Astro-Teilchenphysik

e der physikalis
qufhg

International Max Planck Research School - —
for Astronomy and Cosmic Physics at the University of Heidelberg ? .

VHE Emission from the vicinity of
Super-massive Black Holes

Giovanna Pedaletti

LSW (ZAH) Heidelberg
Supervisor: Prof. Stefan Wagner
44™ Rencontres de Moriond - La Thuile, Italy



Outline

e Extreme accelerators, UHECR and non-
blazar AGN

 Emission processes
e Passive systems

e Implications for magnetic fields and mass
accretion rates
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Why SMBH?

UHECR puzzle is still to be solved, but 2" °FR
SMBH are one of the candidates. wa’sé A
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Now that also M&87 and CenA are
established VHE emitters, need to probe

R Acenson hour) the emitting region. Possible connection
Figure taken from with the central SMBH.

Aharonian et al. 2006 Science..314..1424
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The general picture

Acceleration in the vicinity of supermassive black holes is studied in
several works (eg. Boldt&Gosh 99, Neronov&Aharonian 07,
Rieger& Aharonian 08)

Particles can be accelerated:

* in gaps of the magnetosphere (provided that the plasma density 1s low
enough not to screen out the potential)

* centrifugally accelerated (bead-on-wire motion)

> How are the accelerated particles producing y-rays emission?

> Which are the physical quantities that play a substantial role?
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Viable Emission Mechanisms

Curvature emission (of proton or electron origin) is expected up to the

TeV domain: E ~1(M )" (B, )" Tev

Y , max 9

The maximum energy of the particle is in the UHE domain

E =1.5x10"(M )" (B,) " ev

part,max 4

Proton-proton interaction produces pions and high energy y-rays. From
VHE observations one could only probe energies E ~ 10 TeV.
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Absorption of y-rays

VHE photons in a strong magnetized environment suffer of

absorption due to magnetic pair production.
In order for this mechanism to work, the following relation has to

be satisfied (Erber 66):
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Absorption of y-rays

e [T the system 1s not embedded in dense radiation fields, it is
easier for y-rays to escape.

e The cross-section of photon-photon pair absorption depends
on the product of the energies of colliding photons.

* In the case of TeV photons, the most effective interaction 1s

with background photons of energy A ( ot TGV)_I “

*This leads to an optical depth of

T(E,RIR):—IR 144
4MREC
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Available power
The total available power supplied by the spin of the black hole is:

W _ ~10"(M ) (B

max
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)” erg s
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DISK-MAGNETOSPHERE CONNECTION
The black hole cannot sustain magnetic fields, but the accreting
plasma will form a magnetosphere (of unknown configuration).

Ultimately the magnetic field energy will originate from the energy
of the accreting flow.
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Object Selection

The magnetic field depends ultimately on the mass accretion rate

But an high mass accretion rate 1s usually related to strong
photon fields, while 1s important to avoid absorption

A not very strong source might imply low gamma-ray flux

So we need an object:

* hosting a very massive central black hole
® passive

* nearby
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Giant elliptical sitting in the center of the N G C 1 399
Fornax cluster: M;,=1.06 x 10° M

(Merrit&Ferrarese 2001), D=20.3 Mpc

No detection from 18 good hours of HESS observations in 2005 and 2007
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Magnetic Field Estimate

| 1045(M9)2(B4)2 erg s’

max

Assuming that one of the emission mechanism presented can tap
into the power supplied by the spinning black hole:

LV<6.16><104O erg s~ B<74 Gauss

As magnetic field and mass accretion rate are strongly related,

thi b d al v
1S can be expressed also as <1100
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Maximum Particle Energy

* Curvature E =~25Gev E = 4x10"%ev

gamma , max part,max

‘Inverse Compton E_=12TeV E__ =24TeV

Y e, max

*pp 1nteractions probe energies E ~ 10 TeV

Inverse Compton and pp interaction are still viable
mechanisms, but need to probe lower fluxes
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Conclusions

e Passive SMBH are candidates for emission in the
VHE domain

e The emission might be related to UHECR up to
10" eV

 From the y-ray data is possible to constrain the
circumnuclear magnetic field and mass accretion
rate

B< 74 Gauss m<1x10°
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