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Interest in Rare B decays

@ Rare B Decays (b — (s,d)y,b — (s,d)ITI,...) are
Flavour-Changing-Neutral-Current (FCNC) processes (|AB| =1,
|AQ)| = 0); not allowed at the tree level in the SM

@ In principle sensitive to physics beyond the SM (BSM), such as
supersymmetry. Precise experiments and theory are needed to
establish or definitively rule out BSM effects in Flavor physics

@ Rare B-decays have enjoyed great attention in the current and
past experimental programme in flavour physics, with the present
frontier being LHC

@ In the SM, they determine the weak mixing CKM matrix elements
| Vig| and | Vis|

@ Can provide a new information of the long-distance QCD effects in
a matrix elements of the effective tensor and pseudotensor
currents between the initial and final hadronic states

@ Could provide essential background for other rare decays with
smaller BR
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Motivation (Searches for Higgs bosons below 125

GeV)

@ LEP (2.30) indicating the existence of a scalar particle with a
mass of ~ 98GeV in the ee — Z(H — bb) process [Phys. Lett.
B565, (2003)]

@ CMS LHC (2.80) indication on a particle with a mass of ~ 96GeV
in the pp — H — ~~ process [CMS, 2018]

@ Light Higgs with a significant singlet component can avoid
standard constraints [C. Beskidt, W. de Boer, D.I. Kazakov,
PLB782 (2018)]
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Differential decay distribution (B — K*/l)
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@ Try to find scenarios within a non-minimal supersymmetric model
(NMSSM) with an additional singlet supermultiplet that are
compatible with known experiments.

@ Analysis of rare (FCNC) B mesons decays in the found allowed
regions of model parameters. Study of the possibility of enhance
the signal due to the effects of New Physics.
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SM contributions (+ NMSSM?) to Wilson coefficients

4G
Hor(b — q) = J_F Vi v*-+ h.c.

A.Grozin

@ Cy_g dominated by QCD contributions and hardly sensitive to NP!

@ C;_qp are generated in the SM and sensitive to many NP models

@ Cgs p vanish in the SM but can be sizable in models with extended
Higgs sector

@ Cs— Cg and Cp — Cj, scalar coefficients
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b—s
B — X
B — K*v
B — K(T{~
("0~ B— KT~ 075, 0q, O
B — X0~
Bs — 1 O10, Os,p
B — Xsvi
B — Kviy O,
B — K*vi

Or8
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Standard particles SUSY particles

Higgs Higgsine
) Quarks . Leptons . Force particles Squarks @ steptons @ susytorce
particles
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NMSSM particles

Superfield Bosons Fermions SU.(3) SU,(2) U, Q1)
Gauge
G* gluon g* 8 0
yk Weak W*(W*,Z) 1 3
v’ Hypercharge B(y) 1 1 0
Matter
é‘{ sleptons{ leptons {];! ;(g: o 1 ? _21
(@) 0 =(u,d), 3 2 1/3
U, squarks quarks { U, =u;, 3 1 -4/3
D, : D) =dl, 3 1 2/3
Higgs -
H, Higgses {Hl higgsinos { 5 ! 2 -
H, H, H, 1 2 1
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NMSSM parametres

@ mo, my > are the common mass scales of the spin 0 (1/2) SUSY
particles at the GUT scale

@ Ay is the trilinear coupling of the CMSSM Higgs sector at the GUT
scale

@ A,, A, are the corresponding trilinear soft breaking terms

@ tanh g = 5—; ratio of the vevs of the Higgs doublets

@ )\ represents the coupling between the Higgs singlet and doublets
ASH, - Hy

@ « the self-coupling of the singlet xS%/3

@ e represents an effective Higgs mixing parameter and is related
to the vev of the singlet s via the coupling A, i.e. e = AS
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Observables in NMSSM
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We considered a bounded NMSSM and found resolved parameter
regions where the light singlet-like Higgs boson is predicted with a
mass in the region of 80-100 GeV

We analyzed the characteristic manifestations of the light Higgs boson
in the angular observables Sy, S», Sgc, S7 of the B — K™/l decay,
which are due to contributions to the Wilson coefficients of scalar
operators

We have shown that is not possible to compensate for the known
deviations in the Ry, R} and P; observables despite the existence of
joint scenarios with experiments
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Plans

In the NMSSM framework

@ Calculation of contributions to the polarization asymmetries of
leptons in B — K*ll

@ Calculation of contributions to the b — dll processes (B — ll,
B — pll)

@ Implementation of calculations in the form of computer codes,
convenient for numerical analysis

@ Consideration of these observables in the analysis of the
parameter space in the NMSSM

Consideration of rare transitions in supersymmetric extensions with an
additional U(1)" gauge superfield (USSM)
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Thank you for your Attention!
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Current-current operators

O; = (89" T2P.c) ® (€, T2PLb)
Oz = (87" PLc) ® (Cyu.PLb)

QCD penguin operators

O3 = (87"PLb) ® X4(§7,9)

Oy = (87" PLb) ® 4(q7.T4q)

Os = (57"9"+"PLb) ® Zq(qVu1v7p9)

Os = (89#4"7y*T2PLb) ® Zq(qVu17, T2q)

v
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Dipole operators

0, = %(anpgb)F“”

Os = 955 (80, T*Prb) G

v

Semileptonic operators

&2

1672
e _ -

Oj0 = 16?(S’YNPLb)(/’Y“/)

O = (8. PLb) (V1)
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Scalar operators

_ Mo e
Os = - (3Pab)(T)

m _ —
Op = = (8Pab)(hs)-
Bs
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Matrix element between B-meson and K«

Gra
V2r

2m

M = ZE2Vp Vi ([ (Kml(87,(CE"PL + C#"Pa)b)| B)
28 8,4 (S Py + C effPL)er>] ()

+(K7|(3vu(C{l P+ CY3" PR)b)|B) (I 7s1)
+ (Kx|3(CsPpg + CgP,)b|B)(II) + (K= |3(CpPr + CPPL)b|B)(775/)> .
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