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Natural SUSY Howard Baer

Light, natural higgsinos at a LC

• In SUSY, minimization of 
scalar potential relates 
weak scale to parameters


• naturalness: SUSY 
preserving mu parameter 
~100-350 GeV


• => W,Z,h, 
higgsinos~100-350 GeV


• other sparticle 
contributions suppressed 
by loop factor: can be 
much heavier

Note: ATLAS/CMS each have 2-sigma excess in higgsino pair search channel!

for review, see: arXiv:2002.03013
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Natural SUSY Howard Baer

Smoking gun signature: light higgsinos at ILC:

ILC is Higgs/higgsino factory!

3-15 GeV higgsino mass

gaps no problem


in clean ILC environment

σ(higgsino) � σ(Zh)

HB, Barger, Mickelson, Mustafayev, Tata
arXiv:1404:7510
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Natural SUSY Howard Baer
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Natural SUSY Howard Baer

Whereas HL-LHC can see only a portion of higgsino

discovery plane, a LC with rs>2m(higgsino)


can see all of it!

Natural higgsino discovery plane

(higher density of dots: more theoretically plausible) arXiv:2007.09252
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Natural SUSY Mikael Berggren @ LCWS’2025

ATLAS pMSSM-19 (-7) scan in MLSP vs. Mχ±
1
(ATLAS-CONF-2023-055)

Summary

Hot off the press: ATLAS-CONF-2023-055:
pMSSM-19 (-7) scan in MLSP vs. Mχ̃±

1

Only this one is actually excluded !
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Natural SUSY Mikael Berggren @ LCWS’2025

ILC projections on Higgsinos and τ̃s

ILC projection on Higgsinos and τ̃ :s

ILC projection on Higgsinos and τ̃ :s

From arXiv:2002.01239
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Natural SUSY 2203.07056

Example results from the τ̃ study at the ILC
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Figure 2: The reconstructed higher τ energy distribution in an event after applying all se-
lection cuts for eLpR beam polarization. The vertical error bars correspond to the expected
statistical uncertainty in the actual running.
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(a) τ̃2τ̃2 endpoint fit
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(b) τ̃1τ̃1 endpoint fit

Figure 3: Zoomed regions of Fig. 2. (a) The τ̃2τ̃2 endpoint region. The light green and cyan
lines correspond to the SM background fit and the fit of all the events, respectively. (b)
The τ̃1τ̃1 endpoint region. The cyan (yellow) line is the fit result of all the events for the
Eτ range of 40–54 GeV (60–100 GeV). See text for details of the fittings.
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Exotic scalars Georg Weiglein @ LCWS’2024

A 95 GeV Higgs boson at e+e- colliders, Georg Weiglein, LCWS2024, Tokyo, 07 / 2024
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Figure 1: S2HDM parameter points passing the applied constraints in the (mh1 , µ��) plane for the type II (blue)
and the type IV (orange). The expected and observed cross section limits obtained by CMS are indicated by the
black dashed and solid lines, respectively, and the 1� and 2� uncertainty intervals are indicated by the green and
yellow bands, respectively. Overlaid in red are the expected and observed limits from ATLAS [14]. The values of
µATLAS
�� , µCMS

�� and µATLAS+CMS
�� and their respective uncertainties are indicated by the red, black (left plot) and

cyan (right plot) error bars at 95.4 GeV.

bands, respectively [13]. Overlaid are the expected
and observed 95% confidence-level limits on the sig-
nal strengths observed by ATLAS [14] as dashed
and solid red lines, respectively. We obtained these
limits by normalizing the expected and observed
cross-section limits reported by ATLAS with the
cross sections predicted for a SM Higgs boson at
the same mass [29] using HiggsTools [44]. The val-
ues of µATLAS

�� , µCMS
�� and µATLAS+CMS

�� and their
respective uncertainties are indicated by the red,
black (left plot) and cyan (right plot) error bars
at 95.4 GeV. One can see that both types of the
S2HDM considered here can accommodate the com-
bined observed excess. Type II can give rise to
larger predicted values of µ�� due to a suppression
of the h95 ! ⌧+⌧� decay mode, see the discussion
in Ref. [26].

3.2 Di-photon vs. bb̄ vs. ⌧+⌧� excesses

In the previous subsection we demonstrated that
both the Yukawa types II and IV can describe the
excess in the di-photon channel observed by ATLAS
and CMS. Now we turn to the question whether ad-
ditionally also the bb̄ excess observed at LEP and/or
the ⌧+⌧� excess at CMS can be accommodated.

