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Why Small Field Polynomial Model?

@ Monomial: V(¢) ~ ¢", tensor-to-scalar ratio
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Why Small Field Polynomial Model?

@ Monomial: V(¢) ~ ¢", tensor-to-scalar ratio
(v')2 4n
roc|—1] ~
v Nems

@ Planck 18: r < 0.061; ruled out n>1 = less steep potentials favored:
2/3

o fraction power e.g. V ~ ¢
o non-minimal coupling V ~ ¢"/(1 + £¢°R)?
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Why Small Field Polynomial Model?

@ Monomial: V(¢) ~ ¢", tensor-to-scalar ratio
(v')2 4n
roc|—1] ~
v Nems

@ Planck 18: r < 0.061; ruled out n>1 = less steep potentials favored:
2/3

o fraction power e.g. V ~ ¢
o non-minimal coupling V ~ ¢"/(1 + £¢°R)?

o Alternatively
4
V(¢) = Z an¢n
n=0

e Avoid trans-Planckian = ¢ < M, = Small Field
o Reasonable to insist on renormalizability (especially ¢ in UV complete theory)

e V/(¢): most general renormalizable inflaton potential

Small Field Polynomial Inflation Sep. 22 DESY Theory Workshop 2021 3/9



Polynomial Inflation Analysis

o Potential _
negligible shifted away

V(g) =2+ d¢4+c¢3+b¢2+e/
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Polynomial Inflation Analysis

o Potential _
negligible shifted away

V(g) =2+ d¢4+c¢3+b¢2+e/

o Large ¢: V ~ ¢* = Too steep @
o Small ¢: V ~ ¢? = Too steep ®
o Intermediate ¢: V flat < ¢° term ©)

2 . . .
o If b= ?.2% = inflection-point ¢g = -3¢

8d
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Polynomial Inflation Analysis

o Potential _
negligible shifted away

V(g) =2+ d¢4+c¢3+b¢2+e/

o Large ¢: V ~ ¢* = Too steep @
o Small ¢: V ~ ¢? = Too steep ®

o Intermediate ¢: V flat < ¢° term ®
9c? H H H _ 3¢

o If b= 35, = inflection-point ¢g = -5

@ Three parameters (d, A, 3) reparametrization:

3 9 Cc 2
V(e)=d|6'+ S-p) 8+ o (£) ¢] d[ét+a-p) 6+ S A%]
o A=c/d=-8/3¢ < location ¢o

o (3>0: < flatness V(¢o)

e d: <— amplitude (power spectrum)
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Slow-Roll Predictions

V=d[¢* + A(1-P) ¢° +9/32A% ¢

Amplitude: V(@) ~dgy”

Slope: V'(¢g)~B

V(¢)

ena PcMB G0

$cvB

@ Need ¢cvp = introduce 6:

¢cmB = ¢o(1 - dcmB)
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Slow-Roll Predictions

@ Predictions:
0 Ns ~ 1 748601\13/%
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™ dcmvB
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Slow-Roll Predictions

@ Predictions:
0 Ns ~ 1 748601\13/%

4
V=d[?4 + A(1-6) ¢°+9/32A7 ¢7] o NomB o< [g — arctan ( \C/I;%B )]
Locaton: gy =~ )
Amplitude: V(¢g)~ddy* [ gied (2[‘3 + 52) /¢§

Slope: V'(¢g)~B

V(¢)

ena PcMB G0

$cvB

@ Need ¢cvp = introduce 6:

¢cmB = ¢o(1 - dcmB)
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Slow-Roll Predictions

@ Predictions:
0 Ns ~ 1 748601\13/%

V=d[e¢* + A(1-p) ¢°+9/32A% ¢ o Ncmp o< [g — arctan (5\‘3/“2%3 )]

b ,

Amplitude: V(¢g)~ddy* @ roc (2[-} + 52) /¢S
§ | sope: vido)-s 576(28+62)

dend PcMB 90 o a=- 4)3
L S
dous ° P¢ = sigama(stian)y
¢ @ ns =0.9649, Noys = 65, Pe =2.1-107°
@ Need ¢pcnvp = introduce : dcmp = 7.31 x 1074(153

$=9.73x10""¢3

¢cmB = ¢o(1 - dcmB)
d=6.61x107"°43

@ rand «o?
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Predictions for r and «

0.9607 0.962 0.963 0.964 0.9649 0.966 0.967 0.968 0.9691
@ r not detectable ®
-a10°
— L _1-3.0-107%(65- NomB) 22
7.09x10_9¢8 20
18
+15.0(0.9649 — ng) + 175 (0.9649 — ng)? .
12
10
@ « hopefully testable [ss cvg) o0
—3 —5
o=-1.43-10"7-5.56-10" " (65— N )
+0.02(0.9649 — ng) — 0.25 (0.9649 — ng)>
0.9607 0.962 0.963 0.964 0.9649 0.966 0.967 0.968 0.9691
@ Central model parameters N
-4 .2 —7 .4
SoMB =7-31x10 Y5 8 =9.73x 10" ' ¢g; 5
L2 v - 2,
466110716 42 @ Inflaton mass: mj = 952 | 4o = 4d¢y;
. % _
Inflationary scale: Hinr = @ ~8.6-107%¢43

@ Question: What's the lower bound for ¢¢?

u}
)
I
il
!
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Reheating = Lower Bound

