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The Cabibbo -Kobayashi~Maskawa" matrix

Gauge interactions do not violate flavor:
LGauge = Z Vo (i@ — gA ")y
Vv,a,b
Yukawa interactions (mass) violate flavor:
Lyukawa = Z Yo HY e = QuHYyur + QLHYpdr + Ly HYpER
Y,a,b
The Yukawas are complex 3x3 matrices: huge potential

E/U — ULY(}hagUR, Yp = DLYgiagDR, Yr = ELYgiagER for NP effects
(MFV?)

From Gauge to Mass eigenstates

e neutral currents:
Z_LLZ u% — Q_LLZ ULUzuL = fL_LLZ ur

* charged currents:
E%Wd% — ﬂLWULDzdL = ﬂLWVCKMdL

. . ¥ = Virtual Nobel Laureate
Enrico Lungh| % = Real Nobel Laureate




The Cabibbo -Kobayashi~Maskawa" matrix

B-decay, K—T1TIV, D= (TT,K)IV, VYN X, ...
B—T1TlV, B2 XUV
CP violation

B—DOlv, B—=Xclv
t— Wb (single top)

no direct meas. (B— XY, AMgs, ...)
no direct meas. (AMg4, CP violation, K mixing)

—A 1 —\%/2 AN?
AN (1 —p—in) —AN? 1

Wolfenstein ( 1 —A%/2 A AN (p — in) )

parametrization:

¥ = Virtual Nobel Laureate

Enrico Lunghl % = Real Nobel Laureate



Treatment of lattice inputs and errors

Lattice QCD presently delivers 2+ flavors determinations for all
the quantities that enter the fit to the UT

Results from different lattice collaborations are often correlated

° MILC gauge configurations: fad, fas, &, Vub, Veb, fk
¢ use of the same theoretical tools: Bk,Veb

¢ experimental data: Vb

It becomes important to take these correlation into account
when combining saveral lattice results [Laiho,EL,Van de Water, 0910.2928]

We assume all errors to be normally distributed

Updated averages at: http://www.latticeaverages.org
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Determining A

* Can be extracted from tree-level processes (b—clV)

* AMB;s is conventionally used only to normalize AMBg4 but it
should be noted that it provides an independent
determination of A (that might be subject to NP effects):

AMpg, o f} Bp A*\?

e Other processes are very sensitive to A but also display a

strong P-N and NP dependence and are therefore usually
discussed in the framework of a Unitarity Triangle fit:

ex| < Br ke AN On(p — 1)
BR(B — 7v) o« faA*X°(p* +n?)
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Observables included in the fit

* |Vuw| and |Ve| from inclusive and exclusive semileptonic decays
* Bg and B mass differences: ¢ and 5 B!/?

e o and Y from B — (xm, pp, pm, DU K*))

» BR(B — 1v): By (fB, = fB.BY?/(€Ba))

* SwK = sin 25

.gK:BKaKS

Note on € K

b . ImME ImA
e = €'Pesin o, ( AM;Q | ReAS)
/ t N

mostly short long distance

from experiment distance + XPT (Usegl/g)

e
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Inputs to the fit: summary

(40.43 £ 0.86) x 10~°

|.70 tension
(error rescaled)

B = 0.720 + 0.025 Vb lexel = (39.0 £ 1.2) x 1073 }
k. = 0.94 +0.017 Veb|inat = (41.31 £0.76) x 10~°

§ =1.237£0.032 Vb loxel = (30.9 4 3.3) x 10~ }(33.0 437 x 104
5 Vi lina = (40.1 4 2.7 10— %) 1.60 tension
fe.\/ Bs = (275 £ 13) MeV Vb linet = ( ) X (error rescaled)

Bd = 1.26 = 0.11 additional theory uncertainty

Amp, = (0.507 & 0.005) ps~* Amp. = (17.77 £0.10 £ 0.07) ps~*
a = (89.1+4.4)° v = (78 £12)°

m = 1.51 4+ 0.24 M pote = (172.4 £1.2) GeV

12 = 0.5765 =+ 0.0065 me(me) = (1.268 £ 0.009) GeV

n3 = 0.47 £ 0.04 ex = (2.229£0.012) x 1073

ne = 0.551 £ 0.007 A = 0.2255 £ 0.0007

Surs = 0.672 4 0.024 fx = (156.1 & 1.2) MeV
BR(B — 7v) = (1.74 £ 0.35) x 10~
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Current fit to the unitarity triangle

0.5 1.0

:Sin Qﬁ]ﬁt =0.774£0.038 = 220
BR(B — )]s = (0.773£0.095) x 107* = 2.7¢
Brlat = 0.918 £0.086 = 240

Enrico Lunghi



Current fit to the unitarity triangle
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Re movin g Vu b [Lunghi,Soni 0803.4340 and 0903.5059]

® Vub is the \begin{personal opinion} MOST controversial \end{personal opinion} inPUt

BB(B—ML\ \.

