Jlektima 13

Mexanu3zmbl redepanun anun3orponuun CMB: Ten3opubie Bo3MmynieHus
MeTpuku. A 1nockasi u Beenennasi? Iloagpn3anmsa peJinKTOBOTO
N3JIy YeHU .
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Mexaan3mbl renenpanun aam3orporuu CMB.
2. Tenazoprwie 803MYULEHUA MEMPUKU

Jlerko cumnraercs:
v = —hi; /2 = (13.1)
13 obmero ypaguenna gt PV (12.54):
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P =g, 139

C TeH30pHBIMU MOJAMU He CBA3aHbl BApUAIINN CKOPOCTH
cpenbl, T.e. Hamo cuntath UV =1,U' = 0 =
I3mepgemas gacToTa

ow oT 6P
Q(n”> _ PO(n//) = - — T = o = (13.4)
0T [ . :
() =3 / b di (13.5)
Nr

— TeH30PHbIII BapuaHT uHTerpaibHoro 3ddexra Cakca-

Bosbda.

TenzopHbIE MOJIBI TIOCJE BXOJA IO, TOPU3OHT TaIAI0T
Kak 1/a =

Ozxuaercs BKJIA TOJBKO MOJI, TO3HO BOIIEIIINX 10,1
I'OPU30HT =~
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aspusaimio CMB (em. gasee)
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Fig. 11. The geometric degeneracy. A scale-invariant adiabatic ACDM model with
Qph? = 0.024, Qmh® = 0.14 and Qx = 0.73 and Qx = 0 (close to the WMAP
best-fit values [12]) produces an almost identical spectrum to a closed model Qx =
—0.288 with vanishing cosmological constant. However, the Hubble constants are
very different — A = 0.72 in the flat model and 0.33 in the closed model — and so
the latter is easily ruled out by external constraints. The shaded region shows the
1o cosmic variance errors AC;/Cy = /2/(20 + 1) on the power spectrum.

OtkpsoiThiiit kKogq CAMB aag BeraumciaeHns
cnekTpa MoimHocTn ann3orpornuun CMB:
camb.info

e

Code for Anisotropies in the Microwave Background

by Antony ILewis and Anthony Challinor

Get help: | search | GOOgle” custom Search
Features:

« Support for closed, open and flat models

+ Scalar, vector and tensor modes including polarization

« Output C;, matter transfer functions, matter power spectrum and og

« Fast computation to ~0.3-0.1% accuracy, with controllable accuracy level

« Relatively structured and easily extendable Fortran 90 code

« Efficient support for massive neutrinos

« Absolute computations from correctly normalized initial power spectra

« Computation of lensed CMB power spectra and lensing potential power spectrum
« Internally parallelized for fast execution on multi-processor machines

* Use CAMB with CosmoMC for Monte-Carlo parameter estimation

« Constant equation of state quintessence (or variable PPF)

« Support for general correlated adiabatic/isocurvature initial conditions

« Accurate full-sky calculation of lensed power spectra (astro-ph/0502425)

« Integrated interface to HALOFIT for non-linear fitting

« support for arbitrary neutrino mass splittings

« For 21cm, lensing and number count power spectra see this extension

« For perturbed recombination and effect on small-scale baryons see this extension
« Calculation of local primordial and CMB lensing bispectra

+« NEW: Easy-to-use Python wrapper
Download the Fortran 90 source code and python wra

Qoo tha RaadMa fila far dacimantatinon CaemnCaffas far enmmnnrt and tha RihTav fila far rafarancac
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CAMB online

https://lambda.gsfc.nasa.gov/toolbox/tb_camb_form.cfm

Search Site
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LAMBDA -Tools

Tools Footprint WMAPViewer Conversions Calculators

CAMB Web Interface
Most of the configuration documentation is provided in the sample parameter file provided with the application.

Supports the April 2014 Release

This form uses JavaScript to enable certain layout features, and it uses Cascading Style Sheets to control the layout of all the form components

It either of these features are not supported or enabled by your browser, this form will NOT display correctly.

