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New GAMBIT fits of the MSSM electroweakino sector
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As a community we can learn far more physics from an 
experimental result that is reinterpretable compared to 
one that is not. 
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Understanding the full implications of [experimental] searches 
requires the interpretation of the experimental results in the context 
of many more theoretical models than are currently explored at the 
time of publication.

HEP Software Foundation [arxiv:1712.06982]

See also: 


• Publishing statistical models: Getting the most out of particle physics experiments  
[arxiv:2109.04981] 


• Reinterpretation of LHC Results for New Physics: Status and Recommendations after Run 2 
[arxiv:2003.07868] 

• Simple and statistically sound strategies for analysing physical theories  
[arxiv:2012.09874]
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A huge thank you to everyone who works hard to produce some cutflow, 
a SimpleAnalysis code snippet, an efficiency map, a JSON likelihood file, 
…
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MSSM7: 1705.07917
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Fig. 3: Left: Joint profile likelihoods in the µ–M1 (top) and M2–m
f̃

planes (bottom). Stars indicate the point of highest likelihood
in each plain, and white contours correspond to the 1‡ and 2‡ CL regions with respect to the best-fit point. Right: Coloured regions
indicating in which parts of the 2‡ best-fit region di�erent co-annihilation and funnel mechanisms contribute to keeping the relic
density low. The best-fit point in each region is indicated by a star with the corresponding colour.

of Fig. 3). Because the MSSM7 employs a common
sfermion soft-mass parameter m

2
f̃

at the input scale
(Q = 1 TeV in our case), mass splittings among di�er-
ent sfermions are mostly generated by varying amounts
of mixing. In comparison, the contribution from RGE
running from Q = 1 TeV to Q = MSUSY, which splits
m

2
f̃

into individual soft masses, is generally subdomi-
nant.

In the tree-level stop mass matrix the o�-
diagonal element is vyt(Au3 sin — ≠ µ cos —), while it
is vyb,· (Ad3 cos — ≠ µ sin —) in the sbottom and stau
mass matrices, where yt,b,· are the fermion Yukawa cou-
plings and v ¥ 246 GeV. Because increased left-right
mixing reduces the mass of the lighter of the two mass
eigenstates, the large top Yukawa ensures that t̃1 is the

lightest sfermion across most of the allowed parameter
space (including for models that exhibit sbottom co-
annihilation). With 3 Æ tan — Æ 70 the terms Au3 sin —

(stop) and µ sin — (sbottom and stau) dominate the
sfermion mixing in large regions of parameter space.
The dependence on large µ to obtain a sbottom mass
significantly lower than the mass set by the common
m

f̃
parameter explains why the sbottom co-annihilation

region does not extend as far to small µ as the stop co-
annihilation region in Fig. 3. Also, since yb ¥ 2.5y· , the
lightest stau remains heavier than the lightest sbottom
in the regions of parameter space with large mixing for
the down-type sfermions, which explains the absence
of any region dominated by stau co-annihilation in our
results.

GUT-scale SUSY: 1705.07935
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Fig. 2: Left: The profile likelihood ratio in the CMSSM, for m0 and m1/2 (top) and tan — and A0 (bottom), with explicit 68%
and 95% CL contour lines drawn in white, and the best fit point indicated by a star. Right: Colour-coding shows the mechanisms
active in models within the 95% CL contour for avoiding thermal overproduction of neutralino dark matter, through either
chargino co-annihilation, resonant annihilation via the A/H funnel, or stop co-annihilation. Other potential mechanisms (e.g. stau
co-annihilation) are not present, as they do not lie within the 95% CL contour.

We now see that relaxing the relic density con-
straint to an upper limit opens up a much richer set of
phenomenologically-viable scenarios, with lighter Hig-
gsino or mixed Higgino-bino LSPs. From the perspective
of global fits, treating the relic density as an upper bound
is a conservative approach, and allows us to test whether
the preference for heavy spectra found in recent studies
[115, 146, 308] persists even when a greater variety of
light LSPs is permitted.

