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To	realize	viable	WIMP	model,

we	must	address	this	dilemma.
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Small	momentum	transfer
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Original	pNGB	DM	model	has	several	problems	to	be	solved	…
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UV	completion	of	pNGB-DM	model	with	no	large	hierarchy	Goal

We	consider symmetry
and	introduce , under

H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]
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Mass	terms

4-point	self-int.

4-point	int.

We	consider symmetry
and	introduce , under

UV	completion	of	pNGB-DM	model	with	no	large	hierarchy	Goal

H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]
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Mass	terms

4-point	self-int.

4-point	int.

We	consider symmetry
and	introduce , under

has	“	Dark	custodial	symmetry	”
H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]
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“	Dark	custodial	symmetry	”global
Accidentally	breaks

Even	after & ,	the	exact	 remains	unbroken

ensures	stability	of	pNGB-DM

We	consider symmetry
and	introduce , under

H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]

has	“	Dark	custodial	symmetry	”

T. Abe and Y. Hamada, 
PTEP 2023 (2023) no.3, 033B04, [2205.11919]

c.f.)
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Approximate	symmetry

Exact	symmetry
＃	of	broken	generators				=				(3+3)	-	1			=			5

＃	of	broken	generators				=				(3+1)	-	1			=			3

, underGlobal	symmetry	breaking	pattern

●

●

Total	NGBs

would-be	NGBs

＃	of	pNGB		is	2	(	=	5	-	3	) complex	pNGB	with	 charge

H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	

Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]



mixing	angle	:
Benchmark scalar	mass	:

Experimental constraints

H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	

Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]
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mixing	angle	:

Higgs	invisible	decay

Benchmark scalar	mass	:

Direct	detection

Experimental constraints

opensescape the direct detection 
           and reproduce a correct DM relic

							also	becomes	DM	

Reproduce	correct	DM	abundance

( )

H.	Otsuka,	K.	Tsumura,	YU,	N.	Yamatsu,	

Phys.	Rev.	D	106	(2022)	11,	115033	[2210.08696]
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Summary

51

• In the original abelian pNGB DM model, particular soft-breaking 
terms are included, and their origins are not addressed. 

• UV completed models are proposed, but all of them predict 
decaying DM. In order to make DM long-lived, we must 
introduce large hierarchy in symmetry breaking scales.

• We construct pNGB-DM model with non-abelian gauge 
symmetry. Unbroken dark custodial symmetry ensure stability 
of pNGB DM. We don’t need to introduce large hierarchy.



Higgs	as	a	Probe	of	New	Physics	2023	(HPNP2023)2023/06/06

Back Up

52



53We	must	make	sure	DM-nucleon	scattering	is	suppressed	enough	

Origin	of	pNGBs’	mass

Three-point		breaking	term	may	spoil	the	cancellation

But,	this	is	not	the	end	of	the	story	…

Two-point		breaking	term T. Abe and Y. Hamada, [2205.11919]●

Three-point		breaking	term Our Model●

Origin	of	pNGBs’	mass		&		interactions

UV	completion	of	pNGB-DM	model	with	no	large	hierarchy	Goal
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Soft breaking terms 
Soft-breaking	=	Quadratic		

Soft-breaking	=	Quadratic		+		tadpole●
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