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CMB observations and BSM physics

- (ns, r) precision measurements from CMB
- No signal of physics beyond the Standard Model (BSM)
at the LHC
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Starobinsky R2 Inflation

[Starobinsky 1980; Mukhanov & Chibisov 1981]
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+ minimally coupled SM, RHN
+ or BSM

. One of the oldest models of Inflation, before models
of Sato and Guth

. A single parameter M characterizes the model.



R2 Inflation as scalar-tensor theory

[Whitt 1984; Maeda 1988]
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R2 Inflation [starobinsky 1980

a Scalaron = Inflaton
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Gravitational reheating by scalaron decay

[YW & Komatsu gr-qc/0612120; YW 1011.3348; YW & White 1503.08430]
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Gravitational reheating by scalaron decay

[YW & Komatsu gr-qc/0612120; YW 1011.3348; YW & White 1503.08430]
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Gravitational reheating by scalaron decay

[YW & Komatsu gr-qc/0612120; YW 1011.3348; YW & White 1503.08430]
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If we know the matter sector (e.g. SM minimally coupled to gravity),
inflationary predictions can be made without uncertainty.



Predictions depend on reheating temperature

scalaron mass e-folds of inflation
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Preheating in R?2 inflation (MinkowskKi) [Takeda & YW 1405.383(
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Parametric resonant spectrum
[Takeda & YW 1405.3830]
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Preheating in R2 inflation (Friedmann) [Takeda & YW 1405.3830]
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Metric preheating Iin R2 inflation [Takeda & YW 1405.3830]
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The resonance is not strong enough to form quasi-stable objects!



Higher derivative SUGRA [Cecotti 1987; Ferrara & Porrati 2014]

R is the supercurvature
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Starobinsky SUGRA R2 inflation

[Terada, YW, Yamada, Yokoyama 1411.6746; Dalianis & YW 1801.05736]

2 4 C 22
_ 12 ¢
N(S,8) =~ 3+ —588 — = ($5)° S, ImT are stabilized.

m<I> m<I>

2 | —\ 2
Real part of T becomes the inflaton: | |/ = 372”<I> (1 e 2/3ReT) |

1
S = / 1'2d’026° 2 (27 —8R) e KB w4 ZhABWAWB + H.c.

- = v
K:—31n<T+T N(S,S) — J(¢, pe )),

S
W =2TS+ F(S) + P(¢). Grav. coupling to matter



Starobinsky SUGRA R2 inflation

[Terada, YW, Yamada, Yokoyama 1411.6746; Dalianis & YW 1801.05736]
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Inflaton decay after SUGRA R2 inflation

[Terada, YW, Yamada, Yokoyama 1411.6746; Dalianis & YW 1801.05736]

T(T — ¢'¢") = 3 (T iy M 2
Scalars: = 8rMZmg LT )= 967TM(2}| ij|
Fermions: D(T = y'x') = mima
ermions: XX') = 1027 M2
. N 2. .3 2

Gauge fields | p( , 44y 4 (1 A\ ~ 2080 e (TG - 1TR>
& gauginos: 12872 Mg 3

. .. ( ms/o 2 2
Gravitinos: (@ is inflaton) . 16 ( e ) (m2 < mamg o)

™m 4
D(Pr+ — P3/213/2) = 487TJE(2; X 3 (n”’;;) (3mamgje < m; < mg)
1 (m?p < mz)




Constraints from gravitino abundance

[Terada, YW, Yamada, Yokoyama 1411.6746]
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CMB uncertainties from the post-inflationary evolution

[Easther, Galvez, Ozsoy, Watson 201 3]
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Shift in (ns, r) due to late entropy production

After inflaton decay, a diluter field X (modulus, flaton) may dominate the
universe until BBN. Decays of X produce :
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Supersymmetric dark matter cosmology

Merits: Gauge coupling unification, stable dark matter, baryogenesis,
stringy UV completion, ...

1. Gravitino LSP
2. Neutralino LSP (WIMP)

e Thermal DM (freeze out): thermal scatterings with the MSSM,
messenger fields
e Non-thermal DM (freeze in): decays, thermal scatterings

Light WIMP mass is disfavored by the LHC.
(Qpmh? is severely constrained when
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Alternative cosmic histories and SUSY
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CMB observables: Starobinsky R2 inflation
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CMB observables: Starobinsky R2 inflation

[Dalianis & YW 1801.05736]
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CMB observables: Starobinsky R2 inflation

[Dalianis & YW 1801.05736]
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CMB observables: Starobinsky R2 inflation

[Dalianis & YW 1801.05736]
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Conclusion

e We cannot exclude or verify SUSY by (ns, r) precision
measurements even if R2 inflation is verified.

e Nevertheless we can support the presence of BSM physics by

ruling out the “BSM-desert” hypothesis for a particular inflation
model.

e Hence precision cosmology can offer us complementary constrains
to the parameter space of SUSY.



