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« God wants another (nearly) degenerate vacuum at ¢p~M;

« “PREdicted the Higgs mass” 135+9 GeV, Froggatt, Nielsen (1995)

« Via M) |, _mp=0 s0 that V, .., ~ M®) @* =0 at p~M,.

« Title taken from Nielsen (2012)
« Derived by assuming QFT as micro canonical ensemble

A human-understandable review in Appendix D in
“Eternal Higgs inflation and cosmological constant problem”
Hamada, Kawai, KO (2015)
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Carlorilezl) Y3 rnlero-cziriorlez|
« Path integral resembles canonical ensemble

Z({A}) = /[dgp] e~ SN

« Micro-canonical more fundamental

QE)=) 6(H,—E)
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Wlilero-czirlorllezl) Qr T
 Field value (integrated over spacetime vol) ﬁxed,
couplings integrated over:

Q(Iy, I, I, . (/ dA/dm /d>\ ) eMotm latA a7 (A 2 N )

« Cf. energy fixed, temperature integrated over:
Q(F) = / dp et Z(B)

« Thermodynamic (large vol) limit:

— e° ) = Q(E)
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5(/(103;_10) 5(/01% ,90‘2_12> 5(/(1% ‘90,4’_10 }

UE) = [ a5 2(3) = [ a5 [ ae (Z 5<Hn—s>> B(EE)

= / ds / dEQ(E) e PEE)
— /dﬁfdg eS(E)—BE-E)
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 Temperature (coupling constants) automatically chosen to allow
multiple phaseas (vacuz ) for wide range of energy (field value)

p T 1
\1, vapor,
V7722
vapor Tl water + vapor
water water

E
« To repeat, coupling constants wants to allow rnultiple vacuz

« Another vacuurn at g~~~ allows any input value of ¢ in between.

1% 1068 , M,=17139314 GeV
M,=171.39334 GeV

M,=171.39354 GeV

— 5x10°|

—— N\ | Statement may be

5% 107 \/ relaxed to allow
* ’ slight

0 I1x10% 2x108 3x10'® 4x10'®

¢ [GeV] Nielsen (2012)

V [GeV*

(my numbers given just to show amount of tuning) [Hamada, Kawai, KO, 2014]
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Ielarcsnoclyezieole el
 Temperature (coupling constants) automatically chosen to allow
multiole pnases (vacuz ) for wide range of energy (field value)

\J

p T 1
\1, vapor,
V7722
vapor Tl water + vapor
water water

E
« To repeat, coupling constants wants to allow rnultiple vacuz

o Anotner vacuurn at p~M, allows any input value of ¢ in between.

“““ M=17139%94Gev ~ ~ %& [/
1x10%8 M,=17139314 GeV \
: M=17139334GeV &
% 5 % 1067 M,=171.39354 GeV _
<) | ‘S :
> 01 i | Statement may be
~5%1057 | j relaxed to allow
0 Ix10% 2x10" ><1o18 4108 slight
# [GeVig Nielsen (2012)

(my numbers given just to show amount of tuning) [Hamada, Kawai, KO, 2014]
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 Temperature (coupling constants) automatically chosen to allow

multiple phases

e ANOTHEr vacuurm

P
y
P,

vapor

water

—

V [GeV*

T/\

vapor,

water + vapor

T* ———————

[ e M,=17139294 GeV
1% 1068 , M,=17139314 GeV
I M,=17139334 GeV
I M,=171.39354 GeV
5x10°7
5% 10%7|
0

(m¢ numbers given just to show amount of tuning)

¢ [Ge V@R

[Hamada, Kawai, KO, 2014]

5 (vacuz ) for wide range of energy (field value)

« To repeat, coupling constants wants to allow rnultiple vacuz

at w~, allows any input value of ¢ in between.

Statement may be
relaxed to allow

slight
Nielsen (2012)
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« More non-SUSY vacua than SUSY ones
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As we have seen in many talks in HPNP2017.

[Buttazzo et al. 1307.3536]
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+ Can be small for Planck scale cutoff.

