
the 

status
of some

invisibles
(dark matter particles)

Csaba Balázs

for the GAMBIT collaboration



https://www.forbes.com/sites
/startswithabang/2019/02/22
/the-wimp-miracle-is-dead-
as-dark-matter-experiments-
come-up-empty-againC Balázs | 2019 Jun 14 Valencia| page 2 of 40



outline

C Balázs | 2019 Jun 14 Valencia| page 3 of 40

lightning review of GAMBIT
Global And Modular Beyond-the-SMs Inference Tool

the status of:

ω {a Ҍ ǎǇƛƴ лΣ ѹΣ м ǎƛƴƎƭŜǘ

ω {a Ҍ ŀȄƛƻƴǎ (QCD, DFSZ, KSVZ), axion-like particles

ω ŎƻƴǎǘǊŀƛƴŜŘ a{{aǎ ƴŜǳǘǊŀƭƛƴƻ (CMSSM, NUHM1,2)

ω a{{a-7, MSSM-EW neutralino



GAMBIT at a glance

next gen globalfitting 
framework

modularand flexible 
architecture

models beyondthe Standard

sophisticated statistical 
inference

plug&playtools to calc 
observables

C Balázs | 2017 Nov 28 Canberra| page 4 of 40 Taylor Kitsch as Gambit in X-Men Origins
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open-source code to calculate 
observables and likelihoods for 
generic Beyond the Standard 
Model(s) theories

designed to allow easy definition 
of new models, observables, 
likelihoods, samplers and backend 
physics codes

https://gambit.hepforge.org

EPJC 77 (2017) 784 arXiv:1705.07908

11 experiments
ATLAS, Belle-II, CLiC, CMS, CTA, Fermi-LAT, 
DARWIN, IceCube, LHCb, SHiP, XENON

40+ community members
P Athron, C Balázs, A Beniwal, S Bloor, T 
Bringmann, A Buckley, J Camargo-Molina, M 
/ƘǊȊŊǎȊŎȊ, J Cornell, M Danninger, J Edsjö, B 
Farmer, A Fowlie, T Gonzalo, W Handley, S 
Hoof, S Hotinli, F Kahlhoefer, A Kvellestad, J 
Harz, P Jackson, F Mahmoudi, G Martinez, A 
Raklev, J Renk, C Rogan, R de Austri, P Scott, 
P Stöcker, A Vincent, C Weniger, M White, Y 
Zhang

14 major theory codes
DarkSUSY, DDCalc, Diver, FlexibleSUSY, 
gamlike, GM2Calc, IsaJet, nulike, PolyChord, 
Rivet, SOFTSUSY, Superlso, SUSY-AI, 
WIMPSim

GAMBIT ad
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GAMBIT modules

provide GAMBIT with a range of capabilities                                                
to calculate a certain quantity

ColliderBit: fast LHC sim., Z, H obs.sΣ bt ƭƛƳƛǘǎΧ               arXiv:1705.07919

DarkBit: DM abundance, direct-Σ ƛƴŘƛǊŜŎǘ ŘŜǘŜŎǘƛƻƴΧ      arXiv:1705.07920

DecayBitΥ {a ϧ bt ό{¦{¸Χύ ŘŜŎŀȅ ǿƛŘǘƘǎΣ .wǎΧ              arXiv:1705.07936

FlavBitΥ bt ό{¦{¸Χύ ŦƭŀǾƻǊ ƻōǎŜǊǾŀōƭŜǎΣ ǊŀǊŜ ŘŜŎŀȅǎΧ     arXiv:1705.07933

PrecisionBitΥ 9² ǇǊŜŎƛǎƛƻƴ ƻōǎŜǊǾŀōƭŜǎΣ ƎҍнΧ                   arXiv:1705.07936

SpecBit: NP masses, mixings, couplings, RGEs...                arXiv:1705.07936

ScannerBitΥ ǎŀƳǇƭƛƴƎΣ ǇŀǊŀƳŜǘŜǊ ŜǎǘΦΣ ƳƻŘŜƭ ŎƻƳǇΦΧ     arXiv:1705.07959

Coming soon: CosmoBit, NeutrinoBitΣ ŀƴŘ ƳƻǊŜΧ
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DarkBIToverview

module and backends 
are functionally 
separated

module draws 
capabilities and info 
from backends and 
processes them

if two or more 
backends can supply the 
same capability they can 
be plugged&playedat 
runtime

arXiv:1705.07920                                    .
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GAMBIT results related to dark matter

