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Reheating with an effectively massive Higgs

Reheating can alter observable e-folds of inflation
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Figure: Baumann, 2011
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Reheating with an effectively massive Higgs

SM Higgs sector at inflation scale + quadratic potential

Lsm > Ah* + g/ (B2 W, W Ly > me*+¢iy

; 1 _
+yr/ (h2) i) + ?3u¢¢757”1/)

V/(H2) ~ H, breaks EW symmetry SM particles get masses ~ H,

@ Block phase space for

@ Assume ~ 2¢ variations in SM o
pertubative inflaton decay

parameters for vaccuum stability

@ Quatum fluctuations of spectator ® Alter resonance structure of

Higgs yield superhorizon modes

@ +/(h?) redshifts and eventually
decays resonantly — W™ W~

@ T.., PDF can yield adiabatic
and baryon isocurvature
fluctuations in leptogenesis

N
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Reheating with an effectively massive Higgs

Can generalize from ¢t} to generic decay width, I

Boltzmann equations for reheating

pg +3Hpy = —Tpy

,(.)R —|—4HpR = r¢p¢ ¢ ........
3
4am2 )\ 2
P 2 2
r,=ro(1- -2 @( _4

Resonant decay h — W+ W~
5.(t) ~ y2h*(t)

Effective mass m,

My ~ T

(2’7['8)3 Wi
v/ (h2) = by~ ATYAH,

2 ~ 2
Assume decay when My = My,

h+3Hh+ AR =0 > gz/ d*k e

from variance of superhorizon modes

v
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Perturbative inflaton decay

Perturbative inflaton decay blocked when h* 2 m7 /2y?

Pos PRI Po1

y =100 LI T

Po>PRIP.I

Example with g = 0.1my, y =5

Po>PRIP.I
2

Track densities for no blocking,
THiggs -2 THubble, THiggs <& THubble
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Perturbative inflaton decay

Scan over [y and y to find interesting parameter space
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Perturbative inflaton decay

Distribution of reheat temperatures for m

Lo =107 m,,

h =

o, = 4.9%10°GeV

To=107my TS = 15x 10°GeV
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Summary and outlook
The SM Higgs has an impact on reheating

Looked at different models Other observables

@ Perturbative case more
general, but only ANy, S'1

@ Non-perturbative case can be
more extreme, ANpor S5

@ Can increase r, decrease ns for
well defined models

@ Adiabatic fluctuations from
T,en distributions

@ Can also impact leptogenesis
mechanisms

@ So baryonic isocurvature
fluctuations are possible as well

V.
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Approximate the number of e-folds observed within horizon

1V 1V 1 t
Npor = 68.5 + = In —r n —her  Poltren)
4 mp A ppr 12 Pe,l

Last term from reheating Can calculate Ny, from slow-roll
o pg redshifts and eventually parameters for specific models
decays to radiation

2
® py(tren) < pg,i, decreases _1-9 Voo _3 Vs
observable e-folds Vv Vv

@ AN < 15, need radiation

~ 2
domination before BBN ) r~ i -8 <%) = —8n;
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Compare various models to limits from Planck data

Planck 2013
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Fig. 12. Marginalized joint 68 % and 95 % CL regions for n; and ryop2 from Planck in combination with other data sets, compared
to the theoretical predictions of selected inflationary models.
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Higgs potential at large field values ~ A\(h)h* can

destabalize EW vacuum without new physics
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Figure: Enquvist et al, 1404.3699
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Resonant particle production

Try axion-like coupling to massive gauge bosons ~ «/f

Gauge boson equations of motion
ot 2+
X, Twx, =0

k2 i
Wl — F ——¢+M2

Xk = ]ékexk , Xy = / \/ —w2dt 20 -15 -10 -05 00 05
\% t1

o
Effective frequency with a/f =9

@ Gauge boson masses, &
M/H, =0,0.25,0.5,0.75,1 N

@ Tachyonic burst not affected

@ Suppress parametric resonance 00

v
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Resonant particle production

Nyen as function of M for a/f = |

, 10.5 (top right)
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Resonant particle production

Different T.., in different Hubble patches

Higgs PDF and T,y distributions

0.6
T> .
’D( Tl < Treh < TZ) :/ f( Treh)dTreh
Ty
F(Tren) = foq(hi( Tren)) |dhy /dTren] o
0.0 05 1.0 1.5 20 25 3.0
fua(hr) ~ N* exp(—2m®\ b /3H]) MPIH;

N,ep as function of M (top)

@ Distributions for
a/f =9,9.5,10,

o Tyon ~ 10° GeV from
perturbative decay when preheating
fails

f (Tren) X 10" GeV
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