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WIMP scenarios feature a strong complementarity between Dark Matter searches.

thermal freeze-out (early Univ.)
indirect detection (now)
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Dark Portals

“Dark Portals” are simple extensions of the SM model with a DM candidate and a mediator of the
interactions with the SM.

These are bottom-up models simple and manageable but still encode the most relevant aspects
of DM (and BSM) phenomenology.

Their purpose is to provide an effective interface with experimental outcome (especially
excesses) .

Can provide guidelines for model building.
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Dark Portal to SM fermions

Dark portals are simple extensions of the SM with a DM candidate and a mediator
interacting with the DM and SM fermions.

Scalar/pseudoscalar portal
L =5 [NXx + M Ff]+a [iNxsx + M, Frsf]
Vector/Axial portal

L =gpx* (Vx — Axvs) XBu + 95 Y A" (Vs — Agvs) Ry,
I
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Simple example: Z-portal (G.A., Y. Mambrini, F. Richard: 1411.2985)
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Next future experiments can completely probe Z-portal scenario
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Dark Z° models

General implementation: (See M. Pierre's Talk)
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s-wave component of the annihilation cross-
section is proportional to the vectorial
coupling suppressed by LUX.

Indirect signals suppressed.

-:Uva[cmas'1]

10 20 100 500 1000

Giorgio Arcadi RPP Annecy 2016



T My In a not gauge invariant setup axial couplings lead to cross-sections which violate
Mx < 592|Ax| perturbative unitarity (Kahlhoefer et al: 1510.02110)

The bound is evaded by considering a theory with only vectorial couplings (e.g. kinetic mixing) or by explicitly
introducing a higgs mechanism in the new U(1) sector.

2
Tm-,

Z

Mg <
93| Ax[Pmy
In presence of axial couplings, gauge invariance implies that the SM higgs is charged
) leg' qu o under
om*® = “dswow v the new U(1) and generates a Z/Z* mixing thus implying couplings with the gauge
| bosons.
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Perturbative unitarity combined with collider
limits strongly limits the range of viable DM

Masses.
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Dark Portal to Gauge Bosons

Example 1: 750 GeV Resonance

€1, v TUV Y
A@FWF“ + oWH WWJr
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A OG L, GL 4 9N X + My XX
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Lo- = TOFL " + 2OWHW,, + LOGH,Gh +igsd iy + my iy

_ 2 . 9 a2 2 _ _
Cyy = €1 COS™ Oy + CosIn™ Oy, czz = c1 810 Oy + co cos™ Oy, cww = 2c9, ¢4 = C3
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Kinetic mixing

L = Lsy + Lyin + Lpwm

1 1 1
Lyin = ——B"'B,,, — —sinoB*"X,,, — —X"X
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Lpm = XD¥xv, DF =0 +igaX¥
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The Z‘ (and the DM) can be coupled under the SM even if it is not
charged under the new U(1). The kinetic mixing induces couplings with
the SM fermions and gauge bosons.
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Kinetic Mixing / LUX excluded
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Conclusions

Simplified dark portals are optimal benchmarks for the study of new
particles and interactions.

Combination of different DM search strategies is a powerfull tool.
Correlation with other searches of New Physics can be enforced as well.

Progress in model building is similarly relevant.

Giorgio Arcadi RPP Annecy 2016



Back up



High DM masses. LUX limit

(courtesy of Bryan Zaldivar) ED=¢ implies
S ———— Pkl MambHR, Ty Sat B2, ",‘0.':0.2%'/ low invisible branching fraction.
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Low DM masses. Sensitive invisible branching fraction
allowed. LHC limits should be modified.
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Bigger extra symmetry groups: SU(2), x SU(2), x U(1)g,,

Two extra gauge bosons: W‘ and Z°

!

Di boson excess accounted by resonant production of

a W' boson.
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k=0.6

k=0.8 Correct relic density obtained only at resonance

in case the DM is coupled only with the Z*.
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Present and next future Sl experiments can
O et : completely probe the relevant parameter
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