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The CKM matrix and Unitarity Triangle
The BABAR and BELLE dectectors

Side measurements
— B, and B, mixing
— V, inclusive & exclusive
— V, inclusive & exclusive
— No time for Radiative decays !

CKM angle measurements
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The CKM matrix

quark mixing matrix of charged current interactions

CKM matrix definition:

Vud Vus Vub dL
Ly :_A(Z cr 5)7/” Vea Ves Vo || 51 Wi +h.c. ® ‘ o
Va Vs Vo \ by °°

V2

— Unitary matrix
— 3 real parameters + 1 complex phase

Wolfenstein parameterization:
1-A%/2 A
-1 1-22/2
AR -p—in) —AX

relative element sizes

Only source of 2P in SM

AX(p -in)

AP
1

— the 4 parameters are 1= 0.22, A= 0.83, pand 7.
— matrix hierarchy reflected by development in power of A.
— in this representation CKM angles are carried by V,=|V, e,

V.=V, e, with a=r—f—y
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The Unitarity Triangle

* Unitary of Vegyy 2 VioaVoxu= 1 2| VgVt VeaV oot VigV 1= 0
— unitary triangle of B sector
— all terms of the order A3 = CPV angles sizeable

p and 7 are slight

redefinition of pand 7 to Name of angles

provide a well defined BELLE BABAR

expansion in A of V,,

and its unitarity of to all ¢ B
orders in A. b a
9?3 Y

- Sides of the triangles measurable by non CP violating processes
— eg : semileptonic B decays, B°B° mixing frequency

« Angles measured with CP violating processes
— If aor g: BB mixing is needed ingredient to access the phase of V,,
— If y charged B decays can allow access as well
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Three types of CP violation

CP violation in decay (“direct” CPV):
[A(B— f)= ‘Z(E - ?]

— both charged or neutral B’s

» only possible CPV for B*’s

« CP violation in mixing:

_<Bo

§°> . <§°\BO>

|B,)=p|B")+q B

— (lp/q|#1 )~103 in SM,

approaching experimental limits

CP violation in interference between mixing and decay:

Indep

endent of

phase convention

depend on final state

B’ Acp—> fep p Acp
N\ — < ﬂ“f =My — Y
A 4 4cp
E\ ACP —
—0
q| VB[
| -4,
Time dependent CP asymmetry' C, = <=
1+|4
A, (At N(B (Af) > fep) — N(B (Af) = fcp) ‘ fc‘
( 1) = 2Im/1fcp
N(B’ (At)—>fCP)+N(B (A) = fep)||S), = 5
=8, -sinAm ,At—C, -cosAm ,At 1+‘/1f
CP B CP B CP

if#0:
direct CPV
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| should make clear that :

At At = 0 the B meson is a pure B° or B°

It decays at At in a interference state
On an experimental point of view, the detector
has to measure:

= B CP flavor (B° or B%) at At =0

-) The decay time At of the B meson

Time dependent CP asymmetry:

AfCP (Af) =

(=)

NBYA) > fo) - NBYA) > )

—0
N(B(At) = fep)+ N(B (A1) > fep)
=Sf -sin Am OAt—Cf -COSAm ,At

CP B CP B
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Time dependent measurements at B-factories

in a nutshell ..
£ 2 57 '
» reconstruct final (CP eigen)state Eui : k- 0, ~ 0, ~10+50MeV
* measure distance between decay vertices a'jn > i
- determine BP tag flavor at decay time J b
- fit... o

s = \/Epeam — 5

G =~ Cps 2. TMeV

Mgg

coherent BB High-statistics self-tagging

B-Flavor

production ) “B-flavor” sample to:
Tagging | > calibrate tagging
Y(4S) Q=¢(1-2w)2~30%

- measure Az resolution

>
e (9.0 GeV)

Exclusive B meson |
reconstruction

At is a signed quantity. |
o(At)~1ps <=> 170um ~0.55 |

Start the clock
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The BABAR and BELLE detectors



The BELLE detector

S/ i ) SC solenoid_
&8 ) %, 15T PN
vé KEKB Collider %

P N ; Aerogel Cherenkov cnt.
NEEMNe > 1=1.015~1.030

- ke Csl(Tl) 16X,

' £"° A TOF counter

8GeV e~

| WIGGLER |
I 1

Tracking + dE/dx
_small cell + He/C,H;

N

'RF

FUJI Area

’ ==
:Iﬂli e — T w!‘m.' T _| |m,:m'?e¢| |_| qu;(wl - ."!Tg‘fn| T - U / KL detection
bogo : ; E o] B
2 o 5 3 lyr. DSSD 14/15 lyr. RPC+Fe
g o | T
! g |
§ 4000 :_ I S : //J—/ e 35 GeV et & 8 Gev e beams
$ 3000 F ] : :
S| ﬂ/j’ ; 3 km circumference, 11 mrad crossing angle
Ty o i : L =1.7 x 103 cm-2s1 (world record)
999 97212001 11812004 wéwa 10/19/2008 I Ldt~820fb1@ 7(4S)+off(~10%)
Belle log total : 814816 pb™ Date
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The BABAR detector

1.5 T Solenoid Electromagnetic
[ i1 h Calorimeter

Detector of
Internally
Recflected
Cherenkov
Light (DIRC)

Babar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

[4)]
=]
o

Drift Chamber
(DCH)

B
o
o

Instrumented

Flux Return Silicon Vertex

Integrated Luminosity [fb™]

]TTiiillllllll

(IFR) Tracker (SVT) . :
200} ]
5 L
ol s TR
Final collisions 12:43pm, s T

Monday 7 Apr 2008

=
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Side measurements
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V|V, | from Am/Am

B, and By oscillation frequency
controlled by mass difference:

_ GEmjnS(x}

q
6772

A Vi, 12 By, Vel P

Form factor and B-parameters from
Lattice calculations known to ~15%
=>» uncertainty on V,

Ratio better controlled (hep-1at0510113):

2
£? = fdzBd =1.210 08%Y (o ~ 4%)

