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Piano del mio intervento
1) Generalita
2) Masse e costanti di decadimento
3) Un caso emblematico: KI3 decays
4) B,

5) Conclusioni e prospettive
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COULD WE COMPUTE THIS PROCESS WITH
SUFFICIENT COMPUTER POWER ?
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THE ANSWER |S: NO

IT IS NOT ONLY A QUESTION OF COMPUTER POWER
BECAUSE THERE ARE COMPLICATED
FIELD THEORETICAL PROBLEMS

LATTICE FIELD THEORY IN FEW SLIDES ‘



La teoria di campo sul reticolo in una trasparenza:

Tutte le quantita™ fisiche possono essere derivate da un
integrale numerico eseguito con metodi Montecarlo su
un reticolo di passo reticolare a finito (cutoff
UVioletto) e volume totale L=Na finito (cutoff
Infrarosso).

Bisogna poi eseguire 1l limitea — 0 e L — oo

7 -1 f [d (I)] (I)(Xl) (I)(Xz) .. ‘(I)(Xn-l) (I)(Xn) e-S(®)




Determination of hadron masses and

simple matrix elements
An example from the A ¢* theory
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The field ¢ can excite one-particle, 3-particle etc. states




At large time distances the lightest (one particle) states

dominate :
' e—E,,t ' e—eq
G(t.qg)=") (O 0 > (0" |g) (g|d|0

()= (019" (ul610) 7 — (01¢"14) (71410) -

For a particle at rest we have

—mal(t /a)

- e
G(1)=1(G = 01¢|0)
" Log[G(t)]

E=1/ma is the
dimensionless correlation

length (and the size of the
physical excitations)

t/a




HADRON SPECTRUM AND DECAY
CONSTANTS IN QCD

Define a source with the correct quantum numbers :
7= Ayx.0) = u?, (XD (Yo vs)P d% (1) a=colour

B=spin

G(t) =3, <Ayx,0) ATy(x,0) >
=y l<0| Ay In >[2 expl- E, t]
>E.
AT xt) > l<01Ayla>l?expl- M. 1]
Ay(x,t) 2M,
>f 2 M, exp[- M_t]
fJ'l? MJ’E ~ ZJ’E M 2

Mass and decay constant in lattice units Mn =1 a




AN = iy, ysu+ dy,ysd + 5,58
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In the chiral limit  m; — 0
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absent in the case of 7t,K and n8 /

anomaly
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Continuum limit

t  Formal lim a4->0 SLattice(q)) > SContinuum(q))

a/ € =m a ~1 The size of the object
1s comparable to the lattice spacing

a_,/E <<1 1.e. ma ->0 The size of

the object 1s much larger than the

lattice spacing

Similar to @ X, -> [ dx



3-point functions

— ¢ Di(t) =3, Di(x,t,) exp[-i pp X]
v, K= 2 K(X, ) exp[+ipg X]

K(ty)

weak
J,veak(0)

Di(ty)

(K(t2, px)J, ““(0)D (11, Pp)) —
<O|K|K DlDT|O>e—ED11 EKI')
2Ep2Ex
|from the 2-point functions | (K(p J“"“k|D( D))

X

1) KI3 namely K — mlv
weak
<KIJM (O)|D> 2) D — (K,m)lv,
also electromagnetic form |
factors, structure functions, dipole 3) B — (n. p) [V

moment of the neutron, g,/ 8y, etc.



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)
1V, 1 =0.00363(32)
|V, 1= 0.99(29)
(0.999)




AI=12 K> o x
(Qi Liu)

e (Code 50 different contractions

» For each of 400 configurations invert with
source at each of 32 times.

 Use Ran Zhou’s deflation code

< C

typel type2

KEK - July 8, 2010

(48)



UNIVERSITY OF

_ : _ Southampton
3. Direct Calculations of K — nn Decay Amplitudes School o Physics

and Astronomy

O We need to be able to calculate K — wx matrix elements directly.

© The main theoretical ingredients of the infrared problem with two-pions in the
s-wave are now understood.

