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The unitary CKM Matrix: mixing the 3 quark generations and CP violation

® Strong hierarchy in EW coupling of the 3 famiiies: 4 o e ® 0~ ® - E‘\
diagonal ~1 & between 1 <> 2: ocA~0.22, u Qpﬁ K-::"’ v Q.wv
2> 3: cA?, and 1 <> 3: ocA3, 0~ O I
Veim = | -:m V | DE=37V | Be=37

* KM mechanism: 3 generations = 1 phase K D
as only source of CP violation in SM. . B"—= B'| B, . t \</V
* consider the Wolfenstein parameterization, ~ b
defined to hold to all orders in A and re-phasing invariant (EP) C41, 1-131, 2005) :

A2 — | Vs A2)\4 | Veb|® 54 i = VuaVip

|Vud|2 + |Vus|2 |Vud|2 + |Vus|2 VCdV

=4 parameters: A, A, P, and | to describe the CKM matrix, to extract from data the

Unitary Triangle. (p.n)

(0,0)
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Moriond 09

Global SM CKM fit: the inputs

Details:
http://ckmfitter.in2p3.fr/plots Moriond09/

CKM matrix within a frequentist framework (=%2 minimum ) + uses all constraints on which we think we
have a good theoretical control + Rfit treat. for theory errors (EPJ C41, 1-131, 2005)

= data=weak ® QCD =>need for hadronic inputs (often LOCD: Our Own Average (OOA) of latest results)

Phys.param.
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CP violating

Experim. observable

Superallowed [3 decays
Kz (WA Flavianet)
HFAG incl.+texcl. B>X IV

HFAG incl.+texcl. B—>X IV
last HFAG WA Bd'Ed mixing

CDF Bs'gs mixing
last 08 WA: BaBar/Belle

K°-K° (PDGOS: KLOE,
NA48,KTeV)

latest WA HFAG charmonium

last WA Ttrt/prt/pp  NEW
latest WA HFAG B-—D®K®)-

Theory method/ingredients
Towner & Hardy, PRC 77, 025501 (2008)

f K™ (0)=0.964(5) (most precise: RBC-UKQCD)
40.59(38)(58) x10°®
OOA (specif. uncer. budget): 3.87(9)(46) x10°
OOA: By /Byy= 1.05(2)(5) + g, + fig
OOA: By= 1.23(3)(5) + fy, + foy

OOA: fy, /g™ 1.196(8)(23) & fo,= 228(3)(17)

PDG para,(n. (Buchalla et al. ‘96) +
OOA: B,=0.721(5)(40)

isospin SU(2) (GL)

GLW/ADS/GGSZ




Global CKM fit:

the Big (p,n) Picture
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2.0

* overall consistency
at 95% CL.

* KM mechanism is
at work for CPV and
dominant in B’s.

* Some tension in
B*—>1'v > the fit y2_.
drops by 2.4 ¢ when
removing this input.

e and NP ? (see later)

p=0.139"qy;,
N= 03417,

peam
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Global CKM fit: testing the paradigm

'daola B lal VaYd ( ’“ﬁA’A""
|nputs: Observables wi ‘Tree’ pprocesses
07 ——— —————————
|VUb |SL : 1 fitler -
A ! ===
M o i 7() Worond s ]
4 : 3
B— v 05 fg ' -
- 0.4 § —:
TE—OL— 03 : _:
: 0 =
02 ; -
i -
0.4 i —
1 b =
0.0 PR T T N A PR | I PR I T T N N .-~
-0.4 0.2 0.0 0.2 0.4 0.6 08 1.0

Assuming there is no NP in Al=3/2 b—d EW penguin amp.

Use OL with B (charmonium) to produce a new Y ‘Tree’.

Tension in between sin(2[3) (I) &
BR(B*—1*V) (II) (through IVubl):
either removing I/II in the CKM global fit

the y2_. drops by 2.3/2.4 G. reasons why:

- exp. fluctuations,
- LOCD,
- New Phuysics ... ?

V. Tisserand, LAPP
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o from B—pp, pT, T new WA

12| pormm- E—rnova )
Tiie_---  Bpp(WA) COMBINED
---------- B—mm(WWA)
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V. Tisserand, LAPP P

new PTP° has changed :
arXiv:0921.3522

o= (89.0755)°
f[+9.1°-8.3°] 95% CL}

CKM fit: (95.6132)°

8.8

Summer’'o8 was: (88.25"_35 )°

Ol is now a precise
measurement ©@5% !?
Note that 3 is ©@4.2%
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o from b—uud, B-pp, pT, T

AB°-hh) =A,_= Tre: - f/é }h_ B { {;}<

* * Bo — > +
VubV udT'l-thV tdp B {d }h

QlQ CIQ

T

Penguin «c)\3

<in20. from time dep. CP: I"(Bo(t)>h h*)c[1+C, , cosAmt-S, , sinAmt]

* Strong effective phases arise from P : Gronau London SU(2) isospin triangle:
Aps + V2400 = V24540

effective angle o measured (not o)
A, |/\ A | Af— +V2A0 = V2440

Ao = Z(Q',eﬂ: - 0,)

* So far the pp dominates, R=P/T:
R(mt™n™) > R(p*nt™) ~R(p™nt™) > R(p*p7)

smaller |Aal isopin bound
* 8 fold ambiguities (4 Aa, 2 o)

* h*h® : pure tree.
|K+() =1A.] %
fi r

Moriond 09 7
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o from B—pp

Dominates WA

Winter’ 09 BaBar p*p° update (0921.3522) BR(f)) 2 by ~2(1)c.

BR (p*p°)[10¢]= 18.2 (3.0) — 24.0 (1.9)

f (p*p°)= 0.912(44) — 0.950(15)

e Inputs : B+, B°*, B°°,C*,5*,C°°,

Soo;fL+-’fL0+ f 00 { e

N B — pp SU(2) analysis (WA)

m — CL=95% and 68% contours
fitter _

B —> pp SU(2) analysis (WA)

CL=95% and 68% contours

-’l+_ '&+J| +— v".z ooz 2 +0 | | ; — |__‘|—— / +\J| += -v"_‘:)_ {Jc: 2 +0
Summer08 IA @ /) AT HVZ2AT=V2A - Winter09 (prel.) \/“IAOO/Awi AT HV2ZAT=V2A
B—pp amps.
e e & gBampshas | |
- B N T e - i, il Rt . . PR T =0 i e Bl
7 similar pictures | T
& .
f':/ ------
g o | ' — 0 .._:_:__}_...E._.
T NN g S
3 -1.5 i -0.5 ; 0.5 | 1.5 223 —15 —1 -0.5 : 0.5 I 15 5 *
Re(A /A*”) Re( A/A*”)
* higher BR: Both B and B isospin triangles do not close (consistent within uncert.)
* mirror solutions are degenerated in a single peak. “

Moriond 09 8



1.2 I B—pp (WA)

I B prdr. ———— B—pp (BABAR)
a from B_)pp i — e B—pp (Belle)

o =(89.9 £ 5.4)° osll
Aa.=(1.4 +3.7)° ;
Summer’08 was : 0.4l
a (90 9+6 79 )o
Aa (O 5+126)

1-CL

CKM fit

in fit /

. NOo o meas.

Il\\lll

80 100 120 140 - 160 180

(o)
N
o
N
D i
9)]
@]

oL (deqg)

> How lucky are we? toy study:

S .

. K - = B — pp SU(2) analysis (WA)
Gaussian smearing of all inputs at best CKM Yy | %tw analysis of the best fit observables
fitted oL by 1G half interval : BR*, BR®*, BR®°, 5 0
C+,5+,C00, 500 fL+-'fLO+'fLoo 5 - - ated s I8

o - 1 paee s B-+pp (Belle)
* average toy error: 7.5° (observed 5.4°) .o | ol | Vo
L oeff CKM fit _5' ;': : .5!-’;
* Jlong asymmetrical tail (—20° !) when triangle o | B }\ﬁl /*
closes = pseudo mirror solution above the 16 CL(a) N \ /A

0 20 40 60 80 100 120 140 160 180

/ @ (deg)

4 8 3 10 12 14 18 15 20 22
1o half=interval on « (deg.) 9

0

threshold. Only ~34% of SU(2). triangles close:
AL _|/V2+ Aol > |Asol

* same behavior when 2c half interval (less fluctuating).




