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G A M B I T

Combining searches I

Question
How do we know which dark matter theories are good and which
are bad?

Answer
Combine the results from different searches

Simplest method: overplot
exclusions
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G A M B I T

Combining searches II
That’s all well and good if there are only 2 parameters and few
searches. . .

Question
What if there are many different constraints?

Answer
Combine constraints in a
statistically valid way
→ composite likelihood

Question
And what if you want to do it all again for many different models?
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G A M B I T

Combining searches III
That’s all well and good if there are only 2 parameters and few
searches. . .

Question
What if there are many parameters?

Answer
Need to

scan the parameter space (smart numerics)
interpret the combined results (Bayesian / frequentist)
project down to parameter planes of interest (marginalise /
profile)

→ global fits

Question
And what if you want to do it all again for many different models?
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G A M B I T

GAMBIT in a nutshell [Eur. Phys. J. C (EPJC), arXiv:1705.07908]

User chooses a model to scan, which observables to include,
and the scanning method
GAMBIT constructs a dependency tree
1. Identifies which functions and inputs are needed to compute the

requested observables
2. Obeys rules at each step: allowed models, allowed backends,

constraints from input file, etc
→ tree constitutes a directed acyclic graph

3. Uses graph-theoretic methods to ‘solve’ the
graph to determine function evaluation order

GAMBIT scans the parameter space by calling
the necessary module and backend functions
in the optimal order, for each parameter point
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CMSSM_parameters
Type: ModelParameters