EFTs: SM + scalar, fermion, vector singlet (simplest DM model)

EPJ C77 (2017) 8 568 arXiv:1705.07931

EPJ C78 (2018) 10 830 arXiv:1806.11281

EPJ C79 (2019) 1 38   arXiv:1808.10465

axions, axion-like particles(QCD axion, DFSZ, KSVZ, generic ALP)

JHEP 1903 (2019) 191 arXiv:1810.07192

constrained SUSY: CMSSM, NUHM1, NUHM2 (GUT scale BCs)

EPJ C77 (2017) 12 824 arXiv:1705.07935

low-dim SUSY: MSSM-7, MSSM-EW (weak scale BCs)

EPJ C77 (2017) 12 879 arXiv:1705.07917

EPJ C79 (2019) 5 395   arXiv:1809.02097

more EFTs, more ALPs, more SUSY and other models in prep
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spin           0                   ½                   1                          .
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new spin 0 particle Ὓ

the simplest dark matter particle
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Higgs couplings to standard particles
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the simplest DM: a new spin 0 particle Ὓ
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Higgs coupling to singlet dark matter particle

the simplest DM: singlet coupling via Higgs portal
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Constraints

ω DM abundance upper bound

ω DM direct det. LUX, PandaX,

SuperCDMS, XENON100, XENON1T

ω DM indirect det. 
Fermi-LAT (dSphs), IceCube79

ω LHCHiggs data

Uncertainties, nuisances

ω мо ƴǳƛǎŀƴŎŜ ǇŀǊŀƳŜǘŜǊǎ

ω ƭƻŎŀƭ 5a ŘŜƴǎƛǘȅ

ω ƴǳŎƭŜŀǊ ǇƘȅǎƛŎǎ ǇŀǊŀƳŜǘŜǊǎ

ω IƛƎƎǎ ŀƴŘ ǉǳŀǊƪ ƳŀǎǎŜǎ

ω ƎŀǳƎŜ ŎƻǳǇƭƛƴƎǎ

scalar singlet dark matter
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scalar singlet dark matter

ω left frame: constraints are closing in, but plenty of parameter space still viable

arXiv:1705.07931
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scalar singlet dark matter

ω right frame: CTA will probe the region with high ά and annihilation cross section

arXiv:1705.07931
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scalar singlet DM

direct detection 
already constrains 
the model but 
ultimately is 
challenging

arXiv:1705.07931
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ᴚ symmetric scalar 
singlet DM

direct detection and 
relic density the most 
constraining 

white contours: 

1 ,̀ 2̀ ƛƴŎƭΦ ·9bhbм¢ Ωму

arXiv:1806.11281
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a new spin 1/2 particle …

next simplest dark matter

ό ὧ ὸ

Ὠ ί ὦ

Ὡ ‘ †

’ ’ ’

Ὣ

‎

ὡ

ὤ

Ὄ

…



C Balázs | 2019 Jun 14 Valencia| page 19of 40

couples to SM via the Higgs

next simplest DM: singlet fermion 
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Majorana fermion singlet dark matter

ω ǇŀǊŀ ǎǇŀŎŜ ƛǎ ǿƛŘŜ ƻǇŜƴΣ ƛƴŘƛǊŜŎǘ ŘŜǘŜŎǘƛƻƴ ǿƛƭƭ ǇǊƻōŜ ǘƘŜ ǘƘŜǊƳŀƭ ǊŜƎƛƳŜ

arXiv:1808.10465
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new spin 1 particle

still simple dark matter
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simple DM: vector singlet coupling via Higgs portal
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vector singlet dark matter

