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Marcella Bona Unitarity Triangle fit in the SM

The Method and the Inputs:

The experimental inputs, function of p and n, arerelated
tothe p and n through the Bayes Theorem

f(p, 1, Xl|e1, s em) ~ H fj(clﬁﬁ'ﬁﬁx)*

3=1,m
|1 fi(z:) fo(o, )
| 1=1,N
(b= u)/(b—c) Standard Model +
€I OPE/HQET/
, Lattice QCD
Amy . to go from
‘ quarks
Amg/Ams to hadrons
Acp(J/¢¥Kg)
see also: M.B.. UTTit talk M. Bonaet al. (UTfit Collaboration)

m &1 the Physics beyond the SM session ., JHEPO7(2005) 028 hep-ph/0501199
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| nputs used
> | omssxooons S|

New values
but WA not
available yet

new from
HFAG

new from
the Tevatron

new value

from LQCDjy

newv WA

Unitarity Triangle fit in the SM
]

flat error ]

V. inclusive

41.6 = 0.7+ 0.6 - 107

average from inclusive

V., exclusive

41.4+2.1-10"

average from exclusive

V,p inclusive LEP

4.09 +0.62 +0.47 - 1073

LEP average

‘ V. inclusive HFAG |4.38 £ 0.19 £ 0.27 - 1073 LP05 -

V., exclusive

3.80+0.274+0.47-103

0.502 £ 0.007 ps—!

BR from HFAG + LQCD

LEP/SLD /CDF /B-Factories

> 14.5 ps~!
165.0 + 3.9 GeV

LEP/SLD/CDF-1
CDF/Do0 (LP05)

1.3 +0.1 GeV

276 = 38 MeV

Lattice QCD

1.24 £ 0.04 £ 0.06
0.79 £ 0.04 £ 0.09

0.687 £ 0.032

Lattice QCD

Lattice QCD

B-Factories




Amplitude
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New Likelthood for Am.

Unitarity Triangle fit in the SM
]

7

World Average and CDF Il

1
Ppo_, go(5o) = Ee_tﬁ‘f(l + A cos Amyt)

24 - datat1c 4 95% CLIlimit 14.5ps”

16456 O sensitivity  18.6 ps”
data + 1.645

| data + 1.645 o (stat. only) L{
1 & _'-l\
| O‘xi‘ "‘*i E | |1+ '-i.ﬂ
N '| o
2
1 A
| | Am,>145ps* @ 95% CL
-1 T ' ' ' : I ' ' ' ' ' ' ' ' ' ! ' !
0 5 10 15 20

mixing frequency, Am, [p5‘1]

[ signal hint @

Am,~18.6 ps* with
~20 stat. significance]

black: before CKM 2005
red: after CKM 2005
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Unitarity Triangle fit in the SM
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Standard constraintsin the p n plane
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BEE — ‘i‘n Y- | =
el P
0 = 0.214 + 0.047 n = 0.343 + 0.028
[0.112, 0.307] @ 95% Prob.§[0.289, 0.396] @ 95% Prob.

Flz

B)

%)
-]
—~~
N

levels @
95% CL
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Indirect determinations:

9 go15- @ o | @
3 _ - 90 T 0.004
§ 0 red:68% S S oo
E 0.01- 95 % E =
8 | f: . S
3 i 2 y> 20 S g0z
- A o002 o
_ Prob -~ |
? ; 0.006 % j
: 3 L % R 5 T R T
1]

a=982°+7.7°

sin 2 = 0.734 + 0.024 ‘ y=157.9° + 7.4°
[82.4, 113.0]° @ 95% Prob.|

[0.685, 0.781] @ 95% Prob. | 1[43.8, 73.5]° @ 95% Prob.

1= 12

1

from experiment "
sin 23 = 0.687 + 0.032 08

from the only-side fit 04
sin 23 =0.793 £ 0.033]

— \
L A R .

1 —

p

X\
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Vub

Probability density

0.0005

[from quenched LQCD

Unitarity Triangle fit in the SM
” ]

exclusive value:

semileptonic BRsfrom HFAG
form factor (courtesy of V. Lubicz)
V,, =(3.80+0.27 + 0.47) 103

- UTg¢

0.0015

0.001

o

.,r'_'

0.003

004 ~ 0.005

L—.-— . t -
0%03 0.0035 0.004

i _n
0.0045 0.005

mediating:
V,, =(4.22+0.20) 103

Vub

from all the other inputs:| Vub
V., = (3.48 % 0.20) 103 7




e
Prediction on Ams and test on the SM

y density

e

=]

o
-
I

Probabilit

0.0005—
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Ams=222+3.1ps’

without the
experimental bound
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Unitarity Triangle fit in the SM
Z ]

red: 65%
95%

2 0003~

‘»

o

o using the
E 0002 limit on
2 Anm,
P

Q. o001

T R IR R—

Am[ps ]
Ams=19.1+ 2.0ps"

with the

(A m,[ps™])

experimental bound

.
| 1]

% 5 10 15 20 25 30 35 40
-1
Amgps ]

