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The Nobel Prize in Physics 2008 was awarded to "for the discovery of the origin of the
broken symmetry which predicts the

Makoto Kobayashi existence of at least three families of

High Energy Accelerator Research Organization (KEK), quarks in nature"

Tsukuba, Japan

: Toshihide Maskawa
Kyoto Sangyo University; Yukawa Instifute for Theorefical Physics (YITP)
Kyoto University, Kyotfo, Jopon

and fo Yoichiro Namb, Envico Fermi Insfiftute, University of Chicago, 1L, USA
*for the discovery of the mechanism of sponkanaous brokan symmelry in subatomie physics.”

Broken Symmetries Predicted Extra Quarks

Matter and antimatter are nearly exact opposites of each other.
But this near-perfect symmetry is broken in nature as we ob-
serve it. In 1972, Kobayashi and Maskawa discovered that the
root of fhe mystery could be explained by the properties of
quarks, the fundamental constituents of profons and neutrons,
but only if there were three more types of quarks than had previ-
ously been observed. Af that time, experimenters had seen the
up, down, and sfrange quarks, but the charm, botiom, and fop
would not be discovered until later.

B Factory Experiments Confirmed the Predictions

Experiments at the B factories in the United States and Japan in
the early 2000s made detailed investigations of billions of
high-energy particles confaining botfom quarks. Infernational
Collaborations atf the B factories made numerous measure-
ments of the parameters of the Cabibbo, Kobayashi, and
Maskawa (CKM) mixing mairix and confirmed the precise links
of these with the observed differences befween matter and anti-
matfer. The B factories each consist of an accelerator and a par-
ficle detector. At the SLAG National Accelerator Laboratory in
California, USA, the PEP-II accelerator provides the collisions
observed by the BaBar detector. At KEK in Tsukuba, Japan, the
KEK-B accelerator supplies the Belle detector with the particles
needed for these studies.

"Please accepft our deepest respect and gratifude
for the B factory achievements. In particular, the
high-precision measurement of CP violation and
the determination of the mixing parameters are
great accomplishments, without which we would
not have been able fo earn the Prize."

Js ﬁzﬁ' (Makoto Kobayashi)
ﬁ n' "ii_f (Toshiicie Maskawa)

"for the discovery of the origin of the
broken symmetry which predicts the
existence of at least three families of
quarks in nature"

"Please accept our deepest respect and grafitude
for the B factory achievements. In particular, the
high-precision measurement of CP violation and
the determination of the mixing parameters are
great accomplishments, without which we would
not have been able to earn the Prize."



Disclaimer

* Flavor physics is a rich and vibrant field
@ 0O(100) abstracts at ICHEPOS.

* This talk; CKM matrix

¢ Magnitude, angles and phase of the matrix.
@ Will focus on the newest results, and summaries.
@ Charm physics and hadron spectroscopy not included.
@ My apologies if | omit your favorite paper !

* Talks In parallel sessions at this conference:
< 1B
© 2B
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Outline

* The theoretical and experimental
environment.

* The angles of the Unitarity Triangle.

* The magnitude of the elements of the
CKM matrix.

* Perspectives and Conclusions.
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Outline

* The theoretical and experimental
environment.
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CKM Matrix

/// w Vud  Vus Vb
qi — g{}z:;'\‘\q;,' # I&d II;GS II;Cb
td ts td
/’/' W 2 2
Measure magnitudes from rates: - . -7
¢ g QV;J\‘\%’ 7 II/ﬁJI

Measure phases through interference: CP violation. Need at least
two amplitudes, e.g. 2 decay amplitudes (“direct CPV"), or decay and mixing

,"W b T |.
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Unitarity Triangle

Unitary mixing matrix: 4 parameters (c.f. MNSP matrix in neutrinos)
For quarks, conventional Wolfenstein parameterization:

A, p,n~0O(), A=sinb. = 0.22
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VudViyy + VLdV + VgV, = 0 : unitarity relation for B, decays

