
Higgs inflation, update

S. C. Park (Yonsei University) 
5 Dec 2019

IBS-PNU Joint Workshop on Physics beyond the Standard Model
December 4-7, 2019 at the Paradise Hotel, Busan



Reasons for BSM

• DM


• Matter genesis


• Inflation


• and whatever theoretical problems you like to 
solve



Observation: Our old good friend, Higgs, is even greater than we 
had expected.


thoughts: Maybe, we don’t need BSM.



Higgs inflation

• Electroweak symmetry breaking (1965)


• Inflation (2010)




Higgs full power

• Electroweak symmetry breaking (1965)


• Inflation (2010)


• Reheating & Preheating (2015, 2018, 2019)


• Dark matter by PBH (2018,2019)


•  (2015, 2018)


• dS conjecture (2019)


• Baryogenesis (2020(?))

Λ ≥ MP
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Outline

• Review: Higgs, Higgs+R2 inflation and f(R)


• Discussions


Fine-tuning problem in Higgs inflation


Cut-off scale 


PBH production


(more) Preheating, Palatini, Swampland conjecture…



NM-inflation 
slow-roll inflation with nm-coupling in Jordan frame

In Einstein frame:

SCP-Yamaguchi JCAP(2008)

Condition for large field inflation: ∂ϕK > 0, ∂ϕV > 0

non-minimal coupling

Weyl transformation:



NM-inflation

V(h) =
λ

2m
h2m

K(h) = ξhm

1 2 3 4

0.5

1.0

1.5

2.0

m = 1

m = 2

m = 3

m = 4

SCP-Yamaguchi JCAP(2008)



‘Higgs’ inflation 
a particular case of NM inflation with m=2

V(h) =
λ
4

(h2 − v2)2

K(h) = ξh2

Bezrukov-Shaposhnikov, PLB(2007)
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‘Higgs’ inflation 
a particular case of NM inflation with m=2
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Predictions of NM-inflation

Ne = 60

SCP-Yamaguchi JCAP(2008)

‘Higgs inflation’



The best fit model for Planck DATA 

Y. Akrami et.al [Planck Collaboration] (2018)

, Higgs inflationR2



R2 <=> Higgs

SStarobinski = ∫ d4x −g
1
2 (M2

PR +
ξ2

4λ
R2)

SHiggs = ∫ d4x −g [ 1
2 (M2

P + ξϕ2) R +
1
2

(∂ϕ)2 −
λ
4

ϕ4]
unimportant during slow-roll

δϕ : ξϕR − λϕ3 = 0 ⇒ ϕ2 =
ξR
λ

Starobinsky (1980) 

Equivalence of Starobinsky & Higgs



f(R) <=> NM inflation

Note:
The theory with  is equivalent to a scalar theory   S = ∫ d4x −gf(R) ∫ d4x −gf(ϕ) + f′�(ϕ)(R − ϕ)

ϕ : auxiliary

δϕ : f′�′�(ϕ)(R − ϕ) = 0

R = ϕ

equivalent scalar theory

V(ϕ) = f′�(ϕ)ϕ − f(ϕ)
K(ϕ) = f′�(ϕ)f(R)

More generically



Fine tuning



A fine tuning problem

λ
4ξ2

∼ 10−10

To fit 
δT
T

∼
U3/2

HU′�
∼ 10−5

Q. Why so small?

or 
U
ϵ

∼ (0.027MP)4 (COBE)

we need



Critical Higgs inflation
Y. Hamada, H. Kawai, K.-y. Oda, SCP PRL (2014), PRD(2015)

λ(μcrit), λ′�(μcrit) ∼ 0

mpole
t ≃ 170 − 172 GeV

Potential becomes flat 
due to quantum 

correction



Near criticality

λ(μcrit) ≪ λ(μEW) ∼
1
8

λ
ξ2

μcrit

≪
λ
ξ2

μEW

e.g.    ξ ∼ 𝒪(10 − 100), λ(μcrit) ∼ 𝒪(10−8 − 10−6)



Running top mass  
(measured for the first time)

CMS-TOP-19-007 ; CERN-EP-2019-189

~ consistent with the 
critical Higgs



Clockwork Higgs inflation
SCP, C.S Shin EPJC (2019)