S S
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V|V, | from Am/Am

B, and By oscillation frequency  Ratio better controlled (hep-lat/0510113):
controlled by mass difference: )5
S g2 = JL84 110 988 (o ~ 4%)
Am. = GrmynS(x;) 2B V'V P f2B, '
mg = 6.2 mquBq B, | tq” th |
* Performed “amolitude scan’:
- 1
Forrp factor anc.l B-parameters from [ =—e t/r(l Y4\ D. COS(AM t))
Lattice calculations known to ~15% & r
=> uncertainty on V,
March 5, 2008 td
e D Runll Preliminary: | L dt =24 ' . COFRunlIf should be 1 for correct Am,
£ ¢ dmattopy 3 S | ammito s sssclim| 17250 PRL 97, 242003 2006
£ o = £15 1.64d5 o sansirity 393 pa’’
8 F [[]data+1.6450 (stat) ] e i+ 16450 .
<F [dataz16d5o(o) S Sy rep— TV
1_ ' ) .:- .-_...-- 1 _
E ARl i oY 0.5} W e il
E ’.:-.»-'1_7,”"_"“-T"."'-T"." &-—ﬁw 1__*_-H~|_$"__._ i (TR
0 wﬂlffﬁi‘mﬂ*&ﬂHHHHJL{»'{'""""""'H‘I'IIIII"' ’ 05 AR AL A Al
ASE -dee sensitivity: 27.3 ps™ (tot) 19FAm=17.7+ 0.10(stat)+ 0.07(sys)
2 _EU 5 10 15 20 25 30 35
PSR T YN [N TN YT A N N VTV T Y NN T T S T T O T T N T T -
| 5 10 15 20 25 30 am, [ps’]
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V|V, | from Am/Am

Together with Am,=0.505+0.005 (PDG) and m(B,)/m(B,)=0.98320 (PDG):

Via

Is

= 0.2060 + 0.0007 (exp )

+0.0081
—0.0060

(theo)
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Semileptonic decays
from partons to hadrons

Parton level [~ Hadron level [
W- — W- /
b V

Vub’ Vcb

u, c

Quark decay is a tree level, short « But quarks are bound by soft

distance process. gluons...

Decay properties depend directly * Non-perturbative long distance
on [V, )l and m, in perturbative interactions of b quark with light
regime (o, expansion). quarks complicate the situation.

Two different approaches are used:
— Inclusive : extrapolate by theory phase space measured to the full phase space
— Exclusive : needs prediction of form factor by theory
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PIC 2008




Experimental methods

« Exclusive or inclusive reconstruction are used on the signal side
* |In addition, on the other B (“tag”) side:

T
BSig Btag * Only signal reconstruction
Ve -- — Y(4S) — « High statistics
 Sensitive to background simulation
{
Semileptonic tag
T D" )
B B  Reconstruct B—DU)¢y
sig tag . . .
Ve€-- — Y(4S) — — > 1V +2v:incomplete kinematics
{ 4

Hadronic tag

B * Reconstruct B—DOY (Y=r,K)
S|g tag
V€ =<y «— yd4s) — - Several decay modes
« Complete kinematics, charge and flavor known
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Coping with non-perturbative interactions
in V_, extraction (inclusive analysis)

Total decay rate:

Gim; 2
F(B - Xc(u)l ) 1921 I;, c(u)b‘ [[1 + AEW ]Apert.Anon pert.]
A X
/ N\
free quark decay ok expansion || (//m,) " expansion

Non perturbative parameters need to be measured
— they depend on the expansion, which depends on the m,, definition

Can be extracted from the moments of lepton enerqgy and hadronic
mass spectra: (integration )

< > _ _J‘ c(u) dE Calculations are available in “kinetic” (Benson &
E>E, ! al., Nucl. Phys. B665:367) and “1S” (Bauer & al., PRD 70,
C(“) dr 094017 (2004)) schemes.
<mx> __ L m’, —< 4, They are based on Heavy Quark Expansion
E>Bar T dm (HQE) and Operator Product Expansion (OPE).

More than 60 measured moments available from DELPHI, CLEO,
BABAR, BELLE, CDF
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Moments in semileptonic decays

5 fully-reconstructed B meson B flavor and momentum known.

rest of the event contains one "recoil” lepton in the recoil-B -
o , ;
airXiv:0707.2670 232M BB € H‘? % Brccu
212F &7 _ 10F D
: BABAR | — 46} BABAR | — BaBar
;E' 21 - preliminary < 45E preliminary o _ preliminary +
=208 F S 4ak B - €
2k 7 44k > ",
[p - E @) 2
2206 g i g 2 9F Xu k / B recoil
E>Q'04 3 %’ c:’;’\ “E éé(% -ﬁnxi é
Vam S 41 § 85F ‘H’
- E <M, > 4 . <M >
0 05 1 15 2 30 o5 1 15 2 0 05 1 .15 2 <mx™ new
pl.Tnill lGCV}"CJ pl;min I'GEV!CJ p],mi'n lGBV}CJ
= 25 L6 — L6 .
T Lf BiBar |  155F BaBar | T 14b BiBAR <mx"™> old
E F- - - preliminary — 1.5k preliminary 8 s-a preliminary
8 15k j = 12 ~ o~
- - r\{\
SLE X! n = m2c-2AE +A
IR : i 0.8 - X X
z OsE g ;[l, o
3 06k &
N\.; 0 3 <(Mx2'<M2x>)> : v:\?xoél <("x2‘<“2x>)> %) (4”‘\-—0.65 GEV)
B R B T S S R R B KR 0 05 1 .15 2
pI.min lGeV}CJ l:'I.min [Gercj pl_.min lGeV}C]
Fit moments of these distribution to get V_ and HQ parameters
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Global OPE fit — Kinetic Scheme

27 input moments:
— 8 mass moments

(this analysis)

— 13 EI moments

{Phys. Rev. D69 111104 (2004))
- 6 ET moments

(Phys. Rev. D 72, 052004 (2005),
Phys. Rev. Lett. 97 171803 (20086))

Further input: 1,

8 fit parameters:
- IVcbl’ mb mc’ le

— 4 HQE parameters

+ Fitresultst |/ |'=(41.88+0.44, +0.35,  +0.59,

my, [GeV/ie

m, = (1.070+0.038, +0.040, ) GeV

= All Moments airXiv:0707.2670 232M BB
=== Without b—sy
48 ¢ — 4.8
5 -
- BiBAR > e BaBAr
47 il preliminary E 47 [ 2 pralimmary
46F T 46}
45 - 45F
14770304 05 06 4.4 41 42 3
u2 [GeV?] L
-3
e 1D (1.9% total error)
— 0
m, = (4.55%* 0.038,, £ 0.040, ) GeV (1.2% total error)
theo) ‘%"

