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Particle Cosmology circa 1948 Winipeg

Big Bang Cosmic Microwave
Nucleosynthesis Background

Predicted: 1948 Alpher & Herman
Discovered: 1964 Penzias & Wilson.
Nobel Prize: 1978

The “affy” paper : 1948 Alpher, Bethe, Gamow

Fantastic agreement with observations
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1980’s: Start of the Modern Era

Cosmic Inflation
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Particle Astrophysics
Division, Fermilab
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Dir. Edward Kolb
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WIMP Miracle

Goldberg (1983).
Hagelin, Nanopoulos, Olive,
Srednicki (1984).
Steigman & Turner (1985)

| 1984 conference:
- “Inner Space Outer Space”
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Evidence for Dark Matter

Planck 2018

Multipole moment, /
500 1000 1500 2000 2500

>700 evidence for
cold dark matter!
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Cosmic Inflation: Cosmological Collider Winnipeg
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Cosmic Inflation as Particle Factory Bl

[Submitted on 14 Oct 1998]

WIMPZILLAS!

Edward W. Kolb, Daniel J. H. Chung, Antonio Riotto
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“Particle Production” in Quantum Mechanics Winnipeg
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Application to inflation: Scalar Field winmibeg

|
a)kz = k* + m*a’ + (g — &)a’R

Kolb, Riotto, Chung, +...

1
m=0.1H, , k =0.1a,H 526
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Inflation: idea in search of a particle i

— Many models. Most common: scalar field Planck 2018

with V(@)

—Many are now ruled out, e.g. - et
V =¢?, ¢p*: potential is too steep (V'/V) S

B Natural inflation
Hilltop quartic model
« attractors

— - Power-law inflation

== | ow scale SB SUSY
e N.=50
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Challenges: —
— How connected to SM? el )
— Needs Quantum Gravity?
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Higgs Inflation e

1 1 ) 2
¥ = MR+ DO =S (10F =) 4¢|oPR
—_—

1970’s: Coleman, Parker, +...
Required by renormalization

During inflation, & acts like a stretching of the potential.

Transform to “Einstein Frame”

v

Q)
8 € gﬂy=>V—>—
(M2 + E|H|*)?
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Cosmological Observables Winnipeg
Spectrum of scalar fluctuations: Planck 2018

Pk)=A X .
0=4

Primordial tilt (ns)

The Planck “Sweet Spot”
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The Higgs Self-Coupling: Instability! S s

Energy scale of Higgs Inflation is ~ 10"*GeV.

-]\[f() + O M,
—-—A[]IO :t 30—1"[/1

...... Qg + 30’@5

Markkanen, Rajantie, Stopyra '18
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The Higgs Self-Coupling: Instability! o ipeg

Fnergy scale of Higgs Inflationis ~ 10GeV.

0.14
My £ 3oy,
0.12 1 B My £ 20y,

0.1
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WIMPZlllas in HIggs Inflation

m/H, = 0.1

A\
\
Business as usual?

1072 10~1

k/a.H,
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Higgs Inflation: A'new peak emerges!

Chowdhury, Kolb, Jenks, EM
JHEP ‘26
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Resonance Winnipeg

¢ =100, k = 45.8 .

Inflaton
Oscillations
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Scaling symmetry Rt

—— £ =100
—— ¢ =1000

W, =22E"H,a(n)™

400 HOO 1000
a/a,
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Particle Production: Universal Structure S e

Chowdhury, Kolb, Jenks, EM
JHEP ‘26

103 102 101 10° 101

k/€3a.H,
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Dark Matter . Wirioes

0.12 H,

Q, h° mx( H, )Q[TRH(O]

1012GeV 109GeV | 102’

+ CMB ﬂxes A,(Elnf) %50 75100 125 150 1.3 2(()
A
A ~ = 10719 > }‘(Einf)

S
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Hot off the press:
Non- hermal Leptogenesis

With Chowdhury, Jenks, Kolb, Long

=1 X 1013GGV, TRH = 6.4 X 109G6V, € = —EDI, Yéinal = 10_10

inflation kination radiation

a’s./a’s
CGPP
Yy

YBoltzmann
N

Yo
Ys

| i 3 x 1013
10° 10! 102 103 10%* 105 106 107 10% 10° 10!° 10! 10!2 10!3 104 My (GeV) with H, = My

t/te tRITI/te
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