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3.4 The Minimal Supersymmetric Standard Model

Table 3.1: The particle spectrum of the MSSM. Mixing is assumed to be negligible for

the first two sfermion generations. SM fermions and bosons are not included.

Name Spin PR Gauge Eigenstates Mass Eigenstates

Higgs bosons 0 +1 H0

u H0

d H+

u H�
d h0 H0 A0 H±

euL euR edL edR (same)

squarks 0 -1 esL esR ecL ecR (same)

etL etR ebL ebR et
1

et
2

eb
1

eb
2

eeL eeR e⌫e (same)

sleptons 0 -1 eµL eµR e⌫µ (same)

e⌧L e⌧R e⌫⌧ e⌧
1

e⌧
2

e⌫⌧

neutralinos 1/2 -1 eB0

fW 0

eH0

u
eH0

d e�0

1

e�0

2

e�0

3

e�0

4

charginos 1/2 -1 fW±
eH+

u
eH�
d e�±

1

e�±
2

gluino 1/2 -1 eg (same)

goldstino 1/2
-1 eG (same)

(gravitino) (3/2)

so further assumptions on the nature of SUSY breaking are usually employed to im-

prove predictability. A much studied such theory is known as minimal supergravity

(mSUGRA) in which PMSB is invoked with the additional assumption of parameter

unification at the Planck scale. This leads to a highly predictive theory completely

determined by four Planck-scale parameters and a sign.

All presently undiscovered particles within the MSSM are listed in Table 3.1, along

with their corresponding spin and RP eigenvalues. Due to e↵ects from SUSY breaking

and electroweak symmetry breaking, the mass eigenstates are in general mixtures of

the gauge eigenstates. This is evident for third-generation sleptons and squarks, as well

as for the gauginos. As the amount of L-R mixing for sfermions can be shown to be

proportional to the mass (or more precisely, the Yukawa coupling) of the corresponding

SM fermion, mixing is assumed negligible for the first two generations. All mixed mass
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3

methodology, adopted priors and statistical framework.
In Sec. 3, we then give a brief summary of the observ-
ables and likelihoods that we employ. We present our
main results in Sec. 4 and briefly consider the implica-
tions for DM in Sec. 5 before presenting final conclusions
in Sec. 6. All GAMBIT input files, generated likelihood
samples and best-fit benchmarks for this paper are pub-
licly available online through Zenodo [62].

2 Model and fitting framework

2.1 Model definition

In this study we investigate the electroweakino sector
of the MSSM. This sector is composed of Higgsinos
(H̃0

u, H̃+
u , H̃≠

d , H̃0
d) and electroweak gauginos: the bino

(B̃) and winos (W̃ 0, W̃ +, W̃ ≠). The neutral states mix
together to form neutralinos, while the charged states
mix to form charginos. The Lagrangian density therefore
includes

LEWino = ≠1
2(Â0)T MN Â0 ≠ 1

2(Â±)T MCÂ± + c.c. (1)

where

Â0 = (B̃, W̃ 0, H̃0
d , H̃0

u), Â± = (W̃ +, H̃+
u , W̃ ≠, H̃≠

d ), (2)

and the neutralino mass matrix is

MN =

Q

cca

M1 0 ≠ 1
2 gÕvc—

1
2 gÕvs—

0 M2
1
2 gvc— ≠ 1

2 gvs—

≠ 1
2 gÕvc—

1
2 gvc— 0 ≠µ

1
2 gÕvs— ≠ 1

2 gvs— ≠µ 0

R

ddb . (3)

Here s— = sin — and c— = cos —, and the SU(2) and
U(1)Y gauge couplings, g and gÕ, and the electroweak
VEV, v are fixed from data while the ratio tan — = vu/vd

is a free parameter.
Similarly, the chargino mass matrix may be written

as

MC =
3

0 XT

X 0

4
, where X =

A
M2

gvs—Ô
2

gvc—Ô
2 µ

B
. (4)

Therefore the electroweakinos can be described using
just the four electroweakino parameters mentioned in
the introduction: M1, M2, µ and tan —.

An electroweakino e�ective field theory (EFT) can be
constructed by including additional light states, namely
the SM fermions, gauge bosons and a SM-like Higgs
boson. As with g and gÕ, the SU(3) gauge coupling and
SM Yukawa couplings can be fixed from data. The Higgs
potential parameters can be fixed by imposing the min-
imisation condition and requiring that the Higgs mass
is fixed to its measured value mh = 125.09 GeV [63].

Note that in the MSSM, the quartic couplings in
the Higgs potential are fixed by SM gauge couplings,
allowing the Higgs mass to be calculated given a value
of tan —. To find mh ƒ 125 GeV over a range of input
tan —, one would then have to vary additional MSSM
parameters. We choose to instead fix the Higgs mass, in
the spirit of interpreting the results in an electroweakino
EFT rather than any specific MSSM ultraviolet com-
pletion. This avoids introducing additional degrees of
freedom that are not part of the electroweakino sector.

In principle it is possible to perform all calculations
in such an electroweakino EFT. In practise, it is simpler
to use an MSSM model where the rest of the states
are heavy and decoupled, and make use of existing
MSSM tools for computing e.g. electroweakino decays.
We implement this model within the GAMBIT MSSM
model hierarchy, in which the user may define child
models of more general scenarios. The GAMBIT SUSY
models include a chain of scenarios in which the MSSM
soft SUSY-breaking Lagrangian parameters are defined
at some scale Q, which one typically sets to be near
the weak scale. The most general model has 63 free
parameters: the gaugino masses M1, M2, and M3, the
trilinear coupling matrices Au, Ad and Ae (9 parameters
each), the squared soft sfermion mass matrices m2

Q,
m2

u, m2
d , m2

L and m2
e (6 parameters each), and three

additional parameters describing the Higgs sector.
In this work we define the dimensionful parameters

at the SUSY scale Q = MSUSY = 3 TeV. We set all
trilinear couplings to zero. We take all diagonal entries
of the squared soft sfermion mass matrices to be M2

SUSY,
and all o�-diagonal entries to be zero. We adopt a value
of 5 TeV for both the pseudo-scalar Higgs mass mA and
the gluino mass parameter M3. We choose these values in
order to e�ectively decouple all sparticles except for the
electroweakinos. Their precise values are not significant,
and simply serve to push the model into the decoupling
regime. In this way, we fix all MSSM parameters except
the four free parameters of the EWMSSM given in
Table 1.

In this model we also assume that R-parity is either
conserved or broken su�ciently weakly that the lightest
supersymmetric particle (LSP) is metastable on detector
timescales; we thus discard all parameter combinations
where the LSP is not a neutralino.

2.2 Global fitting framework

The fits that we present in this paper are done with
GAMBIT [64–69] 1.2.0. The LHC and LEP constraints
that we apply come from ColliderBit [65] and the invisible
width constraints are from DecayBit [68]. Both rely on
spectrum calculations carried out with SpecBit [68]. All
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In this model we also assume that R-parity is either
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where the LSP is not a neutralino.
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The fits that we present in this paper are done with
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are heavy and decoupled, and make use of existing
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the gluino mass parameter M3. We choose these values in
order to e�ectively decouple all sparticles except for the
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and simply serve to push the model into the decoupling
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In this model we also assume that R-parity is either
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where the LSP is not a neutralino.
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boson. As with g and gÕ, the SU(3) gauge coupling and
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additional parameters describing the Higgs sector.
In this work we define the dimensionful parameters
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the gluino mass parameter M3. We choose these values in
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electroweakinos. Their precise values are not significant,
and simply serve to push the model into the decoupling
regime. In this way, we fix all MSSM parameters except
the four free parameters of the EWMSSM given in
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In this model we also assume that R-parity is either
conserved or broken su�ciently weakly that the lightest
supersymmetric particle (LSP) is metastable on detector
timescales; we thus discard all parameter combinations
where the LSP is not a neutralino.
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constructed by including additional light states, namely
the SM fermions, gauge bosons and a SM-like Higgs
boson. As with g and gÕ, the SU(3) gauge coupling and
SM Yukawa couplings can be fixed from data. The Higgs
potential parameters can be fixed by imposing the min-
imisation condition and requiring that the Higgs mass
is fixed to its measured value mh = 125.09 GeV [63].

