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Outline

+ The two-field model and its background evolution
- Amplification of curvature perturbations

» Signhatures in the Stochastic Gravitational Wave Background (SGWB)

+ Detectability of these features
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A toy model of two-field inflation

General nonlinear sigma model
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A toy model of two-field inflation

General nonlinear sigma model
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Simple two-field toy model
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Starobinsky, Tsujikawa, Yokoyama 2001 - Di Marco, Finelli, Brandenberger 2002 - Lalak, Langlois, Pokorski, Turzynski 2007
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A toy model of two-field inflation
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Assumptions:

. V(¢y, p,) = V(¢p)) + U(gp,), with V and U slow-roll potentials

. V> U Hierarchy of energy scales

(MB1)
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. V(¢y, p,) = V(¢p)) + U(gp,), with V and U slow-roll potentials

. V> U Hierarchy of energy scales Two stages of inflation
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A toy model of two-field inflation
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Assumptions:

. V(¢y, p,) = V(¢p)) + U(gp,), with V and U slow-roll potentials

. V> U Hierarchy of energy scales Two stages of inflation

. ¢, 1s kinetically coupled to ¢,
(MB1)
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Two stages of slow-roll inflation
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Two stages of slow-roll inflation

CMB scales
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Two stages of slow-roll inflation
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Two stages of slow-roll inflation

Brief departure from slow-roll at
the transition between the two
inflationary stages
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Two stages of slow-roll inflation

PTA scales
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Two stages of slow-roll inflation

Space-based interferometers
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Two stages of slow-roll inflation

Ground-based interferometers
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Example of background evolution
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Example of background evolution

First stage of inflation:

¢, = const = ¢, ;
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Example of background evolution

\ First stage of inflation:

¢2 = Cconst = ¢2,i

¢, = slow — roll solution

\Second stage of inflation:

¢, = slow — roll solution
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Example of background evolution
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Example of background evolution
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Example of background evolution
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Example of background evolution
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Example of background evolution
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Example of background evolution

1.0 103 I 7.450
0.8 -
- 4.967
0.6 - _
TEN
Slow-roll is violated —
0.4 - S
- 2.483
0.2 -
OO | | | ) | | | OOOO
0 20 40 6 80 0 20 40 60 80
N N (MBT)

Matteo Braglia GW P C Workshop 17-19 May 2021



Evolution of adiabatic and isocurvature modes
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Evolution of adiabatic and isocurvature modes

k=10 Mpc™!

Horizon crossing the 10°
time of the transition: '

|Isocurvature modes
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k32| R, k3/2|S| and e

Sizeable amplification of
curvature modes

N

Matteo Braglia GW P C Workshop 17-19 May 2021



Evolution of adiabatic and isocurvature modes

k=10 Mpc™!
Horizon crossing
the transition:
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Primordial power spectra
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Second order SGWB

Large scalar perturbations act as a source of gravitational waves when they re-enter
the horizon during radiation era
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Acquaviva, Bartolo, Matarrese, Riotto 2003 - Ananda, Clarkson, Wands 2005 - Baumann, Steinhardt, Takahashi, Ichiki 2007
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Second order SGWB

Large scalar perturbations act as a source of gravitational waves when they re-enter
the horizon during radiation era
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Transfer functions that depend on the dominating fluid at the time of
horizon re-entry

Domenech 2019, Domenech, Pi, Sasaki 2020
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Second order SGWB

Large scalar perturbations act as a source of gravitational waves when they re-enter
the horizon during radiation era
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Second order SGWB

107 1012 10°1° 1018 1041

| _ | | | 6-4
104 107 100 102

f [Hz]

(MB1)

Matteo Braglia GW P C Workshop 17-19 May 2021



Second order SGWB
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(See talk by Shi Pi for other interpretations)
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Features In the scalar power spectrum

A SGWB with the shape of a bump or a broken power-law is expected in many other
inflationary models, phase transitions etc.
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Features In the scalar power spectrum

A SGWB with the shape of a bump or a broken power-law is expected in many other
inflationary models, phase transitions etc.

Is there any feature that can be used to distinguish between this model and other
sources of GWs?

Matteo Braglia GW P C Workshop 17-19 May 2021



Features In the scalar power spectrum

A SGWB with the shape of a bump or a broken power-law is expected in many other
inflationary models, phase transitions etc.

Is there any feature that can be used to distinguish between this model and other
sources of GWs?

Models of the

63 70 72

Chen, Namjoo, Wang 2014
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Features In the scalar power spectrum

Models of the Chen, Namjoo, Wang 2014
0o The frequency of the oscillations is
0.04 - .
\ proportional to
0.03 -
0.02 A

1

0.01 - |4 | d2V V 6Cl
0.00 - JVNNAAﬁwVVV”“““*’“ ii;T;;ég%' — qéf

—0.01 - /
u $,=0
—~0.02 - | | | |
_23 —22 21 —~20 ~19 —18

N

Matteo Braglia GW P C Workshop 17-19 May 2021




Features In the scalar power spectrum

Models of the Chen, Namjoo, Wang 2014
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Features In the scalar power spectrum

Models of the Chen, Namjoo, Wang 2014

The primordial standard clock signal was originally considered to produce features at
CMB scales. The clock signal consists in a combination of:

. caused by the mechanism exciting the clock field oscillations.
Oscillatory modulation of the PPS with sinusoidal dependence on the wavenumber.
. generated by the classical oscillations of the massive
clock field. Oscillatory modulation of the PPS with sinusoidal dependence on the
logarithm of the wavenumber

(See also talk by Lukas)
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Features In the scalar power spectrum

Models of the Chen, Namjoo, Wang 2014
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Features In the scalar power spectrum

Models of the Chen, Namjoo, Wang 2014

The primordial standard clock signal was originally considered to produce features at
CMB scales.
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Models of the primordial standard clock (1)
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Models of the primordial standard clock (1)
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Models of the primordial standard clock (1)

le—9 CMB scales GW scales
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Models of the primordial standard clock (1)

The PPS can grow

faster than in single 103 -
field inflation for which o
the steepest possible
. = 107 -
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Models of the primordial standard clock (2)

Small field potential for ¢,

(MB2)
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Models of the primordial standard clock (2)
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Models of the primordial standard clock (2)
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Models of the primordial standard clock (2)
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Models of the primordial standard clock (3)

Small field potential for ¢,

2
Ug,) = Vo(l ";2 cb%)

Additional mass term for ¢,
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Models of the primordial standard clock (3)

Additional mass term for ¢,
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Models of the primordial standard clock (3)
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Models of the primordial standard clock (3)
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Models of the primordial standard clock (3)
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Features in the SGWB

1
10 10-6
1073 - 108 -
10'5 = o\ 10—10 _
g o LISA
2
5 2
10-7 N c 10—12 _
o/
| 7
102 - o+ T %/, ge
\\\\\\\\ /7 (J\/,,‘
,QQ/,’/
N
10716 P ——4TT

105 104 10° 107 100 10°
T f (MB2)

Matteo Braglia GW P C Workshop 17-19 May 2021

L | L | LA | ML | LR | LR | UL L
108 10° 10%° 10* 10%* 10 10'* 10%



Features in the SGWB
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Features in the SGWB
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Features in the SGWB
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Features in the SGWB
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Features in the SGWB
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Features in the SGWB
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Templates for the features in the SGWB

Qaw (f) = broad peak + narrow peak (1 + oscillatory feature)

(MB2)
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Templates for the features in the SGWB

Qaw (f) = broad peak 4+ narrow peak (1 + oscillatory feature)

A (£) for f < fi
Ao exp [—bl(— Inx — Bl)ﬁ] for f1 < f < fo

Ag{ exp [—dl Inx — Z?:Q d; (Inz — D;)% + dy 4 +

W*Qaw(x = f/fp) = _
Agexp |—g1Inx — Z?:Q gi (Inz — Gi)%} g(:zt)} for fo < f < f3
As exp (—ln ﬁ) } for f3 < f < 14
f L
A5 (f_4> 9
0 for bump features
g(x) = [1 +Isin(w (f — fp) +¢)] for sinusoidal features
1+ Isin(wlnx + ¢)] for resonant features. (M = 2)
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Templates for the features in the SGWB
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Templates for the features in the SGWB
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(See also Mauro Pieroni’s talk)
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Detectability: LISA binned PLS
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Detectability: LISA binned PLS
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10'7 E 1 -7 -
LISA PLS 3 LISA PLS
108 J\ —— Numerical | 10 ), — Numerical

Reconstructed ? Reconstructed

L P ALY | ' ! LR Y ' ! s S N S N-E-) ! ' o TrEy ! ' AR RS ' ! L | ! ' LRI ! B L AL LN
10 103 10 10! 10 103 10 10
f[Hz] f[Hz]

(See also Mauro Pieroni’s talk) (MB2)

Matteo Braglia GW P C Workshop 17-19 May 2021



Detectability: LISA binned PLS
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(See also Mauro Pieroni’s talk)
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A more robust analysis Is needed
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Conclusions

. The model offers unique signatures in the form of oscillations in Q.

These specific oscillatory patterns are not produced by other models.
(See also talk by Lukas)

Oscillations in the stochastic gravitational wave background from small-scale features Lukas Witkowski

14:30 - 15:00
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Conclusions

. The model offers unique signatures in the form of oscillations in Q.

These specific oscillatory patterns are not produced by other models.
(See also talk by Lukas)

Oscillations in the stochastic gravitational wave background from small-scale features Lukas Witkowski

However...

- GWs during inflation were neglected (See talk by Spyros)

Observing primordial GWs from excited states Spyros Sypsas
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Conclusions

. The model offers unique signatures in the form of oscillations in Q.

These specific oscillatory patterns are not produced by other models.
(See also talk by Lukas)

However...
- GWs during inflation were neglected (See talk by Spyros)

+ Non-Gaussian contributions were neglected too (See talk by Caner)

Imprints of Primordial Non-Gaussianity on Gravitational Wave Spectrum Caner Unal

17:00 - 17:30

Matteo Braglia GW P C Workshop 17-19 May 2021



Conclusions

. The model offers unique signatures in the form of oscillations in Q.

These specific oscillatory patterns are not produced by other models.
(See also talk by Lukas)

Oscillations in the stochastic gravitational wave background from small-scale features Lukas Witkowski

However...

» Although this is a phenomenological possibility, some fine tuning is
needed and further model building is required.
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