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Conventional (field theoretic) cosmic strings

are line-like object formed in the early universe through spontaneous
symmetry breaking. [Kibble (76)]

—>The non-trivial phase mapping from the internal space[left] to
the physical space[right] leads to the formation of a cosmic string.
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Observational verification of the existence of cosmic strings will have
profound implications to unified theories !



CMB constraints for standard cosmic strings
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[Bevis, Hindmarsh, Kunz and Urrestilla,
PRL100, 021301 (‘08)]

Cf. [Pogosian, Tye, Wasserman and Wyman,
JCAP 02 (‘09) 013, etc...]

» Cosmic strings are excluded as
a dominant source of the observed
large-angular-scale anisotropy.

GU<0.7 X107 (9s%cL)

» Cosmic strings could still be
observable at small scales with
future arcmunutes experiments
such as

[ v'Atacama Cosmology Telescope

(ACT : Fowler et al., 1001.2934)
v'South Pole Telescope

(SPT : Lueker et al., 0912.4317).




COSMIC SUPERSTRINGS

Fundamental strings and D-branes can be seen in the sky !?

> Naively, ]\.{2 [cf. Witten, 1985]
G4[L3 ~ O
‘A[pl
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» The “warping” naturally leads to low tension cosmic strings:
[e.g. Randall-Sundrum(‘99), Giddings, Kachru, Polchinski(‘02),...]
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In a more general point of view, COSMIC SUPERSTRINGS are reasonably
plausible ( e.g. if a tachyonic phase transition occurs ).



» Recent developments in string cosmology suggest that inflation may be
due to motions of branes in higher dimensions and various new types of

strings, called COSMIC SUPERSTRINGS, may be formed at the end of inflation.
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One of the differences between COSMIC SUPERSTRINGS
and conventional FIELD-THEORETIC STRINGS is the value of

THE INTERCOMMUTING PROBABILITY P !
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- field theoretic strings (V<<1)/l

P=1

7

[Hashimoto, Tong(‘05), Eto et al.(‘07),
and many numerical simulation] \

* cosmic superstrings

P<<1 P

[ Jackson, Jones and Polchinski (‘05),
__ Hanany and Hashimoto (‘05) ]
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v'We present a new analytic method to calculate the small
scale CMB temperature power spectrum due to field-theoretic
cosmic strings/cosmic superstrings.

v We clarify the dependence on the intercommuting
probability P, namely COSMIC SUPERSTRINGS.

v'We estimate the upper bound of the dimensionless tension
of the string “Gu” for various value of P.



Evolution of cosmic (super-)string network

» A string network is assumed to consist of string segment with
the correlation length & , and
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» The characteristic time scale of the
interval of the loop formation :

create a loop
with length c¢ [ collision rate ]
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v Velocity dependent one-scale model (VOS)

t d’ 1
dt/ § (1 — ( - ) — EP(hns’Y : Energy conservation
d( Ir'iA _) ‘ ‘ -EOM
dt (1 - ( ‘I‘]'Il_“?) H k(( ]‘]11?‘:‘)7 - 2( T'Mms )
_ () = 22 1S
Assuming the SCALING (scaleec1/H) is already realized by the last scattering
surface, Y and are asymptotically constant in time:
V2 R B
T\ BEp Psr =2 =2l > p

: Scaling solution incorporating P
[Takahashi,DY +(‘09), DY +(‘10)]]
[see also Martins+Shellard ("96, '02), Avgoustidis+Shellard (‘06)]



2.2 . Signal from stralght strings

Temperature fluctuation map | Gott-Kaiser-Stebbins (GKS) effect

due to a string segment [Kaiser, Stebbins, Nature 310 (‘84)391,
- Gott I, ApJ 288, 422 (‘85)]

When a photon passes by a moving straight string,
it feels a discontinuities of gravitational potential
| across the string segment :

ATGKS A v e
= aT
A V1— .

»The CMB photons are scattered by a
number of moving string segments,
hence the observed fluctuations appears
as a superposition of the discontinuities.
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Analytic model for power spectrum due to CS
[ DY, Takahashi, Sendouda, Yoo, Sasaki, 1006.0687]

In order to compute the angular power spectrum due to CS, we use what
we call the , by adapting from the halo formalism
for the Sunyaev-Zel’dovich effect :

[cf . Komatsu, Seljak (2002), Komatsu, Kitayama (1999),...]

dV dn

~ ®
Cg /0 dz— dZ de - d@ gp( Z)

.
v G1(0.2) = [ S |an(®©.2)]

T

: power spectrum due to a string with configuration
parameter vector © and redshift z
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Spectrum due to CONVENATIONAL STRINGS

S For smaller | (< 500),

100. / the spectrum has a plateau.

0.0 |

For large | (>500),

the spectrum behaves as /2.
(see [Hindmarsh (‘94), Hindmarsh+ (‘09),

10.0 ¢ Regan, Shellard (‘09)] )
50
our formula : P=1
1.0 ¢ \—0 89
f Fraisse et al.(2008) : 14 (Gu)
0.5 | »Our result agrees very weII with the power Iaw itto by Fralsse+(’08) \
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Spectrum due to CONVENATIONAL STRINGS

primary

v'A signal due to CS can be
observable/distinguishable on small
angular scale with future experiments!
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Spectrum due to COSMIC SUPERSTRINGS

~~~~~~~~~ (Doverall amplitude of 6
10° e | the spectrum increase P=10 E ¢

as P degrease!
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___________ @)The transition from the
plateau to the inverse

power law I'1 occurs at
larger | for smaller P!
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These properties of the power spectrum may becomes a useful tool to distinguish
the value of P, namely COSMIC SUPERSTRINGS, in future experiments !
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Spectrum due to COSMIC SUPERSTRINGS

primary

P=107, Gu=5x10""

~~~~~ P=107% Gu=10""

R —
= —— e e e o
_— e —
—_—

--------
-------------
-
-y
-

-y
-
-
-
-----
- -
-
-~
-
-
-
-

-~
-
~—
.
o
-

-y
-
------
-
- -
-
-

100 200 500 1000 2000 5000 1x10*2x10* 5x10*

v'As P degreases the amplitude due to strings increases, hence
the tension of strings with smaller P is tightly constrained !




Constraints on string tension Gu

»Assuming that the fraction of the spectrum due to strings is less than 10% at various |,

107° [

tension |
Gl

1077 :

3X108]

1078 :

excluded

D-D

107> 10~ 0.001
Intercommuting probability P

0.01

0.1

Current
bound

7 X107



Summary

» We presented a new analytic method to calculate the small angle
CMB temperature power spectrum due to cosmic (super-)strings, and
investigated the dependence of the power spectrum on the
intercommuting probability P.

»The small angle power spectrum is found to behave as | for large |
and have a plateau for small .

» Using our result, we discussed an upper bound on the dimensionless
tension Gu as a function of P. Assuming that the fraction of the CMB
spectrum due to strings is less than 10%, strings with small P are more
tightly constrained.

» These properties of the power spectrum are distinguishable features
of cosmic superstrings.



