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The*search*for*dark*ma5er*

Colliders*

Direct*detec%on*

Indirect*detec%on* Cosmology*
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Global*Fits*

Model$of$beyond$the$SM$
physics$(SUSY,$UED);$$
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interest$θ$$
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Sta%s%cal*inference*
Given$some$parameters$of$interest$θ$and$a$data$set$d$we$can$obtain$the$posterior$
distribu2on$p(θ|d)$from$Bayes’*theorem:$$

By$marginalising$over$the$unwanted$parameters$we$can$obtain$the*1D*marginal*
posterior*pdf$for$any$parameter$θi:$$

By$maximising$over$the$unwanted$parameters$we$can$obtain$the*1D*profile*
likelihood*for$any$parameter$θi:$$
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Marginaliza%on*vs.*profiling*

θ1$

θ2$

Best*fit*point*

Marginal$posterior$P(θ1)$

Posterior$mean$

Profile$likelihood$L(θ1)$

68%*

95%*
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•  Boundary$condi2ons$imposed$on$the$MSSM$at$the$Grand$Unifica2on$scale:$
•  Unified$scalar$masses$m0$
•  Unified$gaugino$masses$m1/2 
•  Unified$trilinear$couplings$A0 

cMSSM,*NUHM:*popular*(toy)*models*to*explore*SUSY*phenomenology******

m0*******m1/2*******A0*******tan(β)*******[sgn(μ)]*

SUSY:*the*cMSSM*and*the*NUHM*
•  Minimal$field$content$SUSY:$Minimal$Supersymmetric$Standard$Model$(MSSM).$

SUSY$phenomenology$is$usually$studied$in$simplified$MSSM$scenarios,$e.g.:$

cMSSM:*constrained*Minimal*Supersymmetric*Standard*Model*

+*mHu*+*mHd* NUHM:*Nonguniversal*Higgs*model*

Only*4*free*parameters*

Only*6*free*parameters*
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Nuisance*parameters*
Hadronic*uncertain%es:*

The$ crossdsec2on$ depends$ on$ the$
effec2ve$coupling$to$the$proton,$which$
depends$ on$ the$ contribu2on$ of$ light$
quarks$to$the$proton$composi2on:$*

Astrophysical*uncertain%es:$

ρ0$=$0.39$±0.03$GeV$cm−3,$Ullio&Catena$(2009)$
ρ0$=$0.43$±0.21$GeV$cm−3,$Salucci$et$al.$(2010)$
ρ0$=$0.47$±0.03$±0.077$GeV$cm−3,$Pato$et$al.$(2010)$

4*(6)*model*parameters**
+*11*nuisance*parameters$$
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Constraints*included*in*global*fits*

Summary$of$the$experimental$constraints$that$enter$in$the$likelihood$func2on$
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Constraints*included*in*global*fits*

Aprile(et(al.(2012(

ATLAS((2012)(

CMS((2012)(
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cMSSM*results*

Profile*likelihood$
Bayesian*posterior*

Log*priors$
Bayesian*posterior*

Flat*priors$

The*LHC*exclusion*limit*further*constrains*the*cMSSM*parameter*space.*The*Higgs*
mass*constraint*has*a*significant*impact,*ruling*out*regions*that*were*previously*
favoured* at* 68%* level.* Posterior* contours* are* pushed* towards* large* values* of*
m1/2.*In*contrast,*the*PL*strongly*favours*the*SC*region*at*small*masses.**

Best*fit*point*

99%*

95%*

68%*

arxiv:1212.2636$ arxiv:1212.2636$ arxiv:1212.2636$
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Profile*likelihood$
Bayesian*posterior*

Log*priors$
Bayesian*posterior*

Flat*priors$

The* LHC* Higgs* constraint* shiis* contours* towards* higher* WIMP* masses* and* lower*
crossgsec%ons,* rendering* direct* detec%on* of* dark* ma5er* more* difficult.* This* is*
especially*true*from*the*PL*sta%s%cal*perspec%ve.*The*Xenon100*2012*limit*has*almost*
no*impact.*Prospects*for*detec%on*by*future*direct*detec%on*experiments*are*mixed.*