O Two-pion quantization condition in a finite-volume

8(¢*)+¢"(¢*) =nm,
where E? = 4(m2 +4*?), § is the s-wave nr phase shift and ¢” is a kinematic

function. M.LUscher, 1986, 1991, - .
O The relation between the physical K — wx amplitude A and the finite-volume
matrix element M
mKE2 . .
AP =8av2= (8@ +0" (@)} P,

where / denotes differentiation w.r.t. g*.
L.Lellouch and M.Lischer, hep-lat/0003023; C.h.Kim, CTS and S.Sharpe, hep-lat/0507006;

C.-J.D. Lin, G. Martinelli, C.T. Sachrajda, M. Testa N.H.Christ, C.h.Kim and T.Yamazaki hep-lat/0507009
hep-1at/0104006v2 , _ ,
© Computation of K — (zm);—, matrix elements does not require the subtraction of

power divergences or the evaluation of disconnected diagrams.
Q In principle, we understand how to calculate the Al =3/2 K — xr matrix elements.
@ Our aim is to calculate the matrix elements with as good a precision as we can.



General consideration on non-perturbative

methods/approaches/models

Models a) bag-model b) quark model
not based on the fundamental theory; at most QCD
“inspired”’; cannot be systematically improved

Effective theories  c) chiral lagrangians d) Wilson Operator
Product Expansion (OPE) ¢) Heavy quark effective theory (HQET)
based on the fundamental theory; limited range of applicability;
problems with power corrections (higher twists), power divergences &

renormalons; need non perturbative inputs (f,, <x>, A{, A)
Methods of effective theories used also by QCD sum rules and Lattice QCD
f) QCD sum rules

based on the fundamental theory + ‘“‘condensates’ (non-perturbative
matrix elements of higher twist operators, which must be determined
phenomenologically; very difficult to improve; share with other
approaches the problem of renormalons etc.




LATTICE QCD Started by Kenneth Wilson in 1974

o
<
¥

LATTICE QCD IS REALLY EXPERIMENTAL FIELD THEORY




Major fields of investigation

e QCD thermodynamics

QCD e Hadron spectrum

e Hadronic matrix elements
(K-> mt;w , structure functions, etc. see

below )
e Strong interacting Higgs Models
EW e Strong interacting chiral models

e Surface dynamics
* Quantum gravity




LATTICE QCD

Q_and the Quark Masses

Le_ptonic decay constants t_, 1, , 1y, ., 15,15, 1, -
Electromagnetic form factors F_(Q?) , Gy(Q?) , ...

Semileptonic form factors f+9(Q%) , A, 5(Q?), V(Q?)
K>mnD->K,K*x,p,B->D,D* n,p B->K*y
The Isgur-Wise function

B-parameters : (K°1QA5=2 | KO ) and ( BO|Q48=2 | BO)

Weak decays : (TTIQ ="K )and (T TTIQ*='1K)

‘Matrix elements of leading twist operators




Lattice QCD is really a
powerful approach




Quenching errors

> G

UNQUENCHED
QUENCHED (partially,two-flavours, three?, etc.)

ALL MODERN LATTICE
CALCULATIONS ARE

UNQUENCHED:
Nf=2 2+lor 2+1+1




Many slides from he Workshop Future Directions in lattice gauge
theory L6T10 July 19th- August 13th CERN

@ “Berlin wall” at Lattice 2001 @Berlin

A. Ukawa for CP-PACS and JLOCD

= ith N =2+ i a=0.1fm
L=3fm QCD with N' 2+1 dynamical quarks 100 configurations

|
|

Very difficult to reach
the physical point !

Physical point
l.e., m_=135MeV

<, et




Revolutionary progress since 2005 ;
@ beating the critical slowing down

. | 0(10)-0(100)
i improvement

Physical point
i.e., m =135MeV

Still . Current O(100)Tflops
Extrapolation - machines can (easily)

to continuum & . reach this point!

Finite volume 00700 200 300 400 500 800 700
effects m (MeV)

Physical Point Simulation has become reality




-il lattice spacing e' circa 85/1000 di fermi

-la massa del quark e' circa 30 MeV

-il reticolo ha estensione 24A3x48

Ellective mass

0.26

0.22

0.2

0.18

0.16

0.14

Pion mass (B=3.90 with am = 0.0064)

— T .
Lattice data
Fit of pion mass
aM_=0.167(4)
(M_=400MeV)
| " | A
6 8 10 12 14 16 18 20 22 24

Ellective mass

0.26

0.22

0.18

0.16

0.14

K — mvv

Pion mass (B=3.90 with am = 0.0064)

