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Problem 1: Winter?? in São Paulo
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Problem 2: Schedule of lectures?



Fat Skinny

For many like these see http://ckmfitter.in2p3.fr/www/results/plots_ichep16/ckm_res_ichep16.html

http://ckmfitter.in2p3.fr/www/results/plots_ichep16/ckm_res_ichep16.html
http://ckmfitter.in2p3.fr/www/results/plots_ichep16/ckm_res_ichep16.html
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Flavor Physics: an important constraint on all new BSM models

Flavor Structure in the SM and Beyond
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[Neubert, EPS2011]

TASI Exercise: from these determine bounds with MFV assumption



No Angles Only angles (CPV asymmetries)
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Their charge asymmetry is evaluated as a function of  T' and p '  in bins of  width At '  = 0.5 × 10-10s and p '  = 
f 2 GeV/c starting at rmi n = 2.25 × 10 -10 s and Pmin = 7 GeV/c. 

The mass difference Am is determined by a comparison of  the time dependence of  the measured charge asym- 
metry with the theoretical expectation fi(r', Am, y) for the set of  parameters to be determined. The theoretical 
function ~ and its derivatives are calculated by Monte Carlo techniques from eq. (2). This treatment accounts for 
the following: 

- The K~3 matrix elements according to V - A  theory with linear formfactors for the hadronic current [3] and 
radiative corrections [4].  

- The observed beam profile, and the experimental resolution and acceptance. 
- Transformation from the true kaon momentum p and lifetime r to the measured quantities p '  and r ' .  
- The shape of  the kaon momentum spectrum and the dilution factor A(p) as obtained in the K~2 analysis [1 ] 
The influence of  the actual form of  the matrix element on the charge asymmetry is weak. The shape of  the 

momentum spectrum enters only indirectly in the transformation from r to r ' .  The K S lifetime and the K L charge 
asymmetries are taken from previous results of  the same experiment [ 1 ,2 ] .  The results of  the best fits to the 
measured charge asymmetries are shown in figs. 1 and 2. The A S - A Q  fac tory  is left free in the fits. The uncor- 
rected values for the KL-K S mass difference are: 

Am(Ke3 ) = (0.5287 -+ 0.0040) × 1010 s -1 , A m ( K 3  ) = (0.526 + 0.0085) × 1010 s -1 . 
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Fig. 1. The charge asymmetry as a function of the reconstructed decay time r' for the Ke3 decays. The experimental data are 
compared to the best fit as indicated by the solid line. 
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Fig. 2. The charge asymmetry as a function of the reconstructed decay time r' for the K~ decays. The experimental data are com- 
pared to the best fit as indicated by the solid line. 

The quoted error includes the statistical error as well as the uncertainties in the dilution factor. ×2 values per 
degree of freedom of 17/23 and 16/24 are obtained. 

The above result is obtained assuming an incoherent mixture of K ° and ~o produced at the centre of the 
primary target. The following corrections account for the accumulated effects due to secondary interactions of 
the kaons in the beam line. These effects can be described as a common initial phase change of 0.4 ° +-0.3 ° [1 ] and 
results in a correction of (+0.0018 -+ 0.0013) × 1010 s -1 in Am. Kaons produced in the beam dump lead to an 
independent correction of (+0.0012 + 0.005) X 1010 s -1. Furthermore, Ke3 radiative decays cause a ( -0 .45 
-+ 0.1)% shift in the reconstructed kaon momentum implying a correction of (+0.0024 +- 0.0005) X 1010 s-1. 
The final corrected values of Am and the average from Ke3 and K~, 3 decays are: 

Am(Ke3 ) =(0.5341 +-0.0043) X 1010s -1 , Am(K3 ) = (0.529 + 0.010) × 1010 s -1 , 

Am(av) = (0.5334 +- 0.0040) × 1010 s -1 . 

The quoted error includes the estimated uncertainties of the corrections including the uncertainty in the back- 
ground subtraction of the K~3 data. In addition, a 0.3% systematic error has to be allotted to the uncertainty 
in the momentum calibration and the associated uncertainty in the K S lifetime [1 ]. 

The results compare well with an independent determination of Am by the two-regenerator method [5] 

117 

S. Gjesdal, et al, Phys.Lett. B52 (1974) 113
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FIG. 25: Time-dependent asymmetry A(∆t) between unmixed and mixed events for hadronic B candidates with mES >
5.27 GeV/c2, a) as a function of ∆t; and b) folded as a function of |∆t|. The asymmetry in a) is due to the fitted bias in the
∆t resolution function.

systematic uncertainty due to this choice, we add an ad-
ditional component, with its own separate lifetime, that
is allowed to mix; the observed value of ∆md changes
by 0.001 ps−1 (f). Similarly, adding an additional Gaus-
sian distribution to the ∆t background resolution func-
tion changes ∆md by no more than 0.001 ps−1 (g).

