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Why B Spectroscopy?Why B Spectroscopy?
•• Heavy boundHeavy bound--state mesons state mesons 

and baryons are the and baryons are the ““hydrogen hydrogen 
atomsatoms”” of the quark worldof the quark world

•• B spectroscopy measurements B spectroscopy measurements 
provide sensitive tests of provide sensitive tests of 
potential models, heavy quark potential models, heavy quark 
effective theory (HQET), and effective theory (HQET), and 
lattice gauge theorylattice gauge theory
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Why B Spectroscopy at the Why B Spectroscopy at the TevatronTevatron??

•• bb--quark production crossquark production cross--section is section is 
largelarge

•• TevatronTevatron energy sufficient to create energy sufficient to create 
states not accessible at the states not accessible at the ee++ee-- B B 
factoriesfactories

bbbpp μσ 5)( ≈→

bnBBee 1)( ≈→−+σ

at 2 TeV

at ϒ(4S)
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B Fragmentation FractionsB Fragmentation Fractions

•• BB+ + (  u)                   (39.8(  u)                   (39.8±±1.0)%1.0)%
•• BB0 0 (  d)                   (39.8(  d)                   (39.8±±1.0)%1.0)%
•• BB00

ss (  s)                  (10.4(  s)                  (10.4±±1.4)%1.4)%
•• b baryons (bud)       (9.9b baryons (bud)       (9.9±±1.7)%1.7)%

b
b
b
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BBcc (  c) Meson(  c) Meson
•• Bound state of two Bound state of two differentdifferent heavy quarksheavy quarks
•• Precise mass measurements from CDF Precise mass measurements from CDF 

and Dand D∅∅ uusing fully reconstructed              sing fully reconstructed              
BBcc →→J/J/ψπψπ++ decays decays 
–– test predictions of heavytest predictions of heavy--quark boundquark bound--state state 

modelsmodels

b
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BBcc MassMass

M = 6275.6 ± 2.9 ± 2.5 MeV/c2 M = 6300 ± 14 ± 5 MeV/c2

108±15 Signal

54±12 Signal

Significance>5σ

Significance 8σ

CDF 2.4fb-1

PRL 100, 182002 (2008) PRL 101, 012001 (2008)
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BBcc MassMass

•• Theory:Theory:
–– M = 6304M = 6304±±1212+18+18

--00 MeV/cMeV/c22 (lattice QCD) (lattice QCD) [Phys. [Phys. 
Rev. Rev. LettLett. 94, 172001 (2005)] . 94, 172001 (2005)] 

–– M = 6247M = 6247--6286 MeV/c6286 MeV/c22 (non(non--relrel. potential . potential 
models) [Phys. Rev. D 70, 054017 (2004)]models) [Phys. Rev. D 70, 054017 (2004)]
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OrbitallyOrbitally Excited BExcited B**** MesonsMesons
•• Several quark Several quark 

models yield mass, models yield mass, 
width and branching width and branching 
fraction predictionsfraction predictions

•• Experimental Experimental 
observations can observations can 
help to elucidate help to elucidate 
quark interactions quark interactions 
inside bound statesinside bound states

•• Improve Improve 
development of development of 
nonnon--perturbativeperturbative
QCDQCD

•• BB**
00,B,B**

11 widths ~100s widths ~100s MeVMeV; too broad to be distinguished ; too broad to be distinguished 
from backgroundfrom background

•• BB11, B*, B*22 widths ~10 widths ~10 MeVMeV
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OrbitallyOrbitally Excited BExcited B**** Meson MassesMeson Masses

• N=662±91
• Significance>7σ

M(B1) = 5720.6 ± 2.4 ± 1.4 MeV/c2

M(B*
2) = 5746.8 ± 2.4 ± 1.7 MeV/c2

45.8 MeV γ
not observed

PRL 99,172001 (2007)



W. Taylor, QCD08W. Taylor, QCD08 1010

)(//

,

0

*

(*)*
21

−++++

++

−+

→

→

→

πππψ

γ

π

DKJB

BB

BBB

OrbitallyOrbitally Excited BExcited B**** Meson MassesMeson Masses

•• Use Neural Use Neural 
Net for Net for 
preselectionpreselection

•• N=1306N=1306±±154154
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OrbitallyOrbitally Excited BExcited Bss
**** MesonMeson

•• Theory:Theory:
–– M(BM(Bs1s1) : 5805 ) : 5805 –– 5891 MeV/c5891 MeV/c22

–– M(BM(B**
s2s2) : 5820 ) : 5820 -- 5903 MeV/c5903 MeV/c22

–– Natural width ~1MeV/cNatural width ~1MeV/c22, depending on mass, depending on mass

