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The astroparticle dark matter degustation menu:

Direct detection

Indirect detection

γ rays
charged cosmic rays
CMB
neutrinos
X-rays
radio

Cosmological abundance / relic density

Big Bang Nucleosynthesis (BBN)

Dark matter in stars

Gravitational probes

N-body simulation
substructure

Complementarity
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Outline

1 Neutrino indirect detection
2 Dark matter in stars
3 Dark matter substructure
4 Dark matter complementarity
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Annihiliation in the Galactic Centre

Annarita Margiotta (Mon parallel)

ANTARES has leading sensitivity
for GC search at high mass

due to better location + angular
resolution than IceCube

Pat Scott – Nov 30 2016 – CosPA, Sydney Astroparticle tests of dark matter theories



Dark matter in the Sun

(lots of) dark matter

The Sun

neutrinos

You are HERE
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Indirect detection



79-string IceCube re-analysis (latest published limits)
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Super-K bb̄

Super-K W+W−

Super-K τ+τ−

PICO-2L (2015)

IceCube bb̄

IceCube W+W−

IceCube τ+τ−

PICO-60 (2015)

IceCube Collab. (contacts: PS + M. Danninger) arXiv:1601.00653, JCAP 2016
nulike: model-independent unbinned limit calculator for generic BSM models
Data + detector response release:

icecube.wisc.edu/science/data/ic79-solar-wimp

Pat Scott – Nov 30 2016 – CosPA, Sydney Astroparticle tests of dark matter theories

Available at
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Dark matter in the Sun

(lots of) dark matter

The Sun
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Heat conduction

Helioseismology:
sound speed profile

depth of convection zone

frequency separations

solar neutrinos

solar abundances



Dark matter and the solar abundance problem
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Solar photospheric abundances
factor of ∼2 less than inferred
from helioseismology
(Asplund, Grevesse, Sauval & PS, ‘AGSS09’)

Many solutions attempted

None really successful.
=⇒ DM conduction?

. . . spin-(in)dependent (SI/SD)
interactions no good, but

σ ∝ qn, σ ∝ vn can give serious
improvements

χ2
red = 7.3→ 2.3

(direct detection bound OK)
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Vincent & PS, JCAP (2014) arXiv:1311.2074
Vincent, PS & Serenelli, PRL (2015) arXiv:1411.6626
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Vincent, PS & Serenelli, JCAP (2016) arXiv:1605.06502
Geytenbeek et al., arXiv:1610.06737
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Dark matter and the solar abundance problem
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Evaporation is an issue at low
masses

Only recently calculated for
these models

→ Giogio Busoni’s talk
(Tues parallel)
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These limits apply to asymmetric models of DM
=⇒ ∼ no annihilation

Compact stars also give strong limits, especially for bosonic
asymmetric DM
=⇒ collapse to black holes (see Petraki & Volkas IJMPA 2013, Zurek Phys. Rept. 2013)
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Outline

1 Neutrino indirect detection
2 Dark matter in stars
3 Dark matter substructure
4 Dark matter complementarity
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Kinetic decoupling and small-scale structure

Particle production and abundance is chemical
freeze-out

Particle velocities and final DM temperature are
determined by kinetic freeze-out

Kinetic decoupling temperature→ kinetic
decoupling scale→ minimum DM halo mass

Impacts boost factors for indirect detection
(Φ ∝ ρ2)

Kinetic decoupling is very very model-dependent
→ subhalo cutoff tells us about the model
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Curvature perturbation limits from substructure
Limits on primordial spectrum P(k) from densest substructure ∼5 orders
better than from PBHs
=⇒ strong limits on inflationary models (Aslanyan et al. PRL 2016)

Limits also possible from pulsar timing
=⇒ interesting for SKA (Clark, Lewis, PS, MNRAS 2015a,b)

Impacts interpretation of Fermi Galactic Centre gamma-ray
excess, AMS p̄→ Hamish Clark, Martin Stref (Mon parallels)
as well as results of N-body sims→ Nick Iwanus (Mon parallel)
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Bringmann, PS & Akrami (Phys. Rev. D, 2012)
Clark, PS & Erickcek + Theia Consortium (ESA M5 proposal, 2016)
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Q. OK, so what about combining all the constraints consistently
then?

A. Generalised global fits

Q. And varying SM parameters within their allowed ranges?

A. Generalised global fits

Q. And the nuclear uncertainties?

And astrophysical models?
A. Generalised global fits

Q. And dealing properly with the statistics of big parameter
spaces?

A. Generalised global fits

Q. And doing that easily for lots of different theories?

A. Generalised global fits
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Q. OK, so what about combining all the constraints consistently
then?
A. Generalised global fits→ GAMBIT
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Global fits for dark matter and new physics

G A M B I T
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GAMBIT in a nutshell

You tell GAMBIT what you want to calculate
It delivers, by automagically identifying and stitching together all
necessary model, observable, likelihood and external calculations
Public release + 9 papers in Jan/Feb (MSSM + Higgs portal DM version)
More info: SIfA seminar @2pm today

GAMBIT 1.0.0

−3

−2

−1

0

lo
g 1

0
λ

h
S

2.0 2.5 3.0 3.5
log10(MS/GeV)

Scalar singlet
MultiNest+Diver

Prof. likelihood

★

★ Best fit

GAMBIT 1.0.0 with nLive: 8000 and tol: 1e-3

G A M B I T−5

−4

−3

−2

−1

0

lo
g 1

0
(λ
h
ψ
/Λ

ψ
G

eV
)

R
elative

probability
P

/P
m

a
x

45 50 55 60 65 70
mψ(GeV)

0.2

0.4

0.6

0.8

1.0
MultiNest scan
Marg. posterior

Dirac fermion Higgs Portal

James McKay, Ankit Beniwal (Tues DM parallel)
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Summary: the menu again

Direct detection→ Lindner, Barbieri (Fri)

Indirect detection

γ rays→ Caputo (Fri), Rowell (Fri)
charged cosmic rays→ Paniccia
CMB→ Galli
neutrinos→ [Margiotta]
X-rays→ Drewes et al arXiv:1602.04816
radio→ Regis et al JCAP (2014)

Cosmological abundance / relic density→ Gondolo

Big Bang Nucleosynthesis (BBN)→ [Cornell, Flambaum, Stadnik]

Dark matter in stars→ [Busoni]

Gravitational probes

N-body simulation→ [Iwanus, Gamaldi]
substructure→ [Clarke, Iwanus]

Complementarity→ [McKay, Beniwal, SIfA@2pm]
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Backup slides
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Functional overview of GAMBIT

G A M B I T
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Hierarchical Model Database

Models are defined by their parameters and relations to
each other
Models can inherit from parent models
Points in child models can be automatically translated to
ancestor models
Friend models also allowed (cross-family translation)
Model dependence of every function/observable is tracked
=⇒ maximum safety, maximum reuse

NormalDist

StandardModel_Higgs_running StandardModel_Higgs

MSSM63atQ

MSSM30atQ

MSSM63atMGUT

MSSM25atQ

MSSM24atQ

MSSM20atQStandardModel_SLHA2

MSSM19atQ MSSM16atQ

MSSM30atMGUT NUHM2 NUHM1 CMSSM

VCMSSM

mSUGRA

mSUGRAb

SingletDMZ3 SingletDM_running SingletDM

nuclear_params_fnq nuclear_params_sigma0_sigmal nuclear_params_sigmas_sigmal MSSM11atQ

MSSM15atQ

MSSM10atQ

MSSM10batQ

MSSM9atQ

MSSM7atQ

MSSM10catQ

Halo_gNFW
Halo_gNFW_rho0

Halo_gNFW_rhos
Halo_Einasto

Halo_Einasto_rho0

Halo_Einasto_rhos

G AM B I T
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Backends: mix and match

Module functions can require specific functions from
backends
Backends are external code libraries (DarkSUSY,
FeynHiggs, etc) that include different functions
GAMBIT automates and abstracts the interfaces to
backends→ backend functions are tagged according to
what they calculate
→ with appropriate module design, different backends and
their functions can be used interchangeably
GAMBIT dynamically adapts to use whichever backends
are actually present on a user’s system (+ provides details
of what it decided to do of course)
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Backends: mix and match
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Dependency Resolution

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
Type: DarkBit::DecayChain::ChainContainer

Function: cascadeMC_GenerateChain
Module: DarkBit

cascadeMC_EventCount
Type: DarkBit::stringIntMap

Function: cascadeMC_EventCount
Module: DarkBit

IC79WH_loglike
Type: double

Function: IC79WH_loglike
Module: DarkBit

IC79WH_bgloglike
Type: double

Function: IC79WH_bgloglike
Module: DarkBit

IC79WL_loglike
Type: double

Function: IC79WL_loglike
Module: DarkBit

IC79WL_bgloglike
Type: double

Function: IC79WL_bgloglike
Module: DarkBit

IC79SL_loglike
Type: double

Function: IC79SL_loglike
Module: DarkBit

IC79SL_bgloglike
Type: double

Function: IC79SL_bgloglike
Module: DarkBit

lnL_XENON100_2012
Type: double

Function: XENON100_2012_LogLikelihood_DDCalc0
Module: DarkBit

lnL_LUX_2013
Type: double

Function: LUX_2013_LogLikelihood_DDCalc0
Module: DarkBit

annihilation_rate_Sun
Type: double

Function: annihilation_rate_Sun
Module: DarkBit

MSSM78atMGUT_parameters
Type: ModelParameters

Function: MSSM78atMGUT_parameters
Module: MSSM30atMGUT

lnL_deltarho
Type: double

Function: lnL_deltarho_chi2
Module: PrecisionBit

lnL_sinW2_eff
Type: double

Function: lnL_sinW2_eff_chi2
Module: PrecisionBit

RD_fraction
Type: double

Function: RD_fraction_from_oh2
Module: DarkBit

lnL_oh2
Type: double

Function: lnL_oh2_Simple
Module: DarkBit

LHC_Combined_LogLike
Type: double

Function: calc_LHC_LogLike
Module: ColliderBit

IC79_loglike
Type: double

Function: IC79_loglike
Module: DarkBit

DDCalc0_0_0_init
Type: void

Function: DDCalc0_0_0_init
Module: BackendIniBit

StandardModel_SLHA2_parameters
Type: ModelParameters

Function: primary_parameters
Module: StandardModel_SLHA2

SMINPUTS
Type: SMInputs

Function: get_SMINPUTS
Module: SpecBit

nuclear_params_sigma0_sigmal_parameters
Type: ModelParameters

Function: nuclear_params_sigma0_sigmal_parameters
Module: nuclear_params_sigmas_sigmal

