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unitarity Triangle analysis in the SM

- SM UT analysis:

- provide the best determination of CKM
parameters

- test the consistency of the SM (“direct” vs
“Indirect” determinations)

- provide predictions for SM observables
(ex. sin2f3, Am,, ...)
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CP-conserving inputs

V. IV _|~-R, (tree-level)

B -B,and B_-B_ mixing

Amd
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- Am_=(0.507 £ 0.005) ps+
- Am_=(17.70 £ 0.08) ps™

New world average from CDF and LHCb
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- Am, = 17.77 + 0.12 ps!
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CP-violating inputs
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g, from K-K mixing
- B,=0.731 +0.036

sin2f3 from B — JIyK?° + theory

o from ntw, pp, Tp decays:
combined: (91 * 6)°

vy from B — DK decays (tree level)
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sin(2B) = sin(2,) EEED

PRELIMINARY BABAR Collaboration
Physical Review D 79:072009, 2009

BaBar ; ) osa?+ooea+0 012
PRD 79 (2009) 072009 'B _ — _
BaBar ., K 0.690 + 0.520 + 0.040 # 0.070 Ba Bar Wlth 465 1 06 B B pal rsS

PRD 80 (2009) 112001

BaBar J/y (hadronic) Kg ! 1.560i0.4201§0.210|_ SinZB —_— 0.666 i 0.031 i 0.013
PRD 69 (2004) 052001 j i 6 B i
Belle .o 0.668i0.023%0.013 Be"e Wlth 772 10 BB paIrS

Moriond EW 2011 preliminary " |~ : i
Average +| 0.678 +0.020 S|n2l3 = 0.663 £ 0.025 + 0.013
HFAG § :
0.3 0.4 05 0.6 07 0.8 0.9 1 1.1 Belle Collaboration

Moriond EW 2011, preliminary

UTfit input value ‘

sin2B(J/yK®) = 0.664 % 0.022

EPS2011 update from Belle: data-driven theoretical uncertainty ‘

sin2B(J/K®) = 0.668 + 0.026 | AS =0.000 * 0.012

SO0 hew average should be
. 0 M.Ciuchini, M.Pierini, L.Silvestrini
sin2p(J/yK") = 0.667 £ 0.021 Phys. Rev. Lett. 95, 221804 (2005)

EPS-HEP2011 8




marcella bona

v and DK trees
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unitarity Triangle analysis in the SM
= F
1

levels @
95% Prob

p =0.129 *+ 0.022
n = 0.346 + 0.015

B =(22 + 1)°
v = (69 + 3)°
o=(89£3)°
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angles vs the others

= = F UTyi
1 -
: : Amd Amd
= B Am,
0.5 0.5 @
I Lk Vio

b3

Vcb

-0.5

0 =0.127 + 0.027
n = 0.329 + 0.016
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compatibility plots

A way to “measure” the agreement of a single measurement
with the indirect determination from the fit using all the other
Inputs: test for the SM description of the flavor physics

Color code: agreement between the The cross has the coordinates
predicted values and the measurements (x,y)=(central value, error) of the
at better than 1, 2, ...nc direct measurement
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0.6
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Vuw (excl)

Unitarity Triangle fit
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: 6 O

0

Vub

Vube,, = (3.86 + 0.52) - 10°

<1c (incl ~1.80)

~2.30

. Sin2f.,, = 0.664 £ 0.022
sin2Pym = 0.803 = 0.051

84 05 06 07 08 09

1
sin2p

6 O

BK.,, =0.731+ 0.036
BKyr = 0.93 + 0.13

BKoiatice = 0.85 + 0.14
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only : only
exclusive °s- inclusive
values values

; ; 4 SiﬂZBUTﬁt=
0.783 + 0.043 | | | i 8l 0.804 + 0.040

~2.30

~2.90

84 05 06 07 08 09 1 84 05 06 07 08 09 1
sin2f3 sin2B

sSin2PB i = 0.846 £ 0.062 — no semileptonic
EPS-HEP2011 )2 14
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more standard model predictions:

current HFAG world average latest CDF result
BR(B—7tv) = (1.64 * 0.34) 10 BR(B;—~pp) = (18*1]) 10°
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BR(B—1)[10] BR(B_—I)[10°]

indirect determinations from UT
BR(B—1tv) = (0.79 £ 0.08) 10* BR(Bs—Il) =(3.54 + 0.29) 10°

EPS-HEP2011 M.Bona et al 15
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UTfit beyond the MFV:

fit simultaneously for the CKM and
the NP parameters (generalized UT fit)
- add most general loop NP to all sectors
- use all available experimental info
- find out NP contributions to AF=2 transitions

B, and B. mixing amplitudes
(2+2 real parameters)'

