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NICER follow-up of the flaring blazar NICER follow-up of the flaring blazar 
BL LacertaeBL Lacertae
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BlazarsBlazars
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Courtesy of G. Ghisellini

FSRQ and BL LacsFSRQ and BL Lacs
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BL LacertaeBL Lacertae

BL Lacertae  has been the target of several observational campaigns in the last two 
decades from radio to very high energies

Raiteri+13, MNRAS, 436, 1530 Acciari+19, A&A, 623, A175



dammando@ira.inaf.it 5                                                  NICER Workshop 2021  - 2021  May 14

BL LacertaeBL Lacertae

Fast flux variability has been observed from BL Lacertae in optical, HE and VHE γ-rays

Acciari+19, A&A, 623, A175

Raiteri+13, MNRAS, 436, 1530

TESS

Weaver+20, ApJ, 900, 137
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Strong Strong γ-ray γ-ray flaring activity in 2020 Aug-Octflaring activity in 2020 Aug-Oct
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https://www.swift.psu.edu/monitoring/data_new/BLLacertae/lightcurve.png

NICER, Swift and NuSTAR follow-up observationsNICER, Swift and NuSTAR follow-up observations
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Between 2020 August 11 and October 16 the X-ray flux (0.3-10 keV) varies between 
1.0×10−11 and 6.5×10−10 erg cm −2 s−1, reaching the historical maximum flux in X-rays 

Swift observations in 2020 Aug-OctSwift observations in 2020 Aug-Oct

A softer-when-brighter behaviour in BL Lac 
has been observed during 2020 Aug-Oct by 
XRT, indicating a potential increase of the 
synchrotron emission during bright states 

D’Ammando+21
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Rapid variability detected by XRTRapid variability detected by XRT

2020 October 6

After the background has been subtracted and potential instrumental artifact and 
pile-up have been corrected, a significant (> 3-σ) change of the count rate has 
been observed in consecutive bins on both the 60-s and 120-s time-scales, 
suggesting a very compact emitting region

Based on causality argument: R < c t δ/(1+z) 
= 1.7x 1013 cm  (δ=10)

The light crossing time for SMBH is tlc = 
2GMBH/c3 = 3560 s, therefore tlc/δ = 356 s   
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NICER observations of BL LacertaeNICER observations of BL Lacertae

NICER observed BL Lacertae on 2020 October 11-12 for an effective time of 14.7 ks. 
The 0.4–5 keV light curve shows variability (by factors of up to two) across the 
observation, with a count rate varying between 3.15 and 7.30 count s−1

3 episodes of significant change of activity have been observed in the 240-s light curve

2020 October 11-12
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NICER observations of BL LacertaeNICER observations of BL Lacertae

 Absorbed power-law with a photon index of 2.06±0.01 and NH= 2.7×1021 cm−2 (χ2/dof = 527.11/457)

 Absorbed log-parabola with a slope α = 2.10±0.02 and a negative curvature parameter of β = −0.19±0.05, 
suggesting a concave X-ray spectrum (χ2/dof = 490.80/456). The 0.3–10 keV/0.4–5.0 keV flux range is 
(1.62±0.01)×10−11 / (1.13±0.01)×10−11 erg cm−2 s−1 

 Leaving the NH value free to vary there is a slight improvement of the fit (χ2/dof = 481.13/455) with 
larger uncertainties on the spectral parameters: NH=(3.1±0.3)×1021 cm−2, α = 2.32±0.12, β = −0.48±0.16
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NuSTAR observations of BL LacertaeNuSTAR observations of BL Lacertae

The NuSTAR observation extended over 11 satellite orbits during 2020 October 11-12

 The photon index ranges orbit by orbit between 1.44 and 1.63, with an average value of 1.54 
and no significant variability within the uncertainties 

