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ヒッグスとても標準模型ぽい
✦ ほんとに標準模型のヒッグスな
ら、すべての粒粒⼦子の質量量の源:	
  

✴ 結合/質量量	
  =	
  真空期待値（⼀一定）	
  

✴ 図の線上に乗る。	
  

✦ 実際２桁の範囲でそうなってる:	
  

✴ W,	
  Z	
  ゲージ・ボソンのみならず	
  

✴ t,	
  b	
  クォークとも	
  

✴ τ	
  レプトンとも。

TIME AND MATTER 2013 CONFERENCE

Figure 12: Left: 95% C.L. contours in the plane of reduced vector boson coupling
kV and fermion couplings k f . The data are compatible with the SM couplings, if
k f = kV = 1. Right: Couplings to fermions and weak gauge bosons as function of
mass. The errors and central values originate from the signal strengths of Fig. 12.
The following quark masses have been used: mt = 172.5 GeV, mb(mH = 125.7
GeV) = 2.763 GeV. From Ref. [11].

Is it Peter’s Higgs?

The most important properties of the Higgs boson are its mass, spin and
parity. The mass is not predicted in the SM, only in its supersymmetric
extension it is predicted to be below 130 GeV, as will be discussed below.
The mass has been discussed above. The spin 1 option is excluded by the
virtue of the observation of the decay into two photons, since a particle
with spin 1 does not couple to two identical particles with spin 1 (Landau-
Yang theorem, [29, 30]). This theorem also implies that a new state with
spin 1 can’t be produced in gluon fusion, the dominant Higgs production
channel. Hence, only the spin 0 and spin > 1 options are options. Here we
concentrate on the most natural option of the lowest spin, especially since
spin 2 and higher become model dependent. The models studied so far
yield only a poor fit for spin 2 to the data [31].

The spin 0 boson can be either a scalar (positive parity) or pseudo-
scalar (negative parity). Conservation of the angular momentum compo-
nent along the decay axis fixes the spin projection of a spin 0 particle to
lh = l1 � l2 = 0, where li are the helicities of the decay particles, e.g. the
Z-bosons. To study the parity one can look at the angular correlations in the
decay products. The 5 angles in the 4-lepton final state defining completely
the directions of the outgoing particles are depicted in Fig. 13, top panel.
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標準模型 
大勝利!!
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明日はどっちだ
✦ これでFinish！？な訳無いデショ！	
  

!

!

!

!

✦ が⼀一⽅方、LHC	
  で	
  BSM	
  物理理がまったくもって出ていない。	
  

✴ 少なくとも	
  TeV	
  スケール付近までは標準模型しかなさそう？
[Pictures	
  from	
  web]

←宇宙のこれっぽっちしか僕達はまだ知らない。



というわけで
✦ 未来は混沌としている。	
  

✴ 今まで30年年間ぐらい偉い⼈人々の⾔言ってきたことがぜんぶチャラに。	
  

✴ 「まさにみんな横⼀一線」（浜⼝口@PPP2012？オープニング）	
  

✦ このトークでは、	
  

✴ ⾮非常に⾼高い基本スケール（〜～1017GeV）まで	
  

✴ ヒッグス・ゲージ・第３世代セクターはあまり変更更を受けない	
  

✦ という前提のもとで、どんな事が⾔言えるかを紹介します。



Outline
1. 標準模型の臨臨界性	
  

2. 臨臨界性の原理理	
  

3. 臨臨界性からのヒッグス・インフレーション



事実としての臨界性



標準模型パラメタが決まった
✦ 実測値	
  mH=125.6	
  GeV	
  により、	
  

✦ ヒッグス・ポテンシャル	
  V	
  =	
  m2|H|2	
  +	
  λ	
  |H|4	
  のパラメ
タがすべて決まった:	
  

✴ λ	
  =	
  0.12、	
  

✴ m2	
  =	
  ­−(89GeV)2。	
  

✦ SMで⾛走らすと→

[Hamada,	
  Kawai,	
  KO,	
  2013]

5 10 15 20
log10

m
GeV

0.2
0.4
0.6
0.8
1.0
1.2
g3

g2
gY

yt

λ



四点結合λの走り
✦ ⾼高いスケールでは	
  V	
  〜～	
  λφ4。	
  

✦ 典型的な弦スケール	
  1017GeV	
  で四点結合	
  λ	
  が底を打つ。

[Hamada,	
  Kawai,	
  KO,	
  2013]



真空の(不)安定性

(mt	
  numbers	
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5

leff

10¥dleffêd lnm
5 10 15 20

-0.05

0.00

0.05

0.10

Log10m @GeVD

l e
ff

FIG. 1: The light red (lower) and blue (upper) bands are 2-loop RGE running of �e↵(µ) from the tree level

potential (3) and from the 1-loop e↵ective potential (4), respectively. The dark red (upper) and blue (lower)

bands are the beta function times ten 10⇥ d�e↵/d lnµ evaluated at the tree and 1-loop levels, respectively.

We take MH = 125.9GeV and ↵s = 0.1185. The band corresponds to 95% CL deviation of Mt; see Eq. (10).
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FIG. 2: Left: The tree level Higgs potential as a function of Higgs field '. Right: The one-loop Higgs

potential. Here we take MH = 125.9GeV and ↵s = 0.1185.

CMS value. Then, the tree and one-loop Higgs potential becomes flat around 1017–18GeV as shown

in Fig. 2.

Let us expand the e↵ective potential of the Higgs field V
e↵

(') on the flat space-time background

around its minimum:
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2

, (11)

where the overall factor '4 is put to make the expansion well-bahaved. In the potential analysis

around the minimum, we can safely neglect the higher order terms with n � 3, and we will omit

[Hamada,	
  Kawai,	
  KO,	
  2014]



神は我々を超キワキワの所に置いた。
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [111] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.1GeV + 2.0(Mt � 173.10GeV)� 0.5GeV
↵3(MZ)� 0.1184

0.0007
± 0.3GeV . (64)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-

19

[Buttazzo	
  et	
  al.	
  1307.3536]
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Figure 4: Left: SM phase diagram in terms of quartic Higgs coupling � and top Yukawa coupling
yt renormalised at the Planck scale. The region where the instability scale ⇤I is larger than
1018 GeV is indicated as ‘Planck-scale dominated’. Right: Zoom around the experimentally
measured values of the couplings, which correspond to the thin ellipse roughly at the centre of
the panel. The dotted lines show contours of ⇤I in GeV.

EW vacuum’ corresponds to a situation in which � is negative at the weak scale, and therefore
the usual Higgs vacuum does not exist. In the region denoted as ‘Planck-scale dominated’ the
instability scale ⇤I is larger than 1018 GeV. In this situation we expect that both the Higgs
potential and the tunnelling rate receive large gravitational corrections and any assessment
about vacuum stability becomes unreliable.

