Jlektima 13

Anumzorponus temneparypbl CMB 1 kocMoJsiornvueckmne mnapaMeTphl.

Iongpuszanus pejuKToBoro u3jaydenus. IIpodaembl Teopuu l'opsadero
0OJILIIIOTO B3PhIBA.
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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
o 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
l the latter is easily ruled out by external constraints. The shaded region shows the
lo cosmic variance errors AC;/Cy = /2/(2] + 1) on the power spectrum.
JInHsnpoBaHme yriaoBoro Macimrada aKyCTUIeCKUX -
KOB!




OtkpsoiThiit kogq CAMB gag BeraumciaeHns
cneKkTpa MoimHocTn aHn3orponuun CMB:
camb.info

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 wrapper.

Qoo tha RaadMa fila far dacimantation CaemnCaffaa far enmmnnrt and tha RihTav fila far rafarancac

1>

<>

CAMB online

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

Search Site

W Follow @NASA_LAMBDA
ABOUT LAN

National Aeronautics and Space Administration
Goddard Space Flight Center

Sciences and Exploration

Data Papers Education Links

-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: hitp://cosmologist.info/notes/CAMB. pdf

Actions to Perform

¥ Scalar Cfs ¥ Do Lensing * Linear None
. . Sky Map Output
— Vector Cis Transfer Functions Non-linear Matter y Map P
Power (HALOFIT
— Tensor Cj's ( )

Non-linear CMB
Lensing (HALOFIT)
Non-linear Matter

Power and CMB Lensing
(HALOFIT)

* Vector Cy's are incompatible with Scalar and Tensor Cs. The Transfer functions require Scalar and/or Tensor C/'s.

e The HEALpix synfast program is used to generate maps from the resultant spectra. The random number seed govemns the phase of the ay,'s
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.

Maximum Multipoles and k*eta

Scalar Tensor
2200 max 1500 e



Files

Log/Output camb_84296825.log

Scalar Output camb_84296825_scalcls.dat
Lensed Output camb_84296825_lensedcls.dat
FITS Qutput  camb_84296825_scalcls.fits

Scalar Modes Plots
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ITonsgpuzalugd peJuKTOBOro U3J1y4YeHus

TomcoHOBCKOE pacCedHneE Ha IJIEKTPOHAX!

do _ 3or cos? (€ €) (13.1)
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.



MacmTad BeJIMInHBI IIOJAIPU3AINN

d — muna mpobera (HoToHOB, A/4 — MacmiTab JJTHHBL
HEOIHOPOIHOCTEN

d < \/4 = nongpuszanuu Her.

d > \ = nonsipusanuu zHet (3hdexr Cnika)

BOsmm3m nepBoro akyctuieckoro muka, [ ~ 150

1
kn. ~1=k~ — (cm. (10.72)—(10.74)) (13.2)
Ny
2
A= % ~ 21, (13.3)
AT
o~ =n o~ 13.4
il (13.4)
[Ipober doronos BO/MM3KM peKOMOMHALIMK MACIITA-
0a TOJIIMHBI IIOBEPXHOCTU IIOCJIEIHEI0 PaCCesiHus
An, ~ 0.1n, =
An, 0T
P~ = S~ 01501077~ 501070~ 1077 (135)

Nr

Tenzop nosgpusanun.

1. Hoaapusayus y3xo20 nyyKa

:»UQ A

e [loyiapuzanusa — He 2-BeKTOp:

- [Ipoekius BeKTOpa Ha OChb MEHAETCA OT HYJISA 0 MaK-
CUMAJILHOTO 3HAYEHUS

- VIHTEHCUBHOCTD CBeTa, ILIPOXOJISIIEr0 Yepe3 IOJIdPH-
MeTp, BoobIIe roBopsi, He 00pallaeTcs B HYJIb.

- [losisipusaliust He UMeeT HalpaBJIeHHs

o [lorapusannga — 2-TeH30p

I(s) = (|E- S‘2> = ((Eusa)(Ebsp)") = sa{EaEy) S0
(13.6)
Loy = (EoEy) (13.7)
I=(|E:|*) +(|E") (13.8)
Tenzop moagpu3aIng:
Py = L (13.9)



e /s nMuHEHHO MOIAPN30BAHHOIO CBETA,

E - neiicTBuTe/bHBII BEKTOP =

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

e Hemosiipm3oBannoe u3jyvueHne

5, 1
P, = 7” = det P = (13.10)

e [lostHOCTBIO I[MOJIAPU30BaAHHOEC U3JIYIEHUEC

Py = E;jfb = det P = 0 (E — dukc. BekTop) (13.11)
P = (|E) ® (E|)/E* = |E)(E|/E” (13.12)

B) = (7)) (Bl = (B, B5) = (B, B) - (1313)

e CTerneHb MOJIIpU3alIin

P=+v1—4detP; 0 <P <1

(13.14)

yers sV, s?) — mopMmupoBanmbie cOOCTBEHHBIE BEKTO-
pul Py, Torma

P =\ |sM) (] + (1= ) [s?) (s?] =
= \myctb A\, < 1/2\ =
= Als) (8] 4+ 2, ) ()] -
= XplsPN P+ (1= X)) [s®)(s?)] =
= M1+ (1—2))[sP) (s = (13.15)

I,
Pay= Moy + (1= 24)s0s)”) = = =

a

(13.16)

1
Ly = §5abl(np> + EWEY (13.17)

MoxxH0 HapucoBaTh moJje BeKTopa E

0 T(uK) 50

1
Pay = Py — 55“b (13.18)

Jlerko nmokazarth ¥ :

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

(13.19)

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

s HenmongpusoBaHHoro n3nydenusd Py, = 0

2. Iloae noaapusauyuu na edunuswrotl chepe

O6o6menme (13.18):

1
Paup = Py — oJab

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

(13.20)



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

Pu ={V.Vi}Pr — {E;V,V. .} Pp (13.21)

rie V, u Fy, — KoBapuaHTHAas [POM3BOJIHAS U aHTU-
CUMMETPUIHBIN TeH30p Ha cdepe (cMm. (2.54)):

Eup=vV—9cw (13.22)

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

1
{Vavb} = 5(%% + V)V, — gabA> (13.23)
1
{EgvaC} — i(EcCvavc_F Egvavc) (13'24>
Ob6paTHOe 1Ipeodpas3oBaHUe:
~AA+2)Pp = 2{V'V'}Py (13.25)
~A(A+2)Pp = 2{Egvcvb}7>ab (13.26)

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:

(l T 2)' E Yzm(n)

P = \@Z (l+2)'alm (13.27)
Py = V3L T i) (1329
(13.29)

(HOpMEpOBKa U3 coobparkeHuit ymobcTea).

Koacbdurmentnt i), u a BBHMUCIOTCA 110 De3yJIbTa-

TaM HaDJIIOIeHUIL:

aE = / dn |V, (m)| Puym)  (13.30)
B = —/dn Y, Pm)| Pu(n) (13.31)
e
2(1 — 2)! 1
Yﬁleb = ((l—|—2))' (vavb}/lm_ §gabvcch2m> (1332)
[ —2)!
}Ggrfztb - 2<(l—|—2))' (vachimEbc'i'vcvinmEg) (13'33)

Pasuble kommonenTsl armsorporun (F, B) (He)MmoryT
KOPPEJMPOBATH MEXKy OO0 U BCe OHM MOTYT KOppe-
JIIPOBATH C TEMIIEPATYPOIA.

[TosToMmy OHpe,ZLeﬂHeTCH HabOp KOPPESITOPOB

CcX 21 — Z {a,alry (13.34)



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 KocMmosorndeckue ckajJagdpHbIe MOJBI JTAIOT BKJIA/I
TOJILKO B F-MOIYy TTOJISTPpU3AINN.

e TenzopHble MOABI Jal0T BKJIaJ U B [-Moy,

n B B-Mmomy

=

e ObHapyxkenue B-Mojbl mossgpusaiiun (BOJu3n [~
100) ectb crocob oOHApYKEHWsT TeH30PHBIX MOJ U U3-
MepeHNsl TeH30PHO-CKAJISIPHOI'O OTHOIIEHUS T

