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Looks complicated but...
● governed by simple rules
● not fully explored
● uncovering the underlying physics

→ deep insights
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B physics experiments
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BaBar: 
data taking concluded 2008

Belle: 
still running; planned 3 year shutdown starting 2010

to be followed by Belle2; government decision imminent

CDF & D0: 
still running, still taking B physics triggers

LHCb:
just started; upgrade planned after ~5 years data taking

ATLAS & CMS:
just started; good opportunities for B physics at low luminosity

SuperB:
new planned e+e– facility in Italy; government decision imminent
could be taking data in ~5 years 
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to be followed by Belle2; government decision imminent

CDF & D0: 
still running, still taking B physics triggers

LHCb:
just started; upgrade planned after ~5 years data taking

ATLAS & CMS:
just started; good opportunities for B physics at low luminosity

SuperB:
new planned e+e– facility in Italy; government decision imminent
could be taking data in ~5 years 

asymmetric e+e– colliders

hadron colliders
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Outline of the talk

B hadrons & spectroscopy

The CKM matrix & the Unitarity Triangle

Angles of the Unitarity Triangle

Sides of the Unitarity Triangle

Rare decays

Leptonic decays

Radiative decays
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Outline of the talk
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B hadrons & spectroscopy

The CKM matrix & the Unitarity Triangle

Angles of the Unitarity Triangle

Sides of the Unitarity Triangle

Rare decays

Leptonic decays

Radiative decays

Necessarily selective
Apologies for omissions

Focus on
New physics sensitive channels
New results
Future prospects

ALL RESULTS ARE PRELIMINARY

UNLESS PUBLISHED REFERENCE GIVEN
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Start of B physics – 1977
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Discovery of the lightest bb state – 2008

Only recoil γ is reconstructed

subtract
smoothly 
varying 

background

Tim Gershon
B physics experiments

The BaBar Collaboration

Signal confirmed in Υ(2S) transitions by BaBar, and by CLEO

mb1S = 9388.9 −2.3
3.1

±2.7 MeV /c2

m 1S−mb1S = 71.4 −3.1
2.3

±2.7MeV /c2

B  3S b 1S = 4.8±0.5±1.2×10−4

–
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Compare R scan  
BABAR  PRL 102 (2009) 012001

bb spectroscopy

Compare lineshape to nominal Υ(5S)
Belle  arXiv:0808.2445

Excess of “Υ(5S)”→Υππ
Belle  PRL 100 (2008) 112001

Tim Gershon
B physics experiments

Huge excess over 
expected rate

–

√s [GeV]

R
b
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b hadron spectroscopy – 
Observation of the Ω

b

Tim Gershon
B physics experiments

CDF  PRD 80 (2009) 72003

Ξ
b

–

Ω
b

–

4.2/fb

D0  PRL 101 (2008) 232002

m(Ω
b
) =

6054.4 ± 6.8 (stat.) ± 0.9 (syst.) MeV
6165 ± 10 (stat) ± 13(syst.) MeV

significant discrepancy
to be understood

Ω
b

–
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b hadron spectroscopy – 
Observation of the Σ

b

Tim Gershon
B physics experiments

CDF  PRL 99 (2007) 202001

Fully hadronic decay chain:
Σ

b

(*) ± →Λ
b

0π±

Λ
b

0→Λ
c

+π–

Λ
c

+→pK–π+

Impressive demonstration of 
B physics potential with 

hadronic triggers 
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CKM physics



15

The Cabibbo-Kobayashi-Maskawa 
Quark Mixing Matrix

V CKM=
V ud V us V ub

V cd V cs V cb

V td V ts V tb


A 3x3 unitary matrix

Described by 4 real parameters – allows CP violation
PDG (Chau-Keung) parametrisation: θ

12
, θ

23
, θ

13
, δ

Wolfenstein parametrisation: λ, A, ρ, η
Highly predictive

Tim Gershon
B physics experiments
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Flavour oscillations, CP violation and 
Nobel Prizes