I

Lattice data
Fit of pion mass

AURORA

aM _=0.173(3)
(M_=400MeV)

6




& Key observation

M. Luescher. C

O Separate UV and IR modes of
quark fluctuations

0O gluon:UV:IR forces are order of
magnitude different! Ig

10
QIFCewly |

F

gluon

>> F

>> F quark 1

quark UV

This invites a multi-time step
integration:

OT

<<OT v << OT

gluon quark ,

i.e., one can enlarge the time step for Lo v oty oo Tya o
the most compute intensive IR quark
force, leading to a large reduction in

the computing requirement. — This is physics! =




Our conscious effort
toward physical pion mass (II)

PACS-CS Collaboration Phys. Rev. D79 034504 (2008)
pion mass downto m_ =~ [56Mel/ 32°x64, a=0.907(13) fin

mass [GeV] |

L vector meson octet baryon | decuplet baryon |




In the mean time,
came along the BMW Collaboration

BMW Collaboration (Butapest-Marseille-Wuppertal)
Science 322(2008) 1224
m_>200MeV but large lattices (m_L>4) and continuum extrapolated!

2000+

1500

10004

500_’ ) —— experiment
1 == width

¢ QCD




Extrapolationlinkthesheavyiqualiiimass
BJI}SchﬂETJw_IAJImwNJ Eﬁjﬁiﬂjﬂ_ﬁj THE ULTRAVIOLET PROBLEM
1M, >> a

mqa<<1

/\vx\sl%/ O(a) errors { .




SYSTEMATIC ERRORS

T
IkS)ﬂPIﬁE»TIZ/ﬂM |ONERRORS

D

effect of lattice artefacts

1/M



SYSTEMATIC ERRORS

HN"TE "J(MUME EEEEE’TS THE INFRARED PROBLEM

% > I BOX SIZE
To avoid finite size effects
For a good approximation
of the continuum

Finite size effects were not really a problem

for quenched calculations; potentially more
problematic for the unquenched case

O(expl[- € /L])




an extrapolation in my,,,. to the physical point is
in many cases still necessary

Test if the quark mass dependence is described by
Chiral perturbation Theory (xPT),

Then the extrapolation with the functional form
suggested by xPT is justified

For heavy quark the extrapolation is suggested by the
Heavy quark effective theory (HQET)




Precision Lattice QCD: from simulations to calculations
1) Better theoretical understanding

2) Better Algorithms

3) More powerful machines

& Lattice QCD over the years...

1975 1980 1985 1990 1995 2000 2005 2010
| | 1 | | | | | >
1973 QCD | J ' J J ! 1 '
1974 lattice QCD
Physics
1%t spec calculation
1981
Hamber-Parisi
Weingarten i
— 0.8fm 1.6fm 2.4fm 3.0fm 3.0fm
Lattice size L 8% 16 16°x32 243x48 643x118 32364
= Nf=0 quenched
Algorithms
Nf=2 u,d
Nf =#sea quarks Nf=2+1 u,d,s
_ 4t generation
27 generation 3" gleTr;eratlon 10Tfops  100Tflops
Machines 1st generation 10Gflops . ., R - = =
1Gflops 1 :
APE1

!QCDPAX . V—. V

BlueGene/L,P

PACS-CS



Major project machines

Impact of lattice QCD machlnes on
S e .

the supercomputer deg in Japan

B  Earth Simulator
Vector computers

BlueGene/L,P

/ © CRAY/CDC

1 Fujitsu
QCDSP(USA) e Hitschi

\’/ = NEC/Sun

APE100 (Italy) Q*® B4 1 Project machines

) (CP-PACS(JPN) : Top500 No. 1 (1996) @ Tsukuba
0.1_.... 22 . a2 a2 2 1 . ] Bwumua

QCDPAX (JPN)

Year S GFiigeM) !




Status this year:
pion mass vs lattice spacing

Error assessment
{ l.