Function: primary_parameters
Module: CMSSM

unimproved_MSSM_spectrum
Type: const Spectrum*

Function: get_CMSSM_spectrum
Module: SpecBit

DarkSUSY_PointInit
Type: bool

Function: DarkSUSY_PointInit_MSSM
Module: DarkBit

DarkMatter_ID
Type: std::string

Function: DarkMatter_ID_MSSM30atQ
Module: DarkBit

NUHM1_parameters
Type: ModelParameters

Function: NUHM1_parameters
Module: CMSSM

FeynHiggs_2_11_init
Type: void

Function: FeynHiggs_2_11_init
Module: BackendIniBit

MSSM_spectrum
Type: const Spectrum*

Function: make_MSSM_precision_spectrum
Module: PrecisionBit

MSSM78atQ_parameters
Type: ModelParameters

Function: MSSM78atQ_parameters
Module: MSSM78atMGUT

TH_ProcessCatalog
Type: DarkBit::TH_ProcessCatalog

Function: TH_ProcessCatalog_MSSM
Module: DarkBit

nuyield_ptr
Type: nuyield_info

Function: nuyield_from_DS
Module: DarkBit

SetWIMP_DDCalc0
Type: bool

Function: SetWIMP_DDCalc0
Module: DarkBit

GA_AnnYield
Type: Funk::Funk

Function: GA_AnnYield_General
Module: DarkBit

GA_missingFinalStates
Type: std::vector<std::string>

Function: GA_missingFinalStates
Module: DarkBit

mwimp
Type: double

Function: mwimp_generic
Module: DarkBit

sigmav
Type: double

Function: sigmav_late_universe
Module: DarkBit

NUHM2_parameters
Type: ModelParameters

Function: NUHM2_parameters
Module: NUHM1

FH_HiggsProd
Type: fh_HiggsProd

Function: FH_HiggsProd
Module: ColliderBit

FH_MSSMMasses
Type: fh_MSSMMassObs

Function: FH_MSSMMasses
Module: SpecBit

prec_HiggsMasses
Type: fh_HiggsMassObs

Function: FH_HiggsMasses
Module: SpecBit

Higgs_Couplings
Type: fh_Couplings

Function: FH_Couplings
Module: SpecBit

FH_Precision
Type: fh_PrecisionObs

Function: FH_PrecisionObs
Module: PrecisionBit

HB_ModelParameters
Type: hb_ModelParameters

Function: MSSMHiggs_ModelParameters
Module: ColliderBit

SUSY_HIT_1_5_init
Type: void

Function: SUSY_HIT_1_5_init
Module: BackendIniBit

ALEPH_Selectron_LLike
Type: double

Function: ALEPH_Selectron_Conservative_LLike
Module: ColliderBit

L3_Selectron_LLike
Type: double

Function: L3_Selectron_Conservative_LLike
Module: ColliderBit

ALEPH_Smuon_LLike
Type: double

Function: ALEPH_Smuon_Conservative_LLike
Module: ColliderBit

L3_Smuon_LLike
Type: double

Function: L3_Smuon_Conservative_LLike
Module: ColliderBit

ALEPH_Stau_LLike
Type: double

Function: ALEPH_Stau_Conservative_LLike
Module: ColliderBit

L3_Stau_LLike
Type: double

Function: L3_Stau_Conservative_LLike
Module: ColliderBit

FlavBit_fill
Type: parameters

Function: SI_FlavBit_fill
Module: FlavBit

MicrOmegas_3_5_5_init
Type: void

Function: MicrOmegas_3_5_5_init
Module: BackendIniBit

ColliderOperator
Type: void

Function: operateLHCLoop
Module: ColliderBit

HardScatteringSim
Type: ColliderBit::SpecializablePythia

Function: getPythia
Module: ColliderBit

LEP208_xsec_selselbar
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_selselbar
Module: ColliderBit

LEP208_xsec_serserbar
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_serserbar
Module: ColliderBit

LEP208_xsec_smulsmulbar
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_smulsmulbar
Module: ColliderBit

LEP208_xsec_smursmurbar
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_smursmurbar
Module: ColliderBit

LEP208_xsec_stau1stau1bar
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_stau1stau1bar
Module: ColliderBit

LEP208_xsec_stau2stau2bar
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_stau2stau2bar
Module: ColliderBit

LEP208_xsec_chi00_12
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_chi00_12
Module: ColliderBit

OPAL_Neutralino_Hadronic_LLike
Type: double

Function: OPAL_Neutralino_Hadronic_Conservative_LLike
Module: ColliderBit

LEP208_xsec_chi00_13
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_chi00_13
Module: ColliderBit

LEP208_xsec_chi00_14
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_chi00_14
Module: ColliderBit

LEP208_xsec_chipm_11
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_chipm_11
Module: ColliderBit

