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The Cabibbo -Kobayashilaskawa matrix

Gauge Interactions do not violate [3avor:
L Gauge = | !ga(iy | gA #ab)! b
l,a,b

Yukawa interactions (mass) violate [3avor:
Lvikawa =  YaH Y®lgp= GLHY ur + @ HYpdr + B HY:ER

1 ,a,b
The Yukawas are complex 3x3 matrices: huge potentia

6@ = ULY ™ Ur, Yo =DLYS™Dgr, Ye=ELY ™ER | for NP effects
(MFV?)

From Gaugdo Masseigenstates
¥ neutral currents:
WEZ UE =l WLZULULUL — ULZ UL
¥ charged currents:
@EWdE =l WLWULDLdL = ULWVCKM d,

, : | = Virtual Nobel Laureate
Enrico Lunghi O = Real Nobel Laureate




The Cabibbo -Kobayashilaskawa matrix

" -decay, ®$ 1% D# ($ K)OMN#& X, ...
B#$ 1% B¢ Xul%
CP violation
B D(*)l%B'-'rl' X%

t# Wb (single top)

no direct meas. (B Xs' ,( Mgs ...)
no direct meas.(( Msq, CP violation, K mixing)

>l B 11 122 Al2 9

, : | = Virtual Nobel Laureate
Enrico Lunghi O = Real Nobel Laureate



The Cabibbo -Kobayashilaskawa matrix

Unitarity Triangles:

Os =arg( Vi) = A=+ O(\%)

, : | = Virtual Nobel Laureate
Enrico Lunghi O = Real Nobel Laureate



The Unitarity Triangle Fit
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The Unitarity Triangle Fit

¥ Mass and CP eigenstates of K mesons differ:
KL ! Ky+ 8K,

)
<KS DKt BKo _} |indirectC-K>)”
Ko 1 K+ oK, direct (1 *)

p 11

¥B ! B mass difference:

B, | VypVy ~ f3 B

q

Enrico Lunghi



Treatment of lattice inputs and errors

¥ Lattice QCD presently deliver&+1 [tavorgleterminationsor all
the quantitiethat enter the bt to the UT

¥ Results from different lattice collaborations are often correlate
e MILC gauge conbgurations; fas . , Vub, Veb, Tk
° use of the same theoretical toolsk Bch
° experimental data: W

¥ It becomes important to take these correlation into account

when combining saveral lattice result®aiho,EL,Van de Water, 0910.292
Laiho,EL,Van de Water, 1102.391

¥ We assume all errors to be normally distributed
¥ Updated averages atip://www.latticeaverages.org

Enrico Lunghi
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Comments on systematic uncertainties

¥ We treat all systematic uncertainties as gaussian

¥ Most relevant systematic errors come from lattice QCD

(Bk,. ) and are obtained by adding in quadrature several
different sources of uncertainty

¥ Gaussian treatment seems a fairly conservative choice

Bk " 0.720# 0.013q1# 0.087ysq Bk " 0.720# 0.013s# 0.087sys;

Enrico Lunghi



Comments on systematic uncertainties

¥ We treat all systematic uncertainties as gaussian

¥ Most relevant systematic errors come from lattice QCD

(Bk,. ) and are obtained by adding in quadrature several
different sources of uncertainty

¥ Gaussian treatment seems a fairly conservative choice

Bk $ 0.720%0.01315 %0.087sys;

- Gaussial |
i 1.9 Igaussiah

—
13" lgaussiah
0.7" !'flat"

Enrico Lunghi



Determining A

¥ Can be extracted by tree-level processeg (bl%)

¥ ( MBsis conventionally used only to normaligdBy but it
should be noted that it provides an independent
determination ofA (that might be subject to NP effects):

| Mg, ! f§ Bg A%l1

¥ Other processes are very sensitive £obut also display a

strong) -* and NP dependence and are therefore usually
discussed in the framework of a Unitarity Triangle pt:

T | ! B " A#0$(9%" 1)
BR(B! !")" fZA’#°%($* + %)

Enrico Lunghi



Note on ! k (K mixing)

