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Abstract

We have analyzed K° - K and B? - BY mixing on the basis of the most
recent experimental results and theoretical lattice determination of the
relevant matrix elements. We find that a top mass larger than 140 GeV
and 15 > 200 MeV, as suggested by recent lattice calculations, imply

a CP-violating asymmetry in B = J/¥ + Ks decays much larger

than previously estimated. We also report the corresponding theoretical
prediction for €'/, for which rather large experimental and theoretical
uncertainties still exist.



‘The average values of sin(28) and sin(Za) in correspondence to the ditterent m,
and fy ranges are listed in table 7 in sect. 8. Absolute lower bounds can be read
from figs. 3 and 4. For large fg, €q. (2.3a), we find

sin(28) > 0.55(0.45, 0.40), for m, = 140(160, 200) GeV.  (2.14)
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Global Fit within the SM

In the
hadronic
sector,
the SM
CKM
pattern
represents
the
principal
part of the
flavour
structure
and of CP
violation
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Consistence on an
over constrained fit

of the CKM parameters

0=0.132 = 0.020

n=0.353+0.014

o= (88« 3)
$in2B = 0.695 =
0.025?7?

B =(22 +1)°
v=(69 = 3)°

CKM matrix is the dominant source of flavour mixing and CP violation
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Theoretical predictions of Sin 2 3
in the years

predictions
exist since '95

sin 2 Byra = 0.65 £0.12

Prediction 1995 from
Ciuchini,Franco,G.M.,Reina,Silvestrini
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Quark masses &
Generation
Mixing

1V, 1=0.9735(8)
1V, | =0.2196(23)
|V 41 =0.224(16)
1V, | =0.970(9)(70)
|V, | = 0.0406(8)
'V, | = 0.00409(25)
|V, 1= 0.99(29)
(0.999)




Form factor, decay constants and unitarity

® unitarity: |Vud’2 + |\/'us|2 + |Vub|2 =

® experiment:
via non pert. quantities

V| = 3.93 (36) -107°

® Kaon decays:

Vus| f+(0) = 10.2163(5)

=10.2758(5)

/ Vust

Vudfﬂ'
® (3 expressions)4 unknowns; need one more input




Form factor, decay constants and unitarity

® unitarity: Vual? + [Vus|* + [Vw]? =

® experiment:
via non pert. quantities

3.93 (36) -107°

® Kaon decays:

0.2163(35)

=10.2758(5)




Form factor, decay constants and unitarity

0.964 (3) (4)
0.956 (6) (6)

(Nf=2+1)
(Nf =

2)
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Precision at the per mille level !!

The K -> p1 vector form-factor at zero momentum transfer on the lattice.

D. Becirevic, G. Isidori, V. Lubicz, G. Martinelli,
F. Mescia, S. Simula, C. Tarantino, G. Villadoro Published in Nucl.Phys. B705 (2005) 339-362

1.190
1.210

fK/fw
fK/fvr

(2) (10)
(6) (17)

most systematics
OK

\

Table 1: Colour code for the data on f, (0).
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& & F
Z, F F & =
Nf=2 :
= F & § 5
® S 3 <
Collaboration Ny N T & & fx/f=
MILC 08A 241 c - = o 1.198(2)(7%)
MILC 08 241 * « - 1.297(3)( %)
ALVEW 08 241 c B » 1.191(16)(17)
PACS-CS 08, 08B 241 A * O O 1.189(20)
BMW 08 241 c B B * 1.18(1)(1)
HPQCD/UKQCD 08 241 A * * 1.189(2)(7)
RBC/UKQCD 08 241 * o 1.205(18)(62)
NPLQCD 06 241 o o 1.218(2)(*1h)
ETM 0% A * 1.210(6)(13)(9)
QCDSF/UKQCD 07 2 c * 1.21(3)
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ende for the data an .



LATTICE RESULTS FOR f. /f. & f.(0)

JT
Lubicz LP2011

f / [ ]
/" FLAG f(0) [ FLAG ]
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t— RBC/UKQCD 08 Z H——t RBC 06
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1| NPLQCD 06 ~ i JLQCD 05
|- MILC 04 )  EaE our estimate for N, = 2

. our estimate for N, = 2+1

= H—A— Kastner 08  [184]
o _ Hm(')g“ | A i Cirigliano 05 [183]
éL v ETM 07 e Jamin 04 [182]

11 QCDSF/UKQCD 07 A Bijnens 03  [181]

- our estimate for N, = 2* i LR 84 [179]
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-
fic/T;=1.193(5)  (Nf=2+1) f,(0)= 0.956(8) (Nf=2 & 2+1)
. f/f_=1.210(18) (Nf=2) > _

