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How do we combine them in a meaningful way?
Murayama

There are many models

And many experiments
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Each type of constraint depends on a set of model assumptions/
parameters, experimental nuisance parameters

How do I interpret everything together?



The danger of bad sampling 



Joe Bramante 

Neutralino (arguably the OG WIMP)

Not close to dead

WINO & Higgsino DM 

should not have been found yet



The global fit
Rather than overlaying constraints, write a combined likelihood:

logL =
X

everything

logLi({d}i, {✓}i)
<latexit sha1_base64="IUTXacZ30JOOKkocQ3m0Q8KnDEY="></latexit>
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The global fit
Rather than overlaying constraints, write a combined likelihood:

Deal with nuisance parameters* self-consistently

*things that vary even though you wish they didn’t

Profile likelihood


Posterior distribution

logL =
X

everything

logLi({d}i, {✓}i)
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Provide likelihoods/credible intervals rather than single lines



Need a way to do all of this at once:

• Write model of new physics


• Compute model observables


• Compute likelihoods for each experiment, based on the model you are 
looking for


• Combine likelihoods and scan parameter space in a sensible way


• Output something interpretable



G AM B I T
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How GAMBIT works
1. User chooses a model to scan, observables to include, and the scanning 

method

2. GAMBIT constructs a dependency tree

1. Identifies which functions are needed to compute the requested observables

2. Obeys rules at each step: allowed models, allowed backends, constraints 
from input files, etc

3. Uses graph-theoretic methods to “solve” the graph to determine order in 
which to call each function

3. GAMBIT scans the parameter space by calling the necessary module and 
backend functions in the optimal order, for each parameter point



Model
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likelihoods
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GREAT 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Nested Sampling 
MultiNest 
PolyChord 
 
Differential evolution 
Diver 

Modules
DarkBit 
Dark matter stuff


ColliderBit 
Collider stuff 
 
FlavBit 
Flavor physics 
 
DecayBit 
SM decays …


… you get the idea

Backends
CaptnGeneral 
DDCalc 
DarkSUSY 
FeynHiggs 
HiggsBounds 
HiggsSignals 
MicrOmegas 
Pythia 
SPheno 
gamLike 
nuLike


… 
 
 



DarkBit



Data in DarkBit

• Direct detection: XENON1T, LZ, LUX, PandaX, PICO, DarkSide, 
SuperCDMS, CDMSLite,CRESST-II, SIMPLE


• Indirect detection: Fermi-LAT dwarfs, HESS/Fermi/CTA, CMB (Planck), 
IceCube-79


• Cosmology: Planck (more cosmology coming soon with CosmoBit)


• Axions: CAST, ALPS, ADMX, RBF, UF, HB stars, SN1987a, …



GAMBIT papers

Slide stolen from Pat Scott

EFT dark matter (coming soon)

(coming soon)



Neutrino telescope data in GAMBIT



Dark matter in the Sun
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See also nearly every other talk today
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Capture
𝜒

Collision

�Ekin � EWIMP � Eescape

WIMP gravitationally bound

𝜒𝜒

dN�

dt
= C(t)� 2A(t)� E(t)Population:



Capture rate
Velocity distribution in the Sun’s frame

Chance to scatter 
below vesc

Saturation
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Annihilation to (things that decay to) neutrinos

ν ν

BA
NG

Model

parameters

DarkBit: 
computes 


cross sections

annihilation rate


DarkSUSY 
or


Capt’n General 
Capture rates

DarkSUSY 
computes fluxesNuLike 

computes 

likelihoods 

from data



Captn’ general
Standalone code that calculates and returns the capture rate of dark 

matter given 

-mass 
-cross section at reference v/q 
-interaction type 

Lives here: https://github.com/aaronvincent/captngen 

Fortran 90 :-) 
Can be compiled as a standalone program or as a shared library (e.g. for 
the GAMBIT backend, but also compatible with stellar evolution software) 

� = �0

✓
vrel
v0

◆n

� = �0

✓
q

q0

◆n

e.g. Higgs-portal DM: 
axial coupling gives �  

supppression to capture 
cross section

q2

https://github.com/aaronvincent/captngen
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Component of relative velocity 
perpendicular to momentum transfer