Breaking isospin triangle in B—pp

Ao =(1.4%3.7)°

= Already sensitive to sources of 12 m B—> pp SU(2) analysis (WA)
. fer i = 4G [ ] =
SU(2) breaking (J. Zupan CKM'06): T Asu(z) 5 :'6”% B Agyp =0

""" =8U(2)

Agu) =

-m,#m, & O, # O i ﬂ
(m,-my)/Agep ~1%

- extend the basis of EW penguins: Q. ,,

Agewp ~1.5°

- mass Eigen-States (EQ) # isospin EG:
(p—®) mixing <2%

1-CL

- p7tO:> I=1 contribution possible:
0(rzp/mzp)~ 4%

- Al=5/2 operators no more negligible.

A L1 -|:““". -"" Ly
40 60 80 100 120 140 160

=> Possible way out: K*p SU(3) constraints
o (deg)

Break the triangle closure: * tested [AA*|:4, 10 & 15%

9 A0 _y A0 + AA*O * small correction breaks SU(2) at 90°
but restore SU(2) in the ~0° vicinity
V2AATY = Vi Vi ApTT™ + ViV ApP ™ * need ~15% to restore SU(2) at ~90°

— additional Amp. with A7 & Aps « BTW small impact on wrt/pp/pmt WA combo.
fJ%!r

(arbitrary phases)

Moriond0g 10



B-(P.0)Y & K*Y exclusive b— Dy [D=(d,s)]

access to [V, /V, | within SM, in ratios of excl. BRs: Red/s)y

cross check of neutral Bd ¢ Mixing (penguins vs box)

* loop : sensitive to NP, in addition to accurate (N)NLO B —XsY (inclusive, Misiak et al. '06)

available many recent(’08), more &« more accurate excl. meas. B—Vy at B-factories.

But hadronic effects difficult to estimate:
-1- early attempts: Ali, Lunghi, Parkhomenko ('02,'04,'06).

-2- QCD Factorisation for LO in 1/my up to O(a,) (Bosch and Buchalla (02)).

-3- use a more sophisticated analysis beyond QCDF : adding 1/m,-suppressed terms from light-cones
sum rules (long dist. Y emission & soft gluon): Balll, Jones, Zwicky ('06).

*each exclusive decay described individually

*isospin breaking (FF, strong phase)/CP asym. + weak annihilation (tree) can be large in (p,®)y ...
*u and c internal loops (long and short distance) + other operators than magnetic operator Q. only
*non trivial CKM matrix elements sensitivity

G _ - D=5
A= 5 (Wa(v) + 22a5(V)) (A Qr1B) [ M= VipVin | veuct
a%)’( V) — ayQCDF( V) + a%f,ann( V) + a%j,SOft( V) 4. %

V. Tisserand, LAPP Moriond 09 11



B0y & K*Y impact on (0.M)

* HFAG WA 08, all BFs updated (x107):

1-5 I |._|_|._|__“_|_.|“ I.__._I...__ T I l LI LI L ]

: | : K*y: 45.7+1.9
1.0 — — N

: - K*oy: 44.0£1.5

- CKM it .

il +q,. .
pry: 0.98%%

i I // 0/ +0.15

IS 0.0 —--------mmmmmmem e e | p y 0'86—0.14

D . | +0.18

B oy: 044
osf Am, Y 0.16
1.0 ul

- : = BF(B,—>()))=57%22

I ”“""“"T i 1 J 1 ] (strange counter part B— K*y)
_1.5 1 1 1 1 1 1 1 1 | 1 1 1 1 111 L1 1 1

<1t0 0.5 0.0 0.5 1.0 1.5 2.0 = ACP(B- N K*"Y)=-O.11i0.32i0.09

p (y polar: NP ? + check strong dynamic)

2> [RERE e el [ R-LE N ® B as good as box B mixing Am, alone,
and [eidGEEIN® B almost as good as Amg&Am,

V. Tisserand, LAPP Moriond 09 12



No more trouble with |Vcs|

PP B .t.........:l... Y PRYSN l.- Lae
DIIUIIII SeCtor 1avorice PIUCC LO LOOL
LOCD [m ~Aqcp] for form fact. and % P ILED & LOUD | AETEE)

oriond 20 3 |V _| from the global fit
decay constants (access [Vcs|) e Ved 9

.CLEO'C’OgDS%(T,M)V&T[QVV,TCV] 1.0_[ T T T T T T T T [T T T[T T T[T 1 L — T 11 LI B

annihilation: arXiv: 0901.1147 &
0901.1216 (fix |Ves|=|Vud|):

fs=259.5(6.6)(3.1) MeV
* Our LOD average: " o4 .
fs=246.3(1.2)(5.3) MeV ' '

(mainly from full unquenched LOCD :

HPQCD'07 & FNAL-MILC'07, but notonly) g Lubtedliv et ut et et vnitvnitenitell]
0.0
096 098 100 1.02 104 106 108 110 112 1.14

IVcs|

0.6 — =

-CL

0.2 -

* combined CLEO-c + LOCD: [Vcs|=1.027+0.051
* CKM fit : [Vcs|=0.97347+0.00019

» |\cs| situation improves : CLEO-C and LOCD have better agreement on st
« f. ideal for lattice (cs quarks), better but still worse than f,sf,l/f (light quarks).
Ds K*'K''n

" note : st from BaBar, Belle, & CLEO-c in pre-2009 meas. with DV is higher.

fi r
V. Tisserand, LAPP Moriond 09 13



a word on rare K*=»trvv

+1.15

* Recent E949 update (arXiv:0903.0030 with 5 events (& incl. E787)): | BR [10-°]= 1.7 3,_1 o

* BR parameterization as Brod & Gorbahn '08 (PRD 78, 034006) :
NLO QED-QCD & EW corr. to the charm quark contrib. (0L(m2,)=0.1176(20) & Ec(pc)=1.286(13)(4o))

1-5IIIIIIIIIIIII|

. - +0.081 - excluded area at CL > 0.68 ancli (I)S;S
CKM fit: BR[107°]= 0.730°%%" i

IIIIIIIIIII

Z7M [ CKM fit N
Mariond 09 — E?87+E949

1-0 T T T T I T T T | T T T T [ T T T T I T T T T

0.5

Illllllllillll

E I= 0.0

] -osf .

BR[10°] - :

o} [ % ’ 1

5 > - % . Constraint from K" > t*vVv |-

B(K*—mr*v?) OC{(O'W) ‘|‘(}00_ﬁ) } _1.5_1 0 0 O O
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

=> wait for NA62: O(100 events)! p
( ‘ mhstira

V. Tisserand, LAPP Moriond 09 14



Assume that:

® tree-level processes are not affected by NP\ < B | {SMANP | >
(SM4FC: b-q;jq (i#j#k)) nor non-loop | |
decays, eg: B*—TV (implies 2HDM model). x [(Re(Ay) +iIm(Ay))

® NP only affects the short distance physics in >

AB=2 transitions.

® Model independent parameterization:

Ay = |Aq| eZiCDNPq (use Cartesian coords.)

