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Motivation

Blazar spectral classification

LSPs:
Synchrotron peak: < 1014 Hz

ISPs:
Synchrotron peak:  1014 to 1015 Hz

HSPs:
Synchrotron peak: 1015 to 1017 Hz

EHSPs:
Weak AGN emission, inefficient accretion, 
no optical emission lines, synchrotron 
spectra peaking at > 1017 Hz. 
IC peak > 1026 Hz [?]

- Difficult to detect (weak, hard spectrum)
- Host galaxy often visible
- Blazar sequence under review … biases?
- Transitional EHSPs vs classical EHSPs
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Source: TeVCat (251 entries)



Classical EHSPs: HESS J1943+213

SED of HESS J1943+213, including the SSC model with components for a blob of relativistic particles (solid light blue curves) and a larger 
conical jet (dash-dotted red curves). VERITAS, ApJ 862: 41, 2018.

Redshift: 0.03 < z < 0.23 from host gal. size/photometry [Peter et al. 2014] + Fermi to VHE extrapolations [VERITAS ApJ 862: 41, 2018] 3

Host (giant 
elliptical)



Transitional EHSPs
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Mrk 501: 
Tavecchio et al. 2001 ApJ 554:725-733 

1ES 2344+514: 
MAGIC coll. 
2020. MNRAS 
496, 3, 3912-3928



VHE-loud EHSPs
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Foffano et al. 2019. MNRAS 486, 2, 1741-1762

Host
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+ RBS 0723
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Searches driven often by hard optical/X-ray 
AND hard HE/VHE spectra



Methodology
Source selection

2BIGB/3HSP

4LAC-DR2

‘gamma-loud’ 
HSP/3HSP

‘gamma-loud’ 
HSP-like BCUs

Candidate 
sample:23

Master
sample:22

src class 
= BCU

cuts on z-flag, 
mw coverage, 
FOM>0.7 

Remove VHE 
confirmed: 

J0733+5152
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Methodology
Redshift determination

4LAC-DR2 redshifts1

Chang et al. 2019 (3HSP)2

Goldoni et al. 20213

photo-z, elliptical host galaxy

base redshifts

refined
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Recently detected 
by MAGIC



Methodology
Archival radio, optical and X-ray data

We used SSDC’s SED Builder: https://tools.ssdc.asi.it/SED/ 

❖ Search radius: of 5 arcmin (centred at low-energy 
counterpart position)

❖ No time-constraints (variability check performed)
❖ In case of doubt, we picked the source with better 

spectral coverage and checked the sanity of the 
resulting SED by eye. 
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Methodology
Gamma-ray data analysis

Event selection and analysis:

● Pass 8 data from 100 MeV to 1.5 TeV, events within 20 deg radius (ROI).
● Same time cuts (GTIs) as 4FGL-DR2.
● Same event types / energy bins as in the 4FGL-DR2.
● Sky model: consider all sources in 4FGL-DR2 within 30 deg radius, fix 

parameters outside 8 deg except those with TS>25.
● Use EBL Attenuated models everywhere to improve GeV-TeV predictions.

Spectral models: LP and PWL with exponential cut-off (index Γ=1, as opposed to 
Γ=⅔ as in the 4FGL). Select best model using Akaike criterion.

9



M. Nievas Rosillo et al. (2022).
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Broadband SED model

Base model: One-zone leptonic SSC model

+ host galaxy as a black-body emitter (approximate fit for giant ellipticals).
+ IR torus for sources with: a) very curved gamma-ray spectrum; b) hint of excess in the 

IR band.

Fixed parameters:

- 𝛾min = 103 
- Γbulk = 20 
- R = 1016 cm
- RH = 1018 cm
- density of particles “N” normalized so that the integral of n(𝛾)d𝛾 from 𝛾min to 𝛾max is 

equal to 1.

The rest are minimized using jetset’s optimization tool with Minuit as minimizer. Since the 
number of free parameters is 9 (12 for sources with IR torus), i.e. high degeneracy. We 
found solutions that reproduce the SEDs, but might not be unique … 
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M. Nievas Rosillo et al. (2022).
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Results

Broadband emission: 

All sources successfully reproduced using 1 zone SSC + EC (in some cases).

EHSP candidates (according to the broadband SED model) and properties:

Out of the 22 sources, 17 are classified as EHSPs (𝜈sync > 1017 Hz) and 5 as HSPs. 

