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General  relat iv ist ic  ray-tracing

Photon  t ra jec to r y  d is to r ted  by  space t ime  curva ture
Cur va tu re  encoded  in  the  me t r i c
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Use  cases  for  GRRT

Imag ing  b lack  ho l es  (e .g .  Event  Hor izon  Te lescope )

Spec t ra l  model l ing

Va r i ab i l i ty  model l ing

Measu r ing  me t r i c  pa rame te r s  ( ,  ,  . . . )
Measu r ing  d isc  and  corona l  pa rame te r s  ( ,  ,  . . . )
Tes t ing  re la t iv i t y
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Why  Gradus . j l?

Ex is t ing  codes  a re  b r i t t l e  /  des i gned  for  a  s ing le
purpose

Codebase  requ i res  fam i l i a r ly  to  ex tend  or  is  ted ious

Ray- t rac ing  can  be  a  d i f f i cu l t  or  e r ro r  prone

Speed   and  sca lab i l i t y
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Our  approach

Us ing  automa t i c  di f fe rent i a t ion  to  ca lcu l a te  the
geodes i c  equa t ion

Exp lo i t ing  symbo l i c  comput ing  a t  comp i l e  t ime

Mu l t ip l e-dispa tch  for  composab le  abs t rac t ions

Ju l i a 's  he te rogenous  pa ra l l e l ism
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Examp le :  A user  defined  metr ic , disc , and  corona

Spec i fy ing  the  me t r i c  pa rame te r s  . . .
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. . .  spec i fy ing  the  me t r i c  components  . . .
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. . .  san i t y  checks  . . .
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. . .  add ing  a  d isc  mode l ,  compos ing  i t  . . .
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. . .  an  inte r sec t ion  c r i te r i a  . . .
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. . .  add ing  a  corona l  mode l  . . .
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. . .  samp l ing  the  source  pos i t ion  and  ve loc i t y  . . .
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. . .  put t ing  i t  a l l  toge the r .
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Ca lcu l a te  how  the  corona  i l lum ina tes  the  d isc :
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L inepro f i l e  and  reve rbe ra t ion  t rans fe r  func t ions :

15CC BY  4.0  Fergus  BakerCC BY  4.0  Fergus  Baker



S imp l e  to  mod i fy :
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Open-source ,  w i th  an
open  inv i ta t ion  for  co l l abora t ion  
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Thank  you  :)

Contac t :  fe rgus .bake r@b r isto l .ac .uk
G i tHub :  @ f j ebake r

G radus . j l :
h t tps : / /g i thub .com /ast ro-g roup-b r isto l /G radus . j l
The  Ju l i a  P rog ramm ing  Language :
h t tps : / / ju l i a l ang .org /
D i f fe rent i a lEqua t ions . j l :
h t tps : / /g i thub .com /Sc iM L /D i f fe rent i a lEqua t ions . j l
P lots . j l :
h t tps : / /g i thub .com /Ju l i aP lots /P lots . j l
Forwa rdD i f f . j l :
h t tps : / /g i thub .com /Ju l i aD i f f /Forwa rdD i f f . j l
P resenta t ion  made  w i th  Ma rp :
h t tps : / /ma rp .app /
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