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S
| shall be talking about ...

1. Parametrically Excited Fermions = GWSs

2. INFLATION = SM Higgs Condensate = SM Fermions = GWSs
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1.1 Fermion Parametric Excitation

Scalar field (condensate) after Inflation:

Coherent Oscillations: ¢(t) = ®(t)f(t), ft+T)= f(t)




1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)
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1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)
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1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)

Lo+ (R0 219D g () =0, R (1) = K + a2 (B)m (1)
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1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)

B + (w30 £ up () =0, W (1) = B + @200 (1)
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1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)
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1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)
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1.1 Fermion Parametric Excitation

Fermions: y¢i) Oscillations — 1) — Particle Creation
(Non-Pert., Out-of-Eq.)

2 .
Lo + (R0 219D g () =0, L > W} (1)
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1.2 GWs from Fermions

Fermi-Sphere: { } = T ~ (VYD) [ur,+(t)]

ng (k> ke) =0
@)\ TT
{(THV ) — GW Source !

GWs: 909 (k. 1) = % I3 [ dtrdts Gkt — t1) T1(k, 11, t2)

UTC: (T (k, t1) TET (K, t2)) = (2m)3 112 (K, £, 15) 6 (k—K')

Enqvist, DGF, Meriniemi
PRD'12, JHEP'13



2.1 SM Higgs during/after Inflation

Inflation: dS(H.), (Hx > v =246 GeV)

SM Higgs: @z% — V(@)z%@‘l, H=@>v

Random Walk (k < aH,)

Prob. Dist: ¢ light ([V"| < H2) = { .
Peq(p) o< Exp{—cA.(p/H.)*}

End of Inflation: ¢, = aH,/A\/* o €[0.01,1] (98 %)
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2.1 SM Higgs during/after Inflation

Inflation: dS(H.), (H.> v =246 GeV)

SM Higgs: © = % — V(p) = 2Upt, p=p>wv

Random Walk (k < aH,)

Prob. Dist: ¢ light (|[V"| < H2) = { .
Peq(p) oc Exp{—cAu(p/H.)"}

End of Inflation: ¢, #0 (V «x ¢*) = Higgs Oscillations (!)
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Higgs Osc. — SM WU's Param. Exc. — GWs

kp ~ kY (Max.)
nd e SE) = k) kL k< ky
o« k715 k> ky,



Higgs Osc. — SM WU's Param. Exc. — GWs

kp ~ 3% (Max.) '
n(j)(k < k(.i)) BN O1®)) (k) : 3.k 340
PEUBNELE awll) i k% k< X g;
o« kT k> ky
(6 <«1)



Higgs Osc. — SM WU's Param. Exc. — GWs

kp ~ kY (Max.) o

n (kS = Q) <k k<K, S
< k715 k> k,

Y~ g% Vg (0<1)



Higgs Osc. — SM WU's Param. Exc. — GWs
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SCALING (Universal Shape) :

Qaw (k; ;) = (Hy/Mp)* (ar/ap) =" x ¢;1%° U(k/kp)
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Higgs Osc. — SM WU's Param. Exc. — GWs

2 U Uy =U(1) [~ 107°(RD), ~ 10~5(MD)]
(@) = th 3 a+B=1 [a=0.2543=0.75 (RD, MD)]
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Total GWs :

2080 () = e1 1078 (Hy/M,)* 32 ¢, Uq; = /*(k/Hy))
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S
Higgs Osc. — SM W's Param. Exc. — GWs

SM Yukawa Couplings : ¢¢ > yp > Yr > Ye > Yu 2 Ys > Yd > Yu > Ye

W20 (f) o ¢3/2 o 33 = Top Quark dominates (1)

DA



Higgs Osc. — SM WU's Param. Exc. — GWs

Top Quark dominates (1)
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Higgs Osc. — SM WU's Param. Exc. — GWs

Top Quark GW Peak Today:
(H, ~ 10 GeV, y; ~ 0.5)

Today: f[(,f> ~ 107 Hz, h2<(p\>w ~ 1030 )\1—1.55

.



Higgs Osc. — SM WU's Param. Exc. — GWs

AL S 10

Higgs quartic coupling A(y)

10719,107% = p2Q@y |, 2 10

4)(! 10715 10710

RGE scale u or i vev in GeV

(Degrassi et al, 2012)
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@ Inflation, dS(H,) = Higgs Osc.= ¥’s (Param. Excitation).
Q {¥v,} — h

o y2 = Top Quark dominates (!)
Q@ 0< )\« 1, H,~ 10" GeV, Peak's Frequency: f. ~ 107 Hz
R2Qdy |, 2 ,10718,10710 (A; < 10°7,10710,10718),

@ Similar Conclusions for Higgs Inflation ! Also expected in BSM |

@ Universal Effect: Inflation + SM Higgs = GWSs: Spectroscopy of
Particle Physics: Probing the Most Strongly Interacting Particle (!)
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@ Inflation, dS(H,) = Higgs Osc.= ¥’s (Param. Excitation).

Q {v,}] — hQQ(C?‘),V(f) x go/* x y3 = Top Quark dominates (1)

Q@ 0< M\ k1, H,~ 10" GeV, Peak's Frequency: f, ~ 107 Hz
R2Qdy |, 2 ,10715,10710 (A; < 107 7,10710,10713),

@ Similar Conclusions for Higgs Inflation ! Also expected in BSM !

@ Universal Effect: Inflation + SM Higgs = GWSs: Spectroscopy of
Particle Physics: Probing the Most Strongly Interacting Particle (!)
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Conclusions

@ |Inflation, dS(H,) = Higgs Osc.= U’s (Param. Excitation).
Q {v,} — thE}O\)N(f) x g% Y3 = Top Quark dominates (!)

Q@ 0< )\« 1, H,~ 10" GeV, Peak's Frequency: f. ~ 107 Hz

n2OP)

L2 1077010712, 10710 (A S 1077, 10719,10718).
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Conclusions

@ |Inflation, dS(H,) = Higgs Osc.= U’s (Param. Excitation).
Q {v,} — thE}O\)N(f) x g% Y3 = Top Quark dominates (!)

Q@ 0< )\« 1, H,~ 10" GeV, Peak's Frequency: f. ~ 107 Hz
h2Q(C§2N L2 10770,10717,10710 (A S 10°7,10719,10718).

@ Similar Conclusions for Higgs Inflation | Also expected in BSM |

@ Universal Effect: Inflation + SM Higgs = GWSs: Spectroscopy of
Particle Physics: Probing the Most Strongly Interacting Particle (!)



