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Fig. 19. The temperature angular power spectrum of the primary CMB from Planck, showing a precise measurement of seven acoustic peaks, that
are well fit by a simple six-parameter�CDM theoretical model (the model plotted is the one labelled [Planck+WP+highL] in Planck Collaboration
XVI (2013)). The shaded area around the best-fit curve represents cosmic variance, including the sky cut used. The error bars on individual points
also include cosmic variance. The horizontal axis is logarithmic up to ⇤ = 50, and linear beyond. The vertical scale is ⇤(⇤+ 1)Cl/2�. The measured
spectrum shown here is exactly the same as the one shown in Fig. 1 of Planck Collaboration XVI (2013), but it has been rebinned to show better
the low-⇤ region.
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Fig. 20. The temperature angular power spectrum of the CMB, esti-
mated from the SMICA Planck map. The model plotted is the one la-
belled [Planck+WP+highL] in Planck Collaboration XVI (2013). The
shaded area around the best-fit curve represents cosmic variance, in-
cluding the sky cut used. The error bars on individual points do not in-
clude cosmic variance. The horizontal axis is logarithmic up to ⇤ = 50,
and linear beyond. The vertical scale is ⇤(⇤ + 1)Cl/2�. The binning
scheme is the same as in Fig. 19.

8.1.1. Main catalogue

The Planck Catalogue of Compact Sources (PCCS, Planck
Collaboration XXVIII (2013)) is a list of compact sources de-

tected by Planck over the entire sky, and which therefore con-
tains both Galactic and extragalactic objects. No polarization in-
formation is provided for the sources at this time. The PCCS
di⇥ers from the ERCSC in its extraction philosophy: more e⇥ort
has been made on the completeness of the catalogue, without re-
ducing notably the reliability of the detected sources, whereas
the ERCSC was built in the spirit of releasing a reliable catalog
suitable for quick follow-up (in particular with the short-lived
Herschel telescope). The greater amount of data, di⇥erent selec-
tion process and the improvements in the calibration and map-
making processing (references) help the PCCS to improve the
performance (in depth and numbers) with respect to the previ-
ous ERCSC.

The sources were extracted from the 2013 Planck frequency
maps (Sect. 6), which include data acquired over more than two
sky coverages. This implies that the flux densities of most of
the sources are an average of three or more di⇥erent observa-
tions over a period of 15.5 months. The Mexican Hat Wavelet
algorithm (López-Caniego et al. 2006) has been selected as the
baseline method for the production of the PCCS. However, one
additional methods, MTXF (González-Nuevo et al. 2006) was
implemented in order to support the validation and characteriza-
tion of the PCCS.

The source selection for the PCCS is made on the basis of
Signal-to-Noise Ratio (SNR). However, the properties of the
background in the Planck maps vary substantially depending on
frequency and part of the sky. Up to 217 GHz, the CMB is the
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slow-roll inflation ...

Figure 1: Motion of the scalar field in the theory with V (φ) = m2

2 φ2. Several different regimes
are possible, depending on the value of the field φ. If the potential energy density of the field is
greater than the Planck density M4

p = 1, φ ! m−1, quantum fluctuations of space-time are so
strong that one cannot describe it in usual terms. Such a state is called space-time foam. At a
somewhat smaller energy density (for m " V (φ) " 1, m−1/2 " φ " m−1) quantum fluctuations
of space-time are small, but quantum fluctuations of the scalar field φ may be large. Jumps
of the scalar field due to quantum fluctuations lead to a process of eternal self-reproduction of
inflationary universe which we are going to discuss later. At even smaller values of V (φ) (for
m2 " V (φ) " m, 1 " φ " m−1/2) fluctuations of the field φ are small; it slowly moves down
as a ball in a viscous liquid. Inflation occurs for 1 " φ " m−1. Finally, near the minimum of
V (φ) (for φ " 1) the scalar field rapidly oscillates, creates pairs of elementary particles, and
the universe becomes hot.

