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Dark Sector Candidates, Anomalies, and Search Technigques
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o Strong cownstraints from Direct Detection:
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~IMTs

3 V’erj weak thberactions avoid debection bounds

o Produced non-thermally via scattering or decays.

Increasing Renormalisable ink.:
coupling

strength IR dominaked!
A~ g?

Nown-renorm. uak.:
UV dominated!
)l
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Crravik C interacting massive
particles as FIMPs?

Leff =0nGlip To)'  Cu ~

o The freeze-in process will be inevitably UV
dominated, hence depev\d crucially on the
reheating temperature,

o The coupling is very wealk -» (very) large
masses required!



Crravik . tnterack LG massive
Far% tcles as FIMPs?

Lepsf =0nGin T Cu~

KK gravitons from
a flab Xdim
(stable by KK parity)

MSloth et al, 1709.096%%



Chiral enhance e ik
O %h e rescue

o What happens for Light gravitons?

o We consider a general case, one massive graviton and no parity,

v SM
o Lelts consider the process: ¢+ g — gluon+G

For massless fermion:

(in Line with the naive &xpea&a&wm)
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o What happens for Light gravitons?

o We consider a general case, one massive graviton and no parity,

e DR @l LA SIS
ff H &) + pv H Mo

o Lelts consider the process: ¢+ q— gluion+G

For massless fermion: For massive nfermf,ow

~ 256mC2 (jb m?2s (s + 2m?2)

(in line with the naive @-XF'EC&Q&OV\) (applies below the EW phase transition)
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For massive fermion: Huge enhancement!

4
My ~ 1012
MG ~ 2 MeV

o Easy to understand: it comes from the Llongitudinal
mode of the massive graviton

- 2567rcg'b'+2m

Sum over graviton polarisations:
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For massive fermion: Huge enhancement!

4
My ~ 1012
MG ~ 2 MeV

=y :-\. e s 1

256mC';

Simailar processes with the Pko&am swaller by the electromaqgnetic ﬂaugtiv\g.
Heavier quarks conkribute: bottom and charm.
(the top is not i thermal equilibrium)



C:, h LY OJ, Mk ancemwe M%
@17\ &h ¢ Tesiue

o Computing the relic density WS T (ki

"o OM}
1 e qr = 2\1/2
VIR = 5518 /TQCD SII /4 ds(s — dmg) """ Agq Inteqral starts at the
/3 © (s —m2)’ /5 EW phase kransition
>+2/ ds 3/9 Aqul( )) (8) % f
I s r emperature,

Numeritai.bjz

M,
3.6 x 1079 GeV

~ 3.0 x 103! QeV? j(\,;fi? this indicates MeV graviton mass.

Orh® = YIr

For Plawnclk ﬂauptur\gs ;




This is nobt the
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o The graviton can dec:av:

9C2 M}

For MeV masses: D(G = eTe” +vivi+77) ~ — o

o Lifetime bounded by CMB and indirect detection:

T= 1027 SCC 13094091, 1610,10081

& Hewnce:

1.6 MeV \ ° 1027 Sec
Me

Qrh? <0.12 x (

TG
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Summary so far:

We discovered a chiral enhancement in processes
tavolving SM fermions (and one massless qauqe
bosown).

The FIMP relic becomes IR-dominated, even though
generated via non-renorm interactions.

A massive graviton below 1.6 MeV can saturate the DM
relic clemswj«

Can we embed this graviton in a complete model?



Agashe et al, 160%,008526
Lee et al, 2109,1093%
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@ The theory feakures many KK massive gravitons. Hence
mu&iﬂcompomamﬁ DM may be allowed.

o A light radiown r is also Far@.sem&:

Lofr=Ch Z G T+ dy 1V, VH B x>
: Am 42 Jo(x,)

+ C)y <2G(”')’"UG2V — GS")"'GQU) Cr B L v/(_i(l _ J()(xn))
+ CoQ(G3,G?r,Gr2, 1), My x;J2(x,)




o Lifetime of the KK gravitons:
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Prompt decays of KK gravitons in radions.
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2) Mgy < 2m, < Mas

G1 — Go+r ?Lau&lf--suppressed
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3) 2mr > MGQ

Case 3 is safer, as it leads to longer
Lifetimes for 1.

G3_|_ — 2G while &2 stable |
G2 remains also long-Llived.,
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Conclusions

Massive graviton production enhanced below the EW
breaking scale (chiral enhancement)

Freeze-itn dominaked bv the EW scale

For masses below 2 MeV, the correct relic can be
obtained

This applied to a general class of spin-2 models



