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Overview

• Theory details (possibly covered elsewhere)
• Mixing through DF=2 box diagrams
• Vtd, Vts from DF=1loop diagrams

• Experimental details (possibly covered elsewhere)
• Description of a generic mixing/CP analysis
• Description of inclusive/exclusive B -> Xs,d gamma

• Physics results
• Babar, Belle: Dmd ; Tevatron: Dms

• Lattice QCD dependence extracting Vtd,ts from Dmd,s

• Babar, Belle: excl./incl. BFs B -> Xs,d gamma
• Theory dependence enters in Vtd/Vts ratio calculation

• Consistency of mixing and radiative penguin results

• Future prospects
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Mixing Theory Details (possibly covered elsewhere)

• Mixing formalism for Bd,s from time-dependent Sch. Eq. is needed 
to connect theory (Dmd,s , Vtd,ts) to experiment (Dt, Dz)

• Relevant discussion given in Babar Physics Book (Sec. 11.2) is 
probably too lengthy, but is a good example of the level of detail 
needed for a reasonably complete discussion that is accessible a 
grad student level

Lattice QCD 
dependence
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Lattice Inputs
Averages taken from Laiho, Van de Water, Lunghi, “Lattice QCD inputs to the 
CKM unitarity triangle analysis”, PRD 81,034503 (2010)



Lattice Inputs
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Tagged Mixing/CP Analysis Experimental Details (possibly covered elsewhere)

• Description of a generic mixing/CP analysis description 
outlined at hep-ex/0201020 (PRD 66, 032003 [2002])
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Dms Experimental Results (CDF/Tevatron)

PRL 97, 242003 (2006)

PRL 97, 021802 (2006)

Δms = 17.77 ± 0.10 (stat) 

± 0.07 (syst) ps−1
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Dmd Experimental Results (HFAG 2010)
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Dmd B-Factory Experimental Results (HFAG 2010)

Measurement of B0 - anti-B0 flavor oscillations in hadronic B0 decays

Measurement of the B0 - anti-B0 oscillation frequency with inclusive dilepton events

Measurement of the anti-B0 lifetime and the B0 anti-B0 oscillation frequency using 
partially reconstructed anti-B0 ---> D*+ l- anti-nu(l) decays

Simultaneous measurement of the B0 meson lifetime and mixing frequency with B0 -
--> D*- l+ nu(l) decays

B
A
B
A
R

Measurement of the B0 - anti-B0 mixing rate with B0 (anti-B0) ---> 
D*-+ pi+- partial reconstruction

Studies of B0 - anti-B0 mixing properties with inclusive dilepton events

Improved measurement of CP-violation parameters sin 2phi(1) and |lambda|, 
B meson lifetimes, and B0 - anti-B0 mixing parameter Delta m(d)

B
E
L
L
E



Physics of the B-Factories         Kevin Flood          17-18 May 2010 10

Vtd/Vts from Radiative Penguins
• Exclusive decays:

• Relatively large theory uncertainty in calculating ratio

Babar: PRD 78, 112001 (2008)

Belle: PRL 101, 111801 (2008)
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Vtd/Vts from Radiative Penguins

• Inclusive decays

• Small theory uncertainties in calculating ratio

Babar Xdgamma result shown at 
conference, paper soon
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Future Prospects

• Somewhat better precision in lattice inputs needed for mixing-
based ratio will likely appear over time

• Precision in ratio from exclusive final state radiative penguins 
already limited by theory inputs, and no substantial 
improvements seem likely

• Vtd/Vts from inclusive radiative penguins may achieve total 
uncertainty of just a few percent with ~10/ab Super-FF dataset

• In the long run, final ~50-100/ab Super-FF datasets will also 
allow ratio from B->Xll

• With SM B->Xdll rate should also be able to probe Vtd/Vts
as a function of di-lepton mass
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Some Final Details

• Belle co-editor still needed
• Lacking this, at least Belle review of relevant material

• Expect to need 4-6 pages

• Debbie Bard has agreed to contribute Vtd/Vts discussion
• Lead analyst for Babar semi-inclusive B->Xdgamma

• The selection of material here has been discussed in general 
terms with Tobias Hurth (theory ed.), but the details presented 
here still need to be reviewed and agreed upon

• Will be useful to see initial draft of Radiative Penguin and 
Mixing sections in order to guide the writing here


