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Start of B physics
P
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(1964)
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��� Neutral kaon puzzle in late 1950s
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��� Two particles (K1, K2) with same mass,

but different lifetime and different decay
mode
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��� K2 is CP odd and if CP is conserved can

decay only to 3 π
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��� Observation of K2 → π+π− in 1964 by

Cronin and Fitch ⇔ CP is not conserved
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Start of B physics
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��� Observation by Cronin and Fitch requires ≈ 10−3 admixture of

wrong CP state in wave function
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��� In 1973 Kobayashi and Maskawa concludes that
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��� No reasonable way to include CP violation in model with 4

quarks
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��� Introduction of CP violation needs new particles
��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� One of the suggested ways uses 6 quark model
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��� CP violation ⇔ complex phase in quark mixing (CKM) matrix
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Vcd Vcs Vcb

Vtd Vts Vtb
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1 − λ2/2 λ Aλ3(ρ− iη)
−λ 1 − λ2/2 Aλ2

Aλ3(1 − ρ− iη) −Aλ2 1
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��� Nobel prize in 2008

3 Michal Kreps – B physics11 June 2010



Start of B physics
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��� When Kobayashi and Maskawa proposed their explanations,

only 3 quarks were known
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��� The six quark model had several implications:
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��� Existence of another 3 quarks to be seen by experiment
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��� In 1980/1981 several people predicted large CP violation in B

system
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��� Start of dedicated B physics

experiments
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��� In 2001 Belle and Babar

experiments observe large
CP violation in B0 decay
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��� Not only test of KM, but also

production and spectrum have
its questions

4 Michal Kreps – B physics11 June 2010



Testing KM mechanism

VCKM =







1 − λ2/2 λ Aλ3(ρ− iη)
−λ 1 − λ2/2 Aλ2

Aλ3(1 − ρ− iη) −Aλ2 1
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Major players

Calorimeter

Shielding

Toroid

Muon Chambers

Muon Scintillators
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Pros and cons

10 cm

BELLE��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� e+e− at Υ(4S) (Belle, Babar)

+ Clean events
+ Good flavor tagging
- Relatively small cross section

- Hard access to hadrons beyond B+/B0
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��� High energy hadron collider (CDF, DØ)

+ Large b cross section
+ Access to all sort of b-hadrons
- Much larger inelastic cross section ⇔

dirty events
- Much worst flavor tagging
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Triangle Sides
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��� Both need to Vcb as normalization (or third side), measured in

b → clν
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Measurements of|Vcb|

Btag BSL
l
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��� Relatively easy for theory (weak

decay with QCD corrections)
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measure lepton energy or
missing mass
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��� Domain of e+e− at threshold
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Measurements of|Vcb|
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B → Dlν

B → D∗lν
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��� Some tension in results for B → D∗lν,
χ2/dof = 56.9/21
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always too good (prob ≈ 0.9995)
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D∗lν: 38.6 ± 0.5 ± 1.0
Dlν: 39.4 ± 1.4 ± 0.9
inclusive: 41.5 ± 0.44 ± 0.58
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Measurements of|Vub|
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��� Complication of CKM suppression and dominant b → clν bg
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��� Kinematic cuts destroy theory convergence
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��� Several fits to inclusive experimental data (10−3)

|Vub|(BLNP) = 4.06 ± 0.15+0.25
−0.27
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data and lattice QCD results
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��� Latest Babar result

|Vub| = 2.95 ± 0.31 × 10−3
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��� We probably have another ≈ 2σ dis-

crepancy
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B → τν
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��� After reconstructing tag B and all charged particles from signal B,

only neutrinos missing
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B → τν
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B → τν

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Naive average of exp. results

BFexp = 1.73 ± 0.35 × 10−4
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BFSM = 1.20 ± 0.25 × 10−4
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fDs saga
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Kronfeld, arXiv:0912.0543
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Angles

β = arg
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Angle β
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sin 2β = 0.687 ± 0.028 ± 0.012 sin 2β = 0.642 ± 0.031 ± 0.017
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Angle β
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0
0

.

.
0
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3
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BaBar 0.86 ± 0.08 ± 0.03

Belle 0.68 ± 0.15 ± 0.03 +-
0
0

.