From the left panel of fig. 4 it is evident that, even when we consider the situation in
terms of high-energy couplings, our universe appears to live under very special conditions.
The interesting theoretical question is to understand if the apparent peculiarity of �(MPl)
and yt(MPl) carry any important information about phenomena well beyond the reach of any
collider experiment. Of course this result could be just an accidental coincidence, because in
reality the SM potential is significantly modified by new physics at low or intermediate scales.
Indeed, the Higgs naturalness problem corroborates this possibility. However, both the reputed
violation of naturalness in the cosmological constant and the present lack of new physics at
the LHC cast doubts on the validity of the naturalness criterion for the Higgs boson. Of
course, even without a natural EW sector, there are good reasons to believe in the existence
of new degrees of freedom at intermediate energies. Neutrino masses, dark matter, axion,
inflation, baryon asymmetry provide good motivations for the existence of new dynamics below
the Planck mass. However, for each of these problems we can imagine solutions that either
involve physics well above the instability scale or do not significantly modify the shape of the
Higgs potential. As a typical example, take the see-saw mechanism. As shown in ref. [29], for
neutrino masses smaller than 0.1 eV (as suggested by neutrino-oscillation data without mass
degeneracies), either neutrino Yukawa couplings are too small to modify the running of � or
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ちなみに裸の質量も
✦ やはりプランク・スケール付近で⼩小さくなる。	
  

!

!

!

!

!

✦ これはなにかあるでしょう！ [Hamada,	
  Kawai,	
  KO,	
  2013]



✦ mR
2	
  =	
  mB

2	
  +	
  (λ/16π2	
  +…)	
  Λ2	
  +	
  δm2.	
  

✦ Mass	
  independent	
  繰り込みの企み:	
  

I. mB
2	
  を	
  δm2	
  =0	
  のとき	
  mR

2	
  =0	
  となるように選ぶ。（引き算くりこみ）	
  

✤ ⼆二次発散の相殺。	
  

✤ 次元正則化ではこの部分が⾃自動的。	
  

II. そうした上で後から	
  δm2	
  を摂動的に⼊入れてゆく。	
  

✤ δm2	
  は	
  logΛ	
  の発散を含む。→掛け算くりこみ。	
  

✦ でかいのは	
  II	
  の⾛走る質量量	
  δm2	
  ではなくて	
  I	
  の裸裸の質量量	
  mB
2	
  の⽅方。

裸裸質量量 輻輻射補正繰込質量量

ここで二次発散おさらい



!

✦ mR2	
  =	
  mB2	
  +	
  (λ/16π2	
  +…)	
  Λ2	
  +	
  δm2.	
  

!

✦ 「ここが相殺するスケールで	
  SUSY	
  が現れるだろう」
Veltman	
  (1981)	
  

✴ このとき	
  Veltman	
  はふつうの	
  MSSM	
  とは違う相殺の仕⽅方を想定
していることになる。	
  

✴ ⽂文字どおりとると、SUSY	
  の破れは	
  Planck	
  scale	
  に。

裸裸質量量 輻輻射補正繰込質量量

ちなみに Veltman 条件



Outline
1. 標準模型の臨臨界性	
  

2. 臨臨界性の原理理	
  

3. 臨臨界性からのヒッグス・インフレーション



臨界性の理論的側面



臨界性のいろんな「原理」
✦ 「多点臨臨界原理理」Nielsenたち	
  (1996,2001,2012)	
  →次⾴頁	
  

✦ 「漸近安全性」Shaposhnikov	
  &	
  Wetterlich	
  (2010);	
  Weinberg	
  が元祖か?	
  

✴ 重⼒力力まで⼊入れたUV固定点。⼭山⽥田くん＠⾦金金沢とこっちの路路線も考え中。	
  

✦ 「古典的スケール不不変性」Meissner	
  &	
  Nicolai	
  (2007,2008);	
  磯さん折笠笠さんたち	
  
(2009,2009,2012,2013)	
  

✴ 「２次発散なんて⼀一回引いたらもう出てこねーしｗｗ」Bardeen	
  (1995)	
  

✴ をふまえてさらに、UV切切断において、⾛走る質量量（と四点結合）がゼロ、と仮定。	
  

✦ 「エントロピー最⼤大化原理理」Hamada,	
  Kawana	
  &	
  Kawai	
  (2014)	
  

✴ あるいみ多点臨臨界原理理の⼀一種。宇宙の全エントロピーを最⼤大化。（川名君ポスター）	
  

✦ 「隠れた双対性」川村さん	
  (2013,2013)	
  

✴ S-‐‑‒duality	
  みたいのをもちいて、Bardeen的な意味での⼆二次発散の不不在、を説明。



なにかふつうの場の理論を
ちょっと越えたところに答
があるのではなかろうか。



多点臨界原理の紹介

（本項ほぼ川合スライドのコピペ）

C. Froggatt, H. B. Nielsen Phys.Lett. B368 (1996)

spires-search://a%20froggatt,%20c.d.
spires-search://a%20nielsen,%20holger%20bech
spires-open-journal://


場の理論 対 統計力学
✦ 場の理理論論では経路路積分がもっとも重要な概念念。	
  

!

✦ いっぽう統計⼒力力学では	
  

✴ ⼩小正準集団が根本、正準集団はその熱⼒力力学極限。	
  

!

✴ 全エネルギー	
  E	
  が先。温度度	
  T	
  =	
  β­−1	
  は結果。

Z
[d'] �(H[']� E) =)

Z
[d'] e��H[']

Z
[d'] e�S[']



例： 圧力一定の水分子

✦ ２相共存があると、広い範囲の	
  E	
  に対して、温度度	
  T	
  は⾃自動的に特
定の値	
  T*	
  に微調整される。	
  

✦ 場の理理論論版だと	
  T	
  が結合定数（質量量）に対応することを次で⾒見見る。

The total energy is given first, and the temperature 
is determined as a result. 
Example:  Water molecules in a cylinder with a  
                  fixed pressure. 

> @ > @� � > @ > @� �exp /d H E d H TM G M M M� � �³ ³

p 

water 

vapor 

E 

T 

water 

vapor 

water + vapor T* 

T is automatically tuned to T* for wide range of E. 

T corresponds to coupling constants in field theory. 

micro canonical               canonical 



小正準ぽい場の理論
✦ 神様はまず「全エネルギー」たる場の値を	
  I0	
  に固定する。	
  

!

!

!

✦ 統計⼒力力学との類推:	
  

✴ なんかある「温度度」m2	
  の値が⽀支配的になるだろう。

Z =

Z
dm2eiV F (m2)

Z =

Z
[d'] eiS[']

�

✓Z
d

4
x |'|2 � I0

◆

=

Z
[d'] eiS[']

Z
dm2 eim

2(I0�
R

d

4
x |'|2)



臨界性の起源
✦ 有効ポテンシャルが⼆二つの底を持つとせよ。	
  

✦ m2	
  の臨臨界値:	
  

!

✴ m2	
  〜～	
  mc2	
  なら、「全エネルギー」が	
  I0	
  ∈	
  (Vφ12	
  ,Vφ22)	
  の範囲
で、２相共存により⼩小正準集団の条件を満たせる:	
  

✴ m2	
  は臨臨界値	
  mc2	
  を取りたがる！	
  

✦ 「⾃自然な値」I0	
  〜～	
  MP2	
  を許すためには、⼆二つ⽬目の真空は取
りうる最⼤大値	
  φ2	
  〜～	
  MP	
  のあたりにあるだろう。

Assume that the 
effective potential for S 
has two minima. 
э There is some critical    
    value for ࢓૛. 
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一般化
✦ 勝⼿手な重み関数	
  w(m2)	
  を置いてもいんじゃね？	
  

!