By, = (10.597 £ 0.171__ + 0.053

m? = (0.471+0.034,_+ 0.062, ) GeV?

m2, = (0.330 + 0.042, +0.043
p’y= (0.220 +0.021, +0.042,, )GeV" ( perams
pls=-(0.159 +0.081,  +0.050,,)GeV’ |

June 27, 2008

GeVEI non-perturbative

theo )
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PRL 100, 151802 {2008)

BR measurements of B—D**lv

« Measurement to control D** background in V_, analyses:

Bt — D ntity w BY — DYz ity : *
. HQET predicts the rate of broad D*,
1 E_ﬁﬂ n . *
‘ L A ~10 times smaller than narrow D*,
l __,_’\‘H 40 “ ,.F-—.;M__ T,
|‘| ” Belle measure comparable branchings
20 | -
e oAl fractions
2 25 275 em:}_’ils 375 4 423 45 ? 21525 275 ‘44-;:;:"1?,‘ 375 4 425 45 B[ﬁl!l(:(i(‘-} = H[ B _ D** (V) X B(D** — ) 4 )
N Bt — D*—ntity . BY . P*On—pty D invariant mass study
: :, Mode | Yield | B, % | Signif.
o 1. ’ L. BT — Dl v || 102110 | 021 £0.04 £0.06 | 54
K s Ws, Bt — D3%*y || 94+13 | 0.22+0.03+0.04 | 8.0
PN S, S . i ( B D v || 61+22 | 0.20£0.07+0.05 | 2.6 )
s h B —D; (v | 68413 |0224+0044£004 | 55
‘”-' | 5 Ill | D« invariant mass study
w N 20 W Mode [ Yield | B, % Signif.
J..E:j.‘ r.l-ir/_ \“——_r-n -l B T AN RS MAN THA AR AN i — 'rU - = = -
R R R 2 23535205 1 525385 375 4 435 45 B ) ,‘).] £ 5+ 11 < 0.07 @ 90% C.L.
o' ') M) “r BY DUy || 81413 | 0424007+007 | 6.7
— D3¢t 35 .18 4+ 0.06 £ 0.0: .
» BF(B->D,%v) = 0.42 + 0.04 + 0.04% 0 — Dzl v | 35E1l | 01820062008 1 3.2
, B — D v 1+ 8 < 0.5 @ 90% C.L.
BF(B8->D,“lv) = 0.47 = 0.06 + 0.06% B — Dty || 2047 | 05440.194+009 | 29
BF(B-->D,°/v) = 0.29 + 0.05 + 0.03% B — D; iy 1+6 < 0.3 @ 90% C.L.
BF(B->D,%v) = 0.52 + 0.07 + 0.06%

BABAR confirms large BR for D,*, and finds large BR for D,’ (65 difference will BELLE !)
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V., and HQE parameters

® More results from global fits in the kinetic and 1S schemes are available. Recent
averages performed by the HFAG

® A pattern is present: results with b—cfv and b—sy moments differ from results with b—
cfv moments only (except in hep-ex/0611047, but larger errors).

® HFAG results for Lepton Photon:

m, (GeV) m, (GeV)
b—clv b—sy b—clv
Kinetic scheme 4.613 £ 0.035 4.677 £0.053
1S scheme 4.701 £0.030 4.751 £ 0.058
.. Kinetic scheme 00 1S scheme
2 H b—clv b—sy _3 "
8 b—clv =
ff.-; [
0, Buchmueller, K, Flcecher (1 B=aX v
;008 (2008 s B BoXcIveBoXey
465 47 475 TG a7 A’ a8
m® (GeV) miS (GeV)
® | arge uncertainties due to the ansatz and missing terms 22

= Different values of m, impact the determination of |V | from inclusive decays
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V,, exclusive B——D™ e v

PRL 100 231803 (2008) 226M BB

B- — D*%v: D" — n0D° §5°°°_" T — (c)
* E -
2 = -
dF(B%D /V) =K(W)F2(W) VCb‘ E

dw

I B i e e e s 2 DL
) C 0.951—
P ?.0 1.1 1.2 1.3 1.4 11’;5
R O Signal B Signal-like
D** (Am-peaking) W D"ev
24+m: —q-2 g |
W=rnB+rr\3* q B D** (Am-flat) B Combinatorial D*"
2"‘5“‘\)* Correlated B cc events
B Uncorrelated
F(1)- |V =(359+£06£14)- 10°° :
P4, = 1.16 £0.06 = 0.08
B(B~ — D*%¢"7,) = (5.56 £ 0.08 + 0.41)% . Main physics background B—D™lv
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F(DIVeol

t?"; A =1

— CLEO ( _ . 3 2 _ .

;e  chi2/dof = 37.8/17 £ (1)Vep|=(35.920.6)10°° p,* =1.23-0.05

x | From F(1)=0.919+0.033:

= = DELFHI - LA

et (exel.) excl.)

T / IV, |=(39.1:0.65=1.4)10-3

DELFPHI
OPAL (part. reco.) ' ' '
(part. reco.)| _ error is dominated by the lattice
AYERAGE .
351 calculation
ALEPH
. BELLE
iz
é et 3977 B —D% v has a small theoretical error
! | ! | I I ! |
S 03 : - 5 but it's more difficult experimentally
o’ and very few measurement
HFAG average uses R,, R, from BaBar
: . 4
this decrease {’F(1)|vcb| PRL 77, 032002 (2007)

79fb-1+9.6fb™! offpeak
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V,, from inclusive semileptonic decays

O.P.E.

N v e
Fu N 1 free quqr‘k non per*#ur"baﬂve
I'. 50 decay correction
MC not to scalel
My, << Mcdifferent kinematics
Db — clv I I}C
b - uv - 0
phase space cuts =~ 80%
to exclude p — ¢ transition
this breaks the OPE conver'ge.nce,l
@ 02 04 06 08 1 12 14 18 18 2 22 24 z-.I:J"GI‘Va @ 02 04 06 0B 1 12 14 186 18 2 22 é?ﬁ%‘
theoretical acceptances 7 P, = Ex — |Px|
are sensitive to b quark E::Z: e~ 20% EE:Z:
motion (Fermi motion) o
parametrized by Shape Function e/ 70%

(Leading) Shape Function
can be measured by E
spectrum in B—X,y decays
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Inclusive V , with hadronic tag

Mx Mx.q?

