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Fi: singlet(s) under sy, Gpm, except fermion number
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Model || New fields and parameters

L= + F(ig — M)F + ¥ (ig — my)¥ + |0®P|* — m3|D|?
—( + YV FH+F2T FO +he) — Ao |
Higg:;ortal
(my>me)
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Model || New fields and parameters

L= + F(ig — M)F + ¥ (ig — my)¥ + |0®P|* — m3|D|?
—( + YV FH+F2T FO +he) — Ao |
Higg:;ortal
(my>me)
36 = 18(YW) +9(M) + 6(z) +3(my, me, Ay)
phys. 4420 = 4(V)+3(n)+8(U)+3(M) + 3(z)+ 3(my, ma, Ay)
Y<”>Eg nUM
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Model || New fields and parameters

L= + F(ig — M)F + ¥ (ig — my)¥ + |0D|* — m3|D|?
—( + YWV Fp+Fzt FP + he) — Ao |
Higg;r})ortal
(my>me)

phys. 4420 = +3(n) +8(U) +3(M) + 3(z) + 3(my, me, Ax)

e Light (nr) and heavy neutrinos (N ) of masses My from mixing of (vy, Fr, FRr)

F = Ut (ClU, N, -8 N
( L=Sm+UgNg) 1 g_ 1

v = (SU; N+ C np) V1 + 72 V1 + 72

= PMNS n = diag(n;) > 0 U e SU(3) M real diagonal

UMU'C ', = My = diagonal
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Model || New fields and parameters

= Modified Z couplings: £ D —iﬁLZ CZnp +...

ZCW
flavor diagonal but non universal
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Model

New fields and parameters

8

= Modified Z couplings: L D ——=—nr 4 CZnp +...

ZCW
flavor diagonal but non universal

= Modified W couplings: £ D —iELW VCnp+...

V2

non unitary neutrino mixing

= SM-DM interactions (both ¥ and ® needed)

— Tree level n Y& (neutrino portal)

— One-loop ZYY

— One-loop HYY

N>
N
N\ /

N ]

/ N

g
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Model || New fields and parameters

. e : . 8 = 2
= Modified Z couplings: £ D ZCWnLZ Cnp+... 7 iy
flavor diagonal but non universal H — inv
= Modified W couplings: £ D —iELW VCnr+... I, T gy
V2 Relic abundance
non unitary neutrino mixing Direct detection
= SM-DM interactions (both ¥ and ® needed) Indirect detection
— Tree level n Y& (neutrino portal)
— One-loop ZYY
D 9
— One-loop HYY Ny ‘e
P )
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Model || Quasidegenerate heavy neutrinos

My=Al gy<1| = Cx~1-31> S=n M

Q

AL - AUty?U)
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Model || Quasidegenerate heavy neutrinos

My=Al g5<1| = C~1-3p> S=n M=A1-3iU%U)

e Just the following 5 parameter combinations appear in DM observables:

AN my M nUz|>  Aglz]?
Ny
- @ = —i(zluty),
Y
Y
| > A
= Uz|“y*(Pp +In—P
Z = i3 qg MUz (P InmPr)
Y
Y
. A 5 02 A
--- H = _1871’2’(] (|77UZ| +/\X|Z‘ ﬁlnm—q))
b4
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Constraints || Electroweak

o Z: T(Z —inv) = iTr(CHTsm(Z — inv) = Y 7? <0.014 [LEP] (30)
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Constraints

Electroweak

o Z: T(Z —inv) = :Tr(CHTsm(Z — inv)

= Y7 <0.014

[LEP] (30)

o W: Zav(x = Z“ VCv, = Z“[V(ﬂ — %172)]“1'1/11' = Ay = [VUZVJr]owc — Z ’Vai‘zﬂiz
1

[(m— vy) = (1 —Ay) Toum

F(&x — flglel/ﬁ) = (1 A Aﬁ) FSM

1.2

1.0

A

w
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Constraints || Electroweak

e Z: T(Z —inv) = iTr(CHTsm(Z — inv) = Y 7? <0.014 [LEP] (30)
o W:lyvy =Ly VC vy = L[V —372)]uini = Do = ViV e = Y |Vail*nf

A
1.0 + W .

I'(mr— l,v,) =(1—2A7y) Tsm 0.8 F -
1“(6“ — flglel/ﬁ) = (1 — A, — Aﬁ) FSM

0.0 | | ! | !
00 02 04 06 08 1.0 1.2

A, x 100

2A2 ‘2 A

e H: T(H — inv) = —| <17 [ATLAS] 0% c.L)

(if my < mg/2)

inUz| + Ay|z

2
A
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DM

YVY annihil. =

J YN - YN

f
<
T f

<
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DM

YVY annihil. =

J YN - YN
(¥ 1 ¢ f ¥ f
: Z H
D --
| ¥ ———— 1 ¥ f ¥ f

— FeynRules, CALCHEP, MicrOmegas
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DM

YVY annihil. =

Parameter scan:

J YN - YN
(¥ 1 ¥ f ¥ f
| Z H
P --
(| ¥ —&—~— n; Y f b4 f
— FeynRules, CALCHEP, MicrOmegas
AN my Mg nUz|?  Aylz)?
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DM

J YN - YN

~Ey

(Y — > n;

