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Plan of the Talk
1) Generalities
2) Past: Predictions vs Postdictions
3) Present: Lattice vs angles
4) V ,inclusive, V , exclusive vs sin 25

5) Experimental determination of lattice
parameters

6) Flavor Physics Beyond the SM

7) Future




QXY = Vg (F|O|I)

QEXP = ZCg’M(MW’mUaS) <F|01|I> +ZC§eyond(ﬁlB’ (X,s) <F|01'|I>

See yesterday talk by Buras
(but my formula is much simpler !!}




1-
B@(
|Vub| W Vl

G2 2 2\ 2
BR(B— — T-Vt) — fgqublz Fg;fmt (l o ﬁ) Tg




Quark masses &
Generation

1V, 1=0.9735(8)
1V, 1= 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)



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 | 700F

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

Qi )" = Ui, Qi Yo




In the latter case the Squark Mass
Matrix is not diagonal




New local four-fermion operators are generated

= (s, A (8%, d®) SM
Qz — (gRA dLA) (gRB dLB)
Q;=(5:"d;®) 5x%d; )
Q, = M d?) (5. ° dg®)
Qs = (5" d; ®) (5,5 dx™)
+ those obtained by L <= R

Similarly for the b quark  e.g.
(bRA dLA) (bRB dLB)



'LSMAF:z - 2ij=d,s,b (thi V*tdj)z Cij [ai Tu (1-vs) dj] 2

1) o = different Lorentz structures LxL, L xR etc.

2) C _=complex coefficients from perturbation
theory computed at the NLO

3)(K | Qi | K)from lattice QCD (APE-SPQR

Collaboration Allton et al., Donini et al., Becirevic et al.)



From
A. Stocchi
ICHEP 2002

T - Radiative decays ( future )

’I‘I Brik— mvv) ffuture)

B 0> E Oscillations

B decays
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o f-nc -mb: ]-tg .
Form Factors,
F(1), duality...
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Measure Vekm Other NP parameters

L(b—u)/T(b—c) p*+1° A, ML F(1), ..

€K n[i(1-p)+...] Bk
Amy (1- ‘-))2 +ﬁ2 fl%,,BBd

Amy/Am, (1-p)*+%° g

Acp(By—J/9K,)  sin2p

For details see:

UTfit Collaboration OFXP = Ve x (Hp|O|H;)
hep-ph/0501199
hep-ph/0509219

|
hep-ph/0605213 m -
hep-ph/0606167 an
http://www.utfit.org c | , | O




sin 23 18 measured directly from B — J/ K
decays at Babar & Belle

I'BL — JWK,, t)-T(BL— JyK,,t)
gtJJ/mp K¢~

B — JWpK,, t)+I'BL— JApK,,t)

‘A K, = sin 23 sin (AnL  t)

Ty




DIFFERENT LEVELS OF THEORETICAL
UNCERTAINTIES (STRONG INTERACTIONS)

1) First class quantities, with reduced or negligible theor.
uncertainties

Acp(B—J/WK;) vy from B— DK
K'—rvv
2) Second class quantities, with theoretical errors of O(10%)
or less that can be
reliably estimated ek AMy

I'(B—cu), (K" —a"vv

3) Third class quantities, for which theoretical predictions
are model dependent (BBNS, charming, etc.)
In case of discrepacies we cannot

tell whether 1s new physics or
we must blame the model

B—Kn B—na
B—¢ K;




1=

Unitary 2005 | N\ AT
- sin2fp AM, K
Triangle S AM /
SM 05 i
semileptonic decays -
o Vubl‘
Veb
Experimental col g ; = .
P
¢ Meas VK g X other (p. 1)
— 12 T, 7
l_}:f |L'iglf_::ftu!r}| F +.J ' 5
Am,g Vial" /g, BB, (=P + 1T
Am, Vi : 2 _ 2 2 . .
€K frA . p. th x 7l —p)

AT /oK"Y

Bod,s - Bod's miXing

sin2 /3

Erl,l (1 —p)

v.." I'I.'I;I-I_[ 1 —p ,-“_}
W By Asymmetry



Vub/ Vcb

€K

Amd

Te o112
os—fBBB

Classical Quantities used in the ...

68% (95%) CL

Standard UT Analysis |

Amg/Amg

...........

..........

..........

UT I.ATTICE

Inclusive vs Exclusive

Opportunity for lattice QCD
see later

before
only a lower bound

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




New Quantities used in the
UT Analysis

UT-AANGLES

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

sin2f cosZBm o T sin(2B+7y)
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B—D"m,Dp

New Constraints from B and K rare decays
(not used yet)

New bounds are available from rare B and K decays. They do not still have a strong impact on the global fit and they are not used at present.

