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Neutrino mass imprint on CMB by ISW

1.02

- fixing Qyh?, Q.h%, 6, Increased

by early-time ISW

| Decreased
by late-time ISW'

_—’
—
—-

Decreased
by early-time ISW

----YXm,=0.5eV

—Xm, _10eV

1 00
/ Hou et al., 2012



v)/H(zsmv=O)

H(z,

Expansion rate with neutrino mass

fixing Qph2, Q.h2, 0,

1.05F -
1.00 / §:

0.95} ]
: ——Xm,=0.5eV

0.90f —¥m,=1.0eV .
—ZXm,=15¢eV

1021, (Zurmg )/ Dy (

4

—

N~
o

10° 10" 10® 10° 10*

8.9

80 | Planck+WP+highL

ACDM+Zm

50 55 60 65 70

H, [kms'Mpc™ ]

75

0.6

0.0

[AB] ‘WX



8.5

8.0

10°r,(Zgaq)/ Dy (0.57)

BAO

HO and neutrino mass

7.5
7.0

. :
B
o3 "
b %
S
A T
B
,o’.} .
. .

| ACDM+Xm,
| WMAP7+SPT

Hou et al., 2012

- 1 ACDM+Xm,
[ Planck+WP+highL

55

60 65
H,[kms ' Mpc™ ]

70

75

80 55 60 65

70
H, [ kms ' Mpc™ ]

75

80

0.0

[A8] ‘wx



CMB Iensmg and neutrino mass
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Summary

The ratio between 6,; and 6, dominates the constraint on
Nog from CMB temperature power spectrum measurement.
The phase shift by neutrino perturbation contributes to
further constraint on N g .

Important contribution from early ISW effect to neutrino
masses constraint.

Given CMB data, the shape variation of the expansion rate
by the neutrino mass — additional sensitivity from BAO, HO
measurement

CMB lensing is also important for neutrino masses.
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