Amg> 31 ps?
New Physics @ 3o
[for o(Am,) ~ 1 ps?]
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UTst

and LQCD predictions

Unitarity Triangle fit in the SM
]

It iIspossibleto obtain predictionson lattice QCD
parametersemploying all the other inputs

Bi= 0.691+0.10 UTflt 2 0.003
m

Be= 0.79%0.04%0.09 LQCD 5
>

£ UT E |

"% 0.004 fit 00k 8

§ E nE_ 0.001

2> 0.003[ L Jr—" '

: | z

8 0.002 S i I

o~ g 0.002 0

o E -

0.001- - I —
: f» VB; = 265 + 13 [UTjiz
% " "os 1 T — 0: /B o £ ;ZZ + LOCD
dark: 65% B 2 2—5 Bs\/ 5,= 276 £ 38 L0
0
957 £= 1.15+0.11 Ul | |
I
HEP2005, Lisboa, July21,E = 1.24+£0.04 +0.06 LQCD 9
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« from isospin analysis. tmr, pp, pTt

Starting from the SU(Z) Gronau-London, Phys. Rev. Lett. ,,f”'?

. 65, 3381-3384 (1990) -
~amplitudes (Tut, pp): i
A" =-Te" + Pe’r 7z e
F AB—nnxn)

A =-1N2 e (T + T €°C)
unknowns: T, P, T, Jp, 67, &
observable: 3x BR, C,, S,, Cy

1{% AE— ) AR ==Y |

.
ABE—n 1"} = AB™— 1"n")

Similar analysisfor (pm)°on the Dalitz plane

fwith |k=+- for p*rr, -+ for p'm,
e 00 for p°rr®

: ]
HEP2005, Lisboa, July 21, 2005 11




Marcella Bona Unitarity Triangle fit in the SM
” ]

« from isospin analysis (11): pp, pt

2 F
£0.0015 % i
% > ooo3l- pp'l' pT[
o = 3
0 i
h m |
2 0
_g o
ad s 0.001
Q- 5.0005
I | 1 L
i % 50 100 150
I 0
oL af ']
| = 12—
- S p— 1—
g - UTgt —
0.004— —
v —
) L
= 0003 D.B—
_n et
3 0.4 —
O 0002 -
- 0.2
0.001
n |
% 0.2}

-1 -0.5 D 0.5 1
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y. from B » D(*)K (*) decays
also the color-suppressed Vu=|Vuwle™
diagram is present ‘J:r‘:‘< LL"’-L11<
rg=ratio of b
amplitudes -

A(B — D°K™) = AB A(B — DK ™) = ABTBeMB—ﬂ
A(B+ — DOK_I_) — AB A(B-I- — DOK+) —_ ABTBei({sB—I—’}')

QI

0 = strong
phase diff.

@ ADS(Atwood,Dunietz,Soni) method: B® and B into the samefinal state

Raps = T2B+T%CS+2TB1"DCS cos vy cos(dp+9dp)

@ GLW/(Gronau, Londow,Wyler) method: looks for the CP eigenstates of the D
Dg

o si -
RCP:I:=1+T‘23:|:2?"BCOS7(:OS<§B Acpy = +2rpsinysindp

1+ T2B 4+ 2rgcosvycosdp

@ D° Dalitz plot analysiswith B- = DYK crr*rr] K- decays
Z ]
HEP2005, Lisboa, July 21, 2005 13
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y. from B* » D(*)K(*) decays(ll)

Unitarity Triangle fit in the SM

1
—

b 150 '—'150
=10l = rs(DK*) < 0.31
100" 100
‘ @ 95% Prob.
50
o- non resonant
C — +
50 rs(DK)=0.10£0.03 50 component under
-100‘ -100 K* taken |nt0
account
150" T ‘ , -150 ‘
OI 0|1 0|2 0|3 04 05 06 07 DSE 1 u 01 02 03 04 05 05 07 na 09 ‘1 0 0.1 0.2 03 04 05 06 07 OBE 1
re(DK) r.(DK) ra(DK)
Total Area
= 12— ] -? ; I 5 UTe
- dark: 65% a | Y ) Lt
! o i
C . 0 T '
Mi_llght. 95% >
= =
n.s: _g LW
0.4 — Eo.ooos
- o
p2f—
o
azflo it , | 4
100 0 100

y = (66 + 17)° U (-114 + 187)° Y%
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COSZB from B » J/y K™

1= 12

1

D8

D.6

0.4

D.2

-D.2

Probability density

=
-

o
w

(=]
)

0

B from B? »

cos2(3

1 95%

D1

1= 42

- 65%

b \

_I[II ]I[IIIIl[II|I[I|I]I|III|

1
—

=
[}
[~

Skeptical combination

SM

LA
cos2B=19+1.3
>0 @ 87% Praob.

