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Acoustic Signatures in the Primary Microwave Background Bispectrum L v’

Eiichiro Komatsu* and David N. Spergel
Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544, USA.

If the primordial fluctuations are non-Gaussian, then this non-Gaussianity will be apparent in
the cosmic microwave background (CMB) sky. With their sensitive all-sky observation, MAP and
Planck satellites should be able to detect weak non-Gaussianity in the CMB sky. On large angular
scale, there is a simple relationship between the CMB temperature and the primordial curvature
perturbation: AT/T = —®/3. On smaller scales; however, the radiation transfer function becomes
more complex. In this paper, we present the angular bispectrum of the primary CMB anisotropy that
uses the full transfer function. We find that the bispectrum has a series of acoustic peaks that change
a sign, and a period of acoustic oscillations is twice as long as that of the angular power spectrum.
Using a single non-linear coupling parameter to characterize the amplitude of the bispectrum, we
estimate the expected signal-to-noise ratio for COBE, MAP, and Planck experiments. In order
to detect the primary CMB bispectrum by each experiment, we find that the coupling parameter
should be larger than 600, 20, and 5 for COBE, MAP, and Planck experiments, respectively. Even
for the ideal noise-free and infinitesimal thin-beam experiment, the parameter should be larger than
3. We have included effects from the cosmic variance, detector noise, and foreground sources in
the signal-to-noise estimation. Since the simple inflationary scenarios predict that the parameter
is an order of 0.01, the detection of the primary bispectrum by any kind of experiments should
be problematic for those scenarios. We compare the sensitivity of the primary bispectrum to the
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Acoustic Signatures in the Primary Microwave Background Bispectrum

Eiichiro Komatsu* and David N. Spergel®
Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544, USA.

If the primordial fluctuations are non-Gaussian, then this non-Gaussianity will be apparent in
the cosmic microwave background (CMB) sky. With their sensitive all-sky observation, MAP and
Planck satellites should be able to detect weak non-Gaussianity in the CMB sky. On large angular
scale, there is a simple relationship between the CMB temperature and the primordial curvature
perturbation: AT/T = —®/3. On smaller scales; however, the radiation transfer function becomes
more complex. In this paper, we present the angular bispectrum of the primary CMB anisotropy that
uses the full transfer function. We find that the bispectrum has a series of acoustic peaks that change
a sign, and a period of acoustic oscillations is twice as long as that of the angular power spectrum.
Using a single non-linear coupling parameter to characterize the amplitude of the bispectrum, we
estimate the expected signal-to-noise ratio for COBE, MAP, and Planck experiments. In order
to detect the primary CMB bispectrum by each experiment, we find that the coupling parameter
should be larger than_600, 20, and 5 for COBE. MAP. and Planck experiments, respectively. Even
for the ideal noise-free and infinitesimal thin-beam experiment, the parameter should be larger than
3. We have inc}uded .eﬂ:"ec'ts fI'OII.l the COSITliC val?iancg, FIRST YEAR WILKINSON MICROWAVE ANISOTROPY PROBE (WMAP)
the signal-to-noise estimation. Since the simple inflatic OBSERVATIONS: TESTS OF GAUSSIANITY
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ABSTRACT

We present limits to the amplitude of non-Gaussian primordial fluctuations in the
WMAP 1-year cosmic microwave background sky maps. A non-linear coupling param-
eter, fx1, characterizes the amplitude of a quadratic term in the primordial potential.
We use two statistics: one is a cubic statistic which measures phase correlations of
temperature fluctuations after combining all configurations of the angular bispectrum.
The other uses the Minkowski functionals to measure the morphology of the sky maps.
Both methods find the WMAP data consistent with Gaussian primordial fluctuations
and establish limits, —58 < fyp < 134, at 95% confidence. There is no significant
frequency or scale dependence of fyp. ['he WMAP limit is 30 times better than COBE,
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_3500 < fNL < 2000 (COBE 4-year data)

—58 <« fNL < 134 (WMAP 1%t year, 95CL)
—54 < fy, < 114 (WMAP 3 year, 95CL)

g

—0 <« fNL <111 (WMAP 5 year, 95CL)
—10 < fNL < 74 (WMAP 7 year, 95CL)

-3 < fyr <77 (WMAP 9 year, 95CL)

fn, =2.7%+5.8 (Planck, 2014, 68CL)A/
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PHYSICAL REVIEW D 73, 083007 (2006)

Angular trispectrum of CMB temperature anisotropy from primordial non-Gaussianity
with the full radiation transfer function

Noriyuki Kogo™
Department of Earth and Space Science, Graduate School of Science, Osaka University, Tovonaka 560-0043, Japan
and Yukawa Institute for Theoretical Physics, Kyvoto University, Kvoto 606-8502, Japan

Eiichiro Komatsu®

Department of Astronomy, The University of Texas at Austin, 1 University Station, C1400, Austin, Texas 78712, USA
(Received 5 February 2006: published 21 April 2006)

