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A simple model based on empirical facts

@ Need inflation = a scalar inflaton ¢
@ Dark matter exists = a Dirac fermion x

@ A minimal model:

S= [ d4x\/—g (Len + Lsm + Ly + Lyg + Ly)

@ Inflation: 1
Lo =50u00" 0~ (be* +co’+d ")
@ Reheating:
L =-d2 ¢ H'H - %)\22 o> H'H
© DM:

Ly =iX7" Oux = my XX = Yx #X X
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@ Monomial: V(¢) ~ ¢", tensor-to-scalar ratio

. ( v')2 4n
o< —_— ~
vV Nevpe

@ Planck 2018: r < 0.061; ruled out n>1 = less steep potentials are favored:

o fraction power e.g. V ~ (152/3 (not easy to realize in particle physics)
o non-minimal coupling V ~ ¢"/(1 + £¢°R)? (unitary problem with large ¢ )
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Polynomial Inflation

@ More natural: a polynomial

negligible shifted away

V(¢) = Conét. +d ¢* + cd® + b + e}?/’

Q Large 6 V ~ ¢* = Too steep @

@ Small ¢: V ~¢? = Too steep @

Q Intermediate regime: V flat due to negative ¢° ©)
o lf b= 32d = inflection-point ¢g = —@

@ Reparametrize:

V(o) -d ¢4+2(1—B)¢3+39;(;)2¢]: 6+ -0y 6"+ A0

@ A=-8/3¢ «— location ¢y
@ [ >0: < Flatness
@ d: < Amplitude
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Slow-Roll Predictions

V=d[¢' + A(1-B)¢° +9/32A° ¢°]

Amplitude: V(¢g)~ddy*

Siope: V" (¢g)~B

ena PovB 9

@ SR parameters (M, = 1)

(vl/v)2 iy = Vll/v; 2%/ _ VIVII//V2

1
ey = -
VTa

@ Need ¢cvp = introduce 6:

$=¢o(1-8) =dcmB =1-¢cmB/P0
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@ Results:

@ ng=1-485c\p/b]

)
T o_ CMB
@ NowmB o< ( Z arctan( = ))

® roc(28+82)7 /03

2
o o 516055
A \

Poa__ 9%

¢ = 518a72(62+28)2

@ ns =0.9649, Noyp = 65, Pe =2.1-107°
= fix parameters:

Somp =731 x 107462

5=9.73x107" ¢4

16 2

d=6.61x10" """

@ Predictions for r and « (¢o $1):

r~71x107%%;a~-1.4x 1073
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Reheating and Radiative Stability

@ Reheating Temperature:

T = 1.41g, M2

@ BBN requires Ty 2 4 MeV = Lower bounds

Az >24x107%

o

o Radiative Stability require: Loop corrections

@ Decays to SM Higgs

_ t
£2-dupHH not spoil flatness of inflaton potential = Upper
@ Decay rate: bounds
2 A 2 A A 2
() m(52)- (32 [ oo
8rmy bo b0 Po
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Reheating and Radiative Stability

o BBN+Radiative Stability =

Parameter space for T

o Parameter space for couplings °
107
101
107
Inflaton Potential 108
g Radiatively Unstable —
= -19 {/
S 10 3 w0
g
e 10?
10- Cx
107! o
Tie<4MeV
- Excluded by BBN - = .
1O 5507 6070 o100 7 w0t ot
: : : mg [GeV]

¢o [Mp]
@ ¢p:3x10 5Mp < ¢o < 1Mp; Inflaton mass: 100 GeV < mg $ 10! GeV
@ 4MeV 5 Ty, $ 10 GeV; 100 GeV S Trax S 10%2 GeV
@ Note Tmax ~V T (H/MP)1/4
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DM production and relic density

@ Six possible channels:

‘iz';l v S A / 1

o X ¢ X @ X
SM X H X
N s .
AN h e - . o] /
PRTIITITI B ¢

=
= N
-~

SM

@ However direct decay dominates

Polynomial Inflation and Dark Matter July 13, DPF21 8/11



Inflaton direct decay

@ Convenient to use N = na’, rewrite BEQ:

X
dN  Mp T
o< P SOk
% @ DM yield Y = n/s:
3 T
@ Boltzmann equation (BEQ) Yo o< 2 my Br
dn e
— +3Hn=+v @ To match the DM relics :
dt
21 pe -10
@ Interaction rate density: my Yo = h” — o ~4.3x1077 GeV
~=2BrT 22
m
’ T

Yy 2 1.2x 10"
my
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Inflaton direct decay

o Parameter space (white region): y, ~1.2x 10713, /12
X

]01 1 .
-
Stability -7
11 - o
10 < - B
8 » LT
= 10 N B
= o < z - A
ISARTGE LW
~ 2\ - 5
S N i
ke

107 107 100 100 10 100 102
my [GeV]
@ Bounds:

o Radiative stability: Ty, < 1.2 x 10 GeV (Higgs loop), y, < 107 (DM loop)
o BBN: T, 24 MeV

o Lya cold DM: vy = 2 5107%c « %22:‘:’1
X rl

_ Gin 7ﬂ&ﬂ~3xlo‘l4m¢ GeV

po_aO pm_aeq Qm 2 B Trh ’

@ DM mass:

O(107%) GeV < m, s O(10') GeV
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@ Propsoed a simple model to embed inflation and DM:

5:fd4X\/—g(£EH+£SM+£¢+£H¢+[’X)

o Inflation:
V= d[¢4 + A=) ¢+ %A2¢2]
with A = —8/3¢o; = 9.73x10 ¢/ Mj ; d = 6.61x10 5/ M>; ¢ 2 3x10°M,
Q r=71-107¢/M5 @
© o =~-143-10"3 = testable in future (ss cwg) ©
Q Hinr =~ \/%: 8.6~10’9¢8/M§ = Hiy,r as low as 1 MeV! @

e DM: ¢ — \x (dominated)
0(107) GeV < my,  O(10™) GeV

@ Future prospects: Baryogenesis, Strong CP, ...
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@ Propsoed a simple model to embed inflation and DM:

5:fd4X\/—g(£EH+£SM+£¢+£H¢+[’X)

o Inflation:
V= d[¢4 + A=) ¢+ %A2¢2]
with A = —8/3¢o; = 9.73x10 ¢/ Mj ; d = 6.61x10 5/ M>; ¢ 2 3x10°M,
Q r=71-107¢/M5 @
© o =~-143-10"3 = testable in future (ss cwg) ©
Q Hinr =~ \/%: 8.6~10’9¢8/M§ = Hiy,r as low as 1 MeV! @

e DM: ¢ — \x (dominated)
0(107) GeV < my,  O(10™) GeV

@ Future prospects: Baryogenesis, Strong CP, ...

Thank you!
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