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Plan:

e Why should we search the exact informations
about Cabbibo-Kobayashi-Maskawa matrix

(Ver)?

e Voxm — the only source of CP and flavour
violation?

e Classification of SM extensions.

e CP and flavour violation in the Standard Model
and its extensions.

e Description of the experimental quantities.
e How to distinguish between models?

e Bounds on new models following from present
and future experimental data.

e The examples of the models - 2HDM(II) i MSSM.
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The motivation for precise finding the
Cabbibo-Kobayashi-Maskawa matrix
elements (Vokamr)

In Standard Model (SM):

e CP violation is too small to explain
Nparion ~ -9
M foton 10 ’

o the Vs matrix describes CP violation and
flavour violation,

e this is the only source of CP violation and flavour
violation.
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How we can classify the extensions of
Standard Model with respect to sources
CP violation?

1. Vexa matrix is the only one source of CP
violation and flavour violation: then the
enchancement of CP violated efects arrive by
the new particles which give rise to the
amplitudes of FCNC (flavour changing neutral
current) processes.

b H+¢X+_,5Td
71 “ta Ul

sd  Ht x* P

Example: 2HDM or SUSY models

That efects are especially important in quark b physic BO — BO, d
rare decays B mesons, because in vertices stand Yukawa constants
of top or bottom (which is large for tan g >> 1).

Processes with b quark are experimentally researched. (e.g.
Bs — Xgv ICLEO/, B —+ ¥ Kg /BELLE, BaBar/, B — 1l /CLEO/)
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How we can classify ...(cont.)

2. New sources (except Vo iy matrix) of CP and
fIavouLviolation — sfermion mass matrices
(’U, — UL7 UR)

2 2
M2 = (Mg)LL Ej\\/l/l%;LR , (1)

RR

(M3) 4y X,Y =L,R— 3 x 3 matrices.

d A S

—_— ., - - - - - P - - — = = -

D, D
s o

Flavour changing - in vertices: quark—squark—gluino.
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The classification of models with Vog s
as the only source of CP violation

One can classify such models on H.¢¢ level . Itis
convenient from phenomenological point of view.

1. The models 'similar to Standard Model’ (the

MFV model- Minimal Flavour Violation) .

Hffj\}[ — QVLLQVLL

In MFV we can factorize in H.;; the elements of
Ve v The contribution from ¢ i W= to H,sr one
can write as:

2 172
HAF 2_G MW}\2ZC (2)
1672 ,
where At = ViViy dla K° — KO
At = ViqVy, dla Bg— BY
A = ViV, dla BY — B (3)
C; are real.
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The classification of models ...(cont.)

2. GMFV model (Generalized Minimal Flavour
Violation).
Possible contributions from all 8 operators with
AF =2

Because Vo 1S In models (1.,2.) the only
source of CP and flavour violation, in H.f one
can factorize the Vi s matrix elements from
the Wilson coefficients like in Standard Model.

In SM the contributions to C; dla K° — K9,
BY— BYiB] — BY are the same (they are given
by one function common for all that processes),
similar in MFV.

This is no longer true in GMFV.
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Rare processes description by H. ¢

We consider processes with AF = 2, because we
will use them to find some Vs i3 matrix elements —
Via i Vis (neutral kaons mixing and neutral BY
mesons mixing).

The examples of the theories above My, scale:
Standard Model(SM), 2-Higgs Doublet Model
(2HDM), Minimal Supersymmetric Standard Model
(MSSM).

Effective description up to My scale by effective
Hamiltionian:

Hepp = %iCiQ" (4)

It allow us to take into account QCD correction.

Ci — Wilson coeffitiens calculated in ’full theory’,
' — local operators built on fermionic fields .
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All possible (8) operators dimension 6, which give
riseto Hepp z AF =2

Q"™ = (dyyuPrdr)(dsy"Prdy),

. Prdy)(dsy* Prdy),
JPLdI) (d;Prdy),

LR
1

(ds
(

MY = (djPrdp)(dsPrdy),
( O'MVPLCZ[)(dJO"”L PLd_r)

+L < R, (5)

I, J - flavour indeces.
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Connection of H. ;¢ matrix elements with
measurables quantities

2Im(KO|H.s¢| K% Mgo = eg, (6)
2RG<B_O|Heff|BO> = AMg;. (7)
d W+ s
SM:c,t" “c,t —— = leff
S wt d d
Heff — CVLLQVLL

Contribution to kaons mixing in 'full theory’(SM)
and 'effective theory'.
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The matrix elements (Q* between hadronic states
(data from lattice calculations):

_ 8 .
(ROIQVEEIK) = ~MEofE B,

_ 8 .
(BO|QVTL|BY) = gBBngdMéo (8)

Bg = 0.85+0.15,
Bp,Fp,= 230 MeV + 40 MeV,

Bp Fp, = 265 MeV + 40 MeV.

