.00.19.55 cMeVQ
b

±±=−Σ

24.00.2
3.09.1

* /2.21)()( cMeVMM bb
++
−−=Σ−Σ

+−+−+±± →ΛΛ→ΛΛ→Σ πππ pKccbbb ,;(*)
~ 1.1 fb-1

3180±60 (stat)
cand.−+Λ→Λ Kcb

0



DPF 2009 - Hadron Spectroscopy

22

Observation of Σb at CDF
Λ→ΛΛ→Σ ±± ψπ /;(*) Jbbb

~ 3.8 fb-1
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Observation of Ξb and Ωb by CDF and D0 

−−−−+−− →ΛΛ→Ξ→Ξ→Ξ ππμμψψ pJJb
00 ,,/;/

−−−−+−− →ΛΛ→Ω→Ω→Ω πμμψψ pKJJb
00 ,,/;/
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Mass measurements of Ξb and Ωb by D0 

2GeV/c)(015.0)(011.0774.5)( syststatM b ±±=Ξ−

2GeV/c)(013.0)(010.0165.6)( syststatM b ±±=Ω−

eventssignal)(8.0)(9.48.17 syststat ±±

PRL 99, 052001 2007

5.4σ

PRL 101, 232002 2008

eventssignal)()(4.42.15 9.1
4.0 syststat +

−±
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by CDF arXiv:0905.3123

4.2 fb-1

5.5σ

ct > 100 μm

61±10 candidates

12±4 candidates



Mass, Lifetime and Branching Ratio Results
CDF measures b-baryon masses:

Ξb
-: 5790.9 ± 2.6(stat.) ± 0.8(syst.) MeV/c2

Ωb
-: 6054.4 ± 6.8(stat.) ± 0.9(syst.) MeV/c2

CDF measures b-baryon lifetimes
Ξb

-: 1.56+0.27
-0.25(stat.) ± 0.02(syst.) ps

First in a fully reconstructed state.

Ωb
-: 1.13+0.53

-0.40(stat.) ± 0.02(syst.) ps
First ever

2.0 MeV/c2 shift in Ξb
- from the 1.9 fb-1 measurement - PRL 99,052002(2007)



Ωb
- Measurement Comparisons 

between CDF and D0 
D0 finds M(Ωb

-)=6165±10(stat.)±13(syst.) MeV/c2

PRL 101, 232002(2008)

CDF finds M(Ωb
-)=6054.4±6.8(stat.)±0.9(syst.) MeV/c2

arXiv:0905.3123

CDF calculates M(Ωb)D0 - M(Ωb)CDF = 
111±12(stat.)±14(syst.) MeV/c2

Significant disagreement

D0 finds

CDF finds

14.0
22.032.080.0

)/()(
)/()( +

−−−−

−−−

±=
Ξ→ΞΞ→
Ω→ΩΩ→

ψ
ψ

JBbf
JBbf

bb

bb

01.012.027.0
)/(
)/(

±±=
Ξ→Ξ
Ω→Ω

−−

−−

ψσ
ψσ

JB
JB

b

b



Summary of Results
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Light-quark spectroscopy

Light-quark 
Spectroscopy
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CLAS (photoproduction on deuterium target)

)()()1321( p−−−−−−−−− →Λ→Ξ→Φ ππππππ
Xd −−Φ→γ

90% C.L. upper limit on inclusive production of  Φ-- < 0.62 nb
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light hadron spectroscopy
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Conclusions

Many new results in Hadron Sprectroscopy.
It would be very helpful  to cross check some of the 
results among different experiments. 
A lot of answers and surprises awaiting!!
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