Starting with the bb̄ excess, we show in the top
row of Fig. 2 the parameter points passing the ap-
plied constraints in the (µ�� , µbb) plane. The pa-
rameter points of type II and type IV are shown in
the left and the right plot, respectively. The colors
of the points indicate the value of ��2

125, quantify-
ing the degree of compatibility with the LHC rate
measurements of h125. The black dashed lines indi-
cate the region in which the excesses are described
at a level of 1� or better, i.e. �2

�� + �2
bb  2.3 (see

Eq. (5)). The corresponding gray dot-dashed lines
indicate the previous result based solely on the CMS
Run 2 data regarding the di-photon excess.

One can observe that there are points inside the
1� preferred region in the upper left and right
plots. Thus, both type II and type IV are able to
describe the increased sensitivity in the di-photon
channel, now reaching 3.1�, and the bb̄ excess si-
multaneously. At the same time the properties of
the second-lightest scalar h125 are such that the
LHC rate measurements can be accommodated at
the same �2 level as in the SM, i.e. ��2

125 ⇡ 0, or
better. Such points are found inside the 1� pre-
ferred region for µbb values below the central value.
At the current level of experimental precision, the
description of both excesses is therefore possible in

5

LHC: CMS + ATLAS excess in 𝛾𝛾 channel at 95 GeV, 
interpretation in 2HDM + singlet (S2HDM)

3

CMS

ATLAS

CMS + ATLAS excess in 𝛾𝛾 channel at 95 GeV:
[T. Biekötter,                   
S. Heinemeyer,                
G. W. ’23]

Example 
interpretation: 
S2HDM,          
type II and IV

Good description 
in extended Higgs 
sectors with an 
additional doublet 
and a singlet

⇒
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Exotic scalars Georg Weiglein @ LCWS’2024

A 95 GeV Higgs boson at e+e- colliders, Georg Weiglein, LCWS2024, Tokyo, 07 / 2024

Prospects for coupling measurements of h125 and 
h95 at an e+e− Higgs factory

8

S2HDM, type II and IV: [T. Biekötter, S. Heinemeyer, G. W. ’23]

Precision measurements of the couplings of both h125 and h95          
High sensitivity to the realised physics scenario (Yukawa type, …)
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Figure 3: S2HDM parameter points passing the applied
constraints that predict a di-photon signal strength in the
preferred range of 0.21  µ��  0.52 in view of the excess
observed by CMS [15] in the (|ch125⌧+⌧� |, |ch125V V |) plane.
The type II and the type IV parameter points are shown
in blue and orange, respectively. The green dotted and the
magenta dashed ellipses indicate the projected experimental
precision of the coupling measurements at the HL-LHC [79]
and the ILC250 [80], respectively, with their centers located
at the SM values.

experimental projections have been obtained assuming
that the cross section measurements are according to
the predictions of the SM.

One can see that the points of both types all lie
outside of the green ellipse. For the points with the
largest deviations from the SM, the anticipated HL-
LHC precision would be su�cient to distinguish be-
tween SM-like properties of h125 and the predictions
of the S2HDM for parameter regions that are in accor-
dance with the observed di-photon excess. However,
for the S2HDM points that are closest to the SM value,
no distinction at the 2� level could be established.
Consequently, the HL-LHC will not be able to entirely
probe the S2HDM interpretation of the di-photon ex-
cess at 95 GeV based on the coupling measurements of
h125. Moreover, for many of the displayed blue and or-
ange points the expected HL-LHC precision, indicated
by the size of the green ellipse, will not be su�cient to
distinguish between a type II and a type IV interpre-
tation.

Now we compare the model predictions with the ex-
pected precision at the ILC250, indicated by the ma-
genta ellipse. One can see that under the assumption
that no modifications of the properties of h125 will be
observed even at the ILC, all parameter points would
be excluded with high experimental significance. On

the other hand, for each point in the S2HDM describ-
ing the di-photon excess, a clear deviation of the prop-
erties of h125 from the SM predictions could be estab-
lished via the coupling measurements. The ILC also
has a significantly larger potential to distinguish be-
tween a type II and a type IV scenario, although even
the ILC precision might not be su�cient to distinguish
between the types for the parameter points with the
largest values of ch125⌧+⌧� and ch125V V . Information
about the direct production of h95 and its coupling
measurements will of course be instrumental to fur-
ther probe the S2HDM scenarios.

