& UNIVERSITE €72% OBSERVATOIRE

* Z

) DE GENEVE ‘@’ DE GENEVE

spectral curvature in TeV blazars:
physical insight on stochastic
acceleration

Andrea Tramacere

Half a Century of Blazars and Beyond

Turin | 1-15 June 2018



N T

7

LP SPECTRAL DISTRIBUTION OF HBLs

'9 10_9 TTTT T T TTTTTT T T T TTTTI T LI
10 B T T T T T T T T T T T T T T T T T LR T T T T T T T T TTTTT] T | | | ]
i y - MRK 421 ASCA+EUVE |
L o sax -22/11/97
- MRK 501 SAX ] Massaro F.+2008 P o2 s . B
i P 7 xmm - 23/11/03 -
- = . wift - 16/04/06 | — - L .
_I/\ i ‘/7“_ | S ] B ;‘7 s — %’ ]
@ Poa //_D;/" %
o - T o R R YA .
;E)D X _,,,_:»#‘”“F*_Ti_' ~~~~~~ 3 ' 2 §:+/ ++*¢ -"'-fq@“
5 e : : / AN
= ol P #_ A 4 5 - O T N
s A |- b e b
U; i :*?_ 1 & = B ++#+ m\\\\ ’
L o § - - ] : S A
-+ - oToa7) N s — Tanihata+2004 " AT
_ L isommane] - PKS 2155-304 I R
Massaro E.+2004, N 0" | O s0ezy VoY T
1017 1018 1019 ol W 50928 \‘ )
Frequency (HZ) 1016 1 1 | | 1IO|17 1 1 | | 1‘(;18 1 1 L1111 1IC|’19 2 2 g Z i 3 \‘.
(Hz) '
' 10—11 ||||| L1 ||||||| | |||||||| |\."| 1
' ' ' ! ' 0.1 1.0 10.0
Energy [keV]
i i —b (log(E/E,))?
9 S(E) = Sp 10 (log(E/Ep))
—_ B T T LI || T T T LI || T T T T T 1T || T T T IJ
"o 10 - Massaro E.+2004 MRK 421 SAX ]
‘E [ ’?._—,0— : e ]
Q ﬁgﬁ X<
50 1] | e S |
o —_ e .
- b ture at peak.® [ o
*D: CUrva N e -,
~-12 P 107" 3 —+—+**1+ Sa -
z E; peak energy g | . :
< i = i
g S SED height @E 2 | 4 :
p: p M N
> B * |
e April 2000
-14 - - A May 2000
\ 4 o H = May 1999 ~
E C| & 04.05.97 ]
-l % 21.04.1998 7
—15_ . l - | lp‘ | L | i Lol ] Lol ] |\‘| RN ] ] ||_
14 15 1610g(v)17 (H2) 18 19 20 10" 10" 10"

Frequency (Hz)



acceleration signature in the Es-vs-b trend

Tramacere+2007,2009
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E, (keV) dominated scenario
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acceleration signature in the Es-vs-Ls trend

long-trend main drivers
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The log-parabola origin:
physical insight



log-parabola is not a "new" model...
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At first, for simplicity, we consider the effect of
each process viewed separately on the energy spectrum,
and then the simultaneous effect of two or more proces-
ses,

Spectra of Isolated Processes

1, Random and Systematic Acceleration,
The kinetic equation is

oN 0 oN d .
S =% 055 (B35 ) — % () 5 (EN) .

Let the energy distribution be specified, at each instant
of time t;, by the 8-function in the neighborhood of
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log-parabola is not a "new" model...

an(;t’t) = %{ — [S(7. 1) + Dal(v, 1)In(y, 1) + Dy(, 1) 8”(;1’ t)} _;(V(fy)) + Q. 1)
analytical solution for:
Dp~va, =2
“hard-sphere” case
Melrose 1968,
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The origin of the log-parabolic shape:
statistical derivation

fluctuation
g = 6‘\—— X/ gils a R.V. Vi = %H?:Sl&; %t]tm_eg;z?
systematic
log-normal distribution Log-Parabolic representation

log(freq.)




o Tramacere+2011
statistical approach
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diffusion equation approach
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The curvature ris inversely proportional
to t=>ns and Dp=>0;

log-parabolic shape natural consequence of

dispersion




Physical insight of the curvature:

A self-consistent approach

acc+cooling



injection term
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' non resonant  quasi linear regime

set-up of the accelerator

hard-sphere q=2

' regime resonant regime

' energy-dependent
7\'max kc.oher K
Kmin Kcoher
Ymax Ycoher

rg v)\vv




spectral trends

single flare
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IC cooling and equilibrium
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scurvature decreasing trend-> acceleration is dominating
pure log-parabolic shape -> acceleration is dominating
system far from equilibrium

‘exp cut-off shape-> system ~@equilibrium

‘the equilibrium energy can change if B and t_acc are
unchanged, depending on R, a smaller value of R implies a
larger IC cooling, hence less energetic particles



effect of the turbulence index g
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effect of the turbulence index g
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b distributions and @

___synch. peak curvature both flaring and quiescent seem to be far from
1.00f qQ=2 equi |br|um b eq. ~[O 7-1.0] (if full KN or S)
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constraint on B

g=2 require more fine
tuning,especially on duration



Continuous injection

Massaro & Tramacere +2006
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LP+PL spectra
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curvature bg
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spectral trends

multiple flares and population trends



Es-bs X-ray trend and y-ray predlctlons

curvature bc
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*Mrk 421 - MAGIC 2006 and 2008

y-ray TeV
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0.1

«data span 13 years, both flaring and quiescent

states
*We are able to reproduce these long-term

behaviours, by changing the value of only one

parameter (D,)

«for g=2, curvature values imply distribution far

from the equilibrium (b~[1.0-0.7])

More data needed at GeV/TeV, curvature seems to

be cooling-dominated

Similar trend observed in GRBs (Massaro &
Grindlay 2001)
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Es-Ls X-ray trend and y-ray predictions
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*the E;-S; (Es-Ls) relation follows naturally from that between E; and b
*the low L;,; objets (Mrk 501 vs Mrk 421) reach a larger Es, compatibly with larger v,

‘M)Ek 421dMAGIC data on 2006 match very well the Synchrotron prediction with simultaneous
-ray data

*the average index of the trend LyxEsewith a~0.6, is compatible with the data, and with a
scenario in which a typical constant energy (Li,; Xt is injected for any flare (jet-feeding
problem), whilst the peak dynamic is ruled by the turbulence in the magnetic field.
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self-consistent approach: acc+cooling

y_ values compatible with
1 y q observed values Tammi & Duffy 2009
ip =5 (£
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B | Y
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set-up of the accelerator
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—> tp~<104 ks
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Es-bs X-ray trend and y-ray predictions
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acceleration signature in the Es-vs-Ls trend

long-trend main drivers
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SEDs evolution
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