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2HDM-+a belongs to the so called Next generation simplified models

LHC Dark Matter Working Group: Phys. Dark. Univ. 27 (2020) 100351

(see also e.g. M. Bauer et al. JHEP 05 (2017) 138, T. Robens Symmetry 13 (2021) 12, 2341)
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2 Higgs Doublet Sector

SM Singlet Mediator

\J

Mass Mixing

Good compromise between theoretical consistency and predictivity (still imited number of free

parameters);

Benchmark for a large variety of collider studies;
Intersting Dark Matter phenomenology.
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Purpose of the study

- Investigate the impact of the extended scalar sector on the EWPO,
possibly accounting for the anomalous measure of the W-mass;

- Investigate the possibility of explaining the deviation of the
anomalous magnetic moment of the muon (assuming it is due to New

Physics) with respect to the SM;

- Retain interesting connection with Dark Matter;
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Conventional (Z, symmetric )2HDM Potential

1 1 1
Voupm = m%¢f¢1 + m5m5¢2+¢z - m%(ﬁbfﬁbz + h. C-) + 5/11(91)151)1)2 + E/lz(ﬁl)gfpz)z + 5/15 ((Qb;rqbz)z + h. C-)
p (1 01) (1 d2) + Aa(@) 2) (5 61)

V(®y, @y, a0) % Voupm (1, d2))+ ao,ZHDM(¢1» ¢2ND

Self Interaction lagrangian

v
, 1 Singlet Doublet Interaction Lagrangian

Vself(ao) - Emaoa(z) + Z’laag

Vao,2upm (D1, P2, a0) = K(i ao¢f¢2 + h. C-) + Alpagfpf(/% + AZPG(%Qb;(Pz
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EW Symmetry Breaking

(1) =14 v

17_2 = tanﬁ (¢1, &2, aO) - (h' a, H,A, Hi)
1

(P2) = v,

Mixing between pseudoscalar states
A%\ cosf sinf A
a’ )\ —sinf cosb a

2KV

M2 — M2

tan 20 =

Giorgio Arcadi MWdays23



‘mf _ _ . _ . _
Lyyk = z - \9neehf f + gupsHEf — igasrafvsf — igasrAfvsf]
f

Inrr =1

gaff — Sinengff gAff — COSOQAOff

_ Type-I Type-ll Type-X Type-Y

9auu —1/tanf —1/tanp —1/tanf —1/tanf
9Hdd —1/tanf tanf —1/tanf tanp
gHul —1/tanf tanf tanf —1/tanp
9aouu 1/tanf 1/tanp 1/tanp 1/tanf
JAda 1/tanp —tanf 1/tanp —tanp
gau 1/tanp —tanf —tanf 1/tanp
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Theoretical Constraints

Perturbative unitarity

1
}\szl < 41 |}\3 + }\4| < 4m E()\l + )\2 T \/()\1 — )\2)2 + 4}\12() < 8m k = 4‘,5
}\3+2}\4i3)\5|<8ﬂ: )\3 i}\5|<8T[
Potential bounded from below
Aig = A, + A in(0,1, — |2 0 r o [fatz
A2a>0 12 = A1z + A3 + min(0, 44 — |15]) > Ai2p = > +A12p >0

/)l A, A .
278 4 e A 4 A + [A3 + min(0, A4 — |As])] 7“ + \/zalpzzpan > 0
\
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sin? a cos? a ms3

2 — _ M2 tan2 2 2 M? =
AU M<tan“ f + 032 [)’Mh + cosZ,BMH sin S cos f3
112 = m +coszaM2+sin2aM2
2V T Ttan2B " sin2B M T sinzg M
Set(s) of free parameters
sin2a
2,3172 - _M2 + ZMEIi_ + . 2 (MI?I — M"ZL)
Sin ﬂ (MH' MHiIMA' Ma, sin @ ) COS(ﬁ - a); tanﬁ) AB)”‘lP' AZP)

or
Aqv?% = M? + MZ cos? 6 + M2 sin? 0 — 2 M2,
(MH,MHi,MA, M,,sin@,cos(f — oc),tanﬁ, M, Ap,Ayp)

Asv? = M? — M% cos? 0 — M2 sin? 6
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EWPT

