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Why inflation?

Smoking gun: detection of primordial gravitational waves

March 2014: BICEP2 reports detection of B-mode polarization in the
CMB,...
...but galactic dust contamination may have been underestimated.

If observed B-modes would be due to primordial gravitational waves

⇒ large tensor-to-scalar ratio:

r ≡ At/As ∼ O(0.1)

and consequently

Einf = (V∗)
1/4 ' 2× 1016 GeV ∼ MGUT

Just by coincidence? Or is there some deeper physics reason?
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Consider inflationary potential to
be of the form

V (φ) = V0 + Ṽ (φ),

with min[Ṽ (φ)] = 0 and

V∗ ≡ V (φ∗) = V0 + Ṽ (φ∗) .
Φ* Φe

Φ

V*

V0

VHΦL

If Ṽ (φ) � V0 throughout inflation

V0 ↔ MGUT.

Question:

Requiring r ∼ O(0.1), how large can V0/V∗ be for single-field slow-roll
inflation?

Francesco Cefalà CHIPP PhD Winter School, January 23, 2015



Introduction
Preliminary notes

Potential reconstruction around horizon exit
Conclusion

Consider inflationary potential to
be of the form

V (φ) = V0 + Ṽ (φ),
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Φ* Φe

Φ

V*

V0

VHΦL
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Primordial spectra of curvature and tensor perturbations PR and Pt can be
parametrized as:

PR(k) = As

(
k

k∗

)ns−1+ αs
2

ln(k/k∗) +
κs
6

ln2(k/k∗) + ...

,

Pt(k) = r As

(
k

k∗

)−r/8+ ...

.

The observables can be expressed in terms of the slow-roll parameters

ε =
1

2

(
V ′

V

)2

, η =
V ′′

V
, ξ2 =

V ′V ′′′

V 2
, σ3 =

V ′2V ′′′′

V 3

evaluated at horizon crossing φ = φ∗:

r = 16ε∗ , ns = 1− 6ε∗ + 2η∗ + 2q1ξ
2
∗ + 2q2σ

3
∗ + ...,

αs = −2ξ2∗ − 2q1σ
3
∗ + ... , κs = 2σ3

∗ + ... ,

with q1 ' 1.063 and q2 ' 0.209.
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How to estimate the maximum amount of V0 domination?

Way of proceeding:

1 Use that observables are
related to the slow-roll
parameters at horizon exit to
reconstruct V (φ) = V0 + Ṽ (φ)
around φ∗ in terms of
r, ns, αs, ....

2 Observable spectrum reliably
constrains the potential only
for the first Nobs ∼ 8 e-folds
of inflation
⇒ compute Vobs > V0 as
upper bound on V0

Φ* Φobs Φe

Φ

V*

Vobs

V0

VHΦL

observable Nobs~8

e-folds

unobserved

Ne-Nobs~50

e-folds
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Assuming that all higher-order runnings beyond κs are zero for the first
Nobs e-folds one can write:

V = V∗

[
1 +

V ′

V

∣∣∣∣
∗
φ+

1

2

V ′′

V

∣∣∣∣
∗
φ2 +

1

6

V ′′′

V

∣∣∣∣
∗
φ3 +

1

24

V ′′′′

V

∣∣∣∣
∗
φ4

]

���

V = V∗

[
1−
√

2ε∗φ+
1

2
η∗φ

2 − 1

6

ξ2∗√
2ε∗

φ3 +
1

24

σ3
∗

2ε∗
φ4

]
���V

V∗
= 1−

√
r

8
φ+

[
ns − 1

4
+

3

32
r +

q1
4
αs +

q21 − q2
4

κs

]
φ2

+

√
8

r

αs + q1κs

12
φ3 +

κs

6r
φ4 (1)

Next steps:
- derive constraints on parameter space using Planck+BICEP2 data
- to compute Vobs: evaluate (1) after Nobs e-folds, by scanning classical
slow-roll trajectories
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We derived the joint constraints on ΛCDM + r + αs + κs using the
likelihood data from Planck+BICEP2 and scanned inflationary trajectories
for the ranges

r = 0.1 and r = 0.2 ,

ns = 0.96 ,

−0.060 ≤ αs ≤ 0.045 ,

−0.025 ≤ κs ≤ 0.090 .
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Francesco Cefalà CHIPP PhD Winter School, January 23, 2015



Introduction
Preliminary notes

Potential reconstruction around horizon exit
Conclusion

We derived the joint constraints on ΛCDM + r + αs + κs using the
likelihood data from Planck+BICEP2 and scanned inflationary trajectories
for the ranges

r = 0.1 and r = 0.2 ,

ns = 0.96 ,

−0.060 ≤ αs ≤ 0.045 ,

−0.025 ≤ κs ≤ 0.090 .

