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Supersymmetry
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Absence of the quadratic divergence in the scalar
potential (Higgs, PQ-breaking scalar, inflaton ---)

Candidates for dark matter (neutralino, gravitino)

There also exists an experimental motivation



Muon g-2 anomaly
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(similar to the size of W-boson contribution)
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Difficulties

. LHC SUSY searches
— Squarks and gluino should be heavier than ~2.5 TeV
— EW sector Is also constrained quite severely
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Difficulties

. LHC SUSY searches

— Squarks and gluino should be heavier than ~2.5 TeV
— EW sector is also constrained quite severely

. Higgs boson mass of 125 GeV
— Stop masses are ~10 TeV

- No signal in direct detection experiments of dark matter
— Higgsino Is heavy, L.e. u Is large

. Vacuum instability caused by large utangB in the stau-Higgs
potential
— Staus need to be much heavier than smuons

. SUSY flavor problem (u—¢er, K meson mixing ---)



. SO we want a simple model which predicts a
spectrum where 3rd generation sfermions are
much heavier than 1st/2nd generation sfermions
without inducing large FCNC

¥

Higgs(+gaugino) mediation

[Yin, Yokozaki, 2016; Yanagida, Yin, Yokozaki, 2016, 2018]



Higgs mediation

Because of flavor constraints, we start with the
sequestered Kahler potential

K =-3M31In |1

f(Z,ZY) 4+ QlQ;
302

Z: SUSY breaking field [Randall, Sundrum, 1999]
Qi: MSSM field

Then, sfermions are massless

FCNC is suppressed!

But, of course massless sfermions are ruled out!

(If there are anomaly mediation effects, slepton masses are tachyonic)



We can couple Higgs doublets to SUSY breaking field
without worrying about FCNC

f(Z, 2"+ QlQi + AK"
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d’ is assumed to be positive so that Higgs soft masses are tachyonic
This Is an important assumption
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and the Higgs B-term

(D-flat direction is still safe with |u |2 term )



Higgs loops

—_—

J— J— — — — —_— — JE— — —— — — _ — JE— P— _— — — JR— -—

One-loop diagrams induce large positive squared masses for the
third generation sfermions
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m3 can be as large as ~10TeV



Higgs loops
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Two-loop diagrams induce positive slepton squared masses of
O((100 GeV)?)

(if it combines with anomaly mediation, tachyonic slepton problem is solved)

Consequently hierarchical sfermion masses are generated without
iInducing too large FCNC

ms > miy 2



(GeV)

RGE flows in Higgs+gaugino
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My = 440 GeV, My = 220 GeV, M3 = —2000 GeV, m3; = —7 x 10° GeV?, tan 8 = 40
(mass parameters are set at the GUT scale)




SUSY breaking mediated by
Higgs-loops

. Squarks and sleptons get masses from the Higgs
soft masses, and the hierarchy originates from the

structure of the Yukawa couplings Higgs
t mediation

. Quarks and leptons get masses from the Higgs

VEV, and the hierarchy originates from the
_ Standard
structure of the Yukawa couplings mnodel




Dark matter

. Because of severe constraints from direct detection

experiments (LUX, PandaX), we consider the purely bino-
like LSP, so that neutralino-neutralino-Higgs coupling is
suppressed

. Usually, the purely bino-like neutralino Is overabundant

Correct relic abundance iIs obtained via bino-wino or bino-
slepton coannihilations when their masses are close to
each other

This can be achieved with non-universal gaugino masses
together with Higgs mediation



Non-universal gaugino masses
from product group unification

- In SUSY GUT models, there exists a serious fine-tuning problem:
doublet-triplet splitting problem

. SUB)xSU(3)uxU(1)n model solves this problem elegantly
[Yanagida, 1995; Hotta, Izawa, Yanagida, 1996]

. Non-universal gaugino masses naturally arise in this GUT model

. Gauge couplings (approximately) unify for large hidden gauge
couplings

U, 91°=gs - +N g7,

sU@): g5 =g, The corrections

_ _ _ can be small
SUB)::  g3°=0: 2+ 937,




For the gaugino masses, the relevant Lagrangian is
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Results

Free parameters are

(M, My, Ms, m%, tan §) @ GUT scale

/
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m
sfermions are massless at the GUT scale
We take © > 0

§USY (1 B 4_a1n mu) ( 1 )aEUSY-lL
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dominant 2-loop corrections are included




bino-wino coannihilation bino-slepton coannihilation

. M = —4000 GeV, tan § = 40 M3 =-4000GeV, tanf =40
! _ | > Qops |
16 |- 2
B 400G6V i
_ 14 i .
Q\| i 4
>
3
o
S 1o L 300 Ge |
N¢/
EI I ]
B V _
10 | e —200Ge _
1 8 _ _
_ SIERIoRISH ; - me, < 100GeV |
2....I.l..l...I....I....I....I....I.... T T T T T
2000 300 4 500 600 700 800 900 1000 1000 1500 2000 2500 3000
g2 10 M is fixed to satisfy the constraint, O = Qobs

M, ~ Ms @low-energy scale My = mep



Mass spectrum
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Lepton flavor violations with
RH-neutrinos

. Qur scenario is flavor safe with the MSSM matter contents

. However, once RH-neutrinos are included, LFV processes are
generated through slepton mass mixing
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. We expect Mn > 10° GeV to reproduce a baryon asymmetry
with thermal Leptogenesis [Davidson, Ibarra, 2002]



bINO-WINo coannihilation
My = —4000GeV, tan 8 = 40
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u— ey can probe the scenario for Mn=10GeV
L -e conversion > Mn=107GeV

(For degenerated RH neutrino masses)
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bino-slepton coannihilation
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L -e conversion can probe the scenario for Mn=108GeV

(For degenerated RH neutrino masses)



Summary

. In Higgs-gaugino mediation, the dark matter nature
and the muon g-2 anomaly are explained
simultaneously

. If RH-neutrinos are included and they are
responsible for baryon asymmetry, sizable lepton
flavor violations are induced

. Lepton flavor violations are expected to be checked
In future experiments
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