✴ やはり	
  m2	
  =	
  mc
2	
  が⽀支配的に。	
  

!

✴ 2相共存が好まれる。	
  

✦ もっとおおざっぱに、なんか 
S(m2)	
  を極⼩小化するのを選ぶ 
とかいう議論論もしている。	
  

✴ →エントロピー極⼤大化原理理	
  Hamada,	
  Kawai,	
  Kawana	
  (2014).
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縮退真空か平坦ポテンシャルか
✦ なにか	
  

✴ 「ポテンシャルに平らな領領域があらわれる」という臨臨界性原理理	
  

✴ 「縮退した真空が選ばれる」という臨臨界性原理理	
  

✦ はパラメタ的にはほとんどおなじなので以下では区別せず
にごっちゃに扱う。
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FIG. 1: The light red (lower) and blue (upper) bands are 2-loop RGE running of �e↵(µ) from the tree level

potential (3) and from the 1-loop e↵ective potential (4), respectively. The dark red (upper) and blue (lower)

bands are the beta function times ten 10⇥ d�e↵/d lnµ evaluated at the tree and 1-loop levels, respectively.

We take MH = 125.9GeV and ↵s = 0.1185. The band corresponds to 95% CL deviation of Mt; see Eq. (10).
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FIG. 2: Left: The tree level Higgs potential as a function of Higgs field '. Right: The one-loop Higgs

potential. Here we take MH = 125.9GeV and ↵s = 0.1185.

CMS value. Then, the tree and one-loop Higgs potential becomes flat around 1017–18GeV as shown

in Fig. 2.

Let us expand the e↵ective potential of the Higgs field V
e↵

(') on the flat space-time background

around its minimum:

V (') =
�
e↵

(µ = ')

4
'4, �

e↵

(µ) = �
min

+
1X

n=2

�n
(16⇡2)n

✓
ln

µ

µ
min

◆
2

, (11)

where the overall factor '4 is put to make the expansion well-bahaved. In the potential analysis

around the minimum, we can safely neglect the higher order terms with n � 3, and we will omit



Outline
1. 標準模型の臨臨界性	
  

2. 臨臨界性の原理理	
  

3. 臨臨界性からのヒッグス・インフレーション



インフレーション・パラダイムの確立

✦ 標準宇宙論論の6個（うち2個がインフレーション由来）のパラメタ
で、70点ほどをばっちりフィット。	
  

✦ 「インフレーションの他にこれができる理理論論を知らない」
サトカツ先⽣生談@本研究会。

Planck Collaboration: Cosmological parameters

Fig. 10. Planck TT power spectrum. The points in the upper panel show the maximum-likelihood estimates of the primary CMB
spectrum computed as described in the text for the best-fit foreground and nuisance parameters of the Planck+WP+highL fit listed
in Table 5. The red line shows the best-fit base ⇤CDM spectrum. The lower panel shows the residuals with respect to the theoretical
model. The error bars are computed from the full covariance matrix, appropriately weighted across each band (see Eqs. 36a and
36b) and include beam uncertainties and uncertainties in the foreground model parameters.

Fig. 11. Planck T E (left) and EE spectra (right) computed as described in the text. The red lines show the polarization spectra from
the base ⇤CDM Planck+WP+highL model, which is fitted to the TT data only.
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Planck Collaboration: Cosmological parameters

Table 5. Best-fit values and 68% confidence limits for the base ⇤CDM model. Beam and calibration parameters, and addi-
tional nuisance parameters for “highL” data sets are not listed for brevity but may be found in the Explanatory Supplement
(Planck Collaboration 2013b).

Planck+WP Planck+WP+highL Planck+lensing+WP+highL Planck+WP+highL+BAO

Parameter Best fit 68% limits Best fit 68% limits Best fit 68% limits Best fit 68% limits

⌦bh2 . . . . . . . . . . 0.022032 0.02205 ± 0.00028 0.022069 0.02207 ± 0.00027 0.022199 0.02218 ± 0.00026 0.022161 0.02214 ± 0.00024
⌦ch2 . . . . . . . . . . 0.12038 0.1199 ± 0.0027 0.12025 0.1198 ± 0.0026 0.11847 0.1186 ± 0.0022 0.11889 0.1187 ± 0.0017
100✓MC . . . . . . . . 1.04119 1.04131 ± 0.00063 1.04130 1.04132 ± 0.00063 1.04146 1.04144 ± 0.00061 1.04148 1.04147 ± 0.00056
⌧ . . . . . . . . . . . . 0.0925 0.089+0.012

�0.014 0.0927 0.091+0.013
�0.014 0.0943 0.090+0.013

�0.014 0.0952 0.092 ± 0.013
ns . . . . . . . . . . . 0.9619 0.9603 ± 0.0073 0.9582 0.9585 ± 0.0070 0.9624 0.9614 ± 0.0063 0.9611 0.9608 ± 0.0054
ln(1010As) . . . . . . . 3.0980 3.089+0.024

�0.027 3.0959 3.090 ± 0.025 3.0947 3.087 ± 0.024 3.0973 3.091 ± 0.025

APS
100 . . . . . . . . . . 152 171 ± 60 209 212 ± 50 204 213 ± 50 204 212 ± 50

APS
143 . . . . . . . . . . 63.3 54 ± 10 72.6 73 ± 8 72.2 72 ± 8 71.8 72.4 ± 8.0

APS
217 . . . . . . . . . . 117.0 107+20

�10 59.5 59 ± 10 60.2 58 ± 10 59.4 59 ± 10

ACIB
143 . . . . . . . . . . 0.0 < 10.7 3.57 3.24 ± 0.83 3.25 3.24 ± 0.83 3.30 3.25 ± 0.83

ACIB
217 . . . . . . . . . . 27.2 29+6

�9 53.9 49.6 ± 5.0 52.3 50.0 ± 4.9 53.0 49.7 ± 5.0

AtSZ
143 . . . . . . . . . . 6.80 . . . 5.17 2.54+1.1

�1.9 4.64 2.51+1.2
�1.8 4.86 2.54+1.2

�1.8

rPS
143⇥217 . . . . . . . . 0.916 > 0.850 0.825 0.823+0.069

�0.077 0.814 0.825 ± 0.071 0.824 0.823 ± 0.070

rCIB
143⇥217 . . . . . . . . 0.406 0.42 ± 0.22 1.0000 > 0.930 1.0000 > 0.928 1.0000 > 0.930

�CIB . . . . . . . . . . 0.601 0.53+0.13
�0.12 0.674 0.638 ± 0.081 0.656 0.643 ± 0.080 0.667 0.639 ± 0.081

⇠tSZ⇥CIB . . . . . . . . 0.03 . . . 0.000 < 0.409 0.000 < 0.389 0.000 < 0.410
AkSZ . . . . . . . . . . 0.9 . . . 0.89 5.34+2.8

