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cannot be fully dealt with in the theoretical framework o ttonventional high energy physics.
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decays are mentioned as well.
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1. Introduction

The standard model, which is verified perfectly by a great variety ofigigcexperimental
data, is probably the finest creation of a human’s mind, at least in highgyepkysics. However, as
in the case of every profound physical theory, SM has its own contrand limitations as well as
some problems it struggles to resolve and some subtle effects which areogetitalerstood fully
(if ever) in terms of the coventional approach. Those problems inclugeafbn’t limited to): the
Higgs sector, where the fundamental scalar boson is yet to be disdasgrerimentally; an exact
number of fermion generations; an excess of arbitrary parametersrobithel under consideration;
a mass hierarchy problem; possible extra dimensions etc.

Aforementioned problems is a reason, why various SM extensions aenpiyebeing thor-
oughly reviewed and investigated. MSSM [1] is a natural way to undetstame of these prob-
lems while its predictions at a considerable span of defining parametensadotradict to any
experimental data. There are also such physical systems and suan@ren which can hardly
be described by a common version of the MSSM and thus require some meaé&dheonstraints
over MSSM parameter space.

One bunch of such systems — neut&}, B .- andD%-mesons — is being considered in this
work. Two well-known physical quantities: a mass splittihigy s and a measure of the (indirect)
CP violation € — were carefully re-evaluated in the framework of a specific MSSM sazmath
an emphasis on charged Higgs contributions. The purpose of the warkovgget constraints on
the MSSM parameter plari&g3, my=) by comparing theoretical results with experimental values
of evaluated physical quantities.

A scene of the work is set in this shantroduction . The Model itself is briefly descibed in
the second paragraph Thethird paragraph contains the most important results of symbolical
calculations as well as a tiny mention of various QCD corrections. Numeeésalts are presented
(in pictorial form) in thefourth part of the article. Prospects and conclusions of the work are being
summed up in théfth paragraph.

2. The Model

1. The MSSM of the basic type has been used thus providing us with twa sicalblets (we
shall refer to this fact as “THDM”). The Yukava sector, featured inrtiedel under consid-
eration, is of the second type [2]:

L} = gi“jldi’Lﬁalu’jR + gﬂ-z(ii’Lszde + lept sec + h.c,, (2.1)

which meangp; scalar field generates upper quark masses while scalardfieltbes the
same for down-type quarks.

2. As mentioned above, the Higgs sector contains two scalar doubleth@MESM effective
potential of the most common type [4, 5] was usethatnergy scale:

U (P1, ;) = — pd(DI1) — p3(Dhy) — p2p(DIdy) — pi2, (dld1) +  (2.2)

FAL(®]D1) 4 Ap(P)P2)? + Ag(P1P1) (P5P2) + Aa(P1P2) (PFP1)+
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+26(P]D1)(P]D2)+ A6 (P1P1) (PpP1) +A7(PFP2) (P P2)+ A7 (DLD2) (1),
Parameterstio, A5, Ag and A7 are importantly complex after the SUSY breaking. They are
all equal to zero above the SUSY breaking scale, which we $é¢a¢y = 500GeV, but ob-

tain imaginary contibutions from radiative corrections due to “triangle” duk" one-loop
diagramms with an interaction between Higgs bosons and squarks of thegh&dagon.

Dl y) (P Dy)

3. After the diagonalization we obtain a mass spectrum of scalar fields in thel [Bod.
By using the THDM we shall have three neutral and two charged scalds fie addition
to three goldstone particles to be eatenVi#y- andZ%-bosons. In case of an expliciiP
violation with a pre-set relationship between parameters, governing kedidirections
(U = 2 Ap = 4 Msysy— corresponds to a so-calle@PX'-scenario [7]), neutral scalar
modes mix into three no@P eigenstateh;, hy, hs, so that a VEV's ratio tf§ and a mass of
the charged Higgs become MSSM defining parameters at the phenomeabeogt Mean-
while, the latter quantity proves to be different from MSSM models witGRereservation

[6]:
M. = MG +m— — ReA/\s—A)\4) (2.3)
wheremy is the mass of pseudoscalarCBrP—preservation limit (radiative correctios, 5

can be seen in [6] as well), thus allowing lighter scalar fields in a wid@rrémge than is
usually expected.

