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KERR–NEWMAN–NUT$WITH$Λ
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‣ Causality%violation:%
‣ Ergosphere:

‣ Horizons:%
‣ Ring%singularity:%
‣ Axial%singularity:

KERR–NEWMAN–NUT$WITH$Λ$
PROPERTIES
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2%semiIinfinite%singularities%on%halfIaxis%
massless%rotating%rods
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KERR–NEWMAN–NUT$WITH$Λ$$
EQUATIONS$OF$MOTION$FOR$LIGHT
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KERR–NEWMAN–NUT$WITH$Λ 
REGION$WITH$SPHERICAL$LIGHT$RAYS
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REGION$WITH$SPHERICAL$LIGHT$RAYS

8

Schwarzschild

Kerr

(#, r)

3.8m

3.m

�
#, e

r , for r0
r+1, for r>0

�

horizon(s)%
region%
ergosphere%
causality%violation%
throat%%
ring%singularity

K

r = 0

unstable%
stable



horizon(s)%
region%
ergosphere%
causality%violation%
throat%%
ring%singularity

K

r = 0

unstable%
stable

3.5m

4.5m

4.7m

Kerr–NUT%with%Λ
a
=
4 5

a m
a
x

a
=
0

a
=
a m
a
x q2e 0

` 3

4

m
⇤ 10�2m�2

a
max

1.26m



3.5m

4.5m

4.7m

Kerr–NUT%with%Λ
a
=
4 5

a m
a
x

a
=
0

a
=
a m
a
x

4.5m



Models of Gravity
RESEARCH TRAINING GROUP

Arne$Grenzebach

limiting%case

(✓, )

ṙ = 0, r̈ = 0

Shadow$of$a$Black$Hole$
The%region%on%the%celestial%sphere%
around%an%observer%which%is%left%
dark%if%all%light%sources%are%at%infinity

observer/%
telescopeevent%horizon
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Geometric$construction$

‣ observer:%point%
‣ only%consider%lightlike%
geodesics%

‣ do%not%consider%variability%
of%light%source(s)%

‣ do%not%consider%matter

©%Ziri%Younsi

RayWTracing$

‣ observer:%grid%
‣matter%described%by%
absorption%and%emission%

‣ can%take%into%account%
variability%of%light%source(s)
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observer/%
telescope

‣ Consider% light% which% is%
sent% into% the% past% from%
the% observer‘s% position%
into%the%direction (✓, )

light%raye1

e2

e3
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observer/%
telescope

‣ Consider% light% which% is%
sent% into% the% past% from%
the% observer‘s% position%
into%the%direction (✓, )
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telescope
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the% observer‘s% position%
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observer/%
telescope

‣ The%Shadow%is%viewed%via%
stereographic%projection

projection

‣ Consider% light% which% is%
sent% into% the% past% from%
the% observer‘s% position%
into%the%direction (✓, )
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CELESTIAL$COORDINATES$OF$THE$BOUNDARY$OF$THE$SHADOW
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observer/%
telescope

projection
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CELESTIAL$COORDINATES$OF$THE$BOUNDARY$OF$THE$SHADOW$
MOVING$OBSERVER
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CELESTIAL$COORDINATES$OF$THE$BOUNDARY$OF$THE$SHADOW$
MOVING$OBSERVER
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ARO/SMT$(AZ/USA) APEX$(CHILE) ASTE$(CHILE) CARMA$(CA/USA)

CSO$(HI/USA) IRAM$30M$(SPANIEN) JCMT$(HI/USA) SMA$(HI/USA)

ALMA$(CHILE) LMT$(MEXIKO) PDBI$(FRANKREICH) SPT$(ANTARKTIS)

OBSERVATION$OF$THE$SHADOW$OF$SGR$A*$
BLACK$HOLE$CAM$|$EVENT$HORIZON$TELESCOPE
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www.eventhorizontelescope.org/array/
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OBSERVATION$OF$THE$SHADOW$OF$SGR$A*$
BLACK$HOLE$CAM$|$EVENT$HORIZON$TELESCOPE
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OBSERVATION$OF$THE$SHADOW$OF$SGR$A*$
BLACK$HOLE$CAM$|$EVENT$HORIZON$TELESCOPE

‣ combine%radio%telescopes%
via%computers%(VLBI)%

‣ 2000%times%more%detailed%
than%Hubble%

‣ Simulations%with%
• interstellar%scattering%
• accretion%disc/torus%
• jets%
• finite%telesc.%resolution

Simulations:%RayITracing%

wavelength:% 0.6%mm% 1.3%mm%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%

[FALCKE,$MELIA,$
AGOL$(2000)]

19



Models of Gravity
RESEARCH TRAINING GROUP

Arne$Grenzebach

RAYWTRACING:$ACCRETION$TORUS
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Optically%ThinOptically%Thick

©%Ziri%Younsi ©%Ziri%Younsi
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OBSERVATION$OF$THE$SHADOW$OF$SGR$A*

www.eventhorizontelescope.org/technology/building_a_larger_array.html

1.3%mm 0.87%mm%
CARMA%–%SMT 300%µas 200%µas
Hawaii%–%SMT 58%µas 39%µas
Hawaii%–%ALMA 28%µas 19%µas
PdBI%–%SPT 23%µas 15%µas

Expected%radius:%
≈%25%µas

21

©%NASA;%Luc%Viatour
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OUTLOOK

‣ Plebański–Demiański%
spacetime,%CImetric%

‣ Recover%parameters%of%
black%hole%from%the%
shape%of%the%shadow?%

‣ Influences%of%variability%
of%light%on%the%shadow

‣ Analytic%formula%for%
the%boundary%curve%of%
the%shadow%

‣ Extr.%rot.%Black%Hole:%
distorted%shadow%

‣ Observable:%only%shape%
of%shadow,%no%axes

SUMMARY

A.%Grenzebach,%V.%Perlick,%C.%Lämmerzahl%

Photon$Regions$and$Shadows$of$Kerr–Newman–
NUT$Black$Holes$with$Cosmological$Constant$

arXiv:1403.5234%|%PRD%89%124004

A.%Grenzebach%(to%appear)%

Aberrational$Effects$for$Shadows$of$Black$Holes
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OUTLOOK
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‣ Extr.%rot.%Black%Hole:%
distorted%shadow%

‣ Observable:%only%shape%
of%shadow,%no%axes
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Aberrational$Effects$for$Shadows$of$Black$Holes


