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The Hierarchy Problem

LD my|H?, m3 ~ (100GeV)?

E
Heavy NP E ~ /\NP
SM | E ~ 100 GeV
Amiy ~ N
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The Hierarchy Problem

Gauge bosons <= gauge symmetry
Fermion masses <= chiral symmetry
Higgs mass <«— 777

LD my|H?, m3 ~ (100GeV)?

E
Heavy NP E ~ /\Np

Composite Higgs models
SM | E ~ 100 GeV Supersymmetry
Extradimensions

Classical scale invariance

. > Dimensional transmutation
Amiy ~ Nyp
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Symmetries and Naturalness

At an energy scale yu, a physical parameter or set of physical parameters a;(1) is allowed
to be very small only if the replacement «;(x) = 0 would increase the symmetry of the
system. In what follows this is what we mean by naturalness.
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to be very small only if the replacement «;(x) = 0 would increase the symmetry of the
system. In what follows this is what we mean by naturalness.

d
Bg = ,u,—g xX g ﬁ symmetry

dp

Every RG-stable parameter relation
correspond to a symmetry...

[Trautner (JHEP) 2505.00099], [de Boer, Trautner 2603.12318]
21.09.2026 Andrea Incrocci - CRC YSM 2026 4/12



Symmetries and Naturalness

At an energy scale yu, a physical parameter or set of physical parameters a;(1) is allowed
to be very small only if the replacement «;(x) = 0 would increase the symmetry of the
system. In what follows this is what we mean by naturalness.

d
Bg = ,u,—g xX g ﬁ symmetry

dp

Every RG-stable parameter relation
correspond to a symmetry...

Or does it?

[Trautner (JHEP) 2505.00099], [de Boer, Trautner 2603.12318]
21.09.2026 Andrea Incrocci - CRC YSM 2026 4/12



The 2HDM and its symmetries

V(®1, Dp) =m3 DI b1 + m2,dlds + Ay (PId1)2 + Ap(D1D,)2 + Ag(P]d1)(D1d2) + Ag(DIb,) (DI dy)
— { mEa(®]02) + As(®[02) + [X6(®]41) + A(Pf02)] @[z 4 hc.}



The 2HDM and its symmetries

V(®1, Dp) =m3 DI b1 + m2,dlds + Ay (PId1)2 + Ap(D1D,)2 + Ag(P]d1)(D1d2) + Ag(DIb,) (DI dy)
— {m2a(@102) + As(@]02)2 + [As(@[01) + Ao(0] ;)| 0], + b}

Ivanov [PLB] hep-ph/0507132, [PRD] hep-ph/0609018, [PRD] 0710.3490,
Battye, Brawn, Pilaftsis [JHEP] 1106.3482, Pilaftsis [PLB] 1109.3787

Symmetry | m3;, m3, miy | A1 A2 A3 A4 As A6 A7
CP1 real real real real
Zo 0 0 0
U(1) 0 0 0 0
CP2 'ﬂl%l 0 )\1 ‘/\6
CP3 m2, 0 A AM—XA3—X O 0
50(3) mfl 0 A1 AL — )\3 0 0 0
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Battye, Brawn, Pilaftsis [JHEP] 1106.3482, Pilaftsis [PLB] 1109.3787

LSvmmetrv [ m2, m2, m2, [ Mo A A\ As A& )\7_
New RG stable parameter relations
m%l I m%2 =0 )\1 = )\2 /\6 = —)\7
stable to all orders
’ SUS) ] R U Al Al — A3 U U V]

[Ferreira, Grzadkowski, Ogreid, Osland (EPJC) 2306.02410]
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Ivanov [PLB] hep-ph/0507132, [PRD] hep-ph/0609018, [PRD] 0710.3490,
Battye, Brawn, Pilaftsis [JHEP] 1106.3482, Pilaftsis [PLB] 1109.3787

LSvmmetrv [ m2, m2, m2, [ Mo A A\ As A& )\7_
New RG stable parameter relations

2 2 _ _
stable to all orders
’ SUS) ] R U Al Al — A3 U U V]

[Ferreira, Grzadkowski, Ogreid, Osland (EPJC) 2306.02410]

Can we find a symmetry that enforces this parameter relation?
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Goofy symmetries

