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SUMMARY
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m Mirror Matter: A possible dark matter candidate (dissipative and
collisional)

m Rotational curves of galaxies and mirror dark matter: Modified
Newtonian potential

m How to obtain a modified potential between visible and dark matter
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THE DARK SECTOR

m Observations (CMB,LSS, astrophysical dynamics,...) = Visible(b) is
just a little component of the Universe

m The biggest part of the Universe is composed by Dark Energy (A) and
by Dark Matter (dm) (Radiation (R) is negligible) (Q; = pi/pc):

ToTAL AMOUNT

Qiot =N +Qu+Qr>1 Qu=Q+ Qim
Qpr ~ 1072 Q= 0.76
Qam = 0.20 Q, =0.04

m Candidatates: axions (m ~ 1072 eV), neutralinos (m ~ TeV),
wimpzillas (1014 GeV),. ..

m Visible and Dark Matter have not the same origin: =
Why Qb ~ Qdm? Q/\ ~ Q/\/l?
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MIRROR MATTER AS DM CANDIDATE

m It exists a hidden duplicate of our sector of particles and interactions
(M), similar to the visible ordinary matter (O)

m Sector O: weak interaction V — A (chirality L, parity
non-conservation).
Sector M V + A (chirality R) = L-R symmetry of the nature is

restored.
SYMMETRY OF THE G x G, (G = SM, GUT,...)
Lo <G
Ly < G

Liot =Lo+Ly+ Line <= G x G

E.G.: STANDARD MODELS: Gsy = SU(3) x SU(2), x U(1)

Gsy — 3 families of quarks and leptons and 1 Higgs
Gy — 3 families of mirror quarks and leptons and 1 mirror Higgs
Particles O are singlets of Gg,, and vice versa.
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SYMMETRIES AND POSSIBLE INTERACTIONS

CHIRALITY SYMMETRY

m direct (D): L—-L,R—-R, V-V ¢—¢

m Parity symmetry (MP) (exact symmetry):
LR, R=LU, VoVt g d

SYMMETRIES OF VEV (HIicas) v = (¢)

m Symmetric Mirror (S): v =/

m Asymmetric Mirror (A):v # v/

m 7' < T (post-inflation) = nj > ny, in particular n}, ~ 5n, = mirror
matter = dark matter.

m Possible interactions: gravitation (G x G’), photon mixing, neutrinos,
Higgs, common gauge bosons.

m In particular: G x G’ x H = Neutral meson oscillations (7 — 7/,

n—n,p—=p,...)
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GALAXY DyNnaMmiIcs: CDM

m Visible Matter Density in the galaxy (e.g. disk galaxy):
o(r) = oge~"/" along the disk (Freeman,1970) (ro ~ 3 kpc, bulge
size)

m Rotational velocity of objects (stars, gases, ...) at r form the center
should be v(r) o< 1/4/r, Instead it tends to the flatness around the
maximal value: Dark Matter in spherical Halo

MoDELS: 1T, NFW, M

a [ v ‘model

N " 2 3 0 IT
Pam(") = GIyF/m 0% 1 3 1 | NFW
15 3 15| M

GRAVITY BETWEEN TWO SECTORS IS NEWTONIAN

V(r) = G

My + My,
r
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NFW ISSUES

CusP PROBLEM

NFW, M,. .. have the cusp problem: divergence for r — 0
p(r) ~ 1 45

DWARF GALAXY PROBLEM: E.G. DD47 (SALUCCI ET AL.,

2007)

Rotational curves in dwarf galaxy grows less than those predicted by NWF
mass distribution in galaxy
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THE UNIVERSAL ROTATIONAL CURVES, (SALUCCI,

SINCE 1988)

U = -185 > = 184 < = -200
aans B Sazasnsaas o ™™ T

VIR V{R)

VR V(R

VIR V(R

VIR)/V(Repa)




GALAXY DYNAMICS WITH MIRROR MATTER

m Mirror matter is (dissipative and collisional): visible and dark matter
in the galaxy have the same distribution in galaxies

m If gravity is universal between the two sector we can not reproduce
rotational curves

m Solution: gravity between two sectors is not universal,mixing
mechanism between gravitons belonging to both sectors O and M.

STATIC MODIFIED POTENTIAL, f, = 10 = 20 KPC
M1+M2+ My — My, _ -

V(r) = Gy

2r 2r
V(ir<rm) = G% V(r>rm) = G%

WEAK FIELD LIMIT (BIGRAVITY)

Each sector has its own gravity: hy,, hou.