ViaVi, | -
(P.M) Q@ = arg [— thl;’f ] . interfere b—u & mixing
v, v Vig Vo : ;d ub |
V., v Do \Veo Voo [ =arg|— VCdVCf . interfere b—c & mixing
e CP td Vip |
Y/()s B/(l)l | *
0.0 F~ 10 ~ = arg _ijdvtb . interfere b—u & b—c
cd
g’ E)I)’Y(l) gallISar Di Lodovico, QMUL 7
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Common Definitions

CP violation in interference between decays with and without mixing:

(=0)
A= . .
Afop = NCP 2 - % ~——amplitude ratio . A
|p fCPl ; f
P ei I — f —2i 5 t
CP eigenvalue ~o 2iq, CP phase |3 deca_ ckb)
Nep=t1 Ocp = oLy 0 Afcp

B
Time-dependent CP Observable: 1—a, |2
e
=0 0 C —
Af <t>:F<Bphys<t)_>fCP)_F<Bphys<t>_)fCP> fer 1 +|)\fcp |2
cP 5O 0
F<Bphys<t)_)fCP>+F<Bphys<t)_)fcp) S, — _ZIm)‘fcp
=C;_-cos (Amp t) +S; sin (Ampg t) fe 1 +A, |

C..=0 S, _.=sin2f for JyK_
C..=0 S, ,=sin2a for t'n
(if tree only)




Measuring the CP parameters

CP tag

e e
By=0.56 (BaBar), B

0.43 (Belle) ) [ \ K-

o, ~1.1ps |m N <Az>1|
: Py )c Flavour tag
T, ~1.5ps
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B-Factories

e*e colliders @ Y(4S) resonance

....out also run @ Y(2S), Y(3S) and Y(5S)!

e*e- — hadrons cross section

vs. energy (CLEO)
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B-Factoriesg

e*e colliders @ Y(4S) resonance

....out also run @ Y(2S), Y(3S) and Y(5S)!

e*e” — hadrons cross section vs. energy (CLEO)
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B-Factories

e*e colliders @ Y(4S) resonance
.but also run @ Y(2S), Y(3S) and Y(5S)!

e'e — hadrons Cross sectlon vS. energy (CLEO)

As of 2008/04/11 00:00

Total Lumi = 553.48 fb*
Y(4S) = 432.89 fb!

Data taking ended in 2008.
Analysis data ongoing.
Results shown ~349-432 fb
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Integrated Luminosity [fb™]

2 [ =
300__ E;E ....................................................................................
: i
20f B
D00 el e
z | :
gls? “\ 100__ ......................................................................................................................
| || Ailll L
\6« } ‘\1 *’ \\\ q,@“ o {]96” :19@ o Q’Qé” r&o" S (&Q‘b
A % + *\4 7y Total Lumi = 895.01 fb?
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B-Factory also a charm and tau factor

Belle log total : 895011 pb™'



Outline

* The angles of the Unitarity Triangle.
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Angle B: "Golden" Channel b—cts Ao

/ i S SIDZB arXiv0902.1708 [hep-ex] submitted to PRD
K . i

Belle: PRL98, 031802 (2007)
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Angle B: “Golden” Channel b—cts Ao

sin(2f) = sm(2¢1) e

B=o,

ICHEP 2008
PRELIMINARY

PRELIMINAHY
BaBar 0.691+0.029 £ 0.014
arXiv:0808.1903 "l
Belle Jhy K° 0.642 + 0.031 +0.017
PRL 98 (2007) 031802 T
Belle y(25) K | . 0.718+0.090 £ 0.033
PRD 77 (2008) 091103(R) - h 08T
Average L 0671+0.024 | 4|
HFAG ' |
0.5 0.6 0.7 0.8 0.4 s
) 7 <
*Most precise measurements of CPV 0o |
in B decays to date. :
*BaBar results for the final dataset. e 2
*Still statistically-limited measurements. ’ |

