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Why Radiative Seesaw ?
i ) .Tiny neutrino masses can be explained

without introducing
toosmall( y. λ … ) and lor )

Lo leading to relax hierarchies among S. M .
fermions !

looterge massscalelGleadingtogood

'

Testabiity'atlowenersycale !



To make the radiative seesaw's advantafe dearer,
let' scomparewith a tree - level nentrino scenario .

⇒ Let' sconsidertype
.
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Ma - model : hepph/ o6 o 1- 25,prd. 73 ,(2000 ) 07301
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Order estimations : rMax [ MR , ME ]

When loop function = GC2 )
,
OTev),Mo =OCo. lev) ,
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: ) linking a Dark Matter candidate ( D .M. )
toactive nentrinos !

{
Newparicles. . 2

,
NR

, EZz odd, itdoesn't break at any order !
U U

D
.
M .

… と 、NRL 、 ETheycanbeD. M .
candidate !

0 Specifically
=wher( 8 m = 0 ( 10- 3 )

GeU)
⇒ FDM satisfies the relic densityand thereare high testability !

(LFUS , g.le.… )



Main topico-

Why non - invertible symmetrs(NIs)
are applied to nentrina mass models ?

B : To provide an origin of zeho andfor small couplings
in a different manner !

Quark and lepton textures ( Prof: Tanimoto talk )“

⇒ { 。 Radiativeseesawmodels⇒ Iwillshowyou laten.0 DM stability



Features of non - invertible symmetries (NIS)
Kaidi -Tachikawa -Zhang , SciPostPhys . 7 (202476 , 169

(

世
Invertiblesymmetry tSee )

儿
Group symmetries such as Z4 Non - invertible symmetries,

⑪ iey a generator
'
s inverse

cannot be defined !
D

.
M . stability ー 凶

In principle ! ma couplings了atloop. level,



Examples :
1.Thesimplestone : F:bonacciNIS ; τ } EG

セ =正 τ ⇒Selectionrulesonly" T "
=
? .
,

O Let' sconsiden area

scalar singlet (s) with t 。
( Moto2503.

Sazuk "
/9964

Ling-XiaoXu' )

IHSis forkiddenby Fibo .NISat treelevel .
However

,µ is allowed by I-hoplereial -Us -S' +λHSIHs”
SCτ) @

fottheinvorianceicbroken !sr)-…“;品 σの筋 ≠ー
L

⇒Effectivetheory !
ー



2
.
The 2nd simplestone ;IsingNIS , t ,σ } EG

℃ 2
=

日 , ⇒ 3 ,
ε
} λZ 2 ⇒ Invertiblesub-g roup) symmetry

42 is equivalent toZ2 - odd in neutrino masses !

「
ε . σ =σ ,

{ σ 2
= t ε ⇒ σた ? ⇒ Selection rules

.

⇒ Small couplingcouldbe induced. . .



Let' s try to construct a small coupling ,
focusing on 3 -point coupling ! 》 ⑩

$ 一図は
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( One - toop - 2evel )
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Let ' sapply IsingNIStotype
-

Iseesaw. '
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Summary
andConclusion

.

。 Non - invertible symmetries are new types of

effectivenythatpotentially possess

invertible symmetry (* N) and selectionrules ( τ^ : at τ) .
(r non- inyertible part )



Specifically, the selection rules ( t- = Itt ander Fibo
.
NIS)

play a crucial role in generating
a small coupling via loop - effects "

Furthermore
,
a stable D

.
M
. can also be achieved

( from a NIS
, depending on model building . )



0
. We show two simplest examples(Fibo.ingNIs )
and demonstratehowto generate a ting coupling
µ in case of type - I Seesaw extended by

Ising NIS .

But,theirapplications toparticle phenomenology have only
started over the pastyear,and onlyrelatively
simple NIS have been explored .



@ your contributions

are highly expected !
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. Sub . dominant slide :

Z3 Tambara - Tamagami symmetry (TY).

。 Generators : { I . C . C *
,
N } commutable !

。 Rules :
C

. C , C*P : C ,
C . CD ,

⇒ { 4, C . C *
}
= 23.

CK "N = N
,

Groupification .

*
NR = lt C t C ⇒



Another ra diative seesaw ( including P . M . .
KNT

λ0
~λ05884π pm

㎡O ( .) 3-lp .

New parlicdes : NR , Sit , S.t ,
' D .M . .

NR ,
。
系
' iane's "

,
)「 UL {

Nentrinos
- .MVightest =
0 ns
π141

Under the same condition as Ma -model f( =g)
s

∵
ppressicm

の λ 0 = 0 ( 1 )
,
⇒ f = 8 = 6 [102)

② f = 8 = 6 ( 1 ) ⇒λ0 = 6(10 ℃
)



Groupification :
Def : Gr (A ) = A /Com (A)

℃
:

where Com (A ) = { xdsyyforsome y }
ex) : Ising Susion rule : A = { I , ε , σ } ,

GE = G= は
, のƩ= 0

=
1 + E

,

of
, because of
sosimpe NIS.

(: ) Com (A ) = { 2 , E} , ⇒ Com (A)℃=泊 ε }

⇒ Gr (A ) = A /Com (A ) = { 2 , 0 }~ っ



Note : This isnotsame asthe

that cosists of { I , E } as a invertible

sub - groupsymmetry. ..

入 ≠ 安 ー

But
,

these 4z ane daal relationt
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⇒ A$ 210 } { ,E }SA /何G } に 日 」 の}
”