—
F M, 1.7 GeVic?

| _ 150;
1 100f
NI R

200f

[ T T ] S T -, T | N
30000 A _ My < 1.7 GeV/c- ] 6000 —
I 14 ]
2000F 13 1 4000 ]
: 12 [ ]
1000k ] 2000 1
! 11 ! ]
;—v—v—v—rv—v—*_..—

[+
% P4 5o ;
_100_ 1 1 I 1 1 _; ; ]
0 1 2 3 4 5 5 10 15 20 25

[}
—

fo (GeV/c? q? (GeV¥ct)

PRL 100, 171802 (2008)

347 fb*

[_J= Signal MC b~u
[_J= Bkg MC b~c

Bl = Crossfeed signal MC

bkg subtracted

PRL 95, 241801 (2005)

[°

Events/Bin
gy ;
F ———
p— e

Eventsa/Bin

FUPOUS VOURL) . P
w (Gev/c’)

w18 an e 0.5

q° (gev'/e®)

P, (GeV/c)
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Hadronic tag: results

Kinematic N AB (B»X v 107 |Vyp| 1073 theoretical
region (stat. syst. theo.) (stat. syst. theo.) |framework
my < 1.65 GeV/c? 803 +60 | 118 +0.09+0.07 +0.01 427 +0.16 + 0.13 £[0.30 BLNP
456 +0.17 + 0.14 £[0.32 DGE
P, < 0.66 GeV/c 633 +63 | 095+0.10+0.08 +0.01 3.88+0.19 +0.16 +|0.28 BLNP
3.99 £ 0.20 £ 0.16 £J0.24 DGE
457 +0.22 +0.19 1|0.30 BLNP
mx < 1.7 GeV/c? 562 + 55 | 0.81+0.08 + 0.07 + 0.02 464 +0.23 + 0.19 £§0.25 DGE
q° > 8 GeV?/c* 4,93 +0.24 + 0.20 +0.36 BLL

Largest
uncertainty:

theoretical
error 6-7.5%

How predictive is theory?

June 27, 2008

- double ratio
®,/®, |Data (AB)|Lthy (BLNP)
/ Ciny/AB
Mx /M,.q°| 146:013 | 167:005 114 + 0.1
P_|_ /MX 0.81+0.07 0.98 + 0.03 1.21+0.11
Py /Mx,q?| 118:014 | 1.63:005 138 + 0.17

[Vis| = \/

AB(B — X, tv)

71 - iy,
AB(®q) _ Fthy(Ql)
AB(D5) Fthy(ég)
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Weak Annhilation

arXiv: 0708.1753 |
347 fb

“introduces differences between B° and B* decays

“small contribution: 3% of the total decay rate

. But would sit in the high q? region, where V,, meas. is performed.
- compare B° partial rate to the charge averaged rate

in region where WA contribution is greater (high q° and large p,)

* Study charmless semileptonic decays on recoil of partial reconstructed B°—D™ |"v

‘ neutrino mass '*'”3 = (P — Pp — Pﬁ)z 131.1 + 36.9

e i RS M
8 Moo . S (m
+ 0 < L B0y i = [Bo

a0 = AL — AL e 1 gEs -
— > L ‘eaking = eaking
Ar+ _|_ AFO = I [ Datawe - [ Data we

-2 [i] 2 -2 [i] 2

Mg ., (Geviret) M ., (GEVZIET)

- | . — No evidence of weak annihilation
Ap AB(B) - 10°[8] AB(B") - 10" AT f

2.2 -2.6GeV/c
2.3 -2.6GeV/e
2.4 -2.6GeV/e

2.314+0.10+0.18
1.464+0.06+0.10

0.754+0.04+0.06

2.6240.33+0.16
1.304+0.214+0.07
0.764+0.15+0.05

l-017+0.15+0.11
1 0.08+0.1540.08
§0.05+0.2040.109

June 27, 2008
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rwa/rb—)ul\} < 8':.’/0 @907@ CL
consistent with CLEO q° studies
PRL 96, 121801 (2006)
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V , measurement with exclusive decays

dl'(B — mwly @ . .

Currently only B = wlv for |V | - one dominant

AOR 58
-

ol
=
250900804
aooopng

E imentally cl
xXperimentally clean form factor (q* shape and normalization needed)

* Form factor calculations from various methods:
* "unquenched” lattice QCD (HPQCD, Fermilab, ..)
* Light-Cone Sum Rules (Ball & Zwicky, ...)
» quark models (ISGW2, )

FF dominates |Vub| error

L5GW?2 quark-model incompatible (Prob<0.06%).
E. Barberio 30
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V , measurement with exclusive decays

B—mrlv: untagged method
BaBar 22/MBB

Loose neutrino reconstruction

0<q <16 GeV? 16 < ¢ff < 26.4 GeV* 0%
= 700F @] BY—=iv signal - Ll C
§m B b bkg a) A E 20
- [ other BB bkg ~ :
p=] I continuum bkg j < .
@ &00F - data X -
z : 3 b
@ 300 |
g 5
i N
§25 521 529 a_ —— ISGW2
g I ——LCSR
3 6 FNAL
o 4 —— HPQCD
2 =
S .00 X BK Fit to DATA |
% . 2« pata i)
-IIIIIIIIIEIIIIllIIIII
2“ Og 5 % s % 25
@00 1 Unfolded ¢* (GeV?)
100 =
g (GVE AL (ps™1) V.| (1079)
% 45 0 T =T e D s
HPQCD [3] > 16 146 +035 414+02+0.2 *5)
FNAL [4] >16  1.83+050 3.7+02+02 26
LCSR [5) <16 5444143 36+£01+01 15
ISCW2[6] 0264 06+48 32401+017133
Phys. Rev. Lett. 98:091801 (2007)
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= Exclusive p and z decay, with D*/vtag

Tag side reconstruction

253 fb-!
hP}".r 0 g ek " '
py, 82| in=(xnyn.z5) BYgg— D™ Iv/Drlv (275M BB pairs)

L B-,_—D*l-v/DOlv
% [Ty / \,' g
; K\ *: 1% 7
XX oy Signal 2
LY . .
&/ igna F ”
v g o e ull g region
7N . Sig ]f o
/ O BB T & O+ FE T
B Ol / mmlty 50
X rd '. - P
P};_, FINAI
v
13
S 2007 —5 , 300 — —
- - aq o
% il'SB tag 2 250( B tag Rl
O 150 Q \Y; °
2 R < 200} pO]
S N S v v
.gma%\\ .UE=150- _ —i
g 2 L;;'j'IOOL %ﬁ%;‘;“'m i IR SN T TN N NNY TN (N TN R AR O SN f
Wosog = ‘ e 2 3 4 5 6
| L e 50 . iz V., (x10)
% 0.3 06 00 12 15 %03 06 09 12 1.5
M,(GeVic?) M, (GeV/c?)
e ey e e < ereenn —.. . Barberio S
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IvubI:

Ball-Zwicky 2 < 16
341 £0.13 + 055 03B
HMXCDg2 > 16

323 2021 +053- 036
FNAL 2= 16

EA5 022 4051 - B0
APEqgl= 16

A5 £0224 170063

S |V .| exclusive

v, [x107

|V .| inclusive

CLEO (Exl

BELLE sim ane_ im,
am=oa=0dn
BELLE (B}
439z 040203
DABAR E,)
im=02=08
DABAR E, 5=
AM=0T =08
BELLE (mg)
AE=0=0T
DABAR g}
AM=0iE=0H
Aversge ~-exp - (nhtheoy}
1=013=00 '
aied= A7 6 (L= 0 Ry
P HOET-5CET LNy
Piys B [T 07 1004, 2008
=, g iz - ] e

1 1 1

of other CKM parameters

A51=041 =00 R no b —_—h sv

U E—

e

2

6
WV, [x 107

HEAG Ave. (BLNP)
43l 20lT 2

N L b e n

HFAG Ave (TGE
434 0010 2025
HFAG Ave, (BLL)
4B3 0034 20T

BABAR [LLR)
447 2045 2020

BSOS .

_Bﬂg%l%:ﬁgdﬁilltlwﬂll‘él 1 =

BABAR endpainc LNP)
440 200 £ F7

R

inclusive vs exclusive

|V, inclusive

b—sy

V!

5
[x 107

Most probable value of V , from measurements

0bo3 00035 0.004 0.0045 0.005

Vub

0

E. Barberio
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V, : Inclusive versus exclusive

%1 0'3 Exclusive
-
> 045 ....................................................
= z T :
© 0.4t b * small  “tension” with exclusive
0.350 e ) for some calculations
0.3 * measurements still dominated by theory
0.25F i great effort to improve: measurements
0.2 can help as well
0.15
o »error on |V |~ 9%; expected to push
down to 5%
0.05
% | o
0.003 0.0035 0.004 0.0045 0.005
Vub
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CKM angle measurements



Measurement of S

« The measurement of fFis to “collect” the phase of the B°B° mixing:

¢ J 1y
K
A(At) =S, sm(Am,At)—-C,  cos(Am,At)
_ 9 A _ —i23
ﬂfcp - ;Z — nfcpe
| ’Ef., |= I'{“.r. =0 .‘{,I =1, sin 29
Uncertainty ~1%
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 34
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sin(2B) in b—ccCs decays : "golden modes”

BY — .L'“t.'h'_n-.'..f_,ff.'h"“.{'[Eh‘:r'}f{_n.;. D>
BO—J/YKs, /7K, el BO— ¥(2S)Kq

JIOKp neKs, yer Ks

PRL 98, 031802 (2007) 535 BB PRD(R) 77, 091103 (2008) 657M BB

PRL 99, 171803 (2007) 383M BB
: \ 7] 0 0 T
Sa00f@ B > IwK 50

Events/(1 ps)

Alsymmetry

L +B” tags

Raw Asymmetry

55465, oooo
LA NONBRODOL
DU R e

°B" tags

75 56 25 0 25 5 75

" -EAt(ps)
e, 11 sin2¢, =+0.642£0.031 £0.017 S =+0.72+0.09 * 0.03
‘*"‘\_,_i/+ A =-0.018 £0.021 £0.014 A =+0.04 £ 0.07 £ 0.05
5 i © arips New BELLE average
sin2p =0.714 £ 0.032 £ 0.018 sin2p = +0.650 + 0.029 + 0.018
IA] = 0.952 + 0.022 £ 0.017 A =-0.019 £ 0.020 * 0.015
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 35
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Events / 3.6 GeV / ¢?

.

b—ccd decays : B—J/ ¥’

» Penguins with different phases could contribute
* If not, SM predicts S=-sin23, C=0

 Can constrain penguin pollution in J/#K9, by SU(3)
(see PRL 95, 221804 (2005) : uncertainties may be larger than considered)

arXiv:0804.0896, accepted by PRL 466M BB PRD(RC) 77, 071101 (2008) 535M BB

52 524 528 < | i
m, (GeV /¢ 22 L. it
=-1.23+0.21 £ 0.04
C=-0.20%£0.19%£0.03
BF =(1.69 £ 0.14 + 0.07)*10-°
4o evidence for CPV !
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS
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-5 ] 5 At(ps)

S =-0.65%0.21 £ 0.05
C=-0.08+0.16 £ 0.05

Sis24c fromO0
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sin2P} from b—cCs, cCd decays: summary

sin(2f3) = sm(2<|>1) sy boces Cpp EEEE 7 Bscp@

FRELIMIMART PRELIMIHARY g%,

I ; 12

BeBar i 14 £ 00321 0018 BaBar P el GMepgertoniT 13

0 P =

PPL 99 (2007) 171803 PRL 89 (2007) 171803 i i a8 2

Balle JAy K° 0842 +0.031 +0.017 Balla Jiy 1° ot -0.018 + 0.621 +0.614 2

— —i 06 &

PRL o8 (2007} 031802 _ PRLos (oo7)o3{Bee | ¢ e

Lo 04 Er

Belle w2B) K, 0718 £0.090 £ 0.093 Belle w28 Ky, P | -peceiogeetonds E

arkiv:Uree 2ace v O70R.2004 02 %
Average 15 0580+ 0.025 Averaga i 0012+ 0020 0 \Z