)

sin23]g = 0.862 £ 0.045 = 330
BR(B — )]s = (0.784 £ 0.098) x 107* = 260
Brlae =0.9144+0.086 = 240
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Removing Vb

[Lunghi,Soni 0803.4340 and 0903.5059]

® Vub is the \begin{personal opinion} MOST controversial \end{personal opinion} inPUt

x*/dof.=29

| vl

BR(B=1v)+[Vip) | |

sin 28]g; = 0.862 4 0.045
BR(B — TV)]ﬁt — (0.784 .

?
—> .
= 330 disturbing
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-0.098) x 100* = 2.6 0 170 problem

Brlae =0.9144+0.086 = 240




RemOVing vub and vcb? [Lunghi,Soni 0912.002]

* The use of V., seems to be necessary in order to use K
mixing to constrain the UT:

AMBS — Xs f]}QBSBBSAQAZl

lek| = 2B ke N (A4)\4(,0 — 1)n9Sp () + A? (ngSo(azc, Ty) — 77130(330)))

BR(B — 7v) = xr f3A2\9(0? + n?)

* The interplay of these constraints allows to drop Ve while
still constraining new physics in K mixing:

x  Br (f5.BY*)* f(p.n)
x  Bg BR(B — 7v)* f5* g(p,n)
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[Lunghi,Soni 0912.002]

Removing Ve !

* The use of V., seems to be necessary in order to use K
mixing to constrain the UT:

Lo . . — —
0.} / :

y

/ 355 B_)TV A | p-N tOpOlogy of the

€ V g constraint makes it
v relevant despite large

errors on B—TV

05

f5.BY?
4.7%
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RemOVing vcb ’ [Lunghi,Soni 0912.002]

x*/dof. =238

p—value =

ex + Bo>1v + AM;

sin 23]g; = 0.863 £0.051 = 2.8 ¢
BR(B — 7v]g = (0.763 £0.098) x 107* = 270

Brlae = 0.970 £ 0.17 = 160
Vilae = (426 +£0.8) x107° = 170
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Model Independent Interpretation

* The tension can be interpreted as NP in B4/K mixing or B—TV:

BR(B — 7v)
* For NP in B4 mixing:

CLQpKS
SIN 20¢efr
Xsd

* For NP in B—T1V:
tan? (3 mQB+
m2,, (1 + ¢ tan )

BR(B — mv) = BR(B — 7v)°M (1
——eeeeee

"H
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Model Independent Interpretation

* NP in B mixing (marginalizing over rg):

(Hd)ﬁt —

1.9)°
- 3.1)°

* NP in K mixing:

1.28 -

(CL)p, = { 1.27 -

- 0.13
- 0.13

1.35 -

* NPinB—TVv:
2.30 -
2.27 -
2.33 -

(rH)g =

Enrico Lunghi

- 0.23

3.5)°

(2.10,p = 11%) complete fit
(3.20,p = 68%) no Vi
(3.00,p = 76%) no Vg,

(2.40,p = 12%) complete fit
(2.40,p =T%) mno Vy
(1.60,p = 4%) no Vi

(2.70,p = 19%) complete fit
(2.70,p = 12%) no Vi,
(2.70,p = 30%) mno Vi

PsSM — 23%
Py " = 1.4%
= 2.6%

no qu
Psm

Hard to reconcile with
H* effects: in “natural”
configurations rq<l|
(see also B—DT1V)




Model Independent Interpretation

e NP in B mixing (2 dimensional [04,r4] contours)

full fit;

96'168/ 6é76/
p p— UO p— 2UO
pho Ve — 1 4% pg‘;ﬁ — 2.6%

e One dimensional g ranges compatible with g = 1
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Super-B expectations

® Reducing uncertainties on Bs mixing and BTV :

Or Os PSM 0q £ 004 po, 0a/00q
*20% *4.6% 2.6% —(10.6 £35)° 7% 3.00

*20%  2.5% 0.6% —(10.2£3.3)° 71%  3.4o
*20% 1% 3x1072% || —(9.9£3.0° 69% 390

10% *4.6% || 6 x 1073% 10.94+2.4)° 74%  4.70
3%  *4.6% || 4 x107°% 11.0£2.0)° 74%  5.60

— )
— )
10%  2.5% || 1.4x107%% || —(10.7+24)° 69%  4.80
— )
— )
—

10% 1% 1.2 x 104% 10.5+2.4)° 64%  5.1lo
3% 2.5% || 1.1 x 107°% 10.94+2.0)° 68%  5.70
3% 1% 4 % 107%% 10.84+£2.0° 62% 5.80