SJ = ∫ d4x −g ( M2
P

2
(1 + K(ϕ))R −

1
2 ∑

i

(∂ϕi)2 − VCW − Vinf)
K =

N+1

∑
i=1

ξiϕ2
i VCW =

N

∑
i=1

m2

2
(ϕi+1 − qϕi)2

ξi ∼ 1 q ∼ 1

no fine-tuning here

Vinf =
λ
4

ϕ4
1

this breaks the CW shift symmetry

δϕi : ϕi+1 ∼ qϕi ⇒ ϕN+1 ∼ qϕN ∼ q2ϕN1
⋯ ∼ qNϕ1

λeff ∼
λ

q4N
∼

λ
1010

ϕ1 ∼
1

qN
ϕ(0)

zero mode 
(inflaton)

λeff

ξ2
∼ 10−10

CW structure:



Cutoff scale



Pure Higgs inflation

• Naïve cutoff scale from the expansion of U(h) 
near  (or EW vacuum)


• ,  [Burguess 

et. al. (2010)]


• Note: This is NOT a problem for inflationary 
dynamics when .

h = 0 + δh

V(h) = λh4 −
λ

Λ2
h6 + ⋯ Λ ∼ MP /ξ

h = hinf + δh



Cutoff scale of Higgs-R2

Unitary gauge

‘Trick’ for 
f(R)

New NM coupling

New scalar potential

f(R) = R + R2



Higgs-Scalaron

New NM coupling
s: Scalaron

Einstein Action

(Higgs- ) is equivalent to (Higgs-Scalaron) theory! R2



Higgs-Scalaron potential

NOTE: expansion near (h,s)=(0,0) (cf) (hinf,sinf)



Cut-off scale

Λ ∼ 𝒪 ( M2
P

ξ2m2
s ) MP



‘light’ scalaron erases the low-cutoff issue  
(Just as the Higgs does for the SM)

Λ ∼ 𝒪 ( M2
P

ξ2m2
s ) MP > MP

MP /ξ > ms



PBH
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PBH DM

Figure from 1807.11495

Windows for PBH



nonminimal coupling term Higgs potentialR2
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indicate µ = h
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PBH in Higgs-R2 inflation



PBH in Higgs-R2 inflation
Benchmark Parameters 
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• Valley structure, quasi-single-field inflation

• Near inflection point (local min) in the tangential direction, USR
U (�CMB)
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Simple SR analysis fails USR crucial in

Power spectrum needs to take full orders into account

Calculate power spectrum using

M = 4.2⇥ 10�5MP , ⇠ = 79, �min = 4.10514⇥ 10�6, �2 = 0.5, hmin = 0.15
<latexit sha1_base64="Uh7JlHEC8mI3bOvQ2ZbPBdc+tFM="></latexit>

PR (k) =
k3

2⇡2

@N

@�I

@N

@�J

⌦
��I��J

↵����
k=aH

<latexit sha1_base64="ANhd3BovHu0PIm6BzVKJoeQx+Wc="></latexit>

PR (k)
<latexit sha1_base64="Sxi23euZ8w3knN1o6tR/yeUMIqA=">AAACJXicbVDJSgNBEO1xN25Rj14ag6iXMOOCHkUvHqOYBTLD0NOpSZr0LHTXCGGYT/A7/ACv+gneRPDk0d+wsyBuDwoe71VRVS9IpdBo22/W1PTM7Nz8wmJpaXllda28vtHQSaY41HkiE9UKmAYpYqijQAmtVAGLAgnNoH8x9Ju3oLRI4hscpOBFrBuLUHCGRvLLu27EsMeZzGuF/8WvC+pKCHGv7yrR7eE+9csVu2qPQP8SZ0IqZIKaX/5wOwnPIoiRS6Z127FT9HKmUHAJRcnNNKSM91kX2obGLALt5aOHCrpjlA4NE2UqRjpSv0/kLNJ6EAWmc3iy/u0Nxf+8dobhqZeLOM0QYj5eFGaSYkKH6dCOUMBRDgxhXAlzK+U9phhHk+GPLdo81YNOUTLJOL9z+EsaB1XnsHp8dVQ5O59ktEC2yDbZIw45IWfkktRInXByRx7II3my7q1n68V6HbdOWZOZTfID1vsn3N+l6w==</latexit>