In our S2HDM interpretation of the di-photon ex-
cess, h95 is required to have a non-vanishing coupling
to top quarks, and thus also to gauge bosons, in order
to be the origin of this excess. Moreover, a sizable cou-
pling of h95 to the Z boson is required if this state is
also supposed to be the origin of the bb̄ excess observed
at LEP. In this case, a future lepton collider running
at 250 GeV has the capability to produce h95 in large
numbers [82, 83]. From the resulting cross-section
measurements, the couplings of h95 could be deter-
mined with a precision that is expected to greatly im-
prove on the precision achievable at the LHC.8 Thus,
if a new state at 95 GeV exists, a future e+e� collider
such as the ILC is expected to be of vital importance
for the determination of the underlying model that is
realized in nature.

In order to showcase the potential of the ILC for
discriminating di↵erent models that give rise to the
state at h95, we show in Fig. 4 the parameter points
of our scans in the (|ch95⌧+⌧� |, |ch95V V |) plane. Here,
ch95⌧+⌧� and ch95V V are the e↵ective coe�cients for the
couplings of h95 to tau-leptons and gauge bosons, re-
spectively. These coe�cients are normalized such that
they are equal to one for a hypothetical SM Higgs bo-
son at the mass of h95. As in Fig. 3, the parameter
points of type II and type IV are shown in blue and
orange, respectively, and we only depict the parameter
points that provide a good description of the di-photon
excess observed by CMS. In addition to the theoretical
prediction of the coupling coe�cients, indicated with

8Experimental projections for Higgs coupling measurements
at the HL-LHC are only publicly available for the discovered
Higgs boson at 125 GeV. In contrast to the cleaner experimental
environment at an e+e� collider, at the LHC it is not feasible to
obtain projections for the accuracy of coupling measurements for
additional Higgs bosons without detailed simulations taking into
account systematical uncertainties. Since such a dedicated simu-
lation would be beyond the scope of the present paper, we do not
attempt to provide precise quantitative estimates for the achiev-
able accuracy on the couplings of h95 at the HL-LHC. However,
a rough estimate of the precision for the signal rates in the di-
photon and di-tau channel assuming 3 ab�1 can be achieved by
a simple rescaling with the square root of the luminosity, yield-
ing a precision of about 10% for the di-photon and the di-tau
channel.
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Figure 4: S2HDM parameter points passing the applied
constraints that predict a di-photon signal strength in the
preferred range 0.21  µ��  0.52 in view of the excess
observed by CMS [15] in the (|ch95⌧+⌧� |, |ch95V V |) plane.
The type II and the type IV parameter points are shown in
blue and orange, respectively. The shaded ellipses around
the dots indicate the projected experimental precision with
which the couplings of h95 could be measured at the ILC250
with 2 ab�1 of integrated luminosity, which we evaluated
according to Ref. [33].

the dots, we also indicated the experimental precision
with which the respective couplings could be measured
at the ILC by means of the shaded ellipses around each
dot. We estimated the experimental precision of the
coupling measurements for the ILC250 with 2 ab�1 of
integrated luminosity according to the approach dis-
cussed in Ref. [33].

One can observe in Fig. 4 that the blue points and
the orange points are clearly separated from each
other. For a fixed value of the gauge-boson cou-
pling, the parameter points of type IV predict larger
couplings to tau-leptons compared to the parameter
points of type II. This is in line with the discussion in
Sect. 2.2: In type II one has ch95⌧+⌧� = ch95bb̄, such
that the enhancement of the di-photon branching ra-
tio via the condition |ch95tt̄/ch95bb̄| > 1 is achieved in
the regime in which ch95⌧+⌧� is suppressed. On the
other hand, in type IV one has ch95⌧+⌧� = ch95tt̄, such
that the coupling to tau-leptons is less suppressed in
the regime in which the di-photon branching ratio is
enhanced.

As a consequence of the separation of the points of
the two types, combined with the high anticipated pre-
cision of the h95 coupling measurements at the ILC250,
there are no blue or orange ellipses that overlap. Thus,
the coupling measurements of h95 at the ILC would be

su�cient to distinguish between a type II or a type IV
interpretation. In combination with the experimen-
tal observation regarding h125 (see discussion above),
a lepton collider like the ILC would be able to scru-
tinize the underlying physics model that is realized in
nature.

