hep-ph/0408079

Marcella Bona, INFN Torino

Unitarity Triangle fit
and New Physics

www.utfit.org

Marcella Bona
INFN ed Universita di Torino

on behalf of UTfitters
M.B., M. Ciuchini, G. D'Agostini, E. Franco, V. Lubicz,
G. Martinelli, F. Parodi, M. Pierini, P. Roudeau,
C. Schiavi, L. Silvestrini, A. Stocchi

EuroGDR
Frascati, November 26, 2004

L TR ————.
EuroGDR, Frascati, November 26, 2004




Marcella Bona, INFN Torino UTfit Collaboration

L — ]
Method and inputs: [Bayes Theorem |
f(p, 1, X|er, s em) ~ H fj(clﬁﬁﬁﬁx)*

3=1.m

H fi(x;) fo(p, 1)

Standard Model +
OPE/HQET/
Lattice QCD

to go
’ from quarks

to hadrons

| Acp(J/YKg)

J U I )
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A

0.2265 X 0.020

V., inclusive

| flat component

41.4 + 0.7 tl0.6 4103

average from inclusive

V., exclusive

42,1 £1.1 +£1.9-1073

V. inclusive LEP

average from exclusive

4.09 + 0.62 4{0.47 | 10-3

LEP average

Vup inclusive HFAG

4.57 + 0.61 - 1073

HFAG Winter 04

Vup exclusive

3.30 +0.24 + 0.46 - 109

Amy 0.502 £ 0.007 ps—! LEP/SLD/CDF /B-Factories
Am, > 14.5 ps—1 LEP/SLD/CDF-1

Ty 167 £ 5 GeV CDF/Do0

M, 1.3 £ 0.1 GeV

IBsy/ Bg,

276 = 38 MeV

Lattice QCD

1.24 4 0.04 :I:I0.0G I

Lattice QCD

0.86 4 0.06 £|0.14 I

Lattice QCD

£
By

0.726 £ 0.037

B-Factories
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The standard inputs In the p-Nn plane°

...and putting
all together...




Result from
the standard fit o4

0=0.197+0.044 |°2
0.104,0.278] @ 95% CL| |,

test of the SM:

CP-violating parameters from
CP-conserving observables

from charmonium: sin23 = 0.726 + 0.037| 06

UTfit o

95 %

probability
levels

[C
3
=

r

1
=N

from side-only fit: sin24 = 0.720 + 0.047 ™
0.2

L
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Probability density
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Indirect determinations: a posteriori
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Compatibility plots:
P B v >100° | new physics
red: 5o exclusion zone y<25° [ @ 3olevel

065

a(sin2f3)

o(sin2co)
5
=

05—

D.4:—

0.5 i

sin 2

04 06 08 1
sin 23
comparison between the indirect determination

and a (hypothetical) direct
experimental determination
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Indirect determination and compatibility

plot for Am,;:

> > 0.06F
2 0.00121- . UTsir] | G
C not using f £
> » [ ] [ ]
£ oootthe limit 2
S C A = 0.04-
S 0.0008/011 Al =
o i ﬁ
- o
0.0006 - o I
i o
0.0004] 8:02 -
0.0002 :_

using
the limit
on Am,

| 11
10 15

Am, = 20.7 £ 3.1 ps’’

[14.4,27.1] @ 95% CL
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new physics @ 30
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Looking for New Physics:

We can generalize the analysis beyond the Standard Model
parameterizing the deviations in IAF|=2 processes

in a model independent way: ,

model indepentent
@ e [MXF = C, - e M assumptions A

@ Am,"** = C;- AmSM
J. M. Soares and L. Wolfenstein, Phys. Rev.

