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Inflation- Cosmological Problems

Flatness Problem

Friedmann equation (with Λ = 0): 
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Flatness Problem

Friedmann equation (with Λ = 0): 
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Represents an initial condition on the Universe

Divide by T2 and evaluate today:

< 2 x 10-58k̂ =
k

R2
0T

2
0

= H2
0 (⌦0 � 1)/T 2

0



Inflation- Cosmological Problems

Horizon Problem

Causal volume V ~ t3	

but the Universe expands as t2/3 (matter dominated)

Today’s visible Universe contains  (for t at recombination)

different causal horizon volumes.
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Inflation- Cosmological Problems

Perturbations Problem

Perturbations appear to have been 
produced outside our horizon.



Inflation

• Standard cosmology assumes an adiabatically expanding Universe, R ~ 1/T	


• Phase transitions can violate this condition	


• Expect several phase transitions in the Early Universe	


- GUTS: SU5 → SU(3) x SU(2) x U(1)	


- SM: SU(2) x U(1) → U(1)	


- possibly other non-gauged symmetry breakings	


• Entropy production common result	


• Type of inflation will depend on the order of the phase transition





Inflation

Λ  = 8 π GN V0 
For ρ << V0, 
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Inflation

Λ  = 8 π GN V0 
For ρ << V0, 

or

When the transition is over, the 
Universe reheats to T < V01/4  ~ Ti, 
but R >> Ri

For Hτ > 65, curvature problem solved
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Old New Inflation

Great idea based on 1-loop corrected SU(5) 
potential for the adjoint:

A =
5625

1024⇡2
g4
5 Linde; Albrecht, 

Steinhardt
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Old New Inflation

Great idea based on 1-loop corrected SU(5) 
potential for the adjoint:

Problems:

•Vacuum structure	

•destabilization through quantum fluctuations 	

•fine tuning (require curvature to be << MX)	

•density fluctuations - δρ/ρ ~ 100 g52

A =
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1024⇡2
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How SUSY can help

Exact Susy - V1-loop = 0
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How SUSY can help

Exact Susy - V1-loop = 0

Broken Susy - A =
75

32⇡2v2
g2
5m2

s

fixes fine-tuning, δρ/ρ, etc.  - 
but isn’t really a model

Ellis, 
Nanopoulos, 

Olive, 
Tamvakis
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Supergravity

η-problem!

Start with a Kähler Potential 

Minimal N=1 defined by K = φiφi*

and scalar potential

V = e�i�⇤i
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or

for minimal N=1

Typically, m2 ~ H2
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Supergravity

Constructing Models W = µ2
X

n

�n�n

μ2 fixed by amplitude of  density fluctuations, λn ~ O(1)

Nanopoulos, 
Olive, 

Srednicki, 
Tamvakis

Simplest example, W = µ2(1� �)2

K.A. Olive, Inflation 355

along the real direction (the imaginary direction is stable for 4,~= 0 and 4,R ~ 0 in this case). This
potential is plotted in fig. 10. For this model,

H2 = 81Tm4I3M~, (5.34)

and the cubic term is just
4 3 3/2

/3 = (4m IM~)(81T) . 5.35
The inflationary time scale is

Hr — 3H21 mf2 — [H2I(8Hm4)](M~I\1~)3—(1 /64V~ir)(M~Im2), (5.36)

where mi2 is found from (5.33) at 4, H. For m -~O(104)M~I\f~,Hr — 106, clearly enough
inflation. From eq. (4.43),

6pIp = 32V~7~(m2/M~)ln2(Hk’), (5.37)

so that for the same choice of m, 6pIp— i04. This result has been verified in detail in refs. [138,208].
Thus there is only a single parameter which must be slightly tuned (to the level of 10~)to make an
acceptable model ofinflation. In addition because F( 1) = F,~(1) = 0 (v = 1 is the global minimum in this
model) supersymmetry is unbroken.
Let us now return to the question of initial conditions and the thermal constraint. The importance of

this constraint with regard to supergravity models was stressed in refs. [170, 209]. The finite
temperature potential in supergravity theories [210]has been calculated [211,169, 212, 213]. Similar to
eq. (2.13), we can write

VT = —~1T2N
8T
4+ ~Tr(m~ + ~m~)T2, (5.38)

where NB is the number of boson degrees of freedom andm~(mt) is the boson (fermion) mass2 matrix.

