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OUTLINE

• Spectroscopy

– B baryons   b,  b,  b

– orbitally excited (L=1) B mesons

– Charmonium-like states   X(3872),  Y(4140)

• Lifetimes

– b 
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Detectors and Triggers
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– CDF
– large central tracker

– Excellent momentum 
resolution 

– particle ID (TOF & dE/dx)

– Displaced track trigger and   
di-muon triggers

– D0



B-baryons
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• Unique to Tevatron (not 

produced in B factories)

• B baryons produced 

copiously at the Tevatron

• Until 2006 only b was 

observed.

• Various mass predictions 

using different models.
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b (bsd),   b (bss) 

b J/

b J/

di-muon trigger
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D0 data reprocessing
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•

•
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b Mass
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b (bss) J/ -
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b (bss) 
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b mass
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•

•

•
Combined



b mass
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b, b Lifetime
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b ,  b production rates
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Excited (L=1) B Mesons

• Heavy-light quark mesons ~ hydrogen atom

• The heavy quark acts as a static source of charge and 

color and the meson’s properties are governed by the 

dynamics of the light quark

• good approx  as   mb >> QCD

For  L=1 mesons,  energy levels characterized by 

j=L+Sq total angular momentum of light quark

2 degenerate doublets 

j=1/2 (0+, 1+)      S-wave decay , broad  ~O(100MeV)

j=3/2 (1+, 2+)      D-wave decay, narrow   ~O(10MeV)
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Excited (L=1) Mesons
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L=1mesons   B1, 2
*
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L=1mesons   B1, B2
*
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Bs1 Bs2*
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Charmonium-like   states

Large number of candidates for charmonium and 

charmonium-like states 

Many not easily accomodated by theoretical 

expectations for cc mesons

Several models proposed:

Meson-antimeson molecules

diquark-antidiquark bound states

cc-gluon hybrids

threshold effects
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X(3872)

• Discovered  Belle(2003)

• Seen at CDF, D0, BaBar

• JPC = 1++ or 2-+

• available charmonium states 

are not expected to have 

large BF to J/ . 

• D0D*0 molecule? close to 

threshold.

• Tetraquark? Maiani predicts 

another state very close in 

mass  ~8 MeV/c2

Maiani, PRD71,014028(2005)
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X(3872) J/
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X(3872)    two states?
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X(3872)
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Evidence for  Y(4140)       
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• J/ - observation of 

Y(3930) near J/

threshold motivates search 

for similar states near J/

threshold

• use B+ J/ K+ to 

reduce background

• di-muon trigger

• dE/dx and TOF to identify 

kaons



Evidence for   Y(4140)               
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B  Lifetimes

• Weak decays of hadrons with one heavy quark are 

dominated by the decay of the heavy quark 

• In limit mb all b hadrons have same lifetime, differences 

due to spectator quarks.

• Theoretical predictions:

– (B+) > (Bd) ~ (Bs) > ( b) >> (Bc) 

– (B+)/ (Bd) = 1.06  0.02 

– (Bs)/ (Bd) = 1.00  0.01 

– ( b)/ (Bd) = 0.88 0.05         Tarantino (arXiv hep-ph/0310241)
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b Lifetime:   b J/

28

•

•



b c X, c Ks p
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b Lifetime:   b c c pK
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•



b Lifetime:   b c c pK
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•

•



b Lifetime
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Summary

• Tevatron is an ideal place to study b-physics

– production of B baryons, Bc and excited mesons not 

produced at B factories

• CDF and D0 have made many important measurements  

– Many results presented here use < 2 fb-1 data

– Tevatron has delivered >7 fb-1, and more on the way

– Looking forward to new and higher precision results  

from data already on tape.
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