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Use the Bayesian statistics to extract the observables. Extract the credibility interval
from the fit.

We use likelihoods of measurements where possible. Gaussian PDFs are used to
represent statistical and systematic uncertainties otherwise.

The results included into this talk are based on experimental studies that were
public by August (Lattice and EPS conferences)
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Methods

Bayesian Method is very straightforward to understand:

*Probability that the event A occurs given that B also occurs:

| P(AN B)
P(A|B) = — '
i) P(B)
, P(AN B) , P(AN B)
* P(A|B) = — ' P(B|A) = — '
*Bayes theorem says: if (A[B) pp) and’ |A) PA)
s oP(BIAYP(AY
P(A|B) = ——— "
than V) P(B)

Before the observation B, our degree of belief of A is P(A) (prior probability)
After observing B, our degree of belief changes into P(A|B) (posterior probability)

Thus, having several observables with their probabilities, we are able to understand the value and
uncertainty of the parameter needed.
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Technicalities

Technically, this means that we construct

f(:l?l,l‘g, ceey LN |Cpy eeey C_,\J) X ]:(Cl, ...,cM|x1, ...,13_\')}‘0(131, ll?_\')

where F is the PDF for the constraints {ci} and Fo is the prior probability for the parameters of
interest {xi}. In order to obtain the posterior PDF, in case of absence of mutual correlations for

parameter Y=X1 we have
M

6(v) o [ TTFseslrs s, om) ] Fole Fo()

J

This means, that we have to “just” integrate the PDFs used.

We than obtain 68% and 95% credibility intervals
looking at the integral of posterior PDF.
We look at minimum k fulfilling:

f dvG(7v)

G(v)>k

f dvG(7v)

In the example, we take 68% credibility interval to be [Y1; Y2]-
We quote YoxAy/2,

where Ay=Y»2-Y| (in case of symmetric distributions)

> 0.683
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Constraints used (angles)

We can write down the unitarity conditions to the CKM matrix. In the Wolfenstein parameterisation
defining the {p;Nn}, we can represent these conditions in graphical way.

’I’]A
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B=(1.0) E)

B-2>nw, B2>pp, B2pm

B->J/WK

We now want to test this picture using
different possible constraints.

-

cos(2f) B->DK, B>Dr
2P+ B->DK, B->D
v B->DK




Alpha from B2>mn

B-2>n+tn-, B2>n0n0, B> n*n0 decays are connected from isospin relations. Tt states

can have =2 or1=0
the gluonic penguins contribute only to the | = 0 state (Al=1/2)
mtnVis a pure | = 2 state (Al = 3/2) and it gets contribution only from the tree diagram

triangular relations allow for the determination of the phase difference induced on &

/% A{ = —Te ia_*_Pem;
e
(B*—n'm A = —— [e7*(T + T, &%)
V2! a
¥ e :
D o o o AOO e —— le 1(11"'(. eld]’ + p 6201 ]

1 ~ =0 + —
EA(B-’J‘IZTE) AB —nw)

Y

~y

B415A3 AB—n n°) = AB™— 7' x)

We can construct the observables, like CP asymmetries and branching fractions from amplitudes and
solve the equation on &.The same method also can be used for the B> pp system

6 PRL 65 (1990) 3381
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Alpha combination

0.01
g @ggg:\bmed W
Another point is adding the B> pT1r analysis S 0.008 &{::g:::o summer13
- . . =
This is a completely different analysis: = 0.006|
The time-dependent Dalitz plot - ;
analysis of the decays of the neutral B o |
allows one to infer the value of AR
without any dependence on the
hadronic parameter. 0.002}
0=

a = (90.7 £ 7.4)°

Phys. Rev. D76 (2007) 014015
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)

\ Beta results

* ana o

[y
0 0 ——
B°>J/WK® sin2B from Prob{B°(t) = f.p)- Prob(B°(t) = f) .
_ cP cp! _
time-dependent a,_(t)= — =CrcosAm,t + S,;smAm,t
e-depe Prob{B°(t) = fip)+ Prob{B°(t) = f-p)
Acs in B = JiyK
B The decay is dominated by a single (tree level) amplitude, thus a can be
ik simplified:
=01y O ¢
o f .
2 S i, (t)=—7,sinAm Atsin2/s
3 A, Fer '
BO
< >
>
' 0 £ . :
SID(ZB) — sm(2¢l) @ We also analise g0 _, J/wwﬁo 5 o UTj;;
PRELIMINARY obtain the theoretical uncertainty in 2 summer13
e 2001072000 089100310011 data-driven way. This gives us an > |
g;ggmmé" . . 0690522004007 additional correction: § o
ESE%’eJ.z“éé??B’sESSé‘i’ “ e 045205 2
Bole o o1 171602 os7:002+001  data-driven theoretical uncertainty §
ALEPH ' 0.84 *15: £ 0.16
P 12,250 oo ASe[-0.02,0.00] at 68% prob.
OPAL 3.20 ‘15 + 0.50,
EPJ C5, 379 (1998) - \
CDF 0.79 *04s — (R N P
PRD 61, 072005 (2000) Q).l 0.05 0 0.05 0.1
tggbt?PAPER-émz-oss Pre o 0T oo ASJIK®
?’gll[e?o% (2012‘) 171801 0o =058 0.08
Average 0.68 + 0.02 Sln(Zﬁ) —_ (0.680 = 52 0.023)
HFAG : : : : ‘ -
2 N 0 1 2 3
8
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Gamma inputs

We use the available information coming from the three = ¢

methods:
e GLW (M. Gronau, D. London, D.Wyler, PLB253,483
(1991); PLB 265, 172 (1991))
e ADS (D.Atwood, |. Dunietz and A. Soni, PRL 78,
3357 (1997))
e GGSZ (A.Giri,Yu. Grossman,A. Soffer, J. Zupan,
PRD 68, 054018(2003))
For the decays: B*>D®OK®* and B®>D"K "0

The combination is performed starting from the HFAG
averages. The main problem is treatment of the nontrivial

likelihoods for {Y, Og, rg} observables.

We also use CLEOc results in the ADS reconstruction.

Currently, we do not include D° mixingin the combination, as
the effect is small in B->DK system

D. Derkach “CKM inputs” UK flavour
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Results of Combination

" &
: Q UTfiy g [UT;
Comblned UTfit ?.25: B+ DK* Jml; émo mﬁl 0
summeri3 0_2_':_ oom N
0.155- 0
0.1;~ 0 O -50 0
[ -100
. B*->DK*
: -150
0L-;lsloll.aabllislélLléllllslolll;(l)é;;;éal T RETT T : o T
v[°] v[]
The results show gaussian behaviour in the
most sensitive channels B> DK*
With new results in B? system, we are
Yai = (70.1£7.1)° able to have the combined value more
than 4 sigmas away from 0.
DK* D'K* DK™ DK™
OB (120.218.2)° (-51£13)° (124+34)° (-55 +44)°
s (0.100+£0.006) | (0.118+0.018)| (0.13%0.06) (0.26+0.06)

It is very important to understand that constructing predictions observables out of values of {Y, Og,
re} will still require a similar likelihood analysis (for example, asymmetries will not be gaussian).
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Gamma combination: prior studies and strong phases

“

We have tested the behavior of the gamma average for different priors including:

e Flat cartesian coordinates {x;y}:
e |Jeffreys prior on rg (weight ~ 1/v78) R
y

The results are stable against all the reasonable priors and 5e
do not give more than | degree difference in central values >

 [UTi)

summeri3

Another important result is that we are able
to measure the strong phase Op-kx.

at 68.27% prob [-10,21]

at 95.45% prob [-40,40]

The results are consistent with our mixing
studies and with most recent BES Ill results:

6D = (|8+I |.|7)o

0.021-

Probability density

0.01

A i L el . . A 2 i
-100 0 100

Removing CLEOc information inflates the
errors by 0.5 degrees Oyl )

11
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History of Combination
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year

The world average error has decreased by a factor 3 in 10 years

https://www.utfit.org/foswiki/bin/view/UTfit/GammaFromTrees
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Constraints used (sides constraints)

o exclusive B2>DIv (B2TI(P)IV) A /AM B, mixing
IV V| o F o o/ QM ,
ub’ Vebl | determination
inclusive b>¢ (b>u)
determination e
e | indirect CP Am,
) violation in K; decays B, mixing
Rare decays .
| B->Tv, B2>upu

13
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Lattice

For most of other CKM fit inputs we need several parameters calculated on lattice.We use:

*B-parameter in the Kaon sector B | 0.766 = 0.010
*K, D, and B mesons decay constants fgs, fg fp, fk | ~
*Matrix elements for K, B, and D mixing fB, 10.2277 4 0.0045

[ i |
s quark mass,Vus,Vud (FlaviaNet values) fB./fB, | 1.202 + 0.022

We use the most updated values from FLAG working group and our BBS | 1.33 + 0.06
averages for the full full basis of B-parameters for K-Kbar, D-Dbar R R
and B-Bbar mixing Bg,/Bp, 1.06+0.11

Amg,Am,

(._.