V(4)

Fig. 10. The scalar potential V in eq. (5.33) derived from the superpotential in eq. (5.32). The potential given by eq. (5.56) is almost identical.

V = µ4e|�|2
h
1 + |�|2 � (�2 + �⇤2)� 2|�|2(� + �⇤)

+5|�2|2 + |�|2(�2 + �⇤2)� 2|�2|2(� + �⇤) + |�3|2
i

' µ4(1� 4�3 +
13
2

�4 + · · ·

Holman, 
Ramond, Ross



Supergravity

Generic Models

K = SS⇤ + (�� �⇤)2 + · · ·

with W = Sf(�)

V = |f(�)|2resulting in 

Kawasaki, Yamaguchi, 
Yanagida; Kallosh, Linde, 

Rube; Kallosh, Linde, 
Olive, Rude

Easily generates any potential 	

(which is a perfect square)

note m2𝜙2 and Starobinsky models are perfect squares



No-Scale Supergravity
Natural vanishing of cosmological constant (tree level) 	

with the supersymmetry scale not fixed at lowest order.	

(Also arises in generic 4d reductions of string theory.)

V = e
2
3 K |@W

@�i
|2

Globally supersymmetric potential once 
K (canonical) picks up a vev

K = �3 ln(T + T ⇤ � �i�i
⇤/3)



No-Scale Supergravity

Constructing Models W = µ2
X

n

�n�n

μ2 fixed by amplitude of  density fluctuations, λn ~ O(1)

Ellis, Enqvist, 
Nanopoulos, 

Olive, 
Srednicki

Simplest example, 

K.A. Olive, Inflation 355

along the real direction (the imaginary direction is stable for 4,~= 0 and 4,R ~ 0 in this case). This
potential is plotted in fig. 10. For this model,

H2 = 81Tm4I3M~, (5.34)

and the cubic term is just
4 3 3/2

/3 = (4m IM~)(81T) . 5.35
The inflationary time scale is

Hr — 3H21 mf2 — [H2I(8Hm4)](M~I\1~)3—(1 /64V~ir)(M~Im2), (5.36)

where mi2 is found from (5.33) at 4, H. For m -~O(104)M~I\f~,Hr — 106, clearly enough
inflation. From eq. (4.43),

6pIp = 32V~7~(m2/M~)ln2(Hk’), (5.37)

so that for the same choice of m, 6pIp— i04. This result has been verified in detail in refs. [138,208].
Thus there is only a single parameter which must be slightly tuned (to the level of 10~)to make an
acceptable model ofinflation. In addition because F( 1) = F,~(1) = 0 (v = 1 is the global minimum in this
model) supersymmetry is unbroken.
Let us now return to the question of initial conditions and the thermal constraint. The importance of

this constraint with regard to supergravity models was stressed in refs. [170, 209]. The finite
temperature potential in supergravity theories [210]has been calculated [211,169, 212, 213]. Similar to
eq. (2.13), we can write

VT = —~1T2N
8T
4+ ~Tr(m~ + ~m~)T2, (5.38)

where NB is the number of boson degrees of freedom andm~(mt) is the boson (fermion) mass2 matrix.

V(4)

Fig. 10. The scalar potential V in eq. (5.33) derived from the superpotential in eq. (5.32). The potential given by eq. (5.56) is almost identical.

