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1. FLAVOUR PHYSICS AND ITS MOTIVATIONS

- Problems in the Standard Model and evidence for New Physics

- Open issues in Flavour Physics

- A simple model of Flavour Physics

2. LATTICE QCD AND FLAVOUR PHYSICS
- Introduction to Lattice QCD

- Systematic errors in lattice calculations

- Lattice QCD and quark masses

- Lattice QCD and the Unitarity Triangle Analysis (UTA)
[New measurements: Am, (CDF) and BR(B—7v.) (Belle)]

- The UTA beyond the Standard Model
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Elementary e FLAVOUR: elementary fermions
Particles (matter particles) are 6 flavours
of quarks and 6 of leptons

e MASSES: Quarks and leptons
come in 3 families which only
differ for particle masses

Force Carriers

e MIXING: Flavour is conserved by
e.m. and strong interactions.

rratio; W ) f Matter

Only weak interactions (charged
currents) change flavour ==
CKM matrix and CP violation

6 Flavours
3 Families




PROBLEMS IN THE
STANDARD MODEL AND
EVIDENCE FOR NEW
PHYSICS



Experiments show that the Standard Model
provides an extremely successful description of

electro-magnetic, weak and strong interactions
the gauge sector), at least up to the Fermi scal

Winter 2006 EW PreCiSion 1‘331‘5 suppor‘t
: the SM with a light Higgs
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TWO OPEN QUESTIONS:

1) Which is the mechanism of gauge
symmetry breaking ?

2) Which is the origin of flavor
symmetry breaking ?

Fermion masses are generated
by gauge symmetry breaking )

GAUGE SYMMETRY BREAKING AND FLAVOR
PHYSICS ARE CLOSELY RELATED




THE STANDARD MODEL:
A LOW ENERGY EFFECTIVE THEORY

Conceptual and phenomenological problems:
o Gravity (Mp,,.= (hc/Gy)"? =101° GeV)
o Hierarchy (My;,qs << Mpjanck)

o Unification of couplings (Mg, ;= 1015-101¢ GeV)

o Neutrino masses (M= Mgy;)

o Dark matter (Q, = 0.3) and vacuum energy (Q,= 0.7)
o Baryogenesis

o Inflation

o ..




Unification of Couplings

The running of gauge couplings
provides strong indication of
unification. However:

precise unification fails in the SM

[a(M;) # 0.073].
(Well compatible in SUSY)
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momentum transfer (Ge'V)

Grand Unification Theories (6UT) are very appealing

for several reasons:

e Unity of forces e Unity of quark and leptons
(different directions in 6) e Family Q-numbers (in
SO(10) a whole family in 16) e Charge quantization
(Qq = -1/Nc = -1/3) e B and L non conservation e ....




Neutrino Masses

The existence of neutrino masses and mixings is well

established. But 2Nl el o= 1 SN SRR LR .

Neutrino masses are really special: m,/(Am,, )~ 1012
mm) The simple extension of the SM with the inclusion

of Vi looks very unnatural

A natural solution: V's are m, ~ m’
Majorana particles and get M
masses through L violating For m. ~0.05eV and
interactions suppressed by M~V ~ 200 GeV ==
a large scale M




Energy Density of the Universe

Q. =p;/ p,
p.=3H?/8n Gy~
~5.107° GeV cm™>

Q. ..>1— k=+1 closed universe ‘ Qtot =1.02 + 0.02 ‘

Q.,.<1— k=-1 open universe

Q.,=1— k=0 flat universe ‘Inflation: Q =1 ‘
k = curvature constant Flat Universe

Q4= 107 Q.~03, Q. =07
Q) .| negligible

Both problematic !




Dark Matter

Q ~03, € =0.04
=mmp more than 80% of
matter is dark matter ||
and non-absorbing)

Primordial black holes,

non relativistic at the axions, WIMP, ...