�N
<latexit sha1_base64="2NJASwB9okThbsORcEp0hn/3fk0=">AAACBHicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxZNEMAskQ+jpqUma9Cx09whhyNUP8Kqf4E28+h9+gb9hJ5mDSXxQ8Hiviqp6XiK40rb9bRVWVtfWN4qbpa3tnd298v5BU8WpZNhgsYhl26MKBY+wobkW2E4k0tAT2PKGtxO/9YRS8Th61KME3ZD2Ix5wRrWR2l0fhabkvleu2FV7CrJMnJxUIEe9V/7p+jFLQ4w0E1SpjmMn2s2o1JwJHJe6qcKEsiHtY8fQiIao3Gx675icGMUnQSxNRZpM1b8TGQ2VGoWe6QypHqhFbyL+53VSHVy7GY+SVGPEZouCVBAdk8nzxOcSmRYjQyiT3NxK2IBKyrSJaG6LMk8N0B+XTDLOYg7LpHlWdc6rlw8XldpNnlERjuAYTsGBK6jBHdShAQwEvMArvFnP1rv1YX3OWgtWPnMIc7C+fgGOG5h+</latexit>



ns = 0.958 , r = 0.0349
<latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit><latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit><latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit><latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit>

0.001 10.000 105 109 1013 1017

10-11

10-9

10-7

10-5

0.001

0.100

k

P R
(k
)

Power spectrum

CMB
<latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit> PBH<latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="rESU9q7uD4d8SHFpzcSLPeNrpRY=">AAAB5nicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS5FN11WsA9sh5JJb9vQTGZI7ohl6L9w40IRf5I7/43pY6GtBwIf5yTk3hOlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02bZEZgQyQqMe2IW1RSY4MkKWynBnkcKWxF47tZ3npCY2WiH2iSYhjzoZYDKTg567FL+Ex5/bY27ZUrftWfi61DsIQKLFXvlb+6/URkMWoSilvbCfyUwpwbkkLhtNjNLKZcjPkQOw41j9GG+XziKTt3Tp8NEuOOJjZ3f7/IeWztJI7czZjTyK5mM/O/rJPR4DrMpU4zQi0WHw0yxShhs/VZXxoUpCYOuDDSzcrEiBsuyJVUdCUEqyuvQ/OyGvjV4N6HApzCGVxAAFdwAzWoQwMEaHiBN3j3rPfqfSzq2vCWvZ3AH3mfP06Gj3U=</latexit><latexit sha1_base64="rESU9q7uD4d8SHFpzcSLPeNrpRY=">AAAB5nicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS5FN11WsA9sh5JJb9vQTGZI7ohl6L9w40IRf5I7/43pY6GtBwIf5yTk3hOlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02bZEZgQyQqMe2IW1RSY4MkKWynBnkcKWxF47tZ3npCY2WiH2iSYhjzoZYDKTg567FL+Ex5/bY27ZUrftWfi61DsIQKLFXvlb+6/URkMWoSilvbCfyUwpwbkkLhtNjNLKZcjPkQOw41j9GG+XziKTt3Tp8NEuOOJjZ3f7/IeWztJI7czZjTyK5mM/O/rJPR4DrMpU4zQi0WHw0yxShhs/VZXxoUpCYOuDDSzcrEiBsuyJVUdCUEqyuvQ/OyGvjV4N6HApzCGVxAAFdwAzWoQwMEaHiBN3j3rPfqfSzq2vCWvZ3AH3mfP06Gj3U=</latexit><latexit sha1_base64="xMAmeg74ba1EgPnr/R4iQSe6baM=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJsKDGRjwgXsrfswYa9vcvunJFc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFjd4zThfkRHSoSCUbTSQx/5E2bNemM2KFfcqrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHxjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDGz8TKkmRK7ZcFKaSYEzm75Oh0JyhnFpCmRb2VsLGVFOGNqSSDcFbfXmdtK+qnlv17txKrZ7HUYQzOIdL8OAaatCAJrSAgYJneIU3xzgvzrvzsWwtOPnMKfyB8/kDinWQzQ==</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit><latexit sha1_base64="z4GMPQJ0onvDnnJZelDhPlCTRbg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GOplx4r2FZsQ9lsJ+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGN9HzADUihooUAJ94kGFgUSOsH4ZuZ3HkEbEas7nCTgR2yoRCg4Qys99BCeMGvWG9N+ueJW3TnoKvFyUiE5mv3yV28Q8zQChVwyY7qem6CfMY2CS5iWeqmBhPExG0LXUsUiMH42v3hKz6wyoGGsbSmkc/X3RMYiYyZRYDsjhiOz7M3E/7xuiuG1nwmVpAiKLxaFqaQY09n7dCA0cJQTSxjXwt5K+YhpxtGGVLIheMsvr5L2RdVzq97tZaVWz+MokhNySs6JR65IjTRIk7QIJ4o8k1fy5hjnxXl3PhatBSefOSZ/4Hz+AIu1kNE=</latexit>