Remark: still large uncertainties!
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Wolfenstein parametrization

1—)\?/2 A AX3 (o —in) |
Voerkm = —A 1 —)\2%/2 A)N?
AN (1 —p—in)  N?/2 1 |
(9)

Wolfenstein parameters: A, A, o, 7, where A and \
are found from tree-level processes One of
orthogonality relation

VudViyy + VeaVay + ViaViy, = 0. (10)

Unitarity triangle.
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Finding V,;4 from different observables
IN different models

Experimental quantities: AM, ¢, €k, sin 2.

The formula for AM, ¢ 1 ek In Standard Model:
e masses differences of neutral mesons B:

2 2
An, — CEMi

MBqUBBBqFB Vigl?So(z:), q=4d,s
(11)

where Sy(z;) with =, = m3 /M3, is function
deriving from diagram (¢, Wi) (in SM)

AM;/AMgand AMy:
— AMy = (0.487 £ 0.009) /ps - uncertainties,
from /Bp,Fg,
~ AM, > 15.0/ps (331 > 30),
— VB5:FBs _ 154 0.06

i/BBdFBd
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- we do not know A M, just upper bound

e ¢ describing CP violating in the neutral kaon
system:

7 [(1 — @) A*aSo () + Pe(e)] A%Bg = 0.204
(12)
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Unitarity triangle in GMFV | MFV models

There are 3 processes, in which we will determine
Vor v elements — it is convenient to define
separate function for each proces:

Ff = So(z)[l+ f4 (for ek), (13)
F5 = So(z)[1+ f] (for AMy),
Fi = So(zs)[l+ fe (for AMy)

in SM: fy=fs=f. =0, F%=F5 = F& = So(z¢)
In MFV is Fg = Fj = F¢,.
The formula for e In GMFV:

7 [(1 — 8) Ao Ff, + Pu(e)] A2Bg = 0.204  (14)

The formula for AM, in GMFV:

G2 M?2
AM, = gw2w

MpnsBp,F3 |Vi*Fh,  q=d,s
(15)
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As in SM, in GMFV we can determine R; in 2 ways:
from AMyzand AMy/AM;:

Ry 1
AV

\/AMd 230 MeV | [0.55

(16)

R, =1.084

4 A
0.487/ps By, Fp, nB

and

B AM,; [15/ps
R; = 0.819 g\/0.487/ps A VRea, (17)

_ 1+ /s
RSd_1‘|‘fd (18)

In MFV R,q = 1 (R; found from AM,;/AM; does
not depend on parameters of model).
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How to distinguish between GMFV and MFV
models?

The question is how to check experimentaly, if
MFV'’s are sufficient?:

e If the experimental value of sin 23 is small
(smaller then 0.42) then MFV models are
excluded.

In the MFV models there exists an absolute
lower bound on sin 25 that follows from the
Interplay of AM,; and ¢ and depends mainly on
Ve, Vup @and the non-perturbative parameters

By, Fg,\/ Bp, entering the analysis of the
unitarity triangle. Lower bound on sin 23
obtained by scanning independently all relevant
Input parameters reads (sin 28) min = 0.42,

e If the experimentaly value sin 25 will be above
this bound , then we analize the correlations
between AMy/AM,, sin 23 and another
qguantities like e or ~.
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— ’strategy A’: if we know experimental value of
AM;/AM;, then we know R, for any R4 - SO
we can find sin 23 (and we can compare with
experimental results ):

1
~ /AM,/AM;

de (19)

Ry

R;, Ry — sin 20

— ’strategy B’: if we know experimental value for
AMy/AM, and sin23, we can find the value
of the v angle (from B — 7 K)
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Ranges of (p, ) allowed in 1o for

AM, = (18.0 £ 0.5)/ps, three values of a, x, and
different values of R,4; (marked in the figures).
Black spots correspond to R,y = 1. Dotted lines
show the constraint from g, for 1 + f. = 1.
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How to find bounds on F{“*< function in concrete
model?

e from fitting the formula (15) to the measured (in
the near future) value of AM;. This determines
1+ fs (or F3):

- 42
2.38 ] 265 MeV [@] [0.041]2 [AMS
So(z¢) ne | [ [Vis| | [15/ps

1+ f, = 0.80 [ ](20

Bp Fp,

scanning over uncertainties gives

AM AM
.52 > 1+ fs < 1.2 > 21
- [15/198] <ltle< 9[15/198] 1)

( at present this gives 1 + f; > 0.52)

next, there are bounds on R; coming from
unitarity of Ve g matrix

1-Ry<R: <1+ Ry (22)
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e If we make use on experimental result on ek, we
can corelate Fy, with Rgg.

Allowed ranges of R,q and 1 + f-.

— 2%‘;’ e and R;, allow the region delimited by
the dashed lines.

— Regions between the solid lines are allowed
by AM,, € and sin 23 = 0.4 (panel a) and
sin 28 = 0.8 (panel b).