1964 – Discovery of CP violation in K0 system

1980 – Nobel Prize to Cronin and Fitch

2001 – Discovery of CP violation in B
d
 system

2008 – Nobel Prize to Kobayashi and Maskawa

Belle PRL 87 (2001) 091802 BABAR PRL 87 (2001) 091801

Prog.Theor.Phys. 49 (1973) 652

PRL 13 (1964) 138

Tim Gershon
B physics experiments
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CKM Matrix – Phases

Can form a matrix of angles between pairs of 
CKM matrix elements
Φ

ij
 = phase between remaining elements when row i and column j removed

unitarity implies sum of phases in any row or column = 180° 

P.Harrison et al., 
PLB 680 (2009) 328

“The Unitarity Triangle”

β ≡ φ
1

α ≡ φ
2

γ ≡ φ
3

Tim Gershon
B physics experiments
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The Cabibbo-Kobayashi-Maskawa Matrix 
& The Unitarity Triangle

Quark couplings to W boson 
described by 3x3 unitary matrix

(4 free parameters, inc. 1 phase) 
V = 

V ud V us V ub

V cd V cs V cb

V td V ts V tb


V udV ub
∗

 V cdV cb
∗

 V td V tb
∗

= 0

22  1−22
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The Asymmetric B Factories

PEPII at SLAC
9.0 GeV e– on 3.1 GeV e+

KEKB at KEK
8.0 GeV e– on 3.5 GeV e+

Tim Gershon
B physics experiments
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B factories – World Record Luminosities

PEPII~ 420 papers

# papers published or submitted for publication

Combined dataset > 1500 fb–1

Tim Gershon
B physics experiments

2010/1

KEKB~ 300 papers

1011
2.11
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Measurement of sin(2β)

Sensitivity to CP violation between B0 decays to J/ψ K0 with and 
without mixing
B0–B0 mixing phase:

Exploit quantum correlations in Υ(4S)→B0B0

Energy asymmetry + vertexing  precise Δt measurement⇒
Lepton & hadron identification  performant flavour tagging⇒

arg  V td
∗ V tb

V td V tb
∗  = −2

 BJ /  K0 t  ∝ e−∣ t∣/B 1±S sin m t −C cos m t    : tag B=B0

− : tag B=B
0

Standard Model : S=−sin 2 C=0

–

Carter & Sanda, PRD23 (1981) 1567; Bigi & Sanda, NP193 (1981) 85 

(usual phase convention)

Tim Gershon
B physics experiments

–
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PRL 98 (2007) 031802

Results for the Golden Mode

 PRD 79 (2009) 072009  

BELLE

sin(2β) = 0.687 ± 0.028 ± 0.012 sin(2φ
1
) = 0.642 ± 0.031 ± 0.017

Tim Gershon
B physics experiments
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Compilation of Results

Tim Gershon
B physics experiments

0.673 ± 0.023
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Measurement of α

Now a precise measurement

Dominated by B→ρρ system

Analysis uses isospin triangle

http://ckmfitter.in2p3.fr/

M.Gronau & D.London,
PRL 65 (1990) 3381

BABAR PRL 102 (2009) 141802 

New B+→ρ+ρ0 measurement

large amplitude

stretches triangles base

reduction in θ ≈ Δα

Further improvement in 
measurement of B+→ρ+ρ0 

could lead to larger 
uncertainty on  α

Tim Gershon
B physics experiments

= 89.0−4.2
4.4 

°
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Importance of γ from B→DK
 γ plays a unique role in flavour physics

the only CP violating parameter that can be measured 
through tree decays (*)

(*)  more-or-less

 A benchmark Standard Model reference point
doubly important after New Physics is observed

∝V cbV us
∗

∝V ubV cs
∗

Tim Gershon
B physics experiments

Variants use different B or D decays
require a final state common to both D0 and D0 

–
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Latest results on B→DK : GLW & ADS

