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Conditions for Majorana Neutrino Mass Term

Particle in loop have to couple to SU(2), doublet
Massive scalar and fermion in loop

Mass splitting between scalar and pseudoscalar in loop
AL = 2 lepton number violation

Discrete symmetry to avoid FCNCs and Dirac mass term
= 7° stable particle = DM candidate

But no symmetry explanation for smallness of couplings
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» Symmetry explanation for smallness of couplings U(1)— Z,

» = here explicit, later spontaneous

» Symmetry protects smallness from large quantum corrections

Fermion Sector

-G - PN - ENTON - [ENYRST -



One Loop Diagram Generating Neutrino Masses

neutral scalar mass
eigenstates 9;

with scalar masses M;

ap mixing between 01 3

ap mixing between 02 4

(mu)a,ﬁ = [ga(gA)ﬁ + gﬁ(éA)a]ﬁ + [ga(gA),B + gﬁ(gA)a]T/
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One Loop Diagram Generating Neutrino Masses

» neutral scalar mass
eigenstates 9;

» with scalar masses M;

* ap mixing between 41 3

* ap mixing between 5 4

(mu)a,ﬁ = [ga(gA)ﬁ + gﬁ(éA)a]ﬁ + [ga(gA),B + gﬁ(gA)a]T/
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Lepton Flavour Violation
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Experimental Limits
(90% CL)roG 2009) Solutions

* mrr/g > 6TeV
—11
Br(u — ey) <1.2-10 v g <K guor g < g
Br(r — ey) <1.1-10°7 (allowed by flavour structure)
Br(r — py) < 45-1078
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» Experimentally required value (0(616; — ...)v) ~ 3-1072° cm3/sec
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Constraints

Electroweak Precision Tests: Higgs Triplet
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with £ .= 1 — m2A++/m2A and m2A++ = m2A + 2m2A+



Constraints

Electroweak Precision Tests: Higgs Triplet
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with £ .= 1 — m2A++/m2A and m2A++ = mzA + 2m2A+

Invisible Z-Decay Width

« DM particle §; couples to Z-boson via mixing of A°

« If My + My < mgz, the corresponding Z-decay width is

3 9 R
[(Z = 618) = GF sin“ &1 sin a2m3
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» Bound on mixing angle in scalar sector: sin ay sinap < 0.07,
ie. m(%A < mj (protected by U(1)p x U(1)a)



Collider Physics

Higgs Search
» Higgs might dominantly decay invisibly if 2 M; < my,

H— 6161, H — 0200 — ((511/17)(511/17)

» Displaced vertex if mass splitting large §» — dputp~



Collider Physics
Higgs Search

Higgs might dominantly decay invisibly if 2 My < my,
H— 6161, H — 0200 — ((511117)(511/17)

Displaced vertex if mass splitting large 6> — d1pu"

New Particles

New particles accessible at LHC

... decay into the SM particles and DM = missing energy
Mass relation of triplet 2m2A+ = m2A++ + mzA
Expect small mass splitting m2A++ = m2A+
Determination of go: Br(Egp — £5012)  |gal|?
Determination of ga: decay modes of A and AT,

especially F(A™" — £544612) o |(8n)ags + (En)p&al®



Not U(1)x symmetry but lepton number L or B — L = ga not small
DM annihilation

Neutrino Mass generation

Direct relation between neutrino mass and DM annihilation
= light dark matter M; ~ O (MeV)

MeV scale dark matter might explain the SPI/INTEGRAL signal



Particle Content
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» Neutrino masses from pseudo Dirac neutrinos N
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» LFV similar: (my, m,-)/Yn 2 6 TeV (unless special flavour structure)



Conclusions

» Neutrino mass can be generated radiatively at the TeV scale

» Discrete symmetry seems necessary for radiative neutrino mass
generation

» U(1) gauge symmetry might be origin of discrete Zy [see also talk by Batell]

o ltis and the interplay of different experiments imposes strong
constraints

» Upcoming experiments may exclude or confirm these models
» Strongest constraints from lepton flavour violating rare decays

» Higgs searches might be more challenging
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Thank you very much for your attention,
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Gauge kinetic Lagrangian
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Lya) = ZF% + ZF)% + 5 FxFy

7 in loop induces

_ 8x8y
€= 32 In #—% < 1.3gxgy My (GeV)

[Bjorken,Essig,Schuster, Toro (2009)]

Collider
» SM Higgs mixes with U(1)x-Higgs = Higgs mass bounds weakened

» Invisible Higgs decay like in all DM models in which Higgs exchange
dominates