4 Conclusions and outlook

Recently, upon the inclusion of the full Run 2 data
set and substantially refined analysis techniques, the
CMS collaboration has confirmed an excess of about
3� local significance at about 95 GeV in the low-mass
Higgs boson searches in the di-photon final state. An
excess at this mass value with similar significance had
previously been reported based on the 8 TeV Run 1
and the first-year Run 2 data set. We have investi-
gated the interpretation of this excess as a di-photon
resonance arising from the production of a Higgs bo-
son in the Two-Higgs doublet model that is extended
by a complex singlet (S2HDM). We have shown that a
good description of the excess is possible in the Yukawa
type II and IV, while being in agreement with all other
collider searches for additional Higgs bosons, the mea-
surements of the properties of the SM-like Higgs boson
at 125 GeV, and further experimental and theoretical
constraints. At the same time, the model can account
for all or a large fraction of the observed DM relic
abundance in agreement with the measurements of the
Planck satellite.

Previously, a signal strength for the di-photon excess
observed by CMS of µexp

�� = 0.6±0.2 had been obtained
utilizing the data from the first year of Run 2 and of
Run 1. This relatively high central value of the signal
strength gave rise to a preference to a type II Yukawa
structure, in which larger signal rates of the state at
95 GeV can be achieved compared to the type IV. After
the inclusion of the remaining Run 2 data and perform-
ing various improvements of the experimental analysis,
the new CMS result shows an excess with a local signif-
icance that is essentially unchanged compared to the
previous result but which yields an interpretation in
terms of a smaller central value of the signal strength
with reduced uncertainties, µexp

�� = 0.33+0.19
�0.12. We have

shown that as a result of the smaller central value of
µexp
�� both Yukawa types provide an equally well de-

scription of the di-photon excess in the S2HDM.

The di-photon excess observed at CMS is especially
intriguing in view of additional excesses that appeared
at approximately the same mass. An excess of events
above the SM expectation with about 2� local sig-
nificance was observed at LEP in searches for Hig-
gsstrahlung production of a scalar state that then de-
cays to a pair of bottom quarks. Moreover, CMS ob-

10
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Exotic scalars AFZ @ 2nd ECFA workshop
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Exotic scalars Contributions to ECFA report

ILC/ILD results on the Exotic scalar sensitivity in different decay channels
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Dark Matter Natsumi Nagata

Electroweak-charged dark matter324 Chapter 9. Theories of Dark Matter

Quantum numbers DM could MDM in TeV MDM±�MDM �SI in
U(1)Y SU(2)L SU(3)c Spin decay into tree non-pert in MeV 10�46 cm2

1/2 2 1 0 EL 0.54 350 (0.4 ± 0.6) 10�3

1/2 2 1 1/2 EH 1.1 341 (0.3 ± 0.6) 10�3

0 3 1 0 HH⇤ 2.0 2.5 166 0.23 ± 0.04
0 3 1 1/2 LH 2.4 2.6 166 0.23 ± 0.04
1 3 1 0 HH, LL 1.6 ? 540 0.001 ± 0.001
1 3 1 1/2 LH 1.9 ? 526 0.001 ± 0.001

1/2 4 1 0 HHH⇤ 2.4 ? 353 0.27 ± 0.08
1/2 4 1 1/2 (LHH⇤) 2.4 ? 347 0.27 ± 0.08
3/2 4 1 0 HHH 2.9 ? 729 0.15 ± 0.07
3/2 4 1 1/2 (LHH) 2.6 ? 712 0.15 ± 0.07

0 5 1 0 (HHH⇤H⇤) 5.0 14 166 2.0 ± 0.5
0 5 1 1/2 none 4.4 14 166 2.0 ± 0.5

Table 9.2: Minimal Dark Matter. The first columns define the quantum numbers of the possible DM
weak multiplets. The following ones show: the possible decay channels into SM particles that need to be
forbidden (those in parenthesis correspond to dimension-5 operators); the DM mass predicted from thermal
abundance (either at tree level, left column, or including non-perturbative Sommerfeld and bound-state
corrections, right column, the latter not computed in all cases); the predicted splitting between the charged
and the neutral components of the DM weak multiplet; the prediction for the SI DD cross section �SI.