¥ Mass and CP eigenstates are different:
Kg! K1+ 8K> KL Ky+ oK

¥ K. can decay into the CP eve##§ )i=o Pnal state through its
tiny K1 component:

K. ! Ko+ #K
o AL (M )i=0) - |1indirect(!)>”

T AKs! ("™ )i=0) | direct (! )

» 11

- " ImMYX,  ImA
lk = €''sin". 24 .
) / I Mk ReA,

i

X\ .
mostly short long distance

from experiment distance + PT (usel */1 )

Al

Enrico Lunghi



Kmixing ( k )

'k |="1C By |Vcb|2#2$- Vo (X! B+ S So(Xe) + et So(Xer Xe) ! $eeXe

¥ Experimentally one has: = (43.51+ 0.05)°

¥ ImA/Re can be extracted from experimental data e®/
and theoretical calculation of iIsospin breaking corrections:

- ImA- " ImAg

o Re(ly /'« )exp ! [PDG]

2!k | ReAz  ReAg
o ImA, = (! 7.9+ 42)" 10 ° GeV [RBC/UK-QCD]

1st unquenched attempt!

¥ Combining everything:

l, =0.92+ 0.01 [Laitho,EL,Van de Water

Enrico Lunghi



Kmixing ( k )

¥ Buras, Guadagnoli & Isidori pointed out that alsf
receives non-local corrections with two insertions of the

( S=1 Lagrangian:

¥ Using CHPT they obtain a conservative estimate of these

o /6 . effects. Combining the latter with our

determination of ImA we obtain:
\_ / A

1, =0.94+ 0.017/ [Laiho,EL,Van de Water;
\ Buras, Guadagnoli, Isidori]

-6% !

Enrico Lunghi



Kmixing (* k )

'k |="1C By |Vcb|2#2$- Vo (X! B+ S So(Xe) + et So(Xer Xe) ! $eeXe

¥ Error budget:
[Laiho,EL,van de Water]
1.0F * * * * ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ { ‘ ‘ ‘ ‘ ]

All other uncertainties
have negligible impact

0.8" _
% on the combined error

0.6/

# Central value of). Is

A Important

Enrico Lunghi



GEmimg- !

e L mPm,

BR(B! !")=

¥ Lattice inputs®y, !, fg., Bs =1 fg, = T
'+ Bd
¢ Using f s directly is not recommended because of the large

correlation betweenf g and !
¢ As a consistency check we can compare direct and indirect

determinations of f &
¥ Babar and Belle published measurements using semileptonic and hadr
tags (to reconstruct the recoiling B meson):.
BR(B! !")exp =(1.68% 0.31)" 10 °

¥ In NP models with a charged Higgs (2HDM, MSSM,..):
| tan? 3 mg.

BR(B! )" =BR(B! 7)™ 1"

Enrico Lunghi



¥ Exclusive from 8 D®I%Using form factor from lattice
QCD (2+1 dynamical staggered fermions) one bnds:

- | 3 [FNAL/MILC]
[Veo| = (39.5% 1.0)1 10 [average:Laiho,EL,Van de Wat

[exp. error on B¥ D’ rescaled to account for the large?/dof = 39/21]

¥ Inclusive from global bt ofBX/%moments. [BYchmuller,FISche

o]
o

> pmww °Inclusion of & s has strong impact
— 0.043 N
: | on quark masses but not ony/

| @ NNLO in +sand O(1/m?) known
1 @ O(+¢my?) corrections partially known
1 ¢ |Issue of mis relevant for Vb

V.| = (41.68+ 0.73)! 10 °

1.71 discrepancy between inclusi
and exclusive

Enrico Lunghi



HFAG Ave. (BLNP)
4.32+0.16+0.22-0.23

HFAG Ave. (DGE)
446+ 0.16 +0.18-0.17

("HFAG Ave. (GGOU)
\4.34 +0.16 +0.15-0.22

HFAG Ave. (ADFR)
416+ 0.14 +0.25-0.22

HFAG Ave. (BLL)
4.87+0.24+ 0.38
BABAR (LLR)