The right panel of Fig. 1 shows that at 95% CL,
all of the identified annihilation mechanisms (stop co-
annihilation, A/H-funnel and chargino co-annihilation)
permit solutions where the measured relic density is fully
accounted for, as well as scenarios where only a very

small fraction of the DM relic abundance is explained
in the CMSSM. The fit does not demonstrate any clear
preference for the relic density to be under-abundant or
very close to the measured value. Looking at the top
of this plot, we indeed see the established picture for
chargino co-annihilation discussed above, where a pure
Higgsino DM candidate should have a mass of around
1 TeV to fit the observed relic density.

In Fig. 2, we show 2D CMSSM joint profile likeli-
hoods for m0 and m1/2, as well as for tan — and A0.
Here the plots include both positive and negative µ, and
are again coloured by relic density mechanism. We see
a large region of high likelihood at large m0 and m1/2,
consisting of overlapping chargino co-annihilation and

Scalar Higgs portal DM: 1705.07931 Scalar Higgs portal DM w/ vac. 
stability: 1806.11281

Vector and fermion Higgs portal DM: 
1808.10465

EW-MSSM: 1809.02097 Axion-like particles: 1810.07192 Right-handed neutrinos: 1908.02302

Flavour EFT: 2006.03489 More axion-like particles: 2007.05517 Neutrinos and cosmo: 2009.03287 Dark matter EFTs: 2106.02056

Cosmo ALPs: 2205.13549 Simplified DM, scalar/fermion: 
2209.13266

Simplified DM, vector: 2303.08351 EW-MSSM w/ light gravitino: 
2303.09082

Plus new results on 
sub-GeV DM! See 
slides from Tomas 
Gonzalo’s talk
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Simulation-based EWino fits with GAMBIT
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Question:  
What are the 13 TeV collider constraints on the  

chargino/neutralino sector of the MSSM? 
(MSSM ≠ simplified model)


Method:  
—  Scan 4D EWino parameter space w/ adaptive sampler

—  At every point: Run MC simulations of 13 TeV searches


— Calculate joint likelihood function for all searches 
— Produce profile likelihood plots


Main challenges: 
— Computational cost


— Reproduce ATLAS/CMS searches w/ sufficient accuracy 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• For each parameter point in a scan:  

• Run Pythia simulations of all relevant SUSY processes

• Pass events through fast detector simulation  

(four-vector smearing + efficiencies)

• Pass events through our implementations of ATLAS 

and CMS searches

• → signal predictions for all SRs


• Compute a combined likelihood for the parameter point

• We combine as many analyses and SRs as we 

reasonably can, given available info 

• Plus an analogous pipeline for measurements, using  
Rivet + Contur


ColliderBit
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EWMSSM 

• MSSM w/ neutralinos and charginos 
within LHC reach


• 6 SUSY particles below 1.5 TeV:  
4 neutralinos, 2 charginos


• 4D theory parameter space:  
M1, M2, mu, tan beta

Two models: EWMSSM and G-EWMSSM

G-EWMSSM 

• EWMSSM + near-massless gravitino 
(1eV gravitino, for prompt decays)


• 7 SUSY particles below 1.5 TeV: 
4 neutralinos, 2 charginos, 1 gravitino


• Same 4D parameter space, quite 
different collider pheno
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Back in 2019: EWMSSM 
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Identified a possible explanation for a   
pattern of (at the time interesting) excesses  
across multiple ATLAS searches  

Comparing to SM rather than to the best-fit point: 
Found that no point in the chargino-neutralino 
mass plane was conclusively ruled out at that time

[1809.02097] 
- 12 ATLAS/CMS searches 
- LEP cross-section limits
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2023: G-EWMSSM

Scenario with light higgsinos →  Z/H + gravitino 
could partly fit small excesses in searches for 
leptons + MET and b-jets + MET

Comparing to SM rather than to the best-fit point: 
Strong constraints, but several scenarios survive

[2303.09082] 
- 27 ATLAS/CMS searches 
- Many «SM measurements» 
- LEP cross-section limits
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2023: G-EWMSSM

Profile likelihoods can be complicated:  
Neighbouring points in e.g. a mass plane can 
belong to very different theoretical scenarios  

[2303.09082] 
- 27 ATLAS/CMS searches 
- Many «SM measurements» 
- LEP cross-section limits
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Ongoing work: EWMSSM and G-EWMSSM after Run 2
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EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements
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EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements
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G-EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements
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G-EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements

Compared to 2023 G-EWMSSM study:
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G-EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements

Compared to 2023 G-EWMSSM study: 
Stronger constraints on higgsino and 
wino NLSP scenarios
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G-EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements

Lowest-mass non-excluded higgsino scenarios violate the common  
simplified model assumption that N2/C1 always decay to N1 + soft stuff  
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G-EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements

…and these scenarions are higgino-bino mixture scenarios (M1 ~ mu)   
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Summary



Anders Kvellestad 24

• To what extent is [your favourite model] constrained by the LHC?  
Can [your favourite model] really explain some pattern of excesses?


• We need high-detail reinterpretation studies, based on combined 
likelihoods for all relevant searches/measurements


• Reinterpretation is how we maximise the scientific impact of 
experimental results    

• With GAMBIT we are currently performing large, simulation-based  
global fits of the EWino sector


• New results (and associated code release) coming soon
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Bonus tracks
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Included searches
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Reminder:  
Theory space is a strange, implausible place 

[hep-ph/9709356]

• «Everyone» would assign negligible prior belief to almost 
all points in the low-scale MSSM parameter space 

• MSSM expresses our ignorance of SUSY breaking


• Any «elegant»/«economic»/«reasonable» high-scale model 
maps to some tiny subspace of the low-scale MSSM


• And any simplified model plane maps to some strange 
hypersurface through low-scale MSSM 
 


• A «large» exclusion in simplified model space:


• Maybe large, maybe small impact on MSSM 

• A «large» exclusion in low-scale MSSM


• Maybe decisive, maybe negligible impact on the 
space of plausible high-scale models 
  



Anders Kvellestad 29

• For each parameter point in a scan:  

• Run Pythia simulations of all relevant SUSY processes

• Pass events through fast detector simulation  

(four-vector smearing + efficiencies)

• Pass events through our implementations of ATLAS 

and CMS searches

• → signal predictions for all SRs


• Compute a combined likelihood for the parameter point

• We combine as many analyses and SRs as we 

reasonably can, given available info 

• Plus an analogous pipeline for measurements, using  
Rivet + Contur


What we do in ColliderBit
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• Implementing the analysis: 
• Clear analysis description in the paper

• SimpleAnalysis code snippets

• Reusable NNs? 

• Validating our implementation: 
• Cutflows for benchmark points


• Clear definition of signal model (SLHA file)

• Any preselections not mentioned in cutflow? 

• How many MC events generated? 

• Fully utilising the data (and improving stability): 
• Full likelihoods, JSON (ATLAS)

• Correlation matrices for simplified likelihoods (CMS) 

The information we need

[SUSY-2019-09]
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EW SUSY w/ light gravitino at the LHC

31 G AM B I T

Usual ATLAS/CMS simplified model: 
•  Production of lightest neutralinos/charginos 

• 1-2 fixed branching ratios

• Near massless gravitino as LSP
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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

, H̃
0
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 Â
0

≠
1
2(Â±)T

MCÂ
± + c.c. (1)

where

Â
0 = (B̃, W̃

0
, H̃

0
d
, H̃0

u
), Â

± = (W̃ +
, H̃

+
u

, W̃
≠

, H̃
≠
d

), (2)

and the neutralino mass matrix is

MN =

Q

cca

M1 0 ≠
1
2 g

Õ
vc—

1
2 g

Õ
vs—

0 M2
1
2 gvc— ≠

1
2 gvs—

≠
1
2 g

Õ
vc—

1
2 gvc— 0 ≠µ

1
2 g

Õ
vs— ≠

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 g

Õ, 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 X
T

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 g

Õ, 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 M

2
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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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 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].
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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
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G-EWMSSM: Preliminary 
- 34 ATLAS/CMS searches 
- LEP cross-section limits 
- TODO: SM measurements
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2023: G-EWMSSM
[2303.09082]
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• Series of parameter scans w/ GAMBIT


• Scanner: Diver (differential evolution)


• Per point: simulate 16M SUSY events (Pythia, via ColliderBit) 


