
Z oom ing In on Quasar Accre tion D isk s
th rough  Ch rom atic M icrole nsing

Je ffre y A. Black burne 1, D avid  Poole y2, Saul Rappaport1, &  Paul L. Sch e ch te r1

(1) M IT   (2) U C Be rk e le y

Gravitational le nsing ough t to be  ach rom atic, ye t X- ray flux ratios diffe r 
from  optical ratios in se ve ral q uadruple  q uasar le nse s. Th e  be st 
e xplanation is  th at th e  X- ray accre tion disk  of th e  q uasar is  fully 
m icrole nse d, w h ile  th e  large r optical disk  e xpe rie nce s le ss e xtre m e  
m icrole nsing. Th is  is  in conflict w ith  th e  standard Sh ak ura- Sunyae v th in 
disk  m ode l, w h ich  pre dicts a sm alle r optical disk . Sim ulations sugge st

AGN accre tion disk s  appe ar 
large r at re d w ave le ngth s 
and sm alle r at blue  
w ave le ngth s. If th e  s iz e  of a 
le nse d q uasar is  large  
e nough  re lative  to th e  
Einste in ring of a pe rturbing 
m ass, it w ill atte nuate  flux 
variations cause d by th e  
pe rturbe r.

For se ve ral le nse d q uasars, X-
ray flux ratios are  m ore  
anom alous th an optical 
ratios, indicating th at at 
optical w ave le ngth s th e  
accre tion disk s  h ave  siz e s  
ne arly com parable  to ste llar 
m icrole ns Einste in radii (or a 
fe w  1016 cm ). O ne  e xam ple  
of th is  is  PG 1115+ 080 (se e  
Figure  1).

Th e se  s iz e s  are , in ge ne ral, 
large r th an are  pre dicte d by 
th e  standard Sh ak ura-
Sunyae v th in accre tion disk  
m ode l.

Th ough  optical flux ratios usually do not m atch  th ose  pre dicte d by 
sm ooth  le ns m ode ls, X- ray flux ratios are  ofte n e ve n m ore  anom alous.

Th e  s im ple st e xplanation is  th at th e  X- ray e m ission re gion is  m uch  
sm alle r th an th e  Einste in radius of a m icrole ns star, but th e  optical 
re gion is  a significant fraction of an Einste in radius, in th e  "sw e e t spot" 
for obse rvations.

Th e re  ough t to be  strong e volution of flux ratios w ith  w ave le ngth  in 
th e  optical re gim e , according to sim ulations (e .g., M ortonson e t al. 
2005, ApJ 628, 59 4). Se e  Figure  2.

A m ultiw ave le ngth  surve y of a sam ple  of le nse s  from  ne ar- U V to ne ar-
IR w ould te st th e  ch rom atic m icrole nsing sce nario and provide  
inform ation on th e  te m pe rature  profile  of th e  accre tion disk s.

W e  h ave  be gun an optical surve y of 12 q uadruple  le nse s  in se ve ral 
broadband filte rs, using th e  M age llan Te le scope s at Las Cam panas 
O bse rvatory. W e  w ill also obtain com ple m e ntary X- ray data from  
Ch and ra.

Pre lim inary re sults are  be ginning to arrive . Figure  3 sh ow s one  ratio 
from  th e  q uad RXS J09 11+ 0551. Th e re  is  cle ar e vide nce  for ch rom atic 
m icrole nsing in th is  flux ratio.

Future  w ork  w ill incre ase  th e  num be r of flux ratios (th re e  pe r le ns), 
be tte r ch aracte riz e  unce rtaintie s, and e xplore  im plications for 
accre tion disk  profile s.

Ch rom atic m icrole nsing can provide  a m agnifying glass to “z oom  in” 
on th e  accre tion disk s  of le nse d q uasars. To th is  e nd, w e  are  surve ying 
12 q uad le nse s  in e igh t broadband filte rs.

M ore  le nse s  m e an be tte r statistics. Th is  w ork  could be  e xte nde d to 
doubly le nse d q uasars as w e ll, th ough  th e y are  not such  a rich  source  
of inform ation (only one  flux ratio pe r le ns). Th is  is  anoth e r re ason to 
find le nse s!

Figure  1: O ptical and X- ray vie w s of 
PG 1115+ 080. Th e  A1/A2 ratio is  m uch  h igh e r in 
X- rays th an at optical w ave le ngth s. Figure  from  
Poole y e t al. (2006, ApJ 648, 67) Figure  2: M icrole nsing flux variations as a function of source  

siz e . Figure  base d on sim ulations by M oronson e t al. (2005, ApJ 
628, 59 4). At source  siz e s  ne ar 1 m icro- Einste in radius, flux 
variations ch ange  rapidly w ith  source  siz e .

Figure  3: Pre lim inary re sult for th e  q uad le ns RX J09 11+ 0551. Th e  
h igh - m agnification A–B flux ratio varie s  m onotonically w ith  
w ave le ngth . It is  close r to th e  m ode l- pre dicte d ratio at re dde r 
w ave le ngth s, and close r to th e  X- ray ratio at blue r w ave le ngth s. 
Error bars indicate  statistical unce rtaintie s, m ultiplie d by 2 to 
re fle ct syste m atics w h ich  are  not ye t ch aracte riz e d.
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th at th e re  w ill be  strong e volution in th e  flux ratios of m icrole nse d 
im age s in th e  optical re gim e . W e  h ave  be gun a surve y of tw e lve  q uad 
le nse s  in broadband filte rs from  0.4 to 2.2 m icrons, to find th is  
e volution and ch aracte riz e  th e  s iz e  of th e  disk  as a function of 
w ave le ngth . W e  w ill use  m icrole nsing to “z oom  in” on th e  accre tion 
disk .
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