4 )

B—TV (B—=p/w Y)/(B—K*y)

e 5 T 1 e

K—=1mvyVv




. THE COLLABORATION

M.Bona, M.Ciuchini, E.Franco, V.Lubicz,
G.Martinelli, F.Parodi,M.Pierini,

, C.Schiavi,L.Silvestrini,

, V.Vagnoni

ﬂ'«’ QIL
llmm-:m

S

Roma, Genova, Annecy,

Bologna
2006 ANALYSIS

 New quantities e.g. B -> DK included
e Upgraded exp. numbers (after ICHEP)

e CDF & Belle new measurements

www.utfit.org




Results for p and n & related quantities

-
1

05

UTﬁt

-1

y = : N .o(
—

With the
constraint
fromAm,

0 = 0.147 + 0.029

n = 0.342 £ 0.016
<

o= 91+ 8)
sin 2 B = 0.690 = 0.023

v=(66.7 + 6.4)0




A closer look to the analysis:

1) Predictions vs Postdictions (past) @

2) Lattice vs angles

3) V, inclusive, V , exclusive vs sin 2f3

4) Experimental determination of lattice
parameters



M origin of CP Violation in
K% — K Mixing

Ciuchini et al. (“pre-UTFit),2000




Comparison of sin 2 § from direct

measurements (Aleph, Opal, Babar,
Belle and CDF) and UT analysis

sin2 B,......q = 0.668 + 0.028
sin 2 ﬁUT A 0.736 = 0.042 correlation (tension)

with V, , see later

sin 2 Byra = 0.698 % 0.066 |

prediction from Ciuchini et al. (2000) sin 2 ﬁUTA =065 +£0.12
Prediction 1995 from

Sin 2 Btot — 0690 + 0023 Ciuchini,Franco,G.M.,Reina,Silvestrini

Very good agreement
no much room for physics beyond the SM |



0.04

0.03

0.02

0.01

sin2p3



Theoretical predictions of Sin 2 3
in the years

predictions
exist since '95

experiments

o5 Ll | sin 2 Pypa = 0.65 £0.12
- i 5 Prediction 1995 from
Ciuchini,Franco,G.M.,Reina,Silvestrini

o B | | | |
90 91 92 93 94 95 96 97 98 99 00 01 02 03 D4 05
Vedr



NEWS from NEWS
(Standard Model)
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AGREAT SUCCESS OF (QUENCHED)
LATTICE QCD CALCULATIONS



A closer look to the analysis:

1) Predictions vs Postdictions

2) Lattice vs angles ()
3) V, inclusive, V , exclusive vs sin 2f3

4) Experimental determination of lattice
parameters



The UT-angles fit d

Comparable accuracy
due to the precise sin2f
value and substantial
improvement due to
the new Am,
measurement

Crucial to improve
measurements of the
angles, in particular y
(tree level NP-free
determination)

UT-angles
v

Still imperfect
agreement in 1) due
tosin2f and V

tension

ey ! -
0 = 0.139 * 0.042

n = 0.325% 0.021

oes not depend on

theoretical calculations (treatement of
errors is not an issue)

= [um]
Am,

0.5

-0.5 N

0 =0.188 + 0.036

n = 0.373 + 0.027



A closer look to the analysis:

1) Predictions vs Postdictions

2) Lattice vs angles

3) V, inclusive, V , exclusive vs sin 2f3 ‘

4) Experimental determination of lattice
parameters



Correlation of sin2 3 with V

sin 2 3

=0.668 = (0.028

measured

sin 2 Byra = 0.736 £ 0.042

Although compatible,
these results

show that there 1s a
““tension’ . This 1s due to

the correlation of
Vub with sin 2 f3




Vyy PUZZLE

\Vis| x 10* | excl.
\Vis| x 10* | incl.
V| x 10% | average

35.0 | 4.0 Lattice QCDSR
44.9 3.3 | HQET+Model
40.9 2.5

Inclusive: uses non perturbative parameters most
not from lattice QCD (fitted from the lepton spectrum

_ bD?b b6, G*b

A A~ Ay ~ —E
2mb 2mb

Exclusive: uses non perturbative

form factors
from LQCD and QCDSR

f(q®) V() Aiag)

UKQCD (1999)

Abada et al. (2000)
El-Khadra et al. (2001)
JLQCD (2001)

Ay < DT

i Nf=2+1

® Fermilab (2004)
HPQCD (2004)

¥0.daHOI@040WIYSOH'S




INCLUSIVE V,, = (43.1 +3.9) 10~

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

But with a different modelling of
the threshold region [U Ag|lettl et al.,
0711.0860] V,, = (36.9 £ 1.3 + 3.9) 104

