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Summary

®* V mass laboratory constraints
®* V mass cosmology constraints
* Why & how
improving ACDM: dynamical DE & coupled DE

VS. fine tuning &  coincidence
® Limits on v mass in Mildly Mixed Coupled (MMC) cosmologies

Spectral effects of coupling & V mass not just compensating
Their sum favors MMC in respect to ACDM

* Even more when using recent WMAP7 outputs
* In case of experimental mass detection
DM-DE coupling performs much better than w<-1



V-mass experiments

Neutrino oscillation  solar, reactor experiments A mé IN 8)( 1 0_5 6V2

Neutrino mass

eingenstates different from atmospheric, accel. beam ‘A }’}’l§1|N 3 X 1 0_3 CV2

flavor eigenstates
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Cosmological data (WMAPS5)
o =t WMAP7: no major changes
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Horologium—Reticulum

Shapley

2dF galaxy redshift survey
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® 2dFGRS (Percival et al., 2001)
B 2dFGRS (Tegmark et al., 2001) .
® REFLEX clusters (Schuecker et 3l., 2001
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Other priors: -
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w = -1
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Supernova Cosmology Project |
Kowalski, et al., Ap.J. (2008)
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assume
Q=30=1,w=-1
(negligible neutrino mass)



Upper limits on neutrino mass

Mv = 2mv
(95% CL)

WMAP
WMAP+BAO+HST
WMAP+LRG+HST
WMAP+BAO+SNiIa

=-1 w=const # -1

1.3 eV 1.6 eV
0.58 eV 1.3 eV
0.44 eV 0.71 eV
0.71 eV 0.91 eV

| WMAP+BAO+SNIa
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ACDM problems

Scale dependence of
different cosmic components

in a ACDM model

* Coincidence paradox:
why now?
if earlier... no structure would form

* Vacuum fine tuning paradox
[1:10"56 at EW transition
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W # -1 and dynamical DE: T L B N T T T T T T T 1
10 —\ _
DE as a self-interacting scalar field i \ 1
(Wetterich 1988, Ratra & Peebles 1988) T
pree A = GeV -
Vipl==—— RP I
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A4+a 4 2 [ !~—------ ......... g
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These potentials admit Log(a/a,)
tracker solutions:
NO dependence on initial condition on the field
= VV,¢¢>1 Fine tuning eased (may be...)
v Coincidence still a problem
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Coupled DE case
Wetterich C. 1995, Amendola L., 2000, etc.

Energy flow from CDM to DE:

T.:,_-f.; ) :-'_-I = + {_'T':'::.I'."..-..

T

T[:} .'..l_ — — l:r__‘TI:I::."-’,r-' 1

B3 L

3 = (3/167)Y%m,C

High z :
DE density is purely kinetical dilutes
rapidly, but it continues to be fed

Low z :

DE field attains values making
the potential term dominant:
Then it overcomes matter density -5
and causes cosmic acceleration

N Ld - —y
¢ +2=6+a’V} =+ Cap.

f

g.+3d=p.=—Cpo.o
a

Different approaches:
* Neutrino DE (Wood-Vasey et al arxiv:0701040,

Hung P.Q. arxiv:0010126, Blatt J.R. et al:0812.1895v1, etc. Coincidence eased as well

But see: Bjaelde & Hannestad, arXiv:0806.2146v1)
* Coupling with T(de): Gavela M.B. et al, arxiv:0901.1611
(focused on v mass constraints)



Variable state parameter

in dDE & cDE models 0>
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MMC models: Matter fluctuations - transfer functions

(Mildly Mixed Coupled)

ANTISYMMETRIC EFFECTS
OF NEUTRINO MASS &
CDM-DE COUPLING

(Other parameters fixed)
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MMC models: CMB angular fluctuation spectrum

(Mildly Mixed Coupled)

ANTISYMMETRIC EFFECTS
OF NEUTRINO MASS &
CDM-DE COUPLING

Same parameter values
as in the previous slide
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_ 'b.f. ACDM rhodel vs. {ll:-inlnerll} data
6000 b.f. co+v model vs. (binned) data
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ACDM + v's w = const., cRP + v's SUGRA + v's

Parameter WMATD only  all data all data all data all data
102, 2,244 2,958 2.9247 2.260 2.260
“h + 0.066 + 0061 =+ 0.062 + 0.061 + 0.065
0.1156 0.1008 0.1132 0.1039 0.1042
e + 0.0078 4+ 00040 -+ 0.0069 -+ 0.0062 -+ 0.0084
1026 1.0401 1.0401 1.0402 1.0401 1.0406
+ 0.0030 + 00030 =+ 0.0030 -+ 0.0020 -+ 0.0030
. 0.085 0.087 0.085 0.087 0.088
Best-fit ' + 0.017 + 0017 =+ 0.017 +0.016 =+ 0.017
parameter values v e
. CoE = 1.20 < .66 = 0,94 = 1.13 = 1.17
for various models (95% L) |
B _ _ - 0.17 -0.18
o (95% C.L.) S s
modified COSMOMC
11 o0 A/ GeV)
& modified CAMB oo (/G _ _ 42 <63
&Moo Ll
. . 0,955 0.062 0.058 0.969 0.970
Likelihood software Tt + 0.017 4+ 0.014 =+ 0.015 + 0015 =+ 0.018
from WMAP team (10104 3.053 3.045 3.049 3.055 3.057
A e + 0,043 +0.040 <+ 0.040 + 0,040 + 0.041
_ 0.601 0.713 0.711 0.723 0.717
78 + 0.075 + 0056 =+ 0.059 + 0.062 + 0,069

B & 70.1 69.7 71.8 71.9
WMAPS5, 2dFGRS, HO, ecc. Ho (km/s/Mpe) ) 4 + 21 + 2.2 + 2.5 + 2.7

-2 In(L) 1329.39 1407.25 1407.358 1407.44 1407.33

Table 2: Best fit values and 1-o error bars. In all fits we allow for - masses. The first 9 lines concern
primary parameters. Only upper limits on M., 3 and A are shown. These variables are discussed
more thoroughly in fortheoming 2-D plots. Likelihood values are almost model independent.
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Ratra-Peebles
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+Katrin
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+Klapdor et al.
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MMC vs wCDM+M,
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Density parameter
evolution in MMC
SUGRA models




Some conclusions

* ACDM fits available data:
once A\CDM was just a counter-example for simulations...

e Coupled DE models ease ACDM paradoxes, but... do not fit data

* Coupled DE + neutrino mass fit “better” than ACDM

o 4signal” is O(1 sigma) ...

e But... KATRIN detection of neutrino mass
would apparently imply also CDM-DE coupling

e If so: also KATRIN would detect a signal on neutrino mass



Work in progress:

1. New algorithm for MCMC with new data release for various observables:
WMAP7, SDSS, extended SN catalogue, more stringent HST prior

2. Testing how far PLANCK will be constraining
* Build mock data for MMC models
* Deduce model parameter by using PLANCK “outputs”
* Consider cosmic shear observables (EUCLID project)
* How more constraining can they be in fixing

- DE state equation

- neutrino masses (?)

3. Probing lower scales: spherical overdensity collapse

Thanks for your attention!




SUGRA potential - all data (WMAPS5 + LSS + SNIa)
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Ratra-Peebles potential - all data (WMAP5 + LSS + SNia)
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