@ After inflation ends:
2 .2
] V ~ m¢¢
e ¢ oscillates and transfers
energy

@ Decays to Bosons (e.g. Higgs)
or Fermions (e.g. RHN)

£ -geld'" - yorx
@ Decay rate (my ~ ¢3 ):
2 2

M-8 .2
*" 8rmy 8
b ™

mg
@ Reheating Tem:

Te = 141,412
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Reheating = Lower Bound

@ After inflation ends:

2 2
o Vi~ "_1¢>¢ @ BBN requires T;e 24 MeV = Lower bounds
e ¢ oscillates and transfers

energy

oo 2 4.7 x1077; f 2 2.4 %107
0

@ Decays to Bosons (e.g. Higgs)
or Fermions (e.g. RHN)
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@ Decay rate (my ~ ¢3 ):
2 2
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*" 8rmy 8
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Reheating = Lower Bound

@ After inflation ends:

2 2
o Vi~ "_1¢>¢ @ BBN requires T;e 24 MeV = Lower bounds
e ¢ oscillates and transfers

energy

oo 2 4.7 x1077; f 2 2.4 %107
0

@ Decays to Bosons (e.g. Higgs)
or Fermions (e.g. RHN)

@ Remarks:
L> 7g¢|¢’|2 - YOXX o Preheating negligible
@ Decay rate (m, ~ o2 ): e Though mé, ~ g¢ = tachyonic resonance,
still ok here, due to (sizeable) self-coupling
. g )im A" (= back-reaction m’, ~ X\(¢") );
o 8mmy ' 8m ¢ Pauli blocking for x = Preheating not

) efficient here
@ Reheating Tem:

Te = 141,412
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Reheating = Lower Bound

@ After inflation ends:

2 2
o Vi~ "_1¢>¢ @ BBN requires T;e 24 MeV = Lower bounds
e ¢ oscillates and transfers

energy

oo 2 4.7 x1077; f 2 2.4 %107
0

@ Decays to Bosons (e.g. Higgs)
or Fermions (e.g. RHN)

@ Remarks:
L> 7g¢|¢’|2 — YPXX o Preheating negligible
@ Decay rate (m, ~ o2 ): e Though mé, ~ g¢ = tachyonic resonance,
still ok here, due to (sizeable) self-coupling
. g )im A" (= back-reaction m’, ~ X\(¢") );
o 8mmy ' 8m ¢ Pauli blocking for x = Preheating not

) efficient here
@ Reheating Tem:
@ Question: What are the upper bounds for the
Toe 1.41g—1/4r;/2 couplings? = Radiative stability

*
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Radiative Stability = Upper Bound

@ Require: AV(go) < V(o) ; AV (¢o) < V' (o) ; AV" (¢) < V" (¢h0),

1

AV =
6472

P=¢,x

o Upper bounds for y (coupling
YORX): L2000 | reap

5 <—1)2%gm(¢)“(ln(w)—

)

e Upper bounds for g (coupling
2
gD P): Sl () -1l <oaned

T 107
107
Inflaton Potential //”
10-8} Radiatively Unstable -~ 107"
" e Inflaton Potential
L1 L S gr] RediativelyUnstablo
1072}« 2
107" Tl 0%
Too < 4MeV B N
s Excluded by BBN ‘\\\ ‘‘‘‘‘‘‘‘‘‘ Te < 4MeV
10 T » == Excluded by BBN
10~
10 0001 0070 0.100 1 0.001  0.010  0.100 1
o Mp] o [Mp]

@ Radiative Stability + Reheating = Lower bound ¢ > 3 - 10_5MP

Yong Xu
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@ A simple polynomial model fits data very well:
V= d[¢4+A(1 3) ¢ + A2¢5 ]

with A = -8/3¢o; 7 =9.73x 10 ¢g/Mj ; d = 6.61 x 10 °¢5 /M.
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V= d[¢4+A(1 3) ¢ + A2¢5 ]
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o Predictions:
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© o~ -1.43-1073 = testable in future [ss cvg] @
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o Implications:

Q@ my =5.1x10%¢%/M, = as light as O(100) GeV (EW scale);

For comparison: monomial m?¢? model, m ~ O(1013) GeV

@ Inflationary scale: Hi,¢ ~ 8.6~10’9¢8/M§ = Hi,¢ as low as 1 MeV!

© Reheating Tem: Tyc € [4 MeV, 101! GeV]
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© o~ -1.43-1073 = testable in future [ss cvg] @
o Implications:

Q@ my =5.1x1078¢3/M, = as light as O(100) GeV (EW scale);

For comparison: monomial m?¢? model, m ~ O(1013) GeV
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@ Renormalizable, easy to extend = DM pios.oses0;, Leptogenesis fin preparation]
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@ A simple polynomial model fits data very well:
V= d[¢4+A(1 3) ¢ + A2¢5 ]
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© o~ -1.43-1073 = testable in future [ss cvg] @
o Implications:

Q@ my =5.1x1078¢3/M, = as light as O(100) GeV (EW scale);

For comparison: monomial m?¢? model, m ~ O(1013) GeV

@ Inflationary scale: Hi,¢ ~ 8.6~10’9¢)8/M§ = Hi,¢ as low as 1 MeV!

© Reheating Tem: Tyc € [4 MeV, 101! GeV]
@ Renormalizable, easy to extend = DM pios.oses0;, Leptogenesis fin preparation]

Thank you for your attention!
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