Continuum Landscape From C. Hoelbling’s review at Lattice 2010

ETMC 09 (2)
ETMC 10 2+1+1)
MILC " 10

QCDSF "10 (2)
QCDSF "10

BMW *10
PACS-CS’09
RBC/UKQCD "10
HSC '08

BGR 10

Physical pion mass

Ch. Hoelbling (Wuppertal) Hadron spectrum and light pseudoscalar decay constants




Quality Criteria

FLAG: Flavianet Lattice Averaging Group
FlaviA

A. Vladikas



Quality Criteria
® chiral extrapolation:
* Mmmin < 250 MeV
250 MeV < Mmmin < 400 MeV
B 400 MeV < M min

NB: at least 3 points requested (otherwise there is a “special mention”)

® continuum extrapolation:

* at least 3 lattice spacings, at least two below 0. fm
2 or more lattice spacings, at least one below 0.1 fm
M otherwise

e finite volume effects:

* [Mrn L ]min> 4 or at least 3 volumes

[ M L Jmin > 3 and at least 2 volumes Only:
B otherwise,and in any case if L< 2 fm DeCGY constants
NB: p-regime KL3 Form Factors
® renormalization (where applicable): BK for Neutral Kaon Mleng

% non perturbative
2-loop perturbation theory
B otherwise

® renormalization group running (where applicable):

* non perturbative

otherwise



Form factor, decay constants and unitarity

® unicarity Vial® + [Vasl® + [Viu* =

® experiment V| = 3.93 (36) -107°

e Kaon decays: Vsl f1(0) = 0.21661 (47)

[form factor@ﬂtum} VusIi | 97509 (59)
transfer K0 — 1T v I* Vud fr




Form factor, decay constants and unitarity

® unitarity: |Vud|2 i |Vus|2 i |Vub|2 —

® experiment:

V| = 3.93 (36) -107°

® Kaon decays:

Vis| f+(0) = 0.21661 (47)

-

° (3 expressions)4 unknowns; need one more input

Vust
Vudfﬂ'

= 0.27599 (59)




Form factor, decay constants and unitarity

® unitarity: |Vud|2 4+ |Vus|2 4 |Vub|2 —

® experiment:
® Kaon decays:

0.27599 (59)

® 3 expressions,@ unknowns;need one more input




Form factor, decay constants and unitarity

Precision at the per mille level !!
£4+(0) 0.964 (3) (4) (N;j=2+1) . oe e F
£:(0) = 0956(6)(6) (Ny=2) R A
g & S §
F & 3 $
& V4 8 g
Collaboration Ny g F S & f+(0)
~N
most systematics » RBC/UKQCD 07 2+1 A ] - 0.9644(33)(34)(14)
OK —» ETM 09A 2 A ] o o 0.9560(57)(62)
J QCDSF 07 2 c al * al 0.9647(15) stat
RBC 06 2 A o - o 0.968(9)(6)
JLQCD 05 2 c o - o 0.967(6)
Table 1: Colour code for the data on f, (0).
§
fxlfe = 1190 (2) (10) (Ny=2+1)
¥ 8 § &
— — F & S &
frlfe = 1210(6) (17)  (Ny=?2)
S & 5 §
Collaboration Ny ] & & & fx/f=
MILC 09A 241 c * * * 1.198(2)( 75
MILC 09 241 E * * * 1.197(3)( 75
ALVAW 08 241 c * 5 s 1.191(16)(17)
PACS-CS 08, 08B 241 A * o o 1.189(20)
; BMW 08 241 c * * * 1.18(1)(1)
most systematics HPQCD/UKQCD 08 241 A * 5 * 1.185(1(2()(7)
OK RBC/UKQCD 08 241 A o * o 1.205(18)(62)
NPLQCD 06 241 A o o o 1.218(2)(*3%)
\‘ET.\'I 09 2 A ) g * 1.210(6)(15)(9)
QCDSF/UKQCD 07 2 c o * o 1.21(3)

Tahla 1 (Calanr ende for the data an £/ F



Form factor, decay constants and unitarity

Nz

N'=2

f,(0) f /-
095 0896 087 088 059 1.00 1.01 114 116 118 120 122 124 1.26
1 I | T T I T I 1 I | 1 1 |
— MILC 09A
|
RBC/UKQCD 07 —— MILC 09
HHH ETM 09A ——— ALVdW 08
0O QCDSF 07 | [ R PACS-CS 08, 08B
H—{—H RBC 06 - _ '
{1 JLQCD 05 il H— BMW 08
z N B HPQCD/UKQCD 08
- our estimate b —a— RBC/UKQCD 07
= = nuclear § decay = NPLQCD 06
—HE— MILC 04
——@—— om Gamiz08 tdecay
[ — [ i wee Maltman 09 tande e . O ETM 09
(SR — « Kastner 08 > 00— ETM 07
A cos Cirigliano 05 b 0 i QCDSF/UKQCD 07
e { s0¢ Jamin 04
R sez Bijnens 03
S — e Leutwyler 84 - our estimate
1 | | | | | | ] 1 | | 1 | |
085 0896 087 088 059 1.00 1.01 114 116 118 120 122 124 126

