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Indirect Det.
•positrons, anti-protons,
anti-deut, gamma-rays, 
radio-synch, ...

•FERMI, AMS, PLANCK,
WMAP, ...

O =
(f̄Γµf)(χ̄Γµχ)

Λ2
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r

Collider
•N-jets  (+ Etmiss),
N-lept (+ Etmiss),
resonances, effective th.,... 

•LEP, (Tevatron), LHC
Direct Det.

Direct Det.
•DM-nucleon scatterings

•XENON, LUX, COUPP,
CDMS, DAMA,...
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Uncertainties:
•Form factors, FSI (ER),  s-quark content in nucleon 
•Local DM density,  ~ 15%
•Speed distribution, ~ 10% 
• ...
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Direct Detection

hep-ex/1310.8327
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Colliders

N

pT, ETmiss, Mjj 

L ~20/fb
LHC  (at present)

cuts

 N =      Lσ · �·

σ =

� 1

0
dx1f1(x1, Q

2)

� 1

0
dx2f2(x2, Q

2) σhard(x1, x2, Q
2)

Tools
FeynRules,
MadGraph, CalcHep, 
Pythia, POWHEG,
PGS, Delphes,...
Uncertainties:
•PDFs, 
•event reconstruction,

Difficulties:
•low energy emission
•degenerate or heavy spectra
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Colliders
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Mono-signals
χ

χ̄

q
q̄

,g,Z,Wγ

hep-ex/1206.5663
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Validity of EFT

Λ ≡ M/
√
gvgχ

gv, gχ < 2
√
π } R = # valid events

# total events

the natural step is 
to look at simple
UV completions...

1307.2253

1308.6399

1402.2285

1308.2679
1308.6799

1308.0612

...do I continue?

2mχ < pT < M
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Why not just take SUSY here?
•consistent UV model
•all the LHC phenomenology possible 
•Quite “WIMPish” neutralino
•The susy is true, and it is out there 
                            (even if untestable) 

:-)

:-( •O(100) parameters (unless simplified)
•small couplings/heavy partners 
                     (way out: compressed spectra)
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BUT.....
There is a richer alternative.... 

hep-ph/1402.3223

e+e− → γG̃G̃
4-point, 
t-channel selectron

e+e− → χ̃0
1G̃ → γG̃G̃

t-channel selectron
s-channel  Z,A

similar analysis for LHC
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After SUSY parenthesis....
Toy Model
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Simple Z’ models

∆L ⊃ gDχ̄γµ
�
V χ
D −Aχ

Dγ5
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V f
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astro-ph
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Resonance searches 
(di-signals)

e−, µ−

e+, µ+q̄

q

M
Sequential Model 
(SSM)
No exoticchi

Thursday, February 27, 2014



Arcadi, Mambrini, Tytgat, Cuba,  1401.0221
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AMTZ, 1401.0221
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AMTZ, 1401.0221
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mΧ�8 GeV, Α�103

ATLAS pred.
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what about monojets here?

•Effective scale: ~ 800GeV or larger
CMS PAS EXO-12-048

Λ = M/
√
g1g2

Cuba

VΧ2�30

VΧ2�2
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√
s)

Mres > 400 GeV  
              (SSM)

not too strong, 
but

a priori relevant for 
DM < 10 GeV

(LUX insensitive)
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AMTZ, 1401.0221.v2
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and for dessert... 

gD�g

gD�0.3 M�500GeV, VΧ2�7.8
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Summary

your favorite
DM model

•100% visible final states?
•indep. DMDM and SMSM couplings? 

P
DM

DM
P

SM

SM
BRinv + BRvis = 1

experiment

model

too invisible

BRvis

experiment
model

too visible

BRinv
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the “merci” slide
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