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Inflation it

Apparent cosmologist’s prior on new physics

* counter example: Erminia’s talk
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e Much easier to fin models with new
sighatures

o Often more visible effects at LSS than CMB

Will consider dark matter with dynamics: AIDM ?



What kind of dark matter interactions?

 Jo affectk =1 Mpc- Generally implies light mediator: m = keV

 Cosmology of at least two “dark” species: dark matter + mediator
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 Jo affectk =1 Mpc- Generally implies light mediator: m = keV

 Cosmology of at least two “dark” species: dark matter + mediator
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— Simplicio: Isn’t this light mediator condition

S5, [LEOGALILEIINSZr 228 1

B O neng s | designed to make the signal visible?

— Salviati: Most signals we are (will be) sensitive
to will require some coincide/tuning so they
happen somewhere between equality and today.

g

.~ W;!g — Sagredo: Boh, two dark species seems reasonable.

*- GMT: hope | will still be allowed back to GGl



Coherent long range interactions

If all particles have the “same charge”, this leads to macroscopic forces, similar to
gravity » Qo talk to the organizers!
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Dark matter self-interactions

 Effects dominated by interactions between individual particles:

O

0\/
o —o

 Dark matter self-interactions: no effects at the linear cosmology level. Lots
of studies about impacts to effects in halos (core-cusp, diversity...). Not
obvious If any interesting signatures at large scales



Since we have two species,
there are more possibilities



Dark matter - dark radiation interactions
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*Cyr-Racine, Sigurdson, Zavala, Vogelsberger, Phys.Rev.D 93 (2016) 12, 123527



Dark matter - dark radiation interactions

["x T"

- ~

10 10'2 100 103 10°
1.0 q==nnns T
0.8 A
0.6 A
S
2.
0.4 -
—— 100 MeV, 1073* cm?
—— 100 MeV, 1073 cm?
0.21 10 GeV, 10734 cm?
10 GeV, 1073° c¢m?
0.0 T TWEMZRO Y NN A
10° 101 102
k [h Mpc™']

- Crumrine, Nadler, An, Gluscevic, Phys.Rev.D 111 (2025) 2, 023530 *See also Matteo and Ely’s talks



Dark matter - dark radiation interactions
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Sharper small feature: CDM + IDM

* IDM and dark radiation tightly coupled

7 / 21,2 <. —
o _ Pidm 2=
4ppR 3(1 +R)



Sharper small feature: CDM + IDM

* IDM and dark radiation tightly coupled

7 / 21,2 <. —
o _ Pidm 2=
4ppR 3(1 +R)

« Evenif I'/H > 1, perturbations entering the horizon after R >> 1 grow like CDM

o |f decoupling happens, I /H < 1, perturbations at all scales can grow



IDM + CDM structure growth

DM perturbations (k=0.5 h/Mpc) Power spectrum suppression: varying z;
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IDM + CDM structure growth

DM perturbations (k=0.5 h/Mpc)

Power spectrum suppression: varying z;
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> when to keep information about relative density

field? (see Safak and Francesco’s talks)



uilty of signal model building.

Let me confess to also trying to solve anomalies



HO, sound horizon,
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See Julien’s talk
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Dark radiation increases H(z) pre-
recombination = raises Ho

* will take dark-radiation to be self-
interacting to help more



Challenge: diffusion scale

1
's & H. Silk damping
T moves to larger
r, o scales
H.:
_E
2
ld




Enhacing power at small scales

* Within LCDM, can enhance ns: tradeoff more power at high | = less at low |

* Could also change He abundance (hard to change it enough to work)

Can new physics add an scale dependent effect?

Power spectrum suppression: varying z;
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Dark interactions and CMB

TT residuals: varying fiam TT residuals: varying lo me/m,,
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Phenomenological interacting dark sectors




3 relevant parameters: Nidr, fidm, Zdec
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P(k) / P(k)Acpm

What about the power spectrum?

Power spectrum suppression for best-fts (DH/D)
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Power spectrum suppression for best-fts (DH/D)
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Seems like we have sensitivity to O(1%) features in the power spectrum!



Seems like we have sensitivity to O(1%) features in the power spectrum!

Power spectrum suppression: varying logio (m./m,’)

1.00 - ”-”
0.95 - S
=
A
2 0.90 - “l T
O il
< * "
< l :
= 0.85 |
ANq=0.1
fadm =4%
0.80 -

- 10g10 (me//mpf) =-5

- 10g10 (me'/mp') =-3

0,75+ INSPIred by Sam’s talk, but

107 10 10" 10° 10" 10

k UiMpe] not primordial and linear in K




| didn’t forget about Erminia’s talk

TT residuals for best-fits
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Preliminary ACT

B SHOES
B No SHOES

.

Gb) - not looking promising
- to solve Ho
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Summary

Dark matter interacting with dark radiation leads to interesting features in the
power spectrum

Relaxes the bound on Neff (also other shifts, like Qm)
BOSS full shape seems sensitive to O(1%) features in power spectrum at k = 0.1
ACT might effectively rule out “simple” interacting dark sectors as solutions to Ho

Interactions in the dark sector still a useful framework to consider well defined
signal targets for upcoming surveys. Maybe natural simplified models approach for
a large class of LSS signatures?
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