PR (kPBH) ⇡ 2⇥ 10�2

<latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit><latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit><latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit><latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit>

PR (kCMB) ⇡ 2⇥ 10�9
<latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit><latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit><latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit><latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit>

PR (kPBH)

PR (kCMB)
⇡ 107

<latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit><latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit><latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit><latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit>

MPBH ⇡ 1.01⇥ 10�16M�
<latexit sha1_base64="mCh2nF5SYMKlhZU1JBzfyKxJaZw="></latexit>Prelim

inary

fPBH = O (0.1� 1)
<latexit sha1_base64="WQvA3yKhuMysyX0CI2nLooDXPfE="></latexit>

with 

at benchmark parameters.

�c = 0.4� 0.5 in RD
<latexit sha1_base64="3zlmsfcloBeDxVeTcuM6Aza+p8k=">AAACH3icbVDLSgNBEJz1GeMr6tHLaBC8GHZ9oBdB0IPHKCYGkhBmZztmyOzsMtMrhiVnv8MP8Kqf4E285gv8DSfJHoyxYIaiqpvuLj+WwqDrDpyZ2bn5hcXcUn55ZXVtvbCxWTVRojlUeCQjXfOZASkUVFCghFqsgYW+hHu/ezn07x9BGxGpO+zF0AzZgxJtwRlaqVXYaQQgkbU4Padu6fjAfie0gfCEKRWK3l71W4WiW3JHoNPEy0iRZCi3Ct+NIOJJCAq5ZMbUPTfGZso0Ci6hn28kBmLGu+wB6pYqFoJppqNT+nTPKgFtR9o+hXSk/u5IWWhML/RtZciwY/56Q/E/r55g+6yZChUnCIqPB7UTSTGiw1xoIDRwlD1LGNfC7kp5h2nG0aY3McXYozoQ9PM2Ge9vDtOkeljyjkonN8fFi7MsoxzZJrtkn3jklFyQa1ImFcLJM3klb+TdeXE+nE/na1w642Q9W2QCzuAHrIegyA==</latexit>

Parameter region

M ⇠ O
�
10�5

�
M�

<latexit sha1_base64="whQwEy5y+ydsYcO15MEiW6+Ui4w="></latexit>

⇠ ⇠ O (10� 100)
<latexit sha1_base64="RQFhtUNJ7uLwmuPJhkrvtTAeHNc=">AAACJ3icbVDJSgNBEO2JW4xb1KOXxiCYg2HGBXMMePFmBLNAJoSeTk3SpGehu0YMQ77B7/ADvOoneBM9evI37CwHY3xQ8Hiviqp6XiyFRtv+tDJLyyura9n13Mbm1vZOfnevrqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gauw37kFpEYV3OIyhHbBeKHzBGRqpky+6D4K6WgTUDRj2OZPpzciV4OOxY9MT6ti2q0Svj8VOvmCX7AnoInFmpEBmqHby32434kkAIXLJtG45doztlCkUXMIo5yYaYsYHrActQ0MWgG6nk5dG9MgoXepHylSIdKL+nkhZoPUw8Ezn+G791xuL/3mtBP1yOxVhnCCEfLrITyTFiI7zoV2hgKMcGsK4EuZWyvtMMY4mxbkt2jzVh+4oZ5Jx/uawSOqnJeesdHF7XqiUZxllyQE5JMfEIZekQq5JldQIJ4/kmbyQV+vJerPerY9pa8aazeyTOVhfP3kcpOs=</latexit>