< Predictions of analytical model tends
First result with Nf=2+1+1 available to be larger than lattice result3




First row V- Unitarity Test Lubicz LP2011
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Results from f,/f,, [squares] and f,(0) [triangles] The 15t row unitarity plot [FLAG]

DA - V.l =0.9743(2) - |V, = 0.2254(9)

Combining with |V, 4| from nuclear B decays:

Bckm = Idelz * Ivusl2 i Ivubl2 -1=(02+7)- 10-4




F. Sanfilippo Examples: IB effects in Unitary triangle analysis - Vs

fTMCZ%]] Semi-leptonic decays of K to
atlice - =V 20 Vus 2
\" a kst = C | Vasl?| FE7 (0)
-v_m . v -
oz . experiments
[ rarny Leptonic decays of K and 7

0224 -
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‘ ‘ : KC > NG V4| fr
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experiments

— At current precision ( 0.5-1%), IB corrections not negligible «

Indeed Ch — PT estimates of effects are:

- QCD
(ff*ﬁ° J£K ,,+_1) —2.9(4)%
A. Kastner, H. Neufeld (EPJ C57 2008)

QCD

g+ /ot
e =1 =—0.22(6)%

V. Cirigliano, H. Neufeld (arXiv:1102.0563)

RM123 collaboration:

F. Sanfilippo: La Sapienza (ROMA 1)
G.deDivitiis, P.Dimopoulos, R.Frezzotti,

Ahhh the

R.Petronzio, G.Rossi, N.Tantalo: Tor Vergata (ROMA 2) mOdern PhD
V. Lubicz, S. Simula, C. Tarantino: Roma Tre (ROMA 3) Students 11/




Sources of Isospin Breaking (in SM)

Electro-magnetic: quarks have different charge Qup # Qpown.
O (aem) ~ 1/100
Strong: quarks have different mass, my, # mpown,
O ((mpown — mup) /Nocp) =~ 1/100

We concentrated on strong effects: we left EM for the (near) future.

y

Current situation

o Lattice tipically neglect these effects

@ Important corrections at current precision in flavour physics
o Tipically estimated with Ch — PT but

e not always possible (e.g. nucleon mass splitting) or reliable
o not from first principles




A new strategy: my — m, expansion

Separate mass lagrangian in two contributions:

Lomass = (md—i—mu) (Uu—l—c_/d) - (md_ mu) (Du— c_J'd)

2

a -~
Myd om

Split action in two parts:

A So isospin simmetric action
$5=5y—mS, B . _ -
perturbation =Y (Gu — dd)

Expand functional integral:

_ [ Dy0e=swtons 1 [ YO (1+5m5)  (0)o +5m(05)

[ Dye5o+mS [ Dye=o (146m8) 1 +5n%

(0)




Isospin correction determination

One can determine relative correction to an observable O as:

5(0) _ (0= (0) . (0%  a_x~(
0= ©, =0y, °=2.(-dd)

Advantages

@ No need for new gauge configurations

o Matrix elements are large (correction are small due to dm)

o Advantage from statistical correlations between (50) and (0O).

Diagrammatically

i
|

After fixing dm this method can be applied in principle to any observable.



Numerical analysis

@ Applicability of the method
o First observable chosen: fx/f;.

Lattice data
e Nf = 2 twisted mass configuration provided by ETMC

® myy, a already determined (arxiv:1010.3659)
o We fix dm from My, — Mk,
o Electromagnetic corrections are taken from FLAG.

Pion effects start at second order in §m (also for 7°)

LD O D oam

o

Crozo (t) — Crtn- (t) = —4 <§> - @ @ + O(sgd)
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Con (t)=—s//\u=—/\\ + Q - &+0(sﬁd). (20)
d

In order to derive the correction in the K™ — 7% v case, in accordance to our general recipe outlined in the

previous section, we start from the correlation function C%, (t) in the full theory, that has disconnected
diagrams, and expand all the light quark propagators in powers of €,4, namely

_s$u+840u_540d
‘A+ﬂo‘ﬂo

‘Q‘&+ﬂ@
+£0‘£o+ﬂ@

= _A_Q_&+2ﬁ@+0(eﬁd). (21)

Il
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Electromagnetic and " strong” QCD IB corrections

cen = - a8 -4y B 0t
Crogo(t) = - <> + @ — 2 % —eﬁ% —esed® + O(@emEud) -

The electromagnetic corrections are logarithmically divergent,
corresponding to the renormalization of the up and down quark masses