(SUSY neutralino)

Baryonic Dark matter
matter  (i.e. non-luminous
Cold DM = onset of galaxy formation
relativistic at the '
Hot DM = Could be v's but

~ onset of galaxy formation Q < 0.015 (WMAP)

Most of DM _ All hot DM would have not

should be cold

permitted galaxies to form
12




Vacuum Energy

QO =07 The scale of the cosmological

"/

vac g constant is a big mystery

e In QFT the energy density of the vacuum receives an infinite
contribution from the zero-point energies of the various modes of
oscillation. For a bosonic scalar field:

Hy=2(aja,+ 2)e, | mmb | (0] H,[0)= 7 X,

Fermionic s=1/2 fields give a negative contribution:

H.= Zp:(prbp +d,c,—1)e, | mmp |(0| H|0) = - Zp}sp

13



® The scale of the zero-point energy density is provided by the
cutoff: (¢.m cn)
€ =cCp

1
Pvac = \Vi (O|H|0) ~ 7 Z S = cut/( hc )3

123 b
If Acut ~ MPlanck - pvac ~ 10 p\(/)acs

e Exact SUSY would —(L1q — —
solve the problem: (O] H0) = (51, —ny) Zp:gp 0

But SUSY is broken. _ 3 59 Obs
Assuming Aqpgy = 1 TeV: Pvac ~ ASUSY / ( hc ) ~ 10% Py,

So far, the problem of the scale of the
cosmological constant has found no solution




Baryogenesis:
Matter-Antimatter asymmetry

e So far, no primordial anitimatter has been observed
in the Universe. Up to distances of order 100 Mpc -1

Gpc the Universe consists only of matter.
(1Mpc = 3.2 106 light years. Observable universe : Hy'~ 10 Gpc )

e A very plausible assumption is that the big bang
produces an equal number of quarks and antiquarks

WHEN AND WHY ANTIMATTER

DISAPPEARED ?




THE SAKHAROV CONDITIONS:
(1967) In the SM:

1) Baryon number violation Istanton process

2) C and CP violation Weak interactions

Electro-weak
phase transition

3) Departure from thermal equilibrium

In the SM, for m, >80 GeV, the e.w. phase
transition is not “strong” enough: it does not provide
enough termal instability necessary for baryogenesis

CP violation generated by the CKM mechanism is
irrelevant for baryogenesis Hp Non-standard CP
violation is a necessary ingredient for baryiogenesis




MOST OF "BEYOND STANDARD MODEL PHYSICS"
CAN BE EXPLAINED BY NEW PHYSICS MODELS
(SUSsY, 6UT, EXTRA-DIM,..)

o Gravity @ No!!
o Hierarchy (M,;;,s << Mpy,nei) © Yes
o Unification of couplings © Yes
o Neutrino masses © Yes
o Dark matter © Yes
o Vacuum energy @ No!!
o Baryogenesis © Yes

lavor Physics could allow us to discriminate

various New Physics scenarios



OPEN ISSUES IN
FLAVOUR PHYSICS
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Flavor physics is (well) described but
not explained in the Standard Model:

A large number of free parameters in the
flavor sector (10 parameters in the quark
sector only, 6 m, + 4 CKM)

- Why 3 families?

- Why the spectrum of quarks
and leptons covers 5 orders of
magnitude? (m~ v ~ 6¢1/2.)

Standard Model fermion masses (GeV,

- What give rise to the pattern
of quark mixing and the
magnhitude of CP violation?




d §

Standard Model

d §

New Physics

L _[’SM+Z

0(6)+

Flavor physics is an open window on
physics beyond the Standard Model

New Physics can be conveniently described in terms of
a low energy effective theory:

20



THE "FLAVOR PROBLEM”

NEW PHYSICS MUST BE

The “"natural” cut-off VERY “SPECTAL"

S, = jZG m2A2% (0.3 A)=—> | A = O(1 TeV)
T

-rom higher dimensional operator in the flavor sector

The flavor
problem

A 020 = O(100 TeV)



A SIMPLE MODEL OF
FLAVOUR PHYSICS
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THE QUARK MASS MATRICES

L vukave = - 3 [Q Y DRH + QY URHC] +
1,k

+ h.c.

Gauge symmetry breaking

_ =i d gk o =i k
Lmess = - 3 [dmjdg +up ot ug] + hee.

ik

§> - - M, =gV
m? = Y9V/2 Why md Z O(My,) ??




