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Motivation

HISTORY OF THE LUNIVERSE

e Flatness Problem
e Horizon Problem
= Inflation

e expansion by a factor
of 1030 within 10732 s

Figure: history of the universe, from
(3]
This Work: add inflation term to 2HDMS and look at the Higgs
sector
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2HDMS Overview
e SU(2), fields:

e Singlet

impose Z, symmetry to avoid flavour changing neutral currents

P2 = —d2

impose Zz symmetry

(8)- (707 wolli) (8)
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Potential

Add Zz breaking inflation term.

V = il + mBadhon + (61002 + £ (0hoo)? + 2 (6]61) (ko)
+ 2 (6l 02) 0] 62) + ME(STS) + Ny (9] 01)(S1S) + A2(¢£¢2)<8*8)

A//
+ ZS(STS)2 + (—m2o(6 92) + mus2S(d] 62) + st S
+ it S(¢} 61 + o5 d2) + h.c.)

Define
/ V2
v= 1/12-|-1/§ tanﬁ—y1
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Tadpole equations

Minimization conditions:

oV oV oV
— =y, =0, —|p=, =0, and —|4 -, =0.
061150, 921, s
S=vg S=vg S=vg
Thus we can replace my4, mo2 and mg with
)
miy = =\ V§ — <>\3 + >\4) vE — 2puiniy + <m12 - M12Vs) e
2
My = —AaV3 — (AS + )\4) Vi — 2puin§ + <m12 - M12Vs) Vo
A4 ViV v2 L2
2 ) 70,2 3 Hst 12 1 >
ms=—X\vi — Vs — = —""—pg— — = — pp(— + —=
s T AeVe 5 s T e Mmf(VSJrVS)
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free Parameter

Interaction basis

I " 2
tan /37 )‘1,2,3,47 )\1727 )‘37 Mys, 12, 1HS15 VS, inf

Mass matrices

, PV ) 92V 5 92V
SI dpipyloyzy TP ammgl =y, O axaxg g
—vg S_l/S S_VS

Rotate into mass basis
RMZR" = MZ2  R,MER), = MJ2

tan 3, a12,3.4, Mp1 2,3, Mat 2, M+, Vs, [Linf
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Constraints

Experimental:
Measurement of Standard Model Higgs (HiggsSignals)
Constraints for BSM searches (HiggsBounds)

(not implemented yet:)
Theoretical:

Tree level pertubative unitary
Boundness from below
Vacuum stability

Hannah Burgel 2HDMS+Inflation 25.07.2024 8/19



95 GeV Excess

Excess at ~ 95.4GeV in
°gg—h—y
CMS: 2.9 ¢ local significance
ATLAS: 1.7 o local
significance
e g9 >h— 77"
CMS: 2.6 o local significance
e ete” = Z¢ — Zbb
LEP: 2.1 o local significance
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Figure: Expected and observed
exclusion limits of the production
cross section/branching fraction H
— >y, from [1]
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Results: Working Point

wine — impact on trilinear couplings expected
choose point at alignment limit

Mp1 Mpp Mpz | Map Mao Mpm
600 125.09 | 954 | 450 500 800
a ar as as \% tan(ﬂ)
-0.694738 0 0 0 174.104234 1.2
Table: Parameters at alignment limit



Results: Trilinear Couplings

Absolute value of Trilinear Coupling Absolute value of Trilinear Coupling
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Figure: Absolute value of trilinear couplings in dependance of a./az and
Kinf

= ag # 0 leads to non constant trilinear coupling in dependance of
Kinf
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Results: Cross section

ILC Beam Pol. 30%/-80%
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Figure: Dependance of CME of
Crossection from ete~ channels,

V5 [GeV]

from [2]
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= expect change in cross
section with 3 Higgs vertices
look at eTe™ — zhoho,

CME = 500

and ete™ — vvhoho,
CME = 1000

setas =0.3

Beam Pol. 30%/ — 80%
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Results: Cross section

e — with hj— > zhoho:
E 0.175 4 —— hl->zhhy

g —— h2->zhh

g 0.150 —— h3-> zhghy
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Figure: Crossection ete~— > Zhyhp et
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Results: Cross section

— whzhz

—— hy -> vvhzh;
0.20 —— hy -= vvhah;

hy -> vwhzhz

1000 GeV in fb
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Figure: Crossection ete™— > vvhohs,

with hj— > vvhohy all diagrams with h;ho ho-vertex



Outlook

include higher loops (AnyH3)

include other channels

systematic analysis of the parameter space
e precision required to measure the
apply other symmetries to the 2HDMS
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Sources

[3 Cms Collaboration.
Search for a standard model-like higgs boson in the mass range
between 70 and 110 gev in the diphoton final state in
proton-proton collisions at y/{s} = 8 and 13 tev.
2018.

[ Daniel Schieber, 2024.

[@ John Smart.

The riddle of development and the challenge to cosmology.
EVO DEVO BIOLOGY, EVO DEVO COSMOLOGY, 2017.
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Potential VNMSSM

Viwssu = | 1PHa + (114 AS)?| [Hal? + | mPHy + (n+ AS)?] | Huf? + (-
2 g3 > 2
+ 2GS+ rAS + [§+ys+;«us +)\Hu-Hd] 2B+

1 1
+ (0% + GB)(Hal? — Hu2Y + 505 HyHu PP
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Rotation matrix

—S(a1)C(aa)—C(a1)S(a2)S(a3) C(Ch)C(ag)—S(Om)S(ag)S(aa) C(az)S(aa)
S(a1)s(as)—c(ar)s(az)c(as) —c(ar)s(as)—s(ar)s(az)c(as) c(az)c(as)

( C(Oé1 )C(CVQ) S(Oé1 )C(Oéz) S(ag) )
R =
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Trilinear Couplings

i1
355
+24(
!

+2Z
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4(>\3 +A4) vzl +4(/\3+)\4) vZh+ (mzﬂﬁz) Zk3)
(2 ()\3+)\4) vZh+ (2/\§ Vst u,nf+u7nf)zk*§+6m vz ))
+Z8 (28 (22X Vst s+ o) Zia+ 43002 Zla + (puv2-+ 172 ) 241 )
+27 (40020 ) i ZB5+4 (Aot A ) v 28+ (purz-+ 1072 28
1274 (2 (A3+)\4) wZh+ (2)\2Vs+u/nf+/l/n;) ZH+6)s ngkz))
+28 (21 (2(2X Vst + i) ZE1 + 4N 1 ZEs + (11241172 ) Z82)
+2zl (2 (2/\2 Vst fum f+u,n,) Zh 4Nzt + (,LL12+,u12> Zk1)
(

+Z8 (aXivi ZH +axyveZly + (6)\3 Vet st + ps1)zk3)))
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