3. Symbolical Calculations

We shall mainly concentrate on a mass splitting valuekitr and Bgls—meson systems. The
common formula can be presented the following way:

Amis = Am2 +AnYY = Am2 +B-AnvY, (3.1)

where the first summand corresponds to non-perturbative long-distaimmtributions, while the
second one is related to short-distance contributions from various SivgexthHiggs and chargino
“box” diagramms (see fig.1), including a set ) of perturbative QCD corrections from hard gluon
exchangesB denotes non-perturbative QCD corrections via different intermediat®hatates at
low energies.

3.1 Standard model

In a framework of the SM, a (“short-distance”) mass splittind<imesons is defined by the
following well-known formula (by virtue of the GIM-mechanism — fig.1-1):

G2f2mkB,
ampg VW = —5{57—5 Vi) AV2menal (&1) +
T
+ (Vi) ViEMEN2l (&2) + 2VigViVisVesiamem | (€2, &3)], (3.2)
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wherel (¢, ;) andl (&) is a couple of well-known Inami-Lim-Vysotski (ILV) functions [8, 9] and
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Figure 1: K°—K?0 vacuum transitions in the model under consideration. VE)\-box of the SM; 2).-3).
MSSM contributions due to charged Higgs exchanges; 4). M88Mributions due to charging{») and
3rd-generation squafl» exchanges.

3.2 Charged Higgs exchanges

By using the defined Model (sec. 2) we obtain additional contributions to ss rslitting
value from diagramms with charged Higgs¥ — fig.1-2 and fig.1-3) and charginogi(z). The
corresponding results (see [10] for detailed calculations) are pesserlow ('t-Hooft—-Feynman
gauge has been used resulting in contributions from non-physicatsGla

CA fgmkBk  [tg*Bmémg MMy

sp-HH _ CH B

A ~ “384rent, [ 4.8 D131, 3% — D2(351%2)+
me 5 BY

ﬁ‘m“?ﬁa\]&z ) + 8 I?E nﬁ-m@ﬂﬂ%‘*)} ) (3.3)
SD-HW _ GrCh fZme Bxm

Ams 2472 - mg, 2. thB

GrCx fZmg Bk,
SD-HG __ FYH TKTTKPK 2
rnI_S - 967-[2”‘6\/ [nﬁnﬁtg B- Fl ‘]11 ) )

_|_

t 2
Ey(3fW) - 9 [:nr;srm EZ(JZ-W)} , (3.4)

+ memymG, - Fo(351°, 55°) + Z.TS\QB -F3(21°, 35°)

-5 Bty (g - st ) RS2 35)

Here we have:

Di(Jj") = Re[(VigVes)’mEnz it (&) + (Viaks)"mf'nedii™ (&s) +
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+ 2VigVoMsVed T nodh (&3, 84,85)]  (1=1,2,3,4;j=1,2),
Ei(FY) = Re[(VggVes)*mEnad" (81,84.86) + (Viahs)*mEnsd" (&2, 85, 86) +
+ 2V VeMisVesmemneJ ¥ (€1, &2, 83,84, 85,&6)] (1=1,2; j = 1,2),
R(I®) = Re[(VggVes)®mEnad?" (81,84.&6) + (ViaVhs)*minsdi" (&2, 85, 86) +
+ 2V Vi Ved BN oW (81, &2, &3, 84,85, &)]  (1=1,2,3,4; j=1,2).

A set ofJ-Hk(a) functions is fully similar to ILV functions of the standard model (as is the cése o

¢i variables). Their exact expressions are rather complicated; they teils[10]. Cy = 4\/;5‘2”

is an analogue of Fermi constant for Yukava interaction.

3.3 Chargino — squark exchanges

Contributions from the SM superpartner exchanges, representedlirifigan be evaluated in
a similar way. Retaining only the leading order impacts (details can be foun@Jywj& obtain:

A SD-xi nfflngBK'|Zp22|4

. “\4)2.
" 48m2vg_-sin'p Ref(ViaVis) - Ql, (3.6)

where
Q ( usgzUSS) Jtl i ( UGGZUBB) 'Jtz to + 2: ZU532U332366ZU36 ‘]tl to:

HereZ,,, = 0.98 is a matrix element of chargino mass matrix Zgdare matrix elements of squark
mixing matrix. Ji* andJ;? are identical to corresondintj'*(&) functions, mentioned above.

3.4 QCD corrections and a measure ofP Violation

The results, listed above, can be easily adjusteﬂgtgmeson systems by replacing corre-
sponding indices and CKM-matrix elements in aforementioned expressiontheiitB-analogues.
Expressions foD® mixings are harder to esteem but a four-fermion approximation works well in
this case helping us to simplify the formulae. See [10] for details.