DIAGONALIZATION OF THE
MASS MATRIX

The mass matrices m4 are not Hermitean. Up to
singular cases, they can be diagonalized by 2 unitary

UJlr_mmTUL = My, m];)

Y qk_y ql Ty ok 4 ifferent
(U)xa — qu , (Ur)k9r — dr ﬁ;ﬁiﬁfﬁ?

transformations: {

UJlerTmUR = m];)mD 1

Lmass = -[m, U, ug + m d; dg + ... ] + h.c.




: ; . : .
:\;:'rh respeet | (UD)ual — ai , (Ur)yak — dr

neutral currents QLYMqﬁ and quuqiR are invariant:
quark kinetic terms, QCD couplings with gluons, QED
couplings with photons, weak couplings with Z./ \

No flavor changing neutral currents (FCNC) ’
at tree level

The only effect is in the weak charged currents:

ﬁliyudli°wu — 1_1|1_( VH(UII_JTUE)kj d{_'W“

u d
Vo Vw = 1



THERE IS A CLEAR CORRELATION
BETWEEN MASSES AND MIXINGS

ANGLES

2 generations:

1/2 1/4
> | ™) (] v
ms mc us

Can we explain this relation ?

In the first [md} 12




MASS TEXTURES

Two generations: Gatto et al.

d O —N X u mu O
m" —m m" —
: \/; 1+x 0 m,

diag(m?%) =my(x,1) | = | x=m,/m,

Diagonalization:

{Uf_fmmTU,_=mDmJ{) UEmUR=mD

Uim'mUg = miym, Verm = UPTUE




Which theory of flavor
generates this texture ?




HORIZONTAL SYMMETRIES

Example: Horizontal U(2) (Barbieri, Hall, ...)

¢ > Upq® . UcUQR)  ap=12 [Gereration]

indices

Non-renorm. interaction
L= L4 qq"H
ab q q

M- f \ Mc = flavor scale

[“Flavon" field ] [ Higgs field (U(2) scalar) ]

(I) S _l_ A Sab Aab
U2) —- u@d) — {1}

Symme'rr'lc Anti- symme'rr'lc
tensor tensor




fO 0 “ r 0 —V\
S = A )=
Sap) 0 V, o) v 0
| = Flavor symm.

breaking

Q’*H +-L-(¢’q' —q'¢>)H = qazﬁbq"H

Yukawa matrix

V/MF:\/X
V /Mg = 1+x

Is the Gatto's
tTexture
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LATTICE QCD AND
FLAVOUR PHYSICS



Lattice QCD

Strong interactions are non-perturbative
at low energies

Asymptotic

: I freedom
Confinement || RETI SIS {

LQCD is a non-perturbative approach



INTRODUCTION TO
LATTICE QCD
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The Functional Integral

The Green Functions can be written in terms of
Functional Integrals over classical fields:

G(x;,X;,X3,X4) = (O(Xp) 0(Xy) O(X3) D(xy) ) =

Z 1| [dP] d(x;) O(X;) O(X3) O(X,) eS©)

The functional integral is defined by discretizing the

space-time on a hypercubic 4-dimensional lattice
L L

(I)(X)—>(|)(all) n=(nx?ny’nz9nt) /

al |/

0,0(x) — V, 0(x) = [¢(x+an,) - (x)]/a 4




The Lattice regularization

The functional integral is a formal definition because of the
infrared and ultraviolet divergences. These are cured by
introducing an infrared and an ultraviolet cutoff

‘ 1) The ultraviolet cutoff: ‘ ‘ Ip| < n/a ‘
The momentum p is cutoff at the first Brioullin zone

‘2) The infrared cutoff: ‘ ‘ P, @ = 27/L ‘

L L

The lattice is defined in a finite volume

al

— g——

The physical theory is obtained in the limit %

a—> 0 Continuum limit ; L—> o Thermodinamic limit
35



‘ Montecarlo techniques

Z [ [d] O(x,) ... O(x,) eS®

With a finite lattice spacing (a) and on a finite volume
(L) this is now an integral on (L./a)* real variables.

For the 3d Ising model: 2N =2L° = 1031 for L =10 !