-0.06 -0.04 -0.02 0.00 0.02 0.04

-0.02

0.00

0.02

0.04

0.06

0.08

Αs

Κ s

Vobs�V*, for r=0.1

-0.06 -0.04 -0.02 0.00 0.02 0.04

-0.02

0.00

0.02

0.04

0.06

0.08

Αs

Κ s

Vobs�V*, for r=0.2

0.40

0.70

0.80

0.85

0.90

0.92

0.93

0.94

0.95

0.96

0.97

-6-4-20246
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Question:

Requiring r ∼ O(0.1), how large can V0/V∗ be for single-field slow-roll
inflation?

Summary & Conclusion:

Within the scope of a potential reconstruction around φ∗ we have
studied the compatibility of V0 domination with large r ∼ O(0.1).

We computed V (φ) after the first Nobs ∼ 8 e-folds, Vobs > V0, to
estimate an upper bound on V0/V∗.

For κs = 0: V0/V∗ < 90%.
For κs > 0 maximum amount can increase up to V0/V∗ ' 96%.

We derived the joint constraints on ΛCDM + r + αs + κs to correctly
constrain our parameter space. Our constraints can also be used to
study other models of inflation with κs 6= 0.
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Backup
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0.94 0.962 0.984

ns= 0.961+0.00629
−0.00619

-6.68 -0.75 5.18

100 αs= 0.0142+1.57
−1.57

-6.68

-0.75

5.18

-4.31 1.96 8.23

100 κs= 2.32+1.65
−1.66

0.94 0.962 0.984
-4.31

1.96

8.23

-6.68 -0.75 5.18

0.938 0.96 0.983

ns= 0.961+0.00643
−0.00636

-5.6 -0.296 5.01

100 αs= −0.434+1.58
−1.57

-5.6

-0.296

5.01

-2.57 3.01 8.59

100 κs= 2.85+1.7
−1.73

0.938 0.96 0.983
-2.57

3.01

8.59

-5.6 -0.296 5.01
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0.938 0.961 0.984

ns= 0.961+0.00636
−0.00643

-0.0635 -0.00258 0.0583

αs= −0.00524+0.0162
−0.0158

-0.0635

-0.00258

0.0583

-0.0263 0.0406 0.108

κs= 0.0287+0.0174
−0.0177

-0.0263

0.0406

0.108

0.0832 0.238 0.393

r= 0.208+0.0398
−0.0478

0.938 0.961 0.984
0.0832

0.238

0.393

-0.0635 -0.00258 0.0583 -0.0263 0.0406 0.108
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r fitted r = 0.1 fixed r = 0.2 fixed

ns 0.961+0.006
−0.006 0.961+0.006

−0.006 0.961+0.006
−0.006

αs −0.005+0.016
−0.016 0.000+0.016

−0.016 −0.004+0.016
−0.016

κs 0.029+0.017
−0.018 0.023+0.017

−0.017 0.029+0.017
−0.017

r 0.208+0.040
−0.048 0.1 0.2

As

(
2.28+0.06

−0.07

)
× 10−9

(
2.27+0.6

−0.7

)
× 10−9

(
2.28+0.06

−0.07

)
× 10−9

ωb 0.0223+0.0003
−0.0003 0.0223+0.0003

−0.0003 0.0223+0.0003
−0.0003

ωcdm 0.1170+0.0014
−0.0014 0.1172+0.0014

−0.0014 0.1170+0.0014
−0.0014

H0

(
68.71+0.66

−0.69

)
km

sMpc

(
68.53+0.65

−0.67

)
km

sMpc

(
68.72+0.66

−0.68

)
km

sMpc

τreio 0.110+0.014
−0.015 0.109+0.014

−0.015 0.110+0.014
−0.016

Table : Cosmological parameter constraints for Planck + BICEP2 + BAO at 68%
CL with the primordial spectrum expanded around the pivot scale k∗ = 0.05
Mpc−1.
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