R
 ≠ 1

 ↔
effect of su p

p
ressed

 a
m

p
litud

e

A
 ≠ 0

 ↔
direct C

P
 violation

Tim Gershon
B physics experiments

GLW : D decays to CP eigenstateGLW : D decays to CP eigenstate

ADS : D decays to suppressed final state

BABAR D→Kπ
N.Lopez March 

at EPS'09

3σ evidence

3σ
 evid

enc e for D
C

P
V

 also in  D
→

K
S π

+π
– D

alitz p
lo t analysis  (G

G
S

Z
)



27

Combination of results on γ

Combination is notoriously controversial
different results depending on statistical approach

CKMfitter: γ = (73 + 19 

– 24
)° 

UTFit: γ = (78 ± 12)° ([54,102]° @ 95% Prob.)

● Starting to move out of the low statistics regime?
● Further updates (BaBar/Belle/CDF) could be very interesting
● LHCb has excellent capabilities for γ measurement

● Precision of ≈ 5° with one nominal year's data (2/fb)Tim Gershon
B physics experiments



28

Charmless hadronic B decays

Belle Nature 452 (2008) 332

ACP K −=−9.8−1.1
1.2% ACP K− 0=5.0±2.5%

ACP =−14.8±2.8%

HFAG averages
 BABAR PRD 76 (2007) 091102 & arXiv:0807.4226; also CDF 

Direct CP violation in B→Kπ sensitive to γ
too many hadronic parameters  need theory input⇒
NB. interesting deviation from naïve expectation

Gaining knowledge also on B
s
→hh

CDF PRL 103 (2009) 031801. See 
also D.Tonelli at Beauty 2009 and 

Belle: R.Louvot at EPS 2009

“Kπ puzzle”

Tim Gershon
B physics experiments
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Charmless hadronic B decays Dalitz plot analyses

Dalitz analyses measure both magnitude and phases, ie. 
probe dynamics at the amplitude level

Time-dependent analyses

B→K
S
π+π–, B→K

S
K+K–

additional sensitivity to β

Interference of K*π bands

Various B→Kππ channels

additional sensitivity to γ
F

ro
m

 D
al

itz
 p

lo
t 

an
al

y s
es

BABAR PRD 80 (2009) 112001
Belle PRD 79 (2009) 072004

No smoking gun for difference between b→ccs and b→qqs

Tim Gershon
B physics experiments – –
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γ from B0→Kππ

Use B
d
→K*+π– and B

d
→K*0π0 

form isospin triangles

– Aij = A(B0K*iπ j)

Both contribute to B
d
→K+π–π0 

determine φ = arg(A
00

/A
+–

)

Need relative phase between B
d
 and B

d

determine Δφ = arg(A
+–

/A
+–

) from time-dependent analysis of B
d
→K

S
π+π– 

Can now extract Φ
3/2

 ≈ γ (with corrections due to EW penguins)

–

–

Ciuchini et al., PRD 74 (2006) 051301, Gronau et al., 
PRD 75 (2007) 014002, PRD 77 (2008) 057504

Tim Gershon
B physics experiments
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γ from B0→Kππ – B factory results

B
d
→K+π–π0 results

multiple solutions reduce precision

improvement expected with updated analysis (arXiv:0807.4567)

B
d
→K

S
π+π– results

BaBar PRD 78 (2008) 052005

BaBar PRD 80 (2009) 112001, Belle PRD 79 (2009) 072004

(two solutions)

Tim Gershon
B physics experiments



32

γ from B0→Kππ – B factory results

=tan3 /2 [ −0 . 24±0 . 03]

Does not include all latest data
Improvements expected with further updates

Tim Gershon
B physics experiments
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assuming σ(bb) = 500 μb

G.Lanfranchi at Firenze 
LHCb Collaboration meeting

Tim Gershon
B physics experiments

LHCb

–
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Flavour oscillations, CP violation and 
Nobel Prizes