IMPORTANT SAMPLING TECHNIQUES:
The fields are extracted with weight e S(®) L

<O(X1) cee O(Xk)> = N_l Z On(Xl) e On(Xk)

{0(xX)}n
—» Statistical errors




The theoretical calculation can
be performed only numerically.
In order to achieve the required
precision, about
1 billion of billions operations
are necessary, corresponding to

an integral over 50 millions
degrees of freedom and to the
inversion of thousands of
matrices with 100 millions of
elements

o

The apeNEXT super- — '
L i computer (~1 TﬂOp) 1




Hadron masses and

matrix elements

G(t) — ZX < AO(X,t) ATO(O,O» _ The operator A, can excite

1-mt, 3-m etc. states

_ (0]e™*Ag(0)e™[n)(n|AT)(0)[0)
_ZxZn - 2En -

0|A,|n)|?
’ ATy(0) Ay(X,
f; m,

t+= [(0]Ag|m)|?
> 2mn exp[- mnt] — > exp[_ mnt]

38



G(t) = 2 (Ag(x,0) AT(0,0)) —

(0] A|m)|?
2m_

expl-m_t] =

fnzm
2

T

CXp [_ m, t]

Hadron mass and (O|A|h)
matrix elements from the at;
2-point correlation function




SYSTEMATIC ERRORS
IN LATTICE
CALCULATIONS
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DISCRETIZATION ERRORS
(THE ULTRAVIOLET PROBLEM)

(/ \\) £ = 1/m is the Compton wave
i ! length (the size) of the hadron

If ¢E~a == ma ~1 the size of the
object is comparable to the lattice

spacing




FINITE VOLUME EFFECTS
(THE INFRARED PROBLEM)

SEERSS L >> c§=.1/m

to avoid finite size effects

~~—1—

\

/

anEnX For a large class of important
~————— physical amplitudes finite size
BOX SIZE effects are not really a problem:

O(exp[-&./L])) ==y L > 4 = 5 € is sufficient

But there are more problematic cases,

e.g. non-leptonic decays...
42



THE QUENCHED APPROXIMATION

J[dU] [dy dy] exp[- S, - TMy] —j dU] detM exp[-S, ]

QUENCHED
APPROXIMATION

& &

QUENCHED UNQUENCHED

QA is not used in most recent calculations

43



EXTRAPOLATIONS IN QUARK MASSES

1) HEAVY QUARK MASSES

DISCRETIZATION ERRORS, THE ULTRAVIOLET PROBLEM

Wi 2 N 1/M>>a == g M, <<1
P Typically a'' ~2 +5 GeV
T T4 m,, ~13 GeV m,, a~03
)
4@ . 1 / m’ My, ¢tom ™~ 4.5 GeV My, o ¢tom a~1

Or use effective theories (HQET, NRQCD,...)

44



2) LIGHT QUARK MASSES

~~——1—

/

L

N~ —

e
BOX SIZE

1/M;<< L. <«=p [ M, >>1

BECAUSE OF LIMITATIONS IN COMPUTER
RESOURCES, VOLUMES CANNOT BE LARGE
ENOUGH TO WORK AT THE PHYSICAL
LIGHT QUARK MASSES

Lowest quark masses: M_= 300 MeV

An extrapolation in my,., to the physical point
is necessary. Chiral Perturbation Theory may
help in the extrapolation.



There are several sources of systematic
errors in lattice QCD simulations but:

* The accuracy can be

systematically improved in time by
increasing the computer resources

* Lattice QCD is the only non-

perturbative approach to QCD
which does not contain any

additional free parameter besides
those of the fundamental theory | |+2{—

46




From S. Hashimoto
ICHEP 2004

30 years of lattice QCD

K. Wilson (1974) oCh potential b
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THE PRECISION ERA OF
FLAVOR PHYSICS

g, = 2.280 10-3 + 0.6% We need ’ro.con'rr'ol
the theoretical

Am, = 0.502 ps~* £ 1% input parameters at
sin(2B) = 0.687 * 5% a comparable level
of accuracy !

Challenge for LATTICE QCD




LATTICE QCD AND
QUARK MASSES
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+ QUARK MASSES CANNOT BE DIRECTLY MEASURED IN
THE EXPERIMENTS, BECAUSE QUARKS ARE CONFINED
INSIDE HADRONS

¢ BEING FUNDAMENTAL PARAMETERS OF THE STANDARD
MODEL, QUARK MASSES CANNOT BE DETERMINED BY
THEORETICAL CONSIDERATIONS ONLY.

