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Unitarity Triangle fit

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,, ...)

.. and beyond

- NP UT analysis:

- model-indipendent analysis
- provides limit on the allowed deviations from the SM

- NP scale analysis update
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Unitarity Triangle fit

CP-conserving inputs e |Veo/ Vs | —
IV, IV |~R, (tree-level) .
LooPT
B,-B,and B_-B_ mixing :
- Amyg L Am,/Amg
1 — 5)? + 7
1*u1 lllllllllllllllllllll FEIJ .....................

O
Amd=(0.507 i 0.005) pS-l -1 0.5 0 0.5 1 E. -1 0.5 0 0.5 1 5
Am _=(17.69 £ 0.08) ps™
world average from CDF and LHCb (HFAG)
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Unitarity Triangle fit
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Unitarity Triangle fit

CP-violating inputs

I F
1=

0.5

0.5

| -

g, from K-K mixing
- B, =0.731 £0.036
sin23 from B - J/IYK® + theory

a from 1T, pp, TIP decays:
combined: (91 * 6)°

y from B - DK decays (tree level)
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Unitarity Triangle fit

Physical Review D 79:072009, 2009
BaBar with 465 10° BB pairs
sm(ZB) = sm(zq) ) sin2B = 0.666 + 0.031 + 0.013

" 6— "

Belle with 772 10°” BB pairs

ﬁ\ﬁgzaqe : ] " 0.679 + 0.020

a = H

S sin2B = 0.663 £ 0.025 * 0.013

PRD 79 (2009) 072009 i 5

BaBar : 0.694 + 0.061 £ 0.031

PRD 79 (2009) 072009 x ,

Belle = 0.642 + 0.047 + 0.021

PRL 108 (2012) 171802 o 5

fiverage : 0.663 +0.041 UTfit input value ‘

T+O 100+{)036

BiD.O?Qi:O.GSB Sin2B(J/l.IJ KO) — 0.665 + 0.024

0.807 + 0.067

BaBar =TT ¢
PRD 79 (2009) 072009
Belle

PRL 108 (2012) 171802
Average

HFAG

“BaBar ] T 061450160 +o 040 |
PRD 79 (2009) b72008 *+ [

Belle é
PRL 108 (2012) 171802 * "

Average f
___HFAGQ *

BaBar """"""""""" L 0.925+0.16010.057
PRD 7 ) - , . _
gg%? (2009 o " 0,601 +0.239 £ 0.087 | AS - 0'000 T 0-012

o {zUUH deUUB

0.640 + 0.117 :Fr 0.040
0.632 40,099 data-driven theoretical uncertainty ‘

M.Ciuchini, M.Pierini, L.Silvestrini
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
Phys. Rev. Lett. 95, 221804 (2005)
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Unitarity Triangle fit

y and DK trees

S & °f
= ="F
1002_ Moriond12 100[ Moriond12
= _ BB Dalitz UT- sof- ' soF
@ . BB ADS fit| | o« ok
) - RIGLw Moriond12 | o
T [__]Combined B s
3‘ 0.002— 100 ‘ -1oo’
— - 150 1500
il on | = sYITY FYHY PYPTN FONTANTETE NV NPT TOTTIITTT IOvY YUTY VN FURTY TEUTE FTUTY PV ETTY FYPRTRUTEL PR
o 0 010203 04 05 06 0.7 0.8 0.9 1 0 0102 03 04 05 06 07 0.8 0.9 1
s _ ro(DK) ro(D*K)
— i : -
O ocoo1- 5 B = 150 S isof
- = e
i . ! q 1002_ Moriond12 100:_ Moriond12
: 20 _E 3 505‘ - 50_—-
_ OE_ OE_ -
. -100 0 100 % o
) R
'Y ] C n

-150F -150F
1 1 1 | 1 | | 1

_ e rrarar g rrr sy rom B S Cr Ry e
y — (75-5 i 10-5)0 rB(DK*)O I'B(DK*)