6
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Fig. 19. The temperature angular power spectrum of the primary CMB from Planck, showing a precise measurement of seven acoustic peaks, that
are well fit by a simple six-parameter�CDM theoretical model (the model plotted is the one labelled [Planck+WP+highL] in Planck Collaboration
XVI (2013)). The shaded area around the best-fit curve represents cosmic variance, including the sky cut used. The error bars on individual points
also include cosmic variance. The horizontal axis is logarithmic up to ⇤ = 50, and linear beyond. The vertical scale is ⇤(⇤+ 1)Cl/2�. The measured
spectrum shown here is exactly the same as the one shown in Fig. 1 of Planck Collaboration XVI (2013), but it has been rebinned to show better
the low-⇤ region.
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Fig. 20. The temperature angular power spectrum of the CMB, esti-
mated from the SMICA Planck map. The model plotted is the one la-
belled [Planck+WP+highL] in Planck Collaboration XVI (2013). The
shaded area around the best-fit curve represents cosmic variance, in-
cluding the sky cut used. The error bars on individual points do not in-
clude cosmic variance. The horizontal axis is logarithmic up to ⇤ = 50,
and linear beyond. The vertical scale is ⇤(⇤ + 1)Cl/2�. The binning
scheme is the same as in Fig. 19.

8.1.1. Main catalogue

The Planck Catalogue of Compact Sources (PCCS, Planck
Collaboration XXVIII (2013)) is a list of compact sources de-
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• We need to understand generic dim ≥ 6 operators  
 
 
 
 
 

• requires UV-completion, e.g. string theory: need to 
know string and α‘-corrections, backreaction effects, 
…     if  ɸ > MP   we need a shift symmetry  !!

• strings have extra dimensions — detailed 
information about moduli stabilization necessary !

why strings?

Op�6 � V (�)
�

�

MP

�p�4

� �� �
�

�

MP

�p�6

� 1 �p � 6 if � > MP



varieties of string inflation …
• tensor-to-scalar ratio linked to field range:

[Lyth ’97]

• r = O(1/Ne) models:

�� �
�

NeMP �MP �

• r = O(1/Ne
2) models:

�� � O(MP ) ⇥

• r << O(1/Ne
2) models:

��� O(MP ) ⇥

warped D-brane inflation & DBI;

[KKLMMT ’03] 
[Baumann, Dymarsky, Klebanov, McAllister & Steinhardt ’07]
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varieties of string inflation …
• tensor-to-scalar ratio linked to field range:

[Lyth ’97]

• r = O(1/Ne) models:
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varieties of string inflation …
• tensor-to-scalar ratio linked to field range:

[Lyth ’97]

• r = O(1/Ne) models:

�� �
�

NeMP �MP �

• r = O(1/Ne
2) models:

�� � O(MP ) ⇥
fibre inflation in LARGE volume 
scenarios (LVS) 

• r << O(1/Ne
2) models:

��� O(MP ) ⇥

warped D-brane inflation & DBI;!
varieties of Kähler moduli inflation
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varieties of string inflation …
• tensor-to-scalar ratio linked to field range:

[Lyth ’97]

• r = O(1/Ne) models: axion monodromy inflation!
2-axion inflation!
N-flation�� �

�
NeMP �MP �

observable tensors: r > 0.01
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large fields ...



L =
1
2
R +

1
2
(�µ�)2 � µ4�p�p

• effective theory of large-field inflation:

• the last term — the potential — spoils the shift  
symmetry …

• However, if:

• quantum GR only couples to Tµν :

not �V (n) � cn
�n

Mn
P

V0 = µ4�p�p �M4
P

�V (n) � V0

�
V0

M4
P

�n

, V0

�
V ��

0

M2
P

�n

� V0

shift symmetry



axion monodromy 



axion inflation in string theory ...  
• shift symmetry dictates use of string theory axions !

!for large-field inflation

- periodic, e.g. 

- field range from kinetic terms f < MP  : 

[Banks, Dine, Fox & Gorbatov ’03]

b =

Z

⌃2

B2 , b ! b+ (2⇡)2 since Sstring � 1

2⇡↵0

Z
B2

S ⇠
Z

d10x
p
�g|H3|2 �

Z
d4x

p
�g4

1

L4
(@µb)

2

B2 = b!2 ) � = fb , f =
MP

L2
< MP

however, maybe not strict: [Grimm; Blumenhagen & Plauschinn; Kenton & Thomas ’14]



axion inflation in string theory ...  

• large field-range from assistance effects of many fields !
!

• or monodromy !
!

- N-flation ...

- generic presence from branes & fluxes ! 