W = µ2(�� �4/4)

V = µ4|1� �3|2



Planck Results
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Planck-friendly Models

R+R2 Inflation
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Bicep-friendly Models

Quadratic Chaotic Inflation

For N=55, ns = 0.964; r = .145DETECTION OF B-MODES BY BICEP2 17

FIG. 13.— Indirect constraints on r from CMB temperature spectrum mea-
surements relax in the context of various model extensions. Shown here is
one example, following Planck Collaboration XVI (2013) Figure 23, where
tensors and running of the scalar spectral index are added to the base ⇤CDM
model. The contours show the resulting 68% and 95% confidence regions
for r and the scalar spectral index ns when also allowing running. The red
contours are for the “Planck+WP+highL” data combination, which for this
model extension gives a 95% bound r < 0.26 (Planck Collaboration XVI
2013). The blue contours add the BICEP2 constraint on r shown in the center
panel of Figure 10. See the text for further details.

To fully exploit this unprecedented sensitivity we have ex-
panded our analysis pipeline in several ways. We have added
an additional filtering of the timestream using a template tem-
perature map (from Planck) to render the results insensitive to
temperature to polarization leakage caused by leading order
beam systematics. In addition we have implemented a map
purification step that eliminates ambiguous modes prior to B-
mode estimation. These deprojection and purification steps
are both straightforward extensions of the kinds of linear fil-
tering operations that are now common in CMB data analysis.

The power spectrum results are perfectly consistent with
lensed-⇤CDM with one striking exception: the detection of a
large excess in the BB spectrum in exactly the ` range where
an inflationary gravitational wave signal is expected to peak.
This excess represents a 5.2� excursion from the base lensed-
⇤CDM model. We have conducted a wide selection of jack-
knife tests which indicate that the B-mode signal is common
on the sky in all data subsets. These tests offer very strong
empirical evidence against a systematic origin for the signal.

In addition we have conducted extensive simulations using
high fidelity per channel beam maps. These confirm our un-
derstanding of the beam effects, and that after deprojection
of the two leading order modes, the residual is far below the
level of the signal which we observe.

Having demonstrated that the signal is real and “on the
sky” we proceeded to investigate if it may be due to fore-
ground contamination. Polarized synchrotron emission from
our galaxy is easily ruled out using low frequency polarized
maps from WMAP. For polarized dust emission public maps
are not yet available. We therefore investigate a range of mod-
els including new ones which use all of the information which
is currently available from Planck. These models all predict
auto spectrum power well below our observed level. In addi-
tion none of them show any significant cross correlation with
our maps.

Taking cross spectra against 100 GHz maps from BICEP1
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FIG. 14.— BICEP2 BB auto spectra and 95% upper limits from several
previous experiments (Leitch et al. 2005; Montroy et al. 2006; Sievers et al.
2007; Bischoff et al. 2008; Brown et al. 2009; QUIET Collaboration et al.
2011, 2012; Bennett et al. 2013; Barkats et al. 2014). The curves show the
theory expectations for r = 0.2 and lensed-⇤CDM.

we find significant correlation and set a constraint on the spec-
tral index of the signal consistent with CMB, and disfavoring
synchrotron and dust by 2.3� and 2.2� respectively. The fact
that the BICEP1 and Keck Array maps cross correlate is pow-
erful further evidence against systematics.

The simplest and most economical remaining interpretation
of the B-mode signal which we have detected is that it is due
to tensor modes — the IGW template is an excellent fit to
the observed excess. We therefore proceed to set a constraint
on the tensor-to-scalar ratio and find r = 0.20+0.07

-0.05 with r = 0
ruled out at a significance of 7.0�. Multiple lines of evidence
have been presented that foregrounds are a subdominant con-
tribution: i) direct projection of the best available foreground
models, ii) lack of strong cross correlation of those models
against the observed sky pattern (Figure 6), iii) the frequency
spectral index of the signal as constrained using BICEP1 data
at 100 GHz (Figure 8), and iv) the spatial and power spectral
form of the signal (Figures 3 and 10).

Subtracting the various dust models and re-deriving the r
constraint still results in high significance of detection. For
the model which is perhaps the most likely to be close to re-
ality (DDM2 cross) the maximum likelihood value shifts to
r = 0.16+0.06

-0.05 with r = 0 disfavored at 5.9�. These high val-
ues of r are in apparent tension with previous indirect limits
based on temperature measurements and we have discussed
some possible resolutions including modifications of the ini-
tial scalar perturbation spectrum such as running. However
we emphasize that we do not claim to know what the resolu-
tion is.