Marcella Bona, OMUL 7




= F UT;, | levels @
fi N/ Am; | 9504 Prob

1 R postLP11

“p =0.131 + 0.022
"1 =0.354 + 0.01

B=(22£1)°
vy=(70 £ 3)°
a=(88




angles vs the others

Unitarit

Triangle fit

levels @
95% Prob
= 1= F
UTs¢ - UTfit sm
1 postLP11 1T postLP11 T
I SM fit A
0.5 0.5 /
= vV
0 0_ ch
-0.5 . -0.5_—
-1 -1:— /
(1 | | L1 L1

"N =0.338+0.016
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Unitarity Triangle fit

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, ...no direct measurement

20 60 60
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o(v[°])
o(al’])

16 ........ AR L ]
14 |-
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0
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of’]
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V[
Yexp = (75.5 £ 10.5])° Oexp = (91 £ 6)°

Yurie = (70 £ 3)° <10 Oy = (88 £ 3)° <10
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tensions

Vo (oxc)

0.6

o(V,,)

0.5

0.4

0.3
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o(sin2p)

0.8025 0.003 0.0035 0.004 0.0045 0.005I

vub
Vube,, = (3.86 % 0.56) - 107
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3 SiN2B.., = 0.665 + 0.024
, SIN2Byr = 0.803 £+ 0.051

Unitarity Triangle fit

~1.50

b 0.06

0.05

0.04

~2.30

0.03

0.02

0.01

6 O

ozzj . . UTﬁt S 0

0.035 [N R.

0.03 BKexp - 0-731 i 0-036

).025 [N BKUTfit =0.872 + 0.094

)2: VVVVVVVVVVVVVV BKnolattice = 0-85 i 0-14
| | | sinéB
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Unitarity Triangle fit

= F = F
[ [UTit| - [UTfit|
1 ~ postE’::;ﬂ 1 > PO-"tE]\:’:S11

SM fit

only o ook only
exclusive [ - : inclusive
values o = 5 values

-0.5

L]
—
LU I I B I |

in2p)

SinZBUTfit =
0.791 + 0.041

SinZBUTfit .
0.706 + 0.041 .

~0.80. ............ ~2.60_
8.4 05 0.6 0i7 0.8 09 1 8.4 05 06 07 08 09 1 0
sin2B sin2p
sin2Byr: = 0.76 £ 0.10 = no semileptonic
~0.90
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Unitarity Triangle fit

Inclusives vs exclusives

_..i." i B No Semileptonic T
7] - X Exclusive fit
ch - KXInclus postEPS11
go 0-015__ [ ] Experimental
only > I only
exclusive = [ inclusive
values g 0.01 values
@) B
B
_ a - )
SIHZBUTﬁt - 0 005_ SInZBUTfit —
0.706 + 0.041 T e 0.791 + 0.041
""0.80 : X : D "“2.60
85 06 07 08 09 1

sin2(3

sin2Bym = 0.76 £ 0.10 = no semileptonic

~0.90
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Unitarity Triangle fit

more standard model predictions:

current HFAG world average best limit from LHCb
BR(B - tv) = (1.67 £ 0.30) 10* BR(B. - up) < 4.5 10°
- LHCb

= 0.5¢ 6 O ~ 5p 60
© O0ASEER.-:..... SEEE ?\ a5t UTfit] it
E 0 4: ..... 5 /)] E :
E . a 45_. ................... ..................
T 035 i . oc 3_5;
0 o S 2 N R
E 5
o 0258 255
© 02 2
0.15 1.5
0.1 1
0.05 0.5
% 05 1 15 2 25 3 % 6 s 10 °
-4 -9
~2.70 BR(B—1v)[10™] BR(BS—>II) [107]

indirect determinations from UT

M.Bona et al
0908.3470 [hep-ph]
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Unitarit

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[T%/A,| ATYAm, =Re[T% /A,

Marcella Bona, OMUL
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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