�1.9 1.14 4.74+2.6
�2.1 1.58 5.34+2.8

�2.0

⌦⇤ . . . . . . . . . . . 0.6817 0.685+0.018
�0.016 0.6830 0.685+0.017

�0.016 0.6939 0.693 ± 0.013 0.6914 0.692 ± 0.010
�8 . . . . . . . . . . . 0.8347 0.829 ± 0.012 0.8322 0.828 ± 0.012 0.8271 0.8233 ± 0.0097 0.8288 0.826 ± 0.012
zre . . . . . . . . . . . 11.37 11.1 ± 1.1 11.38 11.1 ± 1.1 11.42 11.1 ± 1.1 11.52 11.3 ± 1.1
H0 . . . . . . . . . . . 67.04 67.3 ± 1.2 67.15 67.3 ± 1.2 67.94 67.9 ± 1.0 67.77 67.80 ± 0.77
Age/Gyr . . . . . . . 13.8242 13.817 ± 0.048 13.8170 13.813 ± 0.047 13.7914 13.794 ± 0.044 13.7965 13.798 ± 0.037
100✓⇤ . . . . . . . . . 1.04136 1.04147 ± 0.00062 1.04146 1.04148 ± 0.00062 1.04161 1.04159 ± 0.00060 1.04163 1.04162 ± 0.00056
rdrag . . . . . . . . . . 147.36 147.49 ± 0.59 147.35 147.47 ± 0.59 147.68 147.67 ± 0.50 147.611 147.68 ± 0.45

corresponding cosmological parameter constraints are shown in
Fig. 4.

We can draw the following general conclusions.

– The cosmological parameters for the base ⇤CDM model are
extremely insensitive to the foreground model described in
the previous subsection. The addition of the ACT and SPT
data causes the posterior distributions of cosmological pa-
rameters to shift by much less than one standard deviation.

– With Planck data alone, the CIB amplitude at 217 GHz is
strongly degenerate with the 217 GHz Poisson point source
amplitude. This degeneracy is broken by the addition of the
high-resolution CMB data. This degeneracy must be borne
in mind when interpreting Planck-only solutions for CIB pa-
rameters; the sum of the Poisson point source and CIB con-
tributions are well constrained by Planck at 217 GHz (and
in good agreement with the map-based CIB Planck analysis
reported in Planck Collaboration 2013a), whereas the indi-
vidual contributions are not. Another feature of the CIB pa-
rameters is that we typically find smaller values of the CIB
spectral index, �CIB, in Planck-alone solutions compared to
Planck+highL solutions (which can be seen in Fig. 6). This
provided additional motivation to treat �CIB as a parameter
in the Planck likelihood rather than fixing it to a particu-
lar value. There is evidence from the Planck spectra (most
clearly seen by di↵erencing the 217 ⇥ 217 and 143 ⇥ 143
spectra) that the CIB spectrum at 217 GHz flattens in slope
over the multipole range 500 <⇠ ` <⇠ 1000. This will be ex-

plored in further detail in future papers (see also Appendix
C).

– The addition of the ACT and SPT data constrains the ther-
mal SZ amplitude, which is poorly determined by Planck
alone. In the Planck-alone analysis, the tSZ amplitude is
strongly degenerate with the Poisson point source ampli-
tude at 100 GHz. This degeneracy is broken when the high-
resolution CMB data are added to Planck.

The last two points are demonstrated clearly in Fig. 7, which
shows the residuals of the Planck spectra with respect to the
best-fit cosmology for the Planck+WP analysis compared to the
Planck+WP+highL fits. The addition of high-resolution CMB
data also strongly constrains the net contribution from the kSZ
and tSZ⇥CIB components (dotted lines), though these compo-
nents are degenerate with each other (and tend to cancel).

Although the foreground parameters for the Planck+WP fits
can di↵er substantially from those for Planck+WP+highL, the
total foreground spectra are insensitive to the addition of the
high-resolution CMB data. For example, for the 217⇥ 217 spec-
trum, the di↵erences in the total foreground solution are less
than 10 µK2 at ` = 2500. The net residuals after subtracting both
the foregrounds and CMB spectrum (shown in the lower panels
of each sub-plot in Fig. 7) are similarly insensitive to the addi-
tion of the high-resolution CMB data. The foreground model is
su�ciently complex that it has a high “absorptive capacity” to
any smoothly-varying frequency-dependent di↵erences between
spectra (including beam errors).
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Outline
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✦ φ2	
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✦ ヒッグス・ 
インフレーション 
瀕死

（Issues	
  については⽻羽澄さんのトーク）



まずは普通の 
ヒッグス・ 

インフレーション

[Bezrukov	
  &	
  Shaposhnikov	
  (2008)…]



一般のヒッグス・重力作用
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✦ よって次でアインシュタイン枠に移れる：
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✦ ポテンシャルの変換：

平らなポテンシャル

✦ φ	
  ≫	
  MP/√ξ	
  で定数ポテンシャルに。	
  

✦ ξ	
  〜～	
  105	
  でちょうどいい揺らぎを与
える。

704 F. Bezrukov, M. Shaposhnikov / Physics Letters B 659 (2008) 703–706

MP = (8πGN)−1/2 = 2.4 × 1018 GeV. This model has “good”
particle physics phenomenology but gives “bad” inflation since
the self-coupling of the Higgs field is too large and matter
fluctuations are many orders of magnitude larger than those ob-
served. Another extreme is to put M to zero and consider the
“induced” gravity [10–14], in which the electroweak symme-
try breaking generates the Planck mass [15–17]. This happens
if

√
ξ ∼ 1/(

√
GNMW) ∼ 1017, where MW ∼ 100 GeV is the

electroweak scale. This model may give “good” inflation [12–
14,18–20] even if the scalar self-coupling is of the order of
one, but most probably fails to describe particle physics experi-
ments. Indeed, the Higgs field in this case almost completely
decouples from other fields of the SM2 [15–17], which cor-
responds formally to the infinite Higgs mass mH . This is in
conflict with the precision tests of the electroweak theory which
tell that mH must be below 285 GeV [21] or even 200 GeV [22]
if less conservative point of view is taken.

These arguments indicate that there may exist some inter-
mediate choice of M and ξ which is “good” for particle physics
and for inflation at the same time. Indeed, if the parameter ξ is
sufficiently small,

√
ξ ≪ 1017, we are very far from the regime

of induced gravity and the low energy limit of the theory (1) is
just the SM with the usual Higgs boson. At the same time, if ξ is
sufficiently large, ξ ≫ 1, the scalar field behaviour, relevant for
chaotic inflation scenario [7], drastically changes, and success-
ful inflation becomes possible. We should note, that models of
chaotic inflation with both nonzero M and ξ were considered
in literature [12,14,19,20,23–25], but in the context of either
GUT or with an additional inflaton having nothing to do with
the Higgs field of the Standard Model.

The Letter is organized as follows. We start from discussion
of inflation in the model, and use the slow-roll approximation to
find the perturbation spectra parameters. Then we will argue in
Section 3 that quantum corrections are unlikely to spoil the clas-
sical analysis we used in Section 2. We conclude in Section 4.