EXP _ . SM
@ Am " = C,- Am, D 47 (1993) 1021;
0y — ot N. G. Deshpande, B. Dutta and S. Oh, Phys.
2 Acp(JAPK') = sin (218 + ) Rev. Lett. 77 (1996) 4499
[arXiv:hep-ph/9608231]
From the standz&rd fit: J. P. Silva and L. Wolfenstein, Phys. Rev. D
few constraints 55 (1997) 5331 [arXiv:hep-ph/9610208]

\I/ A. G. Cohen et al., Phys. Rev. Lett. 78 (1997)
2300 [arXiv:hep-ph/9610252

so we switch on NP

one component at a time

(to extract also p and 7) o
L
EuroGDR, Frascati, November 26, 2004 9 l
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New Physics (II): B;-B; mixing 3z
Second CKM workshop 2003, hep-ph/0307195 E
o]
¢d E_ red: 68% A 0.0005
D,BE— 95%
0.4 —
u.zz_ - o5
0 ;!
i E_ 2 0.006]
0.4 — — 0
anb- in B,-B, mixing £
28UTyif] from the standard fit > oo
T ' b g §
S Cop 8
B L 0.002
1
0.8 g—-
0.6 f—
b
02 g (&P
of | LSS
LT~ N Y ©
-1 0.5 0 0.5 1

ol

q1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1

Ulyit
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sin2c with SU(2) analysis

Gronau-London, Phys. Rev. Lett. 65, 3381-3384 (1990)
Starting from the SU(2) amplitudes:

unknowns: T, P, T¢, Op, 01,
observables: 3x BR,C_, S, , C,,

>
=
(/)]
= I
5 00015 darker area: 68 % UTs¢
>
]
§ 0.001_ pp
S I
-
Q. L |
0
E 1
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+ + -1
from B* > D, K* decays  V,,=IV,le ¥
A K- > t' 50
colour-soppressed w- s _ W ¢ | Op = strong
are also possible © €0 . s phase diff.
B ” Vcb i D o T K- |
u u U u

mp=ratioof § 4~ p'k")=Ap  A(B~ - D°K~) = Agrgei®s—)
amplitudes _ .
' A(BT — D°KT) = Ap A(Bt = D°K*) = Agrpe(®B+7)

+ GLW(Gronau, Londow,Wyler) method: looks at D’ states
+ ADS(Atwood,Dunietz,Soni) method: B’ and B’ to the same final state

-+ Dalitz plot analyses: likelihoolds from BaBar and Bell

2 S K1
@ o.001- ‘UTﬁf E
m -
o 5
> 0.8—
= o o
= [7=60°£16°]
(1]
S 0.0005}- =
a o2 darker area: 68% |
oF lighter area: 95% &
02 ) il IR ST I T S N LI IS
0 1 -0.5 0 0.5 1 -
p

- . i o : ] 7
1 0 , New Physics free measurement
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From the time dependent analysis of the decay B - J/yy K™
it is possible to extract the values of both sin2$ and cos2

Prob (cos26 <0) ~13%

= 1.2

D.8

D.B

0.4

D.2

-0.2




1.2}

contribution
from the B-Factories
using angles only: s

0.6

p =0.187 +0.063
0.059, 0.348] @ 95% CL

[[III|III|"III|II

0.4
sin2a

w

0.2

D

y=62°%9° | 0.2

iy
| &
JIE

e

[40°, 80°] @ 95% CL

=g _ including
4 all the new
constraints
D.EL
D.6
- p =0.189 £ 0.035
' 0.121, 0.260] @ 95% CL
D.2 n =0.343 + 0.021
. 0.301, 0.384] @ 95% CL
_ y=61°£5°
0.2 Y [51°,72°] @ 95% CL

p
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Looking for New Physics in 2004: UTfi t
@ the B, sector is fully constrained '
% observables: Am,, 3, @, y vs unknowns: p, 17, Cd, ¢
@ we can use the general parameterization of New Physics
< £ is a handle to quantify deviation from the SM
< also expectations on Am, can be obtained

11— 1
0.8 0.8

0.6 0.6

+

3 < 0.2

]

0.4

0.2

|'l I T1T'|TTII'IIF|'F1E'|TT1|"ITTf
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New Physics in 2004 (II): > Ll s U
Using the new constraints: g
@ we can switch on the E e
New Physics in all the sectors [
@ in the B, sector a new 021
second solution appears [
1= 0(J 1 2 3
D.B;— cd
0.6 >
aE- = 0.006- [UTe
N 2" O 2
e (]
oF ©
= 2
0.2 = o.004} 0.02 = 0.07
0.4 ﬁ L
'I}"Ef_ N o o ™ -+
-ME—W Bd'Bd mixing E . 0.69 = 0.01
P R S TR P M S i
C,
e i
FuroGDR, Frascati, November 26, 2004 Y I o B ™ 3
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New Physics in 2004 (I11):