A x 10° = -017 + 0.91

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

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

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

7ES [ps] = 1.461 + 0.032

Ps=2B3s vs Al s from Bs- JIY@

angular analysis as a function of proper time
and b-tagging

additional sensitivity from the Al s terms

@ and Al g:
@ and Al's: central values with
2D experimental likelihood from CDF and DO gaussian errors from LHCb
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Probability density

new-physics-specific constraints

o
(o)
o
I

0.002

0

9:=2B, vS AT , from B, Jiyg s
angular analysis as a function of proper time

B3 LHCb
B3 DO
XX CDF

[ ] Combined

-1

and b-tagging

additional sensitivity from the Al s terms

@ and Al s:

2D experimental likelihood from CDF and DO
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-0.4 .

Unitarity Triangle fit

0.3F
0.2F
0.1F

of

UTfft

Moriond12

©, = 0.13 + 0.10 s

@ and Al s:
central values with
gaussian errors from LHCDb
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Unitarity Triangle fit

NP analysis results

1__ Moriond12
0.5 P =0.13310.04C
3 n = 0.394 + 0.054
0_
:degeneracy / _
'0'5__ofy broken _SM IS
OV As 0 = 0.131 * 0.022
It “n =0.354 % 0.015
l 1

ol
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Unitarity Triangle fit

NP parameter results S
1.5;— — U_Tﬁt
C,=0.99+017 | "¢ .
°F ark:
Camk =0.97£0.33 | & ’
Cg,=0.81+0.12
@s, = (-3.4 £ 3.6)° as- Camg VS Ceg
K RS N TR Y- N Y e v
| C,
X SM expectation mK
E 505 E 80f-
So-CBAVS PBd  UTii] | & CBs VS @Bs  UTit]
305— NP fit 405— NP fit
20;— 202_
E o ) Cs,=0.87£0.09
10 ool 5
' N @, = (-7%5)
o + -40—
_105_ -602—
s T T s T T T s - o__""o.lsl 1l1|5 B —r
SM at ~1.40 GC; SM at ~1.30 ©Cs,
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Unitarity Triangle fit

Testing the new-physics scale

At the high scale
E 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 % _ Fo po B
chirari)ties than the SM “ GGt
NP effects are in the Wilson 2 = g
Coefficients C N o
Q5" = TpaidmdL -
NP effects are enhanced . gl B
® up to a factor 10 by the Qi = GrUGLGLYR
values of the matrix elements . o BB &
especially for transitions (5" = Gjr%ir9LiR -
among quarks of different chiralities 1 ponaetal. (UTfit)
® up to a factor 8 by RGE JHEP 0803:049,2008

ar Xiv:0707.0636
Marcella Bona, OMUL 20




Effective BSM Hamiltonian for AF=2 transitions

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

A K ZC Q5d+ ZC Qsd

B,—B, be oL ~ b
H.i 7= Z C; Q"+ Z C; Q)1
i—1 i=1

The Wilson coefficients C, have Putting bounds on
in general the form the Wilson coefficients

g give insights into the
@ NP scale in different
NP scenarios that
enter through F; and L,

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

: NP scale (typical mass of new particles mediating
AF=2 transitions)
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Unitarity Triangle fit

Contribution to the mixing amplitutes

analytic expression for the contribution to the mixing
amplitudes Lattice QCD

i = 33 0 ) o) P Bz,

arXiv:0707.0636: for "magic numbers” a,b and c, n = as(A)las(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 C,(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.

Marcella Bona, OMUL 22



Testing the TeV scale g

9
The dependence of C on A changes on flavor structure. A
we can consider different flavour scenarios:
® Generic: C(A) = alA\? Fi~1, arbitrary phase
@ NMFV: C(A)=a X |Fsu|/IA®> Fi~|Fsy|, arbitrary phase
®
a (L) is the coupling among NP and SM
© a ~ 1 for strongly coupled NP
© a ~dy (as) in case of loop If no NP effect is seen
coupling through weak lower bound on NP scale A
(strong) interactions Iif NP Is seen

] ] ] upper bound on NP scale A
F.. IS the combination of CKM

factors for the considered process

Marcella Bona, OMUL 23



Results from the Wilson coefficients

the results obtained for the flavour scenarios:

Unitarit

In deriving the lower bounds on the NP scale, we assume L; = 1,
corresponding to strongly-interacting and/or tree-level NP.

