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Global fits

■ We want to select the “best” models and estimate their
parameters using all available information.

■ Information = theoretical arguments, assumptions,
experiments and observations, . . .

■ Both, Bayesian and frequentist analyses require the
composite likelihood function.

■ Ideally, this is done within an easily expandable, consistent,
modular software framework → GAMBIT.
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What GAMBIT can do for you

The user. . .

■ defines a model (= a collection
of parameters),

■ writes functions to calculate
observables,

■ takes experimental results and
turns them into likelihoods.

GAMBIT deals with. . .

■ the order in which all elements
are calculated,

■ connecting external software,

■ communication with sampling
algorithms,Martinez+ (GAMBIT Collab. ’17)

■ bookkeeping of observables
and likelihoods.
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Axion dark matter from realignment

■ Early times, high temperatures: No potential, the field value
can change freely.

■ Later times: Periodic axion potential is generated, field
oscillates around the minimum.
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Two scenarios for Peccei-Quinn symmetry breaking

Post-inflationary scenario

■ Universe consists of many
causally disconnected
axion field patches.

■ Can calculate the DM
energy density from
realignment by averaging.

■ But: Contribution from
topological defects is hard
to calculate.e.g. Gorghetto+ ’18

Pre-inflationary scenario

■ Inflation stretches one
causally disconnected
patch to the size of the
observable universe.

■ Initial field value of the
axion field is random.

■ Inflation dilutes away
topological defects.
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Axion models in GAMBIT

GeneralALP (7)
7 parameter model

fa, ma,0, gaγγ, gaee , β, Tcrit, θi

QCDAxion (4+4)
Free parameters:

fa, E/N , Caee , θi
Nuisance parameters:
ΛQCD, Tcrit, β, C̃aγγ

DFSZAxion-I (3+4)
Free parameters:

fa, tan(β′), θi
Nuisance parameters:
ΛQCD, Tcrit, β, C̃aγγ
Fixed parameters:

E/N = 8/3

DFSZAxion-II (3+4)
Free parameters:

fa, tan(β′), θi
Nuisance parameters:
ΛQCD, Tcrit, β, C̃aγγ
Fixed parameters:

E/N = 2/3

KSVZAxion (3+4)
Free parameters:

fa, E/N , θi
Nuisance parameters:
ΛQCD, Tcrit, β, C̃aγγ
Fixed parameters:

Caee = 0

SimpleALP (5)
Free parameters:
fa, Λ, Caγγ, Caee , θi
Fixed parameters:

Tcrit irrelevant, β≡ 0
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QCD axion models

QCDAxion (4+4)
Free parameters:

fa, E/N , Caee , θi
Nuisance parameters:
ΛQCD, Tcrit, β, C̃aγγ

■ Symmetry breaking scale fa and initial field value θi.
■ Interaction strengths determined by E/N , Caee, and C̃aγγ:

gaγγ = αEM
2πfa

(
E

N
− C̃aγγ

)
gaee = me

fa
Caee

■ Temperature-dependent axion mass:

ma(T) =
Λ2

QCD
fa

 1 if T ≤ Tcrit(
Tcrit

T

)β/2
otherwise
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Axion-related likelihoods in GAMBIT

■ Lab Experiments

Ï Light-shining-through-a-wall
experiments: ALPSEhret+ ’09

Ï Helioscope searches:
CASTAndriamonje+ ’07, CAST ’17

Ï Resonant cavities:
ADMXAsztalos+ ’10, Du+ ’18,
RBFWuensch+ ’89, UFHagmann+ ’90

■ Cosmology

Ï DM density todayPlanck ’16 vs
axion realignment density

■ Astrophysics

Ï SupernovaePayez+ ’15 (axion-photon
conversion in the Milky Way’s
B-field)

Ï R-parameterGiannotti+ ’16 (ratio of RGB
to HB stars in globular clusters)

Ï White Dwarf cooling
hintsBattich+ ’16; Córsico+ ’12, ’12, ’16

Ï H.E.S.S.H.E.S.S. ’13 (spectral distortions)
■ QCD parametersdi Cortana+ ’15, Borsanyi+ ’16
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White Dwarf cooling hints

Axions can explain observed cooling anomalies!Giannotti+ ’16

Overview: WD cooling hints in GAMBIT. Combined fit of cooling hints.
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Global fits: Dark matter axion-like particles

Overview of axion limitsadapted from PDG ’18

■ Consistency of assumptions?
■ Overplotted, not combined
■ Only phenomenological

parameters: universal, but what
about model parameters?
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Global fits: QCD axions
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models.di Luzio+ ’17

DM constraints only as an upper
limit.
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Summary

■ We performed a global fit of axion models in the
pre-inflationary PQ symmetry breaking.

■ We show best-fit & posterior regions, calculate Bayes
factors, investigate prior dependence & study the
effects of WD cooling hints.

■ QCD axions can be all of the
DM and explain the cooling
hints (but require Caee ∼ 100).
A Bayesian analysis suggests
they probably are not all of the
DM and gives bounds for the
axion mass.
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Global fits: Model comparison

Bayes factors (= odds ratios with equal a priori probability for
both hypotheses) vs QCDAxion models.

Model (E/N) Bayes factors

W/o WD cooling With WD cooling

Ωa ∼<ΩDM Ωa ∼ΩDM Ωa ∼<ΩDM Ωa ∼ΩDM

DFSZAxion-I (8/3) 3:1 1:1 3:1 1:5

DFSZAxion-II (2/3) 1:1 1:2 1:1 1:5

KSVZAxion (0) 3:1 2:1 1:2 1:7

KSVZAxion (2/3) 2:1 2:1 1:2 1:5

KSVZAxion (5/3) 4:1 1:1 1:2 1:5

KSVZAxion (8/3) 3:1 2:1 1:2 1:5
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