2.0
1.5} )
mg” /1
10t g3
Vi
&2
0.5+ o —
gy 1
A
R
10x 3, '
: . . . . - . . . . 1.5
logIOL
GeV

+ Triple coincidence: A, B,, mB2 ~ 0

+ Must indicate something! |
[Hamada, Kawai, KO, 2013]
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Valirr)zir) corlcditlor)
+ “This mass-relation, implying a certain cancellation between bosonic and

fermionic effects, would in this view be due to an underlying
supersymmetry.” [Veltman, 1981]

+ SUSY may well be broken at string/Planck scale.

* Indeed there are more non-super string theories than superstring
theories

<+ in 4D fermionic construction. [Kawai, Lewellen & Tye, 1986, 1987]
+ They are tachyon free unlike 26D bosonic string theory.
+ We assume:
2

* Higgs is a massless mode (Recall mg; ~ 0)

* In a superstring theory without spacetime supersymmetry.
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« Higgs inflation in (non-super) superstring
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+ Assumption: Higgs emission vertex separates into left and right
movers for k=0:

O(2,2) = OL(2) Or(z) O

-— —

+ This is in general the case when Higgs is from e.q.
* Extra-dim. component of gauge field, as in GHU.

* Untwisted sector in orbifold construction.

+ Blaszczyk, Groot Nibbelink, Loukas & Ramos-Sanchez, “Non-supersymmetric
heterotic model building” [arXiv:1407.6362] JHEP (2014).

* Only one field in fermionic construction.


http://jp.arxiv.org/abs/1407.6362

nJ nJ

Dacorrlazicerflezrelor) Ir)
Izire)a flalel Hrete

[Hamada, Kawai, KO, 2012] x‘\’f .:%:,,kMR
+Limit of large Higgs field

generally leads to opening up
EXtra dimenSion. Toy model:

Heterotic SO(16)xS0O(16) on St

\

+Energy of this runaway vacuum
IS exactly zero.

+ Nicely fits in MPP! (later)
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[Hamada, Kawai, KO, Park 2014]

+ Extrapolation of SM potential.

1x1008 ¢

5% 1097

* Can be as in (extended) MPP.

V [GeVH]

—5x 1007

x Use for inflation? | |
0 1x10'%® 2x10'"® 3x10'® 4x10'®

¢ [GeV]

+ Combine with original Higgs inflation by Bezrukov &
Shaposhnikov.

* Not-so-large ¢~10.

* Large tensor-to-scalar ratio: r~0.1.

] 0.0‘ o ‘O‘.S‘ o ‘1‘.0‘ o ‘1‘.5‘ o ‘27.0
<+ Can be seen in near future. o [Mp]
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+ E.g. in chaotic inflation,
* A lager region than Hubble length scale
* must have the same field value

* simultaneously & coherently.

+ How about having eternal inflation before the one we
observe by CMB?



Searel Ierflzrdor) =18 cdossizile) Wz
[Hamada, KO, Takahashi, 2014]
[Hamada, Kawai, KO, 1501.04455]

+ We see there are two vacua:
potential

potential A
A

A direction in
multi-d.o.f. sp.

|
! > >

Mp field value Mp field value

+ Domain wall between two vacua:

* For a given random initial condition.

+ If relative curvature at maximum is one, n := M,° U,,/U < 1.4,

[Sakai, Shinkai, Tachizawa & Maeda, 1996]
* DW supports inflation forever.

* A solution to horizon problem.
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« Cosmological constant problem solved by MPP?



Solirtor) to CC agroolars)

+ —00 runaway vacuum with CC exactly zero.

+ MPP requires our vacuum be degenerate with this.

* New solution to CC problem.

+ How to explain observation?

P2 = (0.686 & 0.020) 3HZ M2 ~ (2.2 meV)*



A SHMINAU ST

+ Partition function Z, while i spacetime points.

ra /l4
U/ P T4U
S* — E S@* ™~ ZT
i=1 P
S. ~ 0(1)
|
+ Then : L 4
PA™ 94 — AP

P This is the CC problem.
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+ MPP+ runaway vacuum gives patotel=Q,

+ Average fluctuation from it:  (5%) ~ N := U

+ Energy density:

G2
PA ™~ \/<4 > ~ (meV)”
U ZPTU

(This is not really a “solution” but “explanation”.)
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Cosmological constant erepterm-setrec-y—hiRP2
explained within MPP






