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γγγγγγγγ ray lines (annihilation)ray lines (annihilation)
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γγγγγγγγ ray lines (Decaying)ray lines (Decaying)
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Anomalies in particle physicsAnomalies in particle physics
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Anomalies : quantum corrections destroy the symmetries of the clAnomalies : quantum corrections destroy the symmetries of the classical theoryassical theory
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If the symmetry is local, the gauge anomaly causes the If the symmetry is local, the gauge anomaly causes the loss of loss of unitarityunitarity , which is to , which is to 
say the say the consistencyconsistencyof the theoryof the theory
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Solving the problem..Solving the problem..
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Explicit constructionExplicit construction
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AnomalieAnomalie cancellation :cancellation :
GreenGreen--Schwarz mechanismSchwarz mechanism
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Effective couplings : Effective couplings : LLLLLLLLeffeff = = LLLLLLLLloopsloops + + LLLLLLLLvarvar
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X

With B 1, B2 = computableloops integrals
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Interpretation as higher dimensional Interpretation as higher dimensional 
operatorsoperators

Antoniadis, Antoniadis, BoyarskiBoyarski, , RuchavkiRuchavki, Wells 09 , Wells 09 
Dudas, YM, Dudas, YM, PokorskiPokorski, , RomagnoniRomagnoni0909

LLLL1 ==== 1/M2 * {b Tr[F’ F Y FY]   + c εεεεµνρσµνρσµνρσµνρσ(DDDDµµµµ a) (Dνννν H)+ FY
ρσρσρσρσ H }, 

with

DDDDµµµµa = dµµµµ a – g’A’µµµµ ;   Dνννν = d νννν –ig Yνννν – i g’ A’ νννν

Masses suppression coming from the fermions 
which decouple afterU’(1) breaking

Equivalent to the D’Hoker-Farhi term

{1/(H+H) εεεεµνρσµνρσµνρσµνρσ (DDDDµµµµ a) (Dνννν H)+ FY
ρσρσρσρσ H} for SM

Remark :if two Z’ are present, we can build an unsupressed operator,
εεεεµνρσµνρσµνρσµνρσ (DDDDµµµµa1) (DDDDννννa2) FY

ρσρσρσρσ



Dark matter: Annihilation channelsDark matter: Annihilation channels
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LHC productionLHC production
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The relic densityThe relic density
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Indirect detection:Indirect detection:
examples of spectrumexamples of spectrum
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Indirect detection Indirect detection astroastro--parametersparameters
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ObservabilityObservability
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Consequences on Consequences on MxMx and and MchiMchi
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An extension : Higgs in SpaceAn extension : Higgs in Space
Jackson, Servant, Jackson, Servant, ShaughnesszShaughnessz, , TaitTait , , TaosoTaoso09 09 

HHXX

γγγγγγγγχχχχχχχχ

χχχχχχχχ Top quarkTop quark



Direct detectionDirect detection
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MiniMini --conclusionsconclusions

An (An (In)visibleIn)visible ZZ’’ can be quite visiblecan be quite visible

1 1 γγγγγγγγ ray line is a smoking gun signal distinguishing it clearly ray line is a smoking gun signal distinguishing it clearly 
from other constructionsfrom other constructions

Indirect detection could be THE ONLY WAY to observe itIndirect detection could be THE ONLY WAY to observe it

Possibility to test up to 5TeV BSM scale at FERMI telescopePossibility to test up to 5TeV BSM scale at FERMI telescope