 The 3–79 keV flux ranges between 2.55 and 3.85×10−11 erg cm−2 s−1, with an average value of 
3.04×10−11 erg cm−2 s−1 and an increase of the flux up to 50 per cent
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 A simple absorbed power-law with a photon index of 1.59±0.03 and NH fixed to 2.7×1021 cm−2 
provides an acceptable fit (χ2/dof = 452.85/458)

 A comparable quality of fit has been obtained by using a log-parabola model, with a slope α = 
1.59±0.04 and a negligible curvature parameter β = 0.003±0.010 (χ2/dof = 452.84/457)

NuSTAR observations of BL LacertaeNuSTAR observations of BL Lacertae



dammando@ira.inaf.it 14                                                  NICER Workshop 2021  - 2021  May 14

 The Galactic atomic hydrogen column density toward BL Lacertae is 1.75×1021 cm −2 (HI 4 
PI survey) and 1.73×1021 cm −2 (LAB survey)

 Observations of local interstellar CO have shown the presence of a molecular cloud 
toward BL Lacertae (e.g., Bania+91, Liszt+97), therefore the total hydrogen column 
density toward BL Lac should be composed by the atomic hydrogen column density and 
the molecular column density 

 The value of NH2 changes significantly depending on the X-ray study from 0.5×1021 cm−2 

using ASCA data (Madjeski+99) to 1.7×1021 cm−2 using XMM-Newton data (Raiteri+09)

 According to Liszt+97, the 13CO column density is (8.48±0.78) x1014 cm−2. Assuming that 
the molecular hydrogen column density is usually 1-2x106 times the 13CO one (Liszt+07), 
the estimation of hydrogen column density varies between 7.7x1020 and 18.6x1021 cm−2 to 
the molecular cloud. This results in a total hydrogen column density towards BL Lacertae 
of (2.52-3.61) x1021 cm −2. A broad band X-ray spectrum is important for determining 
in detail the Galactic total absorption toward BL Lacertae

Galactic total absorption toward BL LacGalactic total absorption toward BL Lac
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NICER and NuSTAR joint fitNICER and NuSTAR joint fit

 There is a significant difference of the photon index estimated in the NICER and NuSTAR spectra 
alone, in agreement with the results obtained for the joint spectrum applying a broken power-law model

 Leaving the NH value free to vary we found NH =(2.58±0.09)×1021 cm−2, Γ1 = 2.04±0.04, Γ2 = 1.60±0.07 and 
Ebreak = 3.01 (+0.41, -0.45) keV


 Fixing the spectral parameters of the broken power-law model (Γ1, Γ2, Ebreak) and leaving the NH value 
free to vary we found NH =(2.69±0.04)×1021 cm−2
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A new flaring activity in 2021 JanA new flaring activity in 2021 Jan
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NICER observations in 2021 JanNICER observations in 2021 Jan
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SummarySummary

 A strong γ-ray flaring activity from BL Lacertae has been observed by Fermi-LAT and MAGIC 
during 2020 August-October

 The historical maximum X-ray flux has been detected by Swift-XRT on 2020 October 6, then 
follow-up observations have been carried out by NICER and NuSTAR on 2020 October 11-12 

 Rapid variability in soft X-rays has been observed with both the Swift-XRT and NICER 
observations on 60 to 240 s time-scales, suggesting a very compact emitting region 

 The joint NICER and NuSTAR spectra are well fitted by a broken power-law with a significant 
difference of the photon index below and above an energy break at 2.5-3.0 keV, indicating the 
presence of two different emission components (synchrotron and IC) in the broad band X-ray 
spectrum

 A Galactic total absorption of NH =(2.58±0.09)×1021 cm−2  has been estimated using the joint 
NICER and NuSTAR observations

 A new γ-ray flaring activity has been observed in 2021 January, with a larger variability in soft 
X-rays observed by NICER with respect to the 2020 observations

 NICER observations of blazars, in particular simultaneously to NuSTAR observations, are 
important for characterizing the broad band X-ray spectrum of these sources and their 
variability on short time-scales
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Thanks for your attention
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