20><10'18

- UTsit
Moriond12
NP fit

4
ImD{CK)

To obtain the lower bound for
loop-mediated contributions,
one simply multiplies the bounds

by as (~ 0.1) or by aw (~ 0.03).

Marcella Bona, OMUL

sy
o
~

<,

> L WRecC, @//j
£ rlmc, 0)/
<10°% 2
(1] C me, ‘9/.
i 1oL | Ce &
: 3 CBS
< 104

10°¢

10t

G G

Scenario| strong/tree | «gloop | aw loop
NMFV 19 1.9 0.6
General 27000 2700 900

Lower bounds on NP scale

(in TeV at 95% prob.)

Triangle fit
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Unitarity Triangle fit

conclusions

« SM analysis displays good overall consistency but
some tension in sin2@3, B, and B- TV

« Extraction of SM predictions with different
scenarios: still open discussion on semileptonic
Inclusive vs exclusive

Marcella Bona, OMUL 25



Unitarity Triangle fit

backup
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Unitarity Triangle fit

Lattice QCD parameters

current

Bx = 0.731 + 0.036
fgs = 0.250 £ 0.012
fes/feg = 1.215 £ 0.019
Bs/By = 1.05 £ 0.07

BBs1=0.8710.04 running update

Bx = 0.750 £ 0.020
fgs = 0.233 £ 0.010
fes/fea = 1.200 £+ 0.020
Bs/Bqs=1.05 £ 0.07
BBs1 =0.87 +£ 0.04
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Unitarity Triangle fit

more standard model determinations: B, - pp

CDF Il Preliminary 7 fbr .1 ““““““
= 68% Bound
- 90% Bound

latest CDF result:
BR(B; - L)
= (18*) 10°

............ | ido

ol 10. 20 04050607080
B_—pu’)

0.5—

Posterior Probability Density
T

o(BR(B_—I1))[10]

0 5 10 15 20 °

BR(B_—II)[10”]

o 2 4 8 8 10
BB(B_—II)[107]
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Unitarity Triangle fit
M. Bona & al.. (UTfit)
PhysLL eit.B 637, 61 (2010

Consider MFV models

w0
!

—~
<

0.7¢ 60

? o) ] | Define a Universal Unitarity
F .8 B Triangle using only observables
% ol 4 unaffected by MFV-NP:
03 | 3 R, & angles
: 1 Define BR as the prediction
obtained assuming NO NP effect
% 05 1 1.5 2 25 3 35 4 ° - .
BR(B_>wv) In the decay amplitude
R(Bﬁtv)exp =_(1.74 + 0.34)- 10"_‘4 R®® ,,;=2.1%0.5
» R(B—) TV)UTfit — (0.79 i 0.07)' 10 Where
~2.70 —
RexloUUT - BRexpl_ BRUUT

to be compared with the |V,,|- and fg-independent
warcella Bona-omdin€Ory calculation of Ry, in specific MEFV models




Unitarity Triangle fit

M. Bona et all. (UTiit)
B- 1TV PhysL ett. B 687, 61 (2010

Consider Two Higgs Doublet model Il

9 2
- 2 , Mp
Ronpm = (1 — tan” §— )

My, 4

- bounds on tanB/m,,.

Two regions selected:
1. small tanf/m,.: R <1 disfavoured at ~20

2. “fine-tuned” region for tanf3/m,, ~ 0.3:
positive correction, R ~ R,,, can be obtained

iIncompatible with semileptonic decays
BR(B -D1Vv)/BR(B -D#8v) = (49+10)%

B- Xy gives alower bound on m_:
m_,>295 GeV
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Triangle fi
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