e lattice agrees with nuclear B decay
e disagrees with semi-inclusive T decay
e “our estimate” explained later
e from XPT:
Af = f+(0) =1 - fo = f4(0) — 0977
e lattice suggests Af < 0

e results from various model estimates
vary; Af sign unclear



Form factor, decay constants and

0.23
o use: [Vis f:(0) = 0.21661 (47) Vie |
e Nr= 3 result of f+(0) gives:
|
ouse: | LufK| _ 097509 (50)
! udfvr

e Nr= 3 result of fc/fr gives: \

0.22
treating these two results as independent

measurements gives the 68% likelihood contour:

unitarity

0.225

....................

-
-
-
P .
I

lattice result for f (0), N, = 241
s |attice result for f/7 | N, = 241
lattice results for N, = 241 combined | |
lattice result for f (0), N, =2
) - lattice result for f/f_ N, =2
I - — — —- lattice results for N, = 2 combined

:,' ’ #  Jeeossas unitarity B
v’ | our estimate
T ol I wsNUClear § decay
1 1 | 1 1 1 1.5 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.96 0.97 *0.98 0.99 1 1.01
! ud

e Nf= 3 lattice data consistent with nuclear beta decay predictionlbf Vud:

e Nr= 2 lattice data consistent with Nr = 3 data within errors (just!!):

note the scale of the errors:
this is really precision physics.

Unquenched calculations, nf=2
at smaller quark masses and
more accurate continuum limit.




Form factor, decay constants and unitarity

e Test of Standard Model: relax unitarity constraint and test it!

e from Kaon decays we have: |
] Vust
Vus| £+(0) = 0.21661 (47) Vi,
e which combine with Nr = 3 lattice results of f+(0) and fk/fr to give |Vus| and |V
e take |Vus| from experiment; the unitarity constraint is well satisfied:

= 0.27599 (59)

Vual® + |[Vus|®> + [Vaws]* = 0.989 (20) Nf=2+1

@038(35) - OKish

e now use V4 from B decays and f+ (0) from Ny = 3 lattice:

Vadl> + [Vus|> + [V = 0.9997 (7
| d| | | | b‘ (@0005“@
® now use Vud from B decays and fk / fir from Ny = 3 lattice:
(10)

Va2 + [Vusl? + [Vas|? = 1.0002



Form factor, decay constants and unitarity
e Analysis based on Standard Model:

| Vs | |Vl f+(0) fx/fx
N;=2+1 | 02251(11) | 0.97433(24) | 0.9626(43) | 1.1944(61)
N;=2 0.2253(17) | 0.97428(40) | 0.9608(73) | 1.1934(98)
our estimate | 0.225(2) | 0.9743(4) | 0.962(8) | 1.194(10)

Table 1: Final results for the analysis of the lattice data within the Standard Model

021 oz oz os2 oo+ oo oo @ combine data from direct fk/fn
- gitvgvgvzge - measurements with fk/frr results
. - . .
. - PACS-CS 08 — obtained from direct f+(0)
l.n
z e HPQcviKacD te ‘. measurements, to get best fk/fn
L i I —i { .
. EEEA%KSSGD o . result at a given Nf
—— MILC 04 -
—0— ETM 09 ot W
. . ETM oA . ® vice versus get best fx/fr result
" A QCDSF 07 (4}
Z Ot ggg%r;/uxocn 07 Q:AD_l
e JLQCD 05 ® extremely close agreement between
e our estimate HH N=2 and NF=2+] results; take biggest
h nuciear p cecay b uncertainty into account to obtain “our
—o— Goe i Y @ .
f—o— M5 s?l‘t#a%aog :ggga?/e —o— estlmate”
0.1211 - l0.122l = ‘0.123l 0.9172 0.9174 0.9176 0.9178

V| v,



D -> K, K* DECAYS PROBE LATTICE
(or model) RESULTS BY COMPARISON
WITH EXPERIMENTAL DATA:

['(D -> K) =known constant |V _ I1* |Al?

