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1. Introduction
N\

By the discovery of Higgs,

@) . .
the standard model is established !
But Il
There are some problems...
@)

One of these problems is

| Hierarchy Problem
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) As one of approaches to solution of hierarchy problem,

O Extra-dimension + magnetic flux

This theory (four dimension + two dimension) is called
torus

l Flux Compactification

O 1 1
As = —§f5667 Ae = 5]%5

The configuration of higher dimensional
gauge field

f : background magnetic flux

/j X5, X¢ : coordinates in extra space




Quantum corrections in flux compactification

. Introduction
/1\3

O W. Buchmuller, M. Dierigl and E. Dudas (2017, 2018)
= 46D scalar QED, QED @1-loop
N. Maru and T. H. (2019, 2021)
= 46D SU(2) Yang-Mills theory, + higher dimensional operators@1-loop
M. Honda and T. Shibasaki (2019)

= 6D QED @2-loop

e Quantum corrections to higher dimensional gauge field

(WL scalar) mass are canceled. O

Although WL scalar want to be regarded as
\ Higgs field,
we cannot solve the hierarchy problem

as long as quantum correction becomes zero.
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1. Introduction
\

We want an interaction term

O such that quantum corrections are finite...

We generalize loop integrals in the quantum correction to WL scalar mass.

l From the finiteness of the loop integral, we guess the interaction terms.

I " NEW?

Finite quantum correction to mass is obtained

only when we add certain interaction terms.




Loop integral and interaction terms

Kaluza-Klein masses in flux compactification are determined.

(Analogy to the quantum mechanics in magnetic field)

® Scalar field

1 -
m?calar — (n + 5) (o =29])

® Fermion field

* SU(2) gauge field

%
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Loop integral and interaction terms f

1 The general form of Ioop m’regral in the quantum correction
b) / i
T Z Y (k2 +an+ 1))’
_ 1 [fdr\ Rlla+2—el'(e+b—a—2) P
~ abe ( a ) NORCED) <27

x : parameter specifying KK mass spectrum

l ' Calculate this part...

O ['(e —1)Cle — p,z] = finite (if p = even)

This condition

+ We can guess the interaction terms
a(the number of derivatives) generating finite quantum correction
+ to WL scalar mass !!

b(the number of propagator)
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O ® Scalar field
®* Fermion field

* SU(2) gauge field :

@) ® Scalar field

® Fermion field

* SU(2) gauge field :

Loop integral and interaction terms

Four-point interaction (b=1)

Three-point interaction (b=2)
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B0, -+ 0 BOM - O D
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The simplest one

because of no derivatives Il

PPD + O

POy Oy s @O - OHal2® 4+ 9D, -+ D)y, POMT - DM/

eY(P)* Y + (@) 1y

20y, -+ 0, ,A%OM

Ha/2* Vv

Qa2 AW 4 D), D), ASOHL ... OHeT A

Ha/2- v



Our set up (6D scalar QED + a new interaction term)

3. Finite WL scalar mass
1\\; [

O 1 _ i y
L=—"FynF"Y — Dy ®DM® 4 k(¢pDP + ¢p0P)

4 I WL scalar
(¢ = (&) +¢)




Our set up (6D scalar QED + a new interaction term)

\K; 3. Finite WL scalar mass

IN|In2 x?

O 2 __ ;7 _
oSS L

®* k=0:Cancellation of quantum correction is reproduced

l * k#0:Finite quantum correction to WL scalar mass is generated !

Q Even if the compactification scale is near Planck scale,

Higgs mass could be realized if

\ R~ O(mHz’ggs/mPlanck)

%




\\; 3. Finite WL scalar mass

Q. Why are the finite

O quantum correction generated ?

A. New interaction is NOT invariant under the translation in extra space

®* k=0:Lagrangian is invariant under the translation

O
* k£0: PP is NOT invariant under the translation

= © is pseudo NG boson, the mass is generated !

\ the same as T meson




1\] Can we apply this result to @
O another physics ?
\O

—0
HO/O

Extranatural Flux Inflation
f JHEP 09 (2021) 124[hep-th/ 2105.11782]




What is Inflation ?