HFAR HFAG 5
(v} 18 o7 0.5 £ 41 -Los B85 004 -00P (] Daf DOd DO OB8  d9 -D'?OITZ o 0z 04 DI.E 0.8 1 5

sin(2p™") = sin(2¢;™) EHE C=-A, [

Brscos w"’"‘”""f"g" H o bestnoz ' doBar -—'*"f ' —0.2.01:6.19:0.0.3

i i e * : :

i BaBar 1232021+ 0.04 s = 008+0.18=005

ég— Bele | 085021 £ 0.05 ; :

: . ] 0.10_0.13

E Average 0'931 015 e e S s Tt e g L L Prmrmmememeens

.?... o S AR e o e e A - . o e o A o et el a1 t022=olw

BabBar = 054 £0.24 0.09 " 1y

i & -001£023=008

:b Belle P 1.113+037+0.00 :

Avoragn : 075 0.2 L R -0'37 i

BaBar | S RE " bs820.102 004 . B '“’-‘2*9” =0.02

i A

: Bello | 1F ' 080:0242015 3 EB 018+ :;.1 3=002

Average Ll! j 074018 — 4.08=0.09

-1 qa 1 - <14 12 -1 -08 48 04 42 3 02 04 48 D& 1 12 14

BEACH 2008, 22-28 June, 2008 F. Martinez-Vidal , Unitarity Triangle angles at BaBar 26

June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 37

PIC 2008



Measuring a : penguin pollution

td
q/ pxV,V,

Vs
MMH~/

A(At) =S, sin(Am,At)—C,  cos(Am,Atr)

q Z . -2 —i2y _
/IfCP o ;Z o Ufcpe ¢
Sfcp = -1, SIn 2a
C, =0
cP

penguin

pollution

/[ BB mixing } ~ /[ Tree decay } ™~
_ v, V., _ v _d -
b th _ td d 7/\ g y/A
B 0 ! EO ™0 b Vi u +
J t b B d a7t
p— V.

/[ Penguin decay ]—\

b X
uw,c,t \\g<

d
e asv,

IP/T|~30-60% in m*n-

T

7Z_+

UR X

.
SfCP - nfCP \ 1= CfCP Slnza@ﬁ

Cy, «sind, 0 =0p—Op strong phase diff.

How to obtain o from o, ? =» need additional information

June 27, 2008

Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS
PIC 2008
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Coping with penguins

Gronau & London analysis:

— According to SU(2):
* Tree amplitude is I=0 and 1=2
 Gluonic penguin is pure 1=0

« B*—h*h0is pure 1=2 (neglggging

EW penguins) so: 4™ = 4
— Decay amplitudes are related by:

1 ——0
AV =— 4" +4%; 4
\/5 9

V2

Ly A

L =A1=C) sinQar + K

00
‘_1!4 h

K

P~ j K:EA(L:'_){ueﬁ—ii)

40 _ 7-0
‘.111!1 - ‘-lhh

June 27, 2008

—00

— Allows estimation of penguin-
induced shift in «:

K =2(a, —a)

» But 4-fold ambiguity
kT =1(0+6)

« And 2-fold ambiguity in 2«

— Measurement of 6 amplitudes
needed, on 6 tagged samples

« time dependent analyses
needed for BY amplitudes.

Grossman/Quinn bound:

BF(B — h°h°)

- 2
G =)= e B S )

— don’t need to tag B flavor
— useful if BF(B—h%h?) is small

Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS
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CP asymmetries in B—z+ 7~

PRL 98, 211801 (2007) 535M BB

—_—— - +1
e g - —1

Events / ps

T
-----

Events / ps

._gl
oy 0 . 5 0 5
At (ps) At (ps)

1139 % 49 signal events 1464 * 65 signal events
S,.=-0.60+0.11 £0.03 (5.10) S,.=-0.61*+0.10 £ 0.04 (5.30)
C,.=-0.21 £0.09 £0.02 (2.20) C,.=-0.55+0.08 £ 0.05 (5.50)

June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS
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o from B—
rrnS vsC m

« CPV well established in BO— 77 oo g
— still some 2.1c difference in direct @ e ]

CPV between BABAR and BELLE

2 7° time dependent asymmetry ! | | Time integrated asymmetry ”&-)

* Isospin analysis to-extract «

L L
-0.8 -0.6 -0.4 -0.2 4]

— use/measure S, C,, % C,o» BF., BF,, Tm—

PRD 76, 091102 (2007) 383M BB PRL 98, 211801 (2007) 535M BB

(j- - (b) :
| l BELLE B
VB : _.cua
0.6
[[] SU(3) constraints 043 -—04

on penguin from

B LK*K- 02 ? 0.2
s Ny w—ww/ _ _E B
0 50 100 150 0 30 /60 90 120 150 180
o (degrees) <, (degrees]
a= (96f161)@ <S]M compatible solution[s> o= (96 +1 1)
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS

PIC 2008

41



CP asymmetries in B%—ptp

* Vector Vector final state
— but almost pure CP even (f ~1)

Experimentally challenging
— up to 27, in final state

« Large BF, small penguin pollution

pis wide

PRL 96 171801 22006; 265M BB PP Scpvs Cpp LN
PRD 76 052007 (2007) 383M BB  PRD 76 011104 (2007) 535M BB i i
- ' B’ tag| e o g
t [ o™ 4 . ?11_ . 0
T;_. Ml . B t a g - ! 0 _\: » & 0 il
= e s -
B i il L 1 —— |1 &,
1 | | L Y | 2 \#—4:-"‘? 04t
15 | =-u.4+ (D ‘ . . ‘
. i il 1 <06 — Q,D 0.4 0.2 0 0.2 04
Ah SLipe 8 -6 4 -2 2 6 DELLE ontours (InL) = to 60 2 dof o
B cal - ~ . Y P
BF* _(255+21+ )><10 BF _(228+38 ) x10
_ 0.026 _ 40,034 World average:
77 =0.992+0.024" =0.941 +0.30
L -0.013 fL —-0.040 S+_=—0.05 +0.17
C;” =+0.01£0.15+£0.06 C;”=-0.16£0.21£0.08 C,=-0.06+0.13
S, =-0.17+0.20% 0 S;”=+0.19£0.30+0.08
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 42
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B— p°0P and isospin analysis