Note that in the MSSM, the quartic couplings in
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allowing the Higgs mass to be calculated given a value
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of 5 TeV for both the pseudo-scalar Higgs mass mA and
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just the four electroweakino parameters mentioned in
the introduction: M1, M2, µ and tan —.

An electroweakino e�ective field theory (EFT) can be
constructed by including additional light states, namely
the SM fermions, gauge bosons and a SM-like Higgs
boson. As with g and gÕ, the SU(3) gauge coupling and
SM Yukawa couplings can be fixed from data. The Higgs
potential parameters can be fixed by imposing the min-
imisation condition and requiring that the Higgs mass
is fixed to its measured value mh = 125.09 GeV [63].

Note that in the MSSM, the quartic couplings in
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allowing the Higgs mass to be calculated given a value
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In principle it is possible to perform all calculations
in such an electroweakino EFT. In practise, it is simpler
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are heavy and decoupled, and make use of existing
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We implement this model within the GAMBIT MSSM
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and all o�-diagonal entries to be zero. We adopt a value
of 5 TeV for both the pseudo-scalar Higgs mass mA and
the gluino mass parameter M3. We choose these values in
order to e�ectively decouple all sparticles except for the
electroweakinos. Their precise values are not significant,
and simply serve to push the model into the decoupling
regime. In this way, we fix all MSSM parameters except
the four free parameters of the EWMSSM given in
Table 1.

In this model we also assume that R-parity is either
conserved or broken su�ciently weakly that the lightest
supersymmetric particle (LSP) is metastable on detector
timescales; we thus discard all parameter combinations
where the LSP is not a neutralino.

2.2 Global fitting framework

The fits that we present in this paper are done with
GAMBIT [64–69] 1.2.0. The LHC and LEP constraints
that we apply come from ColliderBit [65] and the invisible
width constraints are from DecayBit [68]. Both rely on
spectrum calculations carried out with SpecBit [68]. All
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constructed by including additional light states, namely
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tan —, one would then have to vary additional MSSM
parameters. We choose to instead fix the Higgs mass, in
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In this model we also assume that R-parity is either
conserved or broken su�ciently weakly that the lightest
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where the LSP is not a neutralino.
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The fits that we present in this paper are done with
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searching for neutralino DM
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However…
• Summary plot assumes wino production cross sections 

(generically smaller for bino & higgsino). 

• For each channel a 100% BR is assumed. 

• What happens when you join searches instead of 
overlaying the strongest ones? 

• (What happens if you go beyond the MSSM?)



Global fits



• Choose your BSM model and parameterisation. 

• Calculate a combined consistent likelihood from relevant 
experimental results: 
  

• Use a sophisticated scanning technique to explore the likelihood 
function across the parameter space of the model to determine:  

- The best fit regions of parameter space of a particular theory.  

- Which theories give (comparatively) the best fit to the data.  

• Sensible statistical interpretation (inference): 

- Not just counting number of points. 

- Choice of approach: frequentist/Bayesian.