ω vector singlet WIMPs might be challenging to probe

arXiv:1808.10465
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the pseudo-Goldstone of the PQ symmetry: spin 0 ὥ

axion and ὥlike particles
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Constraints

ω light shining through wall ALPS

ωhelioscopes /!{¢ ΩлтΣ Ψмт

ωhaloscopesw.CΣ ¦CΣ !5a· Ψфу-ΩлфΣ Ψму

ωDM relic density Planck

ωastrophysics HESS, SN1987a, 

HB/RGB stars (R parameter)

Uncertainties, nuisances

ω п ƴǳƛǎŀƴŎŜ ǇŀǊŀƳŜǘŜǊǎ

QCD axion (Ὢ, ὅ ,ὉȾὔ, —)
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QCD axion (Ὢ, ὅ ,ὉȾὔ, —)

Bayesian analysis ᵼ
preferred axion mass 
range and couplings

ω ǎƳŀƭƭ ά : fine-tuning 
in —to avoid DM 
overproduction

ω ƭŀǊƎŜ ά : fine-tuning 
in Ὣ to avoid 

experiments

arXiv:1810.07192
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axion-like particles

ω ŘƻƳƛƴŀǘƛƴƎ 
constraints: CAST, 
haloscopes(UF, RBF and 
ADMX), H.E.S.S., R 
parameter, SN 1987A

ω ōŀƴŘ ƻŦ v/5 ŀȄƛƻƴ 
models (blue shaded 
region), DFSZ, KSVZ-type 
models (yellow lines)

arXiv:1810.07192
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the Minimal Supersymmetric Standard Model
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Constraints

ω DM abundance upper bound

ω DM direct det. 8 experiments

ω DM indirect det. 
Fermi-LAT (dSphs), IceCube79

ω EW precision W mass, Ὣ ςΣ Χ

ω 59 flavor observables 

ω LHCIƛƎƎǎ ŘŀǘŀΣ {¦{¸ ǎŜŀǊŎƘŜǎΣ Χ

Uncertainties, nuisances

ω р ƴǳƛǎŀƴŎŜ ǇŀǊŀƳŜǘŜǊǎ

ω ƭƻŎŀƭ 5a ŘŜƴǎƛǘȅ

ω ƴǳŎƭŜŀǊ ǇƘȅǎƛŎǎ ǇŀǊŀƳŜǘŜǊǎ

ω IƛƎƎǎ ŀƴŘ ǉǳŀǊƪ ƳŀǎǎŜǎ

ω ƎŀǳƎŜ ŎƻǳǇƭƛƴƎǎ

about 280 million full likelihood 
calculations  for the three models

simplest SUSY DM (CMSSM, NUHM1&2 GUT BCs)
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ω ŘŀǊƪ ƳŀǘǘŜǊ ǇŀǊǘƛŎƭŜ Ƴŀǎǎ ƛǎ Ƴƻǎǘ ƭƛƪŜƭȅ ōŜǘǿŜŜƴ нлл DŜ± and 2 TeV

ω        ǿὸco-ann.                charginoco-ann.             heavy Higgs funnel     (ǿ†co-ann. ruled out @95%CL)

neutralino DM in the CMSSM (ά ȟά ȾȟὃȟÔÁÎ‍ȟÓÉÇÎ‘ υnuisances)
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ω ŘƛǊŜŎǘ ŘŜǘŜŎǘƛƻƴ ƛǎ ǇǊƻƳƛǎƛƴƎ ōǳǘ ǎǘƻǇ ŎƻŀƴƴƛƘƛƭŀǘƛƻƴ ǊŜƎƛƻƴ ƭƛŜǎ ōŜƭƻǿ ǘƘŜ ƴŜǳǘǊƛƴƻ ŦƭƻƻǊ

ω        ǿὸco-ann.                charginoco-ann.             heavy Higgs funnel     (ǿ†co-ann. ruled out @95%CL)

neutralino DM in the CMSSM (ά ȟά ȾȟὃȟÔÁÎ‍ȟÓÉÇÎ‘ υnuisances)
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ω ǎǳōǎǘŀƴǘƛŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƳƛǎƛƴƎ ǇŀǊŀƳŜǘŜǊ ǎǇŀŎŜ ǿƛƭƭ ōŜ ǇǊƻōŜŘ ōȅ /¢!