- cos-potential for 2 axions can align/tune for 
large-field direction

[McAllister, Silverstein & AW ’08]
[Dong, Horn, Silverstein & AW ’10][Silverstein & AW ’08]

[Berg, Pajer & Sjörs ’09]
[Ben-Dayan, Pedro & AW ‘14]  
[Tye & Wong; Long, McAllister & McGuirk ‘14]!
[Gao, Li & Shukla; Higaki & Takahashi '14]

[Kim, Nilles & Peloso ’04]

[Dimopoulos, Kachru, McGreevy & Wacker ’05]
[Easther & McAllister ’05]
[Grimm ‘07]!
[Cicoli, Dutta & Maharana ’14]
[Bachlechner, Long & McAllister ‘14]
[Bachlechner, Dias, Frazer & McAllister ‘14]

[Lawrence, Kaloper & Sorbo ’11]
[Kaloper & Sorbo ’08]



• we have seen this:  
think of 

�
B2 ,

�
C2

TD5/NS5

[McAllister, Silverstein & AW ’08]
S5�brane �

�
d4x
�
�g

�
v2 + �2 � �

embedding into a type IIB picture:  
- e.g. CY with KKLT moduli stabilization — consistency constraints

axion monodromy — the 5-brane example
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• EM Stueckelberg gauge symmetry:

on moduli fields coming from the internal metric and the dynamical string coupling. In

§3, we will show explicitly how these terms can lead to a variety of power law potentials

V / �pp0 , with the final power p shifted down from p0 via adjustments of heavy moduli.

2.1 Axions from the two-form potential B

Perturbative string theory contains a two-form potential field B = BMNdx
M ^ dxN that

is directly analogous to the usual vector potential A = AMdxM of electromagnetism.3 In

particular, B is sourced by fundamental strings just as the usual vector potential is sourced by

charged particles. There is a gauge invariance in the theory under which B ! B+d⇤1, with

⇤1 a one-form, analogous to the gauge invariance under A ! A+ d⇤0 in electromagnetism.

Similarly, there are other potential fields denoted Cp+1 sourced by p-dimensional extended

objects (Dp-branes) [23].

In electromagnetism, the action contains the gauge-invariant terms

SEM =

Z

d4x
p�g

�

FMNF
MN � ⇢2(AM + @MC)2 + . . .

 

, (2.1)

where under the gauge transformation AM ! A + @M⇤0, the field C transforms as C !
C �⇤0. The first term is the Maxwell action, written in terms of the field strength F = dA.

The second term, known as a Stueckelberg term, can arise from spontaneous symmetry

breaking, with ⇢ the vacuum expectation value of a charged field.4

In type II string theory, one finds generalizations of these Maxwell and Stueckelberg

terms, with the gauge transformation B ! B + d⇤1 accompanied by appropriate shifts of

the Cp fields. Although we will focus on specific examples in type IIB string theory below,

let us start by considering the relevant terms arising in D = 10 type IIA string theory. There

we have potential fields Cp with odd p, and it is useful to define the following generalized

field strengths that respect all the gauge symmetries of the theory:

H = dB ,

F0 = Q0 ,

F̃2 = dC1 + F0B ,

F̃4 = dC3 + C1 ^H3 +
1

2
F0B ^ B , (2.2)

where Q0 is an integer. These are gauge-invariant, with the transformation B ! B + d⇤1

3An exception is the type I string, in which closed strings are unstable to breaking into open strings, but
this theory contains a two-form potential sourced by D1-branes.

4In ordinary electrodynamics the symmetry is of course unbroken in vacuum, but ⇢ 6= 0 arises in a
superconductor from the condensation of the Cooper pair field.
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extended to a combined transformation

�B = d⇤1 ,

�C1 = �F0⇤1 ,

�C3 = �F0⇤1 ^B . (2.3)

The e↵ective action starting from a total dimensionality D = 10 contains terms proportional

to5

� 1

↵04

Z

d10x
p�G

n 1

g2s
|H|2 +

X

p

|F̃p|2
o

. (2.4)

Upon dimensional reduction to four dimensions, these terms introduce a direct dependence

of the potential energy on the axion fields

bi ⌘
Z

⌃i
2

B (2.5)

obtained by integrating the potential field B over nontrivial 2-cycles ⌃i
2 in the compact-

ification manifold M. Another feature we need to take into account is that the fluxes

Qi
2 =

R

⌃i
2
dC1, Q4 =

R

⌃i
4
dC3, and N3 =

R

⌃a
3
H (with the index i running over topologically

distinct even-dimensional cycles, and a similarly indexing three-cycles) are quantized, as is

Q0 = F0.