+ the B, sector is not bounded from

the actual experimental result =
(since we have just a limit on Am,)

Probability density

- Tﬁr
1 | =
0.5 . .
_ | a | O
0- -: 0.001- C8K
I % B
0.5 ..g -0._66 + (.09
L same sin20, sin2Q ¢ 0.0005 -
and I€.| values '
-1
I R | | L1 1 1 ! | 0 ! | 5
-1 -0.5 0 0.5 ] [ -2

P



What can we expect

from the future?
2010 scenario:

@ centered on the SM values with projected errors

@ no more flat errors from Lattice

robability density

@y with two-fold ambiguity (if Dalitz still dominates)™

& 0Tt
1_
I 54 +5
0.5
s
= v
| :ﬁﬁy
05—
Al 126+ 5
y | | | | | | | | | I | | 1 | | ] ] |
kL) -0.5 0 0.5 1

Y

Probability density

0.004}-
!UTﬁt
0.003 C,
0.002—
1.01 + 0.11
0.001—
% R :
C,
w I
| YTjit 0.93 + 0.14
vora CEK
-0.67 + 0.04
0.001—
0 —— 0 2
C.
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e £ 0.002) |
. © (0.44 £+ 0.05
2010 Scenario (II): -1 ¢,
}g ' 0.99 +0.14
O 0.001-
= I
0.0005:
¢, in the B, sector: of .
& errors reduced ’ 1 ’ 03
@ second solution stays °
s i UTf!'t ¢d
0.8 [
a i .01
D'Er'v_ Ta
0.4 i
0.2E 10.02 +£0.03
oF s s i 0.62 = 0.01
02 )05/
04
-mai— _ ..
2 B,-B, mixing
TR L T S T R T R
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Summary and conclusions

& the standard fit shows an impressive agreement
with the SM expectations
= the new inputs from B-Factories (o, y and cos2j)

have a deep impact in improving this agreement =

@ new bounds also allow to fully constrain the B, sector 1_
=¥ the only '""NP" solution comes from 05
the ambiguity in the determination of y ) g L
< same sin2(, same «, same lel : - N
+in a 2010 scenario 05 rojection
- errors will be dramatically reduced y with cos2f
- the ambiguity will survive to the increase in precision 4, atthe10%
- more measurements needed both in the B and in the K sectors P

1= 42

1= 42

4 + Fusing the value
K* = 7wy -from the SM

projections with . "BR=0.8310"
~100 signal events of
EuroGDR -.,.:

P S R I T T
-1 -0.5

-current

1} —

_ -central
-value

0.6

=

A 0.4

n2[

-0.2

T I SR R
0.5 1

P O S TS B!
0.5 1

= R
= R
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back-up slides
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Input treatment:

Ex : Bp=0.87+0.06 (gaus) £ 0.13 (theo.)
RFit-CKMfitter Bayesian-UTTit

UTfit

The theoretical likelihood does not o p.d.f
contribute to the y? of the fit while the -| / "1. from the convolution
corresponding parameters take values ;{ '1& (sum in quadrature)
within the allowed ranges. e B
Likelihood obtained !| 1S Likelihood
summinng linearly - -' ; / \ from the inversion
the two errors /_ of the p.d.f
ST EK e e s ol EK
H | ¥ ;
ALikelihood /= /’F ALikelihood
g bl E Estimates of the uncertainties

At 68% CL [0.68-1.06] [0.76-0 98] for lattice determinations should
be given by the lattice community

In the frequ.entistic approach, the . B justlike the experimental ones
selected region does not have a precise are given by the experimental

statistical meaning: at least 95%. il mE e,
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B Oscillations: Am,

given the A” factor, we expect

Amg ~ 20 Amy

—e~t/7a(1 £ A cos Amyt)| excellent time resolution

PBD—}BD(BD)