Finally, the composition of the background changes
slightly as a function of mES, since the fraction of back-
ground due to continuum production slowly decreases
towards the B mass. As a result, the ∆t structure of
the background could change as well. To study this de-
pendence, we split the mES sideband region into seven
mutually exclusive, 10 MeV/c2-wide intervals, and repeat
the ∆md fit with each of these slices in turn. The vari-
ation of ∆md is then extrapolated as a function of the
position of the sideband slice relative to the B mass. We
correct the value of ∆md by −0.002 ps−1 obtained from
this extrapolation, and assign the statistical uncertainty
of 0.002 ps−1 of this procedure as a systematic error on
∆md (h).

A small fraction (about 1.5%) of the events attributed
to the B0 signal by the fit to the mES distribution con-
sists of B+ events, mainly due to the swapping of a soft
π0 with a charged pion as described in Section III C 1.
The uncertainty on this peaking fraction is propagated
to ∆md, yielding a systematic error of 0.002 ps−1 (i).

3. External parameters

An error in the boost of the Υ (4S) system (0.1%) or in
the knowledge of the z scale of the detector, as described
in Section V A, could bias the ∆md measurement be-
cause these parameters are used to reconstruct the decay
length difference ∆z and to convert it to the decay time
difference ∆t. The uncertainties on these quantities are
propagated to ∆md and lead to systematic uncertainties
of 0.001 ps−1 (l) and less than 0.002 ps−1 (j), respec-
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FIG. 26: a) Correlation between the event-by-event error on
∆t (σ∆t) and the mistag rate in the Kaon category from Monte
Carlo simulation; b) Dependence of mistag rate on σ∆t after
scaling the mistag rate by

√
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tively. In addition to these, we assign the difference of
0.001 ps−1 (k) in the value of ∆md obtained by using
the ∆z to ∆t conversion described in Eq. 20 instead of
Eq. 21 as a systematic error. Finally, in the likelihood
fit, we fix the B0 lifetime to the PDG value [11]. The
present uncertainty on this value of ±0.032 ps leads to a
systematic error of ∓0.006 ps−1 (m).

Babar, arXiv.org > hep-ex > arXiv:hep-ex/0201020

This is B0

http://arxiv.org/
http://arxiv.org/
http://arxiv.org/list/hep-ex/recent
http://arxiv.org/list/hep-ex/recent
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This is Bs



Neutral Meson Mixing 
!  Neutral mesons can transform 
    into their anti-particles via 2nd 

    order weak interactions 
!  Short distance transition rate  
   depends on  

"  mass of intermediate qi, the heavier the larger, favors 
s & b since t is allowed 

"  CKM elements Vij 

ICHEP, Melbourne, July 9, 2012 ! 11 
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from Van Kooten 
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the loop 
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Mixing: slow/fast?Neutral Meson Mixing 
!  Neutral mesons can transform 
    into their anti-particles via 2nd 

    order weak interactions 
!  Short distance transition rate  
   depends on  

"  mass of intermediate qi, the heavier the larger, favors 
s & b since t is allowed 

"  CKM elements Vij 

ICHEP, Melbourne, July 9, 2012 ! 11 
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CP violation and the CKM matrix 30

The experimental techniques to measure the UT angles also change radically from one to

another. The measurements of α and β require B0B0 mixing and therefore use neutral B

mesons, whereas the measurements of γ use interference between b → u and b → c decay

amplitudes, and can be done with both neutral and charged B decays.

In the following we neglect CP violation in B0 mixing, which has been searched for with both

flavor-specific and inclusive B0 decays in samples where the initial flavor state is tagged. The

current world average is |q/p| = 1.0018 ± 0.0017 [118,119], whereas the deviation from unity is

expected to be |q/p| − 1 ≈ 0.0003 [120], and around λ2 times smaller in B0
s mixing. See Sec. 7

for an application of this search in the context of new physics studies.

5.1 β from B Decays to Charmonium Final States

In b → ccs quark-level decays, the time-dependent CP violation parameters measured from the

interference between decays with and without mixing are Sccs = −ηCP sin2β and Cccs = 0, to a

very good approximation. The theoretically cleanest case if B → J/ψK0
S,L, where

λψK0
S,L

= ∓
(

V ∗
tbVtd

VtbV ∗
td

)(
VcbV ∗

cs

V ∗
cbVcs

)(
VcsV ∗

cd

V ∗
csVcd

)
= ∓e−2iβ , (57)

and so ImλψK0
S,L

= SψK0
S,L

= ± sin 2β (see Sec. 1.4). The sign is from ηψK0
S,L

= ∓1, the first

factor is the SM value of q/p in B0B0 mixing, the second is A/A, and the last one is pK/qK . In

the absence of K0K0 mixing there could be no interference between B0 → ψK0 and B0 → ψK0.

