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_ 1-1. Feature points

 Scalar sector - MSSM Effective Potential: SM:
U(Py, Py) = _;;%((I)f[(ﬁ._] - ;;g(@;%g - I{,__fg(qqq)z)_ ;5%2 ((:“)5(1)1)— m o114 GeV
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* Yukava sector — THDM Il (Two Higgs Doublet Model of the Second Type):

Ty = gt Q) L'lf»"l'tr.; R+ r;ff(:“: 1 ®2d; p + lept. sec. + h.c.
- Radiative Corrections [1]: Mass spectrum:
h, H, A —> h(1), h(2), h(3)
Atb — Universal trilinear couplings )

2 2 9 U

My = e Lith ——(R8A s — AMy)

/1 — Higgsino mass (“Higgs mixing parameter”) H= " A 2 [ ) .
| _ . Main Assumptions:

SUSY breaking scale: Msusy

* CPX scenario:

Universal phase: » = arg(/14; ) =8 A5 e Miaras Mausy = 500 T5B
[1] - E. N. Akhmetzyanova, M. V. Dolgopolov, * Phase universality:

and M. N. Dubinin; Phys. Rev. D. 71, 5 EE LAY — ar LA
P. 075008 (2005). ¥ gt Ap) g(/1As)




_-mesons. Basic expressions

Mass splitting:
AmPs = Br - Am7e () + Am¥E

Corrections and contributions:

1). i?ﬂig - contributions from virtual exchanges at short distances (PT);
2). 7); - QCD (perturbative) corrections accounting for hard gluon exchanges;

3). B - QCD (non-perturbative) corrections accounting for intermediary
hadron states at short distances;

4).&?71%? - hadron boundary states at long distances.

Normalization:

Am*t — = Am$T — AmPg— "W
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_. 2-2. K-mesons. SM.

§ u.c,t d 1. GIM-mechanism [3], [4]:
o i % G2 fZmy B
b H &m}f;i = F‘Z ; KReA
-\- 17 v
W W g = I ImA
l_': k E 22 Re A

A = [(V* L‘ZS)?mEr}lI (&1) + (I"}fl’?s)g?T?-??’FQI (&) +

cd
+ 2 I;Z’ I:Tf I:h Iri:-. URYILRL ! ( 51 ’ £2 ' £3 )] ,

d u.c.t $

3. QCD-corrections [5]: 2. Vysotsky-Inami-Lim Functions:

& = (&=)?
B, =1.0,B,=14,B =14 o - JE-1EEd 3¢ e "
S N T T RT3
n, =1.3 (central value) ( 1 o 2
I1(€,8,&) = ( - . )( - - — §2 = (mﬂt_)z
n&  In & (1—-&)%1 —&L)2(1 - &) "
B
n,=0.57,n, =0.55 . & L -Heha-@2-&ahs
(1—6)%(1 - &)? (1—£)2(1 — &)2(1 — &) : -
1y =0.47 L 8(-8)-80-¢) ) & — e
(1-6)M1-&P1-&) )

[3] — S.L. Glashow, J. lliopoulos, and L. Maiani, Phys. Rev. D 2, P. 1285 (1970);
[4] - J. Ellis, M.K. Gaillard, and D.V. Nanopoulos, Nucl. Phys. B 109, P 213 (1976);

[5] — S. Herrlich, and U. Nierste, Nucl. Phys. B 419, P 292 (1994).



[BYStem! 2-3. K-mesons. MSSM. HW, HH 1 HG
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v GrCufimg By 1 . .
A appr—HW _ YFYHJKTPK DK HW 2f e . IHH
Ami's = " artnd (2 w2 ReCl(C ) —tg"3 - memReCy(Gy, ))
C[CHV‘ = [(VEV.)2Pmin GEW (A, m?) + (ViVi)Pmins GV (A, m?) +

+ 2 VAEVAY, I/;S?:rz.c-mtn@Ggw(A,-mg,-mf)] (i=1,2 j=1,2).

