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Cosmic strings in astronomy
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Two main methods of cosmic string search

Analysis of anisotropy (and polarization) Anal.y5|s of strong g.rawtatlon:.;ul
of Cosmic Microwave Background lensing effects by high resolution
radiation looking for step-like optical instruments looking for
discontinuities (data from WMAP and excess of such events and for
Planck space missions) exotic cuts of isophotes




Current status of cosmic strings

» Simulations of the string network show 80% infinite (long)
strings and the rest is in loops with a scale-invariant
distribution. This corresponds to 40 infinite strings in any
horizon volume

» Restrictions on the CS linear density:

1) cumulative restriction for CS angular power spectrum (Nambu-Goto and G,Ll / C2 <15 -10_7
semi-local respectively) [“Planck 2013 results. XXV. Searches for cosmic 9 7
strings and other topological defects” by Planck Collaboration] G,U /c”<11.0-10

2) direct search for individual strings

a) method based on the assumption that the number density of CS
is approximately known [E. Jeong and G. F. Smoot, Astrophys.J. 624, 21 2 < 1N-"°
(2005), astro-ph/0406432] G/l / ¢ <3.7-10

b) method based on Haar convolution [0.S.Sazhina, D.
Scognamiglio , M.V. Sazhin; Eur. Phys. J. C (2014) 74:2972] got 2 < 107
observational evidence to semilocal CS (theoretical justification see in G'U/C <7.36-10
T.W.B. Kibble, T. Vachaspati “Monopoles on string” 2015)

c) statement of Canny algorithm for future CMB experiments [R. J.
Danos and R. H. Brandenberger, Int.J.Mod.Phys. D19, 183 (2010), 2 < 10°8
0811.2004] Gulc”<3.0-10



Simulations: CMBFAST anisotropy

Amplitude of cosmic string (~100 pK) + cosmic string
anisotropy (v~ 0.9¢)
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Cosmic string candidates in CMB data v-~o0.9.c)

20,0T =25.3 4K, AO=1'9

30,0T =38.2 1K, AO=2"8

0.S.Sazhina, D. Scognamiglio , M.V. Sazhin; Eur. Phys. J. C (2014) 74:2972




Cosmic string candidate No. 1




Cosmic string candidate No. 1




The STScl Digitized Sky Survey

“red” — “blue” _— “ir” —
POSS2/UKSTU  |POSS2/UKSTU  |P0OSS2/UKSTU
Red (=POSS-Il F) |Blue (=POSS-I1J) |IR (=POSS-II N)
Band |5900-7150 3400-5900 7000-9700
Mag |20.8 22,5 19.5
Pixels |1.0” 1.0 1.0

http://gsss.stsci.edu/SkySurveys/Surveys.htm




Search for gravitational lensing events along
the “CS candidate No. 1”. Preliminary results

Galactic coordinates (l,b)
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Coordinates | 11:22:33.336; 11:21:30.725; 11:22:20.217; 11:21:49.493; 11:20:46.944; 11:19:31.990;
ofthecenter | +17:56:21.69  +17:51:09.90 +17:26:34.31 +17:24:45.91 +17:04:14.50 +17:05:12.29

of pair («,9)

Image of
pair in

red

Angle
between the

most bright 3.730 6.”07 1.”736 2."12 1.744 4.703

pixels of two
components

AB

ir

filters.
0.5’ X 0.5’




For first 10 fields we found 150 pairs of candidates on lensing system
Now we have complicated multilevel rejection analysis.

First criteria to reject the pair

sum of all intensities up to 30

Different ratio of
intensities of two
components in
different bands

for empty
field

For each pair to construct the
estimatorE=1 - 11/12 * i2/i1
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Future work

» For sample of 79 pairs:
<AB> = 4.69” N 86y Y
s.d.=1.63" T
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Properties Bennet & Allen & Bennet & Allen &
Bouchet, 1990 Shellard, 1990 Bouchet, 1990 Shellard, 1990

Y 0.66 c 0.62c 0.61c 0.58¢c

From “Cosmic strings and Other Topological Defects” A. Vilenkin, E.P.S. Shellard 1994



Statistical analysis of 1o-level maps

String loc. & dir. (pure string; 1-sigma)
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Conclusions

= There are no cosmic strings with dT>40 pK (Gu/c?>7.36 - 10°7) from two
independent data set by WMAP and Planck);

m There at least from 1 up to 6 heavy semilocal cosmic string candidates
which have to be confirmed by independent optical data;

m There are neither Nambu-Goto nor Abelian-Higgs cosmic strings (under
simple assumption of homogeneous distribution of cosmic strings).

NEWI!
Optical analysis of string candidate No.1
Statistical analysis of “light string” sector



