
1. PHD PROJECT DESCRIPTION (4000 characers max., including he aims and work plan)

Projec le:

Consraining blazar variabiliy via specral energy disribuon modelling

1.1. Projec goals

● To esablish he physical mechanisms governing he variabiliy o blazars, wih
ocus on he high-energy regime.

● To perorm comprehensive specral energy modelling o a big sample o blazars.

● To undersand he connecons beween specral and variabiliy properes in
order o crically assess which physical scenarios are crucial in describing and
explaining he observed paerns.

1.2. Ouline

Blazars are acve galacc nuclei ha poin heir relavisc jes oward he observer. They
are highly variable in all wavebands. This variabiliy is phenomenologically described wih
various sochasc models. From a physical perspecve, he emission sems rom one- or
mul-zone leponic, hadronic, or lepo-hadronic ineracons wihin he je. Some blazars
conorm well o one model, whereas oher beer  ino oher descripons. Esablishing
he global picure o how physical mechanisms lead o he observed variabiliy paerns
has become a viable goal wih he adven o space-borne, uninerruped long-erm
monioring o a sizeable blazar sample.

1.3. Work plan

The PhD candidae will sar by perorming sascal analyses o ligh curves o Fermi-LAT
blazars, ulizing daa in oher wavebands whenever applicable and easible. They will
explore exisng codes or perorming physical modelling o specral energy disribuons
(SEDs) wihin he leponic, hadronic, and lepo-hadronic scenarios. One parcular goal
will be o characerise he dierences in emission processes during ares and quiescen
phases. Inerpreaon o he resuls regarding he populaon o blazars in ligh o
prevailing heories (α-disk model, accreon disk and je perurbaons, relavisc
rajecories o plasma around a Kerr black hole, ec.) will be he culminaon o his PhD
projec.
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1.5. Required inial knowledge and skills o he PhD candidae

● Knowledge abou high-energy emission processes o blazars (synchroron,
synchroron-sel Compon, exernal Compon, ec.);

● experience wih sascal analyses (me series, hypohesis esng, disribuonal
and regression tng, ec.);

● programming skills, especially in PYTHON, bu exible o ulize oher languages (R,
MATLAB, ec.) when needed;

● analycal hinking, heorecal inclinaons, eagerness o learn.

1.6. Expeced developmen o he PhD candidae’s knowledge and skills

Wih he rising amoun o daa provided by space-borne insrumens, and in he prospec
o orhcoming excing resuls provided by JWST, SKA, ec., here is a unique opporuniy
o examine he blazar populaon as a whole in order o consrain he universal physical
mechanisms ha govern heir variabiliy and evoluon. The PhD candidae will

● deepen heir knowledge abou he physical processes governing he high-energy
and mulwavelengh emission o blazars,

● gain experience in modelling he emission wihin leponic, hadronic, and mixed
models,

● develop he mehodology and ramework o perorming end-o-end analysis and
inerence o blazar variabiliy.

The obained knowledge and skill se will be a srong oundaon or he candidae o
invesgae oher accreng sources in heir uure scienc endeavours, e.g. oher ypes
o acve galacc nuclei, ulraluminous X-ray sources, ec., hence will obain experse o
do research on a variey o asronomical opics.
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