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Introduction
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Suppression of b2P(k) due to > m,, and SDSS-III BOSS Py, (k) data.
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>m, =0.014 eV
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Comparison of b2P(k) to the Sachs-Wolfe effect, og, and Py (k). SDSS-III BOSS
Pyai(k) data. Fits with free > m,, and Y m, = 0.6 eV fixed. b scale invariant.
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Measurement with galaxy fluctuations
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Densities vs. a with > m, = 1.38 eV.
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SDSS DR14 galaxies in the northern galactic cap. 400 Mpc along
line of sight (z = 0.5 4 0.046), x3800 Mpc (86°) x1400 Mpc (329).
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0.719 eV. Pyy (k) =b2P(k). Is the galaxy bias b scale invariant?
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From o/N of spheres with rs = 16/h,32/h,64/h,128/h, and 256/h
Mpc, assuming scale invariance of the galaxy bias b:

Zmy = 0.939 + 0.035 - 0h + 0.089 - o)n £ 0.008 eV,

with minimum x2 = 3.2 for four degrees of freedom. We have defined
oh = (h — 0.678)/0.009, and én =(n—1)/0.038.

Either Y>> m, has this value, or scale invariance of b is broken.



Measurement with the Sachs-Wolfe effect and
oFS

P(k) of ACDM model depends on N2, SSmy, h, Q2m, and n.
We define
oh = (h — 0.678)/0.009,
5 = (S2m — 0.281)/0.003, and
5n = (n —1)/0.038,
fit with respect to N2, and obtain

> my = 0.595+4 0.047 - 5h + 0.226 - én + 0.022 - 62y,
+0.225 (sta’c)‘_"(g)"fgs1 (syst) eV,
(1)

with zero degrees of freedom.
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SDSS-III BOSS, assuming scale invariant b.
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Measurement with the Sachs-Wolfe effect, og,
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1, 2, and 3 standard deviation contours in the (Z my, h) plane. Points on the contours have
x? —x2., = 1,4, and 9, respectively, where x? has been minimized with respect to N2, n, by, and

b1. Zmy = 0.80+0.23 eV. x2 =27.8 for 18 d.f.. x> = 36.3 for 19 d.f. for scale invariance: b; = 0.
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Measurement with the Sachs-Wolfe effect, og,
and galaxy fluctuations

From the Sachs-Wolfe effect, og, and the 4 a/N measurements we
obtain

> my = 0.61840.042-6h + 0.206 - n 4 0.019 - 62y,
+0.209 (stat)‘_"g'f??g (syst) eV,

with y2 = 1.10 for 2 degrees of freedom. The variables that
minimize the x2 are Y my, N2, by, and bs.
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Measurement with Baryon Acoustic
Oscillations (BAO)

This measurement was covered in my talk on 25 June.

We obtain

> my =0.711 — 0.335 - 6h 4 0.050 - 6b £+ 0.063 eV,
with x2/d.f. = 19.9/19.

This result is obtained from BAO measurements alone.
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Combinations with BAO
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Contours corresponding to 1, 2, and 3 standard deviations in the (Z my, h) plane, from
Sachs-Wolfe, og, h = 0.678 == 0.009 and BAO measurements. Points on the contours have

x? —x2,, = 1,4, and 9, respectively, where x? has been minimized with respect to N?. n = 1.
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Contours corresponding to 1, 2, 3, and 4 standard deviations in the (Z my, h) plane, from
Sachs-Wolfe, og, 4 o/N, BAO, and h = 0.678 £ 0.009 measurements. Points on the contours have

x? — x2:, = 1,4,9, and 16, respectively, where x? has been minimized with respect to N2, n, bo,
and bs.
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Final results

From the Sachs-Wolfe effect, og, 4 a/N measurements, BAO, and
h = 0.678 &+ 0.009, minimizing the x2 with respect to > m., N2, n,

> m

v
N2

h, bg, and bs, we obtain

0.719 4+ 0.312 (stat) 79053 (syst) eV,
(2.09 + 0.33) x 10719,

1.021 4+ 0.075,

0.678 + 0.008,

1.751 + 0.060,

~0.053 4 0.041,

(2)

with x2 = 1.1 for 2 degrees of freedom.
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T his analysis PDG 2018
QN 0.718 + 0.003 0.692 + 0.012
Q. 0.002 + 0.007 ~0.00573555
d5n6 (150.3 £0.9) x %678 Mpc | 144.9 £ 0.4 Mpc
Nefr (my = 0) | 2.64 +0.20 3.1340.32
> my 0.719+0.3127J532 eV | < 0.68 eV, 95% conf.
ng 1.021 + 0.075 0.968 + 0.006
h 0.678 4 0.009

Comparison of this analysis (BAO 4+ SW +o0g + Pga|(k)) with PDG
2018 (mostly CMB, Planck collab. (2015)). 68% confidence. (See
references for details.)
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