2. Inflation and CMB fluctuations

Let us consider the scalar sector of the Standard Model, cou-
pled to gravity in a non-minimal way. We will use the unitary
gauge H = h/

√
2 and neglect all gauge interactions for the time

being, they will be discussed later in Section 3. Then the La-
grangian has the form:

SJ =
∫

d4x
√−g

{
−M2 + ξh2

2
R

(2)+ ∂µh∂µh

2
− λ

4

(
h2 − v2)2

}
.

This Lagrangian has been studied in detail in many papers on
inflation [14,19,20,24], we will reproduce here the main results
of [14,19]. To simplify the formulae, we will consider only ξ in
the region 1 ≪ √

ξ ≪ 1017, in which M ≃ MP with very good
accuracy.

2 This can be seen most easily by rewriting the Lagrangian (1), given in the
Jordan frame, to the Einstein frame, see also below.

Fig. 1. Effective potential in the Einstein frame.

It is possible to get rid of the non-minimal coupling to grav-
ity by making the conformal transformation from the Jordan
frame to the Einstein frame

(3)ĝµν = Ω2gµν, Ω2 = 1 + ξh2

M2
P

.

This transformation leads to a non-minimal kinetic term for the
Higgs field. So, it is convenient to make the change to the new
scalar field χ with

(4)
dχ

dh
=

√
Ω2 + 6ξ2h2/M2

P

Ω4 .

Finally, the action in the Einstein frame is

(5)SE =
∫

d4x
√

−ĝ

{
−M2

P

2
R̂ + ∂µχ∂µχ

2
− U(χ)

}
,

where R̂ is calculated using the metric ĝµν and the potential is

(6)U(χ) = 1
Ω(χ)4

λ

4

(
h(χ)2 − v2)2

.

For small field values h ≃ χ and Ω2 ≃ 1, so the potential for the
field χ is the same as that for the initial Higgs field. However,
for large values of h ≫ MP /

√
ξ (or χ ≫

√
6MP ) the situation

changes a lot. In this limit

(7)h ≃ MP√
ξ

exp
(

χ√
6MP

)
.

This means that the potential for the Higgs field is exponentially
flat and has the form

(8)U(χ) = λM4
P

4ξ2

(
1 + exp

(
− 2χ√

6MP

))−2

.

The full effective potential in the Einstein frame is presented
in Fig. 1. It is the flatness of the potential at χ ≫ MP which
makes the successful (chaotic) inflation possible.

Analysis of the inflation in the Einstein frame3 can be per-
formed in standard way using the slow-roll approximation. The

3 The same results can be obtained in the Jordan frame [26,27].

Bezrukov	
  &	
  Shaposhnikov	
  (2008)
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ま要は

✦ ポテンシャルの	
  φ	
  >	
  MP/√ξ	
  の部分をニョーンと横に引き伸ばして平らに
するようなかんじ。
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FIG. 1: The light red (lower) and blue (upper) bands are 2-loop RGE running of �e↵(µ) from the tree level

potential (3) and from the 1-loop e↵ective potential (4), respectively. The dark red (upper) and blue (lower)

bands are the beta function times ten 10⇥ d�e↵/d lnµ evaluated at the tree and 1-loop levels, respectively.

We take MH = 125.9GeV and ↵s = 0.1185. The band corresponds to 95% CL deviation of Mt; see Eq. (10).
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FIG. 2: Left: The tree level Higgs potential as a function of Higgs field '. Right: The one-loop Higgs

potential. Here we take MH = 125.9GeV and ↵s = 0.1185.

CMS value. Then, the tree and one-loop Higgs potential becomes flat around 1017–18GeV as shown

in Fig. 2.

Let us expand the e↵ective potential of the Higgs field V
e↵

(') on the flat space-time background

around its minimum:

V (') =
�
e↵

(µ = ')

4
'4, �

e↵

(µ) = �
min

+
1X

n=2

�n
(16⇡2)n

✓
ln

µ

µ
min

◆
2

, (11)

where the overall factor '4 is put to make the expansion well-bahaved. In the potential analysis

around the minimum, we can safely neglect the higher order terms with n � 3, and we will omit
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FIG. 4: SM Higgs potential in the prescription I with ⇠ = 10 and c = 1, corresponding to µmin = 7.6 ⇥

1017 GeV, and with �2 = 0.56. The red (upper), green (center) and purple (lower) lines are drawn with

�min = 2�c, �c, and �c/2, respectively. The values of �min = 2�c and �c/2 are chosen just for illustration.

Each line roughly corresponds to the one with the same color in Fig. 2.

B. Prediction

We expanded the e↵ective potential of the Higgs field V
e↵

on the flat space-time background

around its minimum as in Eq. (11):

V =
�
e↵

(µ)

4
'4, (38)

�
e↵

(µ) = �
min

+
1X

n=2

�n
(16⇡2)n

✓
ln

µ

µ
min

◆
2

. (39)

The choice of scale (27) and (28) correspond to the prescription I and II, respectively. As in

Section II, we can safely neglect the higher order terms with n � 3, and we will omit them

hereafter in this section. The higher order terms in Eq. (16) are ignored for the moment.

C. Prescription I

In the prescription I, the Higgs potential is given by Eq. (22)(38) with the scale (27). Concretely,

U(') =
'4

4(1 + ⇠'2/M2

P )
2
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(40)

参考:	
  ξ=10	
  の絵。



ありうる問題点
✦ ユニタリティ。	
  

✴ E	
  >	
  MP/ξ	
  の散乱はマズイ。	
  

✴ が、インフレーション模型としては問題ない。	
  

✤ 散乱エネルギー	
  E	
  がでかいのと、場の値	
  φ	
  がでかいのは別概念念。	
  

✴ けど素粒粒⼦子屋としてはちょっちキモイよね。



インフレーションおさらい
✦ 予⾔言値は	
  V(φ)	
  が決まると完全に決まる。	
  

✴ この計算⾃自体はアホでもできる。	
  

✦ 与えられた	
  l（k*）に対応する位置	
  φ*	
  において、	
  

✴ 縦軸:	
  テンソル・スカラー⽐比は傾きから、	
  

✤ r=16ε	
  〜～	
  8(Vʼ’/V)2、ここで	
  ε	
  =	
  (Vʼ’/V)2	
  /2。	
  

✴ 横軸:	
  スペクトラル指数は凸具合から、	
  

✤ ns=1+2η­−6ε	
  =	
  1	
  +2Vʼ’ʼ’/V	
  ­−3(Vʼ’/V)2、ここで	
  η	
  =	
  Vʼ’ʼ’/V。

10 Planck Collaboration: Constraints on inflation

Model Parameter Planck+WP Planck+WP+lensing Planck + WP+high-` Planck+WP+BAO

⇤CDM + tensor ns 0.9624 ± 0.0075 0.9653 ± 0.0069 0.9600 ± 0.0071 0.9643 + 0.0059
r0.002 < 0.12 < 0.13 < 0.11 < 0.12

�2� lnLmax 0 0 0 -0.31

Table 4. Constraints on the primordial perturbation parameters in the ⇤CDM+r model from Planck combined with other data sets.
The constraints are given at the pivot scale k⇤ = 0.002 Mpc�1.
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Fig. 1. Marginalized joint 68% and 95% CL regions for ns and r0.002 from Planck in combination with other data sets compared to
the theoretical predictions of selected inflationary models.

reheating priors allowing N⇤ < 50 could reconcile this model
with the Planck data.

