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Oscillon with gravity

Taishi [keda with Chul-Moon Yoo & Vitor Cardoso




What is Oscillon?

- Let’s consider time evolution of scalar field. V(@)
- scalar field + double well potential
» EOM
- / - ¢
0* 1 o o

TV V(@) V@) @)

» Initial data ;: Gaussian bubble ,OS(,:”IOO
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What is Oscillon?

. Osclllon = extremely long-lived time dependent solution of

scalar field

- typical initial data ®.. : value of the scalar field

» Gaussian bubble at the bubble’s core
2 2
O(t=0,7)= (P, +0)e " o —¢
» tanh bubble
1
(t=0,r) = 5[(—0 — ®.)tanh(r — Ry) — o + @]

Gaussian bubble tanh bubble
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Life time vs bubble radius

. Oscillon = extremely long-lived time dependent solution of
scalar field
. Oscillon naturally appears during the collapse of bubble.

. Definition of life time : ¢, ro : sufficient large radius (fix)
E(t:ro) = / {<I>2 n (V<I))2 n V(q))} Arr2dr GaussiaQG[kJ)RLékgEles case
0 8000 ———r———
E t . T,
E(t( :7(1020) < (some small value) GE) S000
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energy dissipate
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Fine structure of Oscillon

. Fine structure of lifetime (Honda et al 2002)

- When we tune the initial parameter, resonance structure of lifetime
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- Critical behavior appears around the fine structure. (critical solution
exist)
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What we want to do?

- We want to construct Oscillon with gravity.

- Dose It exist ( not only in week gravity case but also strong gravity
case ) ?

- Its property ?

- It may be one of the final state or intermediate state of

gravitational collapse.
- What is interesting 7

- Can Oscillon collapse to black hole ?
- If critical behavior appears, there are special solutions associated

with critical behavior.

=\\Ve need to develop the numerical code for spherically

symmetric spacetime.
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System and initial data

- EOM
Gy =8rGT,,

Vi = V/(®) V(®) = 3@2 —1)? GG : Newton constant
. Initial data

- momentary static bubble

{ (I)(t:O,T):—1+2€_T2/RS (I)
R
[I[(t=0,r)=0 o T‘_—O\’
Fidxtdr? = dr? + r*d*) T
tx, N
K =0 9

) qb IS given from the solution of Hamiltonian constraint.
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Our numerical code

. Our numerical code

- It is written in C++.

- GBSSN formulation - spherically symmetric case

- free evolution

- time integration : iterative Crank Nicolson shceme

- spatial derivative : central difference

- totally second order accuracy

- We add 2nd order numerical dissipation term in each time
evolution equation.

- We use inhomogeneous grid

- parallel computation by using Open MP
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Kodama mass

- Kodama mass = locally conserved energy in the spherically

symmetric system 4 )
4 L Y ds? = Gagdx?dz® + R2d*Q
- definition i)
» Kodama vector ern =vV—Gean €4 =1
KA — EABaBR L J

(extend) (vector on 2-dim manifold charted by t and r)
= K" (vector on 4-din manifold)

» Kodama mass )
o Er
. _ t 3
M(t;rg) = /ZS a+/ydx  — const.
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Kodama mass

- proof
€eAB =V —YeaB
ds’ = Gapdz’dz® +r’d*Q o
= —a?(t,r)dt* + a*(t,r)dr* + r*d*Q br
Etrr- —_ Oéa/
» component of K4 = ABogr
1
Kt=€e"9r=——, K" =0
aa
» component of S =TH K"
1 1 1 2a%0,.a o? o
St= — T, = — G4y = r — —
o3a T aBa oz3a( ra3 * r?2 7“2a2)
1 1 28750,
S’I" = — r — —GT —r—
aad ™t T a3 roat

P 9.(/—g5") =0
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Kodama mass

- conservation law of Kodama mass

Vst = \/%—gau(\/ —gS*) =0 ty

W | M(t=0;r0) + P(t =0,t;m0) = M(t; ro)

{ M(t;ro):/EStaﬁdx3

t
P(t=0,t;79) :/ dt/ d*z n,S*
0 )y

. We define the lifetime of Oscillon from Kodama mass In
the case of Oscillon with gravity.
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Oscillon with gravity (preliminary result) @

. Some examples of numerical simulation

O(t,r = 0) Kodama mass
G =0 a.
Ro=22750 | ° no Oscillon
G=10""°
ftg = 2.2750 no Oscillon
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Oscillon with gravity (preliminary result) @

d(t,r =0) Kodama mass
G=10"*
Ry = 2.2750 Oscillon
G=10""°
Ry = 2.2750 Oscillon
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Life time of Oscillon with gravity

(preliminary result)

- Initial bubble radius vs life time of Oscillon with gravity
G =0.0004 G — 10_4
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Life time of Oscillon with gravity

preliminary result)
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Summary and future work

. Summary
- Osclillon = long lifetime localized solution of scalar filed on MinkwskKi

background
- It is the product of nonlinear effect of scalar field.
- We construct the Oscillon with gravity.
- We get sign of its fine structure in the life time.

. Future work

- Can Oscillon collapse to black hole ?
- Can we check the critical behavior ?
- What is the properties of the critical solution 7
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