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• These analyses assumed an spectrum with an isolated charged state that 
never occurs in SUSY (Winos and Higginos have neutral components)


• Moreover if the  LSP is a neutralino the spectrum would be far more 
sensitive to trilepton searchers



• This spectrum is insensitive to tri-leptons if the neutralinos do not decay to the 
LSP directly (not a neutralino) and the whole doublet contributes to the same 
signal WW+MET 
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in any model where the charged particle belongs to a non-trivial SU(2)w multiplet, electroweak
invariance prevents splitting the di↵erent components by arbitrarily large values – and any term
that distinguishes among the di↵erent members of the multiplet have to be proportional to the
vacuum expectation value of the Higgs.

However, as will review below, it is possible to reverse the mass order of the lightest chargino
and the lightest neutralino. With no further additions, this mass ordering is not acceptable cosmo-
logically, as the lightest electroweakino is now charged, but if we embed the scenario in the context
of gauge mediated supersymmetry breaking (or another setup with supersymmetry breaking at a
low scale) then the gravitino is the LSP and there is no immediate issue4.

With the gravitino as LSP, an NLSP chargino will decay to W±+ LSP. The lightest neutralino
can decay directly to Z0+ LSP, however it now also has the possibility to decay to W⌥+�± (beta
decay). If the latter dominates su�ciently, Z0 decays are eliminated and the trilepton signal is
stifled.

Finally, even if beta decay of neutralinos dominates, neutralino production followed by beta
decay and �± ! W± + LSP can still lead to a trilepton signal, i.e. pp ! �2�± ! W±�+�� !
3`+/ET . This contribution can be suppressed as well if �0

2 and �± have similar mass. In this case,
the lepton from the beta decay is too soft to pass the detector id requirements.

While this set of requirements removes (or at least strongly suppresses) the trilepton signal,
there are now several channels (�+��,�±�2, �1�2, etc.) contributing to the `+`� + /ET final state
and must be considered when interpreting the W+W� channel bound. In Fig. 2 we summarize the
necessary criteria for W+W�+/ET to be the most sensitive channel.

�+
�01
�02

LSP

� � decay

W + ET

Figure 2. Schematic spectrum that will have W+W�+/ET as discovery channel. The mass splitting between
the neutralinos and the chargino is small so the products from �-decay are very soft. The number of
neutralinos is model dependent but it does not a↵ect the conclusion. In this case, the LSP is the gravitino.

To better illustrate how these requirements work and what they demand of the spectrum, we now
introduce three benchmark scenarios. In the context of supersymmetry, the electroweakino sector
has been vastly studied in the literature. In particular, Ref. [7] precisely analyzed the conditions
for the chargino to be the lightest of the electroweakinos in two di↵erent supersymmetric models.
We now proceed to summarize what was found in Ref. [7] and to quote the results relevant to our
paper.

Starting within the MSSM, and in the limit when one assumes the electroweak breaking e↵ects
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The gravitino as DM candidate has some challenges from the model builidng point of view [8] but any discussion

in this direction is beyond the scope of this paper since the solutions do not involve the electroweakino spectrum.

Sample spectrum with the chargino as NLSP

very soft products
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GeV. While the turn on of the W±Z0+ /ET sensitivity will not be immediate at �m = 10GeV, we
will focus on �m between 5 (smaller values will lead to a long lived chargino for the values of m3/2

we are considering) and 10 GeV. Since m3/2 < 100 eV when translating experimental constraints
into this scenario, we must be careful to use interpretations that also assume a massless LSP.

One additional feature of this scenario that is worth mentioning is that the neutralinos are
predominantly higgsino like and are therefore pseudo-Dirac [11]. As a result, the production of
same-sign charginos – coming from neutralino decays and leading to a final state of same sign
leptons plus /ET (i.e., pp ! �1�2 ! �+�+G̃G̃ ! W+(`+⌫)W+(`+⌫) + /ET ) – is very suppressed.
The origin of the suppression is an approximate charge conjugation symmetry only broken by the
small splitting between the two neutralinos [11].
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Figure 3. Line of R� = 1/2 for �m = 5 GeV (dashed) and �m = 10 GeV (solid) in the chargino mass versus
gravitino mass plane. The shaded region corresponds to a prompt decay of the chargino. The region right of
the lines while in the shaded region is the parameter space where W+W�+/ET will give the strongest bound
in this model.

While it is possible to arrange for m�± < m
�
0
1
in the MSSM, the parameter space is quite

limited. However, in extensions of the MSSM with Dirac gaugino masses, m�± < m
�
0
1
is far more

common. Some scenarios that contain Dirac gauginos include extra-dimensional supersymmetry
models [15–18] or 4D models where the U(1)R symmetry present in the supersymmetric kinetic
term is imposed on the rest of the theory [6, 19–22]. In these so-called R-symmetric models, there
are actually four charginos: the two states from the MSSM, one from the SU(2)w adjoint Dirac
partner of the wino, and one from an additional SU(2)w doublet (an R-Higgs) whose presence is
required to impose exact R symmetry on the Higgs terms in the superpotential. For reference, the
superpotential for this setup is shown in Appendix A. These four states can be further classified
by their R-charge (±1), so the chargino mass matrix splits into two 2 ⇥ 2 blocks. In the limit of
large tan� and a vanishing SU(2)w adjoint vev, the 2⇥ 2 block containing the lightest eigenvalue
simplifies to
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Region of the parameter space where the neutralino do not decay to the LSP

Displaced vertex

Δm=10 GeV
Δm=5 GeV



• There is a search (arXiv:1908.08215) for WW+MET, with the full run II data



• There is a search (arXiv:1908.08215) for WW+MET, with the full run II data

We have reinterpreted 
the bound and we obtained 

m>460 GeV 
(ATLAS quotes a bound of 410 GeV 

For an isolated chargino)
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Figure 5. The pT of the third hardest lepton in simulated events that pass the ATLAS analysis. The dotted
lines indicate the contributions from (starting from the bottom) pp ! �0
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criteria: 1.) a compressed electroweakino spectrum, with a chargino as the lightest state and mass
splittings to heavier neutralino state(s) O(10GeV), 2.) the predominant neutralino decay mode is
beta decay, to �±+W⌥, and 3.) a gravitino LSP (or other, neutral, non-electroweakino state). One
unavoidable consequence of these criteria is that, all �i�j , i = 1, 2,± modes lead to a W±W⌥+ /ET

final state (plus additional, soft particles) and must be considered when interpreting experimental
limits in that channel.

We provided three example models, two supersymmetric and one non, that realizes the above
features. Then, using a MSSM GMSB model with Higgsinos as the lightest electroweakinos, we
recast the ATLAS W+W� + /ET analysis, including all electroweakino modes. For mass splittings
among all electroweakinos �m < 10GeV, we find all electroweakino modes have the same analysis
e�ciency. The resulting exclusion bound is m� > 460GeV, compared to the ATLAS bound of
410GeV (massless LSP).

In general, there are soft leptons coming from the (beta-)decay of the neutralino to the chargino
that can potentially be used to distinguish between a model with an isolated charged state from a
model with a doublet almost degenerated in mass.
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The figure indicates the spectrum of the 
Third lepton that could be use 

To discriminate between models



• It is crucial when interpreting a search that the spectrum analyzed can be realized 
in a complete model.