ω        ǿὸco-ann.                charginoco-ann.             heavy Higgs funnel             ǿ†co-ann.

neutralino DM in NUHM1&2 (ὓ ȟὓ ȟά ȟά ȾȟὃȟÔÁÎ‍ȟÓÉÇÎ‘ υnuisances)
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Constraints

ω DM abundance upper bound

ω DM direct det. 8 experiments

ω DM indirect det. 
Fermi-LAT (dSphs), IceCube79

ω EW precision W mass, Ὣ ςΣ Χ

ω 59 flavor observables 

ω LHCIƛƎƎǎ ŘŀǘŀΣ {¦{¸ ǎŜŀǊŎƘŜǎΣ Χ

Uncertainties, nuisances

ω ƭƻŎŀƭ 5a ŘŜƴǎƛǘȅ

ω ƴǳŎƭŜŀǊ ǇƘȅǎƛŎǎ ǇŀǊŀƳŜǘŜǊǎ

ω IƛƎƎǎ ŀƴŘ ǉǳŀǊƪ ƳŀǎǎŜǎ

ω ƎŀǳƎŜ ŎƻǳǇƭƛƴƎǎ

MSSM-7 (weak scale BCs)
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neutralino DM in MSSM-7 (ὓ ȟὓ ȟάȟὓȟὃ ȟὃ ȟÔÁÎ‍ υnuisances)

ω

ω ƴŜǳǘǊŀƭƛƴƻ Ŏŀƴ ōŜ ŘƻƳƛƴŀǘŜŘ ōȅ higgsinoor bino (wino domination prevented by ὓ ςͯὓ )
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ω

ω … co-ann. and light Higgs will be probed by dark matter direct detection experiments

neutralino DM in MSSM-7 (ὓ ȟὓ ȟάȟὓȟὃ ȟὃ ȟÔÁÎ‍ υnuisances)
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ω

ω /¢! ǿƛƭƭ ǎǘŀǊǘ ǇǊƻōƛƴƎ ǊŜƎƛƻƴǎ ƴƻǘ ŦŀǊ ŦǊƻƳ ǘƘŜ ƻƴŜǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ƭƛƪŜƭƛƘƻƻŘ

neutralino DM in MSSM-7 (ὓ ȟὓ ȟάȟὓȟὃ ȟὃ ȟÔÁÎ‍ υnuisances)
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MSSM-EW
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neutralino DM in the MSSM-EW (ὓȟὓȟ‘ȟÔÁÎ‍ ςnuisances)

decouple everything except …ȟ

ω ŦǊŜŜ ό9² ǎŎŀƭŜύ ǇŀǊŀƳŜǘŜǊǎΥ

ὓȟὓȟ‘ȟÔÁÎ‍ ‌ȟά

ω ŦƻŎǳǎΥ ƛƳǇŀŎǘ ƻŦ ŎƻƭƭƛŘŜǊ Řŀǘŀ
various LEP cross-section limits

ATLAS multi-lepton: 2-3 leptons + 0-5 jets

ATLAS RJ: 2-3 leptons, recursive jigsaw variables

ATLAS 4lep: at least 4 leptons

ATLAS 3b: higgsinosin double-Higgs final states

CMS multi-lepton: (similar to ATLAS) 

CMS 1lep(H)bb: 1 lepton plus bbar from H

CMS 2SFOSlep-soft: two SFOS leptons (virtual W/Z)

CMS 2SFOSlep: two SFOS leptons (on-shell W/Z dec.)

arXiv:1809.02097


