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1. Introduction

Muon anomalous dipole magnetic moment (muon g-2)
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|:> They make SM prediction closer to experimental values (~1.50)

In any case the muon g-2 is good hint/test of new physics




1. Introduction

A simple extension of the SM

:> Adding SU(2), multiplet scalar/vector-like fermion(VLF)

€ Extending field contents
€ Simple extension but rich possibilities in phenomenology

» Generating neutrino masses

» New scalar with VEV — Higgs physics, electroweak precision test
» Explaining experimental anomalies: muon g-2 etc.

» Collider physics

> Etc.




2. A model

Structure of the model (TN, H.Okada, arXiv: 2208.08704)
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% Introduction of Higgs triplet A : neutrino mass from type-ll seesaw

(#)

% Quartet VLF g and scalar H, to get muon g-2 with A W
—> Without chiral suppression RN

Muon g-2 is also enhanced by multiply charged scalars/fermions contributions

% General 2HDM is simple to get large muon g-2 but FCNC in quark sector

<+ Extra doublet for y also work but we have unwanted term l_}mbz

Phenomenological consequences: LFV, collider physics



2. A model
New Lagrangian of the model
—L¢ =y, Li, Her, + Yy, L, ATL§ +yp,[Lr, A%WR] + fi[r Hier,]
+ gr[Vf ATr] + gr[URATVR] + Mytrir + hec.,
V =— 4 H H + A Te[ATA] + 3, HY Hy + Mg (HTH)?
+ (trivial quartet terms including A and Hy) + Vien—_trivial,

Vaon—trivial = 1 [HTATHy + hoc] + po[HTATH] + ) Ny u[HIHHH]; + h.c.,
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Neutral components will develop VEVs (Hi) = vs/vV2 (A) = va/V2
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I:> Constraints from p-parameter . p




2. A model
Masses of new scalar particles

Mass eigenstates (in approximation):
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3. Phenomenology of the model

Muon g-2 and LFV processes

Relevant Lagrangian

filvrHaer,] + yp,[LL,ATpr] + h.c.
= LY6T + i + 9ol + g dller,
+ P2 P (V3™ g + 3570 + VB R) + T (VO + 35wk + VBT

One-loop diagram inducing muon g-2 and LFVs | —['y

/ \ Dominant contribution




3. Phenomenology

Muon g-2 and LFV processes

Analytic formula

m
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A8T3 ey Ci i
LFV decay: BR(/: —s .~ el .|
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Amplitudes:
ar, = —yp, fi(—1)*" 1[‘“"“’“1? F(m,, D,)

| | ‘ S ‘ B el 1obea0 2 m_g
+My (slgc,g(F(mdk,]\vf,&-.)—G(mdk,]\f;f,;,))+ \}%’G(mhk,hf¢)>], s mj + 2m2m} n(ma)’

2(m2 — m})3

6 aCa ‘
ar;; = —f}yh(—l)k_l [\/_; & D.Flwn...D.) 3mg + my — dmgmg + 2my ln( )

G(mg,mp) =~ — e e

S

+ M, (8‘305 (F(mg,, My) — G(mg,, My)) + = = G(my,, ]\'fd,)>] :




3. Phenomenology

Neutrino mass generation

We have type-ll seesaw and inverse seesaw contributions
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3. Phenomenology

Numerical analysis

Scanning free parameters

My D [10°,10°] GeV, m D [0.01,10] GeV, puy, = 1.2My, ps = 0.8M,,
py D (100, py,] GV, {|fal, |up,|} D [0.1,20],  {Ifual; lup,,|} > [107°,0.1],

Searching solution to explain muon g-2

Constraints:

BR(p — ey) <42x 107", BR(T — puy) <44 x 107, BR(T = ey) <33x107°

A. M. Baldini et al. [MEG], Eur. Phys. J. C 76 (2016) no.8, 434 doi:10.1140/epjc/s10052-016-
4271-x [arXiv:1605.05081 [hep-ex]].




3. Phenomenology
Muon g-2, p—ey, T—>MY, and parameters
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3. Phenomenology

Multi-charged particle signature at the LHC
pp—=Zly—=y "y H H™

Width of dominant decay channel (assuming mass relation)
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Decay chain at the experiments
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Signal events
Signal 1: (=45 P,

: Signal 2: (=(=(=(F4j Py




3. Phenomenology
Signal cross sections
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op—{Z222Z, ZWW~, ZZW=*, ZZZZ, WW W W~, ZZW*W~, ZZZW*}

o(pp— ZZZ) =103 1tb, o(pp — ZW W) =944 tb, o(pp = ZZW*) =19.9 fb

olpp — ZZW™) =104 1fb, o(pp = ZZZZ) = 1.95 x 1072 fb,

olpp > WW-WTW~)=0.571tb, o(pp = ZZWTW ™) = 0.436 fb,

olpp = ZZZW*) =421 x 107 fb, o(pp = ZZZW~) =187 x 107% fb, /s = 14TeV

We generate events by MADGRAPHS with Pythia8 and Delphes



3. Phenomenology
Numerical simulation choosing signal : ¢¥¢* + at least 3 jets

Number of events before and after kinematical cuts for event selection of £/~ +jets
Nsignal|Nzzz|Nzw+w- |Nzzw=| Naz |Now+w- |Nzzw+w- |Nzzzw+| S
Without cuts|| 33.4 | 7.83 13.6 03.5 (0.0819| 10.3 3.02 0.313 [3.36
With cuts 26.0 [ 0.824 3.02 4.58 10.0164| 2.27 0.820 0.0572 [6.04
Vs = 14 TeV
L=1ab!

M, = 1000 GeV
M;s =500 GeV
Kinematical cuts :  pr(¢7) > 100 GeV, Fr > 100 GeV

104

Required luminosity to test the signal :
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Further kinematical cuts would improve significance



Summary

Extension of the SM with extra SU(2), multiplets
v Neutrino mass generation (mainly type-ll seesaw)
v" Muon g-2 without chiral suppression
v Multiply charged particles

v' Small mixing between new scalar and SM Higgs

— Due to small VEVs of large multiplet scalars

OO Phenomenology
v' Muon g-2 and LFV
v' Collider physics
possible signatures at the (HL-)LHC

We can have signatures at future collider experiments



Appendix




VEVs of scalar fields
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Small VEVs for triplet and quartet can be naturally achieved




Signal and BG distributions
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