OPAL_Chargino_Hadronic_LLike
Type: double

Function: OPAL_Chargino_Hadronic_Conservative_LLike
Module: ColliderBit

OPAL_Chargino_SemiLeptonic_LLike
Type: double

Function: OPAL_Chargino_SemiLeptonic_Conservative_LLike
Module: ColliderBit

OPAL_Chargino_Leptonic_LLike
Type: double

Function: OPAL_Chargino_Leptonic_Conservative_LLike
Module: ColliderBit

OPAL_Chargino_All_Channels_LLike
Type: double

Function: OPAL_Chargino_All_Channels_Conservative_LLike
Module: ColliderBit

LEP208_xsec_chipm_22
Type: triplet<double>

Function: LEP208_SLHA1_convention_xsec_chipm_22
Module: ColliderBit

LEP205_xsec_selselbar
Type: triplet<double>

Function: LEP205_SLHA1_convention_xsec_selselbar
Module: ColliderBit

LEP205_xsec_serserbar
Type: triplet<double>

Function: LEP205_SLHA1_convention_xsec_serserbar
Module: ColliderBit

LEP205_xsec_smulsmulbar
Type: triplet<double>

Function: LEP205_SLHA1_convention_xsec_smulsmulbar
Module: ColliderBit

LEP205_xsec_smursmurbar
Type: triplet<double>

Function: LEP205_SLHA1_convention_xsec_smursmurbar
Module: ColliderBit

LEP205_xsec_stau1stau1bar
Type: triplet<double>

Function: LEP205_SLHA1_convention_xsec_stau1stau1bar
Module: ColliderBit

LEP205_xsec_stau2stau2bar
Type: triplet<double>

Function: LEP205_SLHA1_convention_xsec_stau2stau2bar
Module: ColliderBit

LEP188_xsec_chi00_12
Type: triplet<double>

Function: LEP188_SLHA1_convention_xsec_chi00_12
Module: ColliderBit

L3_Neutralino_All_Channels_LLike
Type: double

Function: L3_Neutralino_All_Channels_Conservative_LLike
Module: ColliderBit

L3_Neutralino_Leptonic_LLike
Type: double

Function: L3_Neutralino_Leptonic_Conservative_LLike
Module: ColliderBit

LEP188_xsec_chi00_13
Type: triplet<double>

Function: LEP188_SLHA1_convention_xsec_chi00_13
Module: ColliderBit

LEP188_xsec_chi00_14
Type: triplet<double>

Function: LEP188_SLHA1_convention_xsec_chi00_14
Module: ColliderBit

LEP188_xsec_chipm_11
Type: triplet<double>

Function: LEP188_SLHA1_convention_xsec_chipm_11
Module: ColliderBit

L3_Chargino_All_Channels_LLike
Type: double

Function: L3_Chargino_All_Channels_Conservative_LLike
Module: ColliderBit

L3_Chargino_Leptonic_LLike
Type: double

Function: L3_Chargino_Leptonic_Conservative_LLike
Module: ColliderBit

LEP188_xsec_chipm_22
Type: triplet<double>

Function: LEP188_SLHA1_convention_xsec_chipm_22
Module: ColliderBit

mw
Type: triplet<double>

Function: mw_from_MSSM_spectrum
Module: PrecisionBit

SLHA1_violation
Type: int

Function: check_first_sec_gen_mixing
Module: DecayBit

SLHA_pseudonyms
Type: DecayBit::mass_es_pseudonyms
Function: get_mass_es_pseudonyms