BABAR [121] and Belle [122] have both used the ηCP = −1 modes J/ψK0
S , ψ(2S)K0

S , χc1K0
S and

ηcK0
S , as well as J/ψK0

L, which has ηCP = +1, and J/ψK∗0(892)(→ K0
Sπ0), which is found from

an angular analysis to have ηCP close to +1 (the CP -odd fraction amounts to 0.217±0.010 [66]).

In the latest result from Belle, only J/ψK0
S and J/ψK0

L are used. The world average reads [66]

sin2β = 0.687 ± 0.032 , (58)

giving for the angle β within [0,π] the solutions (21.7 +1.3
−1.2)

◦ and (68.3 +1.2
−1.3)

◦, where the first

number is compatible with the result from the global CKM fit without the measurement of

β, (24.4+2.6
−1.5)

◦ and sin2βCKM = 0.752 +0.057
−0.035 (cf. Sec. 6). As expected in the SM, no direct CP

violation has been observed in these modes.

In b → ccd quark-level decays, such as B0 → J/ψπ0 or B0 → D(∗)D(∗), unknown contributions

from (not CKM suppressed) penguin-type diagrams, carrying a different weak phase than the

tree-level diagram, compromises the clean extraction of sin2β. Consequently, they are not

included in the sin2β average.

5.1.1 Resolving the four-fold ambiguity

Despite the agreement of Eq. (58) with the SM, it is still possible that, because of contributions

from new physics, the correct value of β is one of the three solutions not compatible with the

SM. The measurement of the sign of cos2β eliminates two of the solutions.9 B-meson decays

to the vector-vector final state J/ψK∗0, where three helicity states of the vector mesons mix
9The invariance β → π + β remains. It cannot be lifted without theoretical input on a strong phase [123].

B0 ! �K0
L,S

−CP of S, L
q/p Āf/Af

p/q for K

b ! cc̄sGold plated examples: 
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and Bs ! ⇤⇥,⇤�+��
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= �e�2i�s small angle in squashed

unitarity triangle 
≈ 0 in SM

CPV in Bs!J/& X 
!  Interference between mixing 
   & decay 

!  For f =J/& ' or J/&(+(- 

!  Small CPV expected, good place for NP to 
appear 

!  Bs!J/&' is not a CP eigenstate, as it’s a vector-
vector final state, so must do an angular analysis 
to separate the CP+ and CP- components 

ICHEP, Melbourne, July 9, 2012 ! 14 

!"

!

!

"

A

A

!

!
Mixing: q/p

b
W-

c

}
!

s

}c  J/

s
s    π  π   +

}Bs0
- or K  K+ -

! s
SM " #2$s = #2arg #

VtsV
tb
*

VcsV
cb
*

%

&
''

(

)
**
= #0.04 rad

⇥s from B0
s ⇤ J/⇤�+��

arXiv:1204.5675v3, submitted to Phys. Lett. B

�s,⇥�s constrained from B0
s ⇤ J/⇤⇥ analysis (see talk from A. Phan on B0

s lifetimes)

⇥ms from LHCb (Phys. Lett. B709 (2012) 177).
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arXiv:1204.5675v3, submitted to Phys. Lett. B

B0
s ⇥ J/⇥�+�� is another b̄ ⇥ c̄cs̄.

Not vector-vector final state ⇤ no complex angular analysis!

�+�� is > 97.7% CP-odd @ 95% Conf. Level (see talk from C. Linn).
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[G Cowan, ICHEP 2012]

Bs  phenomenology 
Due to flavor changing couplings to common states, the time 
evolution of the meson BS  and         is  described by the superposition 
of BH  and BL  states, with masses mS ± !mS/2 and lifetimes "S

   !"S /2 .   

These states deviate from defined values CP = ± 1, as described in the 
SM by the mixing phase #s : 

 

 #s = -2$s , 

 

 

SM prediction (fit):   #s = -0.0368 ± 0.0018 rad  

         !"S = 0.082 ± 0.021 ps-1 

New Physics might add an additional contribution to #s ,                                                   
and might change the ratio !"S /!mS. 
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b → s penguin modes

• No sign of deviations 
from standard CKM 

• Many of these new: 
expect improvement in 
next generation

b → ccd modes

Kronenbitter
De Sangro

B-mixing + b→ ccd — sensitive to φ1/β

B0 → D+D−

CP-eigenstate

S = sin 2φ1, A = 0
if negligible penguin

B0 → D∗+D∗−

mix of CP-odd/even

S, A for each of

longitudinal / transverse

B0 → D±D∗∓

Not a CP-eigenstate

2 amplitudes × 2 modes
⇒ C, S, A, ∆S, ∆A

D∗+D∗− full reconstruction

5.4σ CPV, Podd = 14 ± 2 ± 1%

(Belle)

New partial reconstruction (BaBar)
(one of D∗ of D∗D∗ is tagged only by slow π)
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