Exchanged momentum (scattering angle)

Dark matter spin

Nucleon spin

v?
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CapGen v2: Non-relativistic effective operators 
(NREO)

q
<latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit><latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit><latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit><latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit>

S�
<latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit><latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit><latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit><latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit>

SN
<latexit sha1_base64="NSLsG/C4IX4+fkGbaZETFDhCggU=">AAACIXicbZDNSgMxFIWT+tfWv1aXboJFcCFlRgR1V3TjSip1bKEdSiaTaUMzmSHJFMvQR3CrL+DTuBJ34suYdmahbQ8EPs69l9x7vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrwpKJEEuqQiEey42FFORPU0Uxz2oklxaHHadsb3c7q7TGVikXiUU9i6oZ4IFjACNbGarX69/1Kzapbc6FlsHOogVzNfhWWen5EkpAKTThWqmtbsXZTLDUjnE7LvUTRGJMRHtCuQYFDqtx0vusUnRjHR0EkzRMazd2/EykOlZqEnukMsR6qxdrMXFXrJjq4clMm4kRTQbKPgoQjHaHZ4chnkhLNJwYwkczsisgQS0y0iWflzmf+mMUqQzUeZKCxidZNn7NzTHj2YlTL4JzXr+v2w0WtcZOnWARH4BicAhtcgga4A03gAAIG4AW8gjf4Dj/gJ/zKWgswnzkE/wR/fgGaFaQE</latexit><latexit sha1_base64="NSLsG/C4IX4+fkGbaZETFDhCggU=">AAACIXicbZDNSgMxFIWT+tfWv1aXboJFcCFlRgR1V3TjSip1bKEdSiaTaUMzmSHJFMvQR3CrL+DTuBJ34suYdmahbQ8EPs69l9x7vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrwpKJEEuqQiEey42FFORPU0Uxz2oklxaHHadsb3c7q7TGVikXiUU9i6oZ4IFjACNbGarX69/1Kzapbc6FlsHOogVzNfhWWen5EkpAKTThWqmtbsXZTLDUjnE7LvUTRGJMRHtCuQYFDqtx0vusUnRjHR0EkzRMazd2/EykOlZqEnukMsR6qxdrMXFXrJjq4clMm4kRTQbKPgoQjHaHZ4chnkhLNJwYwkczsisgQS0y0iWflzmf+mMUqQzUeZKCxidZNn7NzTHj2YlTL4JzXr+v2w0WtcZOnWARH4BicAhtcgga4A03gAAIG4AW8gjf4Dj/gJ/zKWgswnzkE/wR/fgGaFaQE</latexit><latexit sha1_base64="NSLsG/C4IX4+fkGbaZETFDhCggU=">AAACIXicbZDNSgMxFIWT+tfWv1aXboJFcCFlRgR1V3TjSip1bKEdSiaTaUMzmSHJFMvQR3CrL+DTuBJ34suYdmahbQ8EPs69l9x7vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrwpKJEEuqQiEey42FFORPU0Uxz2oklxaHHadsb3c7q7TGVikXiUU9i6oZ4IFjACNbGarX69/1Kzapbc6FlsHOogVzNfhWWen5EkpAKTThWqmtbsXZTLDUjnE7LvUTRGJMRHtCuQYFDqtx0vusUnRjHR0EkzRMazd2/EykOlZqEnukMsR6qxdrMXFXrJjq4clMm4kRTQbKPgoQjHaHZ4chnkhLNJwYwkczsisgQS0y0iWflzmf+mMUqQzUeZKCxidZNn7NzTHj2YlTL4JzXr+v2w0WtcZOnWARH4BicAhtcgga4A03gAAIG4AW8gjf4Dj/gJ/zKWgswnzkE/wR/fgGaFaQE</latexit><latexit sha1_base64="NSLsG/C4IX4+fkGbaZETFDhCggU=">AAACIXicbZDNSgMxFIWT+tfWv1aXboJFcCFlRgR1V3TjSip1bKEdSiaTaUMzmSHJFMvQR3CrL+DTuBJ34suYdmahbQ8EPs69l9x7vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrwpKJEEuqQiEey42FFORPU0Uxz2oklxaHHadsb3c7q7TGVikXiUU9i6oZ4IFjACNbGarX69/1Kzapbc6FlsHOogVzNfhWWen5EkpAKTThWqmtbsXZTLDUjnE7LvUTRGJMRHtCuQYFDqtx0vusUnRjHR0EkzRMazd2/EykOlZqEnukMsR6qxdrMXFXrJjq4clMm4kRTQbKPgoQjHaHZ4chnkhLNJwYwkczsisgQS0y0iWflzmf+mMUqQzUeZKCxidZNn7NzTHj2YlTL4JzXr+v2w0WtcZOnWARH4BicAhtcgga4A03gAAIG4AW8gjf4Dj/gJ/zKWgswnzkE/wR/fgGaFaQE</latexit>

