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LISA:?‘PC}ssibLLE,& to test regions for which we have poor information



Importance of measuring the Tensor PS (at different scales)
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Test for single-field consistency relation



Potentially nteresting scenarios

Inflationary Gis generated by the amplification of the vacuum fluctuations
have an amplitude OUT of LIG0 and LISA range

J

- Presence of exbtra deqgrees of freedom

dur g iv\fta& Lon

- New patterns of symmetry during

amfta&mv\ B

- Merging of Primordial BHs after inflation




MODEL INDEPENDENT PARAMETRIZATION

It allows to study a model within a given observational window (frequency band of LISA)
agnostic about the potential at field values that not impact these scales
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3 parameters

H7 57 €g — 1]

ASM5 (Best Config.)

€min = 4.47 (H= 0.20 Hc)\
35-\34
Chaotic ]33
Inflation Emin = 3.89 (H=1.00 H)

H,~26-10°Mp; ~6.4-103GeV



GLOBAL PARAMETRIZATION

Specify the potential and combine all the scales in the observable 60 efolds of inflation

A simple (global) parametrization of the scalar potential:

1 (V)

v = 2 V Mukhanov ‘13

3 paramefters

o, B, p

60 o0

[ p = 1 (Quadratic)
| p =2 (Starobinsky)
[ p =3 (Hilltop)
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Binetruy, Domcke, Pieroni ‘16




STAROBINSKY-TYPE POTENTIAL

3 parameters

a/A, B, p V(g) =Vo(1—e7?)? = p=2 vary §=1/(27°)and «a

[Bartolo N. et al ‘16&]

Starobinsky-like model, V(¢) = Vo(1 - exp(-ya))? Starobinsky-like model, spectal tilt n;
22 .

CMB
excluded

non-Gaussianity, mu-distorsion (+LIGO)




3 parameters

a/N, B, p

CHAOTIC POTENTIAL

V(p)=Vo¢p?" - p=1 vary B =~/4and «

Chaotic model, V() = Vo ¢

CMB
excluded

Bartolo et al ‘16
Chaotic model, spectal tilt n;




Exkra (spec%o&aor) scalar field during inflation

N 1 -M N \ ; és |
LDOPFP (Xv U) X = 5000 ¢ 70 5= He, 750

Bartoloetal ‘16

H = 10" GeV

H = 103GeV

S _ .
A( ) — 221 % 10 ) (65% CL) indirect
0.05 LIGO O1
[Planck 2013 XVI] a
e = 0.0068 (95% CL) (PlanckTT + lowP) LISA A5M5

— — — LISA AlMZ2

ro.05 < 0.09 (95% C'L) [BICEP2/Keck Array VI]

5eserves analysis about PBHs and non-Gj




Effective theory for (massive) tensor
during inflation

cr—my/H for LISA ASM5 Config. cr—my/H for LISA A1M2 Config.
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H=10"GeV |

c T -> tensor sound s’peed

M3, a o 2 45, 2 272 |
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[Bartolo et al 1&]
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Effective theory for (massive) tensor
during inflation

cr—mj/H for LISA ASM5 Config. cr—my/H for LISA A1M2 Config.
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GWs from “post’-inflationary processes

:

Large peaks in the matter PS => ¥BHs

merqing of PBHs => stochastic bqg of GWs ‘

2 Two-fields
V(va w) — A[(l — w—Q) (qb - ch) . (Qb o ¢c)2 + 2¢2¢2] waterfall

2 2 2.9 hybrid potential
v M1 25 ¢cv P

GWB Detectable A1M?2 )

I | I I I | I I I
0.6 0.8 1.0

[Bartolo ek al '16]
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PRHs as dark matker in Ehe Universe '




GWs "Beyond” inflation |




GWs "Beyond” inflakion 's,
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GWs from (p)reheating throuqk
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2nd order GWs 1 ki +2Hhi + k°hy; = S5t %i T~ DD
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IF A% > A%|lovp ~3x 1077 @ small scales
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LISA Q,,0 <1071 AR <1x10 ( 30 )