99%*

95%*

68%*Best*fit*point*

cMSSM:*direct*detec%on*
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Profile*likelihood$
Bayesian*posterior*

Log*priors$
Bayesian*posterior*

Flat*priors$

The*favored*regions*of*the*cMSSM*parameter*space*are*below*the*current*95%*limit*
from*Fermi*LAT*dSph*dark*ma5er*searches.*Future*limits*from*10*years*of*data*will*
probe*a* large* frac%on*of* the*parameter* space*currently* favoured*by* the*posterior*
pdf.**The*PL,*which*strongly*favours*the*SC*region,*will*remain*out*of*reach.*

Best*fit*point*

99%*

95%*

68%*

arxiv:1212.2636$ arxiv:1212.2636$ arxiv:1212.2636$
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cMSSM:*indirect*detec%on*



NUHM*results*

Profile*likelihood$
Bayesian*posterior*

Log*priors$
Bayesian*posterior*

Flat*priors$

The* LHC* exclusion* limit* has* essen%ally* no* impact* on* the* NUHM* parameter*
space.* The* posterior* distribu%ons* favour* regions* at* large* m1/2* ,* in* which* the*
Higgs*mass*measurement*can*be*reproduced.*The*region*favoured*by*the*PL*is*
qualita%vely*similar,*but*much*more*localised.$$

99%*

95%*

68%*

Best*fit*point*
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Profile*likelihood$
Bayesian*posterior*

Log*priors$
Bayesian*posterior*

Flat*priors$

Presentgday*constraints*favour*large*dark*ma5er*masses*mχ*≈*1*TeV*and*rela%vely*
large*crossgsec%ons.*The* latest*Xenon100*results* rule*out*part*of* this*otherwise*
unconstrained* region,* that* is* inaccessible* at* the* LHC.* Future* direct* detec%on*
experiments*will*probe*the*en%re*currently*favoured*NUHM*parameter*space.*$

99%*

95%*

68%*
Best*fit*point*

NUHM:*direct*detec%on*

arxiv:1212.2636$ arxiv:1212.2636$ arxiv:1212.2636$

Without*latest*Xe100* Without*latest*Xe100*Without*latest*Xe100*
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Conclusions*and*Outlook*
• $ Recent$ experimental$ constraints,$most$ importantly$ the$ LHC$measurement$ of$ the$Higgs$
boson$mass,$have$a$strong$impact$on$simple$SUSY$parameter$spaces.$$

• $ Observa2onal$ consequences$ vary$ strongly$ with$ the$ model$ studied$ (and$ the$ choice$ of$
prior$/$sta2s2cal$perspec2ve):$$

o $The$cMSSM$favours$ low$spar2cle$masses$and$rela2vely$small$DM$sca8ering$crossd
sec2ons$with$an$LSP$mass$of$a$few$hundred$GeV$$
o $The$NUHM$favours$heavy$spar2cles$and$~1$TeV$dark$ma8er$with$a$large$sca8ering$
crossdsec2on.$

• $This$results$in$very$different$detec2on$prospects:$$
o  $ The$ en2re$ favoured$ NUHM$ parameter$ space$ will$ be$ probed$ by$ future$ direct$
detec2on$experiments.$Detec2on$prospects$by$Fermi$and$the$LHC$are$nega2ve.$
o $Direct$detec2on$prospects$for$the$cMSSM$are$mixed,$but$currently$favoured$regions$
will$be$accessible$to$both$Fermi$and$the$LHC.$

•  $ Constrained$ models$ of$ minimal$ SUSY$ are$ put$ under$ strong$ pressure$ by$ recent$
experimental$ results,$ but$ SUSY$ as$ a$ theory$ is$ s2ll$ very$ viable.$ Global$ fits$ analyses$ are$
moving$on$to$higherddimensional$models$of$richer$phenomenology.$Stay$tuned!$
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