-1 45 0

Dalitz plot analysis. 3 = B+t
Belleresult: B = (16 + 24)°

" Including measur er

D%n0

nentsof:

sm2[3 cos2f3 and 3

||||||||||||
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2B+y from B » DVr(p)

_*>_.1so
ﬁ_mo
50 flat r = [0,1]

a®) = 2rOsin(2B+y)cosd") o
¢ = 2rcos(2B+y)sind”)
(leptoni ::: - (D T[)

0 010203040506 07 0809 1

1= 12

el

%_Theory error
s 100% flat

0.4

D.2

Unitarity Triangle fit in the SM
Z ]

_||||||||||||||||||
| €
L=
=] =

-0-2 1 | 1 1 1
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= |nterference b>u vsb=c
likein DK decays

- Open system: 2 observables
for 2B+y,r and §

-~ Only assuming r we can

extract 2+y

* Extraction of r from B-Dgrr

* Theory error ~100% flat to
take into account SU(3)
breaking and annihilations
In B to D1t

SeeD. Pirjoal, talk
at Beauty 2005

Z I

16
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Angles only:

snZ2B+cos2B+ - +y+ o+ 2By

=12

IIII
-
=
<
ﬁﬂ

X
0.8
sin2p
0.6

0.4

0.2

before

B factories

UTﬁt .

el |

-0.2

|/

p=0.193 + 0.057
[0.083, 0.321] @ 95% Prob.

HEP2005, Lisboa, July 21, 2005

N = 0.321 = 0.027
[0.266, 0.376] @ 95% Prob.

Precision
comparabletothe
analysisin the
pre-B-factory era

17
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Including all the constraints

standard analysis+ cos2B + [* +y + ot + 2B+y

1= 12

1

D8

0.4

D.2

D

-0.2 e

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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0.4
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+

— + L )
K —> Tt—vv D'Ambrosio, Isidori
hep-ph/0112135
eBR(K+ — ntvi) /

—\ 2 = _ A2 — i )
(@ + (P — o) AT e - with 3 signal events
~[UTir

ellipse centered in (p’, 0)

latest result from E949: 05
+1.30

BR(K* - TEWW) = 1.47 "o 101 ™

with the hypothesis of 22
~100 signal events

,E_current
oscentral

o |

= iz

using the value
from the UTTit
BR =0.8310™"

=l L
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* orm |a$(pY)|? |Vial?
BR(E > pY)/BRB > KTY) r - o mip AR
|n case of penguin dominance, R = BR(B = p/wy)/BR(B » K*y)
can be used to extract |V ,,/V,/, adding information wrt 4Am,/ /Zm..
caveat: * SU(3) breaking effect AR ~ O(Agcp/my)
*annihilation in Btop/wy not in B to K*y
QCD factorisation  asspciated to a different CKM factor (= V.*V )

Using the |V, /V.J value from
the SM, we can extract AR.

V,/V,] = 0.10 + 0.45
[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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B> TV,

_a'. i e
M 06 UTﬁf
C
m =
e B
= I
=
= 04
ﬁ i 1= 12
e
O I 1
=
m e
02 0.8
I 0.6
0.4
n | IR NI (Y TR S
0 02 04 0.6 08 0.2
f [GeV]

fas=0.178 £ 0.062GeV
fea= 0.192 = 0.026 £ 0.009 GeV

.2

from lattice gCD '

HEP2005, Lisboa, July 21, 2005

we use the likelihoods from
BaBar and Belle

<1.810* @ 90% CL
Assuming fs:

Constraint on R, = p?+ n?
R, =0.37+ 0.13

[ [TTTTTTTTITTI TTI T ITTITITITITTI
e AR ERLN RN LR ERRD
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Wethank: A. Bevan, T. Browder, C.
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www.utfit.org
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Back up dlides

]
HEP2005, Lisboa, July 21, 2005 24




Marcella Bona

Unitarity Triangle fit in the SM
]

Compatibility plots:

_ y> 100° { new physics
red: S exclusion zone y<25° [ @3alevel
6 O 76

=
-

o(sin2f3)
2

a(7)

06 0.8 1

sin 23

Y
comparison between the indirect determination

40 60 B0 1po 120

and a (hypothetical) direct
experimental determination

UTsit
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UTsit| and L QCD predictions (11)

Bx=0.691+0.10

~ 045
8 ot £, \Bs = 257 + 15 MeV _
@m; s ' Ps Bk=0.681+0.18
2 2 £=1.31+0.21
ol o
015~ R SR e 'B'kz 032:
g :':g_ D‘zg_ l 22 24"
@ Di: dark: 65E;CV
n M%_ § S 0 . 9 arK. 95(y0
= - 0
o.sg— F f BS'\/ BBS > 2 oo Mev
:215...| | | L 5 ¥ g |‘
0 0.5 1 15 2 25 3 35 Ej
]
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7

« dall'analis di isospin (11): mrr

UTfit method: integrating over T, P, T, O, Or,

Sy =-0.50 £ 0.12
Moriond 2005 CmT =-037+0.10

g
o
Q
R
\
=
(=]
Q
T

0.002—

Probability density
R
V
\]
AN
(o]
Probability density

=]
(=]
=]
-k
|

0.001

65%
95% o\ ..

e Seng = -0.19% 0.33 £ 0.11
ol Ciong = -0.23+ 0.24 % 0.14
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