Also I'(D ->K*), /I'(D ->K)

0 -0m16 1250 =07010) 2

”*"( )
5K () ~0.86(9)

or provide and independent determination of the CKM matrix elements

~0.87(3)(9) [heory

experiment

D—nt . D—K .
f270) =0.73(15)  f777(0) = 0.78(5) hep-ex/0406028

Vq| = 0.239(10)(24)(20) |V, = 0.969(39)(94)(24)



‘Indir'ec:'r CP violation: mixing\

JU
Ky > =1Ky>cpag
JU
—h—— e AN
K® AS— KY u,c.t
—_—

( ﬁ( ) Bo;1 diagr'amsv?/ |

They are also responsible

Complex AS=2 effective | " B° N :Li’ mixing
coupling dys

Progresses in the long distance calculation? See N. Christ at Lattice 2010




$.00050.001.0019.002.0029.00D.0035
K

-1.70 devation

)

2)

3)

Three “news” ingredients

Buras&Guadagnoli BG&Isidori corrections

Im M
—L 4B,
Am,,
-> Decrease the SM prediction by 6%

£, =SIng e’

€

Improved value for BK
> BK=0.731+0.07%£0.35

Brod&Gorbhan charm-top contribution at NNLO
-> enhancement of 3%
(not included yet)

Lattice '96 Bxr =0.90+0.03+0.15
Lattice ‘00 Bx =0.86+0.06+0.14
Lattice 05 Bxr =0.79+0.04 +0.08
Lattice ‘08 Bg = 0.723 +0.037

Bx = 0.731(7)(35)




B,= 0.90 £0.03 £ 0.15
S.Sharpe@Latt'96

B, = 0.86 + 0.05 £ 0.14
L.Lellouch@Latt'00

B,= 0.79 + 0.04 + 0.08
C.Dawson@Latt'05

B, = 0.723 + 0.037
L.Lellouch@Latt'08

0,80 —

075

7 Ni=0, KS. PT [JLQCD'97)
O Nf=0, DBW2-DWF, RI [RBC'05]
Nf=0, Iwasaki-DWF, SF [CP-PACS’08]

v NI=0, KS-AsqTad, PT [HPQCD/AUKQCD'06]

® Nf=2, DBW2-DWF, RI [RBC'04]
W NI=2, Overlap, RI [JLQCD08)
A
<

Ni=2+1, KS-AsqTad, PT [HPQCD/UKCD'06)
NIi=241, Iwasaki-DWF, RI [RBC/UKQCD'07]

0.70

2
N
T

N
N

0,60 | e R R e

BK (2 GeV)

0,45

|

0,40

—
0,0000

keiried [Qrielnlerpaeoinle] Qobdvielne Dindole) Relsleieiieleloiols) Leliels
0,0025 0,0050 0,0075 0,0100

u2 (I'm:)

[VL, C.Tarantino 0807.4605]

All unquenched calculations until lagt year at
fixed (and rather large) lattice spacing

N s ﬁ,,‘[,v

|

0,0125

.|

) I— —d.
0,0150

0,0175




KO-K° mixing: By

-~

B, [V.Lubicz@LATT09] J vV V*
04 05 06 07 08 09 1 1.1 N s " qd

I LA

HH [ ALVAW 09 ] % . : «
HH RBC/UKQCD 09 o8l -
. = | K
4 - RBC/UKQCD 07 -
——— - HPQCD/UKQCD 08 : "5 >
4
o | emmcoo | g
H—r—| JLQCD 08

HH RBC 04

UKQCD 04 [Ff'om the UT fi'l’, assuming The\
» validity of the Standard Model

I - (5e-0m®) [UTfit] |

(with Ke = 0.92,
A.Buras, D.Guadagnoli, 0805.3887)

|

B, =0.731(7)(35) €

Predicted error : ,
with 6 TFlops Error in 2006:




v le =Y | R Lt | T T T
Y. Aoki et al. 2006 @ DW *
ALPHA 2007 g ™ *
CP-PACS 2008 | @ DW *
ALPHA 2009 H@H OS-TM *
Nf = 2 '

Y. Aoki et al. 2005 | DW
JLQCD 2008 B oV
ETMC 2010 - OS/TM *
N,=2+1 |

RBC-UKQCD 2010 & DW *
ALV 2009 A DW/MILC *
BSW 2010 ] HYP-STAG/MILC *

02 03 04 05 06 07 08 09 10 L1 1.é 1.3
Bk
@ x — result already in the CL.
@ Average: BgNr=2)(ETMC) = 0.729(30) ; BxMN=2+1)= 0.732(06)(28)
@ No dependence on the strange quark (with the present precision)!