EXCLUSIVE V , = (34.0 £ 4.0) 10+
Form factors from LQCD and QCDSR

0903 0.0035 0.004 0.0045 0.005

Vub




Vs PUZZLE

Khodjamirian

Recent |V,,;| determinations from B — 7y,

[ref.] f5.(g%) calculation | f5. (¢°) input |Vus| x 10°
Okamoto et al. | lattice (n; = 3) - 3.78+0.25+0.52
HPQCD lattice (ns = 3) - 3.55+0.25+0.50
Arnesen et al. - lattice®@SCET 3.54 £0.17+0.44
BecherHill - lattice 3.7£0.2+0.1
Flynn et al - lattice @ LCSR | 3.47£0.29 +0.03
Ball, Zwicky LCSR - 3.5+0.440.1
this work LCSR - 3.5+04+0.2+0.1




Vg PUZZLE

Also:
B—K™ vy
B—0Yy

Beneke CERN ‘08 ‘

|V, | crisis (about to be resolved?)

o |Vip| f57(0) = (9.1 £ 0.6 = 0.3) x 10~* from semileptonic B — wlv spectrum + form

factor extrapolation (Ball, 2006)
Also lattice results (HPQCD) tend to small values.

o |V f57(0) = (8.1£0.4(?)) x 10 * fromB — w7 x", mp, ... + factorization
(MB, Neubert, 2003; Arnesen et al, 2005; MB, Jiger, 2005)

= |V,5| =~ 3.5x 10"#, in contrast to determination from moments of inclusive b — wév
decay, which was |V,s| =~ (4.5 £0.3) x 10,

But: according to (Neubert, LP07) |Vip| =~ (3.7 £ 0.3) x 10~ # after reevaluation of mj
input and omitting B — X moments!

LATTICE QCD:
improve V , excl. to solve the tension

ENAL

JLQCD

ENALMILC

HPQCD




Vceb from B — D/D* lv decays

' ' " this work |

CLEO

B-->D* T
i | Roma-TOV e
Nf=0 H——&— FNAL 01

Nf=241 +——o—
| L | | | L | | | | | | |

1,08
T

0.84 0.88 092 096 1,00
T I T I T I T ' T
B-->D

G(1)

1.04
T

i FNAL 99
i U0 Kamenik and Mescia, 0802.3790 [hep-ph]
FNAL 04 : Exp. vs Theory at 95% C.L

Two new results
-FNAL: B—D*, Nf=2+1

-Roma TOV: B—D, Nf=0: o AT e
New method (SSM+Tbc), w21 Chyp

(slope p?2), both vector and Charged Higgs contribution to the
scalar form factors scalar amplitude in B—DTv




Unitarity test of the first V., row
Nuclear f-deccays  KI3,KI2 b— u semileptonic

|‘]ud|2 + |‘7us|2 + |Vvub|2 =1

ERROR: 5-10-4 5-104 ~10-6

The PDG 2004 quoted a 2o deviation from unitarity:
[Vl + [Vl + V> - 1 =-0.0029 £ 0.0015

Extraordinary experimental progress: the old PDG average for Vus has been
superseded by the new results: KLOE ISTRA+ NA48 KTeV

BR(KY) (%] BR(K ) [%] BR(KY,) [%] BR(K) [%]
I T T T I T 1 TTT
PDG 04 —o PDG’04 —e— PDG 04 —e—

PDG 06 PDG ’06 — PDG ’06 —

This fit This fit This fit —-—

I 1 1 1 1 1 11 1 1
38 0.045




Lattice QCD

THE O(1%) PRECISION CAN BE REACHED oo |

D.Becirevic, 6.Isidori, V.L., 6.Martinelli, F.Mescia,
S.Simula, C.Tarantino, 6.Villadoro. [NPB 705,339,2005] | v b

The basic ingredient is a double ratio of
correlation functions [FNAL for B—D,D* ]

Flavi A

net
Kaon WG

fl)(qlznax

1.0125

)
|
|
1.0100 | A i }
|

1.0050 |

1.0025 |
. td
s .
,,,,,,,, L -]
LX] |
|
0.9975 TR
Z0.06 0.04 0.02 0.00 0.02 0.04 0.06
2 2 2.2
a’(m-m)

L L I I | I l I ' I ’ L L L

| I I |
Leutwyler & Roos 8:*4—‘3-3 i | 0.961(8) Quark M.
{ I I | |
| | |
i |

1

1 t ! BRSEs
Bijnens & Talavera: - | % i i G9TLLS) . YPT IR
! |

_ I}
Jamin et al . ! -——7—4—-1:—- i 0.974(11) ~¥PT +disp.
1 i | | :
Cirigliano etal | ; | gt 0 984 (12)  (PTA INE
1 | |

|
i |
N2 pec | e i
I
CP—PACS Q. : 5.....:.‘ i
CP=PACS ‘YPT liffesi | 1 i
OCDSE* 1 i g
I 1
Nf=2+1 i 5 Pl
|
HPQCD-FNAL i!—g.—;-l i 0.962(11) Staggered
RBC-UKQCD. 07 | E-.-Ii |l 0.9644(49) DWF
I
||||||| ||i|‘||‘||i|i|||||||||
Q9* 095 090 9T 9% 9% 4 0

i L ! 1 | |
NFD seqeoR @i | | 0.960(5)(7) Wilson
1 |
! 1
i 0:968(9) (6)  DWF

|
|
i 0.967(6)