Ua® *M.a.a WP A9 a3HNOAYHSIA

-Theoretical uncertainty for sin2p from %%z o o2
charmonium modes below 0.01:

further improvements from LHCb and Super B factories.
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More on Angle B: b—»ccd /A
Ty

t.c,u
N %@%"’<( Tree amplitudes Cabibbo-
.| suppressed: potential sensitivity

y - g 5 | to penguin (loop) effects

Sln(zB ) — Sln(zq) )‘ ICHEP 2008 C = -A L
PRELIMINARY f f

: : PRELIMINARY
bisccs World Avea e é E 0.67 +0.02 Y
L - N st dftsto BaBar ——t -020+a19+003
: BaBar § || +H—— 123+021+0.04 e 5 P
P 5 = Belle I -008+G16+005
‘> Belle ' T 0.65+0.21 + 0.05 - ; o
7 : Average i G10+013
: Average | o 0.93+0.15 S [ £ Bt SR -
- BaBar | . 0. 0?+G23+003
: BaBar | ; 4 0.65 + 0.36 + 0.05 o ; :
‘0 ; i 4 rBefte—| i -0.9 +t323+ooe
o Belle : o —— 1 1.13+0.37 +0.09 a : ;
Average 089+026 "_I_m_lﬂverage"mi _______ o 048+01?_.
: BaBar | S R 0.71+0.16+0.03 BaBar an 0.05+0.09 +0.02
s 5k o :
iy Belle | | S N— 0.96 + 0.25 *018 " Belle — -o.15+a13+004
fa E IEE | o
; Average ‘! 0.77 +0.14 ﬁverage — 002+008
-1 ;] jl 2 -1*.4 -1l.2 -'I 0 8 0 5 0 4 U 2 EIJ U.LE 014 UJ.B U.B 'I 1. 2 1 4

CP violation clearly established. | More info needed for C in D*D-
Good agreement with golden modes. ['| modes.




More on Angle B: b—qqs (penguin)Aos

Penguin only or penguin dominated f -
modes. sin(2f") = sin(2¢; %
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Average: : ; : 0.45+0.24
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Belle : : 0.60 7015
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< ‘BaBar—f—————1 47T T T T T 0728071 £0.08
% Belle i ' -0.43+0.49+0.09
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X 'BaBar ! : ] 0.97 1
o B Average, S = 097k
% & 'BaBar : : dl—: " 0.86+0.08+0.03
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More statistics crucial for mode-by-mode
studies and comparison with theory.
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Tree

/AN
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w, d w,d w,d w, d

Color-suppressed

“Penguin” loop

Time-dependent CPV in b—u transitions.

Problem: 2-3 amplitudes, additional interference.
—“Penguin” pollution: Seg = /1 — C2 x sin(2a — 2Aq)

Isospin analysis to measure Ao.
—4-fold ambiguity in Ac.
— Small branching fractions.

Most useful modes:
—B—pp, T, pTT
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Events / ps

Events / ps

Asymmetry

o from B Rx AN

B—mntr, n°n° (arXiv:0807:4226)
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Interpretation

BABAR
arXiv:0807:4226 -
B(10~°) C
gt~ | 55+044+03 | —0.25+0.08+0.02
atx? | 5.02 +0.46 + 0.29 —
7% | 1.83£0.214+0.13 | —0.43 +0.26 £ 0.05 >
A0 _p 0
B(n'n’) ~ B(n'm): Aa could be large
( ) ( ) 9 =40l @ 1 Bonm (WA) |
N A | e B—nn (BABAR) 1
il o I H F A G i B—nr (Belle)
nt S ol L
CP PIF?ELI?&%&OF?Y 1 B
BaBar -0.68 + 0.10 + 0.03 -
H He— ! 0.8
arXiv:0807.4226 1
© o
Belle 061+010+004 | |1 06H;
H —— H i .
PRL 98 (2007) 211801 ;o
0.4
Average * -0.65 + 0.07 . :
HFAG correlated avefrage -
. . . . . 02/ |
0.8 0.7 0.6 05 0.4 i :
07 R 'i\‘ J.J*'.I\ P"‘l\\l‘\\\l\\\‘\\\‘\\\
i : 0 20 40 60 80 100 120 140 160 180
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Events/ 2 MeV