New Physics in B_y ; mixing

AB=2 <Bq ‘ HAB =2 | BG>

. _ e _ .
A,=r?,e?Ya= 1+ h %0
*SM=Aq=1

* MFV (Yukawa) = CDNPq=O and Ay= A

parameter prediction in the presence of NP > SM parameters are fixed by :

Oscil. Amq ‘ANP| X Am |Vub|SL+‘cv’|Vcb|’|Vud|a|Vus|aya 'Y(OL)=TC-B-OC
Phases M AP AT IAERERIREY $ ABRERRREF=ENE
Qﬁ ﬁ (I)d 06 3 v(ct) % =
SM NP ' 3
Qﬁs Qﬁs _(I)s 05 % 3
20 IR
_ l12,4 NP os [ L
(1)12 q = Arg[— T2, (1)12 q + (I) . g
SM NP 0.2 =
Asym SL Aq F12,q Sln((I)IQ q-l_(I)q ) 3
SL MSM |ANP| 0.1 : 4
' i 3
Lifetime IS IR SO B T A EEETY: |~
diff. AFCJ 2|F12:Q‘ X COS( 12,q + (I)NP) oy 02 00 02 04 06 08 10

V. Tisserand, LAPP

?’ it

Moriond 08 15



New Physics in B4 mixing

Warning : 68% CL

excluded area has CL > 0.68 |

* Dominant constraints
from [3 & Am, : both
agrees with SM. ... but ...
=>» tension from BR(B-tV)
i.e.: [Vubl =sin(2[3)

T ] T T T 1 ] T T T 1 [ I__ IJ
I L1 I 1 I L1 1 1 I [

B O . .
I‘_ <] * Cartesian coordinates
& ive simple interpretation
ALLIT, |= 9 pIe INterp
of constraints:
Ar‘s’ (I)s * angles :.arcs
* Am : ellipses
+SM params:

* A4l <or~1= KM
Vudl, [Vus|,

\ mechanism is dominant.
IVubl, IVcbl, N
Y(o), B>tV ew Physics |n , - By mixing

hypothesis with B>ty with out

Agreement with SM :
A =1 (Re=1,Im=0 210 0.60
¢+ (Re=L,Im=0) e

V. Tisserand, LAPP Moriond 09 16



AL, o,

+SM params:
Vudl, IMus|,

|Vubl, Vcb|,
'Y(OL), B-tv

>
-
e
Im A

New Physics in B, mixing

Warning : 68% CL

Dominant constraints:

= Am, agrees with SM.
. ((|)S=-2BS,AFS) through
time dependent angular

0 —-------- - : - - — analysis of Bs —J/\y( by
D&ICDF (HFAG'08 update)

is 2.2 away from SM.

SM point

hypothesis with B*>tty with out

Agreement with SM :

V. Tisserand, LAPP

As= 1 (Re=1,|m=0) 19 0] 19 0] %

Moriond 09 17



MFV in Bq=d,s mixing

additional constraints:

(DNquo and Ad - AS= A

Inputs:
Am, i
Amd Moriond 09
sin(23) W0 e I |

o
AS By 0.8 -
L’ L i
Ay o
AL, 1T, 04 [
AL, ¢, 02 [

+SM parames: A | : |
Vudl, [Vusl, 0.5 0.8 1.0 1.2 1.4 1.6 1.8
IVubl, [Vcbl, t

Y(a), B>tV SM point

1-CL

In MFV scenario the impact from sin(2[3) (tension from IVubIT+V) &

TeVatron (I)s is washed out: no new NP phase ! %
fi r

V. Tisserand, LAPP Moriond09 18



Conclusions, perspectives

* KM mechanism is at work and dominant for NP in quark b sector
= still room for NP both in B, and B..

* overall good agreement in the global SM CKM fit:
= a step forward on o precision, but need to go beyond SU(2).

* but tension sin(2p3) < IVubl| with B*>T*Vv :
- wait for new measurements by B-factories,

whatever super-B factory ...
- 2HDM models ?
-LOCD, ... what else ?

" but tension in direct TeVatron 3 measurement.
—wiait for more data & LHCb to enter the game.

* progresses on constraints from exp. vs LOCD (f,), b—>Vy, and
rare K decays.

V. Tisserand, LAPP Moriond 09 19
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Bf >tV #  helicity-suppressed annihilation decay sensitive to fgxIV, |

experim “  Sensitive to tree-level charged Higgs replacing the W propagator.

_ Gm.r m? ° 2
b . * BR(B" > r'v)=—Ff—8B8m?| 1- —= i\
W r ( ) . r[ mé] 5

T

fgq from our own LOCD average:

BR[104]=1.80 £ 0.63 Inputs: _ -
<1.80ﬂ.00 (had) fo/fgq= 1.196(8)(23) & fg,=228(3)(17)
1.80:0.81 (semi-lept) N s 3 CKM fit w/o BR(B — 1 V)
G —— Measurements (WA)
> Am,
‘&) BR[104]=1.70 £ 0.42 Am i — O
— <1=79¢o=71 (had) s -
1.65+0.52 (semi-lept) ‘ £y ‘ 0.8 - 7
Measurement are consistent & WA: sin2f3 d. 0.6 g deviation :2 46 —
BF[104]=1.73 £ 0.35 N T o4l ]
Measurement from global CKMfit: y 02 | N
) +0.154 Y.
BF[107]= 0.796 —0.033 5 0{6 ofs 1.0 1.|2 1.|4 1.Is 1.18 2!0 2.12 2.4

BR(B — ™) x 10*
new CLEO-C’09 D*, —1*v (~fine)... %

V. Tisserand, LAPP Moriond 09 21



B*>ttv
theory.

Powerful together with Am, : removes fg (Lattice QCD) dependence

(left with B errors anyway). If error of fz, small : 2 circles that intersect at ~90°

+ + 2 2 f a2
BR(B™ — t7v) _ 3w m.T,. (1 m. )2 sin” () 1
2 2 . 2
Am, 4 m;,5(x,) mg  sin“(y) ‘Vud‘
1.5 _I I | I | | | |“ I LU L | L I LI I_
‘o - amg 1 [ Inputs: Theory free prediction for Bg
B i Amy 3 Prediction for By
¥ 3 B> v % e Lattice value
05 -
i 1 |v(Enpo)
IS 0.0 i RIS - sin2fg ! ]
05 - ;
: : . IE.U
" pepgm 0
L S Congtraint from B — t* v, and Am, -
S o5 '0!0' Ry The tension is not driven by

V. Tisserand, LAPP

5 V., (SL) nor fg, (nor g.)

22



B*->1t*v &« charged Higgs

~_

2 2\* b . r*
BR(B' — 7'v) :&%ﬁmf(1_%] £2 V[ B >umvnvm<
B u V.

Q Helicity-suppressed annihilation decay sensitive to 7Fzx<| V| 5 - -
Q Powerful together with Am,: removes 7, dependence B* <
QO Sensitive to charged Higgs replacing the Wpropagator | u v,

e.g: 2HDM type IT

KTOm 5> 7y (WA)

ICHEPR 08 Sroeieeoc SmmrsiGoE

2
BR(B® — 7'v,) = BR* x(1- 2 tan’ )’

my

Disfavoured region
BR/BR5M« 1

O.Deschamps ICHEP’08

V. Tisserand, LAPP 23



New Physics in By & B, mixing without B*—>1*V

stk I | i 6= E )

excluded area has CL > 0.68

ImA,

[_fitter

Re A, Re A
Removing B*—>1*v impacts Am precision = one less constraint
for the decay constant fg, (only LOCD: more SM like) and
relaxes the sin(2[3) <|Vubl tension but no impact on TeVatron (I)s %
fi r

V. Tisserand, LAPP Moriond 09 24



MFV in Bq=d,s mixing without B*—>T*V

additional constraints:

CDNPq=O and Ad - As= A

Inputs:
Am % MFV
s :
Am d Mo'ri:mdogr
Sin(ZB) i 8 w/o B — tv

) T 1 I T T T ] T 1] ] T ) T l T T T ] I I T
o i
AS By 0.8 [
L’ L i
A?‘ 0.6 -
L 2 [
AFS’ (I)s 0.2

+SM parames: | : ;

0-0 1 L L 1 1 1 1 [ [ 1 1 1 L [ 1 1 L
IVudl, IVus|, 0.6 0.8 1.0 1.2 1.4 1.6 1.8
IVubl, IVcbl, %

Y(a), B>tV SM point A

1-CL

Removing B*—1*v impacts Am precision = one less constraint
for the decay constant fg, (only LOCD: more SM like) %
fi r

V. Tisserand, LAPP Moriond 09 25



Only input from indirect CP violation in mixing and in K°-K° interference w. and w.o. mixing

I gKl * dominated by badly controlled long distances contributions but accountable corresponding systematic.
* Note : ¢’ direct CPV has much larger hadronic uncertainties (gluonic penguins): excluded.

el = Ce BT Voo [|Vasl*(1 = 5)neeSo(e) + 1t So(@er 1) — MeeSo(e) |

2 r2 2

CE ) 6 \/§7T2AmK

Where S, is an Inami-Lim loop function, x,=m?,/m?,, and ), are perturbative QCD corrections.