1964 – Discovery of CP violation in K0 system

1980 – Nobel Prize to Cronin and Fitch

2001 – Discovery of CP violation in B
d
 system

2008 – Nobel Prize to Kobayashi and Maskawa

Belle PRL 87 (2001) 091802 BABAR PRL 87 (2001) 091801

Prog.Theor.Phys. 49 (1973) 652

PRL 13 (1964) 138

Tim Gershon
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Flavour oscillations, CP violation and 
Nobel Prizes

1964 – Discovery of CP violation in K0 system

1980 – Nobel Prize to Cronin and Fitch

2001 – Discovery of CP violation in B
d
 system

2008 – Nobel Prize to Kobayashi and Maskawa

Belle PRL 87 (2001) 091802 BABAR PRL 87 (2001) 091801

Prog.Theor.Phys. 49 (1973) 652

PRL 13 (1964) 138

Discovery of oscillations → discovery of CP violation  → Nobel Prize
can take 30 years

2006 Discovery of B
s
 oscillations

no discovery of CP violation yet

2007 Discovery of charm oscillations

no CP violation yet

CDF PRL 97 (2006) 242003

BABAR PRL 98 (2007) 211802 Belle PRL 98 (2007) 211803

CPV so far seen in only 2 of 4 
neutral flavoured mesons

Tim Gershon
B physics experiments
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Φ
s
 (B

s
→J/ψφ)

2004
CDF: measurement of ΔΓ/Γ
D0 measurement in 2005

2006
D0: first untagged analysis for Φ

s
 

CDF analysis in 2007
CDF: first measurement of Δm

s

2007 
CDF: first flavour tagged analysis
D0 measurement in 2008

2008/9
First attempts at averages →→→ 

official CDF/D0 combination
Updated results ... both now 2.8/fb

K.Gibson at Beauty 2009

VV final state
three helicity amplitudes 
→ mixture of CP-even and CP-odd

disentangled using angular & 

time-dependent distributions

→ additional sensitivity

many correlated variables
→ complicated analysis 

Tim Gershon
B physics experiments
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Φ
s
 (B

s
→J/ψφ)

Tevatron measurements using tagged B
s
→J/ψφ

Angular analyses of vector-vector final state
Results depend on ΔΓ

D0 5928-CONF CDF note 9787

G.Punzi at EPS 2009

3166±56 B
s
→J/ψφ events 1967±65 B

s
→J/ψφ events

Tim Gershon
B physics experiments
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Φ
s
 (B

s
→J/ψφ)

Tevatron measurements using tagged B
s
→J/ψφ

Angular analyses of vector-vector final state
Results depend on ΔΓ

D0 5928-CONF CDF note 9787

Combined CDF + D0 result
2.1σ from SM

Allowed values 
in “reasonable” 

new physics models

Tim Gershon
B physics experiments

68% CL interval: Ф
s
 in  [0.27, 0.59] [0.97, 1.30] rad∪

95% CL interval: Ф
s
 in [0.10, 1.42] rad
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G.Lanfranchi at Firenze 
LHCb Collaboration meeting

Very high priority for Tevatron updates next summer

LHCb

Tim Gershon
B physics experiments
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Status of LHCb at end 2009
LHCb

Mγ γ  ( MeV/c2)

LHCb data
(preliminary)

Tim Gershon
B physics experiments

Outstanding LHC start-up 
performance

kaon rings

Λ peakK
S
 peak

π0 peak

“long tracks” - including vertex detector
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CKM Matrix – Magnitudes


