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The vDFSZ Axion model dubbed 2hdSMASH

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

Based on vDFSZ Axion model:
2HDM Type Il + Complex Scalar Singlet o + vr under a global U(1)pq-Symmetry

Scalar field transformation under U (1) pg:
o—o-exp(ia) , H, — H, -exp (iX,«) , Hy — Hy-exp (—iXga) (1)

PQ-charges: X, + Xg = 2X,
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The vDFSZ Axion model dubbed 2hdSMASH

> PQ-invariant DFSZ scalar potential:
V. 1 4 1 4 2 2 1 ot 2
1(Hy, Hyy0) = 5)\1 |Hy|™ + 5)\2 |Hqa|™ + A3 |Hy|” [Hg|” + Mg ( H}Hg VH, (2)
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> Parametrization:
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Bounded-from-Below conditions: Requirement

> BFB-Requirement: Vy(H,,Hy,0) >0

> Let z = cos?(3) and y = sin(«), then Vy(z, ) > 0:
y? (M1 - )2 + Xox? + 2X34(1 — T)x) 4)
+2y(1 —y) (As(1 — Aosz — 24/ (1 — As (1—y)2>0
y(1 = y) (M1 = 2) + Aagz — 26/ (T = 2)) + A, (1-9)

-~ —

=c

=b
> Letz=const.,y=Y,and 1 — y = Y5:

b\ /Y
Va(Ya, Y2)’x:const. =a- Y12 t2b-YiYz +c Y22 - (YI YQ) (Z a) (Y;) ©)
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Bounded-from-Below conditions: Sylvester's criterion

> Sylvester’s criterion
A symmetric matrix A is positive definite iff all principal minors are positive. If A is
positive definite all special minors are positive.

> Let A = <§ 2) then A is positive definite if:
det(a) >0 , det(c) >0 , det (Z 2) >0 (6)
&S a>0, ¢>0, b>—Va-c (7)
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Necessary Bounded-from-Below conditions: 2HDM & o

> Necessary 2HDM BFB conditions:

a>0 = M(1—2)*+ Xz’ +2u(l —2)z = (z 1—3:)(/\2 )\34)< o >>O

A3 A 1—2z
(8)
> Sylvester’s criterion:
A2 >0, Aag> =V Ak 9)
> Necessary o BFB condition:
c>0 = As>0 (10)
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Necessary Bounded-from-Below conditions: Higgs-Portal

> Necessary Higgs-Portal BFB conditions:
b>—va-c (11)
& Ms(1— o) + Aosz — 2¢/(1 — x)2e > —/As 222 + A1 (1 — 2)2 + 2\342(1 — 7))

> e-term spoils linear independence

> Sete=0:

A2, — X AsA2s — Azq A x
2 . — . 2s 2/s 1s\2s 34\s
ety =(e 1) <A13A25 “ Mg M= M ) (1 —;1:) (12)

> Sylvester’s criterion:

Msas + v/ Arohs >0, Adgs — Aishas + \/(AlAS —02) (Aahe = A3) >0 (13)
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Sufficient Bounded-from-Below conditions: Higgs-Portal

> Sufficient Higgs-Portal BFB conditions:
b2‘6¢0>a-c (14)

> Since a,c > 0 we getb > 0:

bz,1—z)=(z 1—uz) (As A;) <1fx> >0 (15)

> Sylvester’s criterion:

Ais > 0 (16)
Ao > 0 (17)
AlsAog — ’6’2 >0 (18)

®
DESY. | Progress report:, BFB conditions in 2hdSMASH | Michael Matlis | Hamburg, 13.08.2020 Page 9


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

Implications & Outlook for BFB conditions in 2hdSMASH

> Determine parameter space for viable inflation in...
- o-direction (A, «~ 10710)
- 2HDM-direction (A1,2 mixed « 1071%)
- Higgs-Portal direction (Aniggs portal ~~ 107°)

> Determine particle masses for [1503.02953v2] ...
- SM + Axion (extreme decoupling - original DFSZ)
- Low energy( SM + Axion ) + High energy ( H + H+ + Ao )|_100 Tev
- weak scale ( SM + Axion + Heavy Higgs )

> work in progress ...
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Thank you!

Contact

DESY. Deutsches Michael Matlis

Elektronen-Synchrotron Theory Group
michael.maxim.matlis@desy.de

www.desy.de +49-40-8998-4236
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