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A ‘STANDARD’ MODEL FOR VDM (ABELIAN)

higgs portal

_ 1
4

c Xy X 4 |DXS|P =V (H,9); DX = 0¥ —igx X,

V(H,S) = —pg [H? + Mg |H* = 1Z |SP* + As |S]" + Azs | HI* | S[?
For non-abelian one needs a SU(2) fundamental scalar 0811.0172
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A ‘STANDARD’ MODEL FOR VDM (ABELIAN)

o For Ags ~ O(1) = WIMP (eq. 12074272, 12122131, 1506.08805..)
o For \gg ~ (’)(10_10) — FIMP (e.g.. 171000320
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A ‘STANDARD’ MODEL FOR VDM (ABELIAN)

o For Ags ~ O(1) = WIMP (eq. 12074272, 12122131, 1506.08805..)
o For \gg ~ (’)(10_10) — FIMP (e.g.. 171000320

What if we assume a Stueckleberg mass?

— two sectors are decoupled (effective operator? ueri2co)ie2

Bohdan Grzadkowski,Subhaditya Bhattacharya& BB)
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A ‘STANDARD’ MODEL FOR VDM (ABELIAN)
o For Ags ~ O(1) = WIMP (eg.. 12074272, 12122131, 1506.08805...)
o For \gg ~ (’)(10_10) — FIMP (e.g.. 171000320
What if we assume a Stueckleberg mass?

— two sectors are decoupled (effective operator? seri2eo)ie

Bohdan Grzadkowski,Subhaditya Bhattacharya& BB)
— gravity can sfill connect them!
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NON-l\/IINII\/[AL VD 1\/:[ (()8()22()6&()8()5). 1055,0809.2779,0810.4304,1007. 1426“.)

Action in Jordan frame:

S = /d%: V-7 B (M

~ 1~ ~ 1 ~ ~
Lov = —EXM,,X”” + §m§(XMX#

N———
Stueckleberg

Conformal transformation:

non-minimally coupled scalar DM: 1410.6436,1604.04701,1611.00725,1709.09688...
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N ON_ kiINII\TAL VD 1\:[ (0802.2068,0809.1055,0809.2779,0810.4304,1007.1426...)

Action in Einstein frame (DM-SM inferaction)

Xp SM Xp Xp
T EC
d*z P
S = e + Xpn SM a a
\,_/
Pure gravity

(DH) (DMH) + (Ly = V(H)) + i f7%0a | — fFWF””

SM
M“; Xo X (Ly — V(H)) + ]\jQX X*(D,H)'(D"H)
3 _
+ 2;;]% Xo X fA 0, f + ...

° Only pair-annihilation/production of DM
B/\S/\BENDL Q{II\/QI |QI€£Q91;|O”S 4/



DM FREEZE-OUT
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e BEQ:
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e Spin-independent
scattering:
X
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o Tree-level unitarity:
Vs < 8% Mp
o ¢ ~ O(10%9) satisfies relic+DD
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NON-MINIMAL FREEZE-IN
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¢ DM reaction density:

62 TS
4
MP

¥ X

Assuming insfanfaneous
decay

Yx (Enx/s)

2 (T —T°)
7 M3

¢ 2 10% — thermallization.

CMB: HEMB < 2.5 x 1075 Mp

Perturbativity:

Vs < 8% Mp

WDM limit mx 2 3.5 keV
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WHAT IF £ =07

SM DM

e Minimal DM production.
e Gravitational interaction:

1
v
£ Sty e Tom

deviation from flat space:

1
o 0% Juv >~ Nuv + thuu

my[GeV]

10"
e Reaction rate density
(2103.06896,2104.10699)

TS
y(T) = Ole
P

1015

TrulGeV]

e Minimal DM yield

o 107 10° o 107 Yx o (T}h /MP)3
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CONCLUSIONS

e Non-minimal coupling can provide viable VDM even in the
absence of Higgs portal.

Simplest set-up with only TWO free parameters.

ffreeze—ou‘r < §freeze—in-

For ¢ = 0 the two sectors can still communicate via graviton
exchange.

Minimal gravitational DM production is unavoidable.
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CONCLUSIONS

e Non-minimal coupling can provide viable VDM even in the
absence of Higgs portal.

Simplest set-up with only TWO free parameters.

ffreeze—ou‘r < §freeze—in-

For ¢ = 0 the two sectors can still communicate via graviton
exchange.

Minimal gravitational DM production is unavoidable.

iMuchas gracias!
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Backup Slides
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FREEZE-OUT ANNIHILATION CROSS-SECTION
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DECOUPLING LIMIT(FOLLWOING JHEP12(2020)162)
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