Nuovo Cim.B123:674-688,2008

D. Derkach “CKM inputs” UK 14
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Vub/ Vcb

ol UTjie
The relative ratio of CKM elements is easily calculable: r
0.5}
v’ A : Ve
ub - —9 - |V:|
r - A2 p2 -+ T’ or
/Cb 1 - "o i
0.5
QCD corrections to be considered [
einclusive measurements: OPE " . 1 | 1
eexclusive measurements: form-factors from lattice QCD 14 05 0 0.5 1

ity

2 0.002- £ Combined : i Combined Tfi
| e UTgt - 2% Exclusive : i

XX Inclusive

X

. 12 Exclusive
| f\ summer13
. %% Inclusive )

0.0015: :'4

summer13

=
@

There is still an inconsistency
between inclusive and exclusive
measurements.We take this into
account inflating the combined
uncertainty.
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EK

145

p

Indirect CP violation in the Kaon system is usually expressed in terms of |€k| parameter which is the fraction of CP
violating component in the mass eigenstates.

le, E C B, A"A"N{,S,(x, )1 = A" /2) +M3S, (x,, X,) +1,S, (x JA"L (1 - p)}

So- Inami-Lim functions for c-c, c-t, e t-t contributions (from perturbative calculations)

We also have a corrections for long-distance effects =T UTjig
(Phys.Rev.D78:033005, PLB688 (2010) 309). T
0.5
. I M(S)
€x = sin P.e'®: {u + p& .
Amg of
We use: _0.5:_
lex| = (2.23 £0.11) - 104 :
A
Introducing the NNLO charm-top-quark contribution (from e By Ty
PRLIO8 (2012) 121801) increases the uncertainty by 0.01. p

16
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Ams or Amg

"'_1: We include the oscillation of B4 and Bs as inputs of the fit

; using two observables Amqand Amg/Ams
oo G 3 o g 2 & v RV 12

1 Amy=—=myn,S(x,)mp 5 Bg V||Vl

! 61

0 9

! G, 5 o -y A > n 2 ‘ \

1 = L:m;,.an(.\',)mBJA/, BV FA (1-p) +1M)

! 61T
0.5

: . :

b am,  m [ By V[

“Thor Am m, f, ;} |V:,-|:

R A .

5 ~ my fr B, ( A ) (1-p)“+Mm )
" A - 2 ” " 2
mp o, B 1—A°/2 y - (=2
! 1 I —_——a i }&, 1
1-22/72" ]
We use the following approximation
) ) /{»‘ I),l.'
Amy 2l(=p) +1 =5 Amg = 17.768 + 0.024 ps~?
Am = [’ B, Amg = 0.510 & 0.004 ps~!
17
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Rare decays

1
p

We use the combination of B>Tv measurements by BaBar and Belle

’ : ‘ 2
Gz-mgm"' m?
> " B(B-t)=- “\1-—
/ 3T my
; (H"W")

N

We use:

B(B = mv) = (1.14 4+ 0.22) -

Brand new constraint from B(=> U measurements by LHCb and CMS

Experimental value needs to be corrected for the Bs oscillation to be
compared to the theoretical predictions (see PRL 109,041801 (2012))

We use LHCb+CMS combination:

B(B! - p*u")
B(B" = putu")

(29+0.7) x 107,
(3.6415) x10°1°

18
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Charm mixing for generic new physics fit

We perform a fit to the charm sector results allowing for CP violation in the singly-Cabibbo
suppressed decays and receive the following results.

z o , For the purpose of constraining NP, it is useful to
8 003~ ,” .
k: _,——]um,n i\ express the fit results in terms of the AC = 2
2 {\ effective Hamiltonian matrix elements.
L oozt
o e 1 [x?462y2 ; 1 jy2 40222
' Myl = — | — —. 21 = f
Q. .: l' ' 11-] ™ \u’ 4(1 — o’.f) ; II = ™™D \' 1 — 4%
001~ !' |
} ||
,,.f"/ ";‘ sin®,y = Taal” + 4|;\=1-_ng — (.I.Z +v)la/pl /7 _;‘ 0.03: M
e 4 .- \ o 4|M;,1 1-_)| ) E
5. [ _S!o.ozs -
° g 0.02-
55=(10.5%13.5) -
0.015f-
|lg/p|-1=-0.015 * 0.077 M12=(0.005+0.002) ps"' :
¢=(0_3 + 2.6)° [12=(0.016+0.002) ps™' e 5
12=(2+£11)° 3
x = (4.2 % |.8) -10-3 b12=( ) 0%
y = (6.4 =+ 0.8) -10-3 0:..g(.)...:)(.)l..;o....é....5.0....66...;6.
-1 -1 - 1 1
This does not include the cb12[°'
most recent LHCDb results
announced this week 'S JHEP 1210 (2012) 068
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Kaon decays

K* — mt v decay is under study by NA62 (CERN) and ORKA (Fermilab) projects.
NA62 expects to collect ~100 events by 2016

=
1 = 12:_—
0.5f oF:
uf
> .
0.4'-—
X azf-
05 :
B of
HU Tgie
02 2 1 5 1 2
-1 05
‘_) = i
1
: : 0.5
KOTO (JPARC) experiment is due R I~ TR

to be operational soon. It will be

searching for K° — mvi
It aims to discover this decay at Step | 0.5

and continue its measurements. For 10% error on BF
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Outlook

Some more results did not make it inside the talk: lifetimes, their differences and quark masses.

IS F
- UTf,‘t
1 & summer13
K SM fit
0.5
0
VS. i
0.5
-1 -—
™, | .

See next talk by Marcella for the outcome of different fits.
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