Module: DecayBit

gluino_decay_rates
Type: DecayTable::Entry
Function: gluino_decays

Module: DecayBit

stop_1_decay_rates
Type: DecayTable::Entry
Function: stop_1_decays

Module: DecayBit

stop_2_decay_rates
Type: DecayTable::Entry
Function: stop_2_decays

Module: DecayBit

sbottom_1_decay_rates
Type: DecayTable::Entry

Function: sbottom_1_decays
Module: DecayBit

sbottom_2_decay_rates
Type: DecayTable::Entry

Function: sbottom_2_decays
Module: DecayBit

sup_l_decay_rates
Type: DecayTable::Entry
Function: sup_l_decays

Module: DecayBit

sup_r_decay_rates
Type: DecayTable::Entry
Function: sup_r_decays

Module: DecayBit

sdown_l_decay_rates
Type: DecayTable::Entry
Function: sdown_l_decays

Module: DecayBit

sdown_r_decay_rates
Type: DecayTable::Entry
Function: sdown_r_decays

Module: DecayBit

scharm_l_decay_rates
Type: DecayTable::Entry

Function: scharm_l_decays
Module: DecayBit

scharm_r_decay_rates
Type: DecayTable::Entry

Function: scharm_r_decays
Module: DecayBit

sstrange_l_decay_rates
Type: DecayTable::Entry

Function: sstrange_l_decays
Module: DecayBit

sstrange_r_decay_rates
Type: DecayTable::Entry

Function: sstrange_r_decays
Module: DecayBit

selectron_l_decay_rates
Type: DecayTable::Entry

Function: selectron_l_decays
Module: DecayBit

selectron_r_decay_rates
Type: DecayTable::Entry

Function: selectron_r_decays
Module: DecayBit

smuon_l_decay_rates
Type: DecayTable::Entry
Function: smuon_l_decays

Module: DecayBit

smuon_r_decay_rates
Type: DecayTable::Entry

Function: smuon_r_decays
Module: DecayBit

stau_1_decay_rates
Type: DecayTable::Entry
Function: stau_1_decays

Module: DecayBit

stau_2_decay_rates
Type: DecayTable::Entry
Function: stau_2_decays

Module: DecayBit

snu_electronl_decay_rates
Type: DecayTable::Entry

Function: snu_electronl_decays
Module: DecayBit

snu_muonl_decay_rates
Type: DecayTable::Entry

Function: snu_muonl_decays
Module: DecayBit

snu_taul_decay_rates
Type: DecayTable::Entry
Function: snu_taul_decays

Module: DecayBit

charginoplus_1_decay_rates
Type: DecayTable::Entry

Function: charginoplus_1_decays
Module: DecayBit

charginoplus_2_decay_rates
Type: DecayTable::Entry

Function: charginoplus_2_decays
Module: DecayBit

neutralino_1_decay_rates
Type: DecayTable::Entry

Function: neutralino_1_decays
Module: DecayBit

neutralino_2_decay_rates
Type: DecayTable::Entry

Function: neutralino_2_decays
Module: DecayBit

neutralino_3_decay_rates
Type: DecayTable::Entry

Function: neutralino_3_decays
Module: DecayBit

neutralino_4_decay_rates
Type: DecayTable::Entry

Function: neutralino_4_decays
Module: DecayBit

stopbar_1_decay_rates
Type: DecayTable::Entry

Function: stopbar_1_decays
Module: DecayBit

stopbar_2_decay_rates
Type: DecayTable::Entry

Function: stopbar_2_decays
Module: DecayBit

sbottombar_1_decay_rates
Type: DecayTable::Entry

Function: sbottombar_1_decays
Module: DecayBit

sbottombar_2_decay_rates
Type: DecayTable::Entry

Function: sbottombar_2_decays
Module: DecayBit

supbar_l_decay_rates
Type: DecayTable::Entry
Function: supbar_l_decays

Module: DecayBit

supbar_r_decay_rates
Type: DecayTable::Entry
Function: supbar_r_decays

Module: DecayBit

sdownbar_l_decay_rates
Type: DecayTable::Entry

Function: sdownbar_l_decays
Module: DecayBit

sdownbar_r_decay_rates
Type: DecayTable::Entry

Function: sdownbar_r_decays
Module: DecayBit

scharmbar_l_decay_rates
Type: DecayTable::Entry

Function: scharmbar_l_decays
Module: DecayBit

scharmbar_r_decay_rates
Type: DecayTable::Entry

Function: scharmbar_r_decays
Module: DecayBit

sstrangebar_l_decay_rates
Type: DecayTable::Entry

Function: sstrangebar_l_decays
Module: DecayBit

sstrangebar_r_decay_rates
Type: DecayTable::Entry

Function: sstrangebar_r_decays
Module: DecayBit

selectronbar_l_decay_rates
Type: DecayTable::Entry

Function: selectronbar_l_decays
Module: DecayBit

selectronbar_r_decay_rates
Type: DecayTable::Entry

Function: selectronbar_r_decays
Module: DecayBit

smuonbar_l_decay_rates
Type: DecayTable::Entry

Function: smuonbar_l_decays
Module: DecayBit

smuonbar_r_decay_rates
Type: DecayTable::Entry

Function: smuonbar_r_decays
Module: DecayBit

staubar_1_decay_rates
Type: DecayTable::Entry

Function: staubar_1_decays
Module: DecayBit

staubar_2_decay_rates
Type: DecayTable::Entry

Function: staubar_2_decays
Module: DecayBit

snubar_electronl_decay_rates
Type: DecayTable::Entry

Function: snubar_electronl_decays
Module: DecayBit

snubar_muonl_decay_rates
Type: DecayTable::Entry

Function: snubar_muonl_decays
Module: DecayBit

snubar_taul_decay_rates
Type: DecayTable::Entry

Function: snubar_taul_decays
Module: DecayBit

charginominus_1_decay_rates
Type: DecayTable::Entry

Function: charginominus_1_decays
Module: DecayBit

charginominus_2_decay_rates
Type: DecayTable::Entry

Function: charginominus_2_decays
Module: DecayBit

t_decay_rates
Type: DecayTable::Entry
Function: FH_t_decays

Module: DecayBit

Higgs_decay_rates
Type: DecayTable::Entry

Function: FH_MSSM_h0_1_decays
Module: DecayBit

h0_2_decay_rates
Type: DecayTable::Entry

Function: FH_h0_2_decays
Module: DecayBit

A0_decay_rates
Type: DecayTable::Entry
Function: FH_A0_decays

Module: DecayBit

Hplus_decay_rates
Type: DecayTable::Entry

Function: FH_Hplus_decays
Module: DecayBit

SuperIso_3_4_init
Type: void

Function: SuperIso_3_4_init
Module: BackendIniBit

Hminus_decay_rates
Type: DecayTable::Entry
Function: Hminus_decays

Module: DecayBit

cascadeMC_Histograms
Type: DarkBit::simpleHistContainter
Function: cascadeMC_Histograms