* The constraint from in the (p.f] ) plane is bounded by approximate hyperbola}s\.
* The dominant uncertainties are due to the bag parameter, for which we use B,=0.721(5)(40) from

LQCD, and the parametric uncertainty approximately proportional to a(IV|9)~8%, comparable in
size.

leklppcos,exp™ 2+-229(12) x103 and leyl cpueie= (2-063:45;) x1073

(VK CPV
e = €' sin ¢, M + ¢ Ge = (43.51 £0.05)° e = V280 ¢ Fe
Aﬂf'f}( '

=>» Recent work by Buras & Guadagnoli (+Soni & Lunghi) suggest an additional effective suppression
multiplicative factor ,=0.92(2), " not clear yet how we understand this parameter " in arXiv
0805.3887: ‘our very rough estimate at the end of the paper show that IEE<O.96, with 0.94(2) being a plausible figure”.

=>» BTW when plugging sin23 WA + other relevant inputs, they quote (error treatment/budget ??):

leylgy= 1.78(25) x1072 ie: deviation = NP ?! (S
V. Tisserand, LAPP —fitler



* |Vcb|: already precision measurement: 1.7% !

i'\l'cbiinc|_[10‘3]= 41.67(44)(58) HAFG
summer O8

Note: V|, [103]= 38.20(78)(83)

(dominated by Form Factor F(1) =0.921(13)(20))

* |Vub|: room for questions !

Very difficult as phase space cuts applied to suppress
b —clv bkgd (~x 50) complicate the theory for inclus.
Meas.: lower scales (non perturb. function), renorm.

shape functions, structure of sub-leading terms complicated.
r Ivubl (> 02 +ﬁ2) is crucial for the Use the B-beam technique & several kRinematic variables:

SM prediction of sin(23 ) E, my, 02, ...

3 [Vl (— A) is important in the
kRaon system (g, BR(K—>nvv), ...)

[T - average CKM fit

Worondos = --- €Xcl. (- wio [V |

ub
4 SF params. from b—clv, OPE from BLNP T I I o )
4 BR precision ~8%, |Vubl excl. ~ 14%: FF theory dom. e r B
(B = nlv important also for nrt, Kt decays ...) dl 06 E
3 adapted from HFAG summer O8: T o4 ‘ ] ‘
UVl [103]= 4.38(16)(57) our syst. estimate  ** " E"u_‘ .

4Vl [103]=3.46(11)(46) ob?oozlsﬂt OI.O:JSO 00035 .0.034.0n Io'.og:s | Iuj.oéslo I ".{hol.olnsls "~ 0.0060

[Vubl

V. Tisserand, LAPP Moriond 09 27



Am, = 17.77(10)(7) ps™

Amd & Ams = a 5.4 c measurement PRL97, 242003 (2006)
HFAG: Am, = 0.507(5) ps™?

= uncertainty 6(Am,)=0.7% already smaller than G(Amd)zl% !

G?
Fz mBsm%VnBSO(xr)fz

Am =

p
o7l

Very weak dependence on P and

st \/875

£,,/Bd

the SU(3) breaking corrections (largest uncertainty)

E =

Measurement of Am, reduces the uncertainties on {5 B since € is better known from LQCD
> Leads to improvement of the constraint from Am,measurement on |V, V', |?

2

Gy

Am,=
4 617’

2, 2|
mWnB olX; fB d|vrdvrb| o A°A° Hl p) 41|

V. Tisserand, LAPP

Moriond 09
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Global CKM fit: the B, mesons (0,1) plane

0.7

0.6
0.5
04

=
0.3

excluded area has CL > 0.95| T

‘Illllllly'-y'l_l_l_l_r

0.2

0.1

o
0.0 Tl

-0.4 -0.2 0.0

The one associated with
By meson

Vi V> VigVi

Vo ng +1+ 7= =0
O(1) + O(1) + O(1)

V. Tisserand, LAPP

I | 1 | I | T |
fitter

Moriond 09

sol. w/ cos 2B < 0
(excl.\at CL > 0.95)

o
\
~ =
] ] I ] ] ] I ] 1 1 “
0.4 0.6 0.8 1.0
[0) One single minimum

o = arg —thv“* S =arg —V“’—V‘;’
Vuqu*b (/td(/t;

Moriond 09 29



Inputs:

Global CKM fit: testing the paradigm

CP-conserving observables

07 T

CP-violating observables

vz T == T i
£ ' ]

Vo || o am, TR
B— v £ : a
05 g —

Arnd 04 % -
= | : 7

Arns 03 ; -
02 ; 3

01 i 3

i p 9

0.0 L | S | | Ll -

04 -02 00 02 04 06 08 1,

Angles (small theor. uncertainties)

0.7 T T T T e
= ] \‘\ fitter =

" g ! : A3t \ Merengos
b 1 =]

§ -y . \\ \ -

05 ¢ on- X\ g
i e ) wlWe et

3 I, Ry (mallgBL-00s)

04 =3 - _— N
3 oz, \ -

IF 5 ----\--I—"‘-\-\__ ; . \- \l :
03 : I O
I — B \\ o

: 0 '».*\ u

I "-._____ . ‘\ \ -

0.2 1 - L=
: _"""~-.,_ Q\\ =]

: \3

01 i he
o !

00 ) o N | I i L] L E

-04 -0.2 0.0 02 04 0.6 08 10

V. Tisserand, LAPP

0.7 5 T T " T s W T
6 i A\ o
wEd ¥ ! Wiiim
= H \\ tdnmndm B
[ : \ =
0'5 — 0 B : EK '\_ '\\ —)
%‘-‘_‘_ B sz ]
r:§ H‘H"‘:-\_ (lm.-,TlQ‘Lsunbl :
04 ‘g ~- L
=l ~ i \ -
F L] : ] . H"--\.__\__ -‘\\\ :
03 & .y 0 '..\\ —
02 i e =
: T — \'\\. =]
! \ 3
01 : g
' X\
Y p
0.0 .u P | ' 1 | 1 Lol
Y 02 0.0 02 04 06 08 10
p
No angles (large theo. uncertainties)
0 T T e
06 fitter
" Moriond 68

= IIiI[Ii!IJiIIIIIIIIIIIII[IIIIlIIII

-04 -0.2 0.0 0.2 04 0.6 0.8

L

Moriond 09 30



Global CKM fit: other numerical results, a selection

Physics param./Observable Central +10
A 0.8116 [+0.0096 -0.0241]
A 0.22521 [+0.00082 -0.00082]
) [1075] 2.92 [+0.15 -0.15]
o (deg) (meas. not in the fit) 95.6 [+3.8 -8.8]
B (deg) (meas. not in the fit) 21.66 [+0.95 -0.87]
Y (deg) (meas. not in the fit) 67.8 [+4.2 -3.9]
B,(deg) (meas. not in the fit) 1.035 [+0.049 -0.046]
Am, [ps'] (meas. not in the fit) 17.6 [+1.7 -1.8]
IV | [103] (meas. not in the fit) 3.50 [+0.15 -0.14]
BR(B->tVv) [1074] (meas. not in the fit) 0.796 [+0.154 -0.093]
BR(B->i”) [10™] 10.8 [+0.4 -0.9]
BR(B,~>*p") [1079] 3.29 [+0.09 -0.27]

Results and plots at: http://ckmfitter.in2p3.fr/

V. Tisserand, LAPP Moriond 09 31



LOCD own average: the most of hadronic inputs

® Z. Ligeti at USLQCD Dec'07 on lack of LOCD averages: “If experts cannot agree, it’s unlikely the rest of the

community would believe a claim of new physics”.