_ C2f2mgBx [m2m2 - tg*s3 m md
A Per HH _ Hfh — s Mo | Re Bl Re B2( vch) +
384ﬁ-‘ ?71-1,{; 4

! HH D B;} 2 vH H
+ mﬁe Bs(Ggy”") + R B -miRe By(GH™)

2,2 2

B, = [(VAiVa)mPn: + (ViVi)*mins + 2V, memiwmlnfﬁ)w,

— m2 2
my — mz ms

BIGHT) = (ViVeo Pl GEE(A, m2) + (ViVie PrafmsGHI (A, m?) +

+ 2VVVeVemimiGHY (A mtmd)] (1 =234 k=1,2).

FOUR-FERMION APPROXIMATION



« eonn _ ChalimgBg [tg'3m? m;‘; HH qHH,  MsMd
Amily = 384l [ 4 m Dy(Ji™, Jin”)
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= S
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4 . tg43 ( 31 32 ) N BK s ( 41 42 )
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v er—mw  GrCHfrmiBrmiy mw W tgFmsma HW
Am{s — > El(Jj ) — E;,(sz )
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EXACT RESULTS
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EESTEERIEIS K-mesons. MSSM. SP impacts
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_esons. MSSM. Loop Integrals

2 2 2
. m. . Ty . Ty J_ 1 _|_ £, - 2
S <—) , € = ( ) , 3= (—) ; JHH (2 2 ) — : 45 _ Ing,
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I 26-2-9m¢ N 1 1 o
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Sample: integration results for —ctHW—

1 [ Jngs (&2 — &) + &I (& — &) + E7In&i (&6 — &2)
miy [(1=&) (6 — 1) (& — &) (&2 — 1)(&1 — &) (€ —

N &G (1 — &) + &6 (& — 1) + 67653 (6 — 1)]
(1-&)(& —D(&—8&)&—1)(& —&)(& —&) |
EXACT RESULTS

T (M2 mw) = +




System. 2-7. K-mesons. MSSM. Integrals

Elimination of singularities strictly depends on the sort of the certain propagator

Feynman propogator for a scalar particle: Basic fermionic propagator:
d*k 1 () : . ]
DF(T- — g) = / ramvit 12 5 — ‘6._,—?.,1\.-(.1.—9) H? _ 2 — ﬂ N %
(2m) S —ms g ke — my k2 —m; k2 — m;

Summing over all sorts of single-particle irreducable insertions:

i 1 1! 1
I = - > I ~
N ) f- k2 —m2 — M2(k2)
S =AK) + kB (k)
Z o, o
172 2
Expressing the full width via an imaginary part of self-energy: I' = —Elm M (m.. )
Gauge-invariant: Breit-Wigner prc;pogat?r ~ Laurent Series first sum.:
. . k* — mz mLy
k +m, — il M = — . L i — S
2 =i y ; t' ; 3 D (k2 — m3)2 + m?iI? (k2 — m3)2 + mil?
o —my +omyly — e . 5 9
: JEH (mdy, md) = /d”‘k (T2 - ()2 = /[( U iy
0

t+a)?+c?)? - (t+b)?

Sirlin A. Theoretical considerations concerning the Zp mass Phys. Rev. Lett., 1991. 67.
P. 2127,
Nowakowsky M., Pilaftsis A. On gauge invariance of Breit-Wigner propagators Z. Phys..

1993. C60. P. 121.



BSYStEm! 2-8. D-mesons. MSSM. HW and HH.
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_are Decays. SM. K-mesons
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EETEERIEI Rare Decays. MSSM. K-mesons
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al Results. K-mesons
EXACT RESULTS

m,.,GeV 1073 m,.,GeV 10-15. 53
1000 2.4 1000 3.494
- " A 3.492
800 2.36 800 '
700 _ 700 3.49
600 |