443+ 0.45+0.29
BABAR endpoint (LLR)
428+ 0.29+ 0.48

BABAR endpoint (LNP)
440+ 0.30+ 0.47

‘End Of 2009\

Enrico Lunghi

o 3
V| [ 107]

¥ Exclusive from B $1%|V,,| = (3.12+ 0.26)! 10 3

[HPQCD, FNAL/MILC
[average:Laiho,EL,Van de Wat

¥ Inclusive from global bt ofBX,%moments

Legend:

BLNP = Bosch, Lange, Neubert, Paz

DGE = Andersen, Gardi

GGOU = Gambino,Giordano,Ossola,Uraltse
ADFR = Aglietti, Di Lodovico, Ferrera, Ricciar
BLL = Bauer, Ligeti, Luke

LLR = Leibovich, Low, Rothstein

LNP = Lange, Neubert, Paz

3.3l discrepancy between
iInclusive and exclusivg (

We will add a 10% OmodelO uncerta
to the GGOU result (but ...)



Inputs to the Pt: summary

IVebloyo = (39.5+ 1.0)! 10 3 IVup | = (3.12% 0.26)! 10 3
B =0.737+ 0.020 |, =0.94+ 0.02

excl

fg = (207.8+ 8.3) MeV fg. = (252.3% 8.2) MeV

B =1.26+ 0.11 Bz =1.33+ 0.06
dl s!

fg, P, =(233% 14) MeV fg. Bg. =(291 + 11) MeV
" ofg B/ (fg, Bg)=1.237+ 0032 fg /fg, =1.215+ 0.019

S

Veoling = (41.68% 0.44% 0.09)! 10 3  (#=(89.5% 4.3))

Vubling = (4.34% 0.16%33) ! 10 3 $; =1.51+ 0.24 \ |
BR(B # %&=(1.68+ 0.31)! 10 * S k. =0.668% 0.023~ VETY Smatll _h?dronl
I mg, =(0.507+ 0.005) ps * (=(78 12 uncertainies

| mg. =(17.77+ 0.10+ 0.07) ps 1 $, = 0.5765+ 0.0065
Mipoie = (172.4% 1.2) GeV $3 = 0.494+ 0.046
mc(me) = (1 .268+ 0.009) GeV $g = 0.551+ 0.007
(« =(2.229+ 0.012)! 10 3 ) =0.2255+ 0.0007

Enrico Lunghi
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2+1 Flavor Lattice QCD Averages

For use in determinations of CKM matrix elements, Unitarity Triangle fits, and other flavor physics phenomenology

Lattice Averages for FPCP 2010 and Lattice 2010 Introduction

Methodology
If you use these results in proceedings or publications, please cite our original publication (Laiho, Lattice Averages )
Lunghi, & Van de Water, Phys.Rev.D81:034503,2010 ) as well as this webpage. Fit Results and Plots
Papers and Talks
Contact Info

Note on the correlations between the various lattice calculations

For each quantity we quote the average that we obtain (in which statistic and systematic errors have
been combined) and the statistic component of the total error (in round brackets in the stat error
column).

Table of contents:

Light meson decay constants

K- 1mlv form factor

Light quark masses

CP violation in the kaon sector

Charmed meson decay constants

B4 and B; meson decay constants and mixing

Exclusive semileptonic B decays

Light meson decay constants:

frr (MeV) (8f ) star (Bf ) syst
Aubin, Laiho, Van de Water '08 129.1 1.9 4.0
HPQCD/UKQCD 10 * 132 1 2
MILC 10 129.2 0.4 1.4
RBC/UKQCD 10 124 2 5
Average: (129.5 + 1.7) MeV (0.52)

* Although the HPQCD collaboration recently updated their result for f in a publication focusing on fp,, they did not present a

new error budget. Since the only change from their previous publication was in the determination of ry, most of the errors did not

Enrico Lunghi
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Time dependent CP asymmetrym! J/! Kg

¥Penguin polluting effects are CKM @@&nd loop
suppressed:

Vcbvc!s thvt!s = | Vcbvc!s! Vuqu!s

¥t is a clean measurement of thg Bixing phase
(assuming no NP corrections to the Tree amplituc

