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Loops are born at a characteristic length scale

Ly, = ady (tp)
— Fundamental prerequisite: The network follows a scaling evolution.

Energy lost to attain scaling — Loop creation rate:

leoop,css
dt
. . dN) 1 dN,
—» For cosmic superstrings —ooP:css .~ 7 Tloop,css
dt pk dt

Loops decay through GW emission only
G
Ut 1) = feadss(ty) = =5 (t — 1)

From these we can compute the loop number density n(¢, t)
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Emission in a series of harmonics (modes) n

fo =2nc/t, n=1-—00

Emitted GW power per mode:

dng,loop

_ 2 _ —q - —q
T = PGu’c, Po=Tn /> m

m=1
q = 4/3 (cusps), ¢ = 5/3 (kinks)
n«: gravitational backreaction effects

Given a loop number density n(4, t)

Q) = 2G17C_ Z;P / o (¢ (f, 1)t

Pcnta5 to f

Correction due to change in relativistic degrees of freedom:

1/3 39w\ —1/2 2
<M) applied at tcor. = ( i p) p= g T
Frteor 3 30
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Generic SGWB formulation: Five free parameters
Tension: Gpu/c?

Loop birth scale: & € [0.1 — aupin]
min &~ 1072 (PTAs), 10716 (LISA), 1020 (LIGO)

Intercommutation probability: p (and its scaling law dependence, k)
p=[10"31],k=—0.10or — 0.6

Loop emission spectrum:

i. spectral index ¢ (emission mechanism)
cusps: —4/3, kinks:—5/3

ii. emission mode cut-off n, (gravitational backreaction)
cusps: n« € [1,10%], kinks: n. € [1,10)

» Conservative - No assumptions made on the model parameters.

4th eLISA Cosmology WG meeting, MITP, Mainz 4/7



For upper limits:
Onlyp=1,n.« =1, and
n« = 101/ g = —4/3 needed

Planck limit

Match amplitude+spectral index
EPTA 2015 limit
Planck: _

Gu/c* <1.3x 1077
EPTA:
NANOGrav 2015 limit G[L/CQ <13x 1077
for o = 0.05

Gu/c® <2.9x1071
NANOGrav: )

Gu/c® <33 %1078
for o = 0.05

Gu/c® <81 x10712

-7 ) 5 )
Iog;a (Ioop birth scale, /=at)
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Arms: 5 x 10° m
Duration: 5 years

Arms: 10 m
Duration: 2 years
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Based on Thrane & Romano 2013
From the eLISA Cosmology Working Group report
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Results for 6 links, SNR=20

Conservative limit: Gu/c? < 4.4 x 10710
Large loops: Gu/c? < 1.5 x 10716

Conservative limit: Gu/c? < 1.1 x 10710
Large loops: Gu/c? < 2.1 x 10717

Conservative limit: Gu/c? < 7.0 x 10711
Large loops: Gu/c? < 1.3 x 10717

Conservative limit: Gu/c? < 1.4 x 10711
Large loops: Gu/c? < 4.4 x 10718

Improvement (on conservative upper limits):

A1—A2: x3.8 —4.8
A2—A5: x4.6 — 5
M2—M5: x1.6
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