�2 = 0.5
<latexit sha1_base64="aG8+3t/TvZWNEYNzDO5RKjT6mIc=">AAACCXicbVDLSsNAFJ34rPVVdelmsAiuQlItdiMU3LisYB/QhjKZ3LRDJ5M4MxFK6Bf4AW71E9yJW7/CL/A3nLZZ2NYDFw7n3Mu99/gJZ0o7zre1tr6xubVd2Cnu7u0fHJaOjlsqTiWFJo15LDs+UcCZgKZmmkMnkUAin0PbH91O/fYTSMVi8aDHCXgRGQgWMkq0kbyeD5r0K/gGO3a1Xyo7tjMDXiVuTsooR6Nf+ukFMU0jEJpyolTXdRLtZURqRjlMir1UQULoiAyga6ggESgvmx09wedGCXAYS1NC45n6dyIjkVLjyDedEdFDtexNxf+8bqrDmpcxkaQaBJ0vClOOdYynCeCASaCajw0hVDJzK6ZDIgnVJqeFLco8NYRgUjTJuMs5rJJWxXYv7er9VbleyzMqoFN0hi6Qi65RHd2hBmoiih7RC3pFb9az9W59WJ/z1jUrnzlBC7C+fgGOQ5lr</latexit>

hmin ⇠ O (0.1)MP
<latexit sha1_base64="YIedoq7RRL9eSd4pNcQSgWVXm1k="></latexit>

Prelim
inary

Several cases!
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<latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit>

WD
<latexit sha1_base64="WfO5gDU+aPma8WhrqGKT+J+EFDI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ie0oWy2m3bp7ibsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2atm0mvXPGq3gzuMvFzUoEc9V75q9uPaSqZQiqIMR3fSzDIiEZOBZuUuqlhCaEjMmAdSxWRzATZ7OCJe2KVvhvF2pZCd6b+nsiINGYsQ9spCQ7NojcV//M6KUaXQcZVkiJTdL4oSoWLsTv93u1zzSiKsSWEam5vdemQaELRZlSyIfiLLy+T5lnV96r+3XmldpXHUYQjOIZT8OECanALdWgABQnP8ApvjnZenHfnY95acPKZQ/gD5/MHA9+QiA==</latexit><latexit sha1_base64="WfO5gDU+aPma8WhrqGKT+J+EFDI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ie0oWy2m3bp7ibsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2atm0mvXPGq3gzuMvFzUoEc9V75q9uPaSqZQiqIMR3fSzDIiEZOBZuUuqlhCaEjMmAdSxWRzATZ7OCJe2KVvhvF2pZCd6b+nsiINGYsQ9spCQ7NojcV//M6KUaXQcZVkiJTdL4oSoWLsTv93u1zzSiKsSWEam5vdemQaELRZlSyIfiLLy+T5lnV96r+3XmldpXHUYQjOIZT8OECanALdWgABQnP8ApvjnZenHfnY95acPKZQ/gD5/MHA9+QiA==</latexit><latexit sha1_base64="WfO5gDU+aPma8WhrqGKT+J+EFDI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ie0oWy2m3bp7ibsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2atm0mvXPGq3gzuMvFzUoEc9V75q9uPaSqZQiqIMR3fSzDIiEZOBZuUuqlhCaEjMmAdSxWRzATZ7OCJe2KVvhvF2pZCd6b+nsiINGYsQ9spCQ7NojcV//M6KUaXQcZVkiJTdL4oSoWLsTv93u1zzSiKsSWEam5vdemQaELRZlSyIfiLLy+T5lnV96r+3XmldpXHUYQjOIZT8OECanALdWgABQnP8ApvjnZenHfnY95acPKZQ/gD5/MHA9+QiA==</latexit><latexit sha1_base64="WfO5gDU+aPma8WhrqGKT+J+EFDI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ie0oWy2m3bp7ibsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2atm0mvXPGq3gzuMvFzUoEc9V75q9uPaSqZQiqIMR3fSzDIiEZOBZuUuqlhCaEjMmAdSxWRzATZ7OCJe2KVvhvF2pZCd6b+nsiINGYsQ9spCQ7NojcV//M6KUaXQcZVkiJTdL4oSoWLsTv93u1zzSiKsSWEam5vdemQaELRZlSyIfiLLy+T5lnV96r+3XmldpXHUYQjOIZT8OECanALdWgABQnP8ApvjnZenHfnY95acPKZQ/gD5/MHA9+QiA==</latexit>