Module: DarkBit

cascadeMC_DecayTable
Type: DarkBit::DecayChain::DecayTable

Function: cascadeMC_DecayTable
Module: DarkBit

cascadeMC_LoopManagement
Type: void

Function: cascadeMC_LoopManager
Module: DarkBit

IC79WH_data
Type: nudata

Function: IC79WH_full
Module: DarkBit

IC79WL_data
Type: nudata

Function: IC79WL_full
Module: DarkBit

IC79SL_data
Type: nudata

Function: IC79SL_full
Module: DarkBit

CalcRates_XENON100_2012_DDCalc0
Type: bool

Function: CalcRates_XENON100_2012_DDCalc0
Module: DarkBit

CalcRates_LUX_2013_DDCalc0
Type: bool

Function: CalcRates_LUX_2013_DDCalc0
Module: DarkBit

lnL_FermiLATdwarfs
Type: double

Function: lnL_FermiLATdwarfs_gamLike
Module: DarkBit

cascadeMC_gammaSpectra
Type: DarkBit::stringFunkMap

Function: cascadeMC_gammaSpectra
Module: DarkBit

cascadeMC_InitialState
Type: std::string

Function: cascadeMC_InitialState
Module: DarkBit

sigma_SI_p
Type: double

Function: sigma_SI_p_simple
Module: DarkBit

sigma_SI_n
Type: double

Function: sigma_SI_n_simple
Module: DarkBit

sigma_SD_p
Type: double

Function: sigma_SD_p_simple
Module: DarkBit

sigma_SD_n
Type: double

Function: sigma_SD_n_simple
Module: DarkBit

capture_rate_Sun
Type: double

Function: capture_rate_Sun_constant_xsec
Module: DarkBit

equilibration_time_Sun
Type: double

Function: equilibration_time_Sun
Module: DarkBit

MSSM30atMGUT_parameters
Type: ModelParameters

Function: MSSM30atMGUT_parameters
Module: NUHM2

deltarho
Type: triplet<double>

Function: FH_precision_deltarho
Module: PrecisionBit

prec_mw
Type: triplet<double>

Function: FH_precision_mw
Module: PrecisionBit

prec_sinW2_eff
Type: triplet<double>

Function: FH_precision_sinW2
Module: PrecisionBit

HB_LEP_lnL
Type: double

Function: HB_LEP_lnL
Module: ColliderBit

HS_LHC_lnL
Type: double

Function: HS_LHC_lnL
Module: ColliderBit

Bsmumu_untag
Type: double

Function: SI_Bsmumu_untag
Module: FlavBit

Bdmumu
Type: double

Function: SI_Bdmumu
Module: FlavBit

Btaunu
Type: double

Function: SI_Btaunu
Module: FlavBit

BDtaunu
Type: double

Function: SI_BDtaunu
Module: FlavBit

BDtaunu_BDenu
Type: double

Function: SI_BDtaunu_BDenu
Module: FlavBit

Kmunu_pimunu
Type: double

Function: SI_Kmunu_pimunu
Module: FlavBit

Dstaunu
Type: double

Function: SI_Dstaunu
Module: FlavBit

Dsmunu
Type: double

Function: SI_Dsmunu
Module: FlavBit

Dmunu
Type: double

Function: SI_Dmunu
Module: FlavBit

BRBKstarmumu_11_25
Type: Flav_KstarMuMu_obs

Function: SI_BRBKstarmumu_11_25
Module: FlavBit

BRBKstarmumu_25_40
Type: Flav_KstarMuMu_obs

Function: SI_BRBKstarmumu_25_40
Module: FlavBit

BRBKstarmumu_40_60
Type: Flav_KstarMuMu_obs

Function: SI_BRBKstarmumu_40_60
Module: FlavBit

BRBKstarmumu_60_80
Type: Flav_KstarMuMu_obs

Function: SI_BRBKstarmumu_60_80
Module: FlavBit

BRBKstarmumu_15_17
Type: Flav_KstarMuMu_obs

Function: SI_BRBKstarmumu_15_17
Module: FlavBit

BRBKstarmumu_17_19
Type: Flav_KstarMuMu_obs

Function: SI_BRBKstarmumu_17_19
Module: FlavBit

b2sll_M
Type: FlavBit::Flav_measurement_assym

Function: b2sll_measurements
Module: FlavBit

b2sll_LL
Type: double

Function: b2sll_likelihood
Module: FlavBit

b2ll_LL
Type: double

Function: b2ll_likelihood
Module: FlavBit

b2ll_M
Type: FlavBit::Flav_measurement_assym

Function: b2ll_measurements
Module: FlavBit

SL_M
Type: FlavBit::Flav_measurement_assym

Function: SL_measurements
Module: FlavBit

SL_LL
Type: double

Function: SL_likelihood
Module: FlavBit

DD_couplings
Type: DarkBit::DD_couplings

Function: DD_couplings_MicrOmegas
Module: DarkBit

RD_oh2
Type: double

Function: RD_oh2_MicrOmegas
Module: DarkBit

HardScatteringEvent
Type: Pythia8::Event

Function: generatePythia8Event
Module: ColliderBit

ConvertedScatteringEvent
Type: HEPUtils::Event

Function: convertPythia8ParticleEvent
Module: ColliderBit

SimpleSmearingSim
Type: ColliderBit::BuckFastSmear

Function: getBuckFast
Module: ColliderBit

AnalysisContainer
Type: HEPUtilsAnalysisContainer
Function: getAnalysisContainer

Module: ColliderBit

ReconstructedEvent
Type: HEPUtils::Event