® Many collaborations with different methods
of simulations, results, and estimations of errors.

® use only unquenched results with 2 or 2+1
dynamical fermions (sea quarks), also
include staggered fermions (even if : still QCD?)

=>» papers & proceedings: RBC, UKQCD, HPQCD,

JLOCD, CP-PACS, FNAL Lattice, MILC, ETMC, NPLOQCD...

® Our Own Average this time:

1) standard 2 fit with only the statistical errors
2) theoretical uncertainty of the combination =
the one of the most precise method

=>» conservative approach :

* the present state of art cannot allow us to reach a
better theoretical accuracy than the best of all
estimates

* this best estimate should not be penalized by less
precise methods (opposed to combined syst=
dispersion of central values).

V. Tisserand, LAPP

Sources of uncertainties 5. Descotes-Genon

Euclidean, finite, discrete box (Q) = f[dA]@[AKdEfo[A])N’ exp(—Sym[Al)

observable = statistical average over gauge configurations weighted
according to gauge and fermion actions

Statistical

o Size of the ensemble of gauge configurations

o Part of errors listed below (when scaling with size of gauge config)
Systematics

o Fermion action : Ny =2, staggered fermions

o Continuum limit/discretisation error a— 0

o Finite volume effects L — x

o Quark mass extrapolation (chiral limit and heavy quark limit)

Moriond 09 32



o, from b—-utd, BTt

) _ ~ Gronau, London (1990)
#® completely general isospin decomposition

A = (r*n"|H|BY) = —Ay o+ %A:;/z - %A.a/Q

Ago = (n’7°|H|B") = %fh/g + Az /9 — As )9

Aro = (7| H|BT) = SAs0  + Asp
® neglecting A5/, ~ aAy /s (i.e. ~ 1% correction)

Ay + \/Z‘_loo = \/514_1+0
Ar- +V2A00 = V24540

# neglecting EWP = A, only tree contribs.

Ao =e"Ay = [Arol = [Ay

V. Tisserand, LAPP Moriond 09 33



o, from b—-utd, BTt

Same as for summer’08

N4VM --- B - nn (BABAR)
fi r .
Summer 08 -t B — TN (Be”e) L CKM f|t
3 B — nn (WA)
1.0 I LML LI LI LI T TR LI L UYWL L AL 1
- .'&', I [ | lill W Loy | ;1 | 5{‘
i " 's
08 | | : : ! e’l :
2 :
¥ 3 !
- 0.6 23 ; )
& ] = i . i
I - f : (o
" ooafl : 3
. " 1 l-' ¢
v, 1 . 1
= : 1 E
h ! -
0.2 [ 3 ! —
...\ -‘ .l' -
=0 4 1 7 o
= . [ g =
0.0 1 I\'J. 1 I 1 | I."l 4’ 1 JASE, I L1 1 I 1 L1 I L1 1 I 1 1 1
0 20 40 60 80 100 120 140 160 180
o (deg)
V. Tisserand, LAPP

1-CL

o= (92.4*12  )°

Aa. = (20.0£10.3)°

0.8

0.6

0.4

0.2

Moriond 09 34



o, from b—-utd, BTt

e Inputs :
B+
B+ 5 B— mm SU(2) analysis (WA) ¥ B— mm SU(2) analysis (WA)
m —  CL=95% and 68% contours m —  CL=95% and 63% contours
B©° mEeE [ WA AT V2AR=V2A% mEwE - K/ A4 V2RO= V2R
Summer08 o JOIA® A% LA =VL Summer08 o o0 Vi LA =V
C+- 2 2
S+
COO
—~ 1 Ué_\ 1
E L L e, 1 t:(
2 T N
< =
E, L o E oL ,
-1 i g -1
_j — — ——— —_— e — L e 0 P — L e 1 0
-2 -1.5 -1 -0.5 o] 0.5 1.5 2 1.5 2
Re(A/A™)

e One among the 2 triangles does not close
— 4-fold solution for alpha

V. Tisserand, LAPP Moriond 09 35



o from b—uud, B—pp

s Much like B=11t Helicity Frame 1

» Disadvantages:

- Wide p resonances 0

- V-V decay: different polarization ]
states (L=0,1,2) xT :
= Longitudinal: CP-even

= Transverse: Mixed CP states 9p+|"--\
s Advantages: e
- BF(p*p’) ~ 5 times larger than for '™ T
- Penguin pollution smaller than in N
- p 99% longitudinally polarized 22T 9 fi~1=> CE)+
- Possible to measure S(p"p") — = - [j}_ cos? 0 cos® s
: : T I'dcostydcostl, 4
= raise degeneracy in ambiguities
1, . ,
—I-;—1 (1 - fr) sin? @ sin® Hg] :

A.Perez Lake Louise ‘09

V. Tisserand, LAPP Moriond 09 36



o from b—uud, B—pp

Winter’ 09 update : B—p*p° from BaBar (arXiv:0921.3522 wrt PRL 97, 261801 (06))

Both BR and f increase wrt summer '08 by ~20 and ~10, respectively

B [ 8504 /s - o g 010 BaBap
Bl - 0 905 (47 ) — 0 950 (16 ) (BaBar)

B*'° =18.2(3.0)10 °® = 24 .0(1.9)10 “° (WA)
fi° —10 912 (44 ) — 095000150 (WA)

fi ! ; ! r
V. Tisserand, LAPP

Moriond 09 37



1-CL

o from B—pp

o =(89.9 £ 5.4)°
Aa. = (1.4 +3.7)°

Summer’o8 was :
o =(90.97,5)°
Ao = (0.5735°)°

192 % B —> pp SU(2) analysis | 12 % B—> pp SU(2) f]rlrJI_-,r:i.G
Winter0s (prel) ~ ----- BABAR .| World Average Summer08 ~ -.--- BABAR .| World Average
----- Belle
1 1 = . i
0.8 0.8
-
o
0.6 ! os
0.4} 0.4
0.2} = 0.2
0 . | -—" .""":-‘I Ll { I B | "". ‘h"'---.- l O 4 | st 2 | L
-40 -30 -20 -10 0 10 20 30 40 -40 -30 30 40
Ao (deg)

peam

Moriond 09 38




> How lucky are we ? toy study:
Gaussian smear of all inputs around best

o from B—pp

S , CKM fitted values: BR*-, BR°*, BR®°,C*-,5*,
Q= (899 T 54) Summer’'08 was : CO0, §00,f, +~f 0+ f 00

+6.7 NO
o =(90.9 .
AOL = (14 + 37) o ( —14-9) Ko NERIEE B — pp SU(2) anclysis (WA)
Aa = (O 5+12'6 )O = [ ST tow analysis of the best fit cbservables
955 Si7s |
;j - 10 half-interval % of
. - Summer'o8 5I0 %0
7 F ) 125 [ Sin
240 T op SU(2) analysis (WA) closing
o, | CIfier ’ ' . triangles
N [ Moriond09 halysis of the best fit observables
2 35 -
= 5
~
5:: 30 i
2 o half-interval 28
25 [ Moriond’09 .
L =3 10 =] 20 25 30
r 1o half—interval on o (deg.)
20 [ £ s NIEEE B —> po SU(2) analysis (WA)
B % [ TR toy analysis of the best fit observables
= 30 |-
=
15 [ = | .
= .- = 2 o half-interval
% Ik ~ “Gaussian like”
5 i 15
o
0

75 10 125 15 175 20 225 25 275 30 -
20 half=interval on « (deg.)