AL =Im[I%,/A,| AT Am,=Re[I'%/A, |
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new-physics-specific constraints
semileptonic asymmetry: DO

sensitive to NP effects in both size and phase =~ Phys.Rev.D82:012003,2010
ASp x 10° = -017 £ 0.91

same-side dilepton charge asymmetry:
admixture of B, and B4 so sensitive to NP effects in both systems

AP % 10° = -79+ 2.0 DO arXiv:1106.6308
SL

lifetime t7S in flavour-specific final states:
average lifetime is a function to the width and the width difference
(independent data sample) HEAG

752 [ps] = 1.461 + 0.032

!’reliminary
[ o am o1
— £ AM, = 17.774+0.12 ps~}

(I)S—ZBS vs AT's from Bs—)JI\|I(|) 51? 02%: @ 8% CL
angular analysis as a function of proper time 0.0 f--rr T -
and b-tagging 02f
additional sensitivity from the AI's terms 04j DO summer 2010

-3 -2 -1 0 1 2 3]

EPS-HEP2011 ds and Al's: ¢3/¥[rad]
2D experimental likelihood from DO
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NP analysis results

= U

1
p =0.145 + 0.045
N = 0.389 + 0.054

Vub

Vcb

| degeneracy / SM is

p =0.129 + 0.022
n = 0.346 + 0.015
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NP parameter results B 0T

C. =1.02+0.19
dark: 68%

CBd - 0.82 +0.14 Cimk =0.96 £ 0.34 . _

05, = (-3.9 £ 3.6)°

= Camk VS Cek

X SM expectation

: of X Cs,=0.87+0.12
10— L

- -20F

o X o | ¢s, = (-23 £ 10)°
_102_ -602—

S0 J/ | ! |
'200""0]5""1'”"1]5' - é 25 o 05 1 15 2 25

SMat ~1.1¢ s, SM at ~2.2¢ s,
EPS-HEP2011 one ambiguity missing as DO uses the 19

sign of By — JlyK* strong phase to eliminate it
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conclusions

« SM analysis displays good overall consistency but
some tension in sin2f3, B, and B—1tv

Extraction of SM predictions with different
scenarios: semileptonic inclusive vs exclusive

 The tensions pull |V.| in opposite directions

« General UTA provides a precise
determination of CKM parameters

and NP contributions to AF=2
amplitudes

we would love to use the results
from all the collaborations:
please release the likelihood!
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more standard model determinations

marcella bona
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more standard model determinations: B.—»uu

CDF Il Preliminary 7 fb™

;A e R — 60
fi:; o 12 UTfif
latest CDF result: = : -
E E" [ | EEETRSEEE R S e —
BR(Bs—up) T
=(18*9)10° w’ &
m -
| o
““““““ Jx10°° o)

zo 30 40 50 _60 70 80
BR(B_—upu)

Probability density
a

BR(B_—II)[10”]
indirect determination from UT
- BR(B.—~Il) = (3.54 £ 0.29) 10

BB(B_—II)[10]
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tensions

V., (incl)

Unitarity Triangle fit
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sin2B.,, = 0.664 * 0.022
sin2Bym = 0.803 = 0.051
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<lc (incl ~1.80)
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Consider MFV models

of Define a Universal Unitarity
iU Triangle using only observakh
: - unaffected by MFV-NP:

R, & angles

o(BR(B—1v))

Define BR as the prediction
obtained assuming NO NP

0

BR(B_>1v) effect in the decay amplitude

'
% 05 1 15 2 25 3 35 4

BR(E—)tv)exp = (1.74 £ 0.34)- 10* R*?,,1 =2.1%x0.5

= + - 10
BR(B—1tV)ur = (0.79 £ 0.07)- 10 where
~2.70 — =
RexpUUT - BRepr BRUIUT
Eps-HEP20110 be compared wi e |V, |- and fg-independent

theory calculation of R, in specific MFV models
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Y o . —

nsider Two Higgs Doublet model Il

9 2
- 2 , Mp
Ronpm = (1 — tan” §— )

My, 4

bounds on tang/m,,.

o regions selected:

small tang/m,,: R <1 disfavoured at ~2c

“fine-tuned” region for tanf/m,,,~ 0.3:
positive correction, R ~ R,,, can be obtained

iIncompatible with semileptonic decays
BR(B— Dtv)/IBR(B— D2v) = (49+10)%
B— X_y gives a lower bound on m_:
EPS-HEP2011 m_ >295 GeV 28
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Testing the new-physics scale

At the high scale
new physics enters according to its specific features

At the low scale

use OPE to write the most
general effective Hamiltonian.
the operators have different
chiralities than the SM B |
NP effects are in the Wilson Q5 = fj‘;“quLQ}}f;i ;
Coefficients C