=) QUARK MASSES CAN BE DETERMINED BY COMBINING
TOGETHER A THEORETICAL AND AN EXPERIMENTAL INPUT. E.G.:

[MHAD(Aanamq)]TH' = [Mp,pl*“™"

LATTICE QCD



LATTICE DETERMINATION OF QUARK MASSES

m,(p) = my(a) Z,,(pa)

ADJUSTED UNTIL PERTURBATION THEORY OR
M LATT = V[ _EXP NON-PERTURBATIVE METHODS
Extrapolation o0
tom = m, _ o)
% 0.60 -
\ § osf
Extrapolation S — K

fom =m,gq o

v | 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200

m, (MeV)
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SYSTEMATIC ERRORS

m, (W) = m(a) Z,(u1a)
ADJUSTED UNTI/ l PERTURBATION
M, AT = M EXP THEORY

| 0@ | | O |

1

NON-PERTURBATIVE
RENORMALIZATION

TWO IMPORTANT THEORETICAL TOOLS

by



NON-PERTURBATIVE RENORMALIZATION
THE RI-MOM METHOD

AN

o (p") N

The (non-perturbative) *.
renormalization condition: e L) .
ZO(au) l_10 (p2)|p2=u2 =TI Tree-Level 0.70 1 ., Pert. Th.
Several NPR techniques have been 0T Z(Va) :
developed: War'd IdenTiTieS, 090 092 094 %56 098 100 102
Schrodinger functional, X-space Yo

JF



THE

STRANGE QUARK MASS

| <°”ENCHED 5 UNQUENCHED

SN —— 140 F ——— =
PDG =
APE 938 (I S— 120~ —
JLacD 93 oy - i 1 ]
= 00— —
CP-PACS 99 e = L .
ALPHA + o > gk & i
UKQCD 99 i 3 [ ‘}
QCDSF 99 P asy P”‘ r
= 60 @  ALPHA Ni=2 NPR —
APE 99 gEvS = B e
= A CPPACSILOCD, N3, pert.
RBC 00 [ o 40 2] ILQOD NE=2 pert n
=] A HPOCD, MILE, UKQCD Ni=3, pert
e g QCDSF UKQCD, K1, VWL KPR
CP-PACS40 20+ <E]> OCOSF UKOCD, N:':E.AWI.NPI{ -
RBC Ni=2 NPR
MY AVERAGE & = B SPOR Ni=2 NPR
‘ | . | ‘ | . | ‘ | . ‘ [:| 1 | ~ 1 | 1 | 1 | 1
50 70 9% 110 130 150 170 190 0 0.02 0.04 [23.[16 0.08 0.1
m (2 GeV) (a/ry)

V/.Lubicz, plenary at Lattice 2000 T.l1zubuchi, plenar§/ at Lattice 2005

m, (2 GeV) 2000: M =(120 + 50) MeV

Qi/c’fl’e
ata

7 roup = roup

ata

N 2002: m=(120 + 40) MeV
bl \\g"’ S5 2004: m_=(105 + 25) MeV

7/ \




THE AVERAGE UP/DOWN QUARK MASS

RATIOS OF LIGHT From S. Hashimoto IICHEP 2004
QUARK MASSES ARE CP-PACS (2000) — o
PREDICTED ALSO BY JLQCD (2000) :t:|~—| N.=2

CHIRAL PERTURBATION UKQCD (2001) S
THEORY: i
m Nelson et al. (2001) ] i N =3
ﬁu =0.553 £ 0.043 CP-PACSIILQCD (2004) o1 _f,,,
d HPQCD-MILC-UKQCD (2004) i ] Np= 2+
my - |
2244i 15 T |i. ITLI“}M.ES.HIIUF.
(mu + md)/ 2 20 24 28 32
2 m/(m,+m,)

Good agreement with the ChPT prediction
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LATTICE QCD AND THE
UNITARITY TRIANGLE
ANALISYS

