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

Projec le:

Consraining blazar variabiliy via specral energy disribuon modelling

1.1. Projec goals

● To esablish he physical mechanisms governing he variabiliy o blazars, wih
ocus on he high-energy regime.

● To perorm comprehensive specral energy modelling o a big sample o blazars.

● To undersand he connecons beween specral and variabiliy properes in
order o crically assess which physical scenarios are crucial in describing and
explaining he observed paerns.

1.2. Ouline

Blazars are acve galacc nuclei ha poin heir relavisc jes oward he observer. They
are highly variable in all wavebands. This variabiliy is phenomenologically described wih
various sochasc models. From a physical perspecve, he emission sems rom one- or
mul-zone leponic, hadronic, or lepo-hadronic ineracons wihin he je. Some blazars
conorm well o one model, whereas oher beer  ino oher descripons. Esablishing
he global picure o how physical mechanisms lead o he observed variabiliy paerns
has become a viable goal wih he adven o space-borne, uninerruped long-erm
monioring o a sizeable blazar sample.

1.3. Work plan

The PhD candidae will sar by perorming sascal analyses o ligh curves o Fermi-LAT
blazars, ulizing daa in oher wavebands whenever applicable and easible. They will
explore exisng codes or perorming physical modelling o specral energy disribuons
(SEDs) wihin he leponic, hadronic, and lepo-hadronic scenarios. One parcular goal
will be o characerise he dierences in emission processes during ares and quiescen
phases. Inerpreaon o he resuls regarding he populaon o blazars in ligh o
prevailing heories (α-disk model, accreon disk and je perurbaons, relavisc
rajecories o plasma around a Kerr black hole, ec.) will be he culminaon o his PhD
projec.
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1.5. Required inial knowledge and skills o he PhD candidae

● Knowledge abou high-energy emission processes o blazars (synchroron,
synchroron-sel Compon, exernal Compon, ec.);

● experience wih sascal analyses (me series, hypohesis esng, disribuonal
and regression tng, ec.);

● programming skills, especially in PYTHON, bu exible o ulize oher languages (R,
MATLAB, ec.) when needed;

● analycal hinking, heorecal inclinaons, eagerness o learn.

1.6. Expeced developmen o he PhD candidae’s knowledge and skills

Wih he rising amoun o daa provided by space-borne insrumens, and in he prospec
o orhcoming excing resuls provided by JWST, SKA, ec., here is a unique opporuniy
o examine he blazar populaon as a whole in order o consrain he universal physical
mechanisms ha govern heir variabiliy and evoluon. The PhD candidae will

● deepen heir knowledge abou he physical processes governing he high-energy
and mulwavelengh emission o blazars,

● gain experience in modelling he emission wihin leponic, hadronic, and mixed
models,

● develop he mehodology and ramework o perorming end-o-end analysis and
inerence o blazar variabiliy.

The obained knowledge and skill se will be a srong oundaon or he candidae o
invesgae oher accreng sources in heir uure scienc endeavours, e.g. oher ypes
o acve galacc nuclei, ulraluminous X-ray sources, ec., hence will obain experse o
do research on a variey o asronomical opics.
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