++

++

++

−+

→

→

→

→

π

ψ

γ

0

*

(*)*
21

/

,

DB

KJB
BB

KBBB ss

CDF

CDF/D∅



W. Taylor, QCD08W. Taylor, QCD08 1212

N=25±10 (Bs1), N=125±25 (B*s2)
Significance>5σ (B*s2)

PRL 100,082002 (2008)

BB**** Meson MassMeson Mass
PRL 100,082001 (2008)

M(B*
s2) = 5839.6 ± 1.1 ± 0.7 MeV/c2

M(Bs1) = 5829.4 ± 0.7 MeV/c2

M(B*s2) = 5839.6 ± 0.7 MeV/c2

N=36±9 (Bs1), N=93±23 (B*s2)
Significance>5σ
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b Baryonsb Baryons

•• Quark model successfully predicts observed B Quark model successfully predicts observed B 
meson spectrummeson spectrum

•• Until recently,       (Until recently,       (udbudb) was the only observed b ) was the only observed b 
baryonbaryon

0
bΛ
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ΣΣbb
+(*) +(*) ((uubuub)) andand ΣΣbb

--(*) (*) (ddb)(ddb) DiscoveryDiscovery
•• Uses fully Uses fully 

reconstructed reconstructed 
decays collected decays collected 
by a twoby a two--track track 
triggertrigger

+−

+−

±±

→

Λ→

Λ→Σ

π

π

π

pK
c

bb
(*)

PRL 99, 202001 (2007)
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ΣΣbb
+(*) +(*) andand ΣΣbb

--(*) (*) MassesMasses

•• Theory:Theory:

20 /2.12.17.5619)( cb MeVM ±±=Λ
PRL 96, 202001 (2006)
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•• ““TripleTriple--ScoopScoop”” baryon baryon 
comprising valence quarks comprising valence quarks 
from all three known from all three known 
generations [generations [dsbdsb]]

•• Theory: 5.7<M <5.8 GeV/cTheory: 5.7<M <5.8 GeV/c2

–– HQET HQET [Phys. Rev. D51, 1125 [Phys. Rev. D51, 1125 
(1995); 55, E5853 (1997)] (1995); 55, E5853 (1997)] 

–– NRQCD [Phys. Rev. D55, R10 NRQCD [Phys. Rev. D55, R10 
(1997); 54, 4515 (1996)](1997); 54, 4515 (1996)]

–– Lattice NRQCD [Phys. Rev. Lattice NRQCD [Phys. Rev. 
D66, 014502 (2002)]D66, 014502 (2002)]

ΞΞb b ((dsbdsb)) DiscoveryDiscovery
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M = 5792.9 ± 2.4 ± 1.7 MeV/c2 M = 5774 ± 11 ± 15 MeV/c2

CDF II
PRL 99, 052002 (2007)PRL 99, 052002 (2007)

Significance>7σ
Significance 5.5σ
Yield 15.2±4.8

ΞΞb b MassMass
PRL 99, 052001 (2007)PRL 99, 052001 (2007)
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Color Hyperfine Interaction 1/mQ and 1/Nc Expansion

BaryonBaryon MassesMasses

Lattice NRQCD results
arXiv:0806.4783 hep-lat
June 29, 2008
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ConclusionsConclusions

•• The The TevatronTevatron experiments are very active experiments are very active 
in B spectroscopyin B spectroscopy

•• Most analyses shown incorporate ~1.3fbMost analyses shown incorporate ~1.3fb--1 1 

of dataof data
–– Already have ~4fbAlready have ~4fb--11 in the canin the can
–– Expect ~8fbExpect ~8fb--11 before pulling the plugbefore pulling the plug
–– Can expect many improved results and Can expect many improved results and 

maybe new discoveries in the next two years! maybe new discoveries in the next two years! 
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Backup SlidesBackup Slides
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•• Decays Decays 
–– via b quark: via b quark: 

•• BBcc
++ →→ BBss ππ++, B, Bss ll++ νν

–– via c quarkvia c quark
•• BBcc →→J/J/ψψ ππ++, J/, J/ψψ DDss

++, , 
J/J/ψψ ll++ νν

–– AnnihilationAnnihilation
•• BBcc→→ ll++νν

Theory (hep-ph/0308214)
τ(Bc)=0.48± 0.05 ps

BBcc LifetimeLifetime

arXiv:hep-ph/0006104
Phy Rev. D 64, 014003 
(2001)
Phy Lett. B 452, 129 (1999)
hep-ph/0002127
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+

CDF result (e+μ)

D∅ result (μ) (World’s Best)

BBcc LifetimeLifetime
Submitted to PRL

Unofficial world average:
τ=0.459±0.037 ps



W. Taylor, QCD08W. Taylor, QCD08 2323

ΞΞb b LifetimeLifetime

• Lifetime in agreement with expectations
• A better measurement would be an 

interesting HQET test
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