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from	  AGN	  close	  to	  z~1	  

Based	  on:	  Astron.Astrophys.	  575	  (2015)	  A21	  

by	  Andrew	  Taylor	  



Talk	  Outline	  

•  EBL	  aFenua%on	  effects	  for	  high	  redshiJ	  sources	  
•  Present	  observa%onal	  situa%on	  for	  z~1	  AGN	  
•  Future	  observa%ons-‐	  where	  to	  look	  and	  with	  what?	  
•  The	  possibility	  of	  seeing	  “over	  the	  horizon”	  
•  Conclusion	  



Extragalac%c	  Background	  Light	  (EBL)	  
AFenua%on	  of	  Gamma-‐Rays	  	  
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EBL	  AFenua%on	  

PG 1553+133	  
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Our	  Understanding	  of	  the	  Part	  of	  the	  
EBL	  Relevant	  for	  z~1	  AGN	  
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a = 1.27+0.18
�0.15 ± 0.25sys
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Astron.	  Astrophys.	  550	  (2013)	  A4, (astro-ph/1212.3409)	  
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Note	  EBL	  induced	  break	  features	  
for	  “high”	  redshiJ	  AGN	  occur	  at	  
Fermi/HESS	  transi%on	  energy	  range	  

Range	  of	  redshiJs	  due	  
to	  present	  uncertainty	  in	  	  
source’s	  value	  

Probing	  the	  EBL	  AFenua%on	  with	  
Different	  Sources	  
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Future	  ACT	  Tests	  of	  Blazar	  	  
Evolu%on/Loca%on	  

HSP	  AGN	  

• Reminder:	  	  
Blazar	  -‐>	  BL	  Lac	  (FR1)	  -‐>	  HSP	  
	  
• Nega%ve	  evolu%on	  supports	  idea	  
that	  FSRQ	  (gas	  accre%ng)	  AGN	  
evolve	  into	  BL	  Lac	  (gas	  starved)	  AGN	  

From	  astro-‐ph/1310.0006	  (Ajello	  et	  al.	  2014)	  

7	  

)                                           
LoS

Voidiness (V
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N
or

m
al

iz
ed

 F
ra

ct
io

n 
   

   
   

   
   

   
   

   
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7 Randomly Distributed
SDSS Quasars
2LAC Sources
1FHL Sources
VHE-like Sources

From	  astro-‐ph/1407.6370	  (Furniss	  et	  al.	  2015)	  

0.05<z<0.36	  



H.E.S.S.	  Phase	  I:	  2002-‐2012	  
▪	  4	  telescopes	  of	  12m	  
▪	  100	  GeV	  -‐	  100	  TeV	  

H.E.S.S.	  Phase	  II:	  2012-‐++	  
▪	  Addi%on	  of	  CT5	  to	  the	  array:	  28m	  
▪	  ~30	  GeV	  -‐	  100	  TeV	  

CT5	  allows	  E	  <	  100	  GeV	  measurements	  
—	  best	  for:	  

•  High	  redshiJ	  AGN	  +	  GRBs	  

•  EBL	  studies	  at	  large	  z	  
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Future	  Observa%ons-‐	  The	  “PhaseII”	  Era	  



Future	  Observa%ons-‐	  Where	  to	  Look?	  

Table	  of	  z>0.5,	  E	  >	  100	  GeV	  Fermi,	  high	  redshiJ,	  candidate	  sources	  	  



High	  RedshiJ	  AGN	  Recently	  Detected!	  

AIP	  Conf.Proc.	  1505	  (2012)	  490-‐493	  

KUV	  00311	  (z=0.61)	  

PKS	  1424+240	  which	  was	  also	  mo%vated	  from	  
the	  list	  was	  also	  “recently”	  detected	  
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sits	  along	  voidy	  line	  of	  sight!	  

ApJ	  LeFers,	  785,	  L16,	  2014	  	  



Future	  Observa%ons-‐	  Where	  to	  Look?	  
PKS	  0426-‐380	  (z=1.11)	  
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High	  RedshiJ	  Record-‐	  AGN	  Recently	  
Detected	  by	  ACTs	  

ApJ	  LeFers,	  Volume	  815,	  22A	  ,(astro-ph/1512.04434)	  

PKS	  1441+25	  (z=0.94)	  

ApJ	  LeFers,	  Volume	  815,	  23A	  ,(astro-ph/1512.04435)	  