Component of relative velocity 
perpendicular to momentum transfer

Exchanged momentum (scattering angle)

Dark matter spin

Nucleon spin

v?
<latexit sha1_base64="p9edgVjToHH2mqLuVxTYqfFSUwg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMF+wFtLJvtpF262Sy7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZeKDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6iRVFBs04Ylqh0QjZwIbhhmObamQxCHHVji6m/mtMSrNEvFoJhKDmAwEixglxkqt8VNXopK9csWrenO4q8TPSQVy1Hvlr24/oWmMwlBOtO74njRBRpRhlOO01E01SkJHZIAdSwWJUQfZ/Nype2aVvhslypYw7lz9PZGRWOtJHNrOmJihXvZm4n9eJzXRTZAxIVODgi4WRSl3TeLOfnf7TCE1fGIJoYrZW106JIpQYxMq2RD85ZdXSfOi6l9WvYerSu02j6MIJ3AK5+DDNdTgHurQAAojeIZXeHOk8+K8Ox+L1oKTzxzDHzifP312j6k=</latexit>



CapGen v2: Non-relativistic effective operators 
(NREO)

q
<latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit><latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit><latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit><latexit sha1_base64="kIsFBSxXvIDp7Z5ZchZC8JvIOus=">AAACH3icbZDNTsJAFIWn/gL+gS7dTCQmLgxpjYm6I7pxCYkVEmjIdLiFCdNpnZkSScMTuNUX8GlcGbe8jQPtQoGTTPLl3Hsz9x4/5kxp255ZG5tb2zu7hWJpb//g8KhcOX5WUSIpuDTikWz7RAFnAlzNNId2LIGEPoeWP3qY11tjkIpF4klPYvBCMhAsYJRoYzVfeuWqXbMXwqvg5FBFuRq9ilXs9iOahCA05USpjmPH2kuJ1IxymJa6iYKY0BEZQMegICEoL11sOsXnxunjIJLmCY0X7t+JlIRKTULfdIZED9VybW6uq3USHdx6KRNxokHQ7KMg4VhHeH427jMJVPOJAUIlM7tiOiSSUG3CWbvzZX/MYpWhGg8y0MQE66Wv2TkmPGc5qlVwr2p3Nad5Xa3f5ykW0Ck6QxfIQTeojh5RA7mIIkBv6B19WJ/Wl/Vt/WStG1Y+c4L+yZr9AldUo2E=</latexit>

S�
<latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit><latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit><latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit><latexit sha1_base64="XSGinKWeAJpDsnwyQuvsqg8ESxQ=">AAACJHicbZDNTgIxFIVb/AP8A126aSQmLgyZMSbqjujGJUYHSGBCOp0OVDqdSdshkgnv4FZfwKdxZVy48VkszCwUOEmTL+fem957vJgzpS3rGxbW1jc2t4ql8vbO7t5+pXrQUlEiCXVIxCPZ8bCinAnqaKY57cSS4tDjtO2Nbmf19phKxSLxqCcxdUM8ECxgBGtjtR76PTJk/UrNqltzoWWwc6iBXM1+FZZ6fkSSkApNOFaqa1uxdlMsNSOcTsu9RNEYkxEe0K5BgUOq3HS+7hSdGMdHQSTNExrN3b8TKQ6VmoSe6QyxHqrF2sxcVesmOrhyUybiRFNBso+ChCMdodntyGeSEs0nBjCRzOyKyBBLTLRJaOXOZ/6YxSpDNR5koLFJ102fs3NMePZiVMvgnNev6/b9Ra1xk6dYBEfgGJwCG1yCBrgDTeAAAp7AC3gFb/AdfsBP+JW1FmA+cwj+Cf78AjszpWQ=</latexit>
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Component of relative velocity 
perpendicular to momentum transfer

