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Extra U(1) modelsExtra U(1) models

QuestionQuestion : is it possible to see an invisible gauge boson X?: is it possible to see an invisible gauge boson X?

What is an invisible X?What is an invisible X?

A boson that does not couple with SM particlesA boson that does not couple with SM particles

XX µµµµ

YY µµµµ SM fermions

Heavy fermions

A YA Y--X kinetic mixing generated at loop levelX kinetic mixing generated at loop level

LLLLmix = δδδδ FYµνµνµνµν FX
µνµνµνµν

[Weiner, 08][Weiner, 08]
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Other possibilities:Other possibilities:
LeptophylicLeptophylic ((hadrophobichadrophobic) DM) DM
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γγγγγγγγ ray linesray lines

SUSY/KKSUSY/KK
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Inert Higgs DoubletInert Higgs Doublet
[[GustafssonGustafssonet al. 07]et al. 07]
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ChiralChiral SquareSquare
[[BertoneBertone et al. 09]et al. 09]
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Anomalies and loops triangleAnomalies and loops triangle
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The The LagrangianLagrangian ::
GreenGreen--Schwarz mechanismSchwarz mechanism

(Intersecting (Intersecting BraneBrane Models)Models)

LLLLinv = FYµνµνµνµν FY
µνµνµνµν– (dµµµµa – MX Xµµµµ)2 – i ΨΨΨΨh γγγγµµµµ Dµµµµ ΨΨΨΨh

LLLLvar = B a εεεεµνρσµνρσµνρσµνρσ FY
µνµνµνµν FY

ρσρσρσρσ +  C εεεεµνρσµνρσµνρσµνρσ Xµµµµ Yνννν FY
ρσρσρσρσ

Peccei-Quinn terms
Chern-Simons terms

δδδδLLLLvar =    - δδδδ ( )
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Effective couplings : Effective couplings : LLLLLLLLeffeff = = LLLLLLLLloopsloops + + LLLLLLLLvarvar

ΓΓΓΓαααα
µνρµνρµνρµνρ = = = = tαααα { A1 εεεεµνρσµνρσµνρσµνρσ k2σ2σ2σ2σ - A2 εεεεµνρσµνρσµνρσµνρσ k1σ1σ1σ1σ

+ B1 k2ν2ν2ν2ν εεεεµρστµρστµρστµρστ k2σ2σ2σ2σ k1τ1τ1τ1τ + B2 k1ν1ν1ν1ν εεεεµρστµρστµρστµρστ k2σ2σ2σ2σ k1τ1τ1τ1τ + B3 k2ρ2ρ2ρ2ρ εεεεµνστµνστµνστµνστ k2σ2σ2σ2σ k1τ1τ1τ1τ + B4 εεεεµνστµνστµνστµνστ k2σ2σ2σ2σ k1τ1τ1τ1τ
+ C k3µ3µ3µ3µ/k3

2 εεεενρστνρστνρστνρστ k2σ2σ2σ2σ k1τ       1τ       1τ       1τ       + D εεεεµνρσµνρσµνρσµνρσ(k2σ2σ2σ2σ – k1σ1σ1σ1σ)}

Peccei-Quinn Chern-Simons

δδδδ LLLLeff = 0    3 Ward identities +  (k1;k2) symmetries
-> the vertex can be express as function of  |B2 – B1| = 1/ΛΛΛΛ2222

X

With B 1, B2 = computableloops integrals

Cc : only 3 parameters :  ΛΛΛΛX [<S>] ; MX [gX] ; M χχχχ [Y heavy]

ZZνννννννν

γγγγγγγγρρρρρρρρ

XXµµµµµµµµ

ZZνννννννν

ΖΖΖΖΖΖΖΖρρρρρρρρ

XXµµµµµµµµ

γγγγγγγγνννννννν

γγγγγγγγρρρρρρρρ

XXµµµµµµµµ

k3

k1

k2

[Dudas, [Dudas, KiritsisKiritsis 09]09]
[YM, 09][YM, 09]
[Kumar, Wells 08][Kumar, Wells 08]



Interpretation as higher dimensional Interpretation as higher dimensional 
operatorsoperators

[Antoniadis 09; Dudas, YM, [Antoniadis 09; Dudas, YM, RomagnoniRomagnoni09]09]

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

with

DDDDµµµµa = dµµµµ a – g’Xµµµµ ;   Dνννν = d νννν –ig Yνννν – i g’ Xνννν

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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The relic densityThe relic density

ΛΛΛΛ2
X = |B2-B1| = gh*g2/(8ππππ2)* Tr[X’ X 2/M 2

heavy]*Integral
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Direct detectionDirect detection

ΖΖΖΖΖΖΖΖ
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δδδδδδδδmixmix<<

LLLLmix = δδδδmix Fµνµνµνµν F’ µνµνµνµν

Millicharged DM, 

XENON             δδδδmix < 0.01



Indirect detection:Indirect detection:
examples of spectrumexamples of spectrum
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Indirect detection Indirect detection astroastro--parametersparameters

+
GC 20°

35°

Galactic Centered Annulus
(Stoehr et al 2003, GLAST col. 2008)

Signal to noise ratio
12 time greater than

GC

Independant of the Galactic profile

J ∆Ω∆Ω∆Ω∆Ω ~ 10

Galprop conventional model 
for the background

5 years of data, signals at 5σ σ σ σ and 
95% CL

[FERMI estimates, Morselli et al. 08]



ObservabilityObservability
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Consequences on Consequences on MxMx and and MchiMchi
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Comparison with other modelsComparison with other models

MasseMasse

SUSY/KKSUSY/KK

Inert Inert 
HiggsModelHiggsModel

MilliMilli --chargedcharged
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Direct Direct 
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Indirect Indirect 
detectiondetection LHCLHC

YesYes No lineNo line

YesYes 2 lines2 lines YesYes

YesYesYesYes No lineNo line
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ConclusionsConclusions

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

Possibility to test up to 1TeV BSM scale Possibility to test up to 1TeV BSM scale 

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 would be THE ONLY WAY to observe itIndirect detection would be THE ONLY WAY to observe it