.
2
1

1
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Naïve average 0.62 ± 0.04
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b̄

d

c̄

c

s̄

d

��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� b → sqq more natural place to

look for NP
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��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Seems fine now, but need much

higher statistics to really probe
NP
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Angle γ
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��� Proceed through tree level diagrams, little sensitivity to NP
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→ K−π+, ADS
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��� Two body Cabibbo suppressed channel (K +K−, Ksπ

0), GLW
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��� Rare decays with small (b → u)/(b → c) ratio

19 Michal Kreps – B physics11 June 2010



Angle γ
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��� Most sensitive is GGSZ method with

D0 → Ksπ
+π−
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��� Belle and Babar made recent updates
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��� Both experiments see 3.5σ evidence for

CPV
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��� Belle: γ = (78+11

−12 ± 4 ± 9)◦
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��� Babar: γ = (68 ± 14 ± 4 ± 3)◦
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CP Violation in Bs → J/ψφ

 (rad)                 sβ
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��� Look for NP contributions in the Bs mixing phase
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��� Phase in SM tiny (almost real Vts)
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��� Basic logic is similar to sin 2β measurement
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��� Update from CDF with more

data, several improvements
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��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� See Elisa Pueschel in after-

noon
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Afs measurement by DØ
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��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� Traditionally measured using:

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Semileptonic decays
��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� Same charge dimuons

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Recent measurement by DØ
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��� SM prediction

Ab
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−0.6) × 10−4

��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� Result:

(−96 ± 25 ± 15) × 10−4
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��� Details see Iain Bertram
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Global status of the triangle

Globally no large discrepancy, but few tensions exist

≈ 2.6σ

≈ 2.4σ ≈ 1.3σ (inclusive) ≈ 1.6σ

ckm
fitter.in2p3.fr

w
w

w
.utfit.org
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Other Bs decays
arX

iv:0912.1434
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��� Belle successfully took data also

at Υ(5S)
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��� Provides access to Bs physics
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��� Cannot resolve Bs oscillations
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��� Can in principle do absolute BF
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��� First observation of Bs → J/ψη

with 7.3σ
3.32±0.87+0.32

−0.28 ±0.42(fs)×10−4
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��� Limit on Bs → J/ψf0(980)

B(Bs → J/ψf0) · B(f0 → π+π−) <
1.63 × 10−4 at 90% C.L.
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��� More details in talk of Jean Wicht
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Rare decays -Bs → µµ
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��� FCNC decays are good probes

of NP
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��� Bs → µµ one of the most

watched

��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� SM prediction (A.J.Buras,

hep-ph/0904.4917):
(3.6 ± 0.3) × 10−9
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��� NP can enhance it by huge

factors (many models by several
orders of magnitude)
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��� Hard constraints on NP even

without seeing signal
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��� Signal at Tevatron implies NP
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Rare decays -Bs → µµ
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��� CDF Preliminary, 3.7 fb−1: < 4.3 · 10−8 at 95% C.L.

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
��� DØ Preliminary, 6.1 fb−1: < 5.2 · 10−8 at 95% C.L.
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Rare decays -b → sµµ
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��� Another example of FCNC rare

decay

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� BF of the order of 10−6
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��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� B0/+ → µ+µ−K 0/+

��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� B0/+ → µ+µ−K ∗0/∗+

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Bs → µ+µ−φ

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� NP can show up in (partial) BF,

decay polarization or angular dis-
tributions
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��� First observation of

Bs → µ+µ−φ
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��� 6.3σ significance
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Rare decays -b → sµµ
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��� Looking to observables

connected to angular
distributions most promising
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��� Currently mainly

AFB = Γ(cos θµ>0)−Γ(cos θµ<0)
Γ(cos θµ>0)+Γ(cos θµ<0)
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��� Other options exist, but no-

body tried
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Rare decays -b → sµµ
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��� Three experiments produced

result
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expectation
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��� Intriguing fluctuation in same

direction for all results
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Conclusions
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��� Tremendous progress in past few years
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��� There is much more, which I could not cover in short time
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��� Charm sector - for status see Thomas Mannel and Jeorg

Marks
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��� Future (starting) experiments - for LHC prospects see parallel

session in afternoon
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��� In global there is no significant discrepancy with SM
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��� Nevertheless there are several places which show interesting

tensions
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��� With LHC we are at the beginning of new era, even if existing

experiments will do their best in this new era
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��� I’m sure we are entering interesting era
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