Az/ iS necessar

A is measured given a fixed Am,:

. . T 1T [T IT ! T E T T T T1] N amplitude (sensitivity)
A=0 — no oscillation 9198 no 0y, ALEPH M 0.45+0.76+0.20 (13.2ps’)
A=1 - oscillation g | be| amermeen cs
: AL]IE::EI}-IIJ]EIF ‘ 1 047+ 115 +0.47 (0.4ps’)
Am, ~ excluded @ 95% CL assz2mz0st (515
DELPHIL B +D_h Ly g | 0.45+358+1.93 (3.2psT)

- A+1.6450, < 1 (92.9%) N T H
.. A DELPHLD kol |.___‘ 125+ 137+0.31 (8.6ps)
sensitivity: 1.6450, =1 | ”EL"E‘S.%-EH‘: L | asessesase caop
2 2 2 2 DELPHII bl -0.96+ 135 £0.71 (9.1ps’)

(92.00) ol
Ams X fB Bﬂsl‘ésl X fBSBleT/'-:bl ?ElAgLsi H— L I -L25+234+191 (T.2ps’)
Amd f By B dy 2 _\ 2 _9 DPE%-ES"% . § iﬁﬁmi:’ (4.2]1.5:1]
S ,\ ((1 —_ _I_ 7] ) 5(];6[)9% ' , ' 1L03+1367 %0 (3.3psT)
Ams st BBs SLD;I&JIJ ' . 1 0.44+ 1007 0% (8.7psh)
in the p-7 plane it corresponds e Workd average H 0,46+ 0.42 (12.3 ps")
. . L1 [
to a circle centered in (1,0) ’ P R S T R

Heavy Flavour
Averaging Group

amplitude at Am_= 15.0 ps



Amplitude
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[ [ ] 1
B Oscillations: Amy (IT) Py, sysg) = se™/71(1 + A cos Amt)

[
in

 World average (prel) B ] | hint of a signal
: 1 1 1@ Amg~17.5 ps™
i + datatlc A 95% CL limit 14.4]:15:1 b . . .
S LéiSc o sensitivity 187 ps 1 | with significance ~20

LS - [l data+ L1645
- [ 1 data+ 1645 ¢ (stat only)

1 i & 'lﬂ ’ 1 ] I e » Data
- » [ . ! o (I Expectation for Am =g
B i . | i N — Expectation for signgff at Am,

o]

Sensitivity curve

{Am, > 14.4 ps* @ 95% CL Ll
E SenSlthlty @ 18.7 ps ]

, 1 I F ®
_ *— / : U
0 2..5 5 T.S 11] 12.5 15 1?.5 20 225 25% l l

Am, (ps’ )
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D'Ambrosio, Isidori

New Inputs: K*= = 75 / hep-ph/0112135

_ L oBR(K+ — wtvir) . .
() + (p— po)? = — e with 3 signal events
Rt | Ven[* X ?(4)

1= 42

ellipse centered in (p°, 0) :

recent result from E949:
+1.30

BR(K* = 7*v) = 1.47 g5 10 o

0
with ~100 signal events .
= 42 . =
- using the value -current
L i
i from the SM -central
T BR=0.8310" “Fvalue
0.8 0.6 —
Mf_ 0.4:_
B2 f_ 0.2 :_
0 f i f
'0'2. R I, (| - L A 0_2
-1 05 0 0.5 1 e e
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Details from the future

2010 scenario:

@ centered on the Standard Model values:
Vo (excl) = 0.04210 +/- 0.00084
Vs (incl) = 0.04160 +/- 0.00042
Vuw(excl) = 0.00330 +/- 0.000165
Vu(incl LEP) = same (of course.. :)
Vu (incl HFAG) = 0.00457 +/- 0.00061
Bk =0.93 +/- 0.0465
F(B,) =0.276 +/- 0.014
& =1.20 +/- 0.0372
Ams = 20.5 +/- 0.3
sin2f = 0.695 +/- 0.695
sin2a = -0.5 +/- 0.2
vy =54 +/- 5 (and -7t solution)

o
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