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Exploring the Dark Sector

Most of DM models and searches assume the existence of a portal between visible and dark sector

Baryons
DM
Portal

Terrestrial (direct detection, colliders), astrophysical (indirect detection) and cosmological probes
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No portal, only gravitational interactions between DM and visible matter. Known examples: PBHs, Fuzzy DM...
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Exploring the Dark Sector

No portal, only gravitational interactions between DM and visible matter. Known examples: PBHs, Fuzzy DM...

Baryons

DM No portal

Internal dynamics in the dark sector?
o Dark phase transitions?

o Longrange interactions?

DM DM



Exploring the Dark Sector

No portal, only gravitational interactions between DM and visible matter. Known examples: PBHs, Fuzzy DM...

Baryons

DM No portal

Internal dynamics in the dark sector?
Testable with precision cosmology

" o pnese T / Future experiments will significantly improve the sensitivity

o| Long range interactions?

DM DM



Exploring the Dark Sector

Current and future galaxy survey will make LSS competitive if not more precise probe than CMB

Sailer et al. 2016
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Fifth forces in the Dark Sector

DM DM

Scalar mediator

!
meX e~ MsT

Vs(r) = —4nSGN
Los? — '
X SY \ ) ) 5 Space-time
mx — mx(s) — (1 + 2S)mx dependent
DM mass!
Working assumptions
» Effectively massless mediator mg < Hy >~ 10733 eV

~d

* All DM feels the fifth force fyx = px/Pm = fom = 0.85

M. Archidiacono, E .Castorina, D. Redigolo, E. Salvioni - 2204.08484



Fifth forces in the Dark Sector

DM DM

Scalar mediator

!
meX e~ MsT

Vs(r) = —4mBGN
Lo — r
XX SY \ 5 9 5 Space-time
my — ’mx(s) = (1+ 23)mx dependent
DM mass!
Working assumptions

NatUl’aIness

« Effectively massless mediator |ms < Hy =~ 107% eV 001\7 /m.\ 2
\ m, < 0.02 eV (—) ( )

« All DM feels the fifth force fx = px/pm = fom ~ 0.85 B Hy

Scalar DM produced via
misalignment is favored

M. Archidiacono, E .Castorina, D. Redigolo, E. Salvioni - 2204.08484



Fifth forces in the Dark Sector

Different bkg evolution: modified distances d(z) o« H™ ' = (Hacpm + AH) ™
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Fifth forces in the Dark Sector

Different bkg evolution: modified distances d(z) H ' = (HacpMm + AH)‘1
From m.(S)

Typically overlooked
in literature
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Fifth forces in the Dark Sector

Different bkg evolution: modified distances d(z) x H ' = (HacpMm + AH)*1
From m,(s)

Typically overlooked
in literature

Faster growth of matter fluctuations

a

6m(a) — Dm,ACDM(G) (]- + gfiﬁ 10g ) dm(aeq)



Fifth forces in the Dark Sector

P(k) [Mpc®h™?]

P(k)/P(k)acom

Different bkg evolution: modified distances
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d(z) X H_l = (HACDM + AH)_l

From my(s)
Typically overlooked
in literature

Faster growth of matter fluctuations

5,.(a) = Do acona(a) (1 + 2 12810

a

) bl

Log-enhanced growth!
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Fifth forces in the Dark Sector

Different bkg evolution: modified distances d(z) o« H™ ' = (Hacpm + AH) ™

b (@) = Dinscon(a) (14 ££26108

From my(s)
Typically overlooked
in literature

Faster growth of matter fluctuations

a

) bl

Log-enhanced growth!

EP violation: non-trivial evolution of
relative fluctuations

51(a) = 2 Bfydm aconi(0)



Fifth forces in the Dark Sector

Different bkg evolution: modified distances
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5,.(a) = Do acona(a) (1 + 2 12810

d(z) x H ' = (HACDM + AH)il

From my(s)
Typically overlooked
in literature

Faster growth of matter fluctuations
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) bl

Log-enhanced growth!

EP violation: non-trivial evolution of
relative fluctuations
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Effects on linear cosmology

In

CMB power spectrum mostly affected by bkg

arec

Bfilog — ~ 3 < 1

eq

Shift in the peaks from modified angular
diameter distance

nw Frec dz

~ DA(Zrec) X

Cslrec 0 HACDM(Z) + AH(Z)
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Effects on LSS

Problem: we observe galaxies, which track dark matter fluctuations ———> Bias expansion



Effects on LSS

Problem: we observe galaxies, which track dark matter fluctuations ———> Bias expansion

84(k) = b16m (k) + bp0, (k) +
—
Fluctuation of the galaxy

: : 1 dn
number density Bias parameters  b; = J

g do;

A A
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Effects on LSS

Power spectrum  (8,(k)d,(K)) = (2m)36) (k + k') P(k)

2 4
P(k) = (1+ gf;imog 1 ) PkéDM<k)+(1+§f§mog ai) Pycpnt (k)+fyBAP(k)

eq



Effects on LSS

Power spectrum  (8,(k)d,(K)) = (2m)36) (k + k') P(k)