56



THE CKM MATRIX

V YW (1- 'y)d+hc

(JJJ v 3 FAMILIES: 3 angles and 1 phase

Only one parameter for
CP VIOLATION




THE UNITARITY TRIANGLES

| (Bjorken-Jarlskog) |

Unitarity relations:

9 constraints,
6 triangular relations

Only 2 triangles have all sides with length of the same
o(\):
Vj:qud_" V?bvcd+V§)th =0 | They are

equivalent

% % r
Vuthd+ Vuths+Vuthb — 0 @1‘ order A3 J

Only the orientation of the triangles depends on the

phase convention. The area and ZP are proportional to:
2

e 1 = 2 6 ~ —5




IMAGINARY

Unitarity:

r
ub" ud

Fh
ch™ cd

()

(0,0)

% o5 5
VisViat VeaVeatViVia=0

()

Finite Area = CPV

(1)

REAL —

(1,0)




UTfl T I Collaboration
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V.L., G.Martinelli, F.Parodi,

M.Pierini, P.Roudeau, C.Schiavi,

L.Silvestrini, A.Stocchi, V.Vagnoni

Roma, Genova, Torino,
Orsay, Bologna

" THE CKM

www.utfit.org
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THE “CLASSICAL" FIT

Vekm #

(e L A(efin))

ViV + VeaVep + ViaVip = O

- 1-2212 A2
x3(1- :‘ AN 1
CP violation
(bou)boe) | p2+n2 | f,F(1),... ‘ 4 CONSTRAINTS ‘
Am, (1_5)2 + n? féd BBd
Amgam, | (1-pp+72 | € clements from
€k nf(1-p)+P]| By LATTICE QCD
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V,, and V_ from semileptonic decays

N .
e ————— Ge?IVi? \

@ miv) = =gy s lda? M2 1 o)

vukQec o 1t o Za ubeaemy T
A APE
0 Fermilab
o JLQCD
o~ NRQCD
LCSR

ol—— LCSR

.t * N=3 (HPQCD)
- @ N.=3 (FNAL/MILC)

20




K-K mixing: ¢, and B,

From S. Hashimoto
: TICHEP 2004
0] (L LU (R

# JLQCD staggered. nommnv (1997) ]
8 JLQCD staggered. v (1997) N

Lee-Sharpe mmp staggered (2003)
8 Gamiz et al. imp staggered (2004)

S

g ]

+ 5PQcdE clover (2001)
% SPQcdR Wilson (2004)
% ALPHA mQCD (2004)

—0 - O = g 5 e r v CP-PACS domam-wall (2001} -
(K7 |Q() | K™) = < faemz Br (1) B A RBC domail-wall (2002)

: A 4 RBC domain-wall (2004)

> DeGrand overlap (2003)
<] Garron et al. overlap (2003)

ﬂ_j_l A N SR TR N R T R R A R

B,= 0.79 £ 0.04 £ 0.09 : R

LATTICE PREDICTION (I) B, =0.90+0.20 [Gavela et al., 1987]




B, and B, mixing: f,\B,

= F l= F
T T
05 05 —
| ; fo VBg = 262 35 MeV,
of of
r r _—
-0sf -0sf § — 1 -23 i 0-06
o T
|l s 1 i [ 1 |l s sl il
-1 0.5 0 0.5 1 _ -1 -0.5 0 0.5
p
N \: O ‘ T T T ‘ T T T T T T T T T T
1i Khan et al. (1998) H T
CT!T’QEgACS (2051) % 8
13 e
.l'L CD (19 T T
MIL adla et a% (]998) |_9_| rn 3 & Cearse hine, Pamaly Quenched
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PREDICTION OF Sin2p

The first observation of €P in B-physics after
the discovery in the kaon sector (1964)

6 O

o(sin2p)

Ciuchini et al., 2000:
Sin2p,.e;. = 0.698 * 0.066

B-factories:
Sin2p,,, ., = 0.687  0.032

.5 1
sin2p

A success of (quenched) LQCD calculations !



