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Overview

We propose benchmarks points for the search for a new light
(CP-odd) Higgs A with the following properties

◮ mass 20 . . .90 GeV
◮ small/negligible couplings to W ,Z
◮ large couplings to leptons (∼ 50× SM)
◮ large couplings to top-quarks (O(SM))

Motivation:
◮ new light particles should be searched for comprehensively
◮ several “anomalies” in low-E observables, dark matter  light new

states?
◮ specifically: muon g − 2 can be explained by such light A
◮ the scenario can be realized in the 2HDM, we have delineated the

range of A-couplings allowed be existing constraints

Existing studies:
◮ theory investigation of constraints on masses/couplings/g − 2

[Cherchiglia,Stöckinger,Stöckinger-Kim’17]

◮ ATLAS study on possible reach of LHC searches [Mader,Moder,Straessner]
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aµ in the 2-Higgs doublet model? [Cherchiglia,DS,Stöckinger-Kim ’17]

(g − 2)µ: 3–4σ discrepancy, not easy to explain ( SUSY limits!)
promising: 2HDM with light A0, large couplings to τ (and top) can
explain (g − 2)µ via 2-loop diagrams

aµ from:

µR µLµL

A0 γ

τ - or top-loop

×〈Hi 〉

Constraints: τ , b, Z -physics, LHC
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⇒ 2HDM can explain aµ for MA = 20 . . . 100 GeV.
⇒ Need largest possible lepton couplings and top couplings
⇒ Suppress couplings to W ,Z and suppress h → AA if MA < 62.5 GeV
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Two-Higgs Doublet Model couplings

Yukawa couplings (×SM) in general “aligned” model [Pich,Tuzon]

Y A
d,l ;u =∓ζd,l ;u

Y h
f =sβ−α + cβ−αζf

Y H
f =cβ−α − sβ−αζf

Compare with:

MSSM/Type 2: ζd,l = − tanβ, ζu = 1/tanβ

Type X (lepton-specific): ζl = − tanβ, ζd,u = 1/tanβ

Analysis of [Cherchiglia,DS,Stöckinger-Kim’17] for MA = 20 . . . 100 GeV:
general limits |ζl | < 50 . . . 100, |ζu | <∼ 0.5 — details below
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constraints on A-couplings to tau/top [Cherchiglia,DS,Stöckinger-Kim’17]

Z → ττ , τ -decay, LEP e+e− → 4τ constraints on ζL!
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b → sγ, Bs → µµ, LHC constraints!

b

s

t
H±

γ

t H, A0
τ , A0

τ , A0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 1.8

 2

 0  20  40  60  80  100  120

MH = MH± = 250 GeV

�l = -60: red, �l = -40: blue, �l = -20: black

�
u

MA

LHC
B physics

Dominik Stöckinger 5/7



Benchmark points and LHC predictions

The scenario of low-mass A is motivated — it should be tested/found or
excluded at the LHC! We suggest two points at border of allowed
parameter space [Khasianevich, Stöckinger, Stöckinger-Kim, Mader, Moder, Straessner]:

Point 1:

MA = 50 GeV
ζl = −40
ζu = 0.5
ChAA = 0
cos(β − α) = 0

Point 2:

MA = 80 GeV
ζl = −60
ζu = 0.5
ChAA = 0
cos(β − α) = 0

BR(A → ττ) ≈ 100% and fσ ≡ σ(gg→A)
σ(gg→hSM-like)

≈ 0.6 . . . 0.7 (uncertainty: LO and ζd unknown)

study for ATLAS-reach on fσ ≡ σ(gg→A)
σ(gg→hSM-like)

has been carried out —
shows that exclusion down to fσ ≈ 0.2 can be possible! [Mader,Moder,Straessner]

Dominik Stöckinger 6/7



Details of ATLAS-study [Mader,Moder,Straessner]

SM-like Higgs cross section:

Trigger choices:

Resulting expected upper limits for
the scaling factor fσ = σ(gg→A)

σ(gg→hSM-like)
:

[limits are in the range fσ < 0.2 . . . 0.4 for MA between

60 . . . 90 GeV (Master thesis Paul Moder)]
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