Seeing	  “Over	  the	  Horizon”	  
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See	  astro-‐ph/1206.6715	  (Aharonian	  et	  al.	  2012)	  
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Proton	  Fed	  Blazar	  Emission	  Model	  
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•  Kusenko	  &	  Essey	  have	  spearheaded	  the	  sugges%on	  that	  some	  
TeV	  blazars	  are	  powered	  through	  proton	  losses	  in	  the	  presence	  of	  
weak	  (10-‐15	  G)	  extragalac%c	  magne%c	  fields	  	  

•  If	  this	  is	  the	  case,	  these	  blazars	  would	  not	  be	  expected	  to	  show	  
short	  %me-‐scale	  variability	  structure	  

Prosekin	  et	  al.	  (astro-‐ph/1203.3787)	  	  

BEGMF = 10�15 G, � = 1 Mpc

300 yrs



Importance	  of	  Accurate	  RedshiJ	  
Determina%on	  

Poten%ally	  the	  case	  for	  B2	  0912+29	  	  

Example	  case-‐	  PKS	  0447-‐	  439;	  proposed	  to	  sit	  at	  z>1.25	  (Landt	  et	  al.	  2012)	  

Claim	  on	  redshiJ	  has	  since	  been	  refuted	  by	  Fumagalli	  et	  al.	  (2012),	  Pita	  et	  al.	  (2012),	  
and	  the	  HESS	  	  Collabora%on	  (2013)	  



Very	  Bright	  Fermi	  Flaring	  AGN-‐	  	  
Crazy	  Diamond	  (3C	  454.3),	  z~0.86	  
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(see	  poster	  by	  Carlo	  Romoli)	  



Conclusion	  
•  VHE	  gamma-‐rays	  from	  high	  redshiJ	  AGN	  (z~1)	  are	  sensi%ve	  to	  a	  
component	  of	  the	  EBL	  not	  yet	  thoroughly	  probed	  

	  
•  We	  are	  now	  in	  a	  new	  era	  of	  ACTs	  in	  which	  these	  AGN	  may	  now	  
be	  probed….par%cularly	  promising	  for	  bright	  variable	  sources	  

•  Candidate	  high	  redshiJ	  (z~1)	  AGN	  have	  been	  suggested	  from	  
Fermi	  observa%ons	  

•  Seeing	  photons	  from	  sufficiently	  beyond	  the	  horizon	  would	  be	  
very	  exci%ng,	  poin%ng	  to	  different	  propaga%on	  channels	  

•  Future	  CTA	  observa%ons	  of	  the	  BRIGHTEST	  AGN	  flares	  (eg.	  Crazy	  
Diamond)	  would	  access	  to	  the	  accelera%on	  mechanism	  



HESS	  Upper	  Limits	  on	  the	  EBL	  	  
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Assume	  intrinsic	  gamma-‐ray	  spectra	  have	  Γ	  >	  1.5	  	  
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HESS	  Upper	  Limits	  on	  EBL-‐	  Good	  Agreement	  with	  Recent	  EBL	  studies	  	  

“direct  measurements”  upper 
limits 

favored  EBL  –  before  HESS	

HESS  upper  limits	

lower  limits  from	
galaxy  counts  	

        
 

Γ=1.5	

EBL (almost) resolved 
at NIR ? 

Nature	  440	  (2006)	  1018-‐1021 
astro-ph/0508073	  
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Hard	  Spectra	  can	  be	  Problema%c	  
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Astron.	  Astrophys.	  550	  (2013)	  A4, (astro-ph/1212.3409)	  

21	  

αOpacity normalization 
0 0.5 1 1.5 2 2.5

 p
ro

ba
bi

lit
y 

[ %
 ]

2 χ

10

20

30

40

50

60

Intrinsic model
PWL
LP
EPWL
ELP
SEPWL

2 
lo

g(
 L

ik
el

ih
oo

d 
)

-45

-40

-35

-30

-25

Intrinsic model
PWL
LP
EPWL
ELP
SEPWL

(5)PKS 2155-304 

m ]µ  [ λ1 10

 ]
-1

 s
r

-2
  [

 n
W

 m
λ

 Fλ
10

210
H.E.S.S. low energy
H.E.S.S. full dataset
H.E.S.S. high energy
H.E.S.S. contour

 )
low | full | high

(sys + stat

Direct measurements

ME12 exclusion region

Galaxy counts

HESS	  Upper	  Limits	  on	  EBL-‐	  Good	  Agreement	  with	  Recent	  EBL	  studies	  	  
dN

obs

dE
=

dN
intr.

dE
⇥ exp(�a ⇤ ⌧)

a = 1.27+0.18
�0.15 ± 0.25sys