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%)



NudaganmonHas KOCMOJIOTHS

IIpobGaembl, HEpa3pemnMbie B KOCMOJIOTUH TOPSI-
4ero boJibIioro B3pbiBa

1. Haruvue cumeyssaprocmu Mempur.
Hauao sBoronmm ¢ KBaHOBOW (DIYKTyaInm?
2. IIpobaema 20pusonma.

Buanvas BcesieHHas conep:kuT ~ 3 X 10% obsacreit, Ko-
TOpbIE OBLIN NPUYUHHO CBA3AHBI HA MOMEHT PEKOMOU-
Haruu (HO HE CBA3AHBI IPYT C JAPYTOM).

Hoquy TEMIIEPATYPbI OAMHAKOBBI C TOYHOCTBIO JIYYIIIE
10747

Ere xy»ke 00CTOUT 7710 C TOPU30HTAMHU B IJIAHKOBCKOE
BpeMSI:

2 1 1
§—0T4; py X — = T o —

a* a
Halr ropuzoHT B IJIAHKOBCKYIO SIIOXY:

py =2 (13.35)

a T
l?{(tPl) = Iy (to) ¥ - L (to) X kU
ao Tpy

— 46 mup.cB.ater X 2 - 107 ~ 3 x 10%p; (13.36)

B Bummmoit Beenennoit (BeposaTHO) ~ 10 mpuummmo
CBSI3AHHBIX 00J1aCTell Ha MOMEHT KBaHTOBOT'O POXK/IEHUA
(ecsim oHO coBmasasno ¢ HadasoM [opsuero Bosbrmoro
B3phIBa!).

Ho Bcenennas ognoponna. [Touemy?

3. IIpobaema naockocnocmu
Coepemennas Kpupuzta |9 < 0.1

Qg (t) — oTHOCUTEIBHAS TITIOTHOCTH KPUBU3HBI, 3aBUCS-
mas OT BPEMEHHU:

4y 2
QK(t>: - Q?( (é)) 5
Q0 ()" + Qg (F) + 2+ Qe ()
(13.37)
0 a s 0 a 4 0 ag 2
Ol _ a3, P () + % (3) +0+ 0% (3)
QK(tQ) CL% 0o (@ s 0o a 1 0O 00 _( « ?
M(a_l) + rad(a_l) T+t K(a)

1 =1tp;, ta =1ty =

Qk(tp) ~ <apz>2 1
O ao /0 (&)4

Tad apl

B aPl21_TPl21
B ao and - TO and
QK<tpl> ~ 10_60 Qg( =
— ‘QK(tpl)’ S 10_61

~ 1079 (13.39)

(13.40)
(13.41)

B MomenT Boabmoro B3pbiBa Bcenennad HepeaabHO
mmockad. [louemy?



4. Ilpobaema srmponuu

B MOMEHT KBaHTOBOI'O POXKJIEHUS 02KUAETCS SHTPOIIHIA
~ 0.
Surponus BuAMMON Beenennoit ~ 10%° (uncio doro-
HOB).

Pacummpserca agunabaruaecku (B OCHOBHOM) — OTKY/Ia
CTOJIBKO SHTPOIINN !

5. Ilpobaema nepsuunvr 603myu,erul

OTKyna TepBUYHBbIE BO3MYINEHUS U MMOYeMY MAacCIITad
dp/p ~5-107°, modemy crekTp 6JM30K K ILIOCKOMY?

6. IIpobaema monononeti

Ecin Bo Bceenennoit Obmm  TeMmmepaTypbl  O0JIbIIIE
10'T5B, 1omKHBI ObBUIM WHTECHBHO — DPOXKIATHCA
GUT-marautHbie monomnosm (Mouomosn T XoodTa-

[Tosaxosa, GUT). 'me omn?

7. IIpobyiema TOHKO# MOATOHKY (DyHIaMEHTAIbHBIX KOH-
CTaHT.

DTU BOOPOCHI penialoTcsa B MHQJIIINOHHOI KOC-
MOJIOT .




