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Introduction

e Asymptotic Safety
e Suggested by S. Weinberg (1979)
 Existence of non-trivial fixed point (NTFP) is essential.
e UV critical surface is defined.
e If its dimension is finite, Non-perturbatively renormalizable.

e For quantum gravity,
e Functional Renormalization Group approach

* Many studies have shown
* NTFP exists
e Dimension of UV critical surface is stably three.
* Then, the quantum gravity can be renormalizable.



Introduction

e Matter fields coupled to quantum gravity

e Scalar-gravity model R. Percacei, D. Perin 03]
e The quartic coupling 1 becomes irrelevant. [G. Narain, R. Percacci '09]
e The mass m and the non-minimal coupling ¢ become relevant.

e Higgs-Yukawa model without non-minimal coupling
* The Yukawa coupling y becomes irrelevant. [O. Zanusso, L. Zambell,

. . G. P. Vacca, R. Percacci ‘10]
e How is the combined case?

Consider Higgs-Yukawa model non-minimally coupled to gravity.

* Toy model of Higgs inflation i sezrukov, m. shaposhnikov, 0s
» Non-minimal coupling £¢*R plays crucial role.
* To realize Higgs inflation, needs large ¢
* At least £~10 ... Isit possible? [ "E00E T Shtes & 5 Long, 5. Sabhamwa;, 14]
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Model: Higgs-Yukawa model (d = 4)

 Non-minimally coupled to asymptotically safe gravity
1
Ca = [ deya|Val6?) - FA()R + 590,000

+ YV + yadpip | + Sgn + Se

* Potentials

V(6?) = Ace +m?¢* + A" + -

Cosmological Const.

2 2 2
F(¢?) = M2 + €4 + - -+
Planck mass Non-minimal
(Newton const.) coupling



Set-up

B (I) — (¢:¢: qz)ag,uf/)
e Use the background method & = ® 4+ Y T = (0, %, X, )
* de-Sitter metric is used. g
* Gauge and ghost action ] 51
YH =0, h"H — - 1 o'h
1
ng - % /délx\/EF(sz)g'uuzuzv (1)
Sun = | d*ay/GC, |-5°8° LY 0Y 5.8, + Be
gh — 33\/&0“ _5;;3 - 1— T 8”6,0 + R,u Cp (2)
* de-Donder gauge (Landau gauge) o =0, B =1
* York decomposition |
1 1 C!J» _ C,u ‘|‘ 3,{,,0
h;.ux - hi_f/ + 8;.1.&1/ + aug,u, + (a,u.az/ T _g,uan) o+ _g,u,vh — =L —
4 4 C,=Cy +0,C

e Cutoff function

e Optimized cutoff
For scalar and gravity For fermion

e - 0 =) () - (- D)ol ()

Type I 6

[P. Dona, R. Percacci, '13]



Wetterich equation

* Wetterich equation for the system

. 1 R 1 R, 1 R
O A = TTI‘ 0 lf) A TTI" 0 lf) A TTI‘” 0 lf) A
20Ty +RA L r + Rl 20 Iy Ry eg
oy 9Ra oy OrRa oy 9Ra
F..-(-\l"l) + R XX FE\LU + Ra cLic F Y + Ra cc
onne QL0 0 O- OO
&u SC ala;[j fields ( (ﬂ‘ C X
. . Fermionic
* Dimensionless scale fluctuation
Ag _
t = log — A A = Age
0
O = —N—
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Critical exponent 6;

elinearized beta function around g*

atg?, /8@,( )
- * irrelevant
Z (g' — gj)
B =1 o= A—0
o
l Eigenvalue g* \rtilevant
N
A
9:(A) = g; +Zg 20
J A 9j > ()
Go away from g~

The flow with a positive 0: relevant .
Qj < () comecloseto g

negative 0: irrelevant
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2. Results



Without fermion

[R. Percacci, D. Perini’ 03]
[G. Narain, R. Percacci '09]

e Scalar-gravity system
* 5 dimensional theory space:{M%l, Ace, m?, ¢, /1}

* Gaussian-matter FP exists. M2 = 2.38 x 102
e Critical exponents: AY, = 8.82 x 107°
0, = 2.143+2879; 0.143+2879;  —2.627

 Non-minimal coupling é R found to be relevant.
e ¢ is a free parameter.
e Then, in principle, ¢ can have large value.
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With fermion Ky Oda, M. Y., 15

*6 dimensional theory space: {Mfz,l, Ace, m?, &, A, y}
* Gaussian-matter FP exists. Mj* =163 x 1072

. Af =3.72x1077
e Critical exponents:

6, = 1.509+2.4615; —0.4909+2.461i —2.6069 —1.464

[O. Zanusso, L. Zambelli,
G. P. Vacca, R. Percacci ‘10]

* Fermion fluctuation makes non-minimal coupling
§P*R irrelevant.

em? and & cannot be free parameters!
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Why m? and & become irrelevant?

e Effect of fermionic fluctuation

Without fermion With fermion

M3* =238 x 1077 ) M3* =1.63 x 1077

Af, =8.82x107° Af, =3.72x1073
. 863 aaﬁé 3652
* The matrix 9a. = aﬁig 85;2 Its eigenvalues = critical exponents
9 9 om?
Around the Gaussian-matter FP 0; ~ % (%ﬁg + %Bm;)
m

2.85544 —6.51993 16814  —5.39674
2.40051 —2.57031 ‘ 1.09718  —2.66334
9.85544—2.57031 1.6814—2.66334

~ >0 0, ~ <0

0; 9 9 12




Plan

3. Higgs inflation and fine-tuning problems



Higgs inflation

[F. Bezrukov, M. Shaposhnikov, '08]
e The action (Jordan frame)

Y h? M2l 1 2

e Conformal transformation (Jordan frame = Einstein frame)

h2
(1+5W+---)gw—>gfu ) V(%) -

V(h?)