THE
CLASSICAL FIT
"UT -lattice”

THE
ANGLE FIT
"UT-angles”

Several determinations of UT angles are now available, thanks
to the results coming from the B-factories experiments




UT-lattice

Full
Fit

UT-angles

* UT-lattice and UT-angles
fits are in good agreement

* The errors have comparable
sizes

* The UT-angles fit does not
rely at all on theoretical
calculations



PREDICTION FOR Am_

Ciuchini et al., 2000:
Am = (16.3 £ 3.4) ps™'

UTfit Collaboration, 2005:
Am_ = (21.2 + 3.2) ps™

CDF, 2006:

Am_ = (17.33 " 052+ 0.07) ps™

CDF+DO+LEP combined: @

Am_ = (17.35 £ 0.25) ps™’

10 15 20 25 30 35 40 0

Am]ps’]




HISTORY OF Am_ PREDICTIONS

Measurement
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LATTICE QCD vs UT FITS

i

0.006 I

8

:
Probability density

Probability density
Probability density

E T

‘\
N

15 2 024 026 028 03 032 % Tes T T 15 2
B, f5.\[Bq [GeV] £

fasVBas
& | 123006 | 113 #0.08 _




Before the measurement

R R
| | 2 2
After the measurement

of Am, of Am,

e
=)
=1
]

Probability density

Belle, 2006:

BR(B—Tv,) = (1.06 * 053 T 016

-0.28 -0.16 ) X 10

foy =192 %26 £9 MeV, LQCD
fsy=180117 MeV,  UTfit

BR(B—1v)[10*]



THE UTA BEYOND THE
STANDARD MODEL

Given the present theoretical and
experimental constraints, to which

extent the UTA can still be affected by
New Physics contributions?
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UTFIT FROM TREE-LEVEL PROCESSES

Two constraints are now available, which are
almost unaffected by the presence of NP:

1) |Vub/VCb| from

1 \ T semileptonic B decays
°'5;‘ a / 2) The angle y from
of v B > D®) K decays

. 24
i

2 solutions

I[t's now lunchtime (13:35) on Buras' unitarity cleck



THE ANGLE Y FROM B — D) K DECAYS

Color suppressed
also possible

A (B —}f):é@ : A(BJ'—}f)—1»'1}1(:?.'”‘:"1+1»*2f—19€"mz

If neutral D mesons in a CP eigenstate (D° + D°) are
considered in the final states, the two amplitudes
interferes, and the relative weak phase y can be

determined
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A MODEL INDEPENDENT ANALYSIS

New Physics in AF =2 amplitudes can be
parameterized in a simple general form:

Hfull

eff q

(

KO

H full

eff

v, (B
Cquz Ps, _ EBZ)

HSM
(4=4,5) .

(

KO

HSM

eff

E.g.: (Amy)**® = Cgy (Amy)SM |, sin2Bexr = sin2(BSM+q@g,)

and similarly for AF =1.

In the Standard Model:

Cx=1,0,,=0
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Since.:

i \ , (Amg)e*P = Cgy Amy(p,n)>"

< sin2Be* = sin[2B(p,n)SM+2¢g]
12! observables which depend

/%:a simultaneously on p,n and the two
\ NP parameters Cg,and @g, are
i) | needed in order to discriminate

between the 2 solutions

The semileptonic asymmetries: ( H=M-iI' )

I'(B® > ¢"X)-T(B* > ¢ X
Ay = (—% : ) (‘ﬁ i L |
['(B) > (*X)+T(B, > (" X) M,

SM . SM
. Re( r, } sin 24, X Im( r, ] €os 2¢,
M12

q



Including all the constraints :

the non-standard solution disappears
at the 95% C.L.
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NP in B;-B4 mixing | |f - /\
The non-standard solution |
has a probability below 5% ”7// '\
N 4“—_0:
0, [

The results point to models of
Minimal Flavour Violation



NP in B.-B, mixing

Cgs from Am, [CDF], ¢g, from
Acy., the CP asymmetry in 8
dimuon events [DO] | \ o

Probability density

o 30:—
)

m [
< 60
q0F

20F

-20F

Probability density

-40F
-60F

e (Uit

|||||||||||||||||||||||||||

O g -
Ce, ¢ [')

The allowed range of ®5. is still large. Non-standard
values of A(B.—J/y ¢) can still be observed at LHCb



15 YEARS OF (p-n) DETERMINATIONS

The result of a remarkable
experimental and theoretical progress




