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Interest in Rare B decays

Rare B Decays (b → (s,d)γ,b → (s,d)l+l−, ...) are
Flavour-Changing-Neutral-Current (FCNC) processes (|∆B| = 1,
|∆Q| = 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
|Vtd | and |Vts|
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 (2.3σ) 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 (2.8σ) indication on a particle with a mass of ∼ 96GeV
in the pp → H → γγ 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 ∗ll)

d4Γ

dq2d cos θld cos θK dφ
=

9
32π

J(q2, θl , θK , φ),

J(q2, θl , θK , φ) =

J1s sin2 θK + J1c cos2 θK + (J2s sin2 θK + J2c cos2 θK ) cos 2θl +

J3 sin2 θK sin2 θl cos 2φ+ J4 sin 2θK sin 2θl cosφ+

J5 sin 2θK sin θl cosφ+ (J6s sin2 θK + J6c cos2 θK ) cos θl +

J7 sin 2θK sin θl sinφ+ J8 sin 2θK sin 2θl sinφ+

J9 sin2 θK sin2 θl sin 2φ.

J6c → S6c

more detail in backup
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Problems

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

Heff (b → q) = −4GF√
2

VtbV ∗
tq ΣiCiOi + h.c.

A.Grozin

C1−6 dominated by QCD contributions and hardly sensitive to NP!
C7−10 are generated in the SM and sensitive to many NP models
CS,P vanish in the SM but can be sizable in models with extended
Higgs sector
CS − C

′

S and CP − C
′

P scalar coefficients
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more detail in backup
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SUSY
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NMSSM particles
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NMSSM parametres
m0,m1/2 are the common mass scales of the spin 0 (1/2) SUSY
particles at the GUT scale
A0 is the trilinear coupling of the CMSSM Higgs sector at the GUT
scale
Aλ,Aκ are the corresponding trilinear soft breaking terms
tanhβ = vu

vd
ratio of the vevs of the Higgs doublets

λ represents the coupling between the Higgs singlet and doublets
λSHu · Hd

κ the self-coupling of the singlet κS3/3
µeff represents an effective Higgs mixing parameter and is related
to the vev of the singlet s via the coupling λ, i.e. µeff ≡ λs
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Observables in NMSSM

S1 = −βl
√
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Results

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 S1, S2, S6c , S7 of the B → K (∗)ll 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 RK , R∗

K and P
′
5 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 → πll ,
B → ρll)
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!

Figure: xkcd comics
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Operators

Current-current operators

O1 = (s̄γµT aPLc)⊗ (c̄γµT aPLb)

O2 = (s̄γµPLc)⊗ (c̄γµPLb)

QCD penguin operators

O3 = (s̄γµPLb)⊗ Σq(q̄γµq)

O4 = (s̄γµPLb)⊗ Σq(q̄γµT aq)

O5 = (s̄γµγνγρPLb)⊗ Σq(q̄γµγνγρq)

O6 = (s̄γµγνγρT aPLb)⊗ Σq(q̄γµγνγρT aq)
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Dipole operators

O7 =
mb

e
(s̄σµνPRb)Fµν

O8 =
gSmb

e2 (s̄σµνT aPRb)Gµν

Semileptonic operators

O9 =
e2

16π2 (s̄γµPLb)(̄lγµl)

O10 =
e2

16π2 (s̄γµPLb)(̄lγµl)
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Scalar operators

OS =
mb

mBs

(s̄PRb)(̄l l)

OP =
mb

mBs

(s̄PRb)(̄lγ5l).
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Matrix element between B-meson and Kπ

M =
GFα√

2π
VtbV ?

ts

([
〈Kπ|(s̄γµ(Ceff

9 PL + C
′eff
9 PR)b)|B〉

−2mB

q2 〈Kπ|s̄iσµνqν(Ceff
7 PR + C

′eff
7 PL)b|B〉

]
(̄lγµl)

+〈Kπ|(s̄γµ(Ceff
10 PL + C

′eff
10 PR)b)|B〉(̄lγµγ5l)

+ 〈Kπ|s̄(CSPR + C
′

SPL)b|B̄〉(̄l l) + 〈Kπ|s̄(CPPR + C
′

PPL)b|B̄〉(̄lγ5l)
)
.
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