Ap T
o |F(MZy, MZ) + cos® 0 F(MZy, MZ) + sin? OF (M7, MZ)
— cos? OF (M3, M%) — sin? OF (M2, M3)|

(for simplicity we quote the expression in the alignment limit)

2x X
F(x,y) =x+y—x_yylog(;)

[Notice: Expression of Ap provided for reference. Our analysis is based on EWPO S,T,U]
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CDF Fit (arXiv:2204:05283)

see also e.g. Paul et al Phys.Rev.D 106 (2022) 1, 013008
J. De Blas et al Phys.Rev.Lett. 129 (2022) 27, 271801
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G.A., Nico Benicasa, A. Djouadi, K. Kannike arXiv:2212.14788
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Connection with g-2

4 2
a m M 11
H 81 sin? Oy, M2,M2 7+ m 6

2
2—loop __ a
Aay, ~ 8nZsin? 6, M3, gauuzgafflv Qf ( )

(' log(r) — logx(1 — x)]
F(r)—jodx r—x(1—r)

To have a sizable Aa,, we need g,,,,, X tanf. We need to go for Type-Il or Type-X configurations.
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LHC Constraints for Type-Il configuration
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Points with deviation of S,T compatible

with CDF. No attempt for g-2.

Notice that big hierachy between M, and M,
disfaclavored by perturbative unitarity.

Mp=1.2 TeV, sin6=0.5

300 v . —
250 D. Gonclaves et al. Phys.Rev.D 95 (2017) 5, 055027
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G.A. and A. Djouadi, Phys.Rev.D 106 (2022) 9, 095008
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LHC Constraints for Type-X configuration

Production cross-sections for both light and heavy resonances very suppressed and much below experimental limits
in the high tanf regime.

___2HD+a Type-X, sin6=0.5, M;=20 GeV____ 2HD+a Type-X, sin6=0.5, M4=300 GeV
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Constraints from decay of the Higgs

Mhaalz 4MCZL
I'(h - aa) = 1—
32 My M;

1
AMgq = - |(ME — 2ME + 4M7, — 2MZ — 223v2) sin? 6 — 2(A1p cos? B + A,p sin? B)v? cos? 6|

To avoid a too large contribution to the width of the Higgs we have imposed:

Ahaa
< 0(1073
V= 00107)

Giorgio Arcadi MWdays23



Parameter scan

M, fixed to 300 GeV and 500 GeV

M, € [10,100] GeV M, ,+ € [100,1000] GeV

tan S € [1,150] | cos(f — a)| < 0.2
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g-2 in the Type-X 2HDM+a

Viable parameter space limited by lepton
M;=300 GeV

universality in decays of Z-boson and 7 lepton.
140 (see next slides).
120
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Combined results for type-X configurations
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M4=500 GeV M,=500 GeV
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Connection with DM

We consider a SM singlet odd under an additional Z, symmetry.

Loy = iyy X¥VsXQo - iy, (acos@ + AsinB)yysx
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Yy=1

Relic density
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Bounds from lepton
Aa, 1o

universality in Z and T decays
(exclusion above the lines)

m,=150 GeV,g,%0.15,sin6=0.5,M=500 GeV

140
Exclusion from searches of light leptophilic bosons

120

o
o
]
!
L1
»
L1
T
=1
..Im
K.
-

80 -
o
Aa,
60 PLANCK
40 ] G.A., A. Djouadi, F.
By ] S. Queiros
20
Correct relic density Phys.Lett.B 834 (20
1 2 5 10 20 50 100 22) 137436
Ma[GeV]

Giorgio Arcadi

MWdays23



Conclusions

We have investigated the possibility of accommodating within the 2HDM+a, deviation from the

SM fit of the S,T,U parameters, possibly complying with the anomaly reported by CDF last year,
BSM interpretation of the measure of g-2 and finally provide a viable DM candidate.

Such task can be achieved by considering a scenario with type-X (lepton specific) configuration,
light a boson (M, < 30 GeV) and few hundred GeV mass A boson.
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Back up



Type-X tanf=5,Cos(f-a)=0.05,M=500 GeV, 8=r/4 Type-X tanB=5,Cos(f-a)=0.05M=500 GeV, O8=m/4
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