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1."Introduc.on"



Higgs"sector"in"the"Standard"Model�

Higgs"poten.al"of"SM"

,“Higgs”"boson"was"discovered"in"2012."
,Its"proper.es"are"consistent"with"the"Higgs"boson"in"SM."
""""""""""""""""""""""""""""""""""""""""""""""VEV,"mass,"spin,"parity,"some"couplings"etc."

,Measurements"of"Higgs"self"couplings"are"necessary""
""to"determine"the"Higgs"poten.al."
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Mo.va.on"

Higgs"sector"is""
as"in"the"SM."

Consistent"with""
current"experimental"
data."

OK!'

OK?'

,Is"there"possibility"that"ONLY"self"couplings""
""deviate"(substan.ally)"from"SM"predic.ons?"
,We"are"interested"in"informa.on"about"the""
""vicinity"of"the"vacuum"(“shape”"of"poten.al)."

Current"situa.on"



Mo.va.on"

,One"candidate:"Scale`invariant"extension"
"
""→"EWSB"via"CW"mechanism"(radia.ve"symmetry"breaking)"
"
""→"Effec.ve"poten.al"is"like"""""""""""""""""
""""""",irregular"at"the"origin"(e.g."QCD,"BCS"theory)"
""""""",realise"Higgs"VEV"246"GeV"and"mass"125"GeV,"
""""""",large"devia.ons"in"cubic"and"quar.c"self"couplings?"
"
We"dealt"wi&h"%inglet�extension."
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2."Model""
""""and"
""""Our"method"of"analysis"



Model�

,We"have"re`analysed"the"model"and"its"effec.ve"poten.al,"
,and"found"the"consistent"vacuum"by"more"precise"
perturba.on."
""(cf."R."Dermisck"et.al."[1308.0891],"C."Tamarit"[1404.7673])"

K."A."Meissner"et.al."[hep`ph/0612165],""
R."Foot"et."al."[0704.1165]""
etc.�



Par.cle"content"

SM"par.cles""
+""
N"real"singlet"scalar"bosons"(si)"
""""""""""",mass2"~"λHS��2"
""""""""""",singlet"field"VEV"<S>=0"eventually"
""""""""""",thus"singlet"cannot"decay"



Effec.ve"poten.al�

←"determined"in"tree"level"
→"set"to"Higgs"VEV"246GeV"



Order"coun.ng"in"perturba.on�
It"is"necessary"that"tree"and"1`loop"effects"balance"each"other""
to"occur"correctly"EWSB"via"CW"mechanism."

(((((((((↓"
Using"this"rela.on"gives"us"specific"order`coun.ng."

tree"effects""""""""""""""""""""""""""""""""""1`loop"effects�

-massless"scalar"QED:((((((((((((.(�

(Roughly"""""""""""""""""""""""""""."""""""""""is"the"colour"factor.")"�NC

vs" +"



Order"coun.ng"in"perturba.on�
[Usual"perturba.on]"

[This"prescrip.on]"
LO"(tree"level)" NLO"(1`loop"level)"

NLO"of""
order`coun.ng" NLO"of"order`coun.ng"NNLO"of""

order`coun.ng"

only"for"Higgs"
field"φ,""
for"simplicity"

,,,"

,,,"



Order"coun.ng"in"perturba.on�
[For"the"tree"poten.al]"

,The"LO"poten.al"is"
"
,and"it"has"degenerate"minima"on"the""""`axis."
"

next`to`leading"order"(NLO)""
of"perturba.on�

leading"order"(LO)"of""
perturba.on�

Higgs"

singlet"



Order"coun.ng"in"perturba.on�
[For"the"1`loop"correc.ons]"
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Order"coun.ng"in"perturba.on"�

@"LO'
,Higgs"field"has"degenerate"minima"on"the"""""`axis."
,Singlet"field"does"not"have"VEV"(O(N)`symmetry"is"not"broken)."
@"NLO'
,Higgs"VEV"determines"and"Higgs"boson"gets"its"mass."
,Higgs"becomes"lighter"than"singlet(s)."
"""(cf."E."Gildener"and"S."Weinberg"[PRD13,"3333"(1976)])�



RG`improved"poten.al�

Using"both,"'e"can"compare"the"“shape”"around"the"vacuum"
and"can"confirm"the"validity"of"perturba.on"there."

We"used"the"two"kinds"of"RG`improved"poten.al."
""""""""""""""""""""""""""""""""""""""""""""""""""""""[M."Bando"et."al.,"PLB"301,"83"(1993)]"



3."�ouplings"of"&he"Higgs"and"singlets"



Results:"N"="1"case�

Almost"the"same"as"the"previous"work""
(R."Dermisck"et.al."[1308.0891])."
→"Our"analysis"is"valid"
"""""around"the"VEV"""""""""""""""""""""""""""""".�

K.E."and"Y."Sumino"



Results:"N"="4"and"12"cases"

As"N"increases,""
,portal"coupling"λHS"decreases""
,and"Landau"pole"goes"far"away,"
,singlet"mass"decreases"(((��((((((")."

K.E."and"Y."Sumino"



Results:""
Couplings"of"the"Higgs"and"Singlets"

K.E."and"Y."Sumino""



Comparison"with"GW’s"method"

K.E."and"Y."Sumino""

E."Gildener"and"S."Weinberg"[PRD13,"3333"(1976)]"



4."Veltman’s"condi.on"for"the"Higgs"mass"



Is"Veltman’s"condi.on"favoured?"
[Veltman’s"condi.on]"
Coefficient"of"quadra.c"divergence""
in"quantum"correc.ons"for"Higgs"mass"vanishes."""
→"""If"it"is,"there"is"no"fine`tuning."

Cutoff`regularised"quantum"correc.on:"

[O."An.pin"et."al,"1310.0957v3]"etc."

Coefficient"of"quadra.c"divergence"for"Higgs"mass:"



Is"Veltman’s"condi.on"favoured?"

N"="1"case"seems"to"be"rela.vely"and"approximately""
favoured��so"that"Fine`tuning"seems"to"be"relaxed."

based"on"K.E."and"Y."Sumino"

SM"case"
"
"
"
Our"model"



5."Singlets"as"dark"ma7er?"



Singlets"as"dark"ma7er?"�

K.E."and"K."Ishiwata�

,Singlets"can"be"the"dark"ma7er"candidates."
"
,Their"thermal"relic"abundance"are"very"small."
"
,Spin`independent"cross"sec.ons"with"proton"are"predicted."
""Precision"has"been"improved"recently."
"""""""""""""""""""""""""""""""""""""""""""We"used"the"framework"in"JHEP"1506"(2015)"097""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""(Hisano,"Ishiwata,"Nagata)."



Singlets"as"dark"ma7er?�

LUX"90%"C.L.�

K.E."and"K."Ishiwata�
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6."Summary"



Summary�
,Can"only"Higgs"self"couplings"deviate"(significantly)"from"SM"
predic.ons?""→"classically"scale`inv."model"
,We"found"perturba.vely"valid"vacuum"taking"into"account"
consistent"order"coun.ng."
"
,Higgs"self"couplings:""
"
,Singlet"scalars"get"mass"around"300`500GeV""
""and"are"only"pair`produced."
"
,N1="1"case"
""",,"Singlet"can"be"dark"ma7er;""
""""""""although"relic"abundance"is"small,"it"is"detectable."
""",,�may"approximately"sa.sfy"Veltman’s"condi.on."



Thank"you"for"your"a7en.on."