I 0:952(6) Witson
i 0.9647(15) ,

|

)

|

|

- Good agreement between Nf=0,
2 and 2+1 calculations

-A new precise Nf=2+1
calculation by RBC/UKQCD

-Analytical (model dependent)
results slightly higher than
Lattice QCD

£.(0)=0.964(5) = [Vus|=0.2246(12)




fk/tm: LATTICE SUMMARY

Flavi A T

”e[Kaon WG

NF0 ce-pacs ——@— | |  |1.156(29)Wilson:a=0.05fm->0,m,>500 MeV
|

{ \\H " k
R | | 1.192(30) Wilson: a=0.11fm->0, m,>500 MoV eavy quar
@~ :1.148612 Wilson:  m_>550 MeV masses

i.1.175(11 ) m,_>550 MeV

QCDSF-07 11.219(26) Wilson: ~ m,_>300 MeV
|
ETMC-07 :1.227(26) TMQCD: m_>300 MeV

|
i L0 e a=0.06 fm -> 0 “Lighf” qUGr‘k

!
MILC-07 :1']97137 Stag.  m 5280 MeV, Lm >5.0 .
NPLQCD-07 :1.218“24 DWF/Stag. masses.

I : :
PACS-CS-07* | :1.219(22)W|Ison. m >210 MeV, Lm >2.9 many hew
RBC-UKQCD-07% 11.205(18) .
i results in the

| |
HPOCD-UKQCD-(7 | 4! 11.189(7) Stag.

| |

|

' . last year

|
||||||i||i|||||||
AN AR (AT 20 (2D 06

| fl/fr=1.198(10) Vus[=0.2241(24) | A.Jiittner@Latt'07

| flc/fn=1.189(7) Vus|=0.2261(15) | Flavianet Kaon W6




Vus SUMMARY

A_Jittner, Latt'07

I]II|IIII|IIIIIII

IIIIIIIIIIIIII]II

Ne=2+1

N=2+1

N‘=2+1
Nf=2+1

N =2+4

____i___n___l

I

|

QCDSF+UKQCD 2007

ETM 2007

MILC Lattice 2006
MILC Lattice 2007

NPLQCD 2006

HPQCD/UKQCD 2007

RBC/UKQCD 2007 (16%)
RBC/UKQCD 2007 (24°)

f

PACS-CS 2007

0.21 0.215 0.22 0.2

023 0.235 0.24 0.245
us

5
\

L
"
H
L
"
L
"
"
2|

IIII|III|||IIIIII
e

N0

NF=2+1
IIII|IIII|IIIIIII

|

+ Leutwyler & Roos 1984

L4

II|IIII|IIII|IIII
Cirigliano et al. 2005

Jamin et al. 2004

Bijnens & Talavera 2003

Becirevic et al. 2004
JLQCD 2005

RBC 2006

QCDSF 2007 (no error yetl)

MILC+HPQCD 2004

RBC/UKQCD 2007
II|IIII|IIII|IIII

L)
Ll
L]
0.21 0.215 0.22 0.22|

5 023 0.235 0.24 0.245
\
us

First row unitarity test

£,(0) = 0.9644(49)
fic/f = 1.189(7)




Hadronic Parameters
From UTﬁt

1) Predictions vs Postdictions

2) Lattice vs angles
3) V, inclusive, V , exclusive vs sin 2f3

4) Experimental determination of lattice
parameters ‘



IMPACT of the NEW MEASUREMENTS
on LATTICE HADRONIC PARAMETERS

Al 2 A
fBSBBf G Bk

Comparison between experiments and theory _—)



exps vs predictions

f,.vV Bp=261 + 6 MeV

f, vV By, =262 + 35 MeV

lattice

UTA 2% ERROR !!
E=124+0.08 vura

£=1.23 = 0.06

lattice

Bk=0.75+£0.09  |Bx=0.79 £ 0.04 £ 0.08

Dawson

(EVEN WITH QUENCHED
LATTICE QCD)