are listed in table 9.2. In order to be acceptable, DM must have a vanishing color and electric charge11

Q = T3 + Y = 0, (9.16)

where Y is the hypercharge of the electroweak multiplet and T3 the corresponding eigenvalue of the
diagonal generator of SU(2)L. The most prominent examples are discussed in detail:

2S The first possibility is the inert Higgs doublet model, also called the Inert Doublet Model
(IDM), where the SM field content is supplemented by the complex H 0 = (h0+, h00) field: a
scalar weak doublet with Y = 1/2, which contains a complex neutral component h00 in its lower
component, with T3 = �1/2, and a charged component in its upper component, with T3 = �1/2.
An ad-hoc symmetry such as H 0 ! �H 0 is needed to make it stable. The inert Higgs doublet H 0

has the same gauge quantum numbers as the SM Higgs, H. In supersymmetry, this field would be
called the left-handed slepton L̃. The phenomenology of inert Higgs doublet model is discussed in
section 9.3.5.

2F The second possibility is a higgsino-like fermionic weak doublet with Y = 1/2. In supersymmetric
models this field arises as a fermionic partner of the Higgs scalar. An ad-hoc symmetry is again
needed in order to forbid the otherwise allowed renormalizable couplings to the SM fields, which,
if present, would make the higgsino unstable.

3F Yet another possibility is a fermionic weak triplet, which can have Y = 0, 1. The Y = 0 case
11More precisely, the charge needs to be negligibly small from observation, see section 3.3.2: in the case of

discrete choices, this leaves Q = 0 as the only option. Special colored multiplets can give allowed DM as QCD
bound states, as discussed in section 9.3.2. The case of singlets of the SM gauge group has been considered in
section 9.2.1 (scalar singlet) and 9.2.2 (fermion singlet), so they are not reported here.

(→: Sommerfeld enhancement)M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705

The neutral component of an electroweak multiplet can be a DM candidate.

Thermal relic agrees with the observed DM density for a TeV-scale mass.

Lower masses are also allowed:

• Non-thermal production

• Rest of the DM density could be some other species

A.F.Żarnecki (University of Warsaw) LCVision 2025 2025.01.08 14 / 19



Dark Matter Natsumi Nagata

Electroweak-charged dark matter324 Chapter 9. Theories of Dark Matter

Quantum numbers DM could MDM in TeV MDM±�MDM �SI in
U(1)Y SU(2)L SU(3)c Spin decay into tree non-pert in MeV 10�46 cm2

1/2 2 1 0 EL 0.54 350 (0.4 ± 0.6) 10�3

1/2 2 1 1/2 EH 1.1 341 (0.3 ± 0.6) 10�3

0 3 1 0 HH⇤ 2.0 2.5 166 0.23 ± 0.04
0 3 1 1/2 LH 2.4 2.6 166 0.23 ± 0.04
1 3 1 0 HH, LL 1.6 ? 540 0.001 ± 0.001
1 3 1 1/2 LH 1.9 ? 526 0.001 ± 0.001

1/2 4 1 0 HHH⇤ 2.4 ? 353 0.27 ± 0.08
1/2 4 1 1/2 (LHH⇤) 2.4 ? 347 0.27 ± 0.08
3/2 4 1 0 HHH 2.9 ? 729 0.15 ± 0.07
3/2 4 1 1/2 (LHH) 2.6 ? 712 0.15 ± 0.07

0 5 1 0 (HHH⇤H⇤) 5.0 14 166 2.0 ± 0.5
0 5 1 1/2 none 4.4 14 166 2.0 ± 0.5

Table 9.2: Minimal Dark Matter. The first columns define the quantum numbers of the possible DM
weak multiplets. The following ones show: the possible decay channels into SM particles that need to be
forbidden (those in parenthesis correspond to dimension-5 operators); the DM mass predicted from thermal
abundance (either at tree level, left column, or including non-perturbative Sommerfeld and bound-state
corrections, right column, the latter not computed in all cases); the predicted splitting between the charged
and the neutral components of the DM weak multiplet; the prediction for the SI DD cross section �SI.

are listed in table 9.2. In order to be acceptable, DM must have a vanishing color and electric charge11

Q = T3 + Y = 0, (9.16)

where Y is the hypercharge of the electroweak multiplet and T3 the corresponding eigenvalue of the
diagonal generator of SU(2)L. The most prominent examples are discussed in detail:

2S The first possibility is the inert Higgs doublet model, also called the Inert Doublet Model
(IDM), where the SM field content is supplemented by the complex H 0 = (h0+, h00) field: a
scalar weak doublet with Y = 1/2, which contains a complex neutral component h00 in its lower
component, with T3 = �1/2, and a charged component in its upper component, with T3 = �1/2.
An ad-hoc symmetry such as H 0 ! �H 0 is needed to make it stable. The inert Higgs doublet H 0

has the same gauge quantum numbers as the SM Higgs, H. In supersymmetry, this field would be
called the left-handed slepton L̃. The phenomenology of inert Higgs doublet model is discussed in
section 9.3.5.