Descriptive information for the CAMB parameters can be found at: http://cosmologist.info/notes/CAMB. pdf
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« Vector Cy's are incompatible with Scalar and Tensor Cy's. The Transfer functions require Scalar and/or Tensor Cy's.

e The HEALpix synfast program is used to generate maps from the resultant spectra. The random numbs
generated by synfast. The default of zero causes synfast to generate a new see from the system time with each run. Specifying a fixed nonzero
value will return fixed phases with successive runs.
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Hannwie obcepparopun Planck mioxo coryacyrorcest ¢ pe-
3yJbTaTaMU JIPYTUX KOCMOJIOIMYECKIX HAOJII01eHni
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BAO — Baryon Acoustic Oscillations
BBN - Big Bang Nucleosynthesis

BapuanThl 00bsicHeHnst pe3yibraToB Planck:

1. Hoag dusuka
2. Cucremaruka Planck

3. Craructudeckas payKTyalus ~ 30

ITonsgpuzalugd peJuKTOBOro U3J1y4YeHus

TomcoHOBCKOE paccedHue:

do 301 5, ,
— = —— cos“(€, €)
d) 8«
e Bciu ¢ manpapiienusg n' npuxoauT HEIOJISPU30BAH-
HOe M3JIyUeHHe, TO B HAIIPaBIEHHU N U3IydeHue Oy-
JIeT YaCTUYIHO JIMHEHHO MOISIPU30BAHO IePIIeHINKYIsSp-
HO TTocKoCcTH (', n).
=
e Lcin m31ydeHne, NpuxoAdirnee B TOUKY B HEm30TPOII-
HO, TO paccesdHOe M3JIyUeHMe B HalpaBJIEHHH N OymIeT
YACTUYHO TIOJIAPU30BAHO.
e [loToK (hoTOHOB BOJIN3H MOBEPXHOCTHU IIOCJIEIHETO PAC-
CesdHMsI aHM30TPOIIEH = MOC/IeIHEE PACCETHHOE 3Ty de-
HIEe YACTUYIHO TIOJIAPU30BAHO.

(13.6)



MacmTad BeJIMInHBI IIOJAIPU3AINN

d — nynuHa mpobera ¢GoToHoB, A/4 — MacmTab JIUHBL
HEOJTHOPOIHOCTEM

d < A\/4 = nojdpusanuu Her.

d > \ = nossipusanuu zet (3dhdexr Cuxa)

BOsm3u nepBoro akycruieckoro muka, [ ~ 150

1
kn, ~1=k~ — (cm. (10.30)—(10.32)) (13.7)
Ny
2
A==~ 2m, (13.8)
AT
[Tpober oToHOB BOMM3W PEKOMOWHAIIMM  MAacCIITa-
0a TOJIMUHBI IIOBEPXHOCTU IIOCJIEIHEIO PACCESTHI
An, ~ 0.1n, =
An, 0T
P~ =L

= 0.1-5-107° ~5-107% ~ 107 (13.10)
)

Tenzop nosgpusanun.

1. Hoaapusayus y3xo20 nyyKa

xbll

\

e [lonapusanng — He BEKTOP:

- [Tpoeknng BekTOpa Ha OCh MEHSETCS OT HYJIA 10 MaK-
CUMAaJIbHOT'O 3HAUYeHN s

- VIHTeHCMBHOCTD CBETa, MPOXOJAIIEr0 Yepe3 IOJIAPH-
MeTp, He o0pallaeTcs B HYJIb.

- [Nongpuzanusa He mMeeT HAIIPABJIEHUS

o [longpuzanug — 2-Tedsop

I(s) = (|E - S‘2> = ((Eusa)(Ebs)”) = sa{EuFy) 81

(13.11)
L = (E.E}) (13.12)
I ={(|E.]*) + (| Ey)*) (13.13)
Tenzop moagpu3aIng:
I,
Py = Tb (13.14)



e /s nMuHEHHO MOIAPN30BAHHOIO CBETA,

E - neiicTBuTe/bHBII BEKTOP =

P deticmeumenvuniti, cummempuunmii, co caedom 1 =
BCETr0 2 HE3aBUCUMBIX MapaMeTpa

e Hemosiipm3oBannoe u3jyvueHne

5 1
Py = 717 = det P = (13.15)

(] HO.HHOCTI:)IO I[MOJIAPU30BaHHOE H&queHHe
EaEb
E2

Py = = det P = 0 (E — dukc. BekTop) (13.16)
P = |E) ® (E| = |E)(E| (13.17)

B) = (5 ) (Bl = (B B) = (B, B)  (13.18)

e CrereHb IOJIIpU3alin

P=+/1—4detPy; 0<P <1

(13.19)

[Myers sV, s?) — mopumuposanibie cOOCTBEHHbIE BEKTO-
pul Py, Torma

P =\ |sM) (] + (1= ) s?) (s?] =
= \1mycTb A, < 1/2\ =
= Als) (V] + A s ()] -
= XplsP) (8P + (1= X)) [ ()] =
= A1+ (1=2))|sP) (s = (13.20)

I,
1
Iy = 50wl ) 1 gl g7 (13.22)