= 10 15 20 25 30 ==
Zo half—interwval ¥
fi r

Moriond 09 39



Isospin breaking

). Zupan CKM WS‘06

B SOURCES

# the standard methods for obtaining o from

Gronau, London (1990)
B — 77, pp, pr Use IS0spin Snyder, Quinn (1993)

# theory error on « due to isospin breaking
o dand u charges different

» My My

# extends the basis of operators to EWP (710

» mass eigenstates do not coincide with isospin
eigenstates: 7 -y -1 and p - w mixing

# reduced matrix elements only appr. related by Clebsch
Gordan coeff

# may induce Al = 5/2 operators not present in Hyy

M 5i2E5

# not all isospin breaking effects can be
calculated/constrained at present

# the ones that can he are of expected size
(”u )/A((D” IRAY

9 EWP effect known model indep. (negl. ()
Neubert, Rosner, Gronau, Pirel, Yan;Buras, Fleischer (1999)

A(“‘EWP = ( 103t ”.!.)
the same for 77, pp. pr
8 for ! -y -1 mixing M, Gronau, J.Z. (2005}, . Garcher (2005)

[A(v al <1

V. Tisserand, LAPP
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). Zupan CKM WS‘06

Isospin breaking B—pp

® since I', # 0 = [ = 1 contributions possible
Falk, Ligeti, Nir, Quinn (2003)

s O(T2/m?) effect
» possible to constrain experimentally
# isospin breaking M. Gronau, JZ (2005)
s EWP same asfor B — 7
s p — w Mmixing, integrated effect < 2%

e other: g, =g(pr =777 ) # g =g(p" —
[PDG: ¢./g; —1=(0.5+1.0)%]

+7T3)

V. Tisserand, LAPP Moriond 09 41



Breaking isospin triangle in B—>pp WA all channels

=>» Already sensitive to sources of

SU(2) breaking (.. Zupan CKM'06): 10 @ B3 o frere i SUl2) analsis (W)
Wirnerlo;cl t(p?elr e Asy(z)(PP) = 4% L0 Agypep) =0
-mi#my & Q, # Q R Asuia)(PP) = 15%
(m,-my)/Agep ~1% 1
- extend the basis of EW penguins: Q. ,, ﬁ
~ o
Agewp ~1.5 0.8

- mass Eigen-States (EQ) # isospin EG:
(p—®) mixing <2%

1-CL

0.6

- p7tO:> I=1 contribution possible:
o(r'2 [m2 )~ 4% et

- Al=5/2 operators no more negligible.

) 0.2
=>» Possible way out: K*p SU(3) constraints 0 k , &‘\\

20 40 60 80 100 120 140 160

9 Break the triangle closure:

A+O BN A+O + AA+O o (deg)
* tested |[AA*9|: 4, 10 & 15%
V2AATY = Vv AT + ViV ApPt™ » small impact on ntit/pp/pr WA combo.
= only visible @95 % CL
addit. At’s & Ap’s (arbitrary phases) %

Moriond 09 42



30 —
P i B% wrx® (kin.)
¢ O interference regs. [

B

25

Dominant mode p*n ~ is not a CP eigenstate

Same as for Moriond’07

V. Tisserand, LAPP

1-CL

o, from b—utd, B—>pTC

t=0
Aleksan et al, NP B361, 141 (1991)
Amplitude interference in Dalitz plot E : 2
Snyder-Quinn, PRD 48, 2139 (1993)
& simultaneous fit of oo and strong phases é :
& Measure 26 (27) bilinear Form Factor coefficients B°
@ correlated y? fit to determine physics quantities
NO7M -~ B pr (BABAR)
fi r 4
simmeros . --- B — pm (Belle) e CKM fit
3 B — pn (WA)
1.0 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l I! 1 1 I 1 L) L) 1 1 1 [ 1] 1] 1] I 1 ; 1 i
L i L -
B ] ‘| i <
08 [~ : i ' '.__l
e i 1 § &
— ! ' i 34
0.6 I L
i i ]
i i 1 A
0.4 :"‘ ;,'\‘ -" : -1':'
li 0 —— ! y
[ ey ‘f: \ "' h
0.2 h‘_ G BT ', \\ :‘ \\ I 4 —
A of a8 Py %o ;
'\\ ‘I ."hq“‘ P - "o,.l e -
0.0 E 4 " i 1 1 1 ’I.. 1 1 1 I 1 1 1 I 1 1 1 ‘—-
0 20 40 60 80 100 120 140 160 180
o (deg)

Moriond 09
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B-p.0)y & BoK*Y exclusive b— DY where D=(d,s)

t b b Y d
b d
V‘b V“T Vug w Vud
w u u

b — d. sy : loop processes, give access to | Vyq4 s)|, cOmplement Amy s

Early days : focus on magnetic op. Q; = (e/872)my, Dot (1 + v5)F, b
and assume short-distance dominance

e e Bp* )+ = [B(p°7)+ B(w)]
- | = — i
PR B )+ B [B(K0y)]
- 2 2 12 \ 3
o8 BV _ |V 1—m;/mg 1
— | Yo (1—m§*/m§ &1+ AR]
= 0.0 [—ts
s @ ¢ ratio of form factors
@ AR estimatedas AR = 0.1 +0.1
1.0 - -
[ il | [ConstrantiomBoVY Ali,Lunghi,Parkhomenko 02,04,06
'1'§1.o| . I-l:.sI - I|J.oI . Iu.sI - I1.1:1I - I1.5I - I2.{1

P
Many open questions : dependence of AR on CKM matrix ? isopin

breaking ? weak annihilation (tree for (p.w)v) ? | s Descotes-Genon MEW0s %
fi r

V. Tisserand, LAPP
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Improvements on [V _ | & V|

Recently, big steps in lattice simulations : 3 dynamical quarks
(unquenched) with light masses and (very) small errors
—Essential role in reducing the theoretical QCD uncertainties

@ |V,y|: Improved |
: : @ CKM fit
analysis of nuclear 3 fitter . -
C Meriend 2008°  e= K /lattice prediction
decays [in fit]
1.0 T L L B R B
"] ‘Vus‘: K — 7l + (dom
wall) £.(0) = 0.964(5) s B
[in fit] (UKQCD+RBC) J 06 |- .
° ‘Vus/ Vud‘: - 0.4 :— _:
K — (v/m— v+ s 1
(staggered) fx /f,. = : J \ ;
1 1 89(7) [nOt In flt] | 0'3.226 0228 0.230 0232 0.234 ﬂ236 0238
(HPQCD+UKQCD) Ve Via

Remarkable : fx /1, very difficult to control on the lattice [Ilght quarks]
S. Descotes-Genon MEW'08

fi r
V. Tisserand, LAPP Moriond 09 45



* Charm sector favorite place to test
LOCD [m~Agcp] for form fact. and
decay constants (access IVc(d,s)I)

* K and nucleon: Vud~Vcs (Vcd~Vus)
only at first non trivial order in L.

ul B physics =

(from global
CKM fit).

IVed| & [Vcs| status

indirect strong
constraint

e Unitarity : [Vcd|? + [Ves]? < 1

 Direct (new) . L. Shipsey Aspen’09

- |Vcd| from DIS vN scattering (still most precise meas. !)

0.95

0.90

0.85

0.80

miiim

Moriond 09

\Vcs|
] | 1 I | ) 1 ] | I | I | 1 I 1 ) 1 ) | | 1 | 1

1-00||||||||I||f||||||||||]|[|F||||||
B physics Indirect ]

e

Nucleon & Kaon

IIII|IIII|II1I|IIII|III1|[IiiIIIlI

. e, _—l-‘s'-:*éi-—._’%%;zsm‘ﬁl

Direct

i B | I 111 | l L1 1 %I | | N S | | 1

excluded area has CL > 0.95

0.75
0.18 0.19

0.20

0.21 0.22 0.23 0.24 0.25

Vcd|

- IVesl= 1.018(10),,(8),,(106) 4., (above 1!) from LOCD + CLEO-c D—Klv SL
absolute BRs ((un-)tagged 280/pb (x3 under study + future BES-IIl game field!)).