\\; 4. Application to inflation

O = a theory of exponential expansion of space

in the early universe

l Can we regard WL scalar as inflaton ?

O There are some inflation theories with extra-dimension .
N. Arkani-Hamed, H. C. Cheng, P. Creminelli and L. Randall (2003)
= 5D theory, the fifth gauge field = inflaton

\ T. Inami, Y. Koyama, C.-M. Lin and S. Minakami (2011)

/) = 6D theory, the fifth gauge field = inflaton




4 Application to inflation

/\l The effective potential of inflaton
a? 1
=—N = ll_rf(l) ['(e —2)C [e — 2, 53 ny]
%, K
A —— = Mp—, Rez=
i A

blue :y=I1
yellow:y=0.1

7 -

Schematic picture of the effective potential




* Slow-roll parameters g, n

\.\5 4. Application to inflation

O * e-folding N

® Spectral index n, tensor-scalar ratio r

We calculate these parameters in our model, compare them to Planck
2018 data

Planck TT,TE,EE+lowE

‘ > Planck TT,TE,EE+lowE+lensing
+BK14+BAO

Compare to this result...




\.\5 4. Application to inflation

Planck TT,TE,EE+lowE
Planck TT,TE ,EE+4lowE+lensing
O 0 +BK14+BAO

@ : Our results




Generalization of loop integral in flux compactification

® guessed the interaction terms generating finite WL scalar mass
‘ @ECI) + QDECI) is the most interesting interaction term !

®* By the above interaction term, finite WL scalar mass is generated !
|N|In2 x?
S

® A possibility of the connection of finite WL scalar mass to Higgs mass

om? =T =

Planck TT,TE,EE+lowE

O ® Proposed inflation theory in flux compactification ' bk e L e

+BK14+BAO

® Calculated n; and r, and

compare to Planck 2018 data

/O




There are still some issues to be explored...

K\)
5. Summary
\

O ® What is the dynamics that gives kK ~ O(Muiggs/Mplanck) 7
®* What is a new bulk scalar field ® ?

l ®* What is the origin term of @PP ?

®* The extension to gauge-Higgs unification

%




What's hierarchy problem ?

1\@ PP f

/

@)

l ® This problem is the large difference between weak scale and
new physics scale.

O ®* Concretely, the large difference between Higgs mass 125 GeV

and its mass correction Q

f dm7; o< A
®* If we admit the difference, we need unnatural fine tuning

(Naturalness)




What are merits of
flux compactification ¢

l 1. To obtain chiral theory in 4D D. Cremades, L. E. Ibanez and F. Marchesano (2004)
O 2. To compute Yukawa coupling

3. To break SUSY spontaneously c. Bachas (1995)

4. To explain the number of generation




We can generalize the loop integral...

Lo
\l\o PP g

/]
O kQ“f( )
:E @, b Z / (]{?2 + a — :U))b a coefficient depending on KK mode
!
- DS i f()
(4m)/> L)L (5) =0 (a(n + )bt
l Four-point interaction (b=1)
O ® Scalar field : Pp® (aTa + %) o
G0, 0y, P <aTa + %) o QHe D

\ ® Fermion field : eo(@)** ala + 1)y

* SU(2) gauge field : POy, - Oy, Al(aTa)orr - - 01 A

%
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Appendix g

\l The effective potential of inflaton
2 —
« 1
Sec. 4> V = —N lim (e — 2)C |e — 2, = — 2xy (9 < KL)
167‘(’ e—0 I 2
a? i 1 A
other case— V=-N lim I'(e — Q)C € — 2, —y QZL‘y -+ 4G (g > /{)L)
1672 =0 I )
l Z:ML;, y:MPga x:ReZ7 G:g2f%)
©, In the case g>>K L, ns and r is inconsistent with the result of Planck 2018.

blue :G=103
yellow : G=102
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y:large

y :small

€ U

0.00416705 0.0000545352

0.975107

Uz

0.109297
0.0932733
0.0950639
0.0804646
0.0827528
0.0692693
0.0811775
0.0678334
0.0799053
0.0666728

Table 2: Inflation parameters €, n, n,, r obtained from our model.

For Planck 2018 data,

/)

ns = 0.9649 + 0.0042,

r < 0.10