* First measurement of time dependent asymmetries in p%0°
— in contrast with 7979, p°0° vertex can be reconstructed =» TD possible

s/ (0.67 )

nts [ { 0.67 ) Event

Evel

SR T e s S S s et L
Preliminary !
arXiv:0708.1630 427M BB 45
BFOO =(0.84+£0.29+0.17)x107°
=0.70+0.14+0.05
CY=+04+09+02
SY =40.5+£0.9+0.2

— aIIows measurement of S, % -) fuII isospin analysis

BF% Jow =» penguin small

June 27, 2008

PIC 2008

Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS

E:I 1= - T
S I without C° and S
0.8— < wss with CE° and without S{°
£ 2 —— with C® and 8%
0.6
0.4_— \
02 favoré\Aa=11 3°
o ”}‘tﬁ""slo""‘slo"
o=t (deg)
60
b
50l (b)
®
s 40p
o™
@ 30}
00 _ 6| € ol
BF™ =(0.4£04+0.2)x107"| 3
B 10}
<1.0x107° @ 90% CL .
827 526 528 5.3
M, (GeV/c?)
43



Dalitz analysis of B’ —(pn)’—z 7~ 7°

« Dominant B>—p*z~is not a CP eigenstate

« 5 amplitudes involved : BO—p*z—, p~n*, p°z%and B*—p*z° pOzn~
— =>» |sospin pentagon !

« Better approach = TD Dalitz analysis assuming isospin symmetry:

A(BO — 7Z+7[_7Z0) - f+A('O T+ f‘A('O_ﬂ-Jr) * foA(poﬂo) A. Snyder and H. Quinn,
AB > x'ma’) = [LA(p'n )+ [ Ap x) + fyAp°x®)| TR 2

o Interfanenoo

Interferences at equal masses
s 3 ‘ provides information on strong
- phases between resonances

June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 44
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Dalitz analysis of B’ —(pn)’—z 7~ 7°

PRD 76 012004 (2007) 375M BB

1
2067 * 86 signal events
0.75
45 i
o= (87+ '
-13 S 05
(+ mirror solution at « +180°) 025
0 :
0 50 100 150
o (deg)
%Jm {a) i E:u:c (b} — signas
: i = PRD 77 072001 (2008) 349M BB
& iy | o : : : . -
EE“M!I = i
~ 200 B 100
i Il.p.i' 531 524 5.'-'5.5.'.'-5‘53 E'I:' A1 i) o1 i s i § % ;
M, (GeVic) AE (GeV) 3 [ ;
0.2 i
_____________ - ._._.-' A
68 < o< 95° at 68% CL |/ DL [ger=e=sn
VIAY . :
o 60 9 120 150 180
VzA lllllllllllllllllll lbz (degreeS)
V2R i Dalitz ;| | Dalitz+pentagon
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS :..ccooviiinieeanns H
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B’—a,x

40f 1% « Decay B’>—a, 7 has same quark diagram
@ 203 E than B—zr,pr,. ..
E [ :;«'«'}\ — and is similar to B—px: not a CP eigenstate,
‘g - :% quasi-2 body approach
w :% « High branching fraction:

i 19 BR=(33.2+3.2+3.2)x106 @

> § PRL 97, 051802 (2006) ?
I 0‘3? 1o BR=(29.8 + 3.2 + 4.6)x10
% _0_55_ g hep-ex 0706.3279

BF(B°—a, K*) =
(16.3 + 2.9 + 2.3)x10©

ayf =(78.6+7.3)

3
o
x
(7)) ]

=

2
=
T

| | BF(B"—a,KO) =
9| (34.9 5.0+ 4.4)x10°

« SU(3) related modes (7« K,

B
=]

a,<—K,) to constrain a-a
— B—a,K:PRL 100, 051802 (2008)
— B—K,x:ongoing

]
=7
T T T

Events / 3 MeV/c? Events / 3 MeV/c?

525 526 527 5.28
mgs (GeV / ¢?)
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Combined constraints on «

* Frequentist versus Bayesian treatment of constraints

>, 0.008F
sess BospmiWA) e d B T,
2 % ees Boapp(WA) COMBINED 0 i UTJ'L”
W =
B WA [T} e
‘ 1] O o006
1 > I
3 : =
08F:. | 3 B
o . . S i
. 0.004
- O8] L CKM it - [
'_ P 4 TEas |_'| it | E -
0.4 : L
: 0.002}
0.2 i
ﬂ*::‘"Lil"' o . N,
0 20 40 60 0 50 100 150
o (deg) a[’]
1ointerval for « [82.2 ; 93.7]°
* Excluded regions are common.
« Situation should clarify with more data.
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 47
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Measurement of ¥ : methods overview

* Measure relative phase (y) between b—cus and b—ucs decay processes
 For final states common to D° and D? = interferences = y accessible

3
_ A~ _ | Three methods
- Color favored _Y—p ., ¢
W- - i GLW ADS GGSZ
b . | D®CP modes DCSD mode Dalitz
: H_ﬂ [ IpMo KK, i K~ K¢nrn~
p [CP] D_00—> Kﬂf— suppr. K. KK-
.......... V ..................... .\, K TCO’K (D’K (I) DY— K™~ fav. S
: ub i e N K S S S 0k %
3 o [CP] g
B0 | W= 2 —_Y . -
f p ; * 0 = relative (unknown) strong phase
Color suppr.  a~UK'""~ * vy =weak phase
A~7L3I'B(*)C_iy€i6 « rg)= (critical) ratio of suppr./fav. amplitudes:
Theoretically clean: no ()= A(B__’D( )OK_) - _
rB _ (*)O _ 0.1 0.2
penguin contributions. A(B—DMK")
June 27, 2008 Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS

PIC 2008

48



Updated B*—D'K* and B*—DK GLW

« Based on triangle relations of amplitudes
_I'(B~ = Dep. K )+ T'(B° > Dgp.K™)

=147, +2r,

8-fold ambiguity on y

=+2ry Reps

ACP+RCP+ = _ACP—RCP—

2.8c from no CPV

B*—DK*

B*—D'K*

+0.27 + 0.09 + 0.04

-0.11 £ 0.09 +0.01

-0.09 £ 0.09 + 0.02

+0.06 £ 0.10 +0.02

1.06 + 0.10 £ 0.05

1.31+0.13 + 0.04

RCPi = B 0 1y N —0 .
[(B- > DK )+I'(B*—>D K")]/2
4 _T(B” > Dep K )= T'(B” = Dep K"
(B - DK )+ T'(B* — D%y, K")
e “SNeW !
§ 80 S o s ;[{l%
= 60 CP even =
? 40 i ACP+
5 20 =
SO S A b == 2e st o | Acp
60 E_ CP even - RCP"‘
Rep