2F The second possibility is a higgsino-like fermionic weak doublet with Y = 1/2. In supersymmetric
models this field arises as a fermionic partner of the Higgs scalar. An ad-hoc symmetry is again
needed in order to forbid the otherwise allowed renormalizable couplings to the SM fields, which,
if present, would make the higgsino unstable.

3F Yet another possibility is a fermionic weak triplet, which can have Y = 0, 1. The Y = 0 case
11More precisely, the charge needs to be negligibly small from observation, see section 3.3.2: in the case of

discrete choices, this leaves Q = 0 as the only option. Special colored multiplets can give allowed DM as QCD
bound states, as discussed in section 9.3.2. The case of singlets of the SM gauge group has been considered in
section 9.2.1 (scalar singlet) and 9.2.2 (fermion singlet), so they are not reported here.

M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705

Direct detection rate tends to be suppressed since the scattering is 
induced at loop level. Some of the candidates can be probed in future 
DM direct detection experiments.

J. Hisano, K. Ishiwata, N. Nagata, JHEP 1506, 097 (2015).

Indirect detection is also promising, though it may suffer from uncertainty 
of DM profile.

V. Lefranc, E. Moulin, P. Panci, F. Sala, and J. Silk, JCAP 1609, 043 (2016).
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forbidden (those in parenthesis correspond to dimension-5 operators); the DM mass predicted from thermal
abundance (either at tree level, left column, or including non-perturbative Sommerfeld and bound-state
corrections, right column, the latter not computed in all cases); the predicted splitting between the charged
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are listed in table 9.2. In order to be acceptable, DM must have a vanishing color and electric charge11

Q = T3 + Y = 0, (9.16)

where Y is the hypercharge of the electroweak multiplet and T3 the corresponding eigenvalue of the
diagonal generator of SU(2)L. The most prominent examples are discussed in detail:

2S The first possibility is the inert Higgs doublet model, also called the Inert Doublet Model
(IDM), where the SM field content is supplemented by the complex H 0 = (h0+, h00) field: a
scalar weak doublet with Y = 1/2, which contains a complex neutral component h00 in its lower
component, with T3 = �1/2, and a charged component in its upper component, with T3 = �1/2.
An ad-hoc symmetry such as H 0 ! �H 0 is needed to make it stable. The inert Higgs doublet H 0

has the same gauge quantum numbers as the SM Higgs, H. In supersymmetry, this field would be
called the left-handed slepton L̃. The phenomenology of inert Higgs doublet model is discussed in
section 9.3.5.

2F The second possibility is a higgsino-like fermionic weak doublet with Y = 1/2. In supersymmetric
models this field arises as a fermionic partner of the Higgs scalar. An ad-hoc symmetry is again
needed in order to forbid the otherwise allowed renormalizable couplings to the SM fields, which,
if present, would make the higgsino unstable.

3F Yet another possibility is a fermionic weak triplet, which can have Y = 0, 1. The Y = 0 case
11More precisely, the charge needs to be negligibly small from observation, see section 3.3.2: in the case of

discrete choices, this leaves Q = 0 as the only option. Special colored multiplets can give allowed DM as QCD
bound states, as discussed in section 9.3.2. The case of singlets of the SM gauge group has been considered in
section 9.2.1 (scalar singlet) and 9.2.2 (fermion singlet), so they are not reported here.

M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705

The charged-neutral mass splitting is very small, as it is induced by 
electroweak loop diagrams. This makes it difficult to probe this DM 
candidate at the LHC.
Disappearing track searches can have sensitivities to some cases (e.g., triplet).

Linear colliders can probe EW-charged DM up to .MDM = s /2
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Dark Matter Mono-photon signature
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Dark Matter Mono-photon signature
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