Let us focus on the B-dependent terms, and for simplicity work on the branch of the

potential where Q2 = Q4 = 0 (also setting to zero the flux dC3 along the noncompact four

dimensional spacetime, or equivalently the dual 6-form flux Q6 ⌘
R

M ?10F4 =
R

M F6). In the

models in §3, we will incorporate the analogue in type IIB string theory of these additional

fluxes, which will yield interesting behavior in some cases, but for now we will focus on the

leading contributions to the potential at large field range. Given this, we have an action of

the schematic form6

� 1

↵04

Z

d10x
p�G

⇢

1

g2s
|H|2 + |Q0B|2 + |Q0B ^B|2 + �4g

2
s |Q0B ^B|4 + . . .

�

. (2.6)

Here in the last term and the ellipses we have allowed for corrections that could be read o↵

from the tree-level four-point and higher-point functions (�4 being an order 1 number). We

have also set to zero the contribution from |F̃6|2 = |C3 ^ H + Q0B ^ B ^ B/6|2, having in

mind situations where H flux is present in order to contribute to moduli stabilization, and C3

minimizes the |F̃6|2 term at zero. More generally, there should be interesting configurations

5Similar comments apply in the more generic cases with D > 10 [24].
6See e.g. equation 12.1.25 of [23]. However, we caution the reader that we follow the sign conventions of

[25], not those of [23].
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• type IIB similar

axion monodromy — the general story



• fluxes generate a potential for the axions:

• produces periodically spaced set of multiple branches 
of large-field potentials:
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Q0 = F0.

Let us focus on the B-dependent terms, and for simplicity work on the branch of the

potential where Q2 = Q4 = 0 (also setting to zero the flux dC3 along the noncompact four

dimensional spacetime, or equivalently the dual 6-form flux Q6 ⌘
R

M ?10F4 =
R

M F6). In the

models in §3, we will incorporate the analogue in type IIB string theory of these additional

fluxes, which will yield interesting behavior in some cases, but for now we will focus on the

leading contributions to the potential at large field range. Given this, we have an action of

the schematic form6

� 1

↵04

Z

d10x
p�G

⇢

1

g2s
|H|2 + |Q0B|2 + |Q0B ^ B|2 + �4g

2
s |Q0B ^ B|4 + . . .

�

. (2.6)

Here in the last term and the ellipses we have allowed for corrections that could be read o↵

from the tree-level four-point and higher-point functions (�4 being an order 1 number). We

have also set to zero the contribution from |F̃6|2 = |C3 ^ H + Q0B ^ B ^ B/6|2, having in

mind situations where H flux is present in order to contribute to moduli stabilization, and C3

minimizes the |F̃6|2 term at zero. More generally, there should be interesting configurations

5Similar comments apply in the more generic cases with D > 10 [24].
6See e.g. equation 12.1.25 of [23]. However, we caution the reader that we follow the sign conventions of

[25], not those of [23].
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in which C3 ^H 6= �Q0B ^B ^B/6 at the C3 minimum, or configurations in which C3 and

B evolve together, in which cases this term is relevant.

The field strengths of R-R terms come with a factor of gs, so higher-dimension oper-

ators involving higher powers of generalized field strengths F̃p — even those from string

tree diagrams — appear with a relative factor of Q2
0g

2
s , and are thus suppressed at small

string coupling. This is in the standard frame we will use exclusively here, where gauge

transformation and flux quantization conditions are most simply expressed.

In fact, there is generically an additional suppression factor at large radius. We will

shortly consider generalizations that arise upon dimensional reduction or T-duality, where

F0 is replaced by higher-form fluxes Fn. In those cases, the suppression is even stronger,

with each power of |F̃ |2 coming with a factor of g2sQ
2
n/L

2n, where L is the size in string units

of the cycle threaded by the Fn flux.

Below, we will consider specific examples in type IIB string theory with e↵ective |F1B|2+
|F1 ^ B ^ B|2 interactions. These follow from T-duality of (2.6) upon reduction of the IIA

theory on a circle as explained in detail in [25]. At first glance, this is not manifest from the

generalized fluxes that appear in the type IIB equations of motion in ten dimensions:

H = dB ,

F1 = dC0 ,

F̃3 = dC2 � C0H ,

F̃5 = dC4 � 1

2
C2 ^H +

1

2
B ^ dC2 . (2.7)

In F̃5 we do not find an F1 ^B ^B term by working directly in the ten-dimensional theory.