(or qq or qr3q)
Using Dashen theorem:

(Mo - M3.]%° = (Mo - M. ]

erp exTp

— (1 -+ Ery) [M,ﬁo - M,,zr{]

FLAG Eny = 07(5) ’

Eur. Phys. J. C71 (2011) 1695

QCD

[MZo — My, ] """ =6.05(63) x 10° MeV



Extrapolation of 8M21J8m

MS 2GeV

oAponm
=
1
g
g
3
g

0 5 10 15 20 25 30 35 40 45 50 35 60

MS.2GeV
m, MeV)

[ma — my]¥CP (MS,2GeV)

Cirigliano
Neufeld
-0.0022(6)

|

Fri [F ) QD
Fg [Fr
[Mn - Mp]QCD

lff%‘ (0) - ff‘"(O)] v
K7 (0)

No details on the lattice
analysis only a bunch of
(preliminary) results

2.29(5)(24) MeV
—0.00376(29)(4)
2.8(8)(3) MeV

1.9(4)(2) x 107*

2]

X

X

X

X

(Mo — Mz, ]%"

6.05 x 103 MeV

M3, — M2,]%7

6.05 x 103 MeV

(Mo — M3, %7

6.05 x 103 MeV ’

CD
(M2, — M2,]?
6.05 x 103 MeV

b

b



WHY RARE DECAYS ?

Rare decays are a manifestation of broken
(accidental) symmetries e.g. of physics
beyond the Standard Model

Proton decay baryon and lepton
number conservation

u ->e+y
lepton flavor number

1



RARE DECAYS WHICH ARE ALLOWED
IN THE STANDARD MODEL

these decays occur

only via loops
because of GIM

and are suppressed
by CKM

THUS THEY ARE SENSITIVE TO
NEW PHYSICS



Rare Decays as Probes of NP models

FCNC in rare K decays

~ [Straub]

E949 10

10'° x BR(K, — 7Ovi)

o 1 2 3 g
1019 x BR(Kt — wtvi)

* While only a schematic picture :
e Correlation between different measurements a powerful probe of NP models
¢ Large number of potential channels ... will talk only about a few
* RD have a bright future: final data sets from B-factoties, LHCb, Super Flavour Factories, Kaon experiments...




K* -> pi*nunu - Experiment

[Spadaro]

Final results from E787/E949 (2008)

Combined results, from E787 (1995-8 runs) & E949 (12-weeks run in 2001)

— I I I T T x
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Why we like K—=xvv ?
For the same reason as A;,, _ :

1) Dominated by short distance dynamics
(hard GIM suppression, calculable in pert. theory )
2) Negligible hadronic uncertainties

(matrix element known)

O(G?.) Z and W penguin/box s — d v'v diagrams

R
SM

Diagrams

§ d

Uy Cy T

[

!
:W
|
|

|
vV V




Hyy =GP o/ 2V 270 s%5,)[ Vg V" X4+ Vg Vi)™ X 1%
(sy,(L-vs)d) (Vy*(l-y5)v)

® NLO QCD corrections to X, . and O(G’ym*)
contributions known

® The hadronic matrix element <zt sy, (1 - y5)d K>
1s known with very high accuracy from K13 decays

© Sensitive to V,; V,." and expected large CP




CP Violating

KL_> J'I;O'V'\T

dominated by the

top quark contribution
-> short distances

O (7\'5 t ) + (or new physics)
NG

theoretical error ~2 %

e

BR(K )sp = 4.30 x 1010 (m, (m, )/1706GeV)23 x
(Im(Vis Vi) A2 )2 =(2.8 + 1.0) x 1011

Using I'(K; — ni°vv) < I'(K* = 7+ vv)
One gets BR(K; = ni’vv) < 1.8 x 10 (90% C.L.)

2 order of magnitude larger than the SM expectations



A(s— dvv)
O(M ) +1 O m CKM suppressed

O(\h m? )+|O(x/xﬁz)

OO\%D ) GIM

CP conserving: error of O(10%) due to NNLO

corrections in the charm contribution and
Error can be halved by LOCD !!

K* -> pi*nunu - error budget
— Improved theory prediction

X
P
Bre®P = 1.781 102 x 10710

' Bri"¢ = 822107 +0.29 x 1071°
parametricoV +
18%

2% [Brod, Gorbahn, ES 10]
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Luciano writing a paper
with Massimo Giancarlo Marco and Guido M.

&

The sign of € (or the missed dinner !!)



SUMMARY

WORK IN PROGRESS