* Obtain the plat potential for h > M.

e To realize Higgs inflation, needs large ¢
e At least £~10 ... Is it possible?

[Y. Hamada, H. Kawali, K-y. Oda, S. C. Park, '14] 14
[J.L. Cook, L. M. Krauss, A. J. Long, S. Sabharwa;, 14]



Can & become large?

e ¢ isirrelevant in our model.

¢ should be generated by relevant couplings in low energy.
* The canonical dimension of ¢ is zero

* The quantum fluctuation is small.

Outr = — 1 [1 +2X; 0. 3% N 60¢3 3(3+326) 68 (11+28)
IS2 T T eee So—Mo \ & — o (§o — /\0)2 S0 — Ao (o — )\0)2
6068 (1+26) 2165 (1+26)° | 9[N (5 - 26) — 26 (1+26)] (1 +25) o
(G —X)*  (1420) (& — o) (1+2X) (& — Ao)? o = Mp/A
L 2T(1+26) (1‘— 106, — 1663) L 10866 (1+ 252)2‘ LT 14126+ 2/\2} Ao = Acc/A?
(1+2X2)” (&0 — M) (1+20) (S0 — Ma)*  (14+2X0)7  1+2
o =260 [1+2Xa (. 188 20¢2 156 6(1+8&) 108 (3 +4&) §o=¢
- v E R e e 5 )+ - - -
115272&0 [ &0 — Ao So— Mo (& — o) &o o — Ao (€0 — o)
0 (1+26) 30— & (5-48)] (1+26) 3658 (1+26)° }
(€0 — Ao)’ (14 2X2) (& — Mo)? (14 2X9)* (&0 — No)”
&2 {15+ SR 2068 6&(T+26) 144606 (1 +28) }
115272 So—Xo (&—X)?  (14+2X) (&= Ao)  (1+2X2) (& — o)
Niy?
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Fine-tuning problem in Higgs

* Higgs mass

A

(102 GeV)2 = —(10% GeV)? + (10!° GeV)?

* The symmetries protect a mass of fermion and gauge field.

e Chiral symmetry _
W
* Gauge symmetry
2 o
A



Fine-tuning problem in viewpoint of Wilson’s RG (CH. H. Aoki S. Is0, "14]

2 _
1 3M¢)2 _ @gbg _ &qyfl — AN T? = B2 (2, )

Ebare|A:Ap1 — 2(
—A@A)_\ = ,3;(?’?12, 5\)

Symmetric phase
(mi > 0)

Broken phase
(mi < 0)

mi ~ O(A})

Phase boundary
(massless)
m%{ =0

>
m? = m?/A?

A
m%{ - m% + 1672 Agl

Fine-tune problem = Why is the Higgs close to critical?
17




Fine-tuning problems

e The scalar mass is irrelevant, thus not free parameter.

e The scalar mass should be generated by relevant couplings,
My, Ace.

The criticality of the universe <> The criticality of the Higgs

e Once the scalar mass is generated, the mass grows up in low
energy scale due to the canonical scaling .

D\ @_ 1 [9)\0 (1425) 9200 —&) (1+26)°  9(1+25)° 18\ }
e A8m2 [ 2( —Xo)® 2(1+2X\) (S0 —Xo)® 2(1+2X2)° (S0 — Xo) (1 +2Xy)°
Do — 260 [ 26, | 3& (1+26) 360 (1 + 26)° }
+ ) o + 2 5 2
9672, $o 2 (&0 — No) 2(1+2X) (&0 — o) |
1 af§2 3&0 6&0 (l 1+ 2&2) ny2 So = M3/A
‘ 2 — + — - Y
0672 &o o — )\0 (l -+ 2)\2) (g(] — )\0) R2 ’ Ao = Ace/A
E2=¢

18
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Fine-tuning problems

* To realize the criticality: A..~0, m*~0.

* The relevant couplings, My}, A¢c, must be fine-tuned.

* The fine-tuning problem still remains.

e Our result indicates that both the fine-tuning problems of
A.c and m? are related.

e |s there a trajectory both the universe and the Higgs are
critical?

* How to guarantee to choose the trajectory?
e Symmetry?

e cf. The classical scale symmetry W. A, Bardeen, ‘65|
It makes the Higgs critical. [H. Aoki, S. Iso, '14]



summary

* Higgs-Yukawa model non-minimally coupled to
guantum gravity

* Toy model of Higgs inflation
* The fermionic fluctuation makes & and m? irrelevant.
e ¢ cannot become large in low energy.

* Fine-tune problem still remains.
* Fine-tuning for relevant couplings is required.
* Cosmological constant <~ Higgs mass

* Gauge and cutoff scheme dependence

e Extension of theory space.
e Gauge fields
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