However, T-duality on a circle, including the duality between D7-branes and D8-branes,

requires this coupling to be present upon dimensional reduction. This indeed works out

precisely [25]. Specifically, consider reducing ten-dimensional type IIB theory on a circle

(along the x9 direction, x9 ⇠= x9 + 2⇡), with

C0 = x9Q0 + C0 ,
C2 = x9Q0B + C2 , (2.8)

where Cp are fluctuations of the potential fields about the background. Substituting (2.8)

into (2.7), we find an e↵ective F1 ^ B ^ B contribution to F̃5, and an e↵ective F1 ^ B term

in F̃3. In the four-dimensional e↵ective theory, there are many contributions of this kind,

leading to axion potentials of the schematic form

f(�, . . . )
(Q(n)an +Q(n�1)an�1 + · · ·+Q(0))2

L2n0 + · · · ⇠ f̃(�, . . . ) ap0 for a � 1 , (2.9)

where we have denoted the axion field by a, n = p0/2 is a positive integer, and “�, . . . ” refers

to the moduli fields �, as well as additional scalar fields, whose important e↵ects we will
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flux monodromy
[Marchesano, Shiu & Uranga ’14]
[Blumenhagen & Plauschinn ’14]
[Hebecker, Kraus & Witkowski ’14]
[McAllister, Silverstein, AW & Wrase ’14]

tune small …



for given flux quanta Q(i)
potential

is non-periodic – we roll on a given branch

Q(i)
change by brane-flux tunneling –Q(i)

shift absorbed

by axion-shift – many branches:

- brane spectrum on axion cycle has full periodicity

- bulk moduli sector not periodic, account for back reaction:

flattening

- on each branch: weakly broken e↵ective shift symmetry



• p-form axions get non-periodic potentials from 
coupling to branes or fluxes/field-strengths  
 

• produces periodically spaced set of multiple 
branches of large-field potentials:  
 

�

V (�) � µ4�p�p + �4 cos(�/f)
f = f(ɸ)

leads to oscillations!
in the power spectrum!
& resonant non-Gauss.



• type IIB string theory:  
 
 

flux axion monodromy with moduli stabilization

• ɸ2 , ɸ3, ɸ4  terms …  
 
- generically flattening of the potential from adjusting moduli 
and/or flux rearranging its distribution on its cycle - ‘sloshing’, 
while preserving flux quantization [Dong, Horn, Silverstein & AW ’10]

�
d10x

�
|dB|2

g2
s

+ |F1|2 + |F3|2 +
���F̃5

���
2
�

with: F̃5 = dC4 �B2 � F3 + C2 �H3 + F1 �B2 �B2

[McAllister, Silverstein, AW & Wrase ’14]



• effective 4d action gives ɸ3-potential:

• simple torus example:  
 
 

The flux potential participates in stabilization of the dilaton and the volumes of the

Riemann surfaces. Choosing fluxes appropriately, the ’mirror’ axion-inflaton dependent part

of the flux potential can be either dominant or sub-dominant for volume stabilization, as

we will discuss in more detail below. Clearly, the latter case may potentially lead to further

flattening of the scalar potential due to the adjusting volume moduli. We will discuss a more

complete setup along these lines, and its interaction with volume stabilization in section 4.

2.3 radiative stability

3 UV complete examples I: axions from Neveu-Schwarz

B fields

Next, let us consider some examples of the flattening e↵ect in this case. Again the additional

degrees of freedom should adjust in an energetically favorable way. Perhaps there are some

simple e↵ects like in the B2 ! �p<2 examples from before whose individual e↵ects we can

exhibit.

3.1 IIB example on product manifold and complex structure ad-

justment

Let us work in type IIB string theory, including the |F1 ^B ^B|2 term (see [3]...).

Consider a product of three two-tori, (T 2)3 (perhaps later we will generalize to higher

genus Riemann surfaces). For simplicity take them to be rectangular tori, y1 ⌘ y1 +L1, y2 ⌘
y2 + L2. Denote L2 = L1L2, so the total internal volume V is L6. Put 3-form flux

F3 = Q31dy
(1)
1 ^ dy

(2)
1 ^ dy

(3)
1 + Q32dy

(1)
2 ^ dy

(2)
2 ^ dy

(3)
2 (26)

where the superscript labels the three T 2’s. That is, we have Q31 units of flux on the product

of the three y
(i)
1 cycles and Q32 units of flux on the product of the three y

(i)
2 cycles.