2.32 600 3.488
500 '
23 500
400 3.486
sin 400
300 -
200 296 3.484
200
100 | 2.24 3.482
- 100 5=
2.22 ma
. 5 10 15 20 25 30 35 40 45 50 MM 349
_K—ex
“LS ,
tgll Amy,
. (1 5 5 2 - _
M+ lJ_ JB) tgig ) 10 15 20 my=+(9B) tgﬁ'} 5 10 15 20
50 2,999 | 2,200 | 2.242 | 2.233 50 949/ | 3.486 | 3.484 | 3.483
75 2.379 | 2.261 | 2.239 | 2.232 75 3.491 | 3.485 | 3.484 | 3.483
100 2.362 | 2.257 | 2.237 | 2.231 100 3.489 | 3.484 | 3.484 | 3.483
125 2.340 | 2.253 | 2.236 | 2.230 125 3.488 | 3.484 | 3483 | 3.483
175 2,323 | 2.247] 2.233 | 2.228 Gk JA8T | 3484 | 5485 | 5489
: ————————— 200 3486 | 3.484 | 3.483 | 3.483
200 2.313 | 2.245 | 2.232 | 2.228




EEEREEa Results. K-mesons

EXACT RESULTS (THE FUTURE IS YET TO COME)

1000
900
800
700
600

500

400
300
200

100 8

mHi,GeV

1073

2.4

2.38
2.36
2.34

300
200

3.484

3.482

3.48

m,.,GeV 10715 5B
1000 3.494
900
3.492
800
700 3.49
500 3,488
500
50 3.486
300 3.484
200
3,482
100 S
3.48
1000 3.494
900
3.492
800
700 3.49
600 3.488
500
400 3.486



| Results. B-mesons

s 1000 352
335 B 900 35
e d 800 348
700 3.46
R AmB d\ 600 3.44
3-335/ 500 3.42
333 (8 107" Ge V) 400 34

3.38
3.36

3.325

: |

10 15 20 25 30 35 40 45 50 3.32 100 334
. Biler _ (Standard designations) '
AmpEe” = (3.33 £ 0.03) - 107 5B -
1000 N 35.1
900
800 [ J =
700 34.9 A ]
m,..GeV 00 Amp,
500 348 Amp p
400
300 34.7 &?nemp
B 25 N5
200 AmZPr = 35.05
34.6 Ba
100
5 10 15 20 25 30 35 40 45 345

tgd  EXACT RESULTS



_al results. Estimates

The statistical approach has been used [6].
/’ I 1. Hypotheses
.

Hg : new physics is present in Nature
H, : new physics is absent in Nature
2. Errors

o = P(reject Ho|Hyg is true)

[ = P(accept Hy|Hg is false)

/ /

- / a . 1 3. Functions [6] — S.I. Bityukov and N.V. Krasnikov,
I/ / EI\.Z/ . B _ ) Nucl. Instr. And Meth., A 534, P 152
7 LS Jolm) = fln:p. + 14,).)(2004)

filn) = fla: ).

ESTIMATE SAMPLE (K-Mesons)
Error of measurements: +0.006-107" GeV

4. Universal method of error estimation:
~_ANB_ ot ff _ Uncertainty (Geometrical)
AUB 22— G+ p)

K

Confidence level: > 1.050

Distinguishability: > 86% | — ncertainty (arithmetical)
© p 5. Estimators:
appr— . - )
Boundaries: Amg = > 349210~ Gel K=1—F Distinguishability (in %)

A

tgff<6 u m,. >225GeV
( =1—Fk  Confidence level (in o)

FOUR-FERMION APPROXIMATION




_ results. Estimations

Theoretical boundaries for exact results

1. K-mesons:
K> 86%

¢ >1.050

3. B(d)-mesons:

Excluded regions:

myg+ < 10018
b <tgd <15

my+ < 325138

5 <tgd <10

tgd <5

77?77
2. D-mesons (?):

tgd < 2

k> 975% (>20

mp+ < 100 5B 4. B(s)-mesons:
tgd > 40

5. COMBINED FIT (SOFT): ¢ ~1.0°¢

K >86%

tgd <!

