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Example: Bose-Einstein Condensate  [Dg, Colombo, Liberati, 2014]
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Non-minimall_y coupled fluid

[DB, Liberati, Sindoni, 201 | ]
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Non-minimall_y coupled fluid

[DB, Liberati, Sindoni, 201 | ]
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- Conformal coupling
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[Brown, 1993]
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Non-minimall_y coupled fluid

[DB, Liberati, Sindoni, 201 | ]

Disformal coupling

d*z/—g€(p/ p* S fiuidlg, m|

[Brown, 1993]
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Non-minimall_y coupled fluid

[DB, Liberati, Sindoni, 201 | ]

Disformal coupling

+ | Sfluid[gvm]

- Conformal coupling 167G

[Brown, 1993]

S fluid = /d493 —v/—dp(n,s)

—

Not a scalar!

. —_—

e
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Non-minimall_y coupled fluid

[DB, Liberati, Sindoni, 201 | ]

Disformal coupling

d*z/—g€(p/ p* S fiuidlg, m|

[Brown,1993]
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- Conformal coupling

Sflfu,id — /d4CIZ‘ [_\/ — ,O(n, S) JaLa

Not a scalar! Lagrangian multipliers
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Non-minimall_y coupled fluid

[DB, Liberati, Sindoni, 201 | ]

Disformal coupling

+ | Sfluid[gam]

Conformal coupling 167G

[Brown, 1993]

Sfluid — /d4£IZ‘ [_ V — ,O(n, 8) JaLa

—

Not a scalar! Lagrangian multipliers

N~ — —

What should we expect
e Not a scalar-tensor theory: po(|J|/v/—g,5s)

* Higher derivatives of fluid variables 9
* Modified TD properties: f # f— ST 8—'0 nl’
S
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Cosmological background evolution

[DB, Liberati, Pettorino, work in progress]

Conformally coupled fluid

p+3H(p+p)=0

3H® [Mp; + as (¢ —3(p+p)¢)] = p
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Cosmological background evolution

[DB, Liberati, Pettorino, work in progress]

Conformally coupled fluid

p+3H(p+p)=0

3H® [Mp; + as (¢ —3(p+p)¢)] = p

Disformally coupled fluid

p+3H(p+p)=0

i ; i
3H” |Mp, + 5041%5/(,0 + p)

(R [ M+ S5 (4g +38 (p+p)| = £ — Zan € - HE
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Newtonian limit [DB, Liberati, Sindoni, 201 1]

e Consider small perturbation around flat space-time 9uv = Muv T Yuv

Modified Poisson equation

* For flat fluid distributions or other fluids dominance effects are negligible

More degrees of freedom

2

1 o)
[Oés <§77ijv2C + 37;33'C) — —ijVQcS]

T ———— . = = - ——

e Deviation from GR. Constraints from 1 — w/gb <1

Dario Bettoni NORDITA - 01/10/2014



N ewtohnian ||m It [DB, Liberati, Sindoni, 201 1]

e Consider small perturbation around flat space-time 9uv = Muv T Yuv

Modified Poisson equation

* For flat fluid distributions or other fluids dominance effects are negligible

More degrees of freedom
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Newtonian limit [DB, Liberati, Sindoni, 201 1]

e Consider small perturbation around flat space-time 9uv = Muv T Yuv

Modified Poisson equation

* For flat fluid distributions or other fluids dominance effects are negligible

More degrees of freedom

* Spherical symmetry

e Deviation from GR. Constraints from 1 — w/gb <1
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FI U i d evo I Utl on [DB, Pettorino, Liberati, Baccigalupi, 2012]

[DB, Liberati, in prep., 2014]

Conformally coupled fluid

p+0(p+p)=0

1o = — H°"V,p+ H°”V,In(1 — ac(R)
PP

Effective pressure —
Mixing terms  —

Higher derivatives —

Dario Bettoni NORDITA - 01/10/2014



FI Ul d eVOI Utl on [DB, Pettorino, Liberati, Baccigalupi, 2012]

[DB, Liberati, in prep., 2014]

Conformally coupled fluid

p+0(p+p)=0

W = ————H"V,p+ H"V, In(1 — ac('R)
PP
Disformally coupled fluid

p+0(p+p)=0

i [p—on (¢ €) ()] = —amn { o (é+06) + i)

+ — o€V u*R,, hPV gu”
Effective pressure — ar1€ — P& u gt BU

. 1
Mixing terms — +apu®uhoP {gvaRm — §p§’V5Rafy}
Higher derivatives — 1 , B ot
‘|-§04R {pE(R)} h7PV 5¢
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Conclusions

NMC fluids provides interesting alternative description of dark sector

What we know

Generalized EOMs from a variational principle
Extra force acting on NMC fluid
Equations are higher order in fluid variables

Modified Planck mass

Newtonian limit: gradient correction to Poisson and ¢ # ¥

Open questions/issues

Generically can have stability issues: add counter terms a-la
Horndeski or EFT approach. (To appear soon!)

What about thermodynamic properties of the NMC fluid?
Screening?

Investigate viable cosmological solutions
Thanks!
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BACKUP SLIDES




Einstein equations

Tensor equations
(MZQDZ -+ OZSC) G/ﬂ/ — T,LLI/ + s | —Guv

R

R
¢+ VuVu( — E(P +p)('Hy,

+—- [(R) (€ = (p+p)§') Huw + (R)Eupuy

2

Trace equation

tuw + 2V Vit — 9wV, Vet

1
—R(Mpy + as) = —p+3p —3as |0C+ S (p+ p)('R

t+ (R) (3p& —2€)]
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Fluid action and equations

Action
S[g,ul/a J'ua Y 97 S, OéA? BA] —

= [ @ {=VEGp(TNVG) + I (ot 50+ Bach))

Equations of motion
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