Perturbative QCD correctiong due to hard gluon exchanges were previously evaluated in
[11, 12], while non-perturbative corrections were re-evaluated inranereof [13, 14] with a use of
finite energy sum rules formalism thus giving us values36f=B¢ andBy. Finally, long-distance
contributionsAm-P can be extracted from experimental data with a use of normalization pn@cedu

A following expression was also applied for evaluation of a non-dig®violation valuee
via amplitudes of various SM and MSSM contributions:

M\L’\éw‘f' leLHW|+ Z MHGJ+ Z MHHk
‘gtot’ —

(3.7)

2V/2 Hej , k&4 '
NXVW_‘_ Z NHWI+jZlNLS J+kZlN|L_|SHk

It's to be noted, that the amplitudes of box diagramms, listed above, are alamfiiiudes
for different rare meson decays induced partially by the same type ohfay graphs.
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4. Numerical results

Various tables and graphs are thorougly presented in [10] and in atfides of the same
authors, which are listed in [10] bibliography. As a sample of obtainedt@nts we can address
fig.2, which selects certain regions @§3, my=) MSSM plane, where deviations from the exper-
imental value ofiek | exceed 13, 50 respectively, thus excluding (at different CL) low values of
tgpB for almost all possibleny+, higher levels of t§ for light charged scalars, and a certain region
of big tgB (from Bs data) also for the lightest charged Higgs bosons.
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Figure 2: Non-directCP violation parametete|, defined for neutrak®-mesons, as a function of the
charged Higgs mass,: and tg3. Coloured lines correspond to a deviation|gf'*®”| from |¢2*7: red —
10, blue — 30, and green — & — if precision of measurements is raised by an order of madait

A specific statictical method [15], developed by S. Bityukov and N. Krasniko assess a
distuingishability between the new (MSSM) physics and the SM was tested in this Wwo
statistical estimators have been implemented — the distinguishabitityd the confidence levél
(not directly related to the CL). The following constraints on {tg, my:) MSSM plane were
obtained:

1. “Mild exclusion” ({ > 1.050 andk > 86%). The following regions are excluded with these
values of estimators: 1). &y < 5 (for all my+ at considered range); 2). & tgB8 < 10 for
My < 325 GeV,; 3). t@ > 30 formy= < 175 GeV.

2. “Normal exclusion” { > 20 andk > 97.5%). The following regions are excluded with
these values of estimators: 1) ftg< 2 (for all my+); 2). tg8 > 42 formy: < 125 GeV.

5. Conclusions and prospects

5.1 Conclusions
1. It's shown thaHW-, HH- andHG- contributions are tiny in comparison with those of the
SMin the largest region of the MSSM parameter plane as they also dewritiasm increase
of tgB andmy+ for K-mesons an@-mesons as well.
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2. An entire set of Inami-Lim-Vysotski analogue functions is obtained. #nAlogues are
shown to have common limits with the results of four-fermion low-energy apmation.

3. An estimation of possible constraints of the MSSM parameters space érapbdormed
with the use of Bityukov-Krasnikov statistical approach. It's shown ferfirst time (based
onB2-meson studies) that considerable deviations from the SM do exist in tioa i@fdarge
tgB > 35 and low values of the charged Higgs mass. < 150 GeV.
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Figure 3: Various contributions of charged Higgs and chargino exgearto the width of th& — uu rare
decay via “box” (1-5) and “penguin” (6—8) diagramms in a feamork of the MSSSH denotes a charged
Higgs, X1.2 go for charginoes, whil§ » are squarks of the third generation.

5.2 Future prospects
The following questions are in progress or going to be addressed iecudrst works of these
authors:

1. Mass splitting and non-dire€@P-violation effects in neutral mesons due to chargino—stop
exchanges can be large on the outskirts of the MSSM parameter plane.

2. Evaluation of penguin and box diagrams with charged Higgs and clearfpn directCP-
violation quantities and asymmetries.

3. Box and penguin diagrams for rare decayB4yK- andD-meson systems with scalar bosons
and superpartners (look for some samples in fig.3).

4. Finite temperature effects and corresponding constraints for the MB&\heter space.

The authors would like to thank the organizers of the QFTHEP’2010 Cemde for an inter-
esting and useful meeting. This work has been supported by grant R6BR-00525a.
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