— Dotted regions are allowed by 2%2, e and R,
for sin28 = 0.8 and 0.79 £+ 0.10 in panels a)

and b), respectively.
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The examples of GMFV models

IFT 1 UW

1. 2HDM(II) with large tan 3
tree-lewel coupling of charged Higgs scalar
(H,” = (HT,G™)) to quarks:
Lins = Hi uaVar(a?'™* P + a%'*Pr)d; + He. (23)
where
ATk € Mgy cot3 for k=1
T ey L for k=2
Ak € g, tanB for k=1
‘BT e My | —1  for k=2 (25)
—
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4+ + 4+
0 He g WE o HE g

w* H]:Ct H;f
—‘J—<—’\/\/\/\/\/\1a—| _.J_<_ ————— < | J: - - = :I

Box diagrams in extended Higgs sector

dominant contributions to Wilson coefficients:
diagram with W+ HT:

5(—|—)C%JR N _gmdjrrg’dj an26
my

diagram with H*HT:

_4mq,ma,

SHCIR  — 70T
3 M2,

tan? (26)

It is clear that for large tan B the biggest contribution appears in
6(+)C%R. It is of the opposite sign than the contribution of the tWE
box diagram and can be significant only for the BS-BQ (similar
contributions to §(T)C£% for BY-BY and KO-K? transitions are

suppressed by factors m /mgs and m g /my,respectively.
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1+ fs in the 2HDM(II): a) as a function of tan
for M+ = (from below) 150, 250, 300 and 350
GeV and b) as a function of M+ for tan 8 =
(from above) 40, 60, 80 and 100.

The computation of the b — s~ rate together with the experimental
result for this process

BR(B — Xsv) = (3.03 4+ 0.40 + 0.26) x 10~ set the bound
My Z 350 GeV . This means that in the 2HDM(II) for the still
allowed range of charged Higgs boson masses the decrease of

1 4+ fs can be very small. Consequently, the SM analysis of the
unitarity triangle based on e, AM, ; and A M is practically
unchanged in the 2HDM(II) for large tan 8 < 50.
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2. MSSM with large tan 3, heavy sparticles and
light Higgs sector

e In the limit of heavy sparticles (which is
practically realized already for Mgparticles < 500
GeV) the one loop diagrams involving
charginos and stops are negligible.

e one |loop diagrams with charged Higgs and
top quark can give large (~ tan? f3)
contributions (the bound on M+ from b — sy
IS much weaker)

e two loop corrections, deriving from one loop
corrections to down quarks with neutral Higgs
couplings (double penguin diagram), can be
very large (~ tan* j)

(dr)s (dr) (w (w

fIZO,HO,AO HO,HO,AO HO,HO,AO

.

(dr)r (dr)y  (dr)r (dr)y;  (dp)r (dr)J
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iHO, ho. AO

~

U/k/ \\ﬁm
b Xj b

One-loop correction to the bb-neutral Higgs
vertex in MSSM (contribution charginos and
stops in loop), proportional to tan 32.

Such kind of effects does not vanish with very
heavy sparticles.

Identic diagrams give rise to B — [l amplitude,
S0 very strong efects which was expected in that
proces can be partially limited by neutral B
meson mixing.
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The contributions of diagrams (from previous
figure) to Wilson coefficients:

4
§OCS = - ZEM T 2 X2 tant B F

4#3%[/ M4
4
0) SRR _ _ Q@EM T
5O Cs ~dms?, MY m3 X/-tan’ B F_  (27)
4
SO CLR = ;ﬂij\; ]\"ZZ ma,ma, X;otan* 8 F, .
where X,¢ = 2521 Z2JZ2] At H ( t/C; x;/c ),
azz/cj = Mi/m%j, i=1,2,=1,2,
cos?a sin’a sin’f
Fr= F (28)
M M? M?
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1+ fs inthe MSSM as a function of the mixing
angle of the top squarks for different lighter
chargino masses and compositions (r = M/ ).
Solid, dashed, dotted and dot-dashed lines
correspond to stop masses (in GeV) (500,650),
(500,850), (700,850) and (700,1000), respectively.
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1+ f inthe MSSM for lighter chargino mass 750
GeV, r = M,/ = —0.5 and stop masses (in GeV)
(500,850), (700,1000), (500,850) and (600,1100)
(solid, dashed, dotted and dot-dashed lines,
respectively) as a function of a) tan 8 and b) M;;+.
In panel a) solid and dashed (dotted and
dot-dashed) lines correspond to M+ = 200 (600)
GeV, and in panel a) solid and dashed (dotted and
dot-dashed) lines correspond to tan 3 = 50 (35).
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Conclusions:

e Classification of SM extensions .

e Analysis of the role of new dimension six
four-fermion |AF'| = 2 operators in models with
minimal flavour violation (MFV and GMFV).

e Formulae for the mass differences AM,, AMy
and the CP violation parameter ¢
(parametrization by three real functions F5, Fd
and FY;, respectively).

e \We have proposed a few simple strategies
involving the ratio AM,/A My, sin 23 and the
angle ~ that allow to search for the effects of the
new operators.

e The present experimental and theoretical
uncertainties allow for sizable contributions of
new operators to AM; 4 and e.

e As an example we have analyzed the role of
new operators in the MSSM with large
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tan 3 = vy /v1 IN the limit of heavy sparticles,
Investigating in particular the impact of the
extended Higgs sector on the unitarity triangle.
The largest effects of new contributions for large
tan 3 are seen in AM,.
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