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https://tools.ssdc.asi.it/SED Mrk 421

variability: acc. and cooling (lags,hyst. cycle etc..
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delays on weeks to years timescales

MW variability and correlation studies of Mrk 421 during historically

low X-ray and y-ray activity in 2015-2016
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 QObserved lags are not compatible with cooling, acc., crossing (unless strong fine tuning)
 Explanations based on reacceleration, would be challenging due to MW observations

We want to test if it is possible to reproduce a radio-y due (T>>d) due to blob expansion

Observer

W. Max-Moerbeck+ 2014
B. Pushkarev+ 2010
McCray,R. 1968
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et e self-consistent approach
Ar=texpBcl (obs rest frame) RH
Disk ' "
injection flaring site expanding site
base of the
jet , 5
Rrad=Ro j
flare teéQD\
: : C

Numerical solution of FP equation taking into account:

‘Fl+Fll(first order and stochastic acceleration)
*Radiative cooling: Sync+IC(SSC)
*Adiabatic expansion/cooling
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phenomenological trends v,

Tramacere+ 2022
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® results from simulations

phenomenological trend

t[rise, decay, delay]=f (mB 9 ﬁexp s Vssa, B 9 R 9 P)

VO0gsA/VObsgg4

I/ﬁexp

VssA(f) = VL(f)[

link the observables to physics

mg=[1,2] (tor., pol.)
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T \/_ eR(t)N (1)
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et e how to extract physics from the data?

¥ Numerical self-consistent simulations reproduce the radio-gamma delay due to
adiabatic expansion!

vphenomenological trends, derived for adiabatic expansion match numerical
simulation!

let’s extract some physics from the data!

single flare fit or....
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delay

A

[

rise decay

ly( t) * S ( L, lrise, tdecay, tdelay) = lR(t)
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optimise S to match /g
delay}

AN

[

rise decay

ly(t) * S ( l 9 trise, tdecay, tdelay) = lR(t)
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optimise S to match /g
delay}

AN

l- < . > < > t - t
rise decay

ly(t) * S ( l 9 trise, tdecay, tdelay) = lR(t)
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optimise S to match /g
delay}

AN

t irise><decay » - t
ly(t) * S ( L, lrise, Ldecay, tdelay) = lR(t)
phenomenology:

observables -> physics

t[rise, decay, delay]— f (mB, ﬁexp, Vssa, B ’ R, P)
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L =| Liise + Laecay + Ldelay l[rise, decay, delay]= f (mB, ,Bexp, Vssa, B, R, P)

conv. analysis best fit values
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MCMC validation with real data
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Conclusions

 Radio-gamma delays on weeks to year timescales can be self consistently reproduced by adiabatic
blob expansion (consistent with Potter 2018, Boula 2022)

* We derived phenomenological relations, validated via accurate numerical simulations, and plugged to
a response function, providing a direct link between the radio delay timescales and physics of the jet

* Implication on structure of magnetic fields, jet expansion, and MW connection open an interesting
path to a deeper understanding of the how the engine of the jets work, and how jets evolve on larger
scales, providing connection between micro and macro physics in relativistic jets

* Next: Plugging a realistic jet model with parabolic-to-conical transition, plus EC and crossing time
effect, and application to a large sample of BL Lacs and FSRQs

 Analysis fully reproducible with JetSeT and convolution tool:

https://github.com/andreatramacere/adiabatic exp radio gamma delay

https://|jetset.readthedocs.io/en/1.2.2/

7th Heidelberg International Symposium on



https://github.com/andreatramacere/adiabatic_exp_radio_gamma_delay
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,Bexp — Vexp/c

R(t) — RO "'IBexpC(ZL _ texp)H(t _ texp) P
: oy [ ) [RO
B(t) = Bo(5 )" mp € [1,2] o X

R(?)

Magnetic field (flux freezing and conservation): (Begelman, Blandford, and Rees 1984)

* B|| aR-? (poloidal) mpg=2
* BLaR-! (toroidal) mg=|
* for initial mixed configuration,and no velocity gradient, B will dominate with mg ~ mr

JET CROSS SECTION
(CONTOUR OF
CONSTANT vj)
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blob expansion

R(®) = Ry +IBexpC(I — texp)H(t — texp)

Geom.
B@) = Bo(m)mB mp € [1,2]
, dorc
h/synch(t)l — 3m..c > Y Up(t) = COY Up(?)
4cr C
[Vic(@®)| = T ’ f Jrn(&yeo)eon i€, Hde
= CO%FKNW, f)
(D) = }_jz I?(t) _ PBexpC
Vel = 3V TR T R

If the electrons are confined within an
expanding volume, they are subject to
adiabatic losses as they do work which
reduces the internal energy of the gas.
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here we add adiabatic cooling r - . p
(t=time elapsed from the expansion) Tramacere+2022, Tramacere+2011 Ta jECtIOn term
) 1V R(t) IBexpC
[Vaal = 3y %7 = R0 Y Liyi = Vace fymeczQ()/, f)d’)/ (erg/s)
\ - ] Y,
: systematic term h
S(v,t) = =C(v,1) + A(v,1)
cooling term syst. acc. term
C()’) — |7synch| + b./lCl + |7ad| A()/) — Ap())/, [f = AL()
- / Y,
4 / )
on(y, 1) 0 0 on(y, t 1 1 \
= (- S3.0 + Dar. D0} + (D, (LD IED D g

0 0 Toioly) Ta
N i i \ ’ \ ’ ’ '\d D

N Tad\: % ﬂi% (Gould 1975)

4 ‘ )
Turbulent magnetic field — momentum diffusion term
B 5B(k(2)) k \ —4 h oA , (5_3)2 D¢ g—1 p262
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et self-consistent approach
Ar=texpBcl (obs rest frame) RH
Disk : "
injection flaring site expanding site
base of the
jet

. RR

Rrad= RO

flare

 Acc. region+Rad. region

« SSC scenario (R,B similar to those observed in HBLs from MW model fitting)
* Particles are confined in Rad. region

 we limit to ms=1, beaming factor constant across the jet

* Wwe ignore crossing time (<<other time scales in the expanding site)
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