Include quantized 1-form flux in the symmetric configuration

F1 =
Q1

L1

3
X

i=1

dy
(i)
1 (27)

That is, Q1 =
R

dy
(i)
1 F1.

Also include axions

B =
3

X

i=1

b(i)

L2
dy

(i)
1 ^ dy

(i)
2 (28)
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Riemann surfaces. Choosing fluxes appropriately, the ’mirror’ axion-inflaton dependent part

of the flux potential can be either dominant or sub-dominant for volume stabilization, as

we will discuss in more detail below. Clearly, the latter case may potentially lead to further

flattening of the scalar potential due to the adjusting volume moduli. We will discuss a more

complete setup along these lines, and its interaction with volume stabilization in section 4.

2.3 radiative stability

3 UV complete examples I: axions from Neveu-Schwarz

B fields

Next, let us consider some examples of the flattening e↵ect in this case. Again the additional

degrees of freedom should adjust in an energetically favorable way. Perhaps there are some

simple e↵ects like in the B2 ! �p<2 examples from before whose individual e↵ects we can

exhibit.

3.1 IIB example on product manifold and complex structure ad-

justment

Let us work in type IIB string theory, including the |F1 ^B ^B|2 term (see [3]...).

Consider a product of three two-tori, (T 2)3 (perhaps later we will generalize to higher

genus Riemann surfaces). For simplicity take them to be rectangular tori, y1 ⌘ y1 +L1, y2 ⌘
y2 + L2. Denote L2 = L1L2, so the total internal volume V is L6. Put 3-form flux

F3 = Q31dy
(1)
1 ^ dy

(2)
1 ^ dy

(3)
1 + Q32dy

(1)
2 ^ dy

(2)
2 ^ dy

(3)
2 (26)

where the superscript labels the three T 2’s. That is, we have Q31 units of flux on the product

of the three y
(i)
1 cycles and Q32 units of flux on the product of the three y

(i)
2 cycles.

Include quantized 1-form flux in the symmetric configuration

F1 =
Q1

L1

3
X

i=1

dy
(i)
1 (27)

That is, Q1 =
R

dy
(i)
1 F1.

Also include axions

B =
3

X

i=1

b(i)

L2
dy

(i)
1 ^ dy

(i)
2 (28)
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axion

fluxes

ds2 =
3�

i=1

L2
1(dy(i)

1 )2 + L2
2(dy(i)

2 )2

B =
3�

i=1

b

L2
dy(i)

1 � dy(i)
2

u =
L2

L1
,

�

MP
=

b

L2

L � M2
P

ḃ2

L4
+ M4

P
g4

s

L12

�
Q2

1L
4

�
b

L2

�4

u + Q2
31u

3 +
Q2

32

u3

�
� �̇2 + µ�3

• use Riemann surfaces: can fix Vol = L6 as well & get   ɸ2/3 , ɸ4/3, ɸ2

[McAllister, Silverstein, AW & Wrase ’14]

flux axion monodromy with moduli stabilization



phenomenology … flattening !

[ns-r limits Planck 2014 (Ferrara), preliminary!!]
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+ ⇤
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phenomenology … drifting CMB oscillations !
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phenomenology … drifting CMB oscillations !
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for small f  
must account 
for drift in 
CMB search !

phenomenology … drifting CMB oscillations !
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maximum field value 
due to control issues 
(backreaction/
decompactification):

for p < 1:       dS minima beyond critical field value !

false-vacuum eternal inflation + tunneling 
solves initial condition problem !

upper bound on p!
!

and on r (!!):

r . 0.04 , f = const.

… A Myth of Creation …



summary ...
• moduli stabilization essential for string inflation! 

There is no meaningful way to talk about string 
inflation in presence of massless moduli ...!
!

• first constructions: many small-field models, r = 0!
!

• field-range bounds, overcome by monodromy - many 
primary power-law large-field potentials ɸ2/3  … ɸ4!
!

• flattened powers from moduli stabilization, so again 
crucial! drifting oscillations from NP effects!

⇒ if BICEP2 validated with r ~ 0.1   —   need large-field