1.03+0.10 £ 0.05

1.10+0.12 + 0.04

June 27, 2008

0.15
A E (GeV)

0.2

arXiv:0802.4052 383M BB
accepted by PRD

preliminary 383M BB
(hot topic FPCP 08)

Results consistent with y=(67.6t£4.0)° from SM fit

Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS
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Updated B*—DK* ADS

r,=0.0578 + 0.0008

s/l i N F(B — Dsupp.K) 2 2
. K- |= 5 K+ Rypg = =15 +r; + 21z, COSY COSO
I.l‘f,J< i 11‘—,_,1'(5 B F(B_>DfavK)
I ¥ - - C - - d B ' B N .
Y, i - i - TR y . F(B — Dsupp.K )_ F(B — Dsupp.K )
i ADS = - - + +
ub g, ﬁﬁ E s - o I'B — Dy K )-T'(B" > Dy K )
i " s/d H.-II._< i =2rgrp siny sino /R g
||I'|.- Il 0
1 e [ -'II .
B ' 0 =0y + 0, :relative strong phases for B and D decays
25 F(B - Dsupp.K)
j arXiv:0804.2063, submitted to PRD(RC) 657M BB
oAU No significant signal observed
NGB D, k) N the suppressed mode:
(c)
- o
3 BF(B—>DSUpp_K) <2.8107" @ 90% CL
f r;<0.19 @ 90% CL
e i
AE (GeV
June 27, 2008 {Ma]rc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 50
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B*—DUK* Dalitz

 The idea in pictures:

A(B")=|A(B—DOK)|x

+D'—K KK, 2’z

A (m>,m2) =

A+(m3,mf) =

AB* —> D'K*)

* D’ > Kgmz

A(B~ — D°K") 'AD(mE,mz)i+ rBe'

[AD (m,m>)+ rze’

&y

Giri et al. PRD 68, 054018 (2003)
Bondar, PRD 70, 072003 (2004)

E«n x‘* BO —> Ksoﬂ'ﬂ\
e—l Y ]
e . -: .EI . :

m2(KSTc_)/

- (mi’ mz)] m2 =m*(Koz™),m* (K2K*),

m*(7°7*)

change of sign

« Extract y, rg, 05 using cartesian coordinates x, and y,

l—‘i(mz9m—%-) ec ‘ADi
— makes likelihood Gaussian and unbiased

» Two-fold ambiguity (6g,y)—(0g+m,y+7)

June 27, 2008

2 9
+ 15 ‘Azf

eonfe el A ey, Smla a0 ]| X rpeos@pE)

DY DT

y.= Krgsin(0,y)

k account for natural width of K
n accounts for parities D°—D% wrt Dq°

Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS 51
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Dalitz plot analysis of D%D° decays

 Extract D9/D° decay amplitudes from high statistics

samples of D*—DO%z*, tagging D° flavor with pion '::';_--:'-;533:_-.:3-

arXiv:0802.4052 383M BB
accepted by PRD

parameterization 0 0 1
- . N o D" —>Ksr'rw
K"(892)",K,(1430)", & .
Ki(1430)*,K°(1680)", &

p(770), (782), £,(1270), T |

K—matrix for zzz S—wave
and running phase, i \

non—resonant for

1 2 3

Kr S—wave m? (GeVZ/c?)
:-U..‘lmﬂtl II - a) ;-"! o b) A + i'ﬁl :-"3 G000 ‘I\I O c)
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D— Ksrrr Selected samples

(D—KKK from BABAR not shown)
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BABAR Dalitz results

il ) DOK* 79 cPV15s - d(B",B") =2r,|siny| :
j' 1™ | size of direct CPV
CPV25s DK
. 0.5 0 0.5 X*+ 0.5 0
-l I I I 3 I I
o r5(DK) =0.086+0.035
N rs(D'K)=0.135£0.051
* +0.088
] kr,(DK") = 0.163_ 45
0.6 ;
I +23
V= (7 —24)0
A U R includes 5°exp. and 5° Dalitz !
0.2 - .
- = -y arXiv:0802.4052 383M BB accepted by PRD "h Y R I R R P
077150 -100 -50 0 50 100 150 "E'-Krs
Y (deg)
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BELLE Dalitz results

0.2
0 /" "\ B —DK
02} um\ -
-0.2 0 0.2

B —=D*K’

0.2

0.2

Preliminary - arXiv:0803.33%5v1 657M BB

Parameter | la interval 2 interval systematic error | Model uneertainty
a 76 T W° < ¢ha < 09 | 0
roK 0.16 + 0.04] 0,08 < rpg < 0.24 0.01 0.05
rhe g 0.21 + 0.08]0.05 < rp- ) < 0.39 (.02 0.05
O K 1367 T 5 [ 1007 < dpr < 163 I 27
B 1+ iy 3437 Tiho [203° < dp < 389 ] 24
« Comparison BABAR/BELLE B y:<76i§§i5i5f
— BELLE uncertainties are significantly
smaller than BABAR ones r3(DK) =0.086+0.035
— despite the (x,y) observables have rs(D'K)=0.135+0.051%

comparable errors

— this is the “rg” effect
Marc Verderi, LLR Ecole polytechnique / IN2P3- CNRS
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Combined constraints on Yy

Babar + Belle, from the combination of all the mﬁgsurements
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BEACH 2008, 22-28 June, 2008 F. Martinez-Vidal , Unitarity Triangle angles at BaBar 30
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Conclusion

Remarkable success of B factories

— succeeded beyond expectation, with eg, measurement of y
BABAR has now finished its data taking

— leaving BELLE alone in the “race”...

— but still many analyses to do or update on the full data sample

CKM UT is constrained by measurements based on both by CP
conserving and CP violating

— the picture is consistent with the SM !

Measurement of semileptonic decays become more precise as the
experimental techniques are improving and the theoretical computation
of parameters.

The measurement of 3 is a precision measurement, reaching accuracy
of SM calculations

The angle a will ultimately be limited by penguin pollution
— still more new channels being added

The measurement of yis reaching the 13° precision
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2001... and now
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