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Unitarity Triangle

Using the Unitarity of the CKM matrix in the SM
we can build the Unitarity Triangle.

VudVap + VedVep + VidViy, = 0

CP violation in SM is ruled only by one parameter.
<4 Determine it in several ways (test of SM UTs Coll, |
4 Fit simultaneously for SM and hep-ph/0501199

UTﬁt Coll ’
hep-ph/0509219

New Physics quantities
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The “Classic Fit”...
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p=0.214 + 0.047 n = 0.343 + 0.028
[0.112, 0.307] @ 95% Prob.| |[0.289, 0.396] @ 95% Prob.
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. .and new bounds from B factories
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0 from isospin analysis: TUT PP, PTT

See J.Malcles' &
A.Kusaka's talks

Q& From the SU(2)
amplitudes (TUT, PP):

[A* = -Te'"™ + Pe??

AT =_1N2e" (T + T.€)
A® =12 (Tce e + Pe™) |

unknowns: 1, P, T, 6p, Orpy X
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Probability density

0.001-

observable: 3x BR,C,, S, 6 C, O =[86, 107]°U [152, 90]°
Similar analysisfor (pr)°on the Dalitz plane @ 95% Prob.’

k=+- for p*rt", -+ for p ¥,
e 00 for pYrr®
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VY from B->D'’K'’ decays

rgs=ratioof amplitudes

2
5
Og = strong phase diff. UK' ; 0,001
W s 3
. b c 'g i
Vubzl\r/uble ¥ y B~ . Vg aD E.D:0on5 g
O
=D
il W- I = 0 s
B ) \ B R
. _ K7 See J.Maleles' | = (66+17)°U (-114 £ 187)°
talk
& ADS (Atwood,Dunietz,Soni) method: e
B° and B’ into the same final state "
Raps = rp+rpog+2rerpes cosvy cos(p+dp) rB(DKb) Consﬁ:?:?
@ GLW(Gronau, Londow,Wyler) method: % tobesmall '
use the CP eigenstates D%, (0.10£0.03)
Repy =1+ fr% + 2rgcosvycosdp e
: : . 150 T
@ D° Dalitz plot analysis with e T T DSE |

B~ = DMK ] K- rg(DK)



cos2f3 from B—J/Y K° and B—D°h°

:E. 03l 1215_ D%n® \L \
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(BaBar+Belle) » -
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2[3+Y from B—D "' 1(p)

{

a” = 2rsin(2p+y)cosd"” 4% Interference b—u vs b—c
] ] — like in DK decays
Ceo' ) = 2r Ocos(2B+y)sind"”
i (2B+y) 4 Open system:2 observables
for 2B+y, r and o
% Only assuming r we can
¢ flat r =[0,1] Y J
o extract 2Bty
= + Extraction of r from
= B— DTt
e Ll PR PN PR P TRE FR P 4 Theory error ~100% fla.t
0 010203040506 070809 1 .
rs(DTI) to take i1into account

SU(3) breaking and
annihilations in B—DTI

=12

—

Theory error
100% flat

D8

See D. Pirjol, talk at
Beauty 2005
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-B-factori
analysis

UTre] %ﬁ \1

Precision
. comparable to the

a _ -\ pre-B-factories
“A;K“xhax < | . / analysis
02— - . cos2B

-u-2 L L

0.8

N = 0.321 + 0.027

[0.266, 0.376] @ 95% Prob.
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Including all the constraints

D8

0.4

D.2

o
FTTryrii

-0.2 —

p=0.216 + 0.036 n = 0.342 + 0.022
[0.143, 0.288] @ 95% Prob.§}[0.300, 0.385] @ 95% Prob.
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0.0015

0.001

Probability density

0.0005

Tension in the fit

exclusive: BRs from HFAG;| linclusive from HFAG

form factor from V,=(4.38+0.19+0.27)10?
quenched LOCD

V,=(3.80+0.27+0.47)10"3

 0.004

:'- L t L e
0.%03 0.0035 0.

0.005 °

Vub

"~ 0.0045

Incl.+excl.
Vub -

from all the other inputs:

(4.22 + 0.20) 10° V,, = (3.48 + 0.20) 10°




if you believe into V...