5, = 0BR(B — Tv) 5s = 8(fp.\/Bs)

® Even modest improvements on B—TV have tremendous
impact on the UT fit (10/50 ab"! = 0= 10/3% )

® |nterplay between Bs mixing and B—=TV can result in
a 50 effect
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Operator Level Analysis

 Effective Hamiltonian for B4 mixing:
5

G2 m2
Heg = ——X (Vi {2)2 (Z C;0; +

1672 ,
1=1

1
(V,,Viy)? O (— =
t t m%/[/

* Analogue expressions for K mixing

Enrico Lunghi



Operator Level Analysis: Mixing

* The contribution of the LR operator O4 to K mixing is strongly
enhanced (L ~ 2 GeV ,ug ~my ):

Cr () (KOs () ) = cl<uH> By

Cali) i <ms (ML;?:‘Kmd(,UL) ) Qf%(m
\

Ca(prp)(K|O4s(pr)|K)

running from Hn to ML chiral enhancement

Co(pr)(K|O4(pr)|K)
C1(pp)(K|O1(pr)|K)

* No analogous enhancement in Bq mixing
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Operator Level Analysis: B4 Mixing

e 2 dimensional [A,] contours:
full fit: no Vub

psm = 2.3% pae ™ = 1.4%

100 200 300 400 500 100 200 300 400 500
A (GeV) A (GeV)

* Lower limit on A induced by AMp /AMg,

* Projections of contours yield the one-dimensional nO regions
* Fit points to /\ in the few hundred GeV range and O(1) phase
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Operator Level Analysis: K Mixing

* 2 dimensional [A,] contours (O)):

no Vub

pant " = 2.6%

* No lower limit on A:fitting one parameter only (C)

* Fit points to /\ in the few hundred GeV range and O(1) phase; fine
tuning allow lower masses
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Operator Level Analysis: K Mixing

* 2 dimensional [A,] contours (O4):
full fit: no Vub

R 2
A (TeV) A (TeV)

psm = 2.3% paS " = 1.4% pgidvqb — 2.6%

* No lower limit on A:fitting one parameter only (C)

* Fit points to /\ in the few TeV range and O(|) phase; fine tuning allow
lower masses
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Conclusions

® Using 2+ lattice QCD — hint for NP in the UT fit (~30)
* We need better understanding of inclusive Vi, and Vep

* The tension in the UT fit could be explained by
new physics in Bq mixing (preferred), K mixing or B—=TV

* As long as Vg determinations remain problematic, removing
semileptonic decays allows to cast the UT fit as a clean & high-
precision tool to identify new physics

* Super-B precision on B—=TV coupled with improvements on the
/B

lattice determination of fp_ s can test the SM at the 50 level

* Interpretation of this tension in terms of SM like new physics
contribution point to masses in the few hundred GeV range and
complex couplings with O(1) phases.
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Backup slides



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

e Gaussian treatment seems a fairly conservative choice
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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

e Gaussian treatment seems a fairly conservative choice

Bk = 0.720 £ 0.01345 + 0.037 4y Bk = 0.720 + 0.0135 + 0.0375y

- Gaussian
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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

e Gaussian treatment seems a fairly conservative choice

B = 0.720 + 0.0134 + 0.037 gy

- Flat
~ Gaussian
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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

e Gaussian treatment seems a fairly conservative choice

B = 0.720 + 0.0134 + 0.037 gy

- Flat

- Gaussian .
- 1.50 (gaussian)

— >
13% (gaussian)
0.7% (flat)
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Time dependent CP asymmetry in b — ¢gs

[HFAG 2009 afi“@?)
‘- 0.67ic§).02 _’SszS = sin 2(5 + Qd) + 0(0.1%)

) In QCDF:
059007 || ASy =S5y —sin2(8+ 6,)
. ) »
= 2 ‘%Z‘Kg cos2(3 sin~y Re (CL‘;)
0.025
AS, = 0.03£0.01 [Beneke,Neubert]

[EL, Soni]
AS,, = 0.01+0.025

Other approaches find similar results
[Chen,Chua,Soni; Buchalla,Hiller,Nir,Raz]

 We will consider the asymmetries in the J/¢, ¢, n' modes
e A case can be made for the K K K final state [Cheng,Chua,Soni]
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K mixing ( € )

* Buras, Guadagnoli & Isidori pointed out that also M5
receives non-local corrections with two insertions of the

AS=1 Lagrangian:

U, C

e Using CHPT they obtain a conservative estimate of these

- . effects. Combining the latter with our
determination of ImAo we obtain:

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

6% !
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