Figure 14 shows the BICEP2 results compared to previous
upper limits. The long search for tensor B-modes is appar-
ently over, and a new era of B-mode cosmology has begun.

BICEP2 was supported by the US National Science
Foundation under grants ANT-0742818 and ANT-1044978
(Caltech/Harvard) and ANT-0742592 and ANT-1110087
(Chicago/Minnesota). The development of antenna-coupled
detector technology was supported by the JPL Research and
Technology Development Fund and grants 06-ARPA206-
0040 and 10-SAT10-0017 from the NASA APRA and SAT
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FIG. 13.— Indirect constraints on r from CMB temperature spectrum mea-
surements relax in the context of various model extensions. Shown here is
one example, following Planck Collaboration XVI (2013) Figure 23, where
tensors and running of the scalar spectral index are added to the base ⇤CDM
model. The contours show the resulting 68% and 95% confidence regions
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To fully exploit this unprecedented sensitivity we have ex-
panded our analysis pipeline in several ways. We have added
an additional filtering of the timestream using a template tem-
perature map (from Planck) to render the results insensitive to
temperature to polarization leakage caused by leading order
beam systematics. In addition we have implemented a map
purification step that eliminates ambiguous modes prior to B-
mode estimation. These deprojection and purification steps
are both straightforward extensions of the kinds of linear fil-
tering operations that are now common in CMB data analysis.

The power spectrum results are perfectly consistent with
lensed-⇤CDM with one striking exception: the detection of a
large excess in the BB spectrum in exactly the ` range where
an inflationary gravitational wave signal is expected to peak.
This excess represents a 5.2� excursion from the base lensed-
⇤CDM model. We have conducted a wide selection of jack-
knife tests which indicate that the B-mode signal is common
on the sky in all data subsets. These tests offer very strong
empirical evidence against a systematic origin for the signal.

In addition we have conducted extensive simulations using
high fidelity per channel beam maps. These confirm our un-
derstanding of the beam effects, and that after deprojection
of the two leading order modes, the residual is far below the
level of the signal which we observe.

Having demonstrated that the signal is real and “on the
sky” we proceeded to investigate if it may be due to fore-
ground contamination. Polarized synchrotron emission from
our galaxy is easily ruled out using low frequency polarized
maps from WMAP. For polarized dust emission public maps
are not yet available. We therefore investigate a range of mod-
els including new ones which use all of the information which
is currently available from Planck. These models all predict
auto spectrum power well below our observed level. In addi-
tion none of them show any significant cross correlation with
our maps.
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2007; Bischoff et al. 2008; Brown et al. 2009; QUIET Collaboration et al.
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theory expectations for r = 0.2 and lensed-⇤CDM.

we find significant correlation and set a constraint on the spec-
tral index of the signal consistent with CMB, and disfavoring
synchrotron and dust by 2.3� and 2.2� respectively. The fact
that the BICEP1 and Keck Array maps cross correlate is pow-
erful further evidence against systematics.

The simplest and most economical remaining interpretation
of the B-mode signal which we have detected is that it is due
to tensor modes — the IGW template is an excellent fit to
the observed excess. We therefore proceed to set a constraint
on the tensor-to-scalar ratio and find r = 0.20+0.07

-0.05 with r = 0
ruled out at a significance of 7.0�. Multiple lines of evidence
have been presented that foregrounds are a subdominant con-
tribution: i) direct projection of the best available foreground
models, ii) lack of strong cross correlation of those models
against the observed sky pattern (Figure 6), iii) the frequency
spectral index of the signal as constrained using BICEP1 data
at 100 GHz (Figure 8), and iv) the spatial and power spectral
form of the signal (Figures 3 and 10).