=12 Jw y
): ... then we want tqh\
Eago beyond thée SM \
08— T
Ciuchini, M.P, - __ sin2p-
0.6 ~_

Silvestrini
hep-ph/0507290 0.4
Model independent
estimation of
theoretical errors

e

sin2P=0.687+0.032%0.017] )

rom direct measuremen
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Fit with NP-independent constraints

= F
1_——U—T’rﬂ

Assuming no NP at tree 05 4

level i ,ﬂf

< the effect of the D0-D0 mixing to y of Voo

is negligible wrt the actual error i \¢
< semileptonic decays are clean _0_5:_ reference
We have a NP free i starting ppint
determination of P and N 41 for NP model
_ _ buildin
5=+0.18 + 0.11 05 0 o5 T

N =+ 0.41 + 0.05
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NP: model independent approach

We can generalize the analysis beyond the Standard

Model parameterizing the deviations in |AF|=2
processes in a model independent way:

3 IsKIEXP Cgﬂk ISM 3 Am EXP C mm SM 3 aEXP = uSI\/I _ (de

9 Am EXP = C IBmdSM 9 ACP(J/ '.lJKO) = sin (2[3 + 2(de)| 5 unknownsl
PN Ca®q | Cex | Coo s

Vio/Ves X | model indepentent assumptionsl

'ﬁmd 6 5,,- i X J. M. Soares and L. Wolfenstein, Phys. Rev.
£, X gy Jo | X D 47 (1993) 1021;
€ N. G. Deshpande, B. Dutta and S. Oh, Phys.
ELE ) X X _[sty, Dpyr — Rev. Lett. 77 (1996) 4499
o (pp,pm,nin) X X [arXiv:hep-ph/9608231]
v (DK) X J. P. Silva and L. Wolfenstein, Phys. Rev. D
- - - 55 (1997) 5331 [arXiv:hep-ph/9610208]
Am, Doy X A. G. Cohen et al., Phys. Rev. Lett. 78 (1997)
ACP (J/¥ &) ~X  Petgy) . X 2300 [arXiv:hep-ph/9610252]
oy (DﬁK) X uaq l’|le X [ ;(l.lGrossman, Y. Nir and M. P. Worah,
ys. Rev. Lett. B 407 (1997) 307
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large NP with
o arbitrary phase
~4.3% Prob.

C——

20

SM or small NP with
arbitrary phase or large
NP with SM phase ~95.7% Prob.
N NN | ||I||||I||||I|||55||||
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Bounds on NP parameters

NP in and could be up to 50% with resvect
to the SM only 1f it has the same phase of the SM|

P = -4.7 £2.3° Cek=09510.18

oy m— ¥y
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Buras et al. 2
)]
hep—ph/0007 085 S 0.008-
O
MFV = CKM is the only source é}m&
0
of flavour mixing. & and Am,; are not § l
used (sensitive to NP). g F
= F ] A i
i UT, 4 o " 0.002
N N\\
| S W
sin2p P
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Universal UTg;: reference for SM and MFV
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Bounds on NP in MFV from UUTg;: Small tanf

NP enters as additional 3S, = -0.03 + 0.54
contribution to the top [-0.90, 1.79] @95% Prob.
box diagram

D'Ambrosio et al.
hep-ph/0207036

So(zt) — So(xt) +f~5’0(fﬂt)
0So(x¢) = 4a (%)

a = 1 (as a reference)
N= 2.4 TevV

N\, is the equivalent SM scale

N> 3.6 TeV @ 95% for 8S,(x,) > 0
N >5.1TeV @ 95% for 8S,(x,) <0

0.8

0.6

Probability density

0.4

0.2
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Bounds on NP in MFV from UUTg:: Large tanf3

x10™
:‘? 0.6 _? 2
e | 2
() ) i
o I o 96~
_-? 0.4 ..z-"
3 —
o ﬁ 04
Re 0
0 Ly ]
S | .
A o2 o I
L 02
B K I
0S,” #0S, | _
o e s

58,
N\ >2.6TeV @ 95% for 8S,(x,) >0 A>3.2TeV @ 95% for 0S,(x,) >0
N>49TeV @ 95% for 8S,(x,) <0 A>4.9TeV @ 95% for dS,(x,) <0
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Conclusions