ℒ = ℒColliderℒHiggsℒFlavourℒDMℒPrecision…

Global fits
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A fit of the EWMSSM



4

Parameter Minimum Maximum Priors
M1(Q) ≠2 TeV 2 TeV hybrid, flat
M2(Q) 0 TeV 2 TeV hybrid, flat
µ(Q) ≠2 TeV 2 TeV hybrid, flat
tan —(mZ) 1 70 flat
Q 3 TeV fixed

–MS
s (mZ) 0.1181 fixed

Top quark pole mass 171.06 GeV fixed

Table 1: Parameters, ranges and priors adopted in the scans
of this paper. The “hybrid” prior is flat where |x| < 10 GeV, and
logarithmic elsewhere. All other soft SUSY-breaking parameters
are decoupled; see the text for details.

sampling is driven by ScannerBit [69]. We later explore
DM implications (Sec. 5) with DarkBit [66].

Compared to GAMBIT 1.1, version 1.2 o�ers a num-
ber of new features. Those of most relevance for this
study are updates to DecayBit to include the invisible
Z width and theory errors on the invisible Higgs width
(Sec. 3.1), and to ColliderBit to include

– many new 13 TeV analyses
– a LEP search for degenerate chargino–neutralino

pairs (Sec. 3.3.1),
– the ability to account for background correlations

in di�erent signal regions via simplified likelihoods
(Sec. 3.3.3),

– a dynamic convergence test of LHC Monte Carlo
simulations designed to achieve a specific fractional
signal uncertainty,

– explicit output of individual LHC likelihood compo-
nents, and

– the ability to simultaneously include likelihood com-
ponents from multiple uncorrelated signal regions in
a single analysis.

Other updates include

– the ability to call backends written in Python,
– an interface to the polychord sampler [70],
– improved parallelism and shutdown handling in the

hdf5 printers and the T-Walk sampler,
– a standalone hdf5 combination utility,
– a new cout printer that sends outputs directly to the

system standard output,
– support for DM semi-annihilation processes and re-

lated models in DarkBit and SpecBit [71],
– a wider range of Higgs portal models [71, 72],
– a number of new MSSM parameterisations (using µ

and mA instead of m2
Hu

and m2
Hd

), and
– support for a number of new and updated external

packages, including FlexibleSUSY 2.0 [73], nulike 1.0.6
[74, 75], DDCalc 2.0.0 [72], Capt’n General 1.0.0 [72]
and fjcore 3.2.0 [76].

2.3 Parameters and priors

Table 1 summarises the ranges over which we scan the
EWMSSM parameters, along with the priors that we
assume.2 Except for tan —, which we sample using a flat
prior, our main scan employs a “hybrid” prior on each
of the parameters x, which is flat where |x| < 10 GeV,
and logarithmic elsewhere.

To ensure that we include all possible mass hierar-
chies, we allow the three dimensionful parameters M1,
M2 and µ to vary up to a magnitude of 2 TeV. This is
well beyond the LHC reach for electroweak states. With-
out loss of generality, we restrict M2 to positive values,
as is commonly done in the literature (see e.g. [77, 78]),
while allowing both positive and negative signs for both
µ and M1. Although we do not expect our results to
be very sensitive to tan —, we consider a large range of
possible values for this parameter (1–70), as previous
work [79, 80] has shown a preference for large tan —.

For the purposes of mapping the profile likelihood, we
sample the parameter space of the EWMSSM using the
di�erential evolution sampler Diver 1.0.4 [69], employing
the self-adaptive jDE version of the algorithm [81]. We
set the population size NP to 18 700, and the convergence
threshold convthresh to 10≠3. In order to sample the final
high-likelihood region more e�ciently, we performed two
additional targeted scans, one for |µ| < 500 GeV and
another for M2 < 500 GeV, using flat priors for the
dimensionful parameters and the same Diver settings as
the full-range scan.