Exchanged momentum (scattering angle)

Dark matter spin

Nucleon spin

v?
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Note that if the spin of the target 
nucleus is zero, the average of e.g. 

is not necessarily zero

SN · ~q
<latexit sha1_base64="KhOFwp4XlP2XU/aQ0iKersqpd2U=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUQFXRbduJKK9gFNCJPJpB06mYkzk0qJ/RQ3LhRx65e482+ctllo64ELh3Pu5d57wpRRpR3n21paXlldWy9tlDe3tnd27cpeS4lMYtLEggnZCZEijHLS1FQz0kklQUnISDscXE389pBIRQW/16OU+AnqcRpTjLSRArtyF+Q3Yw9HQkNvSDB8COyqU3OmgIvELUgVFGgE9pcXCZwlhGvMkFJd10m1nyOpKWZkXPYyRVKEB6hHuoZylBDl59PTx/DIKBGMhTTFNZyqvydylCg1SkLTmSDdV/PeRPzP62Y6vvBzytNME45ni+KMQS3gJAcYUUmwZiNDEJbU3ApxH0mEtUmrbEJw519eJK2Tmntac27PqvXLIo4SOACH4Bi44BzUwTVogCbA4BE8g1fwZj1ZL9a79TFrXbKKmX3wB9bnD7M+k6A=</latexit>



Higgs portal Dark Matter
One of the simplest 

DM models L ⇠ µ
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X = scalar (spin 0), fermion (spin 1/2, Majorana or Dirac), or vector (spin 1) 
gauge singlet with Z2 symmetry for stability

Scalar:                    EPJC, 1806.11281

Vector & Fermion:   EPJC, 1808.10465
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Interaction with Higgs gives usual DM phenomenology:

• Direct detection (including neutrinos from the Sun!)

• Indirect detection

• Thermal production

• Monojets at LHC

• But wait there’s more: Invisible Higgs decay at LHC

 



Higgs portal
Free parameters

Pre-EWSB Mass: �μ
Effective coupling to � :  �H†H λ/Λ
CP-violating phase: �sin θ



Higgs portal
Free parameters

Nuisance parameters

Pre-EWSB Mass: �μ
Effective coupling to � :  �H†H λ/Λ
CP-violating phase: �sin θ



Higgs portal
Free parameters
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Higgs Portal: Majorana DM

See https://arxiv.org/pdf/1808.10465.pdf for Dirac, Vector DM, Posterior distributions 

Direct detection and RD most constraining, but  
Allowed candidates in nearly entire mass range!

EFT

CP violation �  preferred (suppresses direct detection signal ~ �  )θ = π/2 q2

https://arxiv.org/pdf/1808.10465.pdf


(For the Bayesians)



These models don’t give a spin-dependent elastic scattering cross section at 
tree level, so no surprise



But wait, aren’t there 86 strings at IceCube? And 
other neutrino telescopes?

• Need data/likelihoods that can be recast as widely as possible!


• Specifically: 


• event-by-event energies


•  angle from Sun,


• Angular resolution


•  effective area, (area and volume preferable)


• Energy response


•  exposure



Want to contribute?

• GAMBIT code is public, and so are results, samples, best fits, 
… 
https://www.zenodo.org/communities/gambit-official


• The WIMP (and SUSY) are far from dead


• Neutrino telescopes are underrepresented. We need more data!


• Get in touch — there are many ways to contribute to GAMBIT


• 2 PhD studentships available at U. Of Queensland, Brisbane (at 
least one to work on neutrinos) with Pat Scott starting next 
year! Keep an eye on INSPIRE


• Much more GAMBIT goodness to come…

gambit.hepforge.org
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Black Holes at IceCube?
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Majorana DM



Bayes factors


