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Mrk 501:

high-peaked BL Lac at z=0.03
a famous TeV emitter
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Mrk 501:

high-peaked BL Lac at z=0.03
a famous TeV emitter

I’rs per5|s’ren’r TeV emission durlng
flaring and quiescent phases makes
this blazar an excellen’r candida’re
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WANTED

Mrk 501:

high-peaked BL Lac at z=0.03
a famous TeV emitter

I’rs per5|s’ren’r TeV emission durlng
flaring and quiescent phases makes
this blazar an excellen’r candida’re

Energy threshold
E>50 GeV




Extreme X-ray flaring
activity in 2014

blue: WT —red: PC

Outstanding X-ray July 2014
activity during one of ”
our MWL campaigns,
in July 2014.
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MWL flux evolution during
the 2014 flare

2014-07-12 2014-07-22 2014-08-01
6 | |

® Metsahovi

o ¢ ¢ ¢,

10—13
ergcm—2s71

o U1 O LN W A U
| I R | L1

KVA
W1
M2
W2

XRT 0.3-2 keV
XRT 2-10 keV

BAT (14-195 keV)

LAT (E>200 MeV)

MAGIC (0.15-1 TeV)

MAGIC (>1.0 TeV)
FACT (Et, ~ 0.83 TeV)

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86



MWL SED overview
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MWL SED overview
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Tavecchio et al. (2001)
X-ray flux comparable ApJ 554, 725

TeV more variable in 1997



MWL SED evolution

MJD 56854.91
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July 19-20

MJD 56857.98
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MWL flux evolution during
the 2014 flare
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Hint of a narrow
VHE spectral feature

* The spectral feature
appears in both the
observed and EBL-
corrected SED

* [t is compatible with

SED [TeV cm 2 s7']
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the previous and
following nights SED
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July 19-20
MJD 56857.98 (MJD 568 579 8)

SED [TeV ecm™? s~

M)JD 56858.98

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86



Hint

Jo
[10°°TeVecm2s71]

Observed 2.32+0.07

EBL—corr 2.81+0.08
Observed 2.54+0.09
EBL—corr 2.93+0.10
Observed ELP 2.69+0.12
EBL—corr ELP 3.11+0.15

of a narrow

VHE spectral feature

Classical functions can be
discarded at 3-40 C.L.

-2.20+0.03 - - 52.1/15
-2.02+0.03 - - 36.0/15
-2.16+0.03  0.08+0.02 - 37.9/14
-2.00+0.03  0.04+0.02 - 33.0/14
-2.02+0.07 -0.02+0.05 5.7+2.9 34.8/13
-1.874+0.08 -0.05+0.05 5.843.2 31.0/13

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86

July 19-20 (MJD 5685798)



Hint of a narrow
VHE spectral feature

Likelihood Ratio Test

July 19-20
(MJID 56857.98)

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86



Hint of a narrow
VHE spectral feature

Likelihood Ratio Test

SED [TeVem™2s571)

T July 19-20
(MJID 56857.98)

SED [TeVecm™2s571]

w— | P+EP fit
# M)JD56857.98 EBL-corrected

Jo- 10'0 [ b K-10° J6; Ep Xz/df LRT
[TeV-lem=2s7!] [ TeV-lem2s71] [TeV]
Observed 2.56 +0.09 -2.16+0.03 0.08+0.02 - - - 39.8/19
Observed 2.54+0.10 -226+004 0.14+£0.03 1.7+ 1.7 9.1+32 3.04=+0.10 13.5/16

3.00+£0.11 -1.99£0.03 0.04x0.02 - - - 35.4/19
299+0.11 -2.08+£004 0.10+0.03 13.0+£3.0 10,036 3.03+0.10 14.6/16

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86 16



Hint of a narrow
VHE spectral feature

Monte Carlo simulations (10,000 realizations): x2 difference between
a log-parabola fit (null hypothesis) w.r.t. log-parabola+narrow
component peaking afdifferent energies
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MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86 17



Hint of a narrow
VHE spectral feature

Monte Carlo simulations (10,000 realizations): x2 difference between

a log-parabola fit (null hypothesis) w.r.t. log-parabola+narrow
component peaking afdifferent energies
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xperimental data MC data: 10" simulated spectra

X | Puaie (significance)

_ Xifydua | Paie (Significance) N> iy yuy | Praiee (Significance)
Observed 181 | 42x10°(3.50) 3| 3.0x10° (3.60)

EBL-corr 158 | 12x1073(3.20) 11 | 1.1x10733.30)

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86 15



Theoretical interpretation

a) Pile up in the energy electron distribution due to
stochastic acceleration

MJD 56857.98
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Theoretical interpretation

b) Structured jet: two-zone SSC model

10'95- MJD 5685798 % CO-SanaI - 10'95— MJD 5685798 % NOonN CC)‘SF)a'Ual'§

1012 |

1010 10112 10114 10116 ‘ 10118 10120 10122 10124 . 10126 1028 1010 10112 10114 iollﬁ 16118 10120 10122 10124 ‘ 10126 1028
v [Hz] v [Hz]

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86




Theoretical interpretation

b) Structured jet: two-zone SSC model

M)D 56857.98 ] " MJD 56857.98

L

MAGIC Coll. (JBG, DP) 2020, A&A, 637, A86

Tavecchio, JBG et al., 2011, A&A, 534, A86
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Theoretical interpretation

c) Magnetospheric vacuum gap model + one-zone
SSE

MJD 56857.98
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Theoretical interpