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Inflation—virtues and problems Cosmological requirements

Cosmological implications

Problems in cosmology
@ Flatness problem (at T ~ Mp density was tuned |Q — 1| < 10759)
@ Entropy of the Universe S ~ 1087
@ Size of the Universe (at T ~ Mp size was 10%°Mp)
@ Horizon problem
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Solution
Inflation!
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Inflation—virtues and problems “Standard” chaotic inflation

“Standard” chaotic inflation

Usually required for inflation

Scalar field
@ quartic coupling constant A ~ 10~13
@ mass m ~ 1013 GeV,
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Inflation—virtues and problems Problems with using the SM Higgs for inflation

Scalar fields present in the SM

Usually required for inflation

Scalar field
@ quartic coupling constant A ~ 10~13
@ mass m ~ 1013 GeV,

Present in the Standard Model

The Higgs boson
o A~1
@ my ~ 100GeV

Even if one writes a potential that flattens at large field values:
@ Radiative corrections from t, W generate §V,,q ~ #h*logh
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Inflation—virtues and problems Problems with using the SM Higgs for inflation

Scalar fields present in the SM

Usually required for inflation

Scalar field
@ quartic coupling constant A ~ 10~13
@ mass m ~ 1013 GeV,

Present in the Standard Model

The Higgs boson
o A~1
@ my ~ 100GeV

Even if one writes a potential that flattens at large field values:
@ Radiative corrections from t, W generate §V,,q ~ #h*logh

Solution: Non-minimal coupling to gravity J
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Non-minimally coupled model
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@ Non-minimally coupled model
@ The model
@ Conformal transformation (Einstein frame)
@ Inflation in the model
@ Radiative corrections—no danger
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Non-minimally coupled model The model .(Pﬂ-

Non-minimally coupled scalar field

Quite an old idea

Add ¢°R term to/instead of the usual MpR term in the gravitational
action

@ A.Zee'78, L.Smolin’79, B.Spokoiny’84
@ D.Salopek J.Bond J.Bardeen’89
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Non-minimally coupled scalar field
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Non-minimally coupled model

Conformal transformation

Conformal transformation (Einstein frame) Hﬂ)ﬂ!

It is possible to get rid of the non-minimal coupling by the conformal
transformation (field redefinition)

N h2
Ouv = nguv , Q= 1+L

M3
and also redefinition of the Higgs field to make canonical kinetic term
dy Q2 +6&£2h2 /M3 h~y forh <Mp /€
dh Q4 T h Meex <¢> forh >Mp/\/E
= Uz P Vams P

Resulting action (Einstein frame action)

2 u 2
SE_/d“x\/—@{—N;R—k&“%& r_ 1 4 (n(x?-v?) }

2 Q(x)* 4
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Non-minimally coupled model Inflation in the model .(Pﬂ.

Inflationary potential

U(x)
AMYEZ 4+ -
AMYE% e + -
0 L

0 Xend XcoBe X
AMA 2 -2

For y 2 Mp : U(x) ~ 455 <1+exp<—\@)’f/| ))
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Non-minimally coupled model Inflation in the model Hﬂ)ﬂ!

Slow roll stage

M2 2
8:P<dU/dx> :4exp<— 2% >
2 U 3 v6Mp

,d2U/dy? 4 < 2y )
SV [ St St ——ex
n P U p \/>Mp

Slow roll ends at yeng =~ Mp

Number of e-folds of inflation at the moment hy is N ~ g Mz/g

Xeo >~ SMp
COBE normalization U /e = (0.027Mp)* gives

A Ncose
~ 49000 490007
= \/30.0272 Vi = 2y

Connection of £ and the Higgs mass!
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Non-minimally coupled model Inflation in the model

After inflation—reheating and back to the SM

U(x)

AMYEZ 4+

Standard Model
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For x < Mp /& the Standard Model.
Instant reheating: T,en ~ 10'° GeV (careful analysis gives even larger)
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Non-minimally coupled model Radiative corrections—no danger

Radiative corrections

Could be a problem
In the ordinary situation effective potential is generated

AU(h) ~ it (1) log () {}

6472 u?
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Non-minimally coupled model Radiative corrections—no danger

Radiative corrections

Could be a problem
In the ordinary situation effective potential is generated

m#(h) log m?(h) T >

6472 u?

AU(h) ~

standard Yukawa interaction m =y -h

h2
AU O —y“h“logF

Spoils flatness of the potential (for top quarky ~11)
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Non-minimally coupled model Radiative corrections—no danger

Radiative corrections

This is also cured by non-minimal coupling!
Effective potential is still generated

AU(x) ~ m*(x) log m*(x) —>—

6472 i

-

But the interactions are suppressed now!

My a(X) = M) MZ) 222 ot

v Q(x)
(where Q(x) O h(y) for large x)

= AU(x) ~ const
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Predictions and expectations
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e Predictions and expectations
@ CMB parameters—spectrum and tensor modes
@ Higgs mass
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Predictions and expectations CMB parameters—spectrum and tensor modes

CMB parameters—spectrum and tensor modes
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Predictions and expectations ~ Higgs mass LG\

Expected window for the Higgs mass

MH,‘GeV

Standard Model should r — — M,=180GeV 1
remain applicable up to M, =175 GeV
o M =170 GeV ]
Mp/E ~10%Gev | % T (70 Ge
[ % lloop = ------ M, =175 GeV ]

We expect the Higgs mass

130GeV < My <190GeV  200fF

Strong coupling

Discovery of the Higgs with ==
different mass will close the 7 Vacuumis unstable
model! 100 bt b

! 0 10 20 30 40 1og(\/GeV)

Yu.Pirogov O.Zenin'98
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Conclusions

@ Adding non-minimal coupling EHTHR of the Higgs field to the
gravity makes inflation possible without introduction of new fields

» The new parameter of the model, non-minimal coupling &, relates
the normalization of CMB fluctuations and the Higgs mass
& ~ 49000m/v2v
@ Predicted for CMB
» ng ~ 0.97
» r ~0.0033
@ Expected for LHC

» Higgs mass 130GeV < My < 190GeV
» No new physics up to at least Mp /& ~ 10'*GeV
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Appendix Outline

e Appendix
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Appendix E
Field redefinition
h < Mp/e
h~y Q~1 V=24 (h2-v2)?
Mp/e < h < Me/\/E
2 2
X~ \REN2Me  Q~1 U(x)~ s x
h>>Me/\/E
~ X ~h ~ Mg 2 \\ 2
heYeexp(Zn) Q=neme UG~ (1rexe (-2 )
///
N .
plxt /// B
/ / 5qr\(li)sqn(B/Z)E:B:gtE

log(h)
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