”l“l]l‘.“‘
“..\\
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lisisr

4% Large set of new bounds from B-factories allows
overconstraining of the Unitarity Triangle
4% But the only tension in the fit comes from the

“classic” constraaints (sin2f vs V)

4% We have a (“NP free”) tree level determination of]gand.ﬁ
% All the NP models have to agree with it
4% We can start from here to fit SM ('Eand.ﬁ) and NP
(corrections to SM in mixing and mixing phases) together
4% We go back to the SM solution (up to a fine tuned region)
4% Eighter NP effects are small with arbitrary phase...
4% ...0r NP effects are large with the same phase of SM MFV
+ UUT as the starting point of SM and MFV analysis
+ We can translate the measurement of MFV NP sensitive
3 quantities (mixing) into bounds on tested scale

We need more data (a Super
B factory?)to clarify the
interesting situation
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How the triangle
change 1n the case of
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« from isospin analysis (l11): 7t and pp

0.006 =

:g g - UTfff
) = I
E' 0.002 ;;-. 0_004'_ pp
g 2 | BaBar+Belle Cr and S, equal to 0
S c | are excluded
Q. o0.001 T ,

\ Cnn — -0-37 i 0.10

X s L | N S'CTC — -0-50 i 0.12

% B0 100 150 % 0 150

of’] o[’ C, = -0.03+0.17

L —— HFAG Moriond 2005 ] i 1 B— pp (WA) | _ O 21 O 22
12r % ----- New average (BR(T'% )gagar) | 12 % ..... WA & B°—>p+p_ (BABAR) Spp - =U. i .
---------- New av. correcting Belle+CLEO | e WA & S/Clong(p+p_) (Belle) |

C,, and S,, equal t00
arepreferred

CKM fit

no o meas. in fit ;

P N/ R N H‘L- ------- -":M/‘/"H “4-.~._;_._>_,_,;5'%“H
20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

o (deg) o (deg)

FRANLWVVJI™ Yvaiitva r'o



« from isospin analysis (1V): toy

what does the difference Rfi
in peak height mean? UTHit f(X,ymax)

=y F 2 0.004
7] i 7]
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Tree level+sides(fixing C's) and sin2f3

NP1 60° 1 -0.68 0.96 023 OK
/ NP2 +120° 04 068 023 0% 107
NP3 «=120° | 04 -0.68 0.96 023 oK

150

100° /
: -_ Eﬂ__:.. SM-like i %

0

o~

IV /Val o H
-2 o
Am, i ﬂg
-b0
80
D

1000 TN - / »’;
8K 150 !

et/ O e
Y(DK) |
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<1.810* @ 90% CL

% > i Assuming fg:

S Constraint on R, = p*+ n?
= . R, =037+ 0.13

'ﬁ | 1= 12

g 1

o 8

02

D.8

n 1 | 1 1 1 | 1 i |
0 02 0.4 0.6 08

feq = 0.178 + 0.062 GeV falGeV]

fea=0.192 + 0.026 + 0.009 GeV
from lattice QCD
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BR(B = py)/BR(B = K*y)

_R oTm |¢17(,0";f)|2 | Vzal?
P2 |aZ(K*y)[?|Vis|?

(1+AR)

caveat: * SU(3) breaking effect AR ~ O(Agen/My,)
~ " annihilationin B to p/wy not in B to K*y
QCD factorisation  asspciated to a different CKM factor (~V .*V )

Using the |V, /V.J value from

IV.//V.{=0.10 % 0.45
the SM, we can extract AR.

[0.02,0.18] @ 95% Prob.

&
I:Lj;l-lj'l'ﬂ %
Mf:usi ng only E. AR =-0.67 £ 0.24
n.sE—B -> poy E ['099, 010] @ 95%
0.45— g

02—

-0.2—
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D'Ambrosio, Isidori
hep-ph/0112135

A with 3 signal events

| UTsit

ellipse centered in (p’, 0)

latest result from E949: 05
+1.30

BR(K* - TEW) = 1.47 )5 10" ™

with the hypothesis of 22
~100 signal events

p

= 2=
E current using the value
osF_central from the UTTit
wsf- value BR = 0.83 10"
aaf i

=l L