_ 2 . _7 ( Frad
BBO ng,O < 10 17 AR <3x10 ( 30
D. Wands et al, 2006-2010




GWs “Beyond” inflation 's

GWs from (F)rehea&ihg Ekrougk’i L&TSQ AMPLiEMdﬁ
parametric effects } buk Hbsh {re ene
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and order GWs ¢ hj; +2Hhj; (see Crarcia-Bellido,

——
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Crlnis from S&l’iv\g <ras COSMOLOﬂﬁ ,; [Brandenberqger et al '14]

ny >~ —(1 —ng)

Planck:§ n, = 0.968 40,006 => NO GWs @ LISA scales |

W—_—




Crlnis frOm SE_}_’EM@ <ras COSMOLOS!ﬁ ’i! [Brandenberger et al 14 ]

ny ~ —(1—ng)

Planck:} 1y = 0.968 20,006 => NO GWs @ LISA scales

GWs from Kination Domination after inflation 1|

['3. SPOR‘O&V\:) arXLv:gr-qc/?EO&oc?J
[M. Joyce arXivihep-ph/o6o622s ]

w= (K —V)/(K+V)~+1

“ 2221
GWs 777



https://arxiv.org/abs/gr-qc/9306008
https://arxiv.org/abs/gr-qc/9306008
https://arxiv.org/abs/gr-qc/9306008
https://arxiv.org/abs/gr-qc/9306008

Crlnis from SEIEMg <ras COSMOLOﬂﬁ ,3 [Brandenberqger et al '14]

ny >~ —(1 —ng)
‘PLM\% ng = 0.968 = 0,006 => NG GWs @ LISA scales 3
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CrliNis from ?_\:@.‘“BE«S BO\V\SI MOdQL ’s [Gasperini 16]
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Possible future directions

non-Graussianity

(scalar sector)

(C(k1)C(k2)C(ks)) = (2m)%6) (kq + ko + k3) Be (k1. ka, k3)

AT _
T

= ——C on S-H scales

Be(ki, ko, ks) = fnpF (k1 ka, k3)

¥ Y

Amplitude Shape

Different inflationary models predict different
amplitudes and shapes of the bi;sye&%rum




Planck 2015 results. XVII

- Multi-field models
- Curvaton

- Ekpyrotic/cyclic models

- (K-Inflation, DBI)
- Effective Field Theory

- Higher derivative interaction

- Galileon inflation
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Planck 2015

L (KSW)

Shape and method Independent ISW-lensing subtracted

SMICA (T)
Local 05+ 5.6 1.8 + 5.6
Equilateral -10 +69 -9.2+69
Orthogonal -43 £33 -20 +33

SMICA (T+E)
Local 65+ 5.1
Equilateral -89 +44
Orthogonal -35 +22

Planck 2015 results. XVII




Tensor non-Graussianiby?

(h** (k1) (ko )h*? (k3)) = (27)36®) (ky + ko + k3)B51%2%8 (ky, ko, k3)

s= EQLQT‘Lz.QEiOM '
- *

Bp(ki, ko, k3) = fa F(ky, ke, k3)




Tensor non-Graussianity?

(h** (k1) (ko )h*? (k3)) = (27)36®) (ky + ko + k3)B51%2%8 (ky, ko, k3)
swgar tzakion

Br(ki, ko, k3) = fr F(ky, ko, ks)

CMB conskrainks ombj about EQUILATERAL CONFIGURATION

ftens — 3 B;';“Ht(ka ka k) ‘1
e 18 PA(k)

102 x flens(parity even) = 4 +16 1072 x fii**(parity odd) = 80 % 110

[Shiraishi et al ‘18]




Tensor non-Graussianity?