lnL_t_mass
Type: double

Function: lnL_t_mass_chi2
Module: PrecisionBit

lnL_mbmb
Type: double

Function: lnL_mbmb_chi2
Module: PrecisionBit

lnL_alpha_em
Type: double

Function: lnL_alpha_em_chi2
Module: PrecisionBit

lnL_alpha_s
Type: double

Function: lnL_alpha_s_chi2
Module: PrecisionBit

lnL_light_quark_masses
Type: double

Function: lnL_light_quark_masses_chi2
Module: PrecisionBit

nuclear_params_fnq_parameters
Type: ModelParameters

Function: nuclear_params_fnq_parameters
Module: nuclear_params_sigma0_sigmal

nuclear_params_sigmas_sigmal_parameters
Type: ModelParameters

Function: primary_parameters
Module: nuclear_params_sigmas_sigmal

lnL_SI_nuclear_parameters
Type: double

Function: lnL_sigmas_sigmal
Module: DarkBit

HiggsBounds_4_2_1_init
Type: void

Function: HiggsBounds_4_2_1_init
Module: BackendIniBit

nulike_1_0_0_init
Type: void

Function: nulike_1_0_0_init
Module: BackendIniBit

Pythia_8_209_init
Type: void

Function: Pythia_8_209_init
Module: BackendIniBit

DarkSUSY_5_1_1_init
Type: void

Function: DarkSUSY_5_1_1_init
Module: BackendIniBit

SimYieldTable
Type: DarkBit::SimYieldTable

Function: SimYieldTable_DarkSUSY
Module: DarkBit

gamLike_1_0_0_init
Type: void

Function: gamLike_1_0_0_init
Module: BackendIniBit

HiggsSignals_1_4_init
Type: void

Function: HiggsSignals_1_4_init
Module: BackendIniBit

cascadeMC_FinalStates
Type: std::vector<std::string>

Function: cascadeMC_FinalStates
Module: DarkBit

Debug_Cap
Type: bool

Function: Debug
Module: FlavBit

Debug_Cap_LL
Type: bool

Function: Debug_LL
Module: FlavBit

W_plus_decay_rates
Type: DecayTable::Entry
Function: W_plus_decays

Module: DecayBit

W_minus_decay_rates
Type: DecayTable::Entry

Function: W_minus_decays
Module: DecayBit

Z_decay_rates
Type: DecayTable::Entry

Function: Z_decays
Module: DecayBit

mu_plus_decay_rates
Type: DecayTable::Entry

Function: mu_plus_decays
Module: DecayBit

mu_minus_decay_rates
Type: DecayTable::Entry

Function: mu_minus_decays
Module: DecayBit

tau_plus_decay_rates
Type: DecayTable::Entry
Function: tau_plus_decays

Module: DecayBit

tau_minus_decay_rates
Type: DecayTable::Entry

Function: tau_minus_decays
Module: DecayBit

pi_0_decay_rates
Type: DecayTable::Entry

Function: pi_0_decays
Module: DecayBit

pi_plus_decay_rates
Type: DecayTable::Entry
Function: pi_plus_decays

Module: DecayBit

pi_minus_decay_rates
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

rho_plus_decay_rates
Type: DecayTable::Entry

Function: rho_plus_decays
Module: DecayBit

rho_minus_decay_rates
Type: DecayTable::Entry

Function: rho_minus_decays
Module: DecayBit

omega_decay_rates
Type: DecayTable::Entry
Function: omega_decays

Module: DecayBit

Module functions and backend functions get arranged into
a dependency tree
Starting with requested observables and likelihoods,
GAMBIT fills each dependency and backend requirement
Obeys rules at each step: allowed models, allowed
backends, constraints from input file, etc
→ tree constitutes a directed acyclic graph
→ GAMBIT uses graph-theoretic methods to ‘solve’ the
graph to determine function evaluation order
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Results: Weak-scale MSSM (MSSM-7; preliminary)
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pMSSM-7
Profile likelihood
Diver differential evolution
Rescaled for Ωχh2

mf̃ , M2, Au, Ad , mHu, mHd , tanβ + 5 nuisances

Mostly χ± co-annihilation & H/A0 funnel
Includes LUX 2016, Panda-X + direct simulation of all
relevant LHC Run 1 limits. Run 2 coming soon.
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