SPECTACULAR AGREEMENT




exps vs predictions

parameters By, =

Using the lattice determination of the B-
ps = 1.28 £ 0.05 =0.09

f, =190 = 14 MeV

f, =189 + 27 MeV

f, =229+ 9 MeV

fy =230 = 30 MeV

@ propagating heavy
A prop.heavy + static limit
B NRQOCD
.....
1 097{12)
° - L
L4
0.98(5) 0935,
? | lo9a(y 0913
i o :
0.99(2) 0.87(6)
5 - ——
T 11023 0.84(6)
‘ —— i
1.02(% - 084(})
........................
09 1.1 07 038 09 10 1.1

1.0
B, /B,

BZS( m,)

Bernard et al.
1998

APE
2000

UKQCD
2001

SPQR
2002

JLQCD
2002

JLQCD [ung. N=2]
2003




F, \[B; [GeV]

NEW

f5)\B5,[GeV]

SBEEEEEE=E

0.32;

-

i
067070809 1 111213 14 15

0.317

S
O
1)
| ﬂ.'l. 0.3
Uit @ 529
o

lllllllIlllllllllllllllllllllllllIllll

05 1 15 2 25 3 35 4 2 0.28
E‘ 0.27

0.26

0.25

0.24

OLD 0.23 T,I‘r':

0285 06 07 08 09 1 11 1.2 1.3 14 15

S




K°-K° mixing: B,

(K°Q(p)| K

By= 0.86 + 0.05 +(.14)

L.Lellouch@Latt+'00

B.= 0.79  0.04 % 0.08
C.Dawson@Lat1'05

B.= 0.720 + 0.039
A .Jittner@Latt'07

Precise results from chiral fermions

qs qd

i

‘ . A.Jittner, Latt'07
IIIII lIIIIIlIIl LILI IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1

N=2 4 UKQCD 2004

N=2 SPQcdR 2005

N=2 - RBC 2005

N=2 ° JLQCD 2007

(no error yet)

N=2+1 HPQCD/UKQCD 2006

N=2+1 ey RBC/UKQCD 16° 2007

N =2+1 RBC/UKQCD 24° 2007
||I|||||||||I||| L1l III||||||||Il||||||||I|||||||||I|||
04 0.6 0.8 R 1 1.2 14

Bk

CP-PACS, 0803.2569 [hep-lat]
A verv precise quenched calculation

B,= 0.782 £ 0.005 * 0.007

LQCDA, Gavelaetal., 1987:

B,= 0.90 + 0.20
QCD SR, Pich, De Rafael, 1985:
A

B,= 0.33 + 0.09




B-mesons decay constants: f, and fg.

(' = | B 2 P A [ 2 [ [
(o e Inputs for Am,,, and B—1tv
~ . CP-PACS 00
| = | CP-PACS 01
e fo.= 230 + 30 MeV
Neeoel : - | HPQCD 05 ! 0 Averages
T e fg= 189 £ 27 MeV  used in the
160 180 200 220 240f (ZK;I) V)ZS() 300 320 340 360 h [ UT f't
Bs V1€ 1
fo /fz = 1.23 £ 0.06
W Com CP-PACS 00 S
= | CP-PACS 01
- MILC 02 : ————
— . JLQCD 03 131 o 1LQCD(003) | - .
P S — HPQCD 05 q =meest Chirral logs
— FNAL,MILC 07
e s O S S S O S S [ effects
140 160 180 200 220 240 260 280 300 320 340
£, (MeV)
L T T T R [
e ——=——  CP-PACSO00
- CP-PACS 0f ,
. MILC 02 s
.  JLacDos Light m  (<my/2) crucial for f; /fy
NEepel - HPQCD 05
- FNAL,MILC 07 Kronfeld and Ryan, 2002:
M | S | O I S S S O [ S [
100 10s L0 L5 120 125 130 135 140 145 150 AN R —
st/fB | 1 fBS/fB - 1032 :I: 0.10




Average: (1.411% 0.43) x 104

fg= (190 + 14) MeV [UTA] BR(B —1v_)=(0.89+0.16)x10~"
Vi =(36.7 £1.5) 10 [UTA] (Best SM prediction)
fg= (189 £ 27) MeV  [LQCD] BR(B —1v,) = (0.84+0.30)x10™*

Vip = (35.0£4.0) 10 [Exclusive] (Independent from

fy= (189 £ 27) MeV LQCD] other NP effects) )
V,, =(449+33)104 [inclusive] DR =) =(1.39=0.44)x10

| FromBRE ) adVuUTAY |/, = (240-40) eV




Kronfeld CERN 2008 fD

S

With CLEO’s update from FPCP last week ...

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
| 1 I | | | I | I | | I 1 I

o old (PDG) . ¥%/dof =0.13
o uv
2 121QCD ' ¢ BaBar
B CLEO
| Belle
CLEO v
CLEO evv
Fermilab/MILC
HPQCD

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

st

a 3.60 discrepancy, or 2.90 @ 2 .20.



