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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 future experiments
(ex. sin2f3, Am,, ...)
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CP-conserving inputs F1F > 4
; 1-p)%+7%e

V. IV |~R, from B -B_ and B_-B_ mixing
(loop mediated):

—Am =(0.507 £ 0.005) ps™

—Am _=(17.77 £ 0.12) ps™

—f VB, = (275 % 13) MeV

_£=1.24+0.03

Laiho, Lunghi, V.d.Water



CP-violating inputs

Buras, Guadagnoli, Isidori
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MEPEPET B
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e corrected for measured phase, -

Im A, and LD contributions

- F, =156.0 + 1.3 MeV
- B, =0.731 +0.036

Lubicz @ Lattice09

Sin2f3 from B —» JhyK + theory error

Phys.Rev.Lett. 95 (2005) 221804 -1

= UTfit

from CPS: sin23 = 0.655 * 0.024 +rac

o combined: (91 + 6)0 Phys.Rev.D76:014015,2007
vy combined: (74 £11)° U (-106 + 11)°




unitarity Triangle analysis in the SM
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angles vs the others
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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

The cross has the coordinates (x,y)=(central value,

error) of the direct measurement Color code: agreement between the predicted values

and the measurements at better than 1, 2, ...nc
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tensions
~2.40

sin2f.., = 0.655 £+ 0.024
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Consider MFV models

of Define a Universal Unitarity
i T Triangle using only observables
: unaffected by MFV-NP:
R, & angles

vy
J
Q
<

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

BRBTV)., = (1744030 10 ROPy; =214 0.5
BR(B—1V)um = (0.79 £ 0.07)- where

~2.70 R*Pyur = BReyp ! BRuyur

to be compared with the |V,,|- and fg-independent
theory calculation of R, in specific MFV models
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Consider Two Higgs Doublet model Il

9 2
- 2 , Mp
Ronpm = (1 — tan” §— )

My, 4

— bounds on tang/m,,

Two regions selected:
1. small tanpg/m,,: R < 1 disfavoured at ~2c

2. “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_g gives a lower bound on m__:
m_,>295 GeV
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Bo1tv

Consider Two Higgs Doublet model Il
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UTfit beyond the MFV:

1. 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

2. perform a AF=2 EFT analysis to
put bounds on the NP scale
- consider different choices of the FV
and CPV couplings



: ) ] M. Bona et al. (UTTit)
generic NP parameterization: Phys.Rev.Lett.97:151803,2006

B, and B; mixing amplitudes
(2+2 real parameters):

NP

= 2ibe, ASM f21dg" _ q_ S2i(ey =03 | ASM 210"
Ag=Cp 8 A€ T = 1+ASMe A€
q
Observables:
— SM . SM
Amq/K_CBq/AmK(Amq/K) EK—CEEK

ALI=sin2(B+y) Al ~SIN2(— B+ by )
AL =Im[I%,/A,| AT/ Am, =Re[T%/A,]



B. sector:

We now use the combined TeVatron likelihood
including frequentistic analysis of systematic errors

(~20 parameters varied at +56). No nhew CDF result.

New DO result on dimuon charged asymmetry.

For the B, analysis, we use an improved theoretical
prediction for AT":

AI'sIT's= 0.14+0.02

and allow for NP penguin effects in Iy, Cper and @, are

parameterize possible
NP contributions from

B, ) .

e n-Bo + n .

- ('h‘g F j’; ”) b — s penguins
1

B meson mixing matrix
element NLO calculation
Ciuchini et al. JHEP
0308:031,2003.

¢ 1Pen 9 ’ B_)
+ el?y T2¢B, ]Cjen ('H4 + HQ—B )

1



NP analysis results
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NP parameter results [95%] Prob

C., = 1.06 * 0.13 [0.83,1.36]
[Cs, = 0.95+ 0.14 [0.70,1.28]
0s, = (-2.8 £ 1.7)° [-6.7,0.5]°

Cs. = 0.95 % 0.10 [0.78,1.16]
5. = (-20 * 8)° U (-68 + 8)°

Probability density

- UTsit

0.003—

0.002—

0.001— /
i oo b o oy \ | | 1
€

— 50 y - T
'—I - r UTsit —_— 80:_ UTsit
& - < 60:
30F 40:—
- 20F
20 B
C o
10F _201_
o -40(~
. -60F
10 C
: 801
Co v v v v v v v v vy ry v v v ey vy | TR T WO N TN SN T T AT T T T [ Y N
20, 0.5 1 15 2 2.5 0 0.5 1 15 2.5
Ce B,