V. Tisserand, LAPP
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No more trouble with [Vcs|

ReZ7M +—— CLEO-c + LQCD (HPQCD) NOZ7M  — CLEO-c + LQCD (FNAL-MILC)
veiondz000. [ [V _| from the global fit veionszos. 1 |V _| from the global fit
| O SUNNURSUUNEUUII | s —
s b flat =241.0(1.4)(5.3) MeV s [ flaty =254.3(8)(11) MeV E
L sl [Vesl= 1.050£0.053 s [ Vcsl= 0.995£0.081 :
& B Jos |
S el :
g ' g ) ]
A SRR PRI PITR N0 [T TR ST N Tt S R

V. Tisserand, LAPP

|\Vcs|

1 L 00
096 098 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14

096 098 100 102 104 106 1.08 110 112 1.14

Vsl

We measure B(D] — (vy) and extract [fp+

€+

J.Hunt
Lake Louise’09

2
D, : m? f
w2 W v (1 2) o |
L “pt fitter

Moriond 09
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fp, Puzzle : end 2007 !

Charm sector favorite place to test LOCD [m ~Agcp]
for form fact. & decay constants (IVcs| through fy,)

> old (PDG) x*/dot = 0.67

° v

: E;QCD BaBar

| CLEO
Belle
CLEO v
CLEQO eVV
— = Fermilab/MILC
+1 N HPQCD

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

st

a 3.80 discrepancy, or 2.70 @ 2.90.

A. Kronfeld Aspen’09
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fp Puzzle : Jan 2009 ?

Charm sector favorite place to test LOCD [m ~Agcp]
for form fact. & decay constants ([Vcs| through fpy,)

CLEO-C Ds to (t,1)v : arXiv:hep/ex 0901.1147 and 0901.1216: f; =(259.5£6.6£3.1) MeV
50 S DR L ) S ) R A R LS R R B e S - T
. old (PDG) ¥*/dot = 0.73
o uv
: ‘lcz;/tQCD ® | BaBar
n=2 8 CLEO
| o i Belle
2 | CLEO v
CLEO evV
H Fermilab/MILC
2+1 o HPQCD
I W WA s | s bea b bewa bevna bewn Bonnn buvig

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

JG)S

a 3.00 discrepancy, or 2.50 ®@ 1.90.

A. Kronfeld Aspen’09
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a word on rare K-> vy

BR parameterization as Brod & Gorbahn '08
(PRD 78, 034006), NLO QED-QCD & EW corr.

to the charm quark contrib. (0,(m2,)=0.1176(20) &

m_(1L,)=1.286(13)(40)):
c\He v = ﬁsm QWGFm (112)
T

B (K" — 7fve(y))

—ep (14 Apa) [ (h“)‘*‘xm)g (B2 (0 1 om + B x ) }

AP

1 /2 1
P.(X Xe€ — X" (. : short distance . _
(X) = (3 () + 3 (:c,)) hort distanc B o 0.378(15)

VI8 o o s s e e e e =TT
0P, =0.04+0.02 :long distance corr. LOCD - '

08 | -
K,: higher order EW corr.
Agp: long dist. QED corr

A VRV 02 "
X(xi):InqmiLimloopfunction [ |..1,“J...|..\1,..1...|.:

0.0 L 1 1
0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44

BT — 7 v7) o [T + (20— 7)) P o
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Global CKM fit: the B, mesons (ﬁs,r"]s) plane

0.10 ] 1 1 ] I I 1 | | | | I | | 1 I I I (SquaShed)
I % £ ' excluded area has CL > 0.95 | | . . .
B o ] Bs unitarity triangle
: f'?& : VsV Vis V;E _
005 |- - Amy&am, 1 v 1ty =0
E AMg ] O(>\2) +0(1) + 0(1)
[ o SRR o - . .
e :-;; 1 CP-violation for Bs meson
= 0.00 —
- — - b
I s ] 1 e = — > uo
: _ Ps UE VooV
-0.05— : sin2p — )
1 ; - V.V
u Y | ﬂ =—arg| — cs c{y
i, | ‘ A7
i Su:nirnte: gar sol. w/ cos 2 < 0 i h ts U th
k= (excl. at CL >'0.95) . -
_0‘10010I | | | 0|05I | | I0(|)0 | | | I0|05 | | | I010
-0. -0. : 4 . _ +0.049 yo
ﬁ ﬂs' (1'035—0.046)
S (from global CKM fit MEW '09)
, +10.3y0
CDF+DZ HFAG'os: B,=(22.372%°) e
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New Physics in B, mixing

® Direct constraint on NP phase in B, mixing

- The CDF/DO measurement of (-2[3,Al’,) from the time-dependent CDF 08 update

angular analysis of the B,>)/y¢ provides a direct constraint on GNP, with z'f/fb

- Using the HFAG combination of CDF and DO likelihood : not yet combined

(—2B,, AL, )/ (m+2B,,—AT, )= ((—44ii )°,0.1547 > ps™ ) HFAG
2.5 CDF 135 b + D@ 28fb

e Other constraints

T
w
= Am, : consistent with SM expectation - 99.7% CL —
5 o2t

= A, (B): large error wrt SM prediction

= tF5 : weak constraint on AL,

A et I

= NP relation ~ AT°M NP 0.2
Al_‘s ~ Al_‘s COS((DS ) p-value = 0.031
0.4 2.2c from SM
= M +0. -Ua -
A" = (0.090 83;29 )ps [Lenz,Nierste]
= tends to push the NP phase ®"P_ towards SM. 082 - x 3 ] 7 3

¢§M¢ — _Zlﬁ;}fﬁi‘ﬁé‘ rad]

Clean analysis : all theoretical uncertainties are in the DG*M prediction but...

... it cannot tell much more on CDNPS than the direct TeVatron measurement

V. Tisserand, LAPP Moriond 09 52



Back to the (g, Al) plane

I here 8 = }fg:j”j can be viewed
excluded area has CL > 0.95 as an independent measurement of
il | AT
» using all (¢, Al') inputs,
bs = —2B5 is excluded at 2.4o0,
oz while the 2D hypothesis ¢s = —2f35,
ATy = ATM is excluded at only 1.90
AT, o cos(p) X AT ‘ (wrt to 1.40 from FC treatment by
‘| CDF)
0.2 e the combined region is tangent to the
SM one, simply because the phase
04| is vanishingly small there and thus
cos 2ds ~ 1+ O(P2)
0.6 ﬂ New Physics in B.~B; mixing very transparent analysis: all theoret-
B cpm ,,,,,,,,,,,,,,,,,,,,,,,,,,, ical uncertainties are contained in the

SM prediction
ATM = 0.09019-977 ps (red line)

).Charles Capri ‘08 %
fi r
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Y from interference in charged B-—D®°K®-decays
(Cabibbo & color)-suppressed

Cabibbo-“favored” ST u
wvub:

Acb (D(*)ol.((*)') oc )3 Aub([_)(*)oK(*)') oc 13 \/ 772 - ﬁZ e i(SB'Y)

relative strong & weak phases

- Measurement of Y using direct CP violation (interference [b—c < b—u] ):
* 3 various B-—D®OK®)- charged decays (no time dependence): DK, D*K, and DK*.
» Size of CPV is limited by the size of |A /A | amplitudes ratio: 3 r(*)(s)B nuisance parameters (~5-30% ?).
>3 methodi that need a lot of B mesons: Same DO=[D°/DO] final state
® GLW: D =CP-eigenstate: many modes, but small asymmetry.
e ADS: D =DCS: large asymmetry, but very few events.