Enrico Lunghi



Hadronic uncertainties 1%«

¥ The small penguin pollution can be extracted in the SU(3)

limit from time-dependent studies &s! ' K ami! 1" °

[Fleischer] [Faller, Jung,
Fleischer, Mannel]

¥ Using a conservative approach about SU(3) effects one Pnd:
" Sk | < 0.0z

¥ Quantitative studies based on QCD factorization, pQCD and
rescattering effects yield effects that are one order of
magnitude smaller

¥ We conclude that presently one should not use!
decays as sole handle on hadronic uncertaintieSian

| 0

¥ Improved measurements 8f ! I" © (at super-B) and of
Bs! ! K (at LHC-b) will allow to keep this uncertainty
under control

Enrico Lunghi




Current Pt to the unitarity triangle (removing,)

[Lunghi,Soni 0803.4340 and 0903.5059]

¥Vub IS the\begin{personal opinidMNOST COntroverSialend{personal opiniohﬂpUt

1.0} latticeaverages.org |

End of 2010

ex+| Vel

| p—value = BR(B—)‘rv)+AM13s

10 . _-0s5

¥ Every single remaining input is on very solid exp/th ground

Enrico Lunghi



Current Pt to the unitarity triangle (removing,)

! sin(28) = 0.875 £ 0.047 (3.4 0) lc'E‘ttivrgs-org j
. f3 =(201.0 + 9.2) MeV (0.55 o) ' .

Sok

ex+| Vel

| p—value = NP in B mixing) BR(B—-71v)+AMgEg; :
S e e

. p S 1.0
sin2 o = 0.875+ 0.047 | 34"

gl = (201.0+ 9.2) MeV ! 0.6

Enrico Lunghi



Current Pt to the unitarity triangle (removing,)

latticeaverages.org |

' BR(B—)TV) (0 779 + 0 098) 10‘4 (2 7 0') S ot 2010

- fz =(186.2 +9.0) MeV (1.8 0)

N Y
Syx

_ /

€k +Vep / \ B
| —value = 6 % (NP in B—rrv) R(B—)TV)+AMBs \ :

10

BR(B ! !")]pt _(0.7791 0.098)" 10 * # 27#

Enrico Lunghi



Removi ng/ub andVCb [Lunghi,Soni 0912.002]

¥ The use of W seems to be necessary in order to use K
mixing to constrain the UT:

| Mg, = ! s Bg A®"°
e =27 By # $98 A& 1)$:So(xe) + A% $:S0(Xe,Xt) ! $1S0(Xe)

BR(B! !")= # f2A%$°(% + &)

¥ The interplay of these constraints allows to drogWhile
still constraining new physics in K mixing:

Ikl ! Bx (fp B2 (] #)

x| ! B BR(B" $%°f.%g("#)

Enrico Lunghi



Removingven!

¥ The use of W seems to be necessary in order to use K
mixing to constrain the UT:

10f

0.8}

| ) -* topology of the

i constraint makes it

0.4 | : relevant despite large
errors on B#2%

0.2} ,___________,______,___,-,

00,

BR(B! ")
21%
42%

Enrico Lunghi



Removingvub and Vo

ex + Bo1v + AM;

p—value =

latticeaverages.org |

End of 2010

10 05

Enrico Lunghi




Removingvub and Vo

"I sin(2B8) = 0.913 + 0.043 (3.6 0)
| fz = (202.6 + 9.1) MeV (041 o)

S¢K

ex + Bo1vy + AM;

| p—value =NP in B mixing)
g0 o 05

]

latticeaverages.org |

End of 2010

00

[
sin2 Jp = 0.9013+ 0.043 |

[fB]pt = (2026i 91) MeV

1.0

Enrico Lunghi

3.6"
0.4




Removingvub and Vo

latticeaverages.org |

| BRB-1) = (0.772 + 0.098) 107 2.7 0) End of 2010

 fs = (185.3 + 9.0) MeV (1.8 0)

€x + —>TV+ AM;

N

| p—value = NP in B->1v)
SN =65

1.0

— 05 10

[BR(B! 1")]pt =(0.772+ 0.098)" 10 * # 2.7#

Enrico Lunghi



Model Independent Interpretation

¥ The tension in the UT bt can be interpreted as evidence for
physics contributions to Kk, té&y mixincand to B#2%:

!K — |SMC|
My = MaMed drs
BR(B! "#) = ryBR(B! "#)°M

¥ This implies:
St K. sin2(! + " g)
SiN 2# sin2(#! "y)

| Mg, (! Mg,)>Mr?