Function: reconstructBuckFastEvent
Module: ColliderBit

AnalysisNumbers
Type: ColliderLogLikes
Function: runAnalyses
Module: ColliderBit

lnL_W_mass
Type: double

Function: lnL_W_mass_chi2
Module: PrecisionBit

decay_rates
Type: DecayTable

Function: all_decays
Module: DecayBit

tbar_decay_rates
Type: DecayTable::Entry

Function: tbar_decays
Module: DecayBit

cascadeMC_ChainEvent
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Module: DarkBit

gamLike_1_0_0_init
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Function: HiggsSignals_1_4_init
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Module: DarkBit
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Type: bool

Function: Debug
Module: FlavBit

Debug_Cap_LL
Type: bool

Function: Debug_LL
Module: FlavBit
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Type: DecayTable::Entry
Function: W_plus_decays

Module: DecayBit

W_minus_decay_rates
Type: DecayTable::Entry

Function: W_minus_decays
Module: DecayBit
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Function: Z_decays
Module: DecayBit
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Type: DecayTable::Entry
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Module: DecayBit
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Type: DecayTable::Entry
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Function: pi_0_decays

Module: DecayBit
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Type: DecayTable::Entry
Function: pi_plus_decays

Module: DecayBit
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Type: DecayTable::Entry

Function: pi_minus_decays
Module: DecayBit

eta_decay_rates
Type: DecayTable::Entry

Function: eta_decays
Module: DecayBit

rho_0_decay_rates
Type: DecayTable::Entry
Function: rho_0_decays

Module: DecayBit
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Type: DecayTable::Entry
Function: rho_plus_decays

Module: DecayBit
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Type: DecayTable::Entry

Function: rho_minus_decays
Module: DecayBit
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Type: DecayTable::Entry
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Module: DecayBit
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Type: nudata

Function: IC79WH_full
Module: DarkBit
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Type: nudata

Function: IC79SL_full
Module: DarkBit
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Type: do

Function: sigma_
Module: D
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Module: DarkBit
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Type: double
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Module: DarkBit
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Function: capture_rate_Sun_constant_xsec
Module: DarkBit
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Type: double
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Module: DarkBit
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Type: double
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Module: DarkBit
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Type: void
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Module: BackendIniBit
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Dark matter constraints in GAMBIT (EPJC, arXiv:1705.07920)

Dark matter is in DarkBit

Direct detection: XENON1T, LZ, LUX, PandaX, PICO,
DarkSide, SuperCDMS, CDMSLite, CRESST-II, SIMPLE
Indirect detection: Fermi-LAT dwarfs, HESS/Fermi/CTA
Galactic Centre, CMB energy injection (Planck)
neutrino telescopes: IceCube 79-string (winter + summer),
22-string (winter)
Cosmological abundance ΩDMh2: Planck
axion experiments: CAST, ALPS, ADMX, RBF, UF
astrophysical axion limits: HB stars, SN1987a, IGM
transparency
various models for Milky Way halo (ρ & v)
interfaces to other codes: nulike, DDCalc, DirectDM,
DarkSUSY, MicrOmegas, gamLike, Capt’n General
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GAMBIT results
Supersymmetric dark matter:

CMSSM/NUHM1/NUHM2 (EPJC, arXiv:1705.07935)

MSSM7 (EPJC, arXiv:1705.07917)

3.3σ local excess in combination of 12 different SUSY searches at
the LHC, consistent in the (non-simplified) MSSM

(EPJC, arXiv:1809.02097)

Other dark matter theories:
Higgs portal: scalar singlet (EPJC, arXiv:1806.11281)

Higgs portal: fermionic and vector singlet (EPJC, arXiv:1808.10465)

Axions and axion-like particles (JHEP arXiv:1810.07192)

Not focused on dark matter:
Right-handed neutrinos (arXiv:1908.02302)

Two Higgs Doublet Models (coming soon)

Heavy(ish) unstable axion-like particles (ALPs) (coming soon)
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G A M B I T

GAMBIT dark matter fits

A couple of important notes about the parameter scans:
All dark matter signals consistently scaled for predicted
abundance
Both profile likelihoods and Bayesian posteriors
Sampling mostly with Diver (differential evolution) & T-walk
(ensemble MCMC)
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Higgs Portal Singlet Dark Matter

Simplest example of a dark matter theory

LX ≈ −
µ2X
2 X 2 − λhX

2 X 2H†H + . . .

X = gauge singlet scalar (spin 0), fermion (spin 1
2 ) or vector (spin 1)

X odd under an unbroken Z2 symmetry → absolutely stable

Interaction with Higgs boson h gives usual WIMP-like phenomenology:

direct detection
indirect detection
thermal production
monojets @LHC
but also: potential for invisible Higgs decays h→ XX @LHC
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Scalar Higgs Portal dark matter (EPJC, arXiv:1806.11281)
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G A M B I T

Scalar Higgs Portal dark matter (EPJC, arXiv:1806.11281)
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G A M B I T

Can the Z2 scalar singlet provide vacuum stability?

Z2 scalar singlet can stabilise the vacuum of the Universe

• Preferred mass of ∼2TeV, σSI ∼ 10−45 cm2 to do so
• explains all of dark matter
• matches slight preference for signal in XENON1T data
• good fit to all observables (p ∼ 0.5) =⇒ interesting. . . (?)
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But why only Z2? Z3 works too, right? (EPJC, arXiv:1806.11281)

All we were trying to achieve with the Z2 symmetry was to
prevent dark matter decay S → SM + SM
Can be achieved with any other discrete symmetry, e.g. Z3

LS = −µSS†S − λhsS†SH†H − µ3
2 (S3 + S†3) + . . .

Complex scalar dark matter → singlet (S) and anti-singlet
(S∗)

Semi-annihilation: SS → S∗h, S∗S∗ → Sh

�S∗
S

S

h

S∗

�S
S∗

S∗

h

S
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Z3-symmetric scalar singlet dark matter (EPJC, arXiv:1806.11281)
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Can the Z3-symmetric scalar singlet stabilise the vacuum?
Excluded at >99% CL (p < 0.01) as all of dark matter
Excluded at >98% CL (p < 0.02) as any of dark matter
mainly due to extra factors of 2 from complex vs real scalar
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Fermionic Higgs-Portal dark matter (EPJC, arXiv:1808.10465)
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Model has mixed CP-even and CP-violating portal coupling

Lχ = λhχ/Λχ(cos ξ χχ+ sin ξ χiγ5χ)H†H + . . .