Kepler
<latexit sha1_base64="/SxnKQx9yyzliL4ZGbGOmF2ua+w=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix6EbxUsB/QhrLZTtqlm03cnRRL6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPhzdRvjkAbEasHHCfgR6yvRCg4Qyv5HYQnzO4gkaAn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb0hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTBGhPaOAox5YwroW9lfIB04yjzaloQ/AWX14mjfOK51a8+4ty9TqPo0COyQk5Ix65JFVyS2qkTjh5JM/klbw5I+fFeXc+5q0rTj5zRP7A+fwBXIGSeA==</latexit><latexit sha1_base64="/SxnKQx9yyzliL4ZGbGOmF2ua+w=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix6EbxUsB/QhrLZTtqlm03cnRRL6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPhzdRvjkAbEasHHCfgR6yvRCg4Qyv5HYQnzO4gkaAn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb0hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTBGhPaOAox5YwroW9lfIB04yjzaloQ/AWX14mjfOK51a8+4ty9TqPo0COyQk5Ix65JFVyS2qkTjh5JM/klbw5I+fFeXc+5q0rTj5zRP7A+fwBXIGSeA==</latexit><latexit sha1_base64="/SxnKQx9yyzliL4ZGbGOmF2ua+w=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix6EbxUsB/QhrLZTtqlm03cnRRL6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPhzdRvjkAbEasHHCfgR6yvRCg4Qyv5HYQnzO4gkaAn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb0hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTBGhPaOAox5YwroW9lfIB04yjzaloQ/AWX14mjfOK51a8+4ty9TqPo0COyQk5Ix65JFVyS2qkTjh5JM/klbw5I+fFeXc+5q0rTj5zRP7A+fwBXIGSeA==</latexit><latexit sha1_base64="/SxnKQx9yyzliL4ZGbGOmF2ua+w=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix6EbxUsB/QhrLZTtqlm03cnRRL6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPhzdRvjkAbEasHHCfgR6yvRCg4Qyv5HYQnzO4gkaAn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb0hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTBGhPaOAox5YwroW9lfIB04yjzaloQ/AWX14mjfOK51a8+4ty9TqPo0COyQk5Ix65JFVyS2qkTjh5JM/klbw5I+fFeXc+5q0rTj5zRP7A+fwBXIGSeA==</latexit>

HSC
<latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit><latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit><latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit><latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit>

HSC(extrapol.)
<latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit><latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit><latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit><latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit>

EROS/MACHO
<latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit><latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit><latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit><latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit>

UFD
<latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit><latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit><latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit><latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit>

CMB
<latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit>

Shape depicts peak structure

PBH in Higgs-R2 inflation



At least 2σ consistency with Planck, desired PBH mass achievable.