(h** (k1) (ko )h*? (k3)) = (27)36®) (ky + ko + k3)B51%2%8 (ky, ko, k3)

s= polarizakion
J—' —

Br(ki, ko, k3) = fr F(ky, ko, ks)

CMB conskrainks ov\bj about EQUILATERAL CONFIGURATION

ftens — 3 B}_i“i_:t(k) ka k) 1
e 18 PA(k)

]_0_2 X f&eﬁw(Parity even) = 4416 10_2 X fﬁeﬂ”‘"(parity Odd) = 804+ 110

[Shiraishi et al ‘18]

what aboub tensor nG& @ LISA scales?

e e




“Equilateral shape”: 7/ N\ NO IDEA

typical of particle production models ﬂ@

ki ~ko~ks=F
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"Equilateral shape™ 7/ X' NO IDEA

typical of particle production models %

ki~ ko~ ks =k
k1
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kb k7
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Then the GlWs Power
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see Tasitnato’s Tallk '




Chiral GWs

For a W U W = z direction

hyx(t,2) = —hy(2,2) = Re[3+e"'w('-z)]

Py (t,2) = hyx(,2) = Re[Bxe_iw(t_z)]

In circular poi&rizaﬁioh basis

I = |Bgf*+|Bf

V = —|Bg[*+|B[

—[B. Thorie et al ‘17]

[Smith & Caldwell ‘1e]j
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Chiral GWs |

For a GW nh M = z direction
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Py (2,2) = hyx(t,2) = Re[Bxe_iw(‘_z)]

In circular poi&rizaﬁioh basis
I = |Bg]*+|BL|*

V = —|Bg[*+|B[

x-

))ed; (),

C

hs(t,x) = - df | d*Q hp(f.Q)exp(2mif(t —
14 ;/_m / P P

(

hi(f, OB (F,)) (hy (f, QRS(F,6Y))
ho( £ SORYL(F, Q) (R (f, R2(F1,62))

) = 3o - =

[Smith & Caldwell ‘1@3_»}
[®. Thorne et al ‘17]

T 2.00
T 175
T 150

N() = [ df [ PRI ho(f)ela@)e I D iy i, ),
—_—00 P

,5(2)({2-(}')( I(f) iV( ))
—V(f) I(f) )’




[Smith & Caldwell ‘1@3_»}

~ h ( | ,ﬁ * [B. Thorne et al ‘17
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f 2.00
f1.75
For a W i M = z direction +150

hyx(t,2) = —hy(2,2) = Re[3+e‘iw(‘-z)]

Py (t,2) = hyx(,2) = Re[Bxe_iw(‘_z)]

In circular poi&rizaﬁioh basis
I = |Bg]*+|BL|*

V = —|Bg[*+|B[

C

tt) =3 [ df [ ot Q)exp(zmife - D)) b @), sy = [ _a P23 he(f e (WX D g -5, 1),
p Y-

Z+( s (f1, ) (hy (F, Q% (f,52))

£,0 Lo dBQ-Q) (I(f) iV(f)
(£ R% (£.0)) (hx(fﬁ)h;(f’.-fl')))_26(f — ( )

—V(f) I(f

(

(1) = 5 (Adua(t — 2L) + Adns(t — L) — Agua(t - 2L) — Adaa (¢ — L)) +n%(1),

s'(t) = % (A¢a1(t — 2L) + A¢a(t — L) — Agaa(t — 2L) — A¢as(t — L)) +n"(t),
sP(t) = s*(t) +257(¢).
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f 2.00
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For a =W U M = z direction +150

hyx(t,2) = —hy(2,2) = Re[3+e"'w('-z)]
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C
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Okt (£.0)) <hx(f,fz)h;(f'..m>)‘2‘“f — ( )

=iV (f) I(f)

