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In the era of precision experimental flavour physics
€, (2.280 + 0.013) 103 | 0.6%
Am, | (0.507 +0.005) ps'! | 1%
Amg (17.77 £ 0.12) ps'! | 0.7%
Sin2p 0.668 + 0.026 4%
IV, |f.(0) | 0.21661 +0.00047 | 0.2%

We ore also entering the era of

Precision LATTICE QCD

},

Unquenched calculations with relatively low quark masses

are now being performed by several groups using

different approaches (lattice action, renormalization,...).
Crucial when aiming at a percent precision.



"PRECISION" LATTICE QCD: WHY NOW

1) Increasing of computational power

=) Unquenched simulations

. Eﬂﬂu Performance Development
For Lattice QCD

3 p L e collab.ns today:
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CPU cost for Nf=2 Wilson fermions: [Del Debbio et al. 2006]
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2) Algorithmic improvements: [T o] v @
m=p Light quark masses

in the ChPT regime

L —
"The Berlin wall has been disrupted” r - |

CPU cost (for Nf=2 Wilson fermions): | L e
Ukawa 2001 (The Berlin wall):

2 7
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Del Debbio et al. 2006:

N L, \'(L 2 1 fm )’
TFlops-years = 0.03 | —<onf s t ,\0 0 m
100 ) (3fm ) (2L, ) | fi/m, a

Today: M ~250-300 MeV (5 /m, ~1/6-1/8)

Few years ago: M ™ =~ 500 MeV (nA’ll'J"’;ltt /m, =~ 1/2)




LATTICE QCD AND
THE FIRST ROW
UNITARITY TEST



1" row: the most stringent unitarity test

Source: Nuclear B-dec. KI2 KI3 b—u semil.
Centr. value: (0.97)2 (0.23)2 (3.7-10-3)
Error: 4-10-4 6-10-4 ~10-6

The PDG 2004 quoted a 2c deviation from unitarity:
V4l + IVIZ2 + IV,I2 -1 =-0.0029 + 0.0015
Extraordinary experimental progress in ki3 decays in the last years
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Vus/Vud from Kp2/np2 decays

F(K — #ﬁu(]’)) |Vus‘2 fK

T(n— ur,(y)) Vel \F.

K(1 - P‘) Vus
K« 0.9930(35) X
m.(1- m—%) [Marciano 04] K

Vus from KI3 decays

.
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fk/fr from LATTICE QCD

- Old quenched calculations typically indicated K

f/f.-1= 0.15, 25% smaller than the exper. value

- Similar results were obtained by the first unquenched calculations
- A common feature of these calculations: M_ = 500 MeV
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fk/fw: LATTICE SUMMARY

Sles e ' Y
N =2 rel RBC 04 us
f le ETMC 09 \
[ |
L K
= MILC 04 - Lattice07
o [0 |
Nf_2+1 Lo NPLQCD 06
HH HPQCD-UKQCD 07 l | Many new r'esu|1's
»  RBC-UKQCD 08 with “light” quark
B .
— PACS-CS 08 masses since the
1 ALV 08 - Lattice08* lGS'l' year'
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£/ CKM unitarity

f /f_=1.194(10) == |Vus|=0.2252(20) [L.Lellouch@LATT'08]

combined with |Vud|=0.97425(22) from nuclear P decay



Vus from KI3 decays

\'

GZ m5 us
Ty = C 152 ’; Sew[ 1+ Asyg) + 2Apu] X J E
T

O(1%). But represents the
largest theoret. uncertainty

Ademollo- _q _ N2
Gatto: f.0) =1 - O(m;-m,)? <=

e

Old standard
estimate:

‘ f.(0) =1+ f, + f, + O(p°) ‘p
/ \ \ Leutwyler, Roos (1984)

Vector Current f,=-0.023 THE LARGEST (QUARK MODEL)

: Independent of L. -
Conservation P i || UNCERTAINTY f4 = =-0.016 = 0.008
(Ademollo-Gatto)




Analytical calculations of f, are model dependent

Post,Schilcher, '01
Bijnens, Talavera, '03

8
fo = Digps(M) = 77 [Cro (W) + Caq ()] (M= M Y

Bijnens,Talavera, f;°°=-0.016+0.008 [Quark model, Leutwyler,Ross]
Jamin,Oller,Pich, f,°°=-0.018£0.009 [Dispersive analysis]
Cirigliano et al., f;9°=-0.002+0.008 [1/Nc+low resonance satur.]