Gamma-ray variability: 

Only J1714.0-2029 is marked as clearly variable (4FGL-DR2’s Var. Index of 22.72, 
Fvar = 0.69±0.31)

VHE emission: J0847.0-2336 and J1714.0-2029 detectable by IACTs (using CTA’s 
Prod3b-v2 IRFs / Omega configuration 5h ≈ 50h with MAGIC/VERITAS/H.E.S.S.)
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Properties of the sources

❖ Low fluxes and hard 
spectra compared 
with other BL Lacs.

❖ Low variability 
compared to other 
blazars with similar 
fluxes.

❖ Only two VHE 
candidates out of 22 
(surprising!).

❖ We find our sources in 
equipartition (UB≈ Ue) 
except for the 2 VHE 
candidates, which 
have unusually low 
magnetization.

M. Nievas Rosillo et al. (2022).
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Conclusions

❖ Data-driven method to classify blazar candidates of unknown type.

❖ The data selection cuts are efficient selecting EHSPs: 17/22.

❖ One-zone SSC reproduces the broadband SED, except for the radio 
band. 

❖ Host galaxy clearly visible: better redshift estimates likely doable.

❖ 4 sources with extreme synchrotron peak frequencies (> 1018 Hz).

❖ VHE emission predictions based on broadband photometry (no 
Fermi extrapolation).

❖ Only 2 VHE candidates and they have very low magnetization 
(similar to what Tavecchio & Ghisellini (2015) found for other HSPs).
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Backup
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Why bother about EHSPs?

● The ‘least luminous’ blazars: more components are visible = richer physics.

● Inefficient Compton cooling (low accretion, naked AGN?) and particles 
acceleration operating at very high energies (Synchrotron peak in X-rays).

● Good targets for IACTs? (Inverse Compton peak expected in TeVs). 

○ Good targets for EBL studies: 1) closeby, 2) with TeV emission? 3) Likely no 
cutoffs/Klein-Nishima softening/internal absorption, 4) low variability.

○ Good sources to study IGMFs.

● Represent the end of the blazar sequence. Dim in radio. AGN at the limit of 
shutting down? 

However:

● Dim in HE 𝛾-rays and hard spectrum: LAT is not optimal to detect them.
● Low variability means no bright flares: very long integrations needed.
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Classical EHSPs: HESS J1943+213
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Classical EHSPs: 1ES 0229+200

SED of 1ES 0229+200, one-zone SSC model. 
VERITAS, ApJ 782: 13, 2014
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Host-galaxy 
corrected
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The ‘choice’ of 𝛾min
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𝛾min = 103 𝛾min = 1



The ‘choice’ of 𝛾min
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𝛾min = 103 𝛾min = 1



About J0733.4+5152: sanity check

Hint of detection with our method … note that MAGIC’s detection paper claims a 
harder-when-brighter for X-ray data: during elevated state X-rays and gamma-rays 
may be enhanced.
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M. Nievas Rosillo et al. (2022)



Results
Modeling parameters

M. Nievas Rosillo et al. (2022)
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Results
Energy budget and thermal components
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Introduction. 
Anatomy of an AGN

Je
t

Almeida & Ricci, Nature Astronomy, 1, 679-689 (2017)

Radio Loud: blazar
Radio Quiet: quasar

RL: SSRQ
RQ: Sy 1

RL: radio 
galaxy

RQ: Sy 2

106-10 M⍟
34
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Shutting down the AGN emission… 

AGN torus (purple), starburst (green), galaxy (yellow) and 
blue bump (blue) components. Red points show the total 
SEDs integrated across the filter bandpasses and the black 
points with error bars show the observed luminosities.
Williams et al. MNRAS 475(3) 2017 

Behind the non-thermal Synchrotron, 
AGNs hide other components: galaxy 
light, blue bump, torus, maybe 
starburst activity, etc. 

Spectral energy distribution of the 
NLSy1 galaxy 1H0323+342 
Tibolla et al. ICRC 2013
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Methodology
Source selection

Result of the source selection 
process. 
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Methodology
A note on broadband spectral modeling

fitting … seems easy

37



Methodology
A note on broadband spectral modeling

    … but it is not

Many parameters

Lots of degeneracy

‘supervised fitting’.
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