∣V ud∣ ∣V us∣ ∣V ub∣
∣V cd∣ ∣V cs∣ ∣V cb∣
∣V td∣ ∣V ts∣ ∣V tb∣
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Measurement of |V
ub

| and |V
cb

| 
Possibilities:

exclusive hadronic B decays, eg. B0 → D
s
+ π- 

large theoretical (hadronic) uncertainties
exclusive semileptonic B decays, eg. B0 → π- e+ ν

moderate theoretical (hadronic) uncertainties
inclusive semileptonic B decays, eg. B0 → X

u
 e+ ν

experimentally challenging
leptonic B decays, eg. B+ → τ+ν

experimentally challenging

For |V
cb
|, best constraints from inclusive B → X

c
lν analysis

extract theoretical parameters from fit to moments of decay 
distributions in m(X

c
) & q2 

PDG 2008 gives |V
cb
| = (41.6 ± 0.6) x 10-3

Tim Gershon
B physics experiments

BaBar (eg. PRL 97 (2006) 171803)
Belle (eg. PRD 78 (2008) 032016)

and others
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|V
ub

| - exclusive semileptonic decays

B(B0 → πlν) = (1.46 ± 0.07 ± 0.08) x 10-4  
|V

ub
| = (4.1 ± 0.2 ± 0.2 +0.6

-0.4
) x 10-3

Tim Gershon
B physics experiments

B0 → π–l+ν
PRL 98 (2007) 091801

E
xt
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|V
ub

| - inclusive semileptonic decays

Problem for inclusive B0 → X
u
 l+ ν: background from B0 → X

c
 l+ ν

Solution:
cut on E

l
 (lepton endpoint), M(X

u
) or some combination thereof

cuts introduce theoretical uncertainty

non BB background subtracted

X
c
 l+ ν background subtracted

Belle
PRD 73 (2006) 012006
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|V
ub

| inclusive - compilation
Different theoretical approaches

Tim Gershon
B physics experiments

Significant experimental and theoretical problems to 
make a single average for |Vub|
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Rare B Decays
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b→sγ rate and photon energy spectrum

Archetypal FCNC probe for new physics

Belle PRL 103 (2009) 241801 

BBX s E 1.7 GeV=3.45±0.15±0.40×10−4

consistent with the SM prediction
Tim Gershon

B physics experiments
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b→sγ photon polarisation measurement

Search for time-dependent asymmetry

● Observable effect requires NP: left-handed current & new CP phase

Tim Gershon
B physics experiments

Excellent prospects for LHCb with B
s
→φγ

Can also use, eg., B→K*e+e– (low q2)

Belle PRL 100 (2008) 121801



49

Kinematic distributions in B→K*ll

Zero-crossing point of forward-backward asymmetry cleanly 
predicted in SM and sensitive to NP corrections

Belle PRL 103 (2009) 171801

Tim Gershon
B physics experiments

BABAR PRD 79 (2009) 031102(R) CDF note 09-11-12

Interesting hints but much better precision required
another good opportunity for LHCb
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Leptonic B Decays

B+→l+ν decays helicity-suppressed in SM: probe for effects of 
charged-Higgs mediated NP 

 BaBar arXiv:0912.2453 [hep-ex] 
See also BABAR PRD 77 (2008) 011107

Belle 0809.3834 [hep-ex] & 
PRL 97 (2006) 251802

World average
B(B→τν) = (173 ± 35) x 10-6

Consistent with (1σ above)
SM prediction

Tim Gershon
B physics experiments

T.Iijima at LP'09

BaBar PRD 79 (2009) 091101(R)
See also Belle PLB 647 (2007) 67

B+→μ+ν

B(B→μν) < 1.7 x 10-6

Sensitivity approaching SM level

These modes require a Super Flavour Factory 



51

B
s
→μμ

Potential new physics discovery channel
          for CDF / D0 / LHCb / ATLAS / CMS

CDF Public Note 9892New upper limits from CDF (3.7/fb):

B(B
s
→μμ) < 4.3 x 10-8  @95% CL

B(B
d
→μμ) < 7.6 x 10-9 @95% CL

Still some way above SM prediction

Tim Gershon
B physics experiments
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Putting it all together – Unitarity Triangle

http://ckmfitter.in2p3.fr/ http://www.utfit.org/

Tim Gershon
B physics experiments
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Summary

● Progress in B physics continues apace
– BaBar, Belle, CDF, D0

● No smoking gun for new physics 
… but several exciting hints

– tension in CKM fits

– ΔA
CP

(Kπ)

