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Gauge hierarchy problem

- Renormalized Higgs mass G




Gauge hierarchy problem

from the viewpoint of the Wilson RG
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From the viewpoint of
the Wilson RG
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From the viewpoint of

the Wilson RG

Gauge hierarchy problem
= Criticality problem

Wagg o the FHigge close to




JN\.. Discussion ..,

C. Wetterich, 140B, 215

A 2 I
A2 is spurious? H. Aoki, S, Iso, Phys. Rev. D86, 013001

- The position of phase boundary is physically meaningless.

- Choice of renormalization scheme < Choice of coordinate of theory space

. Rotation of coordinate. » (/ = () —L = — )\




SUSY cannot solve the
criticality problem.

. Superpartners cancel the quartic divergence in arbitrary RG
schemes.




Gauge hierarchy problem

- RG equation for dimensionless scalar mass

2 (distance between the phase boundary)
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RG flow of scalar mass
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Summary so far

- The quadratic divergence may be spurious.

- The gauge hierarchy problem is the

criticality problem.
Why is the Higgs close to critical?
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Classical scale invariance

W. A. Bardeen, FERMILAB-CONF-95-391-T

- Only the Higgs mass Is dimensionful in the standard
model.

. The bare action of the SM might be scale invariant at
the Planck scale.




Classical scale invariance

- There 1s no scale corresponding to the
electroweak scale.




Scalegenesis in the SM

- Coleman-Weinberg potential




New D.o.F. effect

. Consider a new scalar field.

AHh4 : AS : )\HSSQhQ

- The Higgs obt
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Gauge hierarchy problem?

- When <S> 1s a GUT scale (~1016 GeV), A s should be
28
of order 10-28. 2 = Agg(S)2

- |s this the gauge hierarchy problem or not?

- Because / 1sis log-running, its smallness is




Summary so far

. The classical scale invariance makes the
universe critical.

- Different notions for the gauge hierarchy
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Gravitational corrections to
scalar mass

- RG equations

= 2
s = —(2 — )"

- Contributions from graviton fluctuation




Asymptotic safety scenario

A. Eichhorn and A. Held, PL777; PRL121
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Gravitational corrections to
scalar mass

- RG equations

= 2
s = —(2 — )"

- Contributions from graviton fluctuation




RG flow of scalar mass
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RG flow of scalar mass
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RG flow of scalar mass




RG flow of scalar mass




Above the Planck scale




Below the Planck scale




ummary

- Gauge hierarchy problem is criticality problem.

- Different definitions of gauge hierarchy problem.

- Scalegenesis:




Appendaix




Effective potential

. Introduce the mean-field and integrate out .S;

. A N_.N WE
Ven(S, f,h) = M*(S]S:) + h" = Ny(Npds + Xo)f* + 555 M In =

(11

A
M? —2(Nf}\5-|—)\ )f— Hsh2

Scalegenesis” f = (S!S




EFffective model

J. Kubo and MY, Phys.Rev. D93, no.7, 075016

- Scale invariant effective Lagrangian
et = ([0"51]10,5:) — Xs(S]8:)(S]5;5) — Ns (8] 8;)(5] 5:)
+ Aus(SIS)HTH — Ag(HTH)?

mean-field approx.

S18j) = fobi; + Zg 8i; + Zot5:0"




Minimum of potential

- Effective potential

i A
Vet (S, £, ) = M?(S]S;) + THh4 — Ny(Neds + Xs) f? + 39,2

NN o o4 M?

In —

(i)(S%) #£0 (M2 =0 (Veg) =0
(S (M?) =0 ({i)(S*) =0 (M?*) =0 (V.g)=0
(iii) (S*) = 0 (M?)




Future experiments




Vet at finite T

J. Kubo and MY, PTEP 2015, no.9, 093B01

- Using the Matsubara tormalism, the
effective potential is obtained. V_g(h, f,T)

- Note: " 1st order means
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Two ways of scalegenesis

- Perturbative - Non-perturbative

D




How to formulate?

NJL model Our approach

- Global symmetries e Anomalous

SU(Ny)y x SU(Ny¢) 4 x U(1)y, X




Energy scale

Planck scale —— Scale invariant SM & hidden sector

ﬁSMImH—+O + ﬁH




Two ways of scalegenesis

- Perturbative - Non-perturbative

. Radiative corrections - Strong dynamics. e.g. QCD

. Hard breaking effects - Dynamical symmetry
(scale anomaly Rregking




Our model

J. Kubo and MY, Phys.Rev. D93, no.7, 075016

SU(Nc)xflavor sym.xscale inv. scalar gauge theory

1 B
L = — trF” + ([D*Si]'DuS;) — As(S]Si)(S]S,))

— N's(S1S;)(S1S:) + Aus(S]S))H'H — Ay (HTH)?

ICHD

Ly




How to calculate”

- Strong dynamics is highly complicated.

- Effective model approaches have succeeded.




EFffective model

J. Kubo and MY, Phys.Rev. D93, no.7, 075016

. Assume that

anomalous hard breaking << dynamical breaking

- Scale invariant effective Lagrangian




Effective potential

. Introduce the mean-field f and integrate out S

.#(S, f,h) = M%(51S;) + AH p4
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Dark matter candigate

\SJS O((S:,;jO'—I—tq'i 5

It flavour symmetry is unbroken, ¢?a iIs stable.




N,=6, Ny =2

myg — 126 GeV
Vp = 246 GeV

Qpmh? = 0.12

Phys.Rev. D93 no.7, 075016;
arXiv:1712.06324

e U(1)xU(1)

o U(1)xU(1)xZ,

e U2

inglet-scalar DM

R b XENONNT(20t  y)




Flectroweak and scale
phase transitions

- Two order parameters

EW PT Scale PT




Scale PT could be 1st order

Vert/ AR




Electroweak and scale

phase transitions
Ags = 0.296

. ocale PT (ST8)1/2/T
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Gravitational waves
from 1st order scale phase transition

- ]1st order phase transition

- latent heat AQ = T'AS : Energy source of GWs




Correlation

0.010 0.100 1 10

VIHZ] | kupo and MY, JCAP 1612, no.12, 001

Qswh? | Dew [Hz]
1.9 x 1071 | 0.37
74 x107% | 0.73
3.4 x 10714 1.4