THE O(1%) PRECISION CAN BE REACHED [IEME

1.0075 |

()
D.Becirevic, 6.Isidori, V.L., 6.Martinelli, F.Mescia, Louso | 1%
S.Simula, C.Tarantino, 6.Villadoro. [NPB 705,339,2005]

1.0025

Lattice QCD L e
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The basic ingredient is a double ratio of :>
correlation functions [FNAL for B—D,D* ]




The pion electromagnetic form factor
An important test for Lattice QCD calculations of KI3 form factors:
precise experimental data, no CKM factor

The European Twisted
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Advanced techniques:
- All-to-all stochastic propagators — very good statistical accuracy 5
- Twisted boundary cond. — continuously varying lattice momenta: p=4 +—7L[n
a




f.(0): LATTICE SUMMARY e

T
1_
| T T T T
— | Leutwyler & Roos "84
= | Bijnens & Talavera "03
- Jamin et 1 03 - Analytical (model dependent)
P m i Ciglmoaa 09 results slightly higher than
N.=0 P ; ; .
: a B Lattice QCD
N=2 o JLQCD "05
et B - Good agreement between
FNALMILC "04 . .
N=241 W‘ . lattice calculations (Nf=0,2,
*T** £ (0) = 0.964(3)(4) 2+1 )
0.1}4 O.l% D.IQE | I1 I 1.:)2 I 1.:3'-1-
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[L.Lellouch @ LATT'08]

f.(0)=0.964(5) == |Vus| ;=0.2247(13) |Vus|,,=0.2252(20)

IV l2+ |V, ]2+ V|2 - 1 = -0.0003 +0.0007




LATTICE QCD AND THE
UNITARITY TRIANGLE
ANALYSIS



15 years of Unitarity Triangle Analysis

VsV i

%

(@)

Finite Area = CPV

Lattice results are available since many years
Remarkable predictions of (quenched) lattice QCD:

Ciuchini et al.,1995: Ciuchini et al.,2000:
Sin2p,:, = 0.65 * 0.12 Am_ = (16.3 £ 3.4) ps-
Direct measurement: Direct measurement:

Sin2p,,, ., = 0.668 + 0.026 | | Am, = (17.77 £ 0.12) ps-!




THE UT FIT TODAY

UT-LATTICE

_ IvuchbI “___78&(__
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qs qd
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KO-K° mixing: B,
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B,= 0.750 + 0.070 LQCD, Gavela et al., 1987:
VL, C.Tarantino for UTfit B,= 0.90 % 0.20

NEEDED: multiplicative and non- QCD SR’fiCh’ De Rafael, 1985:
perturb. renorm. + contin. extrapol.

B,= 0.33 £ 0.09
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D-mesons decay constants: f,f,

=
Nf=2

L

ETMC 09
FNALMILC 07~
HPQCD 07

| PDG 08
CLEO 09
I oaee W =9 N g

£

1
1,05 110 1,15 1,20 1,25 130 1,35 140 145 150 1,55

The tension between lattice QCD
and experiments disappears with
the new CLEO results

LT eeeacs oo A lattice result by HPQCD, which
e s 09 claims a 1.2% precision on fDs,
NE2HL ey HPQCD 07 shows a discrepancy of about 3.50
AL 08 with the PDG'08 average.
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B-mesons decay constants: fg,fs.

g Lattice inputs for Am,, and Bty

CP-PACS 00 S CP-PACS 00 CP-PACS 00
Nf=2 Nf=2 Nf=2
\ ] | CP-PACS 01 ' CP-PACS 01 [ CP-PACS 01
- MILC 02 = MILC 02 — MILC 02
e JLQCD 03 = JLQCD 03 ] JLQCD 03
= FNALMILC 07 * e FNALMILC 07 * ] FNAL,MILC 07 *
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Only 2 recent calculations (with staggered
fermions and the b-quark with FNAL or NRQCD)

Averages used in

the UT fit
[VL, C.Tarantino 0807.4605

e JLQCD (2003) | -
® HPQCD (2004)| ]

Chiral logs

f = 245 25 MeV
effects

fo= 200 % 20 MeV
fo /fs = 1.21 + 0.04

0.0 0.5 1.0 1.5

m/m

Light m, (<m /2)

important for fg



B E i |ng BBd GNd BBS

Voo | (B10(u) B)="Sm3 128, (1)
ol[§ $ | T

b By L 3 A
-Small SU(3) breaking & i e
effects: By, ® Bg, il e
s s JLQCD 02
-Small quenching effects: - g i
consistent Nf=0, Nf=2 e HPQCD 08
and Nf=2+1 results e RBC,UKQCD 07 *

Averages used in the UT fit By

o VBp.= 270 2 30 MeV [l B, (m,) = By (m,) =

§=1.21+0.04 0.80 + 0.08




MORE
“"MODERN"
‘.| LATTICE
CALCULATIONS
0.8025 0.003 0.8035 ofjos o.ooa; 0.005 REQUIRE D)

EXCLUSIVE: V= (3.5 + 0.4) 103
Form factors from LQCD and QCDSR
INCLUSIVE: V.'= (4.00 + 0.15 = 0.40) 103

Model dependent in the threshold region
(BLNP, DGE, BLL, ..)