5

mpe < 325058 | max < 150 158
b <tgd <10 to 3 > 30




BT conclusions

It’s shown that HW-, HH- and HG- contributions are tiny in comparison
with those of the SM in the largest region of the MSSM parameter plane as
they also decrease with the increase of tan f and 7 . for K-mesons and B-
mesons as well.

An entire set of Vysotsky-Inami-Lim analogue functions is obtained. VIL
analogues are shown to have common limits with the results of four-fermion
low-energy approximation, where it’s meant that one fixes a cutoff constant
during loop integration while using the latter.

An estimation of possible constraints of the MSSM parameters space has
been performed with the use of Bityukov-Krasnikov statistical approach. A
region of low tanp~5-10is found, where roots of the PBSM can be discovered
with distuingishability K >86% and confidence level ¢ >1.050 at modest
w,. <325 GeV Excluded regions are found with somewhat stricter bounds on k
and C. It’s shown for the first time (based on B’ —mesons studies) that
considerable  deviations from the SM do exist in the region of
large tg7 > 40 and low values of the charged Higgs mass 7. <150 GeV"



1. Mass splitting and non-direct CP-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 charginos
for direct CP-violation quantities and asymmetries.

3. Box and penguin diagrams for rare decays in B-, K- and D-meson systems
with scalar bosons and superpartners.

4. Finite temperature effects and corresponding constraints for the MSSM
parameters space (based on “CP Violation Evidence and Phase Transition
in Extended Higgs Sector” by Mikhail Dolgopolov, Elsa Rykova and
Mikhail Dubinin).
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B Highlights - R

1. Model and motivation: what are the main boundary conditions for
MSSM basic parameters?

2. System: evaluation of main mixing parameters for various neutral meson
systems (K°,D°,B;, ) -> direct applications to purely leptonic rare decays.

3. Numerical results: full-fledged comparison of evaluated observables with
experimental data -> bounding MSSM parameter space.

4. Future prospects and conclusions




BT Model. R-1. Details

CP

h, H, A > h(1), h(2), h(3)
CP
la, " |
p 2 2 v?
Myge = My, +msy — E(Re_\)\r —AN),m,=m, (p=0) [2]
o 3 H% % 2 *'”szvsy 3 ”s%;s‘f N
ANy = — T (hy +hg) In T”fop s hf hb In E 1—5.th _

3 I A2 A2
g':_) .n'l -\'[‘3.[_TC'Y 1_[5'[_’ SY J[S-E_TSY

|, 365 [P (pl® — | Ael®) + PE(u* — [Ae[*)] | 39 111(1@51;)

2

G—J:WZJISUSY . ()—_L?Tz "”top
2 2
3 4 [ HA o [ A
AAg = = | | 53 + hy >
967 Mgysy Mgy
A2 L 1A, 12 1 9Re(A* A.) 412 g2 — A*A,I2
X, = |3t | |41 <nelAayAg) i A ki I
2M 2 Uz Gﬂf;i



del. R-2. Details

Main Assumptions: LEP2 limits
. : SM:m, >114 GeV
. i - =24 =4 Mgygy , Msysy =200 GeV "
CPX scenario[2]: /! Aep = 4 Mgvrsy , Msu sy ¥ o s ZH
MSSM: m,. >79.3GeV
* Phase universality: @ = arg(pAy) = arg(pA;) e — H H
140 140 140 Iﬂ 140 A
M= 120 L/L 120 &7—\ L1 20 120
GeV oo 100 V GeV 140 lﬁ 100
80 V 80 80 80} __
60 60 60| =, s
20] |fa 40 6 A 2 5
0 2 4 6 8 10 0 2 4 6 8 10 40 42 44 46 48 50 40 42 44 46 48 50
tgl tgd

Pl. 1: Charged Higgs under the certain assumptions: Pl. 2: Charged Higgs Boson in the model with:
(@ m, >0, (b) m, =40 Gel as a function of m, ~50 GeV at large values of g B.

tg B=v,/v,. ¢ varies from zero (the lowest outline)
to 180 degrees (the highest outline) with 10 degree | (a) Ay» =890 GeV. p =2000 GeV
increment with each selected outline. CPX scenario
is used. Below the certain outline the lightest neutral | (b) Ay =890 GeV, 11 =1900 GeV
Higgs possesses either a negative mass or one, '
which is lower than 40 GeV.