. f ¥ f
YY¥ annihil. = < Ecb >%/< >_I_{
| ¥ ———— 1 ¥ f ¥ f

— FeynRules, CALCHEP, MicrOmegas

Parameter scan: A my Mg nUz|?  Aylz)?
z| =2 (< V4m)  |gUz| < 2l] <24/0.014  —12 < A, lz]* <12
Z—1inv

200 GeV < A <10 TeV (heavy neutrinos)
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DM

J YN - YN

~Ey

(Y — > n;

. f ¥ f
YY¥ annihil. = < Ecb >%/< >_I_{
| ¥ ———— 1 ¥ f ¥ f

— FeynRules, CALCHEP, MicrOmegas

Parameter scan: A my Mg nUz|?  Aylz)?
z| =2 (< V4m)  |gUz| < 2l] <24/0.014  —12 < A, lz]* <12
Z—1inv

200 GeV < A <10 TeV (heavy neutrinos)

— non-degenerate: my + 10 GeV < mg

— quasi-degenerate: my < mge < my + 10 GeV
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DM || Relic abundance
5 T T I I I I
Z — inv
A non-degenerate

10 20 30 40 50 60 70 &0

my [GGV]

dominant (ov)yg ,,; =

<‘TV>‘I"?—>ff -

Qyh? = 0.1198 4 0.026 (30) [Planck]

5 T T ! ! ! T !
Z — inv
A quasi-degenerate ]
>
£ 3 1
i3
<
2 L ]
1
10 20 30 40 50 60 70 80
myy [GeV]
(0/ Nest)* _0/V2 [mE +m
eff —
2567Tm%, inUz| ms,
T 1/2
(00)7 +—— (0)y (V) ~ TV
N MY N~

S—wave

P—wave
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DM || Relic abundance
5 T T I I I I
Z — inv
4 || non-degenerate ]

10 20 30 40 50 6
myy [GGV]

dominant

<‘TV>‘I"T—>ff = (\(:0)_1

0 70 80

<0'V>‘I"T—>v17 =
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DM || Relic abundance Qyh? = 0.1198 £ 0.026 (30) [Planck]
5 T T T T T T 5 T T T T T T
Z — inv Z — inv [0
A non-degenerate | 4L quasi-degenerate ]
5
18 3L -
5 N T
< S S
4 2 F —N ey -
L B
< Coannihilation:
. 1 Yo — We, Zv, Hv
. . . . . . . PP - HH,WW,ZZ
10 20 30 40 50 60 70 &0 10 20 30 40 50 60 70 80
my [GeV] my [GeV]
, 0/ Aef)* v/V2 |m& 4+ m3
dominant (ov)yg ,,; = ( effg Aot = L\[f @
2567Tmy, [nUz| my
r 1/2
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~— Y -
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DM || Direct detection

10744
10745 L
S, [ LUX (2015)0 quasi- |
@ 10746 3 it degen. 5
‘§ N
) [ ]
10—47 _ XENONIT | i
10—48

10 20 30 40 50 60 70 80

e LUX excludes Z resonance region

e Non-degenerate: Cross sections larger than 104 cm? unless my ~ mpy /2

e Quasi-degenerate: large parameter space available
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DM

Indirect detection

— 10721 L

|
9]
i

WIMP-induced

contained muons |c

=

DM annihilation in the Sun

I —

10—22
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C|>CID
[\ [\
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[\ [\ [\
© = o
T I I

—_

3
N
Ne}
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my [GGV]

e Neutrino line E, = my:

60 70 &0

WIMP-induced
upward muons [em ™2 s71]

1

10—16 ]
017 |
L1018 |
L10-19 |
10— |
10—21
10—22
10-2 |
10—24
10—25

10 20 30 40 50 60 70 80
myy [GGV]

DM

Cy ~ O¥YN X Plocal

[exp sensitivity: IceCube (E, > 100 GeV) Super-K (up-muons > 107 cm=2 s71)]
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DM || Indirect detection Annihilation cross sections for two channels
| | | | | | T 10_25 T T T | |
-2 i :
Fermi-LAT bb (2015) — 10-26 | '
TU) 10-28 / UU — bb | ‘Tw VU — v r
™ ™ 10—27 \
= s :
©, ©,
= 10730 1 S 1028 |
T | T '
> | > -
— — 10729 |
= 10732 ‘ 1 & -
S ) .
1073
10-34 : |
10—31 |

10 20 30 40 50 60 70 80

10 20 30 40 50 60 70 &0

e Into charged fermions (1-loop): e Into neutrinos (tree-level):

H-mediated is P-wave, suppressed Poorly measured

w.r.t. Z-mediated (S-wave) (Super-K?)

(safe from Fermi-LAT)
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Conclusions

e A realization of the | neutrino-portal | scenario:

— Multicomponent DM: ¥, ®  (my < mg)

— Neutrino mediators: Fi (mixing with light neutrinos)
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Conclusions

e A realization of the | neutrino-portal | scenario:

— Multicomponent DM: ¥, ®  (my < mg)
— Neutrino mediators: Fi (mixing with light neutrinos)

e Tree-level neutrino-DM couplings:

v' correct relic density
e Loop-suppressed (Z, H)-DM couplings:
v' pass electroweak constraints (Z — invisible, main killer)

v do not compromise direct or indirect detection or collider searches
o Cases (my, mg)

— Non-degenerate = 23 < my <35GeV or my ~mpy/2

— Quasi-degenerate = = also heavier (coannihilation)

e Cleanest signature: neutrino line (E, = myy)
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