L SR e “CLEO-c has the potential to provide a
—a— - ; . . . ”
o , R unique and crucial validation of LQCD
i e Ian Shipsey @ FPCP 2002
NE~2tl - HPQCD 07 Co-Spokesperson of the CLEO Collaboration
: | |
180 ’.’IOO I 2’I20 2-I10 ZéOfl (Zlilil(i v )3(')0 320 340 3(I>0 I 380\
Ds A new result by HPQCD, which claims
. e P PRGSO a 1.2% precision on fDs, shows a
—-— MILC 02 discrepancy of about 3.5-4.0 ¢ with the
NE=241 - N s experimental average.
HH HPQCD 07
—— EXP.
O 2é°f' (ild“’ lvf‘l’“ oo B.Dobrescu, A.Kronfeld, 0803.0512:
€ . . . o
B " ° .
0 L Evidence for nonstandard leptonic
eag, EREsCS a0 decays of Ds mesons”
—a— MILC 02
NEsix1 —— FNAL,MILC 07
HH HPQCD 07
f @ EXP.

1SS | | | | O O O | o S |

125 130
28,

1.35

140 145 150

1.55




ms: LATTICE SUMMARY

from ETM Collaboration, 0710.0329 [hep-lat]

(*) Empty symbols:
fW-glovsaLo PT) perturbative

W2 2=0.09m. PT) renormalization

ALPHA
(W iov 20,07 tm, SF)

o, (Svl\;ﬁ}s(:gnﬂ 3§o 06 fm, RI-MOM)
—or QR UKAG Sy
1
(B 2=0.12 m, Ri-mom) CP-PACS, 0803.2569 [hep-lat]
—— ETMC 07
(TM, 2=0.09 fm, RI-MOM)

HPQCD MILG.UKACD 04-07 A very “precise” quenched

Ch-BACSILACD 07 calculation

PACS-CS 07

| (W-Clov, 2=0.9, ) m"* (2 GeV) = 105.6 (1.2) MeV

B2

- (DWF, a=0.11 fm, RI-MOM)

EINe 95 Avuri The same accuracy can be

(Lattice only)

| I | I | I | I | I 3
0 - e 0y - 160 - U0 %06 reached in unquenched

Es (2 GeV) [MeV] determinations

The error introduced by the use of perturbative renormalization is typically larger
than other systematic effects, including quenching




B-B mixing: B,,and B ,_

(KOI (s A Yu d;*) (SLBYM d ®) K%)=
8/3 2, M%, By (W)

T e e e
By o & APEOO
. rvl B
-Small chiral logs effects: A UKQCD 00
~ Nf=0 }——‘_—il—v—l APE 01
BBd ~ BBS
e JLQCD 02
-Small quenching effects: NE=2 = JLacD 03
consistent Nf=0, Nf=2 o HPQCD 06
and Nf=2+1 results L RBC,UKQCD 07 *
1

0,50 0.60 0,70 0,80 0.90 1,00

BBq(mh)

1,10 1,20

Averages used in the UT fit

BBd(nTb) = BBs(mD -
0.84 £0.03 +£0.06

A
fo N_ . =262+ 35MeV
£=1.23+0.06







Q, =y, dp® (sPy,d®) SM
Q, = (gRA d A) (SRB d B)
Q; = (g d®) ($gPdi?)

Qs = (5p*d°) (5.° dg?)
+ those obtained by L <= R

Similarly for the b quark
Q, = (52 d, A) (5B dyB) (br™ d; &) (bgBd, B)

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

v

(RO[0a(u)| K%)= —2 [ ———2

(m (p) + mga(p)
(K"|O4(p) 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.



Babich

) _ Babich
Donini et al. et al; Nakamuraet al. Doninietal. | etal Nakamura et al.
0.56(6) 0.52(4) R, 1 1 1
0.87(8) | 0.54(2) BeAr6.7(20) | -16(3)
1.41(16) | 0.71(2) Ry 1.9(6) 5.2(9)
O 84(6) R 12(3) 21(3)
0.62(8) 0.62(1) 2.6(9) 1.6(9)

Table 1: B;-parameters (left) and ratios R; (right) for the full basis of four-fermions op-

erators in K — K mixing.

GeV.