[2] — M. Carena et. al., Nucl. Phys., B 659, P. 145 (2003);



_1. Neutral K-mesons

CP|K°>=| K’ >,

1). Mass splitting

Am=m —m,=<K|H|K>+<K|H|K >

/7

CP|K">=|K°>
lCP eigenstates
K°+K°
K=2T8  cp|K>=+|K" >,

K,

J2

K’ - K°

J2

, CP|K)>=-|K, >

| H| K, > < nta |H|Kp >

< T
<O H|Ks > 7T T <atn |HKs >

To =

-
Moo = €Kk — 26

Cronin, Fitch — 1964 — CP-violation

K’ >
K°>

—

K} >
K >

K] >
K >

Ny = €k + ek
A
2). CP violation
|
K] = (K, +¢K)),
J1+| el
1
K! = (K +£K3)
JI+ &l




System. R-2. K-mesons. QCD Corrections

1). Perturbative
6,/25 6/23
g (m / ag(my )\ i
Ny = 15 = Ny = [&S(mc)]g;g( ( b)) ((H)) = 0.57

ag(m,) ag(m,)
g (me)** ae(m) 7% [ o (mw )\ 0.2
ne = ng = |ag(m,)]* — = 0.2
& & e ag(me) ag(m,)
o0 [ Cs(1my) 54/25 ag(my) 54/23 - ;
nr = las(me)]*” = 0.07 ny = 0.2
ag(me) ag(m,)
2). Non-perturbative Bp, =~ Bp, = 1.4+ 0.05
3 2/9 ﬁ'gg) (1)
Bx = By (p)[a® ()] |1+ i J3
B , ¢ f2m2mgm? o )]_q;q B 0+ 0.1
- = — - (K| S o v — 1. :
K 3272m3 f & (my, + my) s\=0 >
. . . AmEED
3). Long-distance contributions: Dy = —%= = 0254+0.15

Amj g



System. R-3. K-mesons. QCD corrections

1. Perturbative QCD Corrections:
Buicourwuii M. 1. llepexonq K° — K 5 Crangapruoil SU(3) @ SU(2) = U(1)-cxene. AD
1950, 31, Nel-4. €, 1555,

Herrlich S.. Nierste U. Enhancement of the K7, K5 mass difference by short distance

QCD corrections beyvond leading logarithms // Nucl. Phys., 1994. B419, N 2. P. 292,

Gabriells E., Guudice GG F. Supersymmetric corrections to £/ at the leading order in QCD

and QED Nucl.Phys.. 1995. B433. P. 3.

2. Non-Perturbative QCD Corrections:
Chetyrkin K.G.. Kataev A.L.. Krasulin A.B.. Pivovarov A.A. Calculation of the K® — K0
mixing paramterer via the QQCD sum rules at finite energies Phys. Lett.. 1986. B174.

P. 104.

Mannel T.. Pecjak B.D.. Pivovarov A.A Analyzing B, B, mixing: Non-perturbative

corrections to bag parameters from sum rules E-print, 2007. hep-ph /0703244, PP. 31.

Nikitin N.. Melikhov D. Nonfactorizable effects in the B — B mixing Phys. Lett., 2000.
B494. P. 229.

3. Long-Distance Contributions:

Cea P.. Nardulli G. An estimate of the long distance dispersive contributions to the K(L)—
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System. R-5. K-mesons. MSSM. Integrals
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System. R-6. K-mesons. MSSM. Integrals
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_esults. R-1. K-mesons

FOUR-FERMION APPROXIMATION
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_esults. R-2. K-mesons

FOUR-FERMION APPROXIMATION (FUTURE IS YET TO COME)
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_esults. R-3. B-mesons

AmB (61072 IB)

FOUR-FERMION APPROXIMATION
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I results. R-4. D-mesons
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ONLY FOUR-FERMION APPROXIMATION