– Φ
s
 (B

s
→J/ψφ)

– A
FB

(K*l+l–)

● Excellent prospects for the next few years and beyond
– LHCb, ATLAS, CMS
– Belle2, SuperB, LHCb upgrade

Tim Gershon
B physics experiments
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Summary

● Progress in B physics continues apace
– BaBar, Belle, CDF, D0

● No smoking gun for new physics 
… but several exciting hints

– tension in CKM fits

– ΔA
CP

(Kπ)

– Φ
s
 (B

s
→J/ψφ)

– A
FB

(K*l+l–)

● Excellent prospects for the next few years and beyond
– LHCb, ATLAS, CMS
– Belle2, SuperB, LHCb upgrade

Tim Gershon
B physics experiments

How good are the prospects for New Physics
 discovery in the B system before WHEPPXII (2012)?

● If large NP effects are present (still possible!)
● If LHC operation runs reasonably smoothly
● If LHCb collaboration understands detector performance

(also ATLAS & CMS if large NP in B
s
→μ+μ–)

(let's be optimistic)

… then the prospects are good! 
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Back-up Material
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Plot by A.Hoecker
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DIRC ( PID)
144 quartz bars

11000 PMs

1.5 T solenoid 

EMC
6580 CsI(Tl) crystals

Drift Chamber
40 stereo layers

Instrumented Flux Return
iron / RPCs  (muon / neutral hadrons)

2/6 replaced by LST in 2004
Rest of replacement in 2006

Silicon Vertex Tracker
5 layers, double sided strips

e+ (3.1 GeV)

e- (9 GeV)

BABAR Detector

Tim Gershon
B physics experiments
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μ / KL detection
 14/15 lyr. RPC+Fe

Central Drift Chamber
       small cell +He/C2H6

CsI(Tl) 
   16X0

 Aerogel Cherenkov cnt.
              n=1.015~1.030

Si vtx. det.
- 3 lyr. DSSD
- 4 lyr. since summer 2003

TOF counter

SC solenoid
   1.5T

8 GeV e−

3.5 GeV e+

Belle Detector

Tim Gershon
B physics experiments



  

B0 → π+π- -- Experimental Situation



  

Isospin analysis
● Use triangle construction to find 

difference between “α
eff

” and α (θ)
● Requires measurement of rates and 

asymmetries of B+→π+π0 & B0→π0π0



  

Measurement of α

 α = (89.0 +4.4

–4.2
)° 
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Latest results on B→DK : (ii) Dalitz

D decays to (e.g.) K
S
π+π– - enhanced sensitivity to γ due 

to interference of various resonances in the Dalitz plot

Update from Belle including D*K, D*→Dγ

Combined with existing results on DK; D*K, D*→Dπ0; all 
with D→K

S
π+π–

Belle D→K
S
ππ

A.Poluektov at EPS'09

Tim Gershon
B physics experiments
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Model independent B→DK Dalitz 
measurements

Use CP-tagged CLEOc data to measure average D0–D0 phase difference
–

A.Powell at Beauty 2009

Tim Gershon
B physics experiments
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LHCb sensitivity to γ

Numbers assume nominal LHC performance

Sensitivity to δ
B0

 inherent to B0→DK*0  (“quasi-two-body”) 

analysis

Precision can be further improved:

CLEOc results on D→Kππ0 allow it to be used in ADS analysis

B0→DKπ Dalitz plot analysis gives improved sensitivity to γ 
with reduced dependence on δ

B0

T.G. Phys. Rev. D 79 (2009) 051301(R)
T.G. & M.Williams, Phys. Rev. D 80 (2009) 092002
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Direct CP asymmetries in charmless hadronic B decays

Tim Gershon
B physics experiments NB. DCPV also observed in B→π+π– time-dependent analysis
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Prospects for Unitarity Triangle angles