Enrico Lunghi



Model Independent Interpretation

¥ NP in B mixing harginalizing ove}:r

1 (8.4% 3.0)°

Ca)pe = (11.2+ 3.1)°

(3.1")
(3.7") 0.913+ 0.043 (36")

|  0.875+ 0.047 (34"
(sin2!),, = (34°)

¥ NP in K mixing:

125+ 013 (21!)

C —
(Ci)pt 1.55+ 0.24 (27!)

| 0.5% noVyp
0.2% noVyp

Psm =

Enrico Lunghi

¥ NP in Bf2%:
220+ 0.49 (2.8')

I —
M)ie = 5004 0,49 (2.8!)

©(0.779+ 0.098)" 10 4 (2.7#)

BRIt = 07724 0.008)" 10 ¢ (2.7#)

Ha\rd to recc,)ncile'with- H effects:
in OnaturalO conPgurationst
(seealsa B D2%




Model Independent Interpretation

¥ NP in B mixing (2 dimensiona{,rq] contours)

1.3}

o prove = 0 5% no Vb Pao, ' = 0.2% No Vap

1.2

Fd

1.2

1.1

1.0

1.1}

4o

0.9

0.8

0.7

¥ One dimensional 4 ranges compatible withy = 1

Enrico Lunghi



Super-B expectations

¥ Reducing uncertainties on Bs mixing af@®

s

Psm

Ildi !IId

Pd

!" d/"d

18%
18%
18%

3.9%
2.5%
1%

0.25%
0.012%
0.000017%

112+
115+
119+

3.1
2.9
2.1

714.%
71.%
67.%

3. #
4.3
5.2

10%
3%

3.9%
3.9%

0.0014%
0.000015%

109+
10.7 £

2.3
1.9

714.%
73.%

4.8
5. H

10%
10%
3%
3%

2.5%
1%
2.5%
1%

0.000083%
2.26e-7%
9.59e-7%
3.89e-9%

11.0+
11.3+
10.8 +
109+

2.3
2.2
1.9
1.8

69.%
63.%
68.%
60.%

5.2
5.8¢
5.9
6.3f

, = IBR(B! "#) s = 1(fg, Bs)
¥ Even modest improvements oritB% have tremendous
impact on the UT bt (10/50 ab<z4,=10/3% )

¥ Interplay between Bmixing and B2% can result in
a 6l effect

Enrico Lunghi




Operator Level Analysis

¥ Effective Hamiltonian foroBmxmg
GE mg,
162 ¢

Hem = th th )

Olz(ﬂﬁlh_)((ﬂ%lh_) Oilz(d??’mbR)(d?:{’YubR)
O, = (&b )(&khb ) O, = (& bz )(& br)

O3 = (&b )(&h ) O3 = (& by )(& ;)
O4 = (&b )(& br) Os = (b )(& ;) .

¥ Parametrization of New Physics effects:

1 €
He! — (thth) C ml |—2 Ol

¥ Analogue expressions for K mixing

Enrico Lunghi



Operator Level Analysi8fixing

¥ The contribution of the LR operator @to K mixing is strongly
enhancedu. ! 2GeV,py ! my ).