EGrav — E(hl) = E(h2) = Ema,ss(hl - h2)
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ROTATIONAL CURVES AND MIRROR MATTER

v(r) [km 5] —— Bigravity
0 5 10 15 20 25 BOI tkpe]
5 10 15 20 25 BOr tkpe]
R onal C ] Mirror rotational curve with
I\/;)ta;/llona. hurves \/230ryk|ng modified potential and isothermal
2/ My with 1 = pc with ordinary CDM
MIRROR DARK MATTER NEWTONIAN MODEL
o1(r) = o1(0)e~"/"n —r/n,
1(r) 1(0) p(r) = pp(0)e™"/"
aa(r) = a2(0)e™"/" 1

Pdm(r) = Pdm(o)m
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VARYING r,,=10,15,20 KPC
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NGC 2403: M,/M; =10, r,, = 10 KPC
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vDVZ DISCONTINUITY PROBLEM

m Weak field model in bigravity = massive graviton oc h,, h*" — h?
(Pauli-Fierz, ghost-free) but with van Dam-Veltmann-Zhakarov
Discontinuity (vDVZ).

m It exist a deviation of 4/3 with respect the GR prediction for the light
bending (precision tests in the Solar System 1074).

m Bigravity tan = Map;/Mypy

ho \ _ cosf sind h1
hm )\ —sinf cos# ho
BigraviTy: vDVZ MODULATED BY 0

2
M; + My n %GMltaner = Mge_r/rm
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GRAVITY WITHOUT DISCONTINUTY

m Mass term, with m; # m; (Rubakov, 2004)

MZ
Linass = TPI (mghgo + 2mihg; — myhs + m3hi — 2mghoohii) |

breaks the Lorentz Invariance by preserving the spatial rotations
50(3).
m Yukawa solution ((l/r)e_’/’m)

m The mass term emerges in the weak field limit in multigravity models.

N M2 )
> 2 [ dtey=giRlg] + £100) + it [ a5V ..o en)
i=1

weak field limit, quadratic order, = gj,, >~ Ny + hiu. Interaction =
Rubakov mass term. h,, = vectors, m, = matrices)
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PARAMETRIZATION

hoo = ¥
hoi = u; + O;v
hij = xij + 20isj) + 0i0j0 + 0;T

m Scalar Sector = static potential.
m General Solution Static Potential
T, Ts

2A—mg+2A—mé’

o =

m Suitable choices of parameters = A single Yukawa. & = my/ms,
& = my/my. In particular & = (1 + £3)/3¢5 =

1 Too+ T

B e L
M2, 24 — 3m3
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BACKGROUND AND FLUCTUATIONS (HYPOTHESES Mp; = Mpjp)

Bilpv = Muv + hl;u/ Nuv = d’ag(17 -1,-1, _1)
oy = T oy Ty = wzdiag(cz, -1,-1,-1)

INTERACTION TERM

pt / d*x¥gigV (g1, &2)

= X!' = g{"” g, Equation of Motion for X = V(X) = V/(X =0)) =
Lm~ xV"(X)x (where X ~ X + x).

m Gauge invariance under the residual diffeomorphism group (massless
graviton) A — hIY = Y — OBy — V€ = mp =0 (2 x 2) =
Static Potential is not Yukawa (BCNP,2007)
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EFrFECTIVE BIiGRAVITY N = 3
)

g1, My g2, M3

HYPOTESES (Mpjz > Mp;; = Mpjp): EFFECTIVE BIGRAVITY

812 = NMuw + Mo 8w = T + 3 [ d*x 818283V (61, 82, 83)

Defining X{5, = g1”g2pv and XI5, = g1 g3, and related perturbations,
we obtain L, (second order); m; (3 x 3) There is a vanishing eigenvalue
= It exist a Yukawa term in the static potential
ACCELERATION INDUCED BY THE MIRROR MATTER
Mi+M Mp— M r _r
1 : 2 M : 2 (14 o
2r 2r
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CONCLUSIONS

m Dark matter could be collisional and dissipative (Mirror Dark Matter)

m Dark matter is distributed in galaxy like visible matter, i.e.
exponential along the disk.

m This scenario is in agreement with experimental observations if we
consider a modification of gravity at galactic scale (10 = 20kpc).

m The required modification of gravity can be obtained in multigravity
theory with Lorentz breaking.
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