Exponential potential and power law inflation

Inflation with an exponential potential

V(�) = ⇤4 exp
 

�� �
Mpl

!

(35)

is called power law inflation (Lucchin & Matarrese, 1985),
because the exact solution for the scale factor is given by
a(t) / t2/�2 . This model is incomplete, since inflation would
not end without an additional mechanism to stop it. Assuming
such a mechanism exists and leaves predictions for cosmo-
logical perturbations unmodified, this class of models predicts
r = �8(ns � 1) and is now outside the joint 99.7% CL contour.

Inverse power law potential

Intermediate models (Barrow, 1990; Muslimov, 1990) with in-
verse power law potentials

V(�) = ⇤4
 

�

Mpl

!��
(36)

lead to inflation with a(t) / exp(At f ), with A > 0 and 0 < f < 1,
where f = 4/(4 + �) and � > 0. In intermediate inflation there
is no natural end to inflation, but if the exit mechanism leaves
the inflationary predictions on cosmological perturbations un-
modified, this class of models predicts r ⇡ �8�(ns � 1)/(� � 2)
(Barrow & Liddle, 1993). It is disfavoured, being outside the
joint 95% CL contour for any �.

Hill-top models

In another interesting class of potentials, the inflaton rolls away
from an unstable equilibrium as in the first new inflationary mod-
els (Albrecht & Steinhardt, 1982; Linde, 1982). We consider

V(�) ⇡ ⇤4
 

1 � �
p

µp + ...

!

, (37)

where the ellipsis indicates higher order terms negligible during
inflation, but needed to ensure the positiveness of the potential
later on. An exponent of p = 2 is allowed only as a large field
inflationary model and predicts ns � 1 ⇡ �4M2

pl/µ
2 + 3r/8 and

r ⇡ 32�2⇤M2
pl/µ

4. This potential leads to predictions in agree-
ment with Planck+WP+BAO joint 95% CL contours for super-
Planckian values of µ, i.e., µ & 9 Mpl.

Models with p � 3 predict ns � 1 ⇡ �(2/N)(p � 1)/(p � 2)
when r ⇠ 0. The hill-top potential with p = 3 lies outside the
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（詳しくは、⾼高橋(史)トークとか）



Backup: 観測 対 理論 
（高橋(史)スライドのコピペ）

Observation vs Theory
Scalar mode

Tensor mode

V : the inflaton potential



我々の立場（BICEP2前から書いてる）
✦ 実験事実の外挿:	
  ヒッグス・ポテンシャルはプランク・スケールで平坦。	
  

✴ ただし第0近似ではこの図のどれでも「平坦」→	
  

!

✦ この「平坦」性は、前述のような（場の理理論論をちょっと越えた）原理理により、
要請される。	
  

✴ ので標準模型の紫外切切断	
  Λ	
  より上ではポテンシャルは平坦になっているであろう。	
  

✴ なお緑の場合をそのままは使えない。	
  

✤ N	
  〜～	
  50	
  を稼ごうとすると	
  ε	
  <<<	
  1、	
  

✤ V	
  は決まっているので、	
  

✤ ゆらぎの⼤大きさ	
  ∝	
  V/ε	
  がでかくなりすぎる。

[Hamada,	
  Kawai,	
  KO	
  (2014)]
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FIG. 1: The light red (lower) and blue (upper) bands are 2-loop RGE running of �e↵(µ) from the tree level

potential (3) and from the 1-loop e↵ective potential (4), respectively. The dark red (upper) and blue (lower)

bands are the beta function times ten 10⇥ d�e↵/d lnµ evaluated at the tree and 1-loop levels, respectively.

We take MH = 125.9GeV and ↵s = 0.1185. The band corresponds to 95% CL deviation of Mt; see Eq. (10).
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FIG. 2: Left: The tree level Higgs potential as a function of Higgs field '. Right: The one-loop Higgs

potential. Here we take MH = 125.9GeV and ↵s = 0.1185.

CMS value. Then, the tree and one-loop Higgs potential becomes flat around 1017–18GeV as shown

in Fig. 2.

Let us expand the e↵ective potential of the Higgs field V
e↵

(') on the flat space-time background

around its minimum:

V (') =
�
e↵

(µ = ')

4
'4, �

e↵

(µ) = �
min

+
1X

n=2

�n
(16⇡2)n

✓
ln

µ

µ
min

◆
2

, (11)

where the overall factor '4 is put to make the expansion well-bahaved. In the potential analysis

around the minimum, we can safely neglect the higher order terms with n � 3, and we will omit



この立場からくる制限

✦ 標準模型の紫外切切断に上限:	
  Λ	
  <	
  5×1017GeV。	
  

✦ 弦スケールがでてくるのはちょっと⾯面⽩白い。

[Hamada,	
  Kawai,	
  KO	
  (2014)]

Figure 3: Left: Excluded region by Eq. (27) (red, left) and by Eq. (26) (blue, right) in
log

10

(⇤/GeV) vs Mt plane. Right: Enlarged view for ⇤ vs Mt. Expected future exclusion
limits within 95%CL: r < 10�2 and 10�3 are also presented by dashed and dot-dashed lines,
respectively.

As we have discussed in Introduction, it is plausible that the e↵ective potential
for the field value beyond ⇤ becomes almost flat. This opens up a possibility
that this flat potential can be used for the inflation. Firstly in this subsection,
we consider a necessary condition for the SM potential at ' < ⇤ to allow such a
modification in the region ' > ⇤.

To avoid the graceful exit problem [37, 38, 39], the Higgs potential must be
a monotonically increasing function of ' in all the range below and above ⇤.9

Therefore, we have

dV
SM

d'
=

1

4
(�� + 4�)'3 > 0, (26)

for all the scales below the cuto↵: ' < ⇤, and the upper bound (13) leads to

V
SM

(⇤) < V
max

. (27)

We show excluded regions on the ⇤-Mt plane from the above two constraints
in the left panel of Fig. 3. The left (red) region is excluded by the condition (27)
within 95% CL and the right (blue) region is forbidden by Eq. (26). The right
panel is an enlarged view. The dashed and dot-dashed lines correspond to the

to be integrated out.
9 If there is a potential barrier, then the phase transition becomes first order. This is problematic: The

false vacuum decays only through the tunneling. The bubbles of true vacuum expand with speed of light in
the exponentially expanding medium of the false vacuum. They can hardly collide each other. See also Ref. [9]
for a possible false vacuum inflation assuming a lowered Planck scale, which we do not employ in this paper.
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この立場の、r=0.2 への応用
✦ 普通のヒッグス・インフレーションは、我々の議論論では	
  

✴ Λ=MP/√ξ	
  に対応する。	
  

✦ 強い意味の「原理理」により緑付近が選ばれたとせよ。	
  

✴ 平らな領領域で	
  e-‐‑‒folding	
  を稼げば、ξ	
  を⼤大きくしないでもよい。	
  

✤ たとえば	
  ξ=7	
  とかでもよい。	
  

✴ ξ	
  が⼩小さいので、引き伸ばしが少なく、傾き	
  ε	
  が⼩小さすぎない。	
  

✴ 結果じゅうぶん⼤大きな	
  r=16ε	
  を実現可能。

[Hamada,	
  Kawai,	
  KO,	
  Park	
  (2014)]
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FIG. 1: The light red (lower) and blue (upper) bands are 2-loop RGE running of �e↵(µ) from the tree level

potential (3) and from the 1-loop e↵ective potential (4), respectively. The dark red (upper) and blue (lower)

bands are the beta function times ten 10⇥ d�e↵/d lnµ evaluated at the tree and 1-loop levels, respectively.