Probability density
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conclusions

SM analysis displays good overall consistency but
some tension in sin2f and B—1tv

The two tensions pull |V, In opposite directions

Models predicting a suppression of B—>1tv
disfavoured by present data: 2HDM & MFV-MSSM @
large tanf3

General UTA provides a precise determination of
CKM parameters and NP contributions to AF=2
amplitudes

Effect in CPV In Bs mixing: it would require new
sources of flavour & CPV, natural in many
extensions of the SM
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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 HAE=? =

use OPE to write the most ‘

general effective Hamiltonian.

the operators have different QT

chiralities than the SM

NP effects are in the Wilson )oY

Coefficients C |

G5

NP effects are enhanced G

@ up to a factor 10 by the Q4
values of the matrix elements ;¢
especially for transitions Qs

among quarks of different chiralities
@ up to a factor 8 by RGE

|

0 ., 0 =0 o, B
G Yudin 907 diL -

Y —

— 3 3

4 rYL9RYL
-« 3 =03 Iy
4irYL9RYi L -
—{k X =

. | 8 3
4GirYGiLYLYiR -

—a [ 08 «
4irYiL49L9iR -

M. Bona et al. (UTHTit)

JHEP 0803:049,2008
arXiv:0707.0636




Effective BSM Hamiltonian for AF=2 transitions

Most 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,"

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

. 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)

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



Contribution to the mixing amplitutes

analytic expression for the contribution to the mixing
amplitudes

. Lattice QCD
s, =35 () A7) oo G,

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

analogously for the K system

5 5 _ _ B
(KOTHE 2K =303 (5 + cy™) ™ CufA) R (KO Q3% K

i=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.



Testing the TeV scale @
The dependence of C on A changes on flavor structure.
we can consider different flavour scenarios:

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

o, (L)) is the coupling among NP and SM
© o, ~ 1 for strongly coupled NP

® oL ~ Ol (0s) in case of loop If no NP effect is seen
coupling through weak lower bound on NP scale A
(strong) interactions If NP Is seen

F., is the combination of CKM upper bound on NP scale A

factors for the considered process



Results from the Wilson coefficients

the results obtained for the flavour scenarios:
In deriving the lower bounds on the NP scale, we assume Li =1,
corresponding to strongly-interacting and/or tree-level NP.

Parameter  95% allowed range Lower limit on A (TeV) Lower limit on A {TeV) 0 1><1 01°
— =1
(GeV—2) for arbitrary NP for NMFV ¢ |

o C

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

ReC5 —~1.0,1.0]- 107 10-10° 2.4 -

K [ T ] 0-02 |

ImCl  [-4.4,2.8]-10-15 1.5 10% 5.6 [
ImC%  [-5.1,9.3]-10-17 10- 104 28 o
ImCc%  [-3.1,1.7]-10-16 5.7- 104 19 002k
ImCi  [-1.8,0.9]-10°%7 62 :
||I|||I|||I|||||||I|||I|||I|||I|||I||| ><1D-15

ImCj  [-52,2.8- 107" 14- 10* y K 0048 6 4 2 0 2 4 6 8 10

/ Re(C4K )

To obtain the lower bound for loop-mediated contributions,
one simply multiplies the bounds by o ~ 0.1 or by aw ~ 0.03.




Upper and lower bound on the scale

[y
o

C] ~
LIl

Lower bounds on NP scale from K and
B, physics (in TeV at 95% prob.)

NP scale A (TeV)
[=]

10° ¢

Scenario| strong/tree ag loop aw loop 104?.058
MFV 5.5 0.5 0.2
NMFV 62 6.2 2 e
General 24000 2400 800 ok
Upper bounds on NP scale from Bs: 10-

Scenario| strong/tree | aj loop aw loop
NMFV 35 4 o,
General 800 80 30

® the general case was already problematic
(well known flavour puzzle)

® NMFV has problems with the size of the B. effect vs the
(insufficient) suppression in By and (in particular) K mixing

® MFV is OK for the size of the effects, but the B, phase
cannot be generated

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