A critical factor in the scanning strategy is the num-
ber of MC events generated per point to determine the
LHC likelihood. This is particularly important for elec-
troweak supersymmetry searches, since the acceptance
of the analyses is often very small, due to very strin-
gent kinematic selections that are designed to reject
SM backgrounds that otherwise swamp the tiny SUSY
signal. This problem is made worse by the necessity for
some analyses of pre-selecting the signal region to use
for a given parameter point, according to which of the
available signal regions is expected to have the best sen-
sitivity to the model. As the MC statistics are increased,
the signal region with the best expected sensitivity to
a given parameter point may change abruptly. When
the level of agreement between data and background
expectations di�ers notably between signal regions, a
switch in which signal region is pre-selected can cause a
large change in the likelihood assigned to the parameter
point.

2As ours is a frequentist analysis, the priors merely define a
metric upon the parameter space that we scan. They do not
reflect any prior beliefs about the EWMSSM, and are chosen
only to thoroughly and e�ciently map the likelihood surface.

Scans 
• Diver (differential evolution) scanner (https://diver.hepforge.org/) 
• ~2.4M parameter point samples 

• Up to 500k Pythia 8 events per point for LHC simulations  

Post-processing 
• Re-run points in preferred parameter regions with higher MC statistics 
• 3σ region: ≥4M events, 1σ region: ≥16M events, 500 best points: 64M events 
• ~240k parameter point samples ~3 hours per point, using  

68 CPUs x4 hyperthreading

[The GAMBIT Collaboration, 1809.02097]

Scan setup



All LHC searches included use 13 TeV data (up to 36 fb-1).

LHC likelihoods

Roughly corresponds to March 2018 status.

Likelihoods



[The GAMBIT Collaboration, 1809.02097]

ℒcap = min[ℒ(s + b), ℒ(b)]

Use a capped likelihood where 
the model can not do better than 
the SM background model:

If profile likelihood ratio = 1, 
a parameter point with those 
masses exists which fits just as 
well as the SM.

Can light neutralinos be excluded?



So, virtually no neutralino masses are excluded!

[The GAMBIT Collaboration, 1809.02097]
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Use a capped likelihood where 
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well as the SM.
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So, virtually no neutralino masses are excluded!

[The GAMBIT Collaboration, 1809.02097]

ℒcap = min[ℒ(s + b), ℒ(b)]

Use a capped likelihood where 
the model can not do better than 
the SM background model:

If profile likelihood ratio = 1, 
a parameter point with those 
masses exists which fits just as 
well as the SM.
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Interpretation of profile likelihood: For every point in the mass plane, there is at 
least one point in the EWMSSM parameter space that fits the data as well as the given ratio 
value. 
 
This does not tell us anything about the size of the viable parameter space…

Can light neutralinos be excluded?



[The GAMBIT Collaboration, 1809.02097]

Can light neutralinos be excluded?
EWMSSM. 1σ and 2σ CL regions. GAMBIT 1.2.0
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[The GAMBIT Collaboration, 1809.02097]

Can light neutralinos be excluded?
EWMSSM. 1σ and 2σ CL regions. GAMBIT 1.2.0
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What is going on?

For Wino NLSPs, when mχ̃0
2

> mχ̃0
1
+ mh , the      BR to h and Z can be flippedχ̃0

2

between ~0.9 and ~0.1 by switching the sign of μ

Assumptions of 100% BR.
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Can light neutralinos be excluded now?
EWMSSM. 1σ and 2σ CL regions. GAMBIT 1.2.0
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Can light neutralinos be excluded now?
EWMSSM. 1σ and 2σ CL regions. GAMBIT 1.2.0
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Can light neutralinos be excluded now?
EWMSSM. 1σ and 2σ CL regions. GAMBIT 1.2.0
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• Important to go beyond simplified models to reach firm 
conclusions about the possibilities of light neutralino DM. 

• A global fit of the MSSM electroweak sector using GAMBIT 
showed (as of March 2018) no model independent absolute 
bounds on neutralinos from the LHC. 

- Recent increases in luminosity from 36 fb-1 up to 140 fb-1 may change 
this conclusion, however, bounds in all probability much weaker in 
full parameter space. 

• Since capacity of the experiments to analyse all possible full 
models is limited, the reinterpretation of results is crucial for 
the community.  