@ Difference of less than ~ 2 o with the most precise quenched result.

CKM 2010 Petros Dimopoulos K® — K? on the Lattice



‘ BY - BY mixing \

H = ( H,, le AB=2 Transitions
Ha, sz
ﬁAB_Z_ |: : |
d

Hadronic matrix

x (dyu(l \(s)b)2 clement

— 2 M
AH/LJC[S G i A2 x6 Ftt( ) ) O >
16 2




In general the mixing mass matrix of the SQuarks
(SMM) is not diagonal in flavour space analogously

to the quark case We may either
Diagonalize the SMM

FeNe |77

or Rotate by the same
matrices
the SUSY partners of
the u- and d- like quarks

Qi) = Uii, Qi Yo




In the latter case the Squark Mass
Matrix is not diagonal




Q, =" Tu di?) (HLBYM d®) SM
Q, = (BRA dLA) (BRB dLB)
Q; = (BRA dLB) (bRB dLA)

Qs = (b d. ) (0" dg?)
+ those obtained by L <= R

Similarly for the s quark
Q, = (BgA d;A) (B,B dgB) (g™ di™) (sg”di ")

_ , 8 . .
(KO, (u)| K°) = ?Vf\ff\ By(u) .

v

(RO[0a(u)| K%)= —2 [ ———2

(m (1) + ma(p)
(K°|O5(u)| K°) = l( M )
3

KUIO K0> — 9 (

m, (u) + ma(p )
\’Ik

mdw)

KUIO K(]) — % (

2
) s,

M5 f& Bs(u)
M fi Ba(p)

M2 f2 Bs(y) |

e.g.



B-B miXing: BBd/s VinViq

vvvvvvvvvvvvvvvv

sl a Only one modern calculation
i HPQCD [0902.1815]

JLQCD 02

Ng=2 el JLQCD 03 / A _
P By, =1.26 0.11

RBC,UKQCD 07 *

v
Nf=2+1
b : A' =l / A

i By, = 1.33 % 0.06

..........

Combining with fB and fBs:

Error in 2006: 13% Error in 2006: 5%

fo \Bg = 275 + 13 MeV @l §=1.24310.028 @
‘ Predicted error Predicted error
with 6 TFlops with 6 TFlops




exps vs predictions [f. v B_ =270 = 30 MeV

f,. vV Bp=265 + 4 MeV

(275 = 13 MeV new)

lattice

UTA 29 ERROR !!
E=125+x006 ura

E=121+0.04

lattice

Bx=0.75+007 | |Bx=0.75+0.07

V. Lubicz and
C. Tarantino

(EVEN WITH QUENCHED
LATTICE QCD)

SPECTACULAR AGREEMENT =~ 0807:4605




CONCLUSIONS |

For many quantities (quark masses,
decay constants, form factors,
moments of structure functions, etc.)
Lattice QCD is entering the stage of
precision calculations, with errors at
the level of a few percent and full
control of unquenching, discretization,
chiral extrapolation and finite volume
effects.




CONCLUSIONS I

For non-leptonic decays (particle
widths) theoretical and numerical
progresses have been made,
substantial improvement in the
calculation of DI=3/2 amplitudes

It remains open the problem of the
decays above the elastic threshold

eg. B - n




CONCLUSIONS Il

da una lettera al Presidente del 22/10/2009

Rimane Invece Incerto, e per noi
preoccupante, il futuro delle macchine
dedicate, di cui abbiamo piu volte discusso.
Credo sia venuto il momento di prendere
delle decisioni e di far seguire a queste
delle azioni tempestive, pena la perdita di
competitivita in un settore dove la fici=~
teorica itallana ha avuto da sempre un rt
da protagonista.