Refine understanding of α
 B+→ρ+ρ0 from Belle

Improve γ measurement
good prospects for LHCb

Resolve Kπ puzzle
need better K

S
π0 measurement: Belle2 & SuperB

Improve B
s
→hh measurements

more to come from CDF; then LHCb (plus e+e– Υ(5S) data)

Charmless hadronic B decay Dalitz plot analyses
CDF, LHCb, Belle2, SuperB

http://ckmfitter.in2p3.fr/

Tim Gershon
B physics experiments
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Charm mixing and CP violation

Results from BABAR, Belle, CDF, CLEO

D→K
S
φ

D→K
S
K+K

–

Belle arXiv:0905.4185 [hep-ex] BABAR arXiv:0908.0761 [hep-ex] 

D→K+π–

D→K+K–

y
CP

 = (1.12 ± 0.26 (stat) ± 0.22 (syst))%
y

CP
 = (0.11 ± 0.61 (stat) ± 0.52 (syst))%

mostly CP 
even

mostly CP odd

CP even

almost flavour-specific

y
CP

 ~ ΔΓ and modified by CP violation in mixing
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Charm mixing and CP violation

A.Bevan at EPS'09

Mixing established (though still no single measurement > 5σ)
No indication of CP violation

Including results from BABAR, Belle, CDF, CLEO(c), FOCUS
Latest new results Belle arXiv:0905.4185 [hep-ex] BABAR arXiv:0908.0761 [hep-ex] 

Tim Gershon
B physics experiments
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Φ
s
 (B

s
→J/ψφ)

Tim Gershon
CP WG key measurements

68% CL interval [0.27, 0.59] [0.97, 1.30] rad∪
95% CL interval is [0.10, 1.42] rad
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Combination of results

Latest combination huge improvement on previous efforts

The two experiments perform very similar analyses

Two dimensional (ΔΓ
s
 vs. φ

s
) log-likelihoods are added

But, B
s
→J/ψφ is not a two-dimensional problem

Consistency of results on other variables?

Higher dimensional combination would be better

Most practical way is simultaneous fit of both data sets

Work ongoing ...

Tim Gershon
B physics experiments
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Future prospects for CP violation in 
B

s
 and charm oscillations

More results still to come from B factories & Tevatron

LHCb will improve world's best measurements with 1 
year of data (at nominal luminosity)

excellent prospects for B
s
→J/ψφ and D0→hh with early data

The LHCb Detector
JINST 3 (2008) S08005

Tim Gershon
B physics experiments
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CKM Matrix – Magnitudes

0.97418 ±0.00027 0.2255±0.0019 3.93±0.36×10−3

0.230±0.011 1.04±0.06 41.2±1.1×10−3

8.1±0.6×10−3 38.7±2.3×10−3 0.74 
superallowed 0+→0+ β decays

semileptonic / leptonic kaon decays
hadronic tau decays 

semileptonic / leptonic B decays

PDG 2008

semileptonic charm decays
charm production in neutrino beams

semileptonic / leptonic charm decays

semileptonic B decays

single top production

B
d
 oscillations

B
s
 oscillations

theory inputs (eg., lattice calculations) required

PDG 2008
See also S.Prell at LP'09

Tim Gershon
B physics experiments



73

|V
ub

| inclusive - M
X
 analysis

Best current measurement PRL 95, 241801 (2005)

|V
ub

| = ( 4.09 ± 0.19 ± 0.20 ± 0.15 ± 0.18) x 10-3Tim Gershon
B physics experiments
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B
s
→φφ

New hadronic b→s penguin dominated decay mode

Approximately as clean theoretically as B→φK
S

CDF preliminary
See D.Tonelli at Beauty'09
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Prospects for rare B decays

Excellent prospects for LHCb for many important 
channels

 B
s
→μμ, B→K*ll, B

s
→φγ, etc.

ATLAS and CMS can also contribute for some channels

Many more important channels can only be studied in 
e+e– environment : Belle2 & SuperB

B→τν, inclusive measurements, B→K
S
π0γ, B→Kνν, etc.
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