We take MH = 125.9GeV and ↵s = 0.1185. The band corresponds to 95% CL deviation of Mt; see Eq. (10).
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FIG. 2: Left: The tree level Higgs potential as a function of Higgs field '. Right: The one-loop Higgs

potential. Here we take MH = 125.9GeV and ↵s = 0.1185.

CMS value. Then, the tree and one-loop Higgs potential becomes flat around 1017–18GeV as shown

in Fig. 2.

Let us expand the e↵ective potential of the Higgs field V
e↵

(') on the flat space-time background

around its minimum:

V (') =
�
e↵

(µ = ')

4
'4, �

e↵

(µ) = �
min

+
1X

n=2

�n
(16⇡2)n

✓
ln

µ

µ
min

◆
2

, (11)

where the overall factor '4 is put to make the expansion well-bahaved. In the potential analysis

around the minimum, we can safely neglect the higher order terms with n � 3, and we will omit
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FIG. 4: SM Higgs potential in the prescription I with ⇠ = 10 and c = 1, corresponding to µmin = 7.6 ⇥

1017 GeV, and with �2 = 0.56. The red (upper), green (center) and purple (lower) lines are drawn with

�min = 2�c, �c, and �c/2, respectively. The values of �min = 2�c and �c/2 are chosen just for illustration.

Each line roughly corresponds to the one with the same color in Fig. 2.

B. Prediction

We expanded the e↵ective potential of the Higgs field V
e↵

on the flat space-time background

around its minimum as in Eq. (11):

V =
�
e↵

(µ)

4
'4, (38)

�
e↵

(µ) = �
min

+
1X

n=2

�n
(16⇡2)n

✓
ln

µ

µ
min

◆
2

. (39)

The choice of scale (27) and (28) correspond to the prescription I and II, respectively. As in

Section II, we can safely neglect the higher order terms with n � 3, and we will omit them

hereafter in this section. The higher order terms in Eq. (16) are ignored for the moment.

C. Prescription I

In the prescription I, the Higgs potential is given by Eq. (22)(38) with the scale (27). Concretely,

U(') =
'4

4(1 + ⇠'2/M2
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(40)
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Figure 2: Left: Inflaton potential for ⇠ = 0, 3, 10, 100, and 1000 from above to below in
log-linear plot. Right: the same for ⇠ = 10 in linear-linear plot.
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Figure 3: h vs t in Einstein frame in Planck unit.

To fit the cosmological data, we can e.g. take h
⇤

= 0.896MP , �min

= 1.01�c,
µ
min

= 0.37MP , ⇠ = 7 to get r = 16✏V (h⇤) = 0.19, N
⇤

= 58, V ('h
⇤

)/✏V (h⇤) =
5.0⇥ 10�7 and ns(h⇤) = 0.955, where

✏V =
M2

P

2V ('h)2

✓
dh

d�

dV ('h)

dh

◆
2

, ⌘V =
M2

P

V ('h)

dh

d�

d

dh

✓
dh

d�

dV ('h)

dh

◆
, (6)

with

d�

dh
=

q
1 + ⇠ (1 + 6⇠)h2/M2

P

1 + ⇠h2/M2

P

. (7)

For the same parameters, the Einstein-frame time evolution of the Higgs field h
is plotted in Fig. 3. We see that substantial time is spent around the inflection
point.

Once the tensor-to-scalar ratio is fixed to be r ' 0.2, the slow-roll parameter
becomes ✏V (h⇤) ' 0.013, and the amplitude As / V ('h

⇤

)/✏V (h⇤) fixes the poten-
tial height V ('h

⇤

)1/4 ' 2 ⇥ 1016GeV. The potential height is determined in our
case to be V ('h

⇤

) ' �('h
⇤

)M4

P /⇠
2, which is the same as the Higgs inflation. The

di↵erence is the value of �('h
⇤

) ' �
min

' �c ⇠ 10�6 that allows us to take ⇠ . 10.
In this Letter, we have matched the renormalization scale in the Einstein frame,

as in Eq. (3). If we instead match it in the Jordan frame,7 i.e. if we set ' = h

7 It is argued in Ref. [45] that these two choices correspond to di↵erent theories.

4

Earn	
  N*	
  
at	
  this	
  plateau

Lower	
  V	
  by	
  ξ	
   
to	
  get	
  proper	
  
εV=10­−3

ξ=7	
  is	
  OK!

[Hamada,	
  Kawai,	
  KO,	
  Park	
  (2014)]

Original	
  ξ〜～105	
   
gives	
  too	
  small	
  εV



詳細な予言
★	
  c	
  =	
  μmin	
  /	
  (MP/√ξ)	
  としてこんなかんじ。14
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FIG. 5: Left: r vs ns. Right: dns/d ln k vs ns. The edges of dashed and solid lines correspond c = 0.94 and

⇠ = 50, respectively. The solid and dashed lines represent the constant c and ⇠.
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FIG. 6: Left: '
⇤

as a function of ⇠. �6 = 0, c = 1,�2 = 0.56. Right: '
⇤

as a function of ⇠. �6 = 5⇥ 10�9,

c = 1,�2 = 0.56.

In this scenario, '
⇤

corresponding to the current CMB observation is around '
⇤

⇠ MP . The

left panel of Fig. 6 shows '
⇤

in the case of c = 1 and �
2

= 0.5611 . The model can reproduce

r = O(10�3) ⇠ 0.2 and ns = 0.9 ⇠ 1.0. These predictions are consistent with Planck or BICEP2

result [53, 54]. However, the value of dns/d ln k is slightly large. The prediction is dns/d ln k =

11 Precisely speaking, there are two '⇤ which satisfies Eq. (30) given c, ⇠. We plot the one solution which gives more
desirable predictions on cosmological parameters.

[Hamada,	
  Kawai,	
  KO,	
  Park,	
  to	
  appear]



途中でなんか入ったら？



例）Higgs portal DM

★強い意味の「原理理」から平坦性が要請されるとす
ると、mDM	
  =	
  400-‐‑‒470	
  GeV、Mt=171.2GeV。

[Hamada,	
  Kawai,	
  KO	
  (2014)]

We further get the DM mass 400GeV < mDM < 470GeV if we impose the
flatness of the Higgs potential � ' �� ' 0 around the string scale 1017 GeV, as
is expected from the MPP or is required in the Higgs inflation at the critical
point [37, 39].

This paper is organized as follows: In Section 2, we review the Z2 scalar
model and its allowed region of the parameter space. In Section 3, we briefly
explain the flat potential Higgs inflation, and its constraint on the parameter
space. We will see that the DM mass is strongly constrained. In Section 4, we
conclude this paper.