The relations are obtained if we require
V(®1, P7) to be invariant under

¢1 — —d); d ¢2 = CD’{
an
o = &, O — —b;
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Goofy symmetries

The relations are obtained if we require
V(®1, P7) to be invariant under

¢1 — —CD; ¢2 = d)’{
a
o = &, O — —b;

®, ¢©* transform independently!
The kinetic term is not invariant

[Ferreira, Grzadkowski, Ogreid, Osland (EPJC) 2306.02410]
[Haber and Ferreira (EPJC) 2502.11011]
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[de Boer, Trautner 2603.12318]
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[de Boer, Goertz, Al,

5507 22111] The goofy symmetric Standard Model

H — iH, Hf — iHt
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5507 22111] The goofy symmetric Standard Model

H — iH, Hf — iHf

V =m?|H?2 + \H*
1
V = —m3|H]? + M\ H|*

— My = 0
e A small my is 't Hooft natural
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[de Boer, Goertz, Al,

5507 22111] The goofy symmetric Standard Model

H — iH, Hf — iHf

V = m3|H? + A|H|* L 5 ygQuHdg + yuQuHug + h.c.

+ _ )
V:—m%_,\H|2—|—)\|H]4 Q—ViQL, C_)L—>\[IQL_7
dR—> —\ﬂdR, dR—>—\ﬂdR,
—my =0 ugr — —Viug, Gr— —Viig,

e A small my is 't Hooft natural
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[de Boer, Goertz, Al,

5507 22111] The goofy symmetric Standard Model

H — iH, Hf — iHf

A H WQLA h.c.
V:m%_,\H|2+)\|H]4 ED_VdQL dR+y QL urp + h.c

+ _ )
V:—m%_,\H|2—|—)\|H]4 Q—ViQL, C_)L—>\[IQL_7
dR—> —\ﬂdR, dR—>—\ﬂdR,
—my =0 ugr — —Viug, Gr— —Viig,

e A small my is 't Hooft natural

Liin = (DuH)' (D*H) + iWPW invariant <= 9, — id, and A] — —iA?
[Ferreira, Grzadkowski, Ogreid, Osland [EPJC] 2306.02410],[Ferreira, Grzadkowski, Ogreid, 2506.21145]
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Electroweak symmetry breaking |

The Higgs is not massless, how do we generate a mass term while respecting goofy?
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Electroweak symmetry breaking |

The Higgs is not massless, how do we generate a mass term while respecting goofy?

V = midH? + AH|*
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Electroweak symmetry breaking |

The Higgs is not massless, how do we generate a mass term while respecting goofy?

C
V = miH + MM+
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Electroweak symmetry breaking |

The Higgs is not massless, how do we generate a mass term while respecting goofy?

C C
V = mitH + MM+ S0+ 5 HIP
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Electroweak symmetry breaking |

The Higgs is not massless, how do we generate a mass term while respecting goofy?

C C
V = mifHE + XM+ S + 5 HIP

A realistic Higgs mass and vev can be
obtained with

A 4
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A realistic Higgs mass and vev can be
obtained with
/\ 4
A 0.065 Cs 7r (773GeV>

= UV completion below TeV
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Electroweak symmetry breaking |

The Higgs is not massless, how do we generate a mass term while respecting goofy?

C C
V = mifHE + XM+ S + 5 HIP

A realistic Higgs mass and vev can be
obtained with
/\ 4
A 0.065 Cs 7r (773GeV>

= UV completion below TeV

21.09.2026

ksp ~ 3,  kap ~ 17

g ~H
—0.4 < k3 < 6.3,—-230 < kg < 240
ATLAS [PLB] 2211.01216, [PRD] 2411.02040
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Electroweak symmetry breaking |l: complex scalar singlet

We introduce a complex scalar singlet S = % (Sr + iS/) and its goofy transformation

S— -8, S*— §*
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We introduce a complex scalar singlet S = % (Sr + iS/) and its goofy transformation

S— -8, S*— §*
The most general goofy-symmetric potential is give by
V = MglH|* + XpISPIHP + m? [S? 4+ 5*2] + As[S|* + [MiS* + A1S*]
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Electroweak symmetry breaking |l: complex scalar singlet

We introduce a complex scalar singlet S = % (Sr + iS/) and its goofy transformation

S— -8, S*— §*
The most general goofy-symmetric potential is give by
V = MglH|* + XpISPIHP + m? [S? 4+ 5*2] + As[S|* + [MiS* + A1S*]

