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Inflation and preheating: Setting the Scene

| Our present universe

Wang arXiv:1303.1523



when Hot Big Bang starts




when Hot Big Bang starts
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now Include a scalar matter ﬂeld X
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«  Kofman, Linde, Starobinsky hep-th/9405 187, hep-ph/9/704452
«  Greene, Kofman, Linde, Starobinsky hep-ph/9705347
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when Hot Big Bang starts

¢end A¢ Qb*

now include a fermionic matter field, ¥
YO, + moeY +EPp =0

Baacke, Heitmann, Patzold, hep-ph/9806205
Greene, Kofman, hep-ph/9807339 m¢ ‘eff



pre heating of fermions

Xit (k24 af)Xe=0 1 Xu+ (624 af2" i gfd) X, =0

Greene, Kofman, hep-ph/9807339



pre heating of fermions

Greene, Kofman, hep-ph/980/339



pre heating of fermions
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inflation/preheating recap

- homogeneous osclllating condensate can
resonantly produce scalars and fermions

* easy to produce super-heavy fermions

* heavy fermions used In leptogenesis



Oscillons
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Oscillon Lifetime

2000 —

b(t, 1) ~ Ae " 0 cos(wt) +

Initial Bubble Radius, r,
«  Gleiser hep-ph/9308279

«  Honda, Choptuik, hep-ph/O 10065



cosmology of oscillons
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Zhou, Copeland, Easther; Finkel, Mou, Saffin arXiv: | 304.6094 M =10""Mp, m=10""Mp



two types of Oscillon

1 1 A
flat topped: L=—-0Mpd,p — —m2¢* + S — J 48
2 2 4 6
- 1
Gaussian: = | il Ko H" | Z([" | $]2| $2)2

Saffin arXiv:1612.02014



oscillon recap

osclillons are localized oscillating condensates of scalar field
osclllons exist for a wide class scalar fields
oscillons can be Gaussian in shape, or flat-topped

the Inflaton decays by fragmenting into oscillons



fermion emission from Q-balls / Oscillons

Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986)



fermion emission from Q-balls / Oscillons
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Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986)



fermion emission from Q-balls / Oscillons
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fermion emission from Q-balls / Oscillons

find the free-field solutions, * = constant
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fermion emission from Q-balls / Oscillons
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Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1[986)




fermion emission from Q-balls / Oscillons

at large radius, early times we would naturally write

\If(t,f) — Z /dkzn {Bz’n,SXs o Czin,SCS}

S?.j?M

at large radius, late times we would naturally write

Ut,r)= Y / Ak { bous,se U (k, KV + b, Vi (k, kD) §

S7j7M
comparing gives

6out (k) = | dkin R(k1 kin )an (kin ) T T(k, kin )din (kin )Tr

Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986)



fermion emission from Q-balls / Oscillons

define the state

Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986)



fermion emission from Q-balls / Oscillons

define the state

bin|0) =0,  d;n]0) =0

Nout(k) = Z <O\biut,8(k,j, M)bout,s(k, j, M)|0)
s,7,M

Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986)



fermion emission from Q-balls / Oscillons

define the state

bin|0) =0,  din]0) =0

Nout(k) = 3 (01bhs.0 (8 3 M)boueo(k, j, M) |0)
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Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986)



at large radius
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at large radius
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particle emission spectrum
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Conclusions

resonant behaviour creates superheavy fermions for
» homogeneous condensates - reheating
* Inhomogeneous condensates - oscillons

fermion production does not shut off when condensate
fragments

fermions can be orders of magnitude heavier than the
condensate scalar
* leptogenesis

backreaction yet to be accounted for

how do fermions affect oscillon formation?