Events / ( 0.0018 GeV/c¢?)
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3.1c evidence for p°p°
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Interpretation

/AN

KA -~ B- p (BABAR)
fitter
Moriond 09 =T B — pp (Be”e)
O3 B-pp (WA)
i p+p'SCPVSCCP EAS 1.0_:\‘|||||||||||||||'q‘h;|||||| T T 7T T |||;r
CP : | | IPRELIMINAHY |, | '.. l.'
' 1 BaBar ,' \\ " \ : i
0.4 - 7 Belle . 0.8 1 ¢ {; ;
“% Average j “ i !
. ' =
i) CKM fit ‘i 1
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] 1 i 1 1 L \~ r'd -
04  -0.2 0 0.2 04 0.0 U R CTE M
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o(0l)~6°, Ao<14.16°
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Summary of o, /o

@ --- B — na/pp/pn (BABAR)
it~ <~ B — nn/pp/pn (Belle)

3 B — nn/pp/pn (WA)

1.0IIIIII|III|III|II:I|III|IIIIIIII|I

A f ]
08 -
- CKM fit
o 06 . .
O B no o meas. in the fit
T4
0.2 —

N, ..
LN,
0.0 Rl RN B AR I B P

0 20 40 60

o € [83.5; 94.0]° @ 68% CL
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Angle
* Hardest angle of all to tackle g 7
- y=—arg(V,), and V is small
* Direct CPV in B—>D"K® decays
@ 3-body Dalitz Decays (Giri,Grossman,Soffer,Zupan)
DP—K it
@ CP eigenstates (Gronau,London,Wyler)
D—nrw,KK,...
¢ Doubly Cabibbo-suppressed (Atwood,Dunietz,Soni)
DO—K*m~ vs D—KTtt
* Several complementary techniques
- Time-dependent CPV in B°—-D®r, DOp
Measures sin(23+y)
« Key parameter: r,, ratio of |A(b—u)/A(b—c)|

Difficult, statistics-limited measurements! Combination of constraints:

v = (70x 28)°, uncertainty of ~28°. Larger statistics needed (LHCD,
SuperB)



Outline

* The magnitude of the elements of the
CKM matrix.
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CKM matrix elements magnitudes

*Fundamental parameters of the Standard Model
*They cannot be predicted but can be measured

e e
Vud v VUS V Vub
n K B
~p N
y e Y e v
5 cd V D cs T, o cb
RN - N K N
th Vts \V
_— — tb
Bd Bd Bs Bs t
26




CKM matrix elements magnitudes

*Fundamental parameters of the Standard Model

*They cannot be predicted but can be measured

e" e
Vud v VUS V Vub
n—— —— B
P TC
y e Y e v
5 cd V cs T, o cb
th Vts V
—_ — tb
B B.| B B. |t




|V, | from ¢ decays

-Preferred method to extract is [V | is from K,

K,, decays.

But |V _| can be extracted from t decays in final states with kaons.

*However, |V | ~3c below [V [ from K

K

£3' 42

*Possibly due to convergence of the OPE series (arXiv:0807.3195 [hep-ph])

K13 decayS'

\

.,.-5*ﬂ.,-
|I
.l il

K12 decayS'

] ‘-,_ _:': i
i | oy

-,

Hyperon decays

T decays:

)

I

|Vus| f1(0)

- Mg, “ﬁus|

K, Decays [1] B
(0.2255+0.0019)

K, Decays [2] ——

0.0026
(0.2226 ; ,,,)

Hyperon Decays [2] - |
(0.2260+0.0050)

7 Decays (pred. - Kv) [2] o
(0.2225+0.0034)

Average [2] -
(0.2240+0.0011)

Unitarity [2]

(02275:0.0012)
e b bocn e b by

019 0195 02 0205 021 0215 022 0.225 023

[1] Matteo Palutan, Kaon'07 |Vus|
[2] Matthias Jamin, Moriond EW'07




|V,.| from ¢ decays

-Preferred method to extract is [V | is from K ,,K , decays.