® GGSZ: D =Dalitz: better than a mixture of ADS+GLW = large asymmetry in some regions, but
strong phases varying other the Dalitz plane.

fi r
V. Tisserand, LAPP Moriond 09
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Y from interference in charged B-—>D®oK®)- decays

EOVM --- D() K(*) GLW + ADS WA

Summer 08 G D(*) K(*) GGSZ E Comb|ned
Full Frequentist treatment on MC basis e CKM fit
1.0 LI | LI | LI | 1 PA | LI | LI I LI A I LI I LI
L " \ -1 "
L il \ i
L \ "
0.8 n \_‘ —
I [ il
L S -
-4 0.6 4 =
= g ]
I 0 | i
-
0.4 n "\ ]
L 1 |
- .‘. -
0.2 " —
L 1 il
- \ 2
0-0 C "‘ 11 I 1 11 I 11 1 l 11 1 I L1 1 L. J. 1 1 1 | ﬁl"‘"l..l
0 20 40 60 80 100 120 140 160 180

Y (deg)

Y= (70.9755)° { [+44 >-41°] 95% CL}
CKM fit MEW’09: (67.8 42 )°

3.9

=>» Only recent meas. is ADS/GLW BaBar DK* at CKM'08

V. Tisserand, LAPP
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rg and strong phase 65 from GLW+ADS+GGSZ WA global fit

R e
simmercs. [ rg(DK) using B — D(*)K(*) decays sunmerce . [ rg(D*K) using B — D(*)K(*) decays simmerss. [ 15(DK*) using B — D(*)K(*) decays
Full Frequentist treatment on MC basis Full Frequentist treatment on MC basis Full Frequentist treatment on MC basis
1.0 -l T I T I LI [ T '| L) L T Trr I T I Trr I L I T 71 1- 1»0 N T T T I T T T T T T T T ‘ T T T T I T T T T 1-0 _l LI I LELILN ) I LI || ||||||||||||| |||||ll||||||||l|||_
08 |- 4 0sF B E
4 06 -1 06 . -
Q
! ]
T o4 - 04 . —_
02 - - 02 - N
00:||1|J IlIIlIIIiI!IkI]I llIIIIIIII: UU il i i L I L L L L I il il il i 1 i L i 1 L L i ] 00 IIIIIIIillllllllllllllllllllt I lIIII IIIII_
000 0.02 004 006 008 040 012 014 0.16 018 020 0.00 0.05 0.10 0.15 0.20 CI 25 000 005 010 015 020 025 030 035 040 U 45 0.50
+0.022 ¥ +0.034 * +0.079
rs(DK)=(0.087"435) FalD Ki=(00101 ssnl  TelDK 1=00.1671 5 602)
simercs. [ 95(DK) using B — D(*)K(*) decays simeros . 3 8g(D*K) using B — D(*)K(*) decays simeccs . [ Og(DK*) using B — D(*)K(*) decays
Full Frequentist treatment on MC basis Full Frequentist treatment on MC basis Full Frequentist treatment on MC basis
L L L L L L L WA L L B N AL L B BLELILN HLELEL LI LR AL I U o L ' L LN L BB ELRLILED BRI BB
0.8 :'— —: 0.8 :'— 0.8 :'— {
3 v st I os y
y L J L J L J
T 04 B 7] 0.4 B " 04 E —:
0.2 :~ —: 0.2 :~ 0.2 :— —:
0’0 L Ll ] bl [ L 1 1 l | IS l 111 l |- ] 11 Ll l“ 0.0 1 d l A1l l 111 ] 111 l - l - l 11 1- 00 - SR B I 11 1 I 111 I AR =S I Ll 1 I | I i1 1 I 11 1 I i1
40 60 80 100 120 140 160 180 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 o 20 40 60 80 100 120 140 160 180
+22 ® +26 +103
5,(DK)=(110"%y 55(D"K)=(—42+25) 5. (DK =(47" 2%
fi ! ; ! r
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Y from direct CPV in charged B-—DeK* decays

GLW = D° CP final state

Spy = 0.0940.13+005
Sp. = —023£0.214007
Spr = 21740.35+0.094m
Sp. = 103£02740.13

®

ADS = D° Doub. Cabbibo Suppressed

AS, s = —034+045+0.16
Rips = 0.066 % 0.029 + 0.010

@ +stat.tsyst.

rp= (5.78+0.08)% CS HFAG WA

@95 % CL

V. Tisserand, LAPP

Combination may not lead to naive expectation. The I'g
nuisance parameter ([b-u]/[b-c] transition size), even
when large(~30%) , interferes in the CKM angle 'Y extract:

* This is not a naive GLW+ADS average (multi-dim.)
* The accuracy may degrade in combo.

1.0 LI I LI I LI I | I LI I I |.| [ | R R | I LI I LI

= excluded areahas CL>0.95 | — B

= Moriond 09 |

ne =

@0 = GLW= — =
L

0.4

0.2

ADS

0 lIlIIlIllllIIIlJlllllllllll]lJlllll

.0
0O 20 40 60 80 100 120 140 160 180

Y (deg) peaam
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Y from direct CPV in charged B-—DeK* decays

marginal sensitivity to rig<<1
/ good sensitivity to rg>r’y

Reps = 1+1'sz rpeos(dp)cos(y)

I AD |
i? I'p SIII(CSB) Slﬂ(’)/) _ E l 2 rg rp sin(dg + dp) sin(7y)

Acpi = R Aaps= Rans
CP+ &

8 fold-ambiguities on y

RAps = rB + rh + 2rgrp cos(0g + dp) cos(7)

KM - DK Gl KM - DK Gl
Moriond 09 === D K* ADS Moriond 09 -== D K* ADS
3 Combined 3 Combined
1-0 -I L B | | rrnra LI LML UL L J il I LB I LI I.,-‘.‘l UL I LI Ll T Ll T
0.8 :_ '_:' "“‘ —
= ."' -"‘
4 0.6 7 5 — _|
[&] - _J' “‘ (& ]
] Ir '_J' .‘- ]
To04 # v =
02 | o 4 ® .
_— = o il N
0.0 Ll ol L-I-l-i“‘f'r'l-"‘l..l-.l-ll- 1 ] L1 1 1 I L1 1 1 I L L 1 I L L1 I L1l I— . 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0 20 40 60 80 100 120 140 160 180
- +7.1 o)
rB—(311 -8.0)6 'Y=(34+28_30)o or (146+30_29)°
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Combining methods on v not always leads
to what one nadively expects (nhuisance params)

Not only v in 3 methods, also hadronic quantities (strong phases...)

@ GLW (DK, D*K, DK*)

Rcp. =1+ 2rgcoségcosy +raz Acpy = £2rgsindgsiny/Rep+

@ ADS (DK, D*K, DK* for
Kr, KnrY..)

HADS _— rg + fg
+2rgrpcos(dg + dp) COS 7y

@ GGSZ (DK, D*K, DK*)

Xy = rgcos(dg £ )
Y+ = rgsin(dg = 7)

@ Combining results may not
yield the naive average and
may not improve the
accuracy
...at least sometimes (DK™)

V. Tisserand, LAPP

o (deg)

150

100

50

FTrT T T T T T T
- luded area has CL > 0.93

[T T T T T

GGS

III[[]]
B — DK only

preliminary —
naive statistical treatment (for illustrative purpose only)

40 60 80 100 120 140 160 180

Y (deg)
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Combining methods on v: statistical treatment matters!

Determination of y (central value and interval
from different measurements, independently of other parameters

195 M Madancecscens Gasasaniaiacs-—-
! mod 180

0.8

0.6
1-CL
04

0.2

125 ™ y (degree)

s w0 150

Y= Ypest y:j\/

y parameter of interest, u (=ry, d;) nuisance parameters

sz(}?) = Xz(j/l ﬁ)_xz(ybest' “best)

\best parameters for the given y

Y and actual z measurements
N, minimisations

K.Trabelsi CKM'08

V. Tisserand, LAPP

get the CL:

- if the sampling PDF of AX” is a X" law
= cumulative distribution function (prob)

(true asymptotically|

if not: the sampling PDF depends, ingeneral,
on the nuisance parameters

what to do with the nuisance parameters ?

- plug-in principle (j method): nuisance parameters
are fixed to ;i values

= supremum method: least favored values of

the nuisance parameters

(sure to never undercover) ﬁ
So far CKMfitter

conservative
baseline method
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