O(1)

1
Ca(i)'K [Os ()K" # [08Ca(un) 2 m
1\ML 1\ML 1\MH iIK K "2
Ca(MOIK IOa(IK™ # \37/Calitn) 3 oy s R mBau)

e

running from&n to & chiral enhancement

Ca(HL ) K [Og ()K"
Ci(ML)'K O ()K"

Ba(uL) Ca(Hn)
B1(uL) Ci(HnH)

# (65t 14)

¥ No analogous enhancement ig Bixing

Enrico Lunghi



Operator Level Analysi& Mixing

¥ 2 dimensional,6 ] contours:

psu * =0.5% | p Ve =029

B-mixing (O;) B-mixing (O))

100

¥ Lower limit on5 induced by! Mg /! Mg,
¥ Projections of contours yield the one-dimensional regions
¥ Fit points t& in the few hundred GeV range and O(1) phase

Enrico Lunghi




Operator Level Analysi& Mixing

no Vb

K —mixing (Oj) K —mixing (O;)

TS
A (GeV)

¥ No lower limit on 5: btting one parameter only (T

¥ Fit points t& in the few hundred GeV range and O(1) phase; t
tuning allow lower masses

Enrico Lunghi



Operator Level Analysi& Mixing

¥ 2 dimensionalg,6 ] contours (Og):

| no Vgp _
Py = 0.50 Do =0.2%

§»ﬂxing (0y) K —mixing (Oy)

1 2 3 1 2 3
A (TeV) A (TeV)

¥ No lower limit on 5: btting one parameter only (T

¥ Fit points t& in the few TeV range and O(1) phase; bPne tuning
lower masses

Enrico Lunghi



Including W

ex+|Vepl

p—value =

‘/ﬁb

‘Qb

excl

\

latticeaverages.org |

End of 2010

ISI{(IS-%VTVO-FZSIVIBS

‘/ﬁb

‘Qbimﬂ
_\

1o

Enrico Lunghi

~05
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New Physics inVub

¥ The 3.3 discrepancy between inclusive and exclusive V

could be a hint for new physics in right-handed currents:
[Chen, Nam; Crivellin; Buras, Gemmler, Isidori; EL, Soni (in preparation)]

VipU Wb, =! Vub(ULWbL + | UR\N/bR)

¥ Impact on semileptonic decays (B ahdire pseudoscalars):
Mubline =! (1 + ! ‘2)‘Vub|incl
IMublexel =!' |1+ 1] |Vublexc
BR(B" "#)=! |[1# !|°BR(B" "#)

¥ Direct extraction of. from semileptonic decays (ang) ¥ields:

Enrico Lunghi



New Physics inVub

¥ Including the rest of the bt and allowing for new physicsiin B
mixing we obtain we have a total of three phenomenological

parameters (we take to be real):

M line =! (1 + |! ‘2)|Vub‘incl
IMublexcl =! |1+ 1] |Vub|exc

BR(B " "#)=! |1# !|°BR(B " "#)
Sk =!' sin2($ + %)
ral Mg,
& # % +arg(l+ !)

Enrico Lunghi



Including Wb

fsin28) =0823+0034 3500
- BR(B-71v) = (128 +£0.20) 107 (1.1 o) End of 2010
sl Vo = (434 £22) 107 (3.6 0) |

N\

N\

BR(B»7v)+AMg;

N\
N
\.
\

~
~
"
\\

d Veb lincl

| |
05
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New Physics inVub

¥ The result of the bt to the unitarity triangle in which we

simultaneously allow, rq and34 to vary independently
yields:

| =1 0.251+ 0.059 (40")
#,=10.1020.028 (34")
rq =0.978+ 0.045 (05")

|Vubjnel strenghten the case
for NP In By mixing, this In
turns implies a larger effect |
|VUbhxcl

=05 =07 =03 —02z —01 00 01

3
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Final Messages

Q@ Unquenched Lattice-QCD + correlatiomst for a breakdown of the C
paradigm at 3.X level

@ Most probable culprit is Bmixing(B#2% & K mixing also possible)

@ Determinations ofipare a probler(B8.3L). Solution:
¢ ignore (more theoretical work to understand QCD)

© take seriously (new physics in right-handed currents)

¢ Vub Is not necessary to overconstrain the bt (i.e. its temporary e
allows to cast the UT bt as a clean & high-precision tool to ident

@ Super-B precision on#% & improvements oris, Bs will test the
SM at the 4 level

Q@ Interpretation in terms of new physics points @(1)phases and mas
scales in the few hundred GeV range