£3’
But |V _| can be extracted from t decays in final states with kaons.

‘However, |V | ~3c below |V | from K ;K ,
*Possibly due to convergence of the OPE series (arXiv:0807.3195 [hep-ph])

BaBar measurement:

?ILEa 2
Birm— K v.) fE|Viel? (1 - E&') g
Br =71 1.)  f2Vadl (1 m%)g = 0.06531 + 0.00056 £+ 0.00093
~ m2
| S 10 ;.3?-‘.'-3-%5'-,--‘- ] TKV
Using f, /f =1.189 + 0.007 from s P
E.Follana et al. Phys. Rev. Lett. 100, 062002 (2007) - 102;- -
Q -
V| = 0.2255 + 0.0023 g
c 10‘ 1 3
Consistent with [V | from K K , }j E | Lbackground
| A L R T
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Semileptonic B decays

Exclusive final state Inclusive final state

b

B C " c/u
K%B Xc/u
Tboul~) |Vl 1] M
T(b—cl-v) |V,.> = 50

g%= transferred moment squared to
the Iv

, G% |V |? 9\ 2 Vb |?
. 2 MElvql g 2 , b 5 ;.
dl’/dq* = 1993 | f+(¢7)| = 192;3 mp(1+--+)
Experimentally: Total width easy to compute but,
good signal/background but In b—u, kinematic cuts
proportional to form factor. Need are essential to reduce b—c
Lattice QCD. background.

Exclusive and inclusive decays have different strength, complementary!




|V, | from B-xnlv, decays

Belle, arXiv:0812.1414 [hep-€eX]

v Data
% 40F ] ne
8 - + [ ulv crosstfeed
g 35 - Tc [ Other backgrounds
2 30F
[ N
= N
w [
251
20F
15
10
5F
0 3 4 5
Missing mass squared {Ge\fz)
¥ Data
> s0[- I =
& i 0 [ ulv crossfeed
g i Tc [ Other backgrounds
8 40
e L
[+T] o
=
wor
30
201
10
o i Lodovi

3 4 5
Missing mass squared (GeVz)

B (B°-m-2*v,) = (1.34 £ 0.06 + 0.05) x 10* |

BABARSLtag: B " — 7° 1" v x 21y/1,

1.82 +0.28 +0.13 P ——
BABAR B, tag B " — 11" v x 21/,
154 041 £0.21 S R
BELLESLtag:B * — 11" v x 21./1, ,
145 +0.26 +0.15 i
BELLEB, tag B = 21" vx 21 /1, |
124 +0.23 +0.06 —a-
BABARSLtmg:B® > w1ty :
138 0.2 £ 0.07 ——
BELLESLmg:B "> 1'y 5
138 £0.19 £ 0.14 e
BABARB,_ tgB’ = wlty §
1.07 +0.27 +0.15 ——
CLEO untagged: B — w17 v :

o

137 £0.15 £ 0.1

BABAR untagged: B — xnl*v :
1 46 % 0.07 +0.08 ul
BELLEB,__ g B - x1'v

| E=ua]

L.12 +0.18 £0.05
Average: B > v :
1.34 £ 0.06 £ 0.05 M
yldof=3.5/9 (CL= 94 ) HFAG
N R SR RS R !
-2 0 2

BB’ > 11 v)[x10"]



|V, | from B-xnlv, decays

Belle, arXiv:0812.1414 [hep-ex] v | using different theoretical methods

=
o

= :,'t"h::‘:f‘:c'lf:f'oun i Light-Cone Sum Rules (LCSR) P. Ball, R.
B'c'l“—ZWiCk}’ q 2 <16 Zwicky Phys. Rev. D71:014015 (2005)