1) Quenched

2) Non improved / no continuum extrapolation
3) light quark masses to heavy

All results are in the RI-MOM scheme at the scale p = 2



B Mixing in General SUSY models

D. Becirevic et al. 2001

(Bdl"'lﬁf8=2|Bd) = ReAgy +1iImAgys +
Asusy Re(8%3)45 + i Asusy Im(6%3)4 5,

..... s
N
W smmee s e = 1
"""-)f'l"u"-"-.;f.__'r T el Eoats
A el
T[S 10 [ 49 ':.0: -_ﬁ;"'-‘ns
e
LN
S |
o
a
E
o
o
(e
e
P CHE (L B " 1l b D 5
.,.,:s_: ¢ L g,

Figure 3: Allowed regions in the (y, Re(8%,) ., Im(8%,) ) space with (8%,),, only (left)
and (0%,).r = (8%;)re (right). The two lower plots are the corresponding projections in
the Re(6%,).r—Im(6%,)r plane. Different colours denote values of v belonging to different
quadrants.



Neutron electric dipole moment in
SuperSymmeiry (AF=0)

d’i 'g; d’i

Ce,c,g can be computed

.LA F=0_— _j/» Ce EO'WYSIP | Slald perturbatively
-1/2 Cc Yoy, vs thp GH
-1/6 C, . G*,, G b G¢, g Hvho

a



Chromomagnetic operators vs €'/ € and ¢

H , =C*+,0%, + C,0,

g (s o*trdg Gy rxsg ot dy G,,* )

16 t2

o It contributes also in the Standard Model (but it is chirally supressed o myg*)

 Beyond the SM can give important contributions to €' (Masiero and Murayama)

e [t is potentially dangerous for € (Murayama et. al., D’ Ambrosio, Isidori and G.M.)
e [t enhances CP violation in K — mwm t decays (D’Ambrosio, Isidori and G.M.)

* [ts cousin OIY gives important effects in K,— ne*e

(«n"]Q,"| K" computed by D. Becirevic et al. , The SPQ_4R Collaboration,
Phys.Lett. B501 (2001) 98)



The Chromomagnetic operator

OG - Hlks dL Gu.v ta SR Guva S dL

mass term necessary to the helicity flip Sy — Sp
gluon

a0, 1K > ~O0Mg?)  [aqmHy 1 K> ~ OMg?) |

Masiero-Murayama
d m

G s

~ N\

d

oy 0% g (M?y/m?y) nry

The chromomagnetic operator may
S have large effects in ¢'/¢




CP from SUSY flavour mixing

define 8, = 0*' g+ (0'% g)" then

K—mnx
K— 3mn
parity even K, = nlete
O_ —> K — 2mn
parity odd

K— n in K'—K9 mixing (see next page)




light
< K® > stuff ( K?

n",n, n’, etc. ‘

2 (KO | Hoyy | X | H
M2, - M2,

| K)

£

Imag mas

o« Im(d,) x 4.8 10-13 GeV? K,

The K-factor K, accounts for other contributions
besides the nt? , as the etas, more particle states, etc.




Boxes Im(d%, ) or Im(d?%)
1-mag_ Im(d, )

2-mag Im(d?%,)

KL nl et e Im(d2, )?

e’/e Im(d )

It the K-factor K, is not too small,
the strongest limits on Im(0, ) come

from A, in K=K’ mixing (10“4-10-) !!
D’ Ambrosio, Isidori and G.M.; X-G He, Murayama, Pakvasa
and Valencia




FUTURE OF LATTICE
CALCULATIONS ‘
(lubicz Padova SUPERB)




In the era of precision experimental flavour physics

€ (2.280 + 0.013) 103 0.6%
Amy (0.507 + 0.005) ps-! 1%
Am, (17.77 £ 0.12) ps! 0.7%

Sin2f 0.668 + 0.028 4%
V| £.(0) 0.21664 £ 0.00048 0.2%

we are also entering the era of

Precision LATTICE QCD

y

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.



Present theoretical accuracy (lubicz ‘08)

Measurement

CKM
matrix
element

Hadronic
matrix
element

Current
lattice
error

K—mnlv

A%

usl

££°(0)

0.9%
(22% on 1-1,)

ek

ImVé1

A

K

11%

B—lv

|Vub|

fg

14%

Am,

Vil

f B1/2

14%

Am,/Am,

|th/ Vts|

S

5%
(26% on &-1)

B — D/D*1v

|Vcb|

% B — D/D*lv

4%
(40% on 1-®)

B—-oaplv

|Vub|

Bo
=

11%

B — K*/p (v,I')

|th/ Vts|

TIB—>K*/ﬁ

13%




In almost all the cases, uncertainties in Lattice QCD
calculations are dominated by systematic errors.

e Statistical

- O(100) independent configurations are typically required tom keep
these errors at the percent level

* Discretization errors and continuum extrapolation:
a—0 [Now a <0.1 fm]

e Chiral extrapolation: m — m'”hys [Now m, , 2m,/6]
* Heavy quarks extrapolation: m,—>m,.. [Nowmy=m/]

* Finite volume [Now L =2-2.5 fm]

° Renormalization constants: O, (n)=Z(ap,g) O,,.(a)

