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CUSPS anad pseuolo—cusps

motlvatilon

" FP-string junctions generically contain cusps
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symmetries between 2 movers on the string:

b reflection of @’ through axis //to o = () end of string (z-axis)




analytic estimation of cusps/pseudo-cusps:
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how manyy times the standard
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distance in unit sphere between 2 average cireles




analytic estimation of cusps/pseudo-cusps:

. / !/, ,
average and standard deviation of a gnd — b inunit sphere

CUSPS whewn

more cusps for a long string with Large amplitude waves
thaw a short straight string or a small-scale structured string




pseuolo-cusps

[ 4-veloclty at point of closest approach

" CUSPpS: null vector

" PSEUNO-CUSPS: lo 1

theoretical \/eLocL’cH ‘lz‘ — \/1+C2OSHC ~ 1 — 9%/8 + 9?/384
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softness of velativistic part of string

for a cusp: 96 — () and v =—cC




numerieal simulation
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" string’s ends fixed on heavy strings
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= decompose strings in large # pieces travelling at velocity of
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237 strings
numerieal simulation

8719 cusps ano 4659 pseudo-cusps

" string’s ends fixed on heavy strings

= position/velocity at t=o defined by fourier series

= aputs: -- string’s lenoth Om
P 9 9 A/O‘m

-- lnterstring distance JAN
-- parameters to fix oscillatory behavior of string
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R, - highest value (amplitudes in = Py B )
" how wavy is the string; <CL;CZ;;> - <ax> ana <b/ b/> B <béc>2

= decompose strings in large # pieces travelling at velocity of
their geometric center and compute their evolution over a period




about 43200 pSeudo-cusps
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“cusps: v > (1 — 10_6)6
" pseudo-cusps U & [(1 — 10_3)6, (1 — 10_6)6]
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number of cusps ano psewoo-cusps
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the more energy Ls on the string, the more cusps appear
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deviation from average over a period tn time

alwost Lineayr

smaller radius of curvature for strings with many cusps
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mean radius of curvature

time-average of space-averaged radius of curvature of each string

a swmaller radius of curvature means more waves, hewce nmore CUSps
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ZIpplng/ unzipping in NG approximation

evolution of local angle 6
at a massive junction
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even though the constant zipper
growth prediction is based on special
conflgurations:

2:“ COS 6710 — U3 = 0

these configurations are stable

Unzipping cannot happen by
sbimply perturbing 3 ..
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unequal temsilons

equal tensilons
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possible unzipping mechanisms:

" veloctty damping in expanding backgrouno

= mownopole/string forces

" string curvature (Loops with junctions)
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close to junction: Linear force

string foree ] ) ,
away from junction: foree exponentially damped

attractive force repulsive foree

ﬁ < ﬁcrit 5 > ﬁcrit

J’um’c’ww accelevates J'wwt’ww decelerates




string curvature (Loops with junctions)




heavier bound states can ac’cuattg unzip, leading to
a Lower abundance of heavy strings in the network

i agreement with numerieal simulations