Enrico Lunghi



Back-up Slides



Kmixing ( k )

'k |="1C By |Vcb|2#2$- Vo (X! B+ S So(Xe) + et So(Xer Xe) ! $eeXe

¥ Note the quartic dependence on) [Vep|*~A% 1 8

¥ Critical input from lattice QCD

3
1K °|Ov v+ aa (L)|K°" = gfé Mg Bk (1)

BK (SBK)stat
Aubin, Laiho, Van de Water ‘09 0.008
HPQCD/UKQCD '06 0.02

RBC/UKQCD '10 0.007
Seoul, BNL, Washington '10 0.012

Average: 0.737 = 0.020 (0.0056)

B =0.737+ 0.02C
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History of BK

Enrico Lunghi

0.737$0.02
0.74$0.025
0.724$0.045
0.749%$0.026
0.73$0.03
0.724%$0.028
0.738%$0.055
0.782%0.07
0.72$0.039
0.83%$0.18

0.699%$0.025
0.87$0.061

0.73$0.015
0.789%$0.027

0.7$0.1
0.863%$0.058
0.86$0.07

0.86$0.12
0.96%$0.05

Average LLV 2011 INg! 2#1"
Average LS 2010 'Ng! 2#1"
SBW 2010 INg! 2#1"

RBC" UKQCD 2010 !Ng! 2#1"
ETMC 2010 Ng! 2"

ALV 2009 INg! 2#1"

JLQCD 2008 INg! 2"

CP" PACS 2008 'Ng! 0"

RBC" UKQCD 2007 INg! 2#1"
HPQCD 2006 Ng! 2#1"

RBC 2004 'Ng! 2"
Becirevic 2003 IReview, Ng! 0"

RBC 2001 INg! 0, Q?"
CP" PACS 2001 !N=! 0, Q?"

Buras 1998 1#AN:"
JLQCD 1997 INg! 0"
Blum" Soni 1997 INg! 0"

Bernard " Soni 1990 'Ng! 0"
Kilcup et al. 1990 INg! 0"

abibbo et al. 1984 INg! 0"

. . F.
ernard et al. 1985 INg! 0"
Donoghue et al. 1983 ISU!3"
& PCAC", No error estimate

|

1.5




Kmixing ( k )

¥ Alternative calculations df |

° Large Nc + some quenched lattice results:

|, =0.92+ 0.07 [Andryiash,Ovanesyan,Vysotsk
' Nierste; Buras,Jamin;
Bardeen,Buras,Gerard;
Buras,Guadagnoli]

e Quenched lattice QCD:

Quenched Imd, x 10'° GeV
RBC O01 [51] —~126
CP-PACS 001 [52 —9.1 .
2 1, =0.92+ 0.02

SPQcoR 004 [53] —5.5 [Laiho,EL,Van de Water]
Babich et al O06 [54] —9.2

e Excellent consistend
verage _96+0 | .
very conservative Of a” determ”’]at'()n Q
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By mixing

¥ Ratio of the Band B mass differences:

| Mg.
| Mg,

¥ No dependence ond

¥ Two unguenched determinations: q

-NAL/MILC: 1 =1.2054 0.036+ 0.037
APQCD: l =1.258+ 0.025% 0.02]

RBC/UKQCD: ¢ =1.13+ 0.06+ 0.1C

¥ Average: =1.237+ 0.032
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By mixing

¥ In the bt we utilize only andfg. Bs

¥ There is only one ungquenched determination of the B
matrix element from HPQCD but there are two
determinations ofds (FNAL/MILC and HPQCD):

FNAL/MILC 10 212
HPQCD '09 190

Average: (205 + 12) MeV fB — (205 + 12) |\/|eV

T e e s -
FNAL/MILC '10 fBS Bs — (288 + 15) MeV

HPQCD '09
Average: (250 = 12) MeV

A

v
HPQCD '09

| HPQCD alone bnds (266 + 18) MeV

HPQCD '09
Average: 1.33 + 0.06
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Three types of CP violation

¥Mixing(mass and CP eigenstates are different)

'( phys.(t)I 1+ X)u_ l(Bphys(t)! !_'!ZX)

¥Decay
(B 1 fr)y=1(B' I f!)