→Momentum-independent (from CP-even) and q2-dependent (from

→

CP-violating) nuclear-scattering cross-sections
→Evading direct detection requires reduced CP-even coupling (ξ → π

2 )
→Bayesian model selection favours CP-violating version roughly 100:1
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Supersymmetry (EPJC, arXiv:1809.02097)

Just taking the points within our 3σ regions from an LHC-only fit
to the superpartners of Higgs, Z and photon:
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Z and h funnel mechanisms can give sensible relic densities
→ models consistent with LHC electroweak excesses can also
naturally explain dark matter
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Axion-like Particles (ALPs) (JHEP, arXiv:1810.07192)

Parameters:
couplings gaγγ + gaee

decay constant fa

initial misalignment angle θi

zero-temperature mass ma,0

2× nuisance parameters for
T -dependence of mass

Likelihoods:
Light shining through wall: ALPS
Helioscopes: CAST(2007),
CAST(2017)
Haloscopes: RBF, UF,
ADMX(1998-2009),
ADMX(2018)
dark matter relic density: Planck
Astrophysics: HESS, SN1987a,
HB/RGB stars (R parameter)
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Pat Scott – Oct 24 2019 – 2nd Baracchi Conference, Florence Multimessenger astroparticle physics for dark matter

Sebastian Hoof

https://arxiv.org/abs/1810.07192


G A M B I T

QCD axions (JHEP, arXiv:1810.07192)

Bayesian analysis gives preferred axion mass range and couplings:
- small ma ⇒ fine-tuning in θi to avoid dark matter overproduction
- large ma ⇒ fine-tuning in E/N (i.e. gaγγ) to avoid experiments
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With cooling hints
Comb. limits, Ωa ∼< ΩDM, 2σ C.L. (2 d.o.f.)
Comb. limits, Ωa ∼ ΩDM, 2σ C.L. (2 d.o.f.)

(with log priors on fa, Caee ; flat priors prefer slightly lower masses)
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Summary

If dark matter is singlet Higgs portal & responsible for stabilising
the vacuum of the Universe, it is real not complex, and is already
starting to appear in XENON1T data
If it is fermionic Higgs portal, it almost certainly violates CP
Supersymmetry is not “ruled out” by the LHC (quite the
contrary) – and models that fit LHC excesses also fit dark matter
The QCD axion mass is expected to be between 0.1µeV and
10meV (10−7 – 10−2 eV)

Global analyses complete for many models
GAMBIT results, samples, run files, best fits, benchmarks, etc are all
available to download from Zenodo:
www.zenodo.org/communities/gambit-official/
GAMBIT code is public: gambit.hepforge.org
Coming soon: CosmoBit & GUM (GAMBIT fist directly from a Lagrangian)
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Backup slides
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Background: Vacuum Stability
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Can be spoilt by Planck-scale effects
Unclear how inflation would have put us in a metastable state
→ metastability makes Standard Model seem rather fine-tuned
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renormalisation
→ new particles can make our vacuum absolutely stable
& remove the fine-tuning issue
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Electroweakino simplified models @36 fb−1(EPJC, arXiv:1809.02097)

★

EWMSSM. 1σ and 2σ CL regions. GAMBIT 1.2.0
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CMS 1lep(H)bb: single-lepton final states including H → bb
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CMS 2SFOSlep: as above but with hard leptons (W , Z not virtual)
CMS multi-lepton: similar to ATLAS, but exclusively χ̃0

2χ̃
±
1 production

Assorted LEP likelihoods & h/Z invisible widths
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Electroweakino simplified models @36 fb−1(EPJC, arXiv:1809.02097)
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Likelihood
contributions
of individual
analyses
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Fig. 8: The 1σ, 2σ and 3σ regions (orange lines) preferred by our combination of searches in the (mχ̃0
1
,mχ̃±1

) plane. For each of the
twelve panels, the colors (where present) show the contribution to the total log-likelihood from a different search (white text). Blue
indicates that the signal improves the fit to that search and red that it worsens it.

likelihood contributions. This indicates that there is
no tension between the analyses containing excesses
and these signal regions. We expand on this point
below.

– Favours signal (blue): The strongest positive con-
tributions to our log-likelihood come from the con-
ventional ATLAS multilepton analyses (in the four-

or-more-lepton, three-lepton and two-lepton plus
jets final states, i.e., ATLAS_4lep, ATLAS_MultiLep_
3lep and ATLAS_MultiLep_2lep_jet), and the AT-
LAS recursive jigsaw analysis (ATLAS_RJ_3lep and
ATLAS_RJ_2lep_2jet). A weaker positive contribu-
tion near the best-fit region is evident in the CMS two
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