- Strong bounds need detailed information, e.g. full likeliehoods, 
correlations between signal regions etc. 

[LHC Reinterpretation Forum, 2003.07868]

Conclusions



Bonus material



ColliderBit validation
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EWMSSM

With an uncapped likelihood we have closed 2σ contours

★

EWMSSM. 1� and 2� CL regions. GAMBIT 1.2.0
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DM properties

DM relic density bound is satisfied through Higgs- and Z-funnels.



Adding DM likelihoods
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DM likelihoods: Planck DM density (upper limit), direct detection searches 
from LUX, PandaX, XENON1T, CDMSlite, CRESST- II, PICO-60, 
DarkSide-50, and IceCube, indirect detection gamma-ray limits from Fermi-
LAT observations of 15 Milky Way dwarf spheroidal galaxies.



But what about LEP etc.?
6

Production Signature Experiment

‰̃0
i ‰̃0

1 ‰̃0
i æ qq̄‰̃0

1 OPAL [53]
(i = 2, 3, 4) ‰̃0

i æ ¸¯̧‰̃0
1 L3 [98]

‰̃+
i ‰̃≠

i ‰̃+
i ‰̃≠

i æ qq̄Õqq̄Õ‰̃0
1‰̃0

1 OPAL [53]
(i = 1, 2) ‰̃+

i ‰̃≠
i æ qq̄Õ¸‹‰̃0

1‰̃0
1 OPAL [53]

‰̃+
i ‰̃≠

i æ ¸‹¸‹‰̃0
1‰̃0

1 OPAL [53], L3 [98]
ISR “ + missing energy OPAL [99]

Table 2: Results from LEP on sparticle pair production used
in the scans.

3.2 LEP searches for electroweakino production

Electroweakino production provides an excellent exam-
ple of a case where limits from the LEP experiment
remain competitive with LHC searches, particularly
for light, degenerate spectra. The ColliderBit module
of GAMBIT includes individual cross-section limits on
the pair production of neutralinos and charginos from
the ALEPH, L3 and OPAL experiments, expressed as
a function of the sparticle masses. For each point in
the EWMSSM parameter space, we calculate the LEP
pair-production cross-sections for the processes given in
Table 2, and calculate the product of the cross-section
and branching fraction for each process (using the Decay-
Bit interface to SUSY-HIT 1.5). These are then compared
to digitised, and interpolated, LEP cross-section limits
from the analyses listed in Table 2 to form a Gaussian
likelihood term, as described in [65, 79]. The likelihoods
from each channel and experiment are multiplied, on the
assumption that they are independent measurements.

The selection of searches originally included in the
ColliderBit module are only sensitive down to elec-
troweakino mass di�erences of 3 GeV. We have therefore
also included the OPAL search for a degenerate chargino–
neutralino pair [99] in ColliderBit. This is sensitive to
mass di�erences from 320 MeV to 5 GeV, and is impor-
tant for constraining wino and Higgsino LSP scenarios
from 45 GeV up to the kinematic limit of 95 GeV.

The implementation follows that of the other elec-
troweakino searches from LEP: the pair-production
cross-section of the (lightest) chargino is calculated and
compared to the digitised OPAL limit in the plane of
chargino mass versus chargino–neutralino mass di�er-
ence to find the likelihood contribution. This particular
search does not rely on the decay of the chargino, be-
cause it is based on missing energy plus the emission of
a photon as initial state radiation (ISR).

3.3 LHC searches for electroweakino production

3.3.1 Analyses

There is a long list of searches for supersymmetry from
the ATLAS and CMS experiments of the LHC, con-
ducted using proton–proton collision data taken atÔ

s = 7, 8 and 13 TeV. Searches for strongly-coupled su-
persymmetric particles are conducted in final states with
jets (including b-jets), missing transverse energy Emiss

T

and/or some number of leptons, and are specifically
optimised on simplified models of gluino and squark
production. This includes dedicated searches for third
generation squark production. Models involving only
chargino and neutralino production are not expected to
pass the stringent multiplicity and kinematic selections
required by these analyses.

