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INflation:
a stage for new dynamics

* High energy: H can be 1013 GeV.

* Can produce heavy new physics particles.
“*Cosmological collider physics”

* |nflaton can travel a large distance in field space.

* Can trigger dramatic changes in spectator
sectors which couple to the inflaton.

* Can also show up in cosmo collider.
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a stage for new dynamics

* High energy: H can be 1013 GeV.

* Can produce heavy new physics particles.

Cosmological collider physics This bl

G Inflaton can travel a large distance in field space. \

* Can trigger dramatic changes in spectator
sectors which couple to the inflaton.

\ * Can also show up in cosmo collider. j




The excursion of the inflaton

A¢ ~ N efold\/EMPlanck

Large excursion of the inflaton field plausible, even if we restrict
ourselves to the case where Ag < Mpianck

This is the case even for a small part of inflation with Nefolg = O(1)

Any physics/observable effect”




Example: Inflaton + spectator

v

Inflaton sector
Single field slow roll
Approx. shift symmetry...

Spectator, less energy,
not driving spacetime evolution

Suppose the coupling is weak, suppressed by some high
scale M, such as M=Mpjanck

For example: f<%> Mmoo, ¢ <%> Ao, elc.

Field excursion of inflaton, A¢p ~M, can change the mass and couplings
INn the spectator sector, leading to interesting dynamics.




For example: 1st order PT
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Rolling inflaton — (1st order) phase transition in the spectator sector




1st order phase transition

Bubble nuclealionrate:.  — = m ¢

m_: typical scale in the spectator sector

Efficient phase transition:
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Phase transition is 1st order (S4 »1).
Assume spectator sector does not dominate energy density:

H <m <3\LH




1st order phase transition

Phase transition completed with O(1) of Hubble volume in
new phase:

Guth and Weinberg, 83’
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For GW signal in the opposite limit: J. Barir, M. Geller, C. Sun, T. Volansky, 2203.00693




N our toy model:

dS M, dsS
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Cosmo Transitions




1st order phase transition

Phase transition is 1st order, and spectator sector does
not dominate energy density:

540 =St +pt—D+ ...  p* < m? < IMLH?
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An instantaneous source of GW.




GW In three regimes

co-moving scale

| 7| = (H*a)‘l L A - /

. . Intermediate

(T*)—l < k < A;l

Toubble ~ A; . ,
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GW from instantaneous source
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h' +—h' + k*h = 162G\a’T,,
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Instantaneous source: T;; ~ Ta~(z.)5(z — )

Before the end of inflation:
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Assume radiation domination after reheating (for now):
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GV\/ Sig nal hflaly * 27&/% — V2h7;j = 167TGNCL20'7;J-

Intermediate

T§1<k<AT_1

Horizon exit Re-entry

During inflation:

Mode starts inside horizon, oscillates till horizon exit.
= Amplitude depends on k.

k:
= | eads to oscillatory pattern in frequency. & « S it

k2




Oscillations
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Oscillation in

Inflationary era End of frequency
inflation




GW Sig nal hflalj * %alh;j — V2h7;j = 167TGNCL20'7;J-

Time scale of bubble collision = A _ .

Oscillation pattern in frequency smeared out in this regime.

Spectrum depends on details of the source.




GW Sig nal hfla,J * %alh;j — V2h7;j = 167rGNa,2(7ij

R k< [ \
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Mode outside horizon at the time of phase transition

No oscillation. Can treat the GW as if it is from a
point source.




Co-moving scale

7| = (H*a)_l

Thubble ™~ A’r




dp/dlogk

Intermediate

dpcw
dlogk
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Intermediate

dp/dlogk
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Intermediate

dp/dlogk
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Intermediate: h




dp/dlogk

IR:

Intermediate:

UV:

Intermediate
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o X k_s Details of source matters, determined by numerical
dlogk simulation Hubber, Konstantin, 0806.1828

Cutting, Hindmarsh, Wier, 1802.05712




Viore generally

dlogk [ég(k)ég (k)] : k3 [1 + S(kpA,) cos 2k(T, — 79)]
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Viore generally

dp 5
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Oscillation




Viore generally

dlogk [ég(k)ég (k)] : k3 [1 + S(kpA,) cos 2k(T, — 79)]
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Smearing for kA, »1  Oscillation




Viore generally

dlogk [ég(k)ég (k)] : k3 [1 + S(kpA,) cos 2k(T, — 79)]
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Time evolution




Dependence on later evolution

dp 9
dlogk [ég(k)g”g (k)] k3 [1 + S(kpA,) cos 2k(1y — 79)]
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Depends on the evolution of the background spacetime
during inflation

Et(k)  Depends on the evolution of the background spacetime after
L inflation -

Alternative scenarios can change the shape of the GW signal!

Can be sensitive to era after the CMB mode exit the horizon and before BBN




Scenarios of inflation and its

aftermatn

Scenarios of inflation

Parameterized by p

Scenarios after inflation:

Parameterized by p

a(t) ~ tP

Quasi de Sitter:

Power law:

LLucchin and Matarrese, 1985
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a(t) = Qg (t/to)p

p—e , quasi de Sitter
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Impact on spectrum

Scenarios after inflation
dp
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Impact on spectrum

Scenarios after inflation
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lmpact on spectrum

Scenarios after inflation

dp
dlogk
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ldeally, we will
1. Observe GW.
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Scenarios after inflation
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2. Observe Oscillation — Instantaneous source during inflation (1st order PT)

3. The spectral shape can tell us the evolution after PT.




Comparing scenarios

dS x (MD—-)RD

10_137 ﬁ/ f 0 RD 1 i
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Scenarios after reheating.

Tvr = MD-RD transition




Comparing scenarios

tP x RD
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Different inflationary scenarios.
— different slope in UV part.
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Possible signal at cosmo
collider

Matt Reece, Zhong-Zhi Xianyu, and LTW 2204.11869




Time dependent mass at
the cosmo collider

~
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More specifically

;&@ D L e Esin(ulogE +8>
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For slow varying mass, still use this to give an estimate.




More specifically

gi&@ Aapt” k3 ks
o = e sin< 08— | 8)
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For slow varying mass, still use this to give an estimate.

Time variation affect both amplitude and frequency.




Signal shape
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Conclusions

* Cosmological observations can reveal new
dynamics in the inflationary era.

* Potentially large inflaton excursion can trigger new
dynamics in a spectator sector.

* Can trigger 1st order phase transition = GW.

* GW Can probe an era invisible from other
observables, such as CMB/LSS or BBN.

* Frequency and amplitude modulation in cosmo
collider signal




Extra




Guth and Weinberg, 83’
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Observing the signal
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Ne: efold till the end of inflation = time of the phase transition




h'in a generic inflation model

* Generic features source Model dependent

A

+ For|kt'| >4, hT =k cosk(r' — 74)GL (k)
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Generic features of GW spectrum

* k, K A7 coskyt, = 1, sinkyt, — 0

ok 87w [E(RG (8]
paw(T) = / 2m)3  Vat(r)a2(ry)

cos> k(Te — TO)Tij(()) kp)Ti§(07 kp)

~

Tij(oakp) = /dtpTij(Ta kp)

(Ti5Tij) 1k, «n;* independent of k. Cai, Pi and Sasaki, 1909.13728

* kAL 1 < |kt,|, an oscillating feature in the GW spectrum

dpcw 4GN|Tz'j(O,O)|2 o :
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Generic features of GW spectrum

 The UV part of the spectrum
* k,A, > 1, the oscillation pattern is completely smeared.

dpg}?/v 2G’lefij (kpa kp)|2 & 5 f 23
ZPGW. ‘(k k)| k
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* The IR part of the spectrum (' > 5, or || < |nsl)
« G/ is flat, no oscillation parttern in the spectrum either,
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-1rst oro

inflatior

er phase transition during

* Assume quasi-dS inflation, RD re-entering and fast reheating
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-irst order phase transition during

inflatior

* For phase transition to finish

R=A, < H_;
dSy
— —, A_l Hin
P=g ~2p > Ha
dpty ., (Hue\® _ BR
Apyacdlogk, 5] 338 + 2.8k5-®

Huber and Konstandin, 0806.1828




Examples

e |Inflation models

: : : : 5f H )
* Quasi-de Sitter inflation Gy = | — =) m=
. . 5 _ p 2—p+p 3
* tP inflation Gl = ag(—kmo) " NG I‘(§ +

In tP inflation, we have the slow-roll parameter

1
1—e

Gy ~ k™

e Evolution after inflation
* InRD, & ~k7!

e InMD, &b~ k2