2 4
P(k) = (1 ¥ gf;imogi) PXéDM<k)+(1 + 2 f2Blog ai) PAoiSoP (k)+ £ BAP (k)

eq

Bispectrum OHD2(k)SB (1)) = (2m)36 BN (g + k + k') B(q, k, k')

6
B(q, k, k') = (1 + 5f§ﬁlog

1 4
) Broon(a, k. k) + fLBAB(g, k, k)

=l



Effects on

Power spectrum

LSS

P(k) = (1 + gfimog

2 4
1 - 6 1 oo
—) PkCDM<k)+(1+5f§ﬁlog — ) Pacoat (k) BAP(K)
q

Bispectrum OHD2(k)SB (1)) = (2m)36 BN (g + k + k') B(q, k, k')

B(q, k, k') =

* From 0m C 9y
* Log-enhancement

[ 6
\1 + 5fiﬁlog

1

4
) BACDM (Q7 k) k,)

e Globally rescaled ACDM structures

T fxﬁAB(% k, k,)

=l



Effects on

Power spectrum

LSS

P(k) = (1 + gfimog

2 4
1 - 6 1 oo
—) PACDM<k)+(1+5fiﬁlog — ) Prcont (k) BAP(k
q

Bispectrum OHD2(k)SB (1)) = (2m)36 BN (g + k + k') B(q, k, k')

B(q, k, k') =

* From 0 C 04
* Log-enhancement

[ 6
\1 + 5fiﬁlog

1

4
) BACDM (Qa ka k’) T fX/BAB(Q7 kv k'

e Globally rescaled ACDM structures

From 0, C 0,
Different spatial structure
* Not log-enhanced
Possible poles in the squeezed bispectrum

=l
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Effects on LSS
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CMB alone already constrain /3 at the percent level,
but suffers from the usual O /Hg degeneracy

BAO break the degeneracy

BOSS data not enough precise to improve the bound
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* CMB alone already constrain /3 at the percent level,
but suffers from the usual O /Hg degeneracy

 BAO break the degeneracy

* BOSS data not enough precise to improve the bound

* Euclid will further improve the bound by a factor 3,
thanks to a better determination of b;
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* Bound driven by the power spectrum
* Bispectrum dominated by systematics



Effects on LSS
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Effects on LSS

6 1\
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Effects on LSS - Pole of the Bispectrum

In the squeezed limit with two different tracers, the bispectrum has a pole

67 A k L oo
A /\ (}i_l;% ABaap(q, k, k") q_QPlin(Q)Hin(k)

Creminelli et al. - 1309.3557, 1311.0290, 1312.6074



Effects on LSS - Pole of the Bispectrum

In the squeezed limit with two different tracers, the bispectrum has a pole

EP violation!

L

lim ABaap(g, k, k') o< 22 P (q) Pin (k)
qg—0 q

Still feel a long wavelength potential!

N
4 N

Boost to free- ‘
- $
B

fall system A

Creminelli et al. - 1309.3557, 1311.0290, 1312.6074



Effects on LSS - Pole of the Bispectrum
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Effects on LSS - Pole of the Bispectrum
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Effects on LSS - Pole of the Bispectrum
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* The prominence of the
pole depends on the
difference of relative bias



Effects on LSS - Pole of the Bispectrum
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Effects on LSS - Pole of the Bispectrum
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Conclusions

Dark fifth forces affect cosmology in three ways

* Background evolution

* Early time observables like CMB constrain dark fifth forces at percent level w.r.t. gravity

* (Log-)enhanced growth of matter fluctuations
e LSS (Euclid) will constrain dark fifth forces at the permille level w.r.t. gravity

* Power spectrum determines the bound while the bispectrum is systematics dominated

* Large relative fluctuations
* New spatial features and violation of EP and consistency relations

e Relevant for small DM fractions



Outlook

2204.08484 S is a fraction of DM
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Back-up



Naturalnhess of the model

Assuming scalar DM:

1 1
L= 5 WO X — = 5 sz + — 8 sO"s — Vy(s) — gpmy sx°
2
Simplest case: quadratic potential B )
47TGN’TTL?<

Estimate of the one-loop correction to the scalar mass gives:

o b
(47)% M3,

0.01\ T /my) 2



Relation with other fifth force experiments

The scalar mediator can couple to the SM if DM does, e.g. the axion

a F a ~ a3 a ~
. [z a pur a 2
L= SN _fa F, F" + - _fa GWG gpmgSsa
ﬁ 2
DM DM

d. d,b
L= \/47Gys (ZFWFW + 9830‘3 Ge,GM @+ . )
v

2 2 °
My (8} —10 6 Ma —4
de ~ ~ 2 1
Vi (4%) 622 =21 Voo ( ) = MICROSCOPE

2 2
Mg o3 6 | B [ma 6 (1712.01176)
d, ~ ~ 1 < 2.
g \/B(4Wfa) Sy =3 10 \/0_01(]0&) <2.9x10




BOSS FS + BBN
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Non-adiabaticities

W 5, = 1074 @y, Planck TT, TE,EE + BAO
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CMB lensing
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