Subtracting the various dust models and re-deriving the r
constraint still results in high significance of detection. For
the model which is perhaps the most likely to be close to re-
ality (DDM2 cross) the maximum likelihood value shifts to
r = 0.16+0.06

-0.05 with r = 0 disfavored at 5.9�. These high val-
ues of r are in apparent tension with previous indirect limits
based on temperature measurements and we have discussed
some possible resolutions including modifications of the ini-
tial scalar perturbation spectrum such as running. However
we emphasize that we do not claim to know what the resolu-
tion is.

Figure 14 shows the BICEP2 results compared to previous
upper limits. The long search for tensor B-modes is appar-
ently over, and a new era of B-mode cosmology has begun.

BICEP2 was supported by the US National Science
Foundation under grants ANT-0742818 and ANT-1044978
(Caltech/Harvard) and ANT-0742592 and ANT-1110087
(Chicago/Minnesota). The development of antenna-coupled
detector technology was supported by the JPL Research and
Technology Development Fund and grants 06-ARPA206-
0040 and 10-SAT10-0017 from the NASA APRA and SAT
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FIG. 13.— Indirect constraints on r from CMB temperature spectrum mea-
surements relax in the context of various model extensions. Shown here is
one example, following Planck Collaboration XVI (2013) Figure 23, where
tensors and running of the scalar spectral index are added to the base ⇤CDM
model. The contours show the resulting 68% and 95% confidence regions
for r and the scalar spectral index ns when also allowing running. The red
contours are for the “Planck+WP+highL” data combination, which for this
model extension gives a 95% bound r < 0.26 (Planck Collaboration XVI
2013). The blue contours add the BICEP2 constraint on r shown in the center
panel of Figure 10. See the text for further details.

To fully exploit this unprecedented sensitivity we have ex-
panded our analysis pipeline in several ways. We have added
an additional filtering of the timestream using a template tem-
perature map (from Planck) to render the results insensitive to
temperature to polarization leakage caused by leading order
beam systematics. In addition we have implemented a map
purification step that eliminates ambiguous modes prior to B-
mode estimation. These deprojection and purification steps
are both straightforward extensions of the kinds of linear fil-
tering operations that are now common in CMB data analysis.

The power spectrum results are perfectly consistent with
lensed-⇤CDM with one striking exception: the detection of a
large excess in the BB spectrum in exactly the ` range where
an inflationary gravitational wave signal is expected to peak.
This excess represents a 5.2� excursion from the base lensed-
⇤CDM model. We have conducted a wide selection of jack-
knife tests which indicate that the B-mode signal is common
on the sky in all data subsets. These tests offer very strong
empirical evidence against a systematic origin for the signal.

In addition we have conducted extensive simulations using
high fidelity per channel beam maps. These confirm our un-
derstanding of the beam effects, and that after deprojection
of the two leading order modes, the residual is far below the
level of the signal which we observe.

Having demonstrated that the signal is real and “on the
sky” we proceeded to investigate if it may be due to fore-
ground contamination. Polarized synchrotron emission from
our galaxy is easily ruled out using low frequency polarized
maps from WMAP. For polarized dust emission public maps
are not yet available. We therefore investigate a range of mod-
els including new ones which use all of the information which
is currently available from Planck. These models all predict
auto spectrum power well below our observed level. In addi-
tion none of them show any significant cross correlation with
our maps.
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FIG. 14.— BICEP2 BB auto spectra and 95% upper limits from several
previous experiments (Leitch et al. 2005; Montroy et al. 2006; Sievers et al.
2007; Bischoff et al. 2008; Brown et al. 2009; QUIET Collaboration et al.
2011, 2012; Bennett et al. 2013; Barkats et al. 2014). The curves show the
theory expectations for r = 0.2 and lensed-⇤CDM.

we find significant correlation and set a constraint on the spec-
tral index of the signal consistent with CMB, and disfavoring
synchrotron and dust by 2.3� and 2.2� respectively. The fact
that the BICEP1 and Keck Array maps cross correlate is pow-
erful further evidence against systematics.