3.34+0.12+0.55-0.37 ’ |

&
I
4
+

w
o

Events /0.2 GeV?
o

N
(4]

Unquenched Lattice QCD
2 E. Gulez et al. Phys.Rev.D73, 074502
HPQCD q > 16 _ibi :

340+ 0.20+0.59-0.39 "

Unguenched Lattice QCD

i Okamoto et al., Nucl. Phys. Proc.
FNALq > 16 Suppl.140:461-463, 2005

3.62+0.22+40.63-041 * |
Quenched Lattice QCD

n
o

10F

) A. Abada et al. Nucl. Phys. B 619
3 4 5 APEq > 16 (2000) 565-587
Missing mass squared (GeV")

Events / 0.2 GeV?

" Data 3.65+022+140-065 ~— v
50 0 =0
i [ ulv crossfee
_ TCO C 1] Olther ba:kg::unds
“F HFAG
i
30: | 1 | | 1 1 | | |
i 0 2 4 .
201 V! [X107]
; Theory lags behind experiments
10
: IV |V, | & ~ 5%
o: i Lo +17%

T — OV ||V |"O~_1194 (e.g HPQCD & FNAL)
Missing mass squared (GeV?) ub ub



IV, | from B—X fv, decays

BaBar PRL100:171802 (2008)

S500F )
O M, < 1.7GeV/c® (c)

|IIIII

$400
E -
5300}

——
|

200¢

100F .

]

M, < 1.7 GeV/c*

(]
-
S

Entries / bin
o

Analyses apply different kinematic cuts to
suppress the b—c background.

CLEO (E,)
349 +020 £0.23

BELLE sim. ann. (my, qzl

395042 £022
BELLE (E.)

325 +017+022-0.21
BABAR (E))

346 £0.14 £ 023
BABAR (E_, s)
387 +026+023-0.24
BELLE m,,
3.93+026 £023
BABAR m,

4.04 £0.19 £ 0.24
BABAR m?{"-]:

4.14 +026 £ 0.23
BABARP'

345 +022+021-0.37
Average +/- exp + theory - theory
376 £0.13 £022

¥ idet=17.1/ 8 (CL= 3 %)
. Aglietti, F.Di Lodovico, G Ferrera , G.Ricciardi (ADFR)

[m‘Xw:CI?Ill.CIEbG]. alld reterenoels therein I |

HFAG
|

10 15 20 25
q? (GeV?/ch

G5

2 3

4 .S
V| [x 107



IV, | from B—X fv, decays

HEFAG Ave. (BLNP)

B.O. Lange, M. Neubert and G. Paz, Phys.

BaBar PRL100:171802 (2008)

—_—

.S500F 7 398 £0.14+0.32-0.27 Rev. D72:073006 (2005)
S My<1.7GeV/e®  (¢) ]
;“ - x ( ) : HFAG Ave. (DGE) J.R. Andersen and E. Gardi, JHEP ‘
2 400 | ] | 447£016+025-026 e L0 zs
Uﬁ 300¢ B HFAG Ave. (GGOU) P. Gambino, P. Giordano, G. Ossola, N. Uraltsev,
; . 394 +0.15+0.20 - 0.23 y—+—gg—s—| JHEP 0710:058,2007
200 .
B - HFAG Ave. (ADFR) — ——
B | U. Aglietti, FDL, G. Ferrera, G. Ricciardi
1001 7] 378 + 0.13 + 0.24 ——®—— | [arXiv:0711.0860]
o - T T [
] C.W. Bauer, Z. Ligeti and
200 ] HFAG Ave. (BLL) M.E. Luke, Phys. Rev.
N ] ————%— D64:113004 (2001
© My < 1.7 GeV/c® ]| A9L£024+038 (2999

) Experimental error smaller
7] than theoretical one:

] SV IV, | & ~ 4%

i IV |/V,,| oo~ 6-7% m
. . . . . | En{i Of 2007
12 3 4 J

|V | from inclusive decays higher than from
exclusive decays being investigated.