V528 (5B 4 57) 1M 4 i [5B-7] + 2mAy o1 [$7 - 53] + .
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Electroweak symmetry breaking |l: complex scalar singlet

We introduce a complex scalar singlet S = % (Sr + iS/) and its goofy transformation

S— -8, S*— §*
The most general goofy-symmetric potential is give by
V = MglH|* + XpISPIHP + m? [S? 4+ 5*2] + As[S|* + [MiS* + A1S*]

A
V> 22 (Sk+ SF) HI* + mi [Sk—SF] +2ImM1 Sp S [SP — SR] + ...
Assuming A\, < 1,m7 > 0

(SP)

2
m
V2_ 1

S 2Re{\} +

= m} = \pvZ/2
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Electroweak symmetry breaking |l: complex scalar singlet

We introduce a complex scalar singlet S = % (Sr + iS/) and its goofy transformation

S— -8, S*— §*
The most general goofy-symmetric potential is give by
V = MglH|* + XpISPIHP + m? [S? 4+ 5*2] + As[S|* + [MiS* + A1S*]

A
V> 22 (Sk+ SF) HI* + mi [Sk—SF] +2ImM1 Sp S [SP — SR] + ...
Assuming A\, < 1,m7 > 0

(SP)

Goofy is spontaneously broken

2
m
V2_ 1

S 2Re{\} +

If A1 € R, Sg is a Dark Matter candidate
being stable due to an unbroken 2,

= m%—l _ )\st2/2 symmetry
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Vector-like fermions

Can we add a goofy symmetric VL fermion T = (T, Tr) with charge (1,1),/37
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Vector-like fermions

Can we add a goofy symmetric VL fermion T = (T, Tr) with charge (1,1),/37

LD mT-,__LTR I mTLuR Sl yQLFlTR +h.c.
—

TRﬁf\ﬂ TR,
TR~>7\/IT TR
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LD mT-,__LTR I mTLuR Sl yQLFlTR +h.c.
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not compatible IRH*W 7:R’
with goofy Tr——ViTg
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Vector-like fermions

Can we add a goofy symmetric VL fermion T = (T, Tr) with charge (1,1),/37

LD mT-,__LTR I ITITLUR Sl yQLFlTR +h.c.
—

not compatible IRH*W 7:R’
with goofy Tr——ViTg

Is it possible to generate a mass term? Let's use spontaneous goofy breaking!
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Vector-like fermions

Can we add a goofy symmetric VL fermion T = (T, Tr) with charge (1,1),/37

LD mT-,__LTR I mTLuR Sl yQLFlTR +h.c.
—

not compatible tRH*\ﬂ 7:R’
with goofy Tr——ViTg

Is it possible to generate a mass term? Let's use spontaneous goofy breaking!

LOyST, T ES*TRT
Yoo IL IR+ Y5 RIL Mass scale set by spontanous goofy breaking.

|ys| Fermionic loop corrections do not introduce
large corrections to my!
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Neutrino masses

What about neutrino masses?

Lo = % (LeA) (ATLE) +he.
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Neutrino masses

What about neutrino masses?

_ S\ (gTc
Lw=7% (LLH) <H LL) the.
= No possible charge assignment

The Weinberg operator can be generated
only via spontaneous goofy breaking

=Link between Higgs mass and
neutrino masses
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Neutrino masses

What about neutrino masses? _ - _
c L=—Ly,HNg — N AnySNgr
c, =< (ZLH) (HTLi) fhe

1_ 1_
A = ENL)\LS*NE = ENR)‘RSNI% + h.c.

= No possible charge assignment AL,r break lepton number
_ = naturally small
The Weinberg operator can be generated

only via spontaneous goofy breaking my ~ O(TeV) 5
. msm
=Link between Higgs mass and mp ~ O(GeV) = mE" ~ 5,2 :
neutrino masses myp g ~ O(keV) N
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Conclusions and outlook

e Goofy symmetries can protect parameters, including the Higgs mass
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Conclusions and outlook

Goofy symmetries can protect parameters, including the Higgs mass

They SM is compatible with goofy, including the fermion sector

BSM extensions are possible, but heavily constrained

Goofy generally predicts new physics around the TeV scale

Thanks for the attention!
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