The simplest and most economical remaining interpretation
of the B-mode signal which we have detected is that it is due
to tensor modes — the IGW template is an excellent fit to
the observed excess. We therefore proceed to set a constraint
on the tensor-to-scalar ratio and find r = 0.20+0.07

-0.05 with r = 0
ruled out at a significance of 7.0�. Multiple lines of evidence
have been presented that foregrounds are a subdominant con-
tribution: i) direct projection of the best available foreground
models, ii) lack of strong cross correlation of those models
against the observed sky pattern (Figure 6), iii) the frequency
spectral index of the signal as constrained using BICEP1 data
at 100 GHz (Figure 8), and iv) the spatial and power spectral
form of the signal (Figures 3 and 10).

Subtracting the various dust models and re-deriving the r
constraint still results in high significance of detection. For
the model which is perhaps the most likely to be close to re-
ality (DDM2 cross) the maximum likelihood value shifts to
r = 0.16+0.06

-0.05 with r = 0 disfavored at 5.9�. These high val-
ues of r are in apparent tension with previous indirect limits
based on temperature measurements and we have discussed
some possible resolutions including modifications of the ini-
tial scalar perturbation spectrum such as running. However
we emphasize that we do not claim to know what the resolu-
tion is.

Figure 14 shows the BICEP2 results compared to previous
upper limits. The long search for tensor B-modes is appar-
ently over, and a new era of B-mode cosmology has begun.
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FIG. 13.— Indirect constraints on r from CMB temperature spectrum mea-
surements relax in the context of various model extensions. Shown here is
one example, following Planck Collaboration XVI (2013) Figure 23, where
tensors and running of the scalar spectral index are added to the base ⇤CDM
model. The contours show the resulting 68% and 95% confidence regions
for r and the scalar spectral index ns when also allowing running. The red
contours are for the “Planck+WP+highL” data combination, which for this
model extension gives a 95% bound r < 0.26 (Planck Collaboration XVI
2013). The blue contours add the BICEP2 constraint on r shown in the center
panel of Figure 10. See the text for further details.

To fully exploit this unprecedented sensitivity we have ex-
panded our analysis pipeline in several ways. We have added
an additional filtering of the timestream using a template tem-
perature map (from Planck) to render the results insensitive to
temperature to polarization leakage caused by leading order
beam systematics. In addition we have implemented a map
purification step that eliminates ambiguous modes prior to B-
mode estimation. These deprojection and purification steps
are both straightforward extensions of the kinds of linear fil-
tering operations that are now common in CMB data analysis.

The power spectrum results are perfectly consistent with
lensed-⇤CDM with one striking exception: the detection of a
large excess in the BB spectrum in exactly the ` range where
an inflationary gravitational wave signal is expected to peak.
This excess represents a 5.2� excursion from the base lensed-
⇤CDM model. We have conducted a wide selection of jack-
knife tests which indicate that the B-mode signal is common
on the sky in all data subsets. These tests offer very strong
empirical evidence against a systematic origin for the signal.

In addition we have conducted extensive simulations using
high fidelity per channel beam maps. These confirm our un-
derstanding of the beam effects, and that after deprojection
of the two leading order modes, the residual is far below the
level of the signal which we observe.

Having demonstrated that the signal is real and “on the
sky” we proceeded to investigate if it may be due to fore-
ground contamination. Polarized synchrotron emission from
our galaxy is easily ruled out using low frequency polarized
maps from WMAP. For polarized dust emission public maps
are not yet available. We therefore investigate a range of mod-
els including new ones which use all of the information which
is currently available from Planck. These models all predict
auto spectrum power well below our observed level. In addi-
tion none of them show any significant cross correlation with
our maps.
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perature map (from Planck) to render the results insensitive to
temperature to polarization leakage caused by leading order
beam systematics. In addition we have implemented a map
purification step that eliminates ambiguous modes prior to B-
mode estimation. These deprojection and purification steps
are both straightforward extensions of the kinds of linear fil-
tering operations that are now common in CMB data analysis.
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large excess in the BB spectrum in exactly the ` range where
an inflationary gravitational wave signal is expected to peak.
This excess represents a 5.2� excursion from the base lensed-
⇤CDM model. We have conducted a wide selection of jack-
knife tests which indicate that the B-mode signal is common
on the sky in all data subsets. These tests offer very strong
empirical evidence against a systematic origin for the signal.