Q) 5 10 15 20 ) 2:15 |V | from exclusive decays consistent with 34
q* (GeV7icY) indirect predictions from sin2p.

Entries / bin
o

Vol




IV, | from B—X Zv, decays

BaBar PRL100: 171802 (2008) 0.5x10° 6 O
ﬂ54:)0%""""" """""" ] R _ ,
i MX <17 GBVfL (C) E a 0.45 ..XCIUSIve Decays ,
+ _: b 0.4 ‘ """"""""" + ~Form:- factﬂrs

= o.15 T

L

- 0.1

wn

_CD

= 0.05

: i

. ' o
0.8025 0.003 0.0035 0.004 0.0045 0.005

Vuh

|V | from inclusive decays higher than from

e Ray N exclusive decays being investigated.
% S 10 15 20 25 |V | from exclusive decays consistent with 35
q* (GeV7/c") indirect predictions from sin2p.




N
=

G(1)x IV_1[107]

40

30

G(1) form factor p, slope

V| from B—DU2v, decays

E

Ay =1

CLEO

V%" // AVERAGE
~ BABAR tagged

Zoom to the region

glial€l close to the average

yiidof = 1.2/ 8 |
|

| L.5

Py

G(|V,,| =(42.9 + 1.6) x 10°

or G(1)=1.074 + 0.018 + 0.016
(M.Okamoto et al NPPS 140, 461 (2005))

IV | =(39.7+ 1.4+

) x 103

the

F(1) form factor, p,. slope B—Dv
E I A x! 1
40 -
:*; i DELPHI OPAL
0 1.
Z (excl.) (excl.)
» i
- 38
- i | DELPHI
- B {part. reco.)
|OPAL AR (Global Fit)
(part. reco,
36
i RAGE
BAR (D*0)
34
i BABAR (excl.
el [FAG
i
B x;."dof =39/21
32 | | j | i I 2
0.5 1 15 > Ppx

F(1)IV_| =(35.97 + 0.53) x 10°

for F(1)=0.924 £ 0.012 £ 0.019
(J.Laiho) arXiv:0710.1111 [hep-lat]

IV, =(38.7 £ 0.6+ 0.9, ) x 103




Inclusive B— X £v, decays

Moments are related to |V_ |, m_, m_ and non-perturbative parameters

Lepton moments:

Hadronic mass moments: <m”X>=%f m", ar dm,

n :—1 - n i
<En> = I(EB <E>) £ dE,

£

dm,

Similarly for photon energy moments for b—sy

o]
(3]

= 0.0431~
0.042~

0.0411~

HFAG I
|

Calculations in “kinetic” scheme (Benson, Bigi,
Gambino, Mannel, Uraltsev, Nucl. Phys. B665:367)

Fit to > 60 moments: DELPHI, CLEO, BaBar,
Belle, CDF

| IV, | determinations ~2.3c

V.| = (41.67 £ 0.43 + 0.08 £ 0.58) x 10°
T eory

m = 4.60140.034 GeV
+ other fitted parameters

Difference between exclusive and inclusive




IV ll|V,| from b—dylb— sy

Complementary to B_-mixing (from 5
Tevatron) : different experimental and
theoretical issues (penguin decays with | ., u,c,t
respect to box diagrams), but
statistically limited. b W sd b
|_H_| B miXing (c. Amsler et al, Phys. Lett B667, 1(2008)

|Vtd/Vts| = 0.209 £0.001 £0.006
_ BaBar exclusive PRD78, 112001 (2008)

IVid/Vts| = 0.233 £0.025 £0.022

| 2 | | Belle exclusive Belle, PRD101, 111801 (2008)
|Vtd/Vts| = 0.195 +0.020 +0.015
L
f i :: BaBarinclusive BaBar, arXiv:0807.4975 [hep-ex]

|Vtd/Vts| =0.177 £0.043 £0.001
Limited final states used.

