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The DFSZ Axion model dubbed 2hdSMASH

2hdSMASH: 2HD-SM-Axion-Seesaw-Higgs Portal Inflation

It is based on a DFSZ Axion model: 2HDM Type Il + Complex Scalar Singlet + vg
with a global U(1)pq-Symmetry

Under U(1) pg-Symmetry, the scalar fields transform as:
o—o-exp(ia) , H, — H, -exp (iXy«a) , Hy — Hg-exp (—iXga) (1)

with PQ-charges X, = 1,X,, and X, which satisfy X, + X; =2
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The DFSZ Axion model dubbed 2hdSMASH

The most general DFSZ scalar potential under U(1) pg-Symmetry is given by:
Vy(Hy, Ha, 0) =m, |Hul? + miy [Hal* +m2, |0 (2)
1 1
A Hul* + Sha | Hal + da | Hu* |Hal” + M (ria) (HH)

1
+ 52001 + Mg [Hul? o] 4+ Do [Hal [0 — ¢ <Hin02 + H;Hua*2)

Higgs-Portal Inflation given by non-minimal coupling ¢; to gravity in Jordan frame:

Ly [M? i i i
7 D 5 +&H Hy, + dede +&s0'c| R—V; (3)
—9J

set

with the reduced Planck mass M, = M? + &,v;, + £v] + &vpg = 1
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The DFSZ Axion model dubbed 2hdSMASH

> The metric transforms from Jordan frame to Einstein frame as:
95, = Qg (4)
with Weyl transformation Q2 = 1 + 2¢, Hi H,, + 2§dH}Hd +2¢,0t0

> Scalar potential in Einstein frame:

Vs
Ve = Qi (5)
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The DFSZ Axion model dubbed 2hdSMASH

> The neutral field content under U (1) po-Symmetry can be parametrized as:

HO Uy + hu ) e—iAu/’Uu ’ Hc(l] _ Uy + hu . eiAd/vd — w . eiAo/va (6)

V2 V2 ’ V2

with A; the angular fields, vpg the PQ scale and p the saxion

> Thus, the quartic DFSZ scalar potential with non-minimal coupling reads:

A hd 4 Xoh® + 2034h2 h2 + Ao p* + 2p% (A1oh? + Aagh? — 2€h,hg cOS(20)
_ u d u'’d U d

Vi 5 5
8 (1 + &uh2 + &ah? + &6p?)

(7)

®
DESY. | Higgs-Portal Inflation in a DFSZ Axion-model | Michael Matlis | Hamburg, 23.01.2020 Page 6


http://creativecommons.org/licenses/by/4.0/

Higgs Inflation in 2hdSMASH

DESY.

If we take h, > hq, p We get:

. A b IESADY
‘/47}7/11, = lim VvV, = % <<§g 712 (8)
hu—00 8 (1 + &,h2) 8¢
The bounded from below condition and the condition for perturbative unitarity
constrain \q:
0< A\ <drm (9)
Determining global minimum for successful inflation along h,,:
dVy d*Vy
2t d 0 10
dhy o (th)2 hy=h9 g (10)
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Higgs Inflation in 2hdSMASH

> The condition for a global minimum for the vaccum are given by:
A3a&y — A1&a > 0, Azala — Aou <0, Mgy — Mo > 0, Aaolq — A2és <0
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Higgs Inflation in 2hdSMASH

, 2
Inflation along &, can only occur if € ~ (“//((;?:))) <l

Scalar perturbations along this path can be constrained by Cosmic Microwave
Background observations P o - =~ 2 ~ 107"

The ratio A\, /&2 ~ 10710 for &, ~ 10° and \; ~ O(1)
Unitarity bound issue? — Cutoff scale Ao is similar to the Inflationary scale A;:

ACutoff ~ 1/§u ~ AI (12)
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Hidden-Scalar Inflation in 2hdSMASH

> If we take p > h,, hg We get:

Ao p? op?>1 A\
Vi, = lim Vj= —2oP &>t A

pro0 8(1+&p2)? 88

> Boundedness from below and perturbative unitarity conditions:

0< Ay <A4rm

> Conditions for global minimum:

()‘1050 - )\Ugl) >0
()\2050 - )\052) >0

Lo ()\1)\20&1 — A3 Mo&a + Aaou) + Aa&udio — 267/ (M€a — Aza€u) A2y — N34€a)
(

> ANEG + Aol — 2034€uéa
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Hidden-Scalar Inflation in 2hdSMASH

> )\, can be chosentobe ~ 10710 = ¢, ~ 1
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Mixed-Higgs Inflation in 2hdSMASH

Inflation along h,hq

Parametrize neutral scalar field as follows:

hy=hsing, hgy=hcosp, p=rsiny, h =rcos~y
with h = /h2 + h? being the SM-like Higgs and » = \/h2 + p2
u d 1Y

Taking v — 0 we get:

lim V4 = Vj oHpm
~y—0

Bounded from below condition and perturbative unitarity constraint:

Asa+ VA A >0, 0< A <4, 0< X <dm
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Mixed-Higgs Inflation in 2hdSMASH

> Determining minimum for mixed-Higgs inflation:

AV 2HDMm d*V 2rpMm
—=—— =0 and : >0 21
i @B | so 1)
> Inflationary direction:
A348u — M1éa
tanfy = | ————— 22
0=\ Rata — Mok (22)
> Scalar potential:
A — A2
V4 mixed Higgs = V4,2HDM‘5:60 ~ 5( 172 7 (23)

AE3 + Aa&2 — 2X346ua)

> Scalar perturbation amplitude P ~ 10710 for Aeg ~ O(1) — &g ~ 10°
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Mixed-Higgs Inflation in 2hdSMASH

> Conditions for global minimum:
A& — Azabr >0, Xoby — Azabo >0, Ay — A3, >0 (24)

-1.0 ! ®
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Higgs-Hidden-Scalar Inflation in 2hdSMASH

> So far: p-Inflation, h,-Inflation (similarly h4-Inflation)
> Mixed-Higgs Inflation: h,h4-Inflation
> Higgs-Hidden-Scalar Inflation: ph,-Inflation, phg-Inflation and ph,hg4-Inflation

> phy-Inflation:

)‘1>‘U - )\%U
8 (€ (Ms — 2M1061) + AoE7)

|% = lim V,~
47phu 6*)0

Y—>7Y2HDM

—(D
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Higgs-Hidden-Scalar Inflation in 2hdSMASH

> Boundedness from below and perturbativ unitarity conditions:

/\2
A Ae >0, A3, < o (A1 — f) y | Ao| < 87

> Global minimum conditions:
Aobl = Mo > 0, Moo — Al >0, Mg — A, > 0

> Pr ~ 10719 for Aegr ~ 10710 and & ~ 1
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Higgs-Hidden-Scalar Inflation in 2hdSMASH
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Conclusions & Outlook

2hdSMASH contains 7 inflationary scenarios: hy, hq, hohg, p, pha, phq and phyhg

Inflationary scenarios of the 2HDM (h.,, hq, hyhg) Not viable without mqo-term — 4
viable inflationary scenarios in 2hdSMASH (p, ph., phq and phy,hg)

Investigation of the inflationary epoch and the subsequent Reheating epoch can tell
us more about the PQ-scale (work in progress)
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Thank you!
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