Searches for weakly-produced sparticles are generally
challenging due to the small production cross-sections,
and the dominant constraints come from final states
rich in leptons, but relatively poor in jets. Searches are
typically optimised on simplified models, with the most
relevant model for our work shown in Figure 1. This
model assumes that ‰̃+

1 ‰̃≠
1 and ‰̃±

1 ‰̃0
2 production are

the only available SUSY production processes at the
LHC, and that the decay of the electroweakinos involves
on-shell W and Z production. It is further assumed that
the ‰̃0

2 and ‰̃±
1 are degenerate in mass and are wino-

dominated, and that the ‰̃0
1 is bino-dominated. This sets

the production cross-sections for these processes, whilst
ensuring that there are only two parameters remaining
in the simplified model: m‰̃±

1
(or, equivalently, m‰̃0

2
)

and m‰̃0
1
. Each analysis that uses the simplified model is

then optimised by generating a grid of simulated signal
events in the (m‰̃±

1
, m‰̃0

1
) mass plane, and defining a

number of signal regions that exploit di�erences between
the expected kinematics of the signal and the expected
kinematics of the dominant SM background processes
for each region of the mass plane. Null observations are
interpreted in terms of a 95% confidence-level exclusion
contour in the plane.

Many of the signal regions that we use in this pa-
per are optimised for finding the simplified model of
Figure 1. However, we also make use of signal regions
optimised on (and interpreted using) an extension con-
taining additional intermediate sleptons. Despite not
being obviously relevant to a model with decoupled slep-
tons, it is still possible for these regions to have some
sensitivity to the EWMSSM. We also use analyses that
have been optimised on a number of other models, e.g.
general gauge mediation, in case they have sensitivity to
our model of interest; we explain below why one might
expect this to be the case.

LEP likelihoods

Invisible width likelihoods

Γ(Z → inv.) = 499.0 ± 1.5 MeV (LEP)
BF(h → inv.) ≤ 0.19 (LHC)
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Most important 
contributions: 
• ATLAS_4lep 
• ATLAS_RJ_3lep 
• ATLAS_MultiLep

_2lep_jet 
• ATLAS_MultiLep

_3lep 
• CMS_MultiLep  

_3lep

lnL(s+ b)� lnL(b)

Individual analysis 
contributions to the 
3σ best-fit region:

Blue: better than 
background-only  
Red: worse than 
background-only



Local significance & 
goodness-of-fit

Optimist view: Early hint of a signal in multi-lepton states?

Realist view: Very light electroweakinos still allowed in the MSSM



• EWMSSM + light gravitino (prompt NLSP decay) 

- Extra Z, γ, or h from decay of  
NLSP changes which searches  
are sensitive 

• NMSSM 

- Singlino component in  
neutralinos can reduce  
cross sections and open  
decays to further Higgs states

★

EWMSSM gravitino. 1σ, 2σ and 3σ CL regions. GAMBIT 1.4.0
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Excess in gravitino model?
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Public results

• Documentation for open source codebase: 
gambit.hepforge.org 

• All physics results publicly available on zenodo.cern.ch, 
including: 

- GAMBIT input yaml files for scans 

- Parameter point chains (hdf5 files) 

- SLHA1 and SLHA2 files for the best-fit point in each subregion of 
each fit 

- Plotting routines
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How to start using GAMBIT

• Clone the git repository 

github.com/patscott/gambit_1.4

• Or download tarball from: gambit.hepforge.org 

• Compiles with CMake using gcc or intel compilers 

• Or get the pre-compiled docker version (around 6 GB) 

docker run -it gambitbsm/gambit-pippi

• Run with 

gambit -f yaml_files/CMSSM.yaml 

http://github.com/patscott/gambit_1.4