(

(1) = 5 (Adua(t — 2L) + Adns(t — L) — Agua(t - 2L) — Adaa (¢ — L)) +n%(1),

hy(f,
hy(f,

Gi; Ehase shift along each arm

s'(t) = % (Ags1(t — 2L) + A¢ya(t — L) — Agaa(t — 2L) — Adas(t — L)) +n7(2),

$B(t) = s2(8) +257(¢) R response function

(Ades(f1)Adu(f2)) = % /_ _&'er(fi= f)or(fa - f S (fRER(F) RYM (f) = % / P exp (—ZmZ 70 (- xk)) D®(iiyy - €2, £)D®(iig -, f)eFt (2y)e
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$B(t) = s2(8) +257(¢) R response function
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(Adus(f1)Adw(f2)) = 3
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()3 = 30(F = 1) [REX(DI) + REX (W ()]
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"‘ 2.00
T 175

For a W i M = z direction +150

hXX(taZ) = _hyy (tsZ) = Re[B+e_iw'(t_z)]

Py (t,2) = hyx(,2) = Re[Bxe_iw(t_z)]
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hu(t,x) =Y / K f 28 ho( £, ) explemif(e - D) @), Adylt) = f_w af / "Qf‘; hp(f, R)ely(A)e 2GR X DG i f),
P -0

C

h(
hx

FORS(F,Q) (hy (F, QRPN _ 1, 82Q=Q) ( I(f) V(f)
(£ R% (£.0)) <hx(f,0)h;(f',fr)>) 2 = 1) ( )

(
( = \-vV(n 1)
S2(6) = 5 (Adualt = 2L) + Adni(¢ — L) — Adua(t = 2L) - Mg (¢ - L)) +n (1)

Gi; Ehase shift along each arm

s'(t) = % (Ags1(t — 2L) + A¢ya(t — L) — Adaa(t — 2L) — Adas(t — L)) +n7(¢),

$B(t) = s2(8) +257(¢) R response function

1

(Adus(f1)Adw(f2)) = 3

/_ _&'er(fi= f)or(fa - f S (fRER(F) RYM (f) = % / d*Qexp (—21r'i £ (i — xk)) D®(iigy -2, £)D(dirg -, fleF (2y)e

()3 = 30(F = 1) [REX(DI) + REX (W ()]

RX1Xa(f) = % / PQ[FE, (f, 6 OFE(f,0-0) + B, (1, QF (f,4-0)] Ry 2 (f) = % / PO FY, (.- QF3; (f.0-0) - FZ, (1, a- Q)F (,4-)]

Ry2(f) =0
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Chiral GWs i : )

For a W U W = z direction

hxx(tsZ) = _hyy (t,z) = Re[B+e_i“'(’_z)]

hx)‘(ta Z) = h)‘X(t,~Z) = RB[Bxe_iw('_z)]

In circular Faotarizaﬁaav\ basis
= Bl +|BLI

~|Br[* +|BL|*

A x-0 A
hyg(t,x) Z / df / d*Q hp(f,Q) exp(2mif(t — ))e{;m),

(hy (f, RS (F, 9'» <h+(f,ﬁ)h;(f',fr)))__5(f P 9')( I(f) V(f
(BP0} (e (£ OB (7. 62) aw \-V(f) IS

Ry2(f) # 0

LISA: T = 10 years, L= 1x10"9m, D=7 LISA: T =10 years, L= 1x10"9m, D=7

1000 o5 1000

<. UUU _2-00

-1.75

-1.50




GWs from PBHs

* inflection in the potential

Conditions to |, iki-fietds

generate
* bubble collisions (?)

*1’1‘1




GWs from PBHs

* inflection in the potential
Conditions to |, iki-fietds

generate
* bubble collisions (?)

"1’1‘1‘

) eccentricity v h
ow are they

k spin related to

% mass function inflation?
x s[pa&iod.
diskribuktion?

) G

Distinguish PHB
from astrophys.

.

see Crarcia-Bellido and
Peloso’s Talks




The detection or NOT of primordial GWs with
LISA, constrains inflationary cosmological
parameters complementary to CMB

- Next sEeFS?

Forecast the ability of LISA ko conskrain
“inflationary-related” scenarios

Ability of LISA to constrain other “cosmological”
observables (W-G, extra polarizations .. )

LISA abilities for PBHs phenomenology




