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Motivation

Extra scalar is one of the simplest extensions of the SM.
Light scalar can be a mediator to the Dark Sector.
Checks of gauge dependence.
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Benchmark scenarios for Belle Il experiment.
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The model

@ Scalar potential is described by

V. = Vy+ Vyg+ Vg +he (1)
A
with  Vy = —p2HIH+ IO(HTH)Z,
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The model

@ It is convenient to work in the mass base. Mass matrix elements

defined as
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The model

@ New eigenstates defined as

hy = hcos@ + ¢sin@,
hy = —hsinf + ¢cosb. (3)

@ Vertices for the process are

em? cosf
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The model

@ The process is described by diagrams
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Gauge cancellation

@ For off-shell light scalar h;, these diagrams are not only required to
describe the process.

@ The fermion DM is described by
Ly = APXX - (5)

@ The full set of diagrams for the process b — syx
b C s b C s
1 h, 1 hy
AL
X X X X
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Gauge cancellation

@ The scalar DM is described by

£5 = m5¢52 . (6)
@ An additional diagram to this process
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Results
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Figure: The branching fractions of BY — K™ h, (thick orange curve) and

sinf=10"*
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Bt — K**h, (dashed purple curve) for sin§ = 107"



Results
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Figure: Sensitivity of the Belle Il experiment to decay h into the SM particles,
including both B — Kh, and B — K™ h, and decays of h; to

(mm + KK), ut =, 777~ are shown with the filled red region, and compared to

the search limit of LHCb(shaded blue) AT



Results

a dy

interaction point h

Figure: Schematic illustration of Belle Il detector geometry. d; is the dimension
of the detector along the z-direction measured from the interaction point to
the front side, d» is the dimension of the detector along the z-direction
measured from the interaction point to the backside, and h is the height
measured from the beam line. In the evaluation have been used d; = 1.5m,

dr = 0.74m, h=1.17m.
2= 0.74m " B}
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Results

@ The number of displaced vertices which can be detected in Belle /1
experiment

Nt = Npzl.93 Br(BT — KM% hy)Br(hy — )

1 rmax('&) r
X dﬁp(ﬁ)d—L " drexp gl (M)
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Results

7 [ps]

mha[GeV] 55T 500 | 1000 | 2000 | 4000
03 50204 | 18385 | 5734 | 1614 | 429
0.9 972.3 | 465 | 191.8 | 65.7 | 19.6
15 1634.7 | 815.2 | 382.7 | 152.7 | 50.9
2.1 3342 | 167.6 | 82.6 | 36.8 | 13.7
2.7 1156 | 58 29 | 139 | 5.8
33 56.8 | 28.6 | 144 | 7.1 | 3.2
3.9 584 | 296 | 149 | 7.4 | 36

Table: Total number N°* of displaced-vertex B — K*)h,[— f] events in the
detector of Belle Il according to Eq. 7 for various values of the proper lifetime

(columns) and mass (rows) of ho. Here is taken into account all possible final
state for the mesons K and K*.
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Conclusions

@ To use Wilson coefficient without further analysis could provide
gauge dependent result.

@ In wide range of parameters scalar particle can be detected in Belle
Il experiment.
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