Q3" = GrdiLGrdiL -
NP effects are enhanced i o a8 8
® up to a factor 10 by the Qi = GrULTLYR
values of the matrix elements iq . BB &
especially for transitions @5 = GrULTLYR - \
among quarks of different chiralities 1 ponaetal. (UTFit)
® up to a factor 8 by RGE JHEP 0803:049,2008

EPS-HEP2011 ar Xiv:0707.0636




Effective BSM Hamiltonian for AF=2 transitions

st general form of the effectlve Hamlltonlan for AF=2 processes

A K ZC Qsd+ ZC Qsd

B,—B, be L - b
Hoid 7 = Z C; Q"+ Z C; Q,"

e Wilson coefficients C, have Putting bounds on
general the form the Wilson coefficients

g give insights into the

@ NP scale in different
NP scenarios that

enter through F; and L,

| F. function of the NP flavour couplings
‘ loop factor (in NP models with no tree-level FCNC)

|A: NP scale (typical mass of new particles mediating

EPS-HEP2011 31
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Contribution to the mixing amplitutes

analytic expression for the contribution to the mixing
amplitudes

2 @ Lattice QCD
i = 33 0 ) o) P Bz,

arXiv:0707.0636: for "magic numbers” a,b and ¢, n = a.s(A)locs(m,)

analogously for the K system
0

5 - u —_
(KOHE K =303 (57 + ) % Gi(A) R (K°|Q3K°)

ji=1lr=1

to obtain the p.d.f. for the Wilson coefficients Ci(A) at the
new-physics scale, we switch on one coefficient at a time

In each sector and calculate its value from the result of the
NP analysis.

EPS-HEP2011
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Testing the TeV scale

O?L(A)

he dependence of C on A changes on flavor structure.
e can consider different flavour scenarios:

» Generic: C(A) = a/A? Fi~1, arbitrary phase
» NMFV: C(A) = a X |Fsul/A?> Fi~|Fsy|, arbitrary phase
» MFV: C(A) = a X |Fswl/A*> Fi~|Fsu|, Fia~0, SM phase

© o, ~ 1 for strongly coupled NP
© 0L ~ Oy (0ts) In case of loop

coupling through weak
(strong) interactions

FSM Is the combination of CKM

actors for the considered process

o (L) is the coupling among NP and SM

If no NP effect is seen
lower bound on NP scale A
If NP Is seen

upper bound on NP scale A

EPS-HEP2011
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Results from the Wilson coefficients

e results obtained for the flavour scenarios:
deriving the lower bounds on the NP scale, we assume Li =
orresponding to strongly-interacting and/or tree-level NP.

Parameter  95% allowed range Lower limit on A (TeV) Lower limit on A {TeV) . 1><1 01°
- i =
(GeV—2) for arbitrary NP for NMFV Tl Uy

o B

ReC [-9.6,9.6] - 10—13 1.0- 107 0.35 (S 0.08-
ReC%, [-1.8,1.9] - 10-14 7.3-10° 2.0

0.06

ReC3, [-6.0,5.6] - 10~14 4.1-10° 1.1 C

ReC [-3.6,3.6] - 10715 4.0 0.041~

ReC}, —-1.0,1.0] - 107 10-10° 2.4 -

kK [-10.10] 0.02-

ImCk  [-4.4,2.8]- 10715 1.5- 104 5.6 :
ImCZ  [-5.1,9.3] 10717 10- 104 28 of-
mci  [-3.,1.7]-107'6 5.7+ 104 19 _0_02:_
ImCL  [-1.8,0.9]- 1077 62 B

mcy  [-5.2,2.8)- 107V 14- 104 A 37 0045°8 "6 4 2 0 2 4 6 8 10

/ Re(C4)

. obtaln the Iower bound for Ioop medlated contrlbutlons
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Upper and lower bound on the scale

ower bounds on NP scale from K and
a physics (in TeV at 95% prob.)

iy
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LLL
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[=]
2]

TIT

Scenario

MFV
NMFV

(General

strong/tree
5.5
62
24000

ag loop
0.5
6.2
2400

aw loop

NP scale A (TeV)
[=]

-
(=]
ry
T

-
o
w
TTTT]

-
[=]
™
T

pper bounds on NP scale from Bs:

10

Scenario

NMFV
General

strong/tree

35
800

a, loop

4
30

aw loop
2
30

(well known flavour puzzie)

NMFV has problems with the size of the B, effect vs the
(insufficient) suppression in B; and (in particular) K mixing
MFV is OK for the size of the effects, but the B, phase

cannot be generated

EPS-HEP2011

Data suggest some hierarchy in NP mixing
which is stronger than the SM one

@ the general case was already problematic

Unitarity Triangle fit
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