Not included in the theo. error.
(first error experiment, second theory)

T 1 1T 1T T T T T T T T T T T 1
014 016 018 020 022 024 026 028

Theoretical computations: A. Ali, H. Asatrian, C. Greub
A. Ali, E. Lunghi and Parkhomenko 38
P. Ball, G. Jones, R. Zwicky
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How we were... ca March 2000

PDG 2000

—

AN :.:": ':".;;‘.-." '-....'.l-‘-:;-'
0.006 AMB g

NS R
1L’;u-":-' : : J==:‘."_-_;._._:-'.-.;:_
0.000 EZZ4. | r':-'{:'f‘.:-'.-'f:f'-'.
-0.004 -0.002 0.000 0.002

|«

L | LA
.._li-

0.004 0.006
Is12 Vep/

0.008  0.010

~|

These results do not include the ones from the B-Factories.
BaBar and Belle started to take data in 1999. 40
First results presented at the Summer conferences in 2000.
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How we are... in 2009!

: :O | || I 1 || || ! || || || I || | | | I I || || I || ||
- |2 . Amy & Am, P]E!.
— A 8¢ L AM fitter
- ! d Moriond 09
= 3 :
b !
b Q =
L | @ Sin 2 — +4.4\0 sol. w/ cos 2B < 0
— g B % (890 —4.2) (excl\at CL > 0.95)
— S
— | ©
- 3
C €k
: 1 I(x 1 I 1 [ [ i | 1 1 [ [
0.4 -0.2 0.0 0.2 0.4 0.6 0.8
27\0 = —_ 0

v=(70%3%) P B=(21+0.9)

6 April 2009 F. Di Lodovico, QMUL 41



A Lesson from Quarks

0 0 Cy3 0 Sya Cyo Sy O

—Bngq Caoxg —8q9 0 Cya 0 0 1

new physics ?
EXp. steps:

MNS lepton mixing:

1 0 0 Cqs 0 Sq13 Cqy=a 519 0 'Eip 0 0

unitarity ?

80d3HDI ‘Burx Buoyz-iyz

0 853 Cgy —5y3 0 Cy3

EXp. steps: new physics ?

unitarity ?

known theta 13: a turning point to the era of precision measurements




Site: Tor Vergata Campus (Rome II)

« Asymmetric energy e*e collider
* Low emittance operation (like LC)
» Polarised beams
* Luminosity 103 cm—2s-1
» 75ab-1 data at the Y(4S)
« Collect data at other Vs i

- Start data taking as early as 2015 g@ ':;v’ <

600¢ MJPUOLION ‘UeAsg uelpy

» Crab Waist . _
technique Precision B, D and 1 decay studies and

developed — spectroscopy
to achieve these goals * New Physics in loops
« International Community —10 TeV reach at 75ab*
surens ReroRT sicrATURES — Rare decays
. : ; — AS CP violation measurements
» Lepton Flavour & CP Violation in t decay
» Light Higgs searches

» Dark Matter searches
http://www.pi.infn.it/SuperB/

Geographical distribution of CDR signatories.




Conclusions

* High-precision measurements from the B-factories (final
dataset from BaBar ~500M B). Belle continues operations

to O(1000M decays)
> Overall, excellent agreement between sides and
angles of the Unitarity Triangle.
But a few tantalizing hints.

» Nontrivial constraints on the flavor of new physics.
* Still statistics limited.

() ~ 2°; theory errors below 1°.
c(o) ~ 10°; limited by measurements of penguin pollution.

o(y) ~ 159 limited by statistics and theory.
o([V,] ~ 7° the real limitation is from theory errors.
* CPV measurements in the B system will continue to provide

Important insights and constraints on the flavor structure of
physics within and beyond the Standard Model.
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