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OUTLINE OF THE TALK

Motivation and current status

Cosmological effects of neutrinos

Neutrino mass measurement in the next 5 years
Experimental details and degeneracies

Conclusmns Allison et al. (2015), arXiv:1509.07471
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COSMOLOGICAL EFFECTS OF
NEUTRINOS

Neutrino of mass m, = 100 meV transitions at z ~ 200

Neutrinos RELATIVISTIC Neutrinos NON- RELATIVISTIC
(act like radiation) (act like dark matter)

Early ISW effect
Last scattering surface

First Galaxies
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Neutrino free-streaming
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COSMOLOGICAL EFFECTS OF
NEUTRINOS

20 X1077

Observables

« CMB primary

« CMB lensing
 BAO distance ratio

« SNe

*  Cluster counts

« Galaxy clustering

+ Galaxy weak lensing
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MASS CONSTRAINTS IN NEXT 5-10
YEARS

Experiments

CMB BAO

Planck 2015 BAO-15: BOSS Low-Z, CMASS,
Full Planck (large-scale HFI pol.) 6dFGS, SDSS MGS.
CMB S3 e.g. AdvACT, SPT-3G DESI

CMB S4
lin |

min, ‘max, ---

For each experiment must define noise properties, f,,

See bonus slide for
detailed specifications
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MASS CONSTRAINTS IN NEXT 5-10
YEARS

Visualising the constraining power
of CMB lensing and BAO
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MASS CONSTRAINTS IN NEXT 5-10

YEARS

*  Constraints marginalised over LCDM parameters

*  BAO helps to break degeneracies in the CMB

«  Lensing information in primary spectra (T + E) 1.0 ¢
and 4-point function is important

0.123

P15+BAO-15

0.122

0.121
N
< 0.120
c

0.119

0.118

—- 53-wide+BAO-15
S3-wide+DES|
0.8 -—  S4(¢ > 50)+DESI |
—  S4(¢ > 5)+DESI
06| 5
W S
Q \

Planck-pol
-+ Planck-pol+BAO-15
—  S3-wide
- S3-wide+DESI

- zigiiig;mw 0.2 .\,
oM 50 100 c ’;éyo[mev]zéo %0 300 0 | N "‘\ .

Forecast constraints 0 >0 Zm,,l(E&eV] 150 200

(103 (P15 + BAO-15) .

, Current constraints
£m,) |44 (S3wide + BAO-15)
o(Xm,

T2 = {922 (S3-wide + DESI) 0 moe’ < 2y, < A mety
19 (S4 (£ > 50) 4+ DESI) (v oscillations + CMB + BAO)

|15 (S4 (¢ > 5) + DESI) iy

AN N7 A7 4



IMPORTANCE OF LARGE-SCALE
POLARISATION
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DEGENERACIES WITH /CDM
EXTENSIONS

S4 (/> 50) + Planck Pol. + DESI constraints
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DEGENERACIES WITH /CDM
EXTENSIONS
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DEGENERACIES WITH /CDM
EXTENSIONS

Use other LSS probes e.g.,
galaxy shear

Q: How to discriminate /
account for multiple
extension models ?

Q: Do the data require
more complex models than
LCDM to be explained? Or

is simple LCDM enough?

Ans.: Bayesian model
averaging

Massive neutrinos more
natural extension to LCDM
than DE or curvature.

%10~
Cosmic shear power
1] | Spectrum
by
Ly
I- =
IIIIIIIIIIIII
100 200 300 400 500
14

Black uncertainties represent a hypothetical future
weak-lensing survey (f, = 0.5, ny, = 10 arcmin,

LSST ‘gold sample’ redshift distribution).



CONCLUSIONS

CMB + BAO will ‘detect’ the W
neutrino mass at 30 within 5 R T
years (even in minimal mass -
scenario) :

Large-scale CMB polarisation
important V - =

Strong degeneracies with LCDM
extensions: must be handled o
properly for convincing detection =

Other LSS probes will help!
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EXPERIMENTAL DETAILS

Experiment fo, v/GHz Imin lmax FWHM/arcmin AT /uK-arcmin AP /uK-arcmin
Planck-2015 0.44 30,44,70,100,143,217,353 2 2500 33,23,14,10,7,5,5,5 145,149,137,65,43,66,200 -,-,450 - - - -
Planck-pol - -,450,103,81,134,406
WMAP-pol 0.74 33,41,64,94 2 1000 41,28,21,13 - -,298,296 425,420,424 -
Experiment fsy DBeam AT AP
(arcmin) (puK-arcmin) (puK-arcmin)
S3-wide 0.4 1.4 8.0 11.3
S3-deep  0.06 1 4.0 5.7
S4 0.4 3 1 1.4

CV-low 0.4 60 1 1.4




LENSING INFORMATION

B-mode highly correlated with lensing potential since generated from lensing of
the E-mode polarisation

Modeling correlation is difficult analytically since the lensed temperature and
polarisation are non-Gaussian fields if the lensing potential is not fixed.

Benoit-Lévy et al.: for S4-like experiment, 20% inflation of neutrino mass
uncertainty due to non-Gaussianity on neutrino mass.

Unlensed Lensed TT, TE, EE Unlensed+xk

(2-point only) (4-point only)
S3, o(¥m,): 435 75 61
S4, o(Xmy): 363 64 53




S3/S4 COMPARISON
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21CM TAU PRIOR
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FISHER MATRIX FORECASTING
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