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Summary of optical spectra of different AGN types
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Big Blue Bump: Excess radiation in ~UV range = disk?

\IR Bump: Excess radiation in ~IR range = dust? (peak 7": 2000 K; dust sublimation?)
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In some AGN: extrapolated UV

| power law smoothly matches X-ray
continuum.

Remember: f, oc v™¢

] Break wavelengh between 800 and
1600A, in rough agreement with

] accretion disk models.

i Theory of the break: H-Lyman
edge, possibly smeared by

] Comptonization or relativistic
effects.

q However: no correlation between UV slope and
BH mass as expected from accretion disk
models?!?

\_ L0g Vyyy, (H2)

(Shang et al., 2005) )
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Spectral Energy Distribution of 3C273 (Turler et al., 1999)
Big Blue Bump: Excess radiation in ~UV range = disk?

KIR Bump: Excess radiation in ~IR range = dust? (peak 7": 2000 K; dust sublimation?) )
Accretion Disks in AGN 2
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Accretion Disks in AGN
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Problem with AGN: peak of
disk in UV

— Galactic Black Holes: T is
higher

Find ok agreement between
accretion disk models and
theory.

In general: models with just

Energy [keV]

kLMC X-3, (Wilms et al., ZOOi)

% T oc r=3/* and no additional
(atomic) physics seem to work
best?!?
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Comparison of
self-consistent accretion
disk model with LMC X-3
data = good agreement,
although values of «
smaller than expected (fits
find0.01 < a < 0.1
instead of 0.1-0.8).

Top red line: inferred accretion disk
spectrum without interstellar

absorption. )

X-Ray Detectors
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4 Introduction]

A large amount of our understanding of AGN comes from non-optical
observations.

— we need to understand how these observations are made to be able to
interpret their results.

—> Will take a “side trip” into the world of X-ray detectors.

There are two main issues to deal with:
e X-ray Optics
e X-ray Detectors
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\ = If one wants to look at the sky in other wavebands, one has to go to space! )

Introduction 2

e 'Optical Imaging, If ~

Cassegrain telescope, after Wikipedia

Reminder: Optical telescopes are usually reflectors:

primary mirror (paraboloid) — secondary mirror (often flat) — detector
Main characteristics of a telescope:

e collecting area (i.e., open area of telescope, ~ 7rd2/4, where d: telescope diameter)
e for small telescopes: angular resolution,

0 =1.22 é (5.1)
=1225 .
\ but in the optical: do not forget the seeing! )
Imaging 1
e 'Optical Imaging, I} ~N

Optical telescopes are based on principle that reflection “just works” with metallic
surfaces.

Snell’s law of refraction:
sinoy N
—— =—=n (5.2)
SII (o T,

where n index of refraction, and o4 » angle wrt.

surface normal. If n > 1: Total internal reflection

\ Total reflection occurs for a, = 90°, i.e. for
n<n, ! :

2 1 GZ sinagc=n <= cosbo=n (5.3)
with the critical angle 0, = 7/2 — vy .
Clearly, total reflection is only possible for n < 1.

Light in glass at glass/air interface: n = 1/1.6 = 6, ~ 50° = principle behind optical fibers.

- J




Na: Avogadro’s number, re = 2.8 x 107 m, Z: atomic number, A: atomic weight (Z/A ~ 0.5), p: density,
A wavelength (X-rays: A ~ 0.1-1nm).

Critical angle for X-ray reflection:
cosbfe=1—-90 (5.5)
Since § < 1, Taylor (cosz ~ 1 — x?/2):
0. = V26 = 56’,01/ZL (5.6)
1nm

Sofor A ~ 1nm: 6, ~ 1°.

To increase 6.: need material with high p
= gold (XMM-Newton) or iridium (Chandra).

e 'Optical Imaging, 111} ~
X-rays: index of refraction vacuum versus material is (Aschenbach, 1985):
Z Te
=1—-Na=S2p\=1-9 5.4
n AL o P (5.4

\Wolter Telescopes, V| ~N

Hyperboloid

—_—

Incident
paraxial

Paraboloid L
radiation

To obtain manageable focal lengths (~ 10 m), do imaging with telescope using
two reflections on a parabolic and a hyperboloidal mirror (“Wolter type 1”).

(Wolter, 1952, for X-ray microscopes, Giacconi, 1961, for UV- and X-rays).

But: small collecting area (A ~ 7?1/ f where f: focal length)

\§
Imaging 3
s 'Optical Imaging, IV}
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= i X-rays: Total
X 04 i 1 |reflection only
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0.2 4 | X-rays and only
under grazing
0.0 r . incidence —
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Photon Energy [keV] optics.
Reflectivity for Gold
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e \Wolter Telescopes, V| ~N
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SURFACE
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Solution to small collecting area: nested mirrors. y




s IMirror manufacture, 1} ™~ e 1Semi-Conductors} N

kSt Mirr frosess rlow Semiconductors: separation of
' = ! J valence band and conduction band
supl':e:::zhed Gokl Deposition Mandrel Hale Drilling Matrelogy E

~1eV (=energy of visible light).
J

l g Absorption of photon produces
] i oo ! I \ > hv
= A L) - B g VT O
Ni Elatratorming poldy SR, - Integratian GC') .
(P on Spider ) electron-hole pairs.
Production | Integration

For Si: Eyap = 1.12eV; 3.61 pairs created per eV

. . . ; h kes i llecti ffi
Recipe for making an X-ray mirror: p oton- energy [takes into account collective effects
in semiconductor]
1. Produce mirror negative (“Mandrels”): Al coated with Kanigen nickel (Ni+10% phosphorus),

. Note: band gap small = need cooling!
super-polished [0.4 nm roughness]). gap 9

2. Deposit 250 nm Au onto Mandrel S e optical light: ~1 electron-hole pair
3. Deposit 1 mm Ni onto mandrel (“electro-forming”, 10 zm/h) pace o X-rays (keV): ~1000 electron-hole pairs
4. Cool Mandrel with liquid N. Au sticks to Nickel

Problem: electron-hole pairs recombine immediately in a normal semiconductor

5. Verify mirror on optical bench. . . . . ]
) \ﬁ in practice, apply voltage to a “pn-junction” to separate electrons and pairs. )

Iotal production time of one mirror: 1Z2d, 1or AMM: 3 X536 mIrrors.

Imaging 11 X-ray Semiconductor Detectors 1

@ Silicon Detectors
7

¢ Charge Coupled Devices (CCD)

e IXMM-Newton] N

Top of the XMM mirrors: MOS structure with segmented metal layer
; it Metal strips
3 mirror sets, each consisting of (poly-slicor) Ve collect free
58 mirrors, \ -P(Vy electronsina
e Thickness between 0.47 SO, potential well, ca.

«— 1pm below SiO,
layer

e Diameter between 306 and X4<10um

and 1.07 mm chi nERXRNY

700 mm, . () “
Ve o7 %% %% %Y %% o
KR KKK X XX XK X X >
° ) TERK2 XXX o=
Masseks between 2.35 and e srips :’:‘:‘::m:&:::x g
12.30kg, )

e Mirror-Height 600 mm
e Reflecting material: 250 nm
Au.
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