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Talk skeleton

* DM paradigm
* Effective theory & hierarchy

» Fermion mediators & the neutrino portal scenario: - </ |

o Relic abundance

o Direct detection

o Simple UV completion
* UV completion
* End matters
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DM paradigm

The Universe Assumptions:

 standard & dark sectors interact
via the exchange of heavy
mediators

* DM stabilized against decay by
some symmetry Gy,

 SM particles: G, singlets
!Sliators * Dark particles: G, singlets
e * Weak coupling

SeCtOr Standard
Sector
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Effective theory of DM-SM
interactions
Within the paradigm:

1
£eff e WOSM X ODM

Ceditormass |

Leading interactions:
Lowest dimension (smallest M suppression)

Tree generated (no loop suppression factor)

\‘ Depends on the
(i mediator< = Opu mediator type
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Leading interactions (dim < 6)

dim. category ﬂ Higgs portal

dark scalar

SM scalar doublet
SM lepton doublet

B
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Where:

(¢)M ¢7M¢ J(¢)N
chlgrllj Eoogp g

and

Opwm. sw = operators of dimension 4
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Simplifications:
* Scalar or fermions mediators
« Leading observable effects (< 1 loops)

dim. category

11 lo]RAVAY;
5)
11T (T®) (4" )
6 V| 0Y e {glPror, |¢2X2,, %Py, 82B2,, B4 (WL, )%}

VII JO IO (i=0,6; a=®,L,R)
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Effective Lagrangian

Integrate all modes with energies > A =w (mediator) mass

L((;;f) LEE CI|¢I2|(I)|2 +£(w—tree) +£(w—loop)

Tree generated: from integrating the w

Loop-generated from integrating out
« Dark modes with energies > A

* SM modes with energies > A

* The mediators
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Neutrino portal scenario

* Dark sector: at least & & ¥
* Gpp: just about anything; @ & ¥ transform in the same way

* Fermion mediators (Dirac): F Relic abundance
Indirect detection

—tree Cur = 3
LIE e T(W)(W)*

(ali)

o D s

E(}_—loop)

> 2
167r A S (4mA)

| Relic ab. (if my ~ m,/2)

Relic ab. (if my ~ m,,/2)
Dir. detection (Z exch)

Dir. detection (H exch)
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Assume: mg > my = all @’s have decayed: fermionic DM.

_~ v

(L) (PTT) — \/ﬁchbT o

. L
N

[If mgz<my @ =DM ... like the Higgs portal scenario]
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Relic abundance

Main processes (Z and H exchanges: 1 loop = important on resonance)
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Constraint: Qplanckh® = 0.1198 +0.0026 (3 0)

Aeff (TEV)
M -h (o} o0 o

KJL

50 100 150 200
my (GeV)

2

' A
Aeg = \/ 1+ m—g’ S Sl TeV; mgq ~ 74GeV (non-resonant region)
My Ci my
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Direct detection

Main processes Z and H exchanges: 1 loop = naturally suppressed

2

L HO - 07 (P Py + 5T P @

E(f—loop)
16m2A 2¢y 1672A2

— Lux 90% C.L. (2014) — Atlas 90% C.L. (2014)

10 50 ‘ 100 150 200
my(GeV)
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Indirect detection
* No significant yy signal
* Interesting vv monochromatic signal @ E = my,

* Not enough experimental sensitivity

10~2

1072 ecube vv~ 2014

10727

100 150
my(GeV)

14
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UV completion m’ W

"l
L

. o L- d
Add neutral Dirac fermions F to the SM: ﬂ

L = GDE+T6EF — me)¥ + F(id — M)F + 092 — m% |
3 (ZY<€>6¢ LYW FG - U5FD + H.c)

v masses are NOT o< Y() T_/

Mass eigentsates: n, (mass = 0), and N (mass = M)

1
L. \/H—eef(fL + evr) + Cnp TR \—‘
1
e Gl e
L VEicae b
€= — 1—V,/[1, LY(”) = UVVVuVi C;, U,, V, = unitary

M A
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1/ o £

Effective couplings (one mediator): > RO
o .
C S 3
L(J:—tree) 5 I WP Tf
L ()(310)
B vC — ’U2 =
Lol 167TIQIA N 2§W 167m2A2 . (CE/Q?IlL)PL 5 CE;?I'R) PR) .
Where A =M
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Modification to SM couplings

1
’nLCnUPMNsweL G E e

e eTeC = diagonal

\/_
Yol ——nLgbenL
2w
H eel :
. i T
H : - [NR (C —— CNL> Ny + N (CL, MeCnén) nr + H.c.]
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L)

Best limits

Al'(Z — inv)
['(Z — inv)

2
= (02 +05+07) <0009 (30) = 4. <0014 (30)

(7 — puvy, evv; ™ — pr: weaker limits)

M > 10Y™) TeV  (roughly)
Tension with relic abundance:
gz 62

work in progress ...
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Neutrino masses: add a small Majorana mass for the F:

Lniai it (FTC'M]—') + H.c
T 1 S 1
= —nLCMMajnL SRt ./\/lMaj e \/1—|——66T_€ M \/l—i——eefe

Mata; ~ 3 X 107* M (roughly)
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End matters

Neutrino portal scenario works quite well, but difficult to confirm.
The clearest signature: monochromatic neutrino line

Collider constraints mainly from H and Z invisible widths

»
DM-assisted LNV ﬁll[

WORK IN PROGRESS

Other possible dark-standard interactions besides Higgs and neutrino
portals might also be of interest
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