• CPU cost: tens of millions of CPU hours… 


• Likelihoods:


• 15 ATLAS + 12 CMS searches (in ColliderBit)


• 22 «pools» of 45 ATLAS, CMS and LHCB measurements 
(Contur+Rivet, via ColliderBit)


• apply relevant LEP cross-section limits (in ColliderBit)

2023: G-EWMSSM
[2303.09082]
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2023: G-EWMSSM
[2303.09082]
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2023: G-EWMSSM
[2303.09082]
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[ATLAS-CONF-2023-055] Quite similar scenarios

[2303.09082]
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θ1

θ2

θ3

• L(θ)

• L(θ)

• L(θ)

• L(θ)

• L(θ)

• L(θ)
• L(θ)

• L(θ)

• L(θ)

• L(θ)

• L(θ)

• L(θ)

• L(θ)
• L(θ)

• L(θ)• L(θ)

• L(θ)

• L(θ)

• L(θ)• L(θ)• L(θ)
• L(θ)

• L(θ)• L(θ)

• L(θ) • L(θ)• L(θ)

• Explore the model parameter space (θ1, θ2, θ3, …)


• At every point θ: compute all predictions(θ) → evaluate likelihood L(θ) 

• Region of highest L(θ) or lnL(θ): model’s best simultaneous fit to all data 
(but not necessarily a good fit, or the most probable θ…)
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[2012.09874]

Why the need for speed? 

• First, BSM parameter spaces are high-dimensional!


• And theorists have limited CPU resources :)


• Second, in global fits we seek statistically rigorous 
conclusions about regions of BSM parameter spaces 

• Need properly converged explorations of the 
likelihood function / posterior distribution


• Must use adaptive sampling algorithms, that 
focus on higher-likelihood regions


• So the problem is not trivially parallelisable 
(we can’t just sample first, simulate later)  
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Detailed model → many parameters → high-dimensional parameter space

High-dimensional spaces are exponentially tricky to explore…


• For given sample density, the number of required samples increases exponentially

• 0.01 resolution for a 1D unit interval: 100 points

• 0.01 resolution for a 10D unit cube: 10010 = 1020 points   

• The volume of any interesting region decreases exponentially fast with D 

• A uniformly sampled point is «always» near at least one of the walls…


• …and it’s also «always» the surface of a sphere with radius sqrt(D/3)


• Relative differences in distances between points vanish («loss of contrast»)



43

Detailed model → many parameters → high-dimensional parameter space

High-dimensional spaces are exponentially tricky to explore…
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lim
D!1

Vinteresting

Vtotal
= 0

…
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Detailed model → many parameters → high-dimensional parameter space

High-dimensional spaces are exponentially tricky to explore…


• For given sample density, the number of required samples increases exponentially
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…
p

~x = (x1, x2, . . . , xD) xi ⇠ U(0, 1)

0 1

(

P (boundary) = 1� P (not boundary) = 1� pD
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1

⇥
[large number of observables]

⇥

⇡
[huge number of points required to explore parameter space]

[long calculation time per observable per parameter point]

Consequence:  
Detailed physics models → huge computational challenge
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So we must: 

• speed up our physics computations where we can


• pick our parameter samples wisely


• maximise the usefulness of the CPU hours we spend
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Parameter space exploration

[2012.09874]
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Parameter space exploration
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Models Core ScannerBit

CaptnGeneral, DarkSUSY, DDCalc, FeynHiggs, 
FlexibleSUSY, gamLike, gm2calc, HEPLike, 
HiggsBounds, HiggsSignals, MicrOmegas, nulike, 
Pythia, SPheno, SUSYHD, SUSYHIT, SuperIso, 
Vevacious, MontePython, CLASS, AlterBBN, …

Backends

Diver, GreAT, MultiNest, 
PolyChord, TWalk, grid, random, 

postprocessor, …

Scanners

ColliderBit DarkBit FlavBit

SpecBit DecayBit PrecisionBit

Physics modules

NeutrinoBit CosmoBit
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Not so simple

and

Not so simple

and

a

inmate inmate
a

inmate inmate

When optimising searches on simplified 
models, at what point do we start losing 
rather than gaining sensitivity to volumes 
of «similar» theory space? 