¥Interference in decays with and without mixing

| (@ghys (1) ! fep) = (thys (1) ! fcp)
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Time dependent CP asymmetrylri ss8s

¥No tree-level contribution

¥There isno loop suppression of the sub-dominant
CKM combinationuncertainty is (1-10)%

A= (P!l P)VVes + (PY 1 PV Vi

¥Analyses in the framework of QCD factorization
(SCET) and PQCD conclude that some modes

shoulde very clearB ! K s
B! !'Kg

Enrico Lunghi



Time dependent CP asymmetrylri ggs

0

[HFAG 2010] arg(Vig)
| O.67i6§).02 — Sk, =SIN2(! + "g) + O(0.1%]

551 ) In QCDF:

0.5919.07 1 S 1 S sin2(! + "d)
| |
074 +0.17 | ]
R =2 (—4b_US cos2 sin# Re
R " Vep Ves

0-54?825? 0.025

0.45%_24 'S, = 0.03+ 0.01 [Beneke[,EILequglg

'S = 0.01+ 0.02¢ |

0.62 211 ‘

Other approaches Pnd similar resul
[Chen,Chua,Soni; Buchalla,Hiller,Nir,Raz]

| o182+ 6.07

0.6 0.8 1

¥ We will consider the asymmetries inthié! , *, # modes
¥ A case can be made for tHé; K K  Pnal state [Cheng,Chua,Soni

Enrico Lunghi



New Physics In penguin amplitudes

¥ Proper treatment of new physics effects in penguin amplitude
IS better implemented with NP contributions to th@ CDand
EW penguioperators

¥ Correlation between thdd! sge and & asymmetries:

© (14.8% 2.8) % exp

Acp (B' 1 KIID)™ Ace (B! K'1™) = 50 04 % QCDF

¥ QCDF result very stable under variation of all the inputs

¥ Possible issue with large color suppressed contributions to
the K' ! ®pnal state
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CP asymmetries infBK$

¥ Amplitudes in QCD factorization:

q :
P %%u
T K-

T ;
Al | quV(;'S [ qu" 1+ 02]/

0= u,C
|

Ago 1 +k' T A

color suppresse
[Gronau,Rosner]

p C P
We get: =1 020|211 o =W
¥We ¢ — 102021 01 —

¥
bts yield C/T ~ 0.6
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CP asymmetries intBK$

¥In QCDF:Ace (B' 1 K' 19" Acp (B°! K'17)=(2.2+ 24) %
¥Dominant sources of uncertainties

¢ light-cone wave function parameteréf., 15

¢ end-point singularitiesx, H,

i >< >

: - Mg Mg
Xy = 1+1, €'H Iog— = N Iog—

hard scattering weak annihilation

¥NP contributions to the QCD and EW penguin
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Operator Level Analysis! s amplitudes

¥ Effective Hamiltonian:
e e
He = #;—V b Ves | Ci(Woi(W+  Cio (WO (L)

1=3

ﬁ_

[Q4 = BLY'TD) (uT90) Qo0 = (B.'"h) Qq(d uQ)J

g g

likely to receive NP corrections

¥ Assume the following parametrization of NP effects

n | | [G |
1Cs30(Ho) = — ZF VepVes

loop suppression + QED/QCD Effective mass scale that absorbs
penguin gedependence NP couplings
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Operator Level Analysis! s amplitudes

13500 420] Ge\ ! | [1400 190] Ge\
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Model Independent Interpretation

¥ The tension in the UT bt can be interpreted as evidence for
and to the phasesimixincand

physics contributions to «

of b! s amplitudes

Ik

M1
A(b! sss)
¥ This implies:
Si K,
SiN 2#
l Mg,

a(" ’#! ) K S

ISMCI
MM e d r2
A(b! sss)|gy €™

sin2(! + " 4)
Sin2(#! " g)
(! Mg,)°>Mr3
sin2(! + "4+ $a)

¥ In general NP will affect in different ways the variblis s
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