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Introduction
Heavy Quark mesons are QCD analog of "hydrogen atom"
→ Starts to be very sensitive test of various model in

non-perturbative regime of QCD
→ Lot of information in charm sector
→ Bottom sector starts to speak up as well

Heavy Quark baryon are next interesting laboratory
→ Heavy quark - light diquark is basic picture
→ Another sensitive test of models
→ Still many things to observe in charm sector
→ In bottom sector only Λb directly seen up to recently

Discovery of new particles is exciting and fun

Good practice for future discoveries
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Bc → J/ψπ
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Num(Bu): 19700±150
Mass:  5278.9 ± 0.1 MeV/c2

σ:      12.8 ± 0.1

CDF 2 Preliminary

Contains two distinct heavy quarks

Interesting for interplay of the two heavy quark in decays

Up to recently only seen in semileptonic decays
⇒ bad mass measurement with uncertainty ≈ 400 MeV/c2

In May 2006, observation of
decay Bc → J/ψπ in 1.1 fb−1

→ Fully reconstructed decay
⇒ Good mass resolution

Strategy
Derive selection on
B+ → J/ψK +

Apply same cuts to
Bc → J/ψπ
Wait for enough data
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Bc → J/ψπ
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Update from 1.1 fb−1 to 2.2 fb−1:
Ns = 87 ± 13 (was 45 ± 9)
M(Bc) = 6274.1 ± 3.2(stat) ± 2.6(sys)
Significance > 8σ (was > 6σ)

Mass consistent with expectation

Experiment much better than theory
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B∗∗ and B∗∗
s Mesons
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L=0 L=1

πS-wave 

πD-wave 

Spin of heavy quark and light quark decoupled

For L = 1 light quark has jq = 1/2 or jq = 3/2

Combining with spin of heavy quark ⇒ four states in two
doublets

→ S-wave decay for jq = 1/2

→ D-wave decay for jq = 3/2

Expect to see only states
with jq = 3/2

At Tevatron also missing γ
from B∗ decay

B∗∗

s analogous to B∗∗ with
K instead of π in decay

B∗∗

s → Bsπ decay forbidden
by isospin
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B∗∗ and B∗∗
s Mesons
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NB+≈23300

NB+≈37300 NB+≈10200

Decay modes of B+

B+ → J/ψK + (CDF, DØ)

B+ → D
0
π+ (CDF)

B+ → D
0
3π+ (CDF, only B∗∗)

Only fully reconstructed B+

⇒ excellent mass resolution

Combine B+ with π− (K−)
to form B∗∗ (B∗∗

s )

Expect to see three peaks
from decays

B1 → B∗+π−

B∗

2 → B+π−

B∗

2 → B∗+π−
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B∗∗
s Results
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DØ B∗

s2 5839.1 ± 1.4 ± 1.5 MeV/c2

CDF B∗

s2 5839.0 ± 0.4 ± 0.5 MeV/c2

CDF Bs1 5829.4 ± 0.2 ± 0.6 MeV/c2

All observed peaks above 5σ significance
⇒ First observation of narrow B∗∗

s
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B∗∗ Results
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CDF II Preliminary                   L ~ 1.5 fb

B∗

2 CDF 5739.9+1.7
−1.8

+0.5
−0.6 MeV/c2

DØ 5746.8 ± 2.4 ± 1.7 MeV/c2

B1 CDF 5725.3+1.6
−2.1

+0.8
−1.1 MeV/c2

DØ 5720.6 ± 2.4 ± 1.4 MeV/c2

CDF also measures Γ(B∗

2) = 22.1+3.6
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+3.5
−2.6 MeV
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Ds1(2536) Mass Measurement
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D    Run II Preliminary

Measure
B(Bs → Ds1(2536)µνX )

Clean sample of
Ds1(2536) → D∗−K 0

s

Observe 43.8 ± 8.3 signal
events

Measured mass
2535.7 ± 0.6 ± 0.5 MeV/c2

B(Bs → Ds1(2536)µνX ) =
(0.86±0.16±0.13±0.09)%
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Σ
(∗)±
b → Λ

0
bπ

±

Up to recently Λb only directly observed b-baryon

Lack of the experimental result mainly due to the statistics

Tevatron experiments start to have enough statistics to
search for other b-baryons

Decay via p-wave π

Property Expectation (MeV/c2)
m(Σb) − m(Λb) 180 — 210
m(Σ∗

b) − m(Σb) 10 — 40
m(Σ−

b ) − m(Σ+
b) 5 — 7

Γ(Σb), Γ(Σ∗

b) ≈ 8, ≈ 15

Σ
(∗)+
b uub

Σ
(∗)−
b ddb

Σ
(∗)0
b udb

Σ
(∗)0
b → Λ

0
bπ

0 dif-
ficult at Tevatron

Σb: bqq JP = SQ + sqq

→ 3/2+ (Σ∗

b)