MoxxH0 HapucoBaTh moJje BeKTopa E

0 T(uK) 50

1
Pay = Py — 55“b (13.23)

Jlerko nmokazarth ¥ :

1
det Py = det Py, — 7 = P = vV —4det Py,

(13.24)

Tenzop P, cuMMETPUYHBI, OecceIoBbII = B Iapa-
MeTpa.

s HenmongpusoBaHHoro n3nydenusd Py, = 0

2. Iloae noaapusauyuu na edunuswrotl chepe

O6obmenme (13.23):

1
Paup = Py — oJab

T7€ (qp METPUYECKHUil 2-TeH30p Ha eAmHuYIHON cdepe
(koopaMHATHI JIIOOBIE, MOYKHO (0, ©)).

(13.25)



3aJaHHbII Ha chepe CUMMETPUYHbIN OecCIeI0BBII TeH-
30p MOXKHO IPEJCTaBUThH Uepe3 CKaJSIPHBIA U IICEeBI0-
CKaJISIPHBIA «IIOTEHIAIBI» :

Puy = {VaVy}Pr — {E; ViV }P5 (13.26)

rie V, u Fy, — KoBapuaHTHAas [POM3BOJIHAS U aHTU-
CUMMETPUIHBIN TeH30p Ha cdepe (cMm. (2.52)):

Eup=vV—9cw (13.27)

{...} o3Hauaer BBIJEICHIE CUMMETPIIHON 1 Heccreno-
BOII 9aCTH:

1
{Vavb} = 5(%% + V)V, — gabA> (13.28)
1
{EgvaC} — i(EcCvavc_F Egvavc) (13'29>
Ob6paTHOe 1Ipeodpas3oBaHUe:
~AA+2)Pp = 2{V'V'}Py (13.30)
~A(A+2)Pp = 2{Egvcvb}7>ab (13.31)

Pure £ mode

V%P, — auctoiit rpaguent (kak E), ecim Pg = 0,
V%P, — aucrto Buxpepoit (kak B), eCIIH Pr = 0.

OpI/II’I/IHaJIbeIe CTraTbu:

astro-ph/9609132
astro-ph/9609169
astro-ph/9611125

Paznoxxenune Pr u Ppg:

U=21 5y, ()

Pe = V2X iy (13.32)
Py = V3L T i) (1333
(13.34)

(HOpMEpOBKa U3 coobparkeHuit ymobcTea).

Koacbdurmentnt i), u a BBHMUCIOTCA 110 De3yJIbTa-

TaM HaDJIIOIeHUIL:

oF = / dn |V P%n)| Pym)  (13.35)
B = / dn |V P%n)| Puym)  (13.36)
rie
2(1 — 2)! 1
Yﬁleb = ((l—|—2))' (vavb}/lm_ §gabvcch2m> (1337)
[ —2)!
}Ggrfztb - 2<(l—|—2))' (vachimEbc'i'vcvinmEg) (13'38)

Pasuble kKoMmmorerTsl anu3oTponuu (F, B) MoryT Kop-
peJINPOBaTh MEXKJLy co00ii 1 BCe OHM MOI'YT KOPPEJIUPO-
BaTh C TeMIIepaTypoil.

[Tosromy OHpe,ZLeﬂHeTCH HabOp KOPPEIATOPOB

CcX 21 — Z {a,alry (13.39)



rie X,Y =T, K. B.
B cuny cummerpun no wernoctn O 8 = 0, CEP = (.

Ocrarorcs HeTPUBUAJIbHBIE KOPPEIATOPDI:
Tr — TE EFE BB
Cl - Cl, Cl ; Cl ; C .

e KocMmoorndeckue cKaJagdpHbIE MOIBI JTAIOT BKJIAI
TOJILKO B F/-MOAY TOJSpU3aIINN.

e TenzopHble MOABI Jal0T BKJIaJ U B [-Moy,

u B B-Mmomy

=

e ObHapyxkenue B-Mojbl mossgpusaiiun (BOJu3n [~
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Okcriepumeraababie TE- n EE-cmekTper mombocTn
nosgpu3arun (PLANCK-2018)
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IIpobaema goros:

e Paccesanme Ha CBOOOTHBIX 9JIEKTPOHAX PEMOHI3AIINM
e Cyraboe rpaBUTAIOHHOE JIMH3UPOBAHIE

(maer B-mojy)

e QapajieeBckoe BpaireHre (Ira3ma + MarHuTHOE MOJIe )
e Paccestaue Ha tbum (maer B-momy)

[lociiequne pesysnbrarhl 11 B-MOIb:

arXiv:1807.06209, p.39: r < 0.058 (95%)