In addition we have conducted extensive simulations using
high fidelity per channel beam maps. These confirm our un-
derstanding of the beam effects, and that after deprojection
of the two leading order modes, the residual is far below the
level of the signal which we observe.

Having demonstrated that the signal is real and “on the
sky” we proceeded to investigate if it may be due to fore-
ground contamination. Polarized synchrotron emission from
our galaxy is easily ruled out using low frequency polarized
maps from WMAP. For polarized dust emission public maps
are not yet available. We therefore investigate a range of mod-
els including new ones which use all of the information which
is currently available from Planck. These models all predict
auto spectrum power well below our observed level. In addi-
tion none of them show any significant cross correlation with
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we find significant correlation and set a constraint on the spec-
tral index of the signal consistent with CMB, and disfavoring
synchrotron and dust by 2.3� and 2.2� respectively. The fact
that the BICEP1 and Keck Array maps cross correlate is pow-
erful further evidence against systematics.

The simplest and most economical remaining interpretation
of the B-mode signal which we have detected is that it is due
to tensor modes — the IGW template is an excellent fit to
the observed excess. We therefore proceed to set a constraint
on the tensor-to-scalar ratio and find r = 0.20+0.07
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ruled out at a significance of 7.0�. Multiple lines of evidence
have been presented that foregrounds are a subdominant con-
tribution: i) direct projection of the best available foreground
models, ii) lack of strong cross correlation of those models
against the observed sky pattern (Figure 6), iii) the frequency
spectral index of the signal as constrained using BICEP1 data
at 100 GHz (Figure 8), and iv) the spatial and power spectral
form of the signal (Figures 3 and 10).

Subtracting the various dust models and re-deriving the r
constraint still results in high significance of detection. For
the model which is perhaps the most likely to be close to re-
ality (DDM2 cross) the maximum likelihood value shifts to
r = 0.16+0.06

-0.05 with r = 0 disfavored at 5.9�. These high val-
ues of r are in apparent tension with previous indirect limits
based on temperature measurements and we have discussed
some possible resolutions including modifications of the ini-
tial scalar perturbation spectrum such as running. However
we emphasize that we do not claim to know what the resolu-
tion is.

Figure 14 shows the BICEP2 results compared to previous
upper limits. The long search for tensor B-modes is appar-
ently over, and a new era of B-mode cosmology has begun.
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No-Scale models revisited

Can we find a model consistent with Planck?

Start with WZ model:

Assume now that T picks up a vev: 2<Re T> = c

Redefine inflaton to a canonical field χ

Ellis, Nanopoulos, Olive
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The potential becomes:
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Classes of R+R2 in No-Scale Supergravity

So is the inflaton T or 𝜙?

1) T-fixed (𝜙-inflaton)

Starobinsky potential found when 

V̂ = M2|�|2|1� �/
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2) 𝜙-fixed (T-inflaton)

Starobinsky potential found when 

V̂ = 3M2|T � 1/2|2

W =
p
3M�(T � 1/2)

Cecotti; Kallosh, Linde



Qadratic Chaotic Inflation:

with Cecotti
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 SU(1,1)/U(1) models
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One No-Scale Model to Fit 
Them All
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SUSY breaking and LE phenomenology

• Add SUSY breaking sector, e.g. Polonyi fields!
• Add matter fields!

• either in or out of the log!
• resulting in mSUGRA type or Split SUSY type models



Summary

• Inflation ingrained in Standard Cosmology.	


• The Starobinsky model of inflation can be realized in no-
scale supergravity with either modulus T or ‘matter’ field 𝜙 
with a simple WZ superpotential.	


• The latter lends itself nicely to equating the inflaton with a 
right-handed sneutrino	


• Can construct a simple potential which interpolates 
between the Planck-friendly (small r) solution, or the 
BICEP-friendly (large r) solution	


• Can easily integrate low energy susy phenomenology