→ 1/2+ (Σb)
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Σ
(∗)±
b → Λ
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b
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 and B 4-track decaysbΛ       
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cπ

−, Λ
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c → pK−π+

With 1.1 fb−1 around
3200 Λb ⇒ worlds
largest sample

For Σb search select nar-
row region around fully
reconstructed peak
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Σb Q-distribution
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Data bkg excess

Σ
(∗)−
b 416 268 148

Σ
(∗)+
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Data indicate two peaks for
each charge

Do unbinned maximum
likelihood fit

Fit for Q values and num-
ber of events
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Σ
(∗)±
b → Λ

0
bπ

± Result
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→ m(Σ∗

b) − m(Σb) =
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→ N(Σ∗+
b ) = 77+17
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→ Significance more than 5σ
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What do we know aboutΞb

Quark content bsu(Ξ0
b)/bsd(Ξ−

b )

Weak decay dominated by the b quark decay
Expect lifetime comparable to other b-hadrons

LEP experiments measure τ = 1.39+0.34
−0.28 ps from excess

in Ξ
−l−νlX events

Theory expectations for mass in the range 5788–5812
MeV/c2

Possible decays useful for search
Ξb → J/ψΞ - good for trigger, at Tevatron only access to
charged one
Ξb → Ξcπ

Ξb → DΛ

Ξb → ΛcKπ
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Decay topology ofΞ−
b → J/ψΞ−
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Full decay chain:
Ξ
−

b → J/ψΞ
−

Ξ → Λπ
Λ → pπ

Ξ
− is charged long lived particle

⇒ challenges to work with it
At DØ low efficiency of
default software
At CDF vertexting software
needed modifications

In addition, can be tracked in sili-
con detector (CDF)
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Ξ−
b → J/ψΞ− search
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wrong-sign data and signal MC
CDF reuse B+ selection for Bc

search with Ξ
− treated as track
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Ξ−
b → J/ψΞ− Result
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Nsig DØ 15.2 ± 4.4+1.9
−0.4

CDF 17.5 ± 4.3
significance DØ 5.5σ

CDF 7.7σ
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Ξ−
b → J/ψΞ− Cross-checks
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DØ lifetime distribution
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⇒ Signal consistent with Ξ
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b →
J/ψΞ

− decay
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Conclusions
Last year and half very productive in heavy quark
spectroscopy

For b-mesons
Observation of narrow B∗∗

s

Updates of B∗∗ analyzes with first measurement of the
Γ(B∗

2)

For b-baryons
Observation of charged Σb, Σ

∗

b

Observation of Ξ
−

b

Both Tevatron experiments contribute to this enormous
increase of knowledge

Personal believe, that we can still provide some more infor-
mation from spectroscopy of heavy quark hadrons
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Tevatron
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Experiments
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Tracking at trigger level

Particle identification

Excellent muon coverage

Very strong in semileptonic
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Bc → J/ψπ
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CDF B∗∗
s Q distributions
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CDF B∗∗
s p-Value
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CDF B∗∗
s Likelihood profiles

]2) [GeV/cs1Q(B
0.005 0.010 0.015 0.020

)
m

ax
-2

ln
(L

/L

0

20

40

60

80

100

120
CDF Run 2 Preliminary -11.0 fb

-K+ B→**
sB

]2) [GeV/c*
s2Q(B

0.04 0.06 0.08 0.10
)

m
ax

-2
ln

(L
/L
0

20

40

60

80

100

120

140

160

180

CDF Run 2 Preliminary -11.0 fb
-K+ B→**

sB

HADRON07, Frascati M. Kreps Heavy quark spectroscopy at Tevatron – p. 27



B∗∗ in 370 pb−1 at CDF
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New result:
B∗

2 5739.9+1.7
−1.8

+0.5
−0.6 MeV/c2

B1 5725.3+1.6
−2.1

+0.8
−1.1 MeV/c2

Old result:
B∗

2 5738 ± 5 ± 1 MeV/c2

B1 5734 ± 3 ± 2 MeV/c2
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Background estimation
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Σ
(∗)±
b → Λ

0
bπ

±
Repeat fit with alternative hypothesis

Single peak left out
Only one peak in each charge combination
No peak, pure background

Derived from ∆(− lnL)
p-Value σ p-Value σ

No peak < 8.3 · 10−8 > 5.2 No Σ
−

b 3.2 · 10−4 3.4
2 peaks 9.2 · 10−5 3.7 No Σ

+
b 9.0 · 10−3 2.4

No Σ
∗−

b 6.4 · 10−4 3.2
No Σ

∗+
b 6.0 · 10−4 3.2

⇒ Significance more than 5σ for 4 peaks

⇒ Evidence for three out of four individual peaks
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Ξb mass comparison
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Ξb DØ checks
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