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What are Critical Phenomena?

flat space fixed point
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® Universality
® Self-similar behavior

® Power law behavior near the threshold

M ~ (p—pu)”
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Collapse of Gravitational Waves in vacuum

® Evidence of different threshold solutions
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[3] T. Ledvinka and A. Khirnov. Universality of Curvature Invariants in Critical Vacuum Gravitational Collapse Phys. Rev. Lett. 127, 011104
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Why different critical solutions?

® In [4] they study the collapse of PoY M t=1
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[5] M. F. Perez Mendoza and T. W. Baumgarte. Critical phenomena in the gravitational collapse of electromagnetic dipole and quadrupole
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Comparison of linear Brill and Teukolsky waves

Brill Wave

® Multipolar
® More numerically unstable

® Easy to obtain as ID, (just
solving a elliptic equation)

®q(tr)
® Fully nonlinear

B B
o hij = Y5 — i

Teukolsky Wave

® Quadrupolar
® More numerically stable

® More difficult to obtain as ID (solving
Hamiltonian constraint)

® F(t,r)
® Linear before solving H constraint

® b=

[6] I. Suarez Fernandez, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752



Teukolsky waves

Metric ansatz

ds? = —dt? + dr2 {1 .|.Afﬂ_} + rdrdfl {233‘}3}+
rsin(0) drdg {2Bf,4} + 12 d6? {1+ CfSy) + Afia) }+

r?sin(6) dfde {2(A — 20 ) foo }+
r?sin®(0) do® {1+ CfS) + Af)},

!

h'r'r - Af'rr?
hrﬂ - 'T'Bfrﬂg

heg = r (Cfé;) + Afa(g))
hgs = r2sin? 0(CfLY) + AfS)

®f, - Angular functions

® A, B, C - Coefficients depending on
F(t,r) and derivatives

® F(t,r) - Seed function

Chosen seed function

F(t,r) = Ap\* ((t — 7“)(3_((7“_1’L)/>‘)2 — (r+ t)e_((”'t)/)‘)z)

Coefficients
AT = —24 A1 e_(""/)‘)2

BT — 8;2“‘ —(r/N* (2p2 — 3)2),
cT = 8;\4%9-@"/*)2(?«4 — 47222 4 30Y).
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Brill waves

Metric ansatz
®q(t,r) - Seed function

vidatde? = ot (e23(dr? 4+ 1r2df?) + r? sin?(0)dy?
! ( ) ® Y . Conformal factor

Linear Hamiltonian constraint

0, Y 0%q 0%
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The special case of Holz data

Holz seed function

. ® Centered gaussian
q(r,0) = Agr? sin?(8)o 2~ (/)
= Applo—2e~ (P +77)/0’ ® The most common choice
l ® Purely quadrupolar!
q(r,0) = qoo(r)Yoo(8) + g20(r)Y20(8)

uoo(r) = —ﬁﬁABe‘('"f D” (272 4 o?)
4“4 2 —(r/o)?
qoo(r):ﬁ—B(i) o= (/o) )

34,4 o s (1) = _\/E T (3\/‘ o erf( )
_ B —(r/0)?
az0(r) = \/; 3 (O') e~ (/o) (er o +4rt + 304))
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Comparison - Gauge transformation

We write Brill Waves in the Transverse Traceless (TT) gauge

Metric perturbation Coefficients
AR = AT om0/ (152 +-90%) +
hfr*r — Af'rrg \/7_1'0(2?' —QG‘)EIf(g)],
hro = TBf'-"H? BB = — 19,3 [27"6_(’"/") (4r* + 6r°0% 4+ 90*) —
2
hgg =1 (Cfig;) + Afé )) 9ymo et (E)]
hq_rwf, = ‘T‘ sin Q(C él) —+ Af(z)) CB = gf;:—;ﬂ [21’6_5; (161"6 + 36r20% +6306) +

3Vrmo® (21"2 - 2102) erf (g)]
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Comparison - Gauge transformation

ATZAB/SO A=o0
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Comparison - Gauge invariant Moncrief formalism

Moncrief function
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Comparison - Gauge invariant Moncrief formalism

AT:AB/SO A=o0
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Comparison - Kretschmann scalar

AT:AB/SO A=o0

I = 8’Yij’YklRikRjz
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Conclusions

® The Holz data, the most common choice, is purely dipolar, as Teukolsky.

® Compare in 3 different ways Brill and Teukolsky waves with coherent results

® Brill Waves in TT can be expressed as Teukolsky waves, but we are missing F(t,r)
® The Moncrief function and the Kretschmann scalar are very similar qualitatively

® The different multipoles of Brill Waves coupling to different parts of the Einstein equations
does not seem the reason of the differences between Teukolsky and Brill waves behavior.
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® The Holz data, the most common choice, is purely dipolar

® Compare in 3 different ways Brill and Teukolsky waves with coherent results

® Brill Waves in TT can be expressed as Teukolsky waves, but we are missing F(t,r)
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Thank you