Prelim
inary

Further constrainable through future CMB observations (CMB-S4, 
Litebird, etc) and femtolensing, GW observations. 

ns
<latexit sha1_base64="4fJOW024zG3pn/q1nShPIwpt7PQ=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRIf2GXBjcuK9gFtKJPJTTt0MgkzE6GELvwAt/oJ7sStn+IX+BtO2yxs64ELh3Pu5d57/IQzpR3n2yqsrW9sbhW3Szu7e/sH5cOjlopTSbFJYx7Ljk8UciawqZnm2Ekkksjn2PZHt1O//YRSsVg86nGCXkQGgoWMEm2kB9FX/XLFqToz2KvEzUkFcjT65Z9eENM0QqEpJ0p1XSfRXkakZpTjpNRLFSaEjsgAu4YKEqHystmpE/vMKIEdxtKU0PZM/TuRkUipceSbzojooVr2puJ/XjfVYc3LmEhSjYLOF4Upt3VsT/+2AyaRaj42hFDJzK02HRJJqDbpLGxR5qkhBpOSScZdzmGVtC6q7mX1+v6qUq/lGRXhBE7hHFy4gTrcQQOaQGEAL/AKb9az9W59WJ/z1oKVzxzDAqyvX0Lrlq4=</latexit>

M�
<latexit sha1_base64="xV4EeuqzyU2g6E5OwYGNcQSaRPw=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKez6wBwDXrwIEcwDkiXMzvYmQ2ZnlplZISw5+gFe9RO8iVc/xC/wN5wkezCJBQ1FVTfdXUHCmTau++0U1tY3NreK26Wd3b39g/LhUUvLVFFoUsml6gREA2cCmoYZDp1EAYkDDu1gdDv120+gNJPi0YwT8GMyECxilBgrte/7PRlK0y9X3Ko7A14lXk4qKEejX/7phZKmMQhDOdG667mJ8TOiDKMcJqVeqiEhdEQG0LVUkBi0n83OneAzq4Q4ksqWMHim/p3ISKz1OA5sZ0zMUC97U/E/r5uaqOZnTCSpAUHni6KUYyPx9HccMgXU8LElhCpmb8V0SBShxia0sEXbp4YQTko2GW85h1XSuqh6l9Xrh6tKvZZnVEQn6BSdIw/doDq6Qw3URBSN0At6RW/Os/PufDif89aCk88cowU4X78/yJhU</latexit>

PBH in Higgs-R2 inflation



More



Preheating of Higgs-R2 inflation

M. He, R. Jinno,  K. Kamada, SCP, A. Starobinsky, J. Yokoyama PLB791 (2019)

‘peak’ showed up! but not too efficient

TRH > 1012GeV : fully consistent with e.g. Leptogensis



Einstein vs Palatini

Jinno, Kubota, Oda, SCP 1904.05699

attractor



So, this is the result

in here

🦅
D. Y. Cheong, S. M. Lee and SCP,  Phys. Lett. B789 (2019) 336-340



Summary

• Higgs inflation is a theoretical framework providing 
cosmological inflation, dark matter (PBH) and EWSB. 


• Various theoretical issues have been examined recently e.g. 
unitarity, violent preheating, fine-tuning, quantum gravity & , 
PBH dark matter…


• Higgs inflation still remains the best fitting, attractive and 
successful model of inflation based on particle physics  (it 
lives in Landscape rather than Swampland)



Our old good friend, Higgs, is even greater 

than we had expected.


Maybe, we don’t need BSM



backups



Refined Swampland Conjecture 
Ooguri, Palti, Shiu and Vafa arXiv:1810.05506 

S. K. Garg and C. Krishnan arXiv:1807.05193 

Any scalar potential V (φ) for scalar fields 
in a low energy effective theory of a 
consistent quantum gravity must satisfy at 
least one of the following conditions: 

∇V ≥ c1
V

MPl

∇i ∇jV ≤ − c2
V

M2
Pl

c1, c2 ∼ O(1), positive Q. 0.1 is O(1)? 0.01 is O(1)?



String Landscape

Low energy theories which has UV-
completion that is consistent with 
Quantum gravity (string theory)



Swampland

The swampland is the set of (seemingly consistent) 
effective field theories, which cannot be obtained from 
a consistent string construction. 



Eagle or Crocodile?

🐊
A theory living in Landscape 

consistent with Quantum Gravity

A theory living in Swampland

🦅



Is Higgs an eagle or Crocodile?

= MP |V′�| /V

= M2
PV′�′�/V

MPl ∇V ≥ c1V

M2
Pl ∇i ∇jV ≤ − c2V

only this part is good

below this line is good

therefore Eagle if ϕ* ≲ ϕ⋆
min < ϕmax