2 Z2 scalar model

We add a gauge singlet real scalar S to the SM. We further impose the Z2

symmetry under which the SM fields are even and S is odd. This Z2 assignment
prohibits the decay of S into the SM particles, making it stable. The Lagrangian
is:

L = LSM +
1

2
(@µS)

2 � 1

2
m2

SS
2 � ⇢

4!
S4 � 

2
S2H†H. (1)

Let us first see the behavior of S as the DM. The mass eigenvalue is

m2
DM = m2

S +
v2

2
, (2)

where v ' 246GeV is the Higgs vacuum expectation value (VEV). The singlet
S takes part in the thermal bath of the SM sector through the coupling  to the
Higgs. After this interaction is frozen out, the abundance of S is fixed. There-
fore, the abundance solely depends on the DM mass mDM and the coupling ,
and is independent of the self coupling ⇢.

For mDM & mh (' 126GeV), the condition for the correct thermal abun-
dance is [66]

log10  ' �3.63 + 1.04 log10
mDM

GeV
, (3)

which is roughly mDM ⇠ 330GeV ⇥ 
0.1 . On the other hand, the light DM is

constrained from the invisible decay width of the Higgs at the 95% C.L. [66]:

mDM > 53GeV. (4)

The direct detection bound from XENON100 (2012) leaves two allowed regions
within 90% C.L. [66]:

mDM < 65GeV, mDM > 80GeV. (5)
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Figure 6: The excluded regions in the Mt vs mDM plane from the monotonicity (upper-left,
blue) and from the value of the potential (lower-right, red) in the Z2 scalar DM model to
achieve the flat potential Higgs inflation. Left and right panels are for ⇢0 = 0 and 0.6,
respectively.

1017 GeV.4 When we impose this flatness condition, the coupling , the DM
mass mDM, and the top mass Mt are completely fixed as functions of ⇢0:

0.12  0  0.14, (24)

400GeV  mDM  470GeV, (25)

171.8GeV  Mt  171.9GeV, (26)

where the lower and upper ends correspond to the parameter choice ⇢0 = 0 and
0.6, respectively. Here we have chosen mh = 126GeV; the result is insensitive
to the Higgs mass compared to the top mass. In Fig. 7, we plot 0, mDM,
and Mt as functions of ⇤; again the lower and upper ends correspond to the
parameter choice ⇢0 = 0 and 0.6, respectively.

Both of the DM mass predictions (23) and (25) are well within the reach of
the future DM detection experiments such as XENON1T [69] and LUX [70].
This scenario can also be tested by the strong correlation between the DM and
top masses as shown in Fig. 6 and Fig. 8.

From Fig. 7, we see that we cannot get a flat potential for ⇤ > 1017.8 GeV.
This is because the larger the ⇤ is, the smaller the 0 becomes. 0 ! 0 is
the SM limit. In the SM, the scale of the flat potential, obtained by tuning

4 With the MPP, we impose �(⇤) = ��(⇤) = 0, while for the Higgs inflation at the critical point, we

need �(⇤) =
1

32

d��

d lnµ
(⇤) at the ⇤ where ��(⇤) = 0; see e.g. Ref. [38]. Parametrically both conditions give

the same result.
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FIG. 5. The LUX 90% confidence limit on the spin-
independent elastic WIMP-nucleon cross section (blue),
together with the ±1� variation from repeated trials, where
trials fluctuating below the expected number of events for
zero BG are forced to 2.3 (blue shaded). We also show
Edelweiss II [44] (dark yellow line), CDMS II [45] (green
line), ZEPLIN-III [46] (magenta line), CDMSlite [47] (dark
green line), XENON10 S2-only [20] (brown line), SIMPLE [48]
(light blue line) and XENON100 100 live-day [49] (orange
line), and 225 live-day [50] (red line) results. The inset
(same axis units) also shows the regions measured from annual
modulation in CoGeNT [51] (light red, shaded), along with
exclusion limits from low threshold re-analysis of CDMS II
data [52] (upper green line), 95% allowed region from
CDMS II silicon detectors [53] (green shaded) and centroid
(green x), 90% allowed region from CRESST II [54] (yellow
shaded) and DAMA/LIBRA allowed region [55] interpreted
by [56] (grey shaded). Results sourced from DMTools [57].

upper limit on the number of expected signal events
ranges, over WIMP masses, from 2.4 to 5.3. A variation
of one standard deviation in detection e�ciency shifts
the limit by an average of only 5%. The systematic
uncertainty in the position of the NR band was estimated
by averaging the di↵erence between the centroids of
simulated and observed AmBe data in log(S2b/S1). This
yielded an uncertainty of 0.044 in the centroid, which
propagates to a maximum uncertainty of 25% in the high
mass limit.

The 90% upper C. L. cross sections for spin-
independent WIMP models are thus shown in Fig. 5
with a minimum cross section of 7.6⇥10�46 cm2 for a
WIMP mass of 33 GeV/c2. This represents a significant
improvement over the sensitivities of earlier searches [45,
46, 50, 51]. The low energy threshold of LUX permits
direct testing of low mass WIMP hypotheses where
there are potential hints of signal [45, 51, 54, 55].
These results do not support such hypotheses based
on spin-independent isospin-invariant WIMP-nucleon
couplings and conventional astrophysical assumptions

for the WIMP halo, even when using a conservative
interpretation of the existing low-energy nuclear recoil
calibration data for xenon detectors.

LUX will continue operations at SURF during 2014
and 2015. Further engineering and calibration studies
will establish the optimal parameters for detector
operations, with potential improvements in applied
electric fields, increased calibration statistics, decaying
backgrounds and an instrumented water tank veto
further enhancing the sensitivity of the experiment.
Subsequently, we will complete the ultimate goal of
conducting a blinded 300 live-day WIMP search further
improving sensitivity to explore significant new regions
of WIMP parameter space.
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どんどん参入しましょう
★DM以外にも右巻きニュートリノ等々、ヒッグス
の４点結合の⾛走りを変えるものがなんでも途中
にあれば、予⾔言が変わる。（Cf.	
  ⾼高橋亮亮トーク）	
  

★RGE	
  も	
  V,	
  Vʼ’,	
  Vʼ’ʼ’	
  →	
  As,	
  ns,	
  r	
  も計算は簡単。	
  

✴ dns/dlnk、dnt/dlnk	
  等々も同様に簡単に⾏行行ける。	
  

★こんごバンバン進歩する宇宙の観測で検証でき
る（重要）。



まとめ
1. 標準模型の臨臨界性	
  

2. 臨臨界性の原理理	
  

3. 臨臨界性からのヒッグス・インフレーション	
  

✴普通のだと、傾き	
  r	
  が⼩小さすぎて	
  BICEP2	
  と合わぬ。	
  

✴臨臨界性（平らな部分の出現）を⽤用いると	
  ξ=7	
  とかでも
OKに。→	
  傾き	
  r	
  をでかくできる。	
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「みんな横一線」（by 浜口）の超絶おもしろい時代。お互い研究がんばりましょう！



Thank you!