- In most of the cases Z can be calculated non-perturbatively:
accuracy can be better than 1%



500

Projected Performance Development

10 PFlops
1 PFlops
100 TFlops
10 TFlops
8
=
@
E 1 TFops
£
d 100 GFlops
10 GFlops 1

1 Gﬂops#’

Py

cpa”

QL 2 T o o e e TTTT

R ERTE B

178/

guesses

Predictions on the 10 years scale are educated

v\A

/

o
\'; \ \A

S
o

s

Today ~1-10 Tflops =) 2015 ~1 - 10 PFlops



Cost of the target simulations:

Light quarks phys. Heavy quarks phys

Nconf =120

a = 0.033 fm
[1/a=6.0 GeV ]

m/m_ =1/12
[ m_ =200 MeV ]

L.=4.5fm
[V =136°x 270]

Nconf =120

a = 0.05 fm
[1/a=3.9 GeV ]

m/m_ =1/12
[ m_ =200 MeV ]

L. =4.5fm
[V =903x 180]

0.07 PFlop-years Wilson 0.9 PFlop-years Wilson
1-2 PFlop-years 6GW

Overhead for Nf=2+1 and lattices at larger a and m is about 3

Affordable with 1-10 PFlops !!



A previous estimate

S.Sharpe @ Lattice QCD: Present and Future, Orsay, 2004

and report of the U.S. Lattice QCD Executive Committee

jrrely 6 TFlop W 60 TFlop

lattice
Year Year
error

0.9% 0.7% 0.4%
(22% on 1-f) | (17% on 1-f.) | (10% on 1-f.)

11% 5% 3%
14% 3.5-4.5% | 2.5-4.0%
13% 4 -5% 3 -4%
5% 3% 1.5-2%
(26% on &-1) | (18% on&-1) | (9-12% on &-1)

o 4% 2% 1.2%
B— DDV | (40% on 1-®) | (21% on 1-®) | (13% on 1-D)

£B9, . 11% [55-65% | 4-5%
TB—>K*/ﬁ 13% e —_—

1




Estimates of error for 2015

Hadronic
matrix
element

Current
lattice
error

6 TFlop
Year

60 TFlop eE{ONle]s!
Year Year

O ERNEe3][2015 SuperB

£,7(0)

0.9%
(22% on 1-f,)

0.7%
(17% on 1-f,)

0.4% <0.1%
(10% on 1-f,) (2.4% on 1-1,)

11%

5%

3% 1%

14%

3.5-4.5%

2.5-4.0% 1-1.5%

13%

4-5%

3-4% 1-1.5%

5%
(26% on &-1)

3%
(18% on &-1)

1.5-2% 0.5-0.8 %
(9-12% on £-1) NGELANT RN )|

% B — D/D*lv

4%
(40% on 1-®)

2%
(21% on 1-D)

1.2% 0.5%
(13% on 1-®) (5% on 1-®)

Bo
£E

11%

5.5-6.5%

4-5% 2-3%

TIB—>K*/1~1

13%

3 — 4%




Precision flavour physics at the SuperB

Central Value

Current error

Error in 2015

UTA in
2015

Table of
inputs

sin2p 0.680 0.026 (4%) 0.005 (0.7%)
a 105° 7° (7%) 1° (1%)
Y 540 20° (37%) 1° (2%)
A 0.2258 0.0014 (0.6%) | 0.0008 (0.4%)
|Vcb| (10-3) a41.7 2.2 (5%) 0.2 (0.5%)
|Vub| (10-4) 36.4 2.0 (5%) 0.7 (2%)
Amd (ps™) 0.507 0.005 (1%) 0.002 (0.4%)
Ams (ps) 18.06 0.12 (0.7%) 0.05 (0.2%)
mt (GeV) 163.8 3.2 (2%) 1.5 (1%)
fBsVBs (MeV) 262 35 (13%) 2.5 (1%)
g 1.13 0.06 (5%) 0.006 (0.5%)
fB (MeV) 189 27 (14%) 1.9 (1%)
BR(B—1v) (10-4) 0.83 0.48 (64%) 0.03 (4%)
BK 0.90 0.09 (11%) 0.009 (1%)
cK 2.280 0.013 (0.6%) | 0.013 (0.6%)
ASL(Bd) [10-3] -0.7 5 0.1




UTA in the SM: 2007 vs 2015

o(p) | p = 20% o(p) | ;= 1.3%
o(d) 7 = 4.7% o(i) 7= 0.8%




The goal of a SuperB factory:
Precision flavour physics for indirect New
Physics searches

An important example:
- Test the CKM paradigm at the 1% level

With a SuperB in 2015

“the nighTmar'e
Amy /
Amg

. |

= | | [ Vst
.0 A L N e
16.1 o 01 02 03 04 0.5 0.6
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