We calculate the cosmic microwave background (CMB) angular trispectrum, spherical harmonic
transform of the four-point correlation function, from primordial non-Gaussianity in primordial curvature
perturbations characterized by a constant nonlinear coupling parameter, /.. We fully take into account
the effect of the radiation transfer function, and thus provide the most accurate estimate of the signal-to-
noise ratio of the angular trispectrum of CMB temperature anisotropy. We find that the predicted signal-to-
noise ratio of the trispectrum summed up to a given / is approximately a power-law, (S/N)(<[) ~ 2.2 X
1077 /%, . up to the maximum multipole that we have reached in our numerical calculation, / = 1200,
assuming that the error is dominated by cosmic variance. Our results indicate that the signal-to-noise ratio
of the temperature trispectrum exceeds that of the bispectrum at the critical multipole, /. ~
1500(50/| fni]). Therefore, the geis Planck data is more sensitive to primordial non-
Gaussianity than the bispectrum flor | fy | = 50 We also 1eport the predlued umstlamts on the amplitude
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Category

fnL—7n1 relation

Examples and fnr,—gnr relation

Single-source

e = (6/x./5)

(pure) curvaton (w/o self-interaction)

[one, = —(10/3) fur, — (575/108)]

(pure) curvaton (w/ self-interaction)
. b
[oxt, = Anq 2L + Byafat + Cngl”

(pure) modulated reheating

[QNL = 10fn1, — (50/3)][6}

modulated-curvaton scenario

_ g,1/2432]@
INL = 9T gec JNL

Inhomogeneous end of hybrid inflation

[gnL = (10/3)7e fxi]

Inhomogeneous end of thermal inflation

[gne, = —(10/3) faw — (50/27)]

Modulated trapping
lone = (2/9) f3,]"”

Multi-source

e > (6fn1./5)°

mixed curvaton and inflaton

[oxe = —(10/3)(R/(1+ R)) fxr. — (575/108)(R/(1 + R))*

mixed modulated and inflaton

[ = 10(R/(1 + R)) fr. — (50/3)(R/(1 + R))%)"

mixed modulated trapping and inflaton

[on, = (2/9)((1+ R)/R) f31 = (25/162) 7]

multi-curvaton
[t = Crcfr, gnt = (4/15)£3]Y

Multi-brid inflation (quadratic potential)
[on = —(10/3)nfx, ont = 263"

Multi-brid inflation (linear potential)
lox. = 2/%1)"

Constrained
multi-source

L = C fur,

ungaussiton (C' ~ 10°, n =4/3)

TS+ 2010
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gy = (—=5.8 + 6.5) x 10* (Planck 2018, 68CL)
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Redshift-weighted constraints on

primordial non-Gaussianity from the
clustering of the eBOSS DR14
quasars in Fourier space

Emanuele Castorina,”“ Nick Hand,” Uro$ Seljak,"”* Florian
Beutler,” Chia-Hsun Chuang,/ Cheng Zhao,’ Héctor Gil-Marin,”
Will J. Percival,’” Ashley J. Ross,” Peter Doohyun Choi,’ Kyle
Dawson,” Axel de la Macorra,” Graziano Rossi,' Rossana Ruggeri,’
Donald Schneider,” Gong-Bo Zhao”

ATy de e e L T T Dt Tk P

l

15FEIZENDYT—H—DE A

—51 < fy, <21



& il IR

2
1
=
oZ
€
0.5
0.25

h-tracers

Euclid : same number density

SKA : galaxy type

Euclid

Yamauchi+ 2014

SKA1 Euclid+SKA1 SKAZ Euclid+SKA2

o(fye)s o(Tne)s o(gne)

= o fur)

10° £l = o(Twr)

108 H — a(gnz)

[| —— Planck e(fyz)

F| ——  Planck a(my;)

10° | Planck (Fisher) o(gy;)

10% |

1010 10‘11 10‘12 10‘13 10‘14 10‘15
l'7":'{1'1:1111 [1\']: ® / h’]

Ferraro+ 2014

53



TNL

:Ig-l'- §E ﬁ:ﬂ] BE Yamauchi+ 2015

SKA1
Euclid

SKA2
Euclid+SKA2 ===

Afn S

< 1. 5 ATNL

] | sKAl,.. =2(solid),|. . =3(dashed)
" I Hor | -
I e il =y |
- = 7| > I
1 1 | 1t 1 171
6 4 -2 0 2 6 -3 1 0 1 2 3

17 <L VE

-
=
[

1000

100 |

10

T T il
Planck con%r)t’

Eucl|d+8KA2 —

Euclid
SKA2 i
SKA1 ¢

JUIRJISUOD Youe|d

T L<((6/5)fy)?

54




Yadid)

Ql

EOTEDIEAVREIE., /12T —a BRI DELE
DERZHLONZTHIATERELEHA=LEoT=,

EADREDHIRDEZRGHEICAYDDOHS

SERIE. KIRBEEEEADSENTVREZLYBEIC
?z: TEAEHFINS,