- , The tension between inclusive V
iy yay and the UT f|.|. iS disappear'ing

0.0

UKQCD 00
APE 01 °
FNAL 01 .
JLQCD 01 . , Nf=0
FNALMILC 0D | °
HPQGD 06 . Nf=2+1
L \ L L L | L L
0.5 IS 2.0 2.5 3.0 By

q>16 GeVIHIV I (ps)

Updated in 0811.3640:
IVlena =(3.38£0.36) 10-3
from a combination of
lattice and BaBar data




B-->D*
F()
| I FNAL 01
Nf=0
HEH ROMA-TOV 08
Nf=2+1 [—®— FNAL 08
Bl e e
0.8 088 092 09 100 L04 1,08
T | T | T | T | T | T | T
B-->D
G(1)
NE=0 i FNAL 99
- ROMA-TOV 07
Nf=2+1 —e—d4 FNALO4*
Bl e e
0.96 1 .04 108 112 L.16 1,2

TWO DIFFERENT APPROACHES:

- "double ratios” (FNAL)
- "step scaling” (TOV)

Remarkable agreement

F(1) = 0.924 + 0.022
G(1) = 1.060 + 0.035 @

[VL, C.Tarantino for UTfit]
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UTfit: THE STANDARD MODEL ANALYSIS

[ THE FuL utal || - -

= T \ v /"\\\ i) ) UT‘LATTICE
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UTfit in the SM: the compatibility plots
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UT FIT OF LATTICE PARAMETERS

JTangles [  UT-lattice Assuming the validity of
. A _ & the Standard Model one
/\,(m = can perform a fit of the
V < hadronic parameters:
: @ from Ams
By fzVBg, (MeV) ¢
UTA 0.78 = 0.07 | 265.6 * 3.6 1.27 * 0.05

Lattice | 0.75 *0.07 270 = 30 1.21 £ 0.04

Very good agreement: a success for the

Lattice QCD is almost “irrelevant” for the SM analysis



NEW PHYSICS: THE MODEL DEPENDENT

New Physics effects are _ _
described by the low-energy <M| H | |\/|>=ZCi(,u) &Mlq(/‘“ M}
' 4

effective Hamiltonian ~=
NEW PHYSICS SCALE —  LATTICE QCD

..AND MODEL INDEPENDENT ANALYSIS

New Physics in AF =2 amplitudes is parameterized in a general form

0 full | 0
C o20m _ <Bd [ Her | Bd> 6 additional free parameters

N <Bg | He | By > Cea» Pear Casr Pesr Cekr Camk

E.g.: (Am,)*® = Cg, (Am,)SM , sin2Bex = sin2(BSM+q@g,)
In the Standard Model: C_=1,¢,, =0




MATRIX ELEMENTS FOR K-K AN B-B MIXING

BEYOND THE STANDARD MODEL

H B B By | BR\. B’
APE 99 0.68(21) 0.67(7) 0.95(15) Q%{Q) 0.66(11)
Babich et al 06 0.56(6) 0.87(8) 1.41(16) Q?, 0.94(6) 0.62(8)
CP-PACS 06 * 0.52(4) 0.54(2) 0.?1(,2) 0.70(1) 0.62(1)
H R.Im[ Rgd ‘ p 3!-:‘3 Rid R;d
S
APE 99 1 -7(2) 0 1.9(6) 12(3) 2.6(9)
Babichetal. 06 1 -16(3 5.2(9) 21(3) 4.6(9)
CP-PACS 06 * 1 -19 0(3 30(3 8.8(7
Qe 5.0(3) (3) (7)
o
H B%ﬂ . OW BSS B%S BEM Bg;
APE 01 M 0.84(4) 0.91(9) 1.15(6) 1.74(7)
JLQCD 02 N0 (5) 0.86(5)
HPQCD 06 0.76(11) 0.84(13) 0.90(14)

The full operator basis only in the quenched approximation

For K-Kbar mixing results quite in disagreement




THE MODEL INDEPENDENT ANALYSIS

‘ K-K mixing ‘ ‘ B,-B4 mixing
oc&‘ 35 \EuSD—
ol x SM expectation o 60 x SM expectation
E 40 <
1T X C
B 20:—
o 0r (aXaw
- -20F
-1 B
B -40:—
2F -60;—
E | | | | | | | | | -80:_ | | | | IUTﬁt
% 05 1 15 2 25 3 35 4 45 5 o 1 2 3 4 5
CAmK CBd
Cry=0.90£0.23
C.=0.91%0.13 Bd
Py = (-2.7 £ 1.9)°




HINT OF NEW PHYSICS IN Bs MIXING

(update from UTfit Coll., 0803.0659)

The CP asimmetry in B.~J/¥ @ measured by EHE
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4o < 2. — __
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C . 2 Q - . e
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THE STANDARD MODEL
IS AT ~2.9 SIGMA
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