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Newman-Janis algorithm (bird’s eye)
1
Guv = Ruv - EguvR = T[JV

“Natural” unitsG = c=8r =1

1 a1
. . . . p = 2 e 2
Static and spherically symmetric space-time r r
ds? = eV dt2 — 2 gyr2 — 2402 1 1
— Pr=_3" e (r—z

T#, = diag(p, —pr, —De, —Pt)




Newman-Janis algorithm (bird’s eye)

1. Complexification
r = 1+ iacosO

2. Suitable metric variables

{e", el} - {A(r,0,a),B(r,06,a)}

3. Static limit

éi_r)rcl){A,B} — {e", e’l}

E.T. Newman and A.l. Janis, J. Math. Phys. 6, 915 (1965).



Newman-Janis algorithm (bird’s eye)
Ambiguity!!!!

r? > (r +iacos0)(r —iacosf) = r? + a*cos?0

Alternative:
1 N 1 1 n 1 _ r Newman-Janis without complexification
r 2 \r+iacos6@ r —iacos6O r2 4+ a%cos?0 M. Azreg-Ainou, Phys. Rev. D 90, 064041 (2014)

r2 - r(r + iacos0)Y2(r — iacos)1/?

All of them coincide when a is turned off!!!



Gravitational Decoupling

Ty ) = diag(po, —Pro» —Pto» —Pto)
What if? TllV = Ty + SllV

Sﬂv - diag(pSi —DPrs, —DPts» _ptS)

1 (1 X
Potps=_z—€ "\ 53—

r? r: r
1 (1 WV
ProtPrs=7—€ "zt

e_l I,/ 2(1/,_/1’) 12 "
pt0+ptS:_T AV — " —v'2 —2v

J. Ovalle, Phys. Rev. D95, 104019 (2017), 1704.05899.



Gravitational Decoupling

Let us assume el =1_ 2m(r)
r
2m’ m=mgy+ mg
PotPs=—5 *
vl 2V 2
pr0+prS:r_2_ T'_2+T'_3 m 4

v’ 1 2 , 1 v’ v 1 v’ V’Z "
Pro+Pes = oot VT | g — o b | 5 - o

Linear in the mass function!



Gravitational Decoupling

1 1wy f f

= _en(=—_B )L _L

p0+pS 2 e (7"2 T') 72 r
1 e V' 1 v
Protprs=—Zte | G+ )+t
- 'ul V, 1 o 1 ,2 V” ,
ProtPes=eF| -t — v+ v+ — )+ f
+ vl+1 ’2+vll
MNortay 73



Gravitational Decoupling

Seed sector {v, U, Po, Pro» Pto}

Decoupling sector {f, Ps, Prs, Dts)

__fr
Ps = 7"2 r
1 v
Prs = f r_2+7>

Given a seed metric {v, u}, the first set is trivial and the second set corresponds to three equations with

four unknowns!!



Gravitational Decoupling

2m’
Pot Ps =3
2m'
Dro + Drs = Tz
m//
Pto + Pets = ———

What if we asume?

. 2m
eV =1——
r

2m

e t=1-"
r

m=mgy+ mg

v

v

vo<Eitg

etoehtf
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Gravitational Decoupling

Seed sector (trivial)

2mg’
Po T'Z

’

N Zmo

Pro = — r2
"

Pto = -

to r

Strategy?

Decoupling sector {mg, ps, Prs}

st'
Ps T'2

/
_ ZmS
Prs = — r2
17
ms”

tS r

1. Provide a “suitable” mass function

2. Equation of state.
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Gravitational Decoupling for Rotating black holes

2rm(r
ds? = <1 — pz( )) dt? —

p? =71r%+ a‘cos?0
A=1%-2rm+ a®

Y = (r? + a®)? — a’Asin®0

a=]/M

4arm(r)sin?0 p? Y'sin?0

2

dtdp — —dr? — p?dh? — do?

A p?

The simplest generalization of the Kerr metric!!

Note that
* reduces to the static case whena — 0
* m = M = constant corresponds to Kerr

* m(r) depends on the radial coordinate only, so is the
same whena =0

E.C, J. Ovalle, R. Casadio, Phys. Rev. D 103, 044020 (2021)
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Gravitational Decoupling for Rotating black holes

2r
€ = —Dyr = Fm
Po = D¢ = T2 + Pz m

eg+es=—(pr +0rs) = Fmo +

Pgo T Pos = Ppo T Pps = T2

r

Condition for the decoupling

1. Linearinm
m=mgy+ mg

2. Non-linear in
o) ea a a=a,=as

2rt 2rt
s
o2t =p*) , r . 2r*=p*
my + 7 my ——st + 7 mge
P P p

E.C, J. Ovalle, R. Casadio, Phys. Rev. D 103, 044020 (2021)
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Gravitational Decoupling for Rotating black holes

Strategy to construct a Kerr-like black holes

1. Setm = M = constant. The problem reduces to solving two equations with three unknowns

2. (a) Consider a suitable mass function or a suitable equation of state

(b) Obtain the mass function from a well-behaved static seed (as Newmann-Janis)

E.C, J. Ovalle, R. Casadio, Phys. Rev. D 103, 044020 (2021)
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Gravitational Decoupling for Rotating black holes

Example

ev=et=1 —2—M+ aeTM=to/2) ty = at
r

* The solution satisfies the SEC

 Reduces to Schwarzschild when o — 0

e The mas function reads

=M — — —r(M—+4y/2)
m M e
* The horizon condition is given by
2 “rHZ —rg(M—~£y/2 2
ry? — 2ryM + e THM=40/2) 4 g2 = 0

M

15



Gravitational Decoupling for Rotating black holes

1.O—————

— =0.2;
— =0.8;
— =1,

T e T I
4
' < I'kerr
TH < TKerr |
2
T'H = Kerr
al= 0
-2
—4
4 5 4 2 0 2 4 6

E.C, J. Ovalle, R. Casadio, Phys. Rev. D 103, 044020 (2021)
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Final comments

e Gravitational decoupling allows the full decoupling of sources for rotating Kerr-like systems

* The construction of rotating black holes can be performed by assuming a suitable mass function or some
equation of state.

* We can assume a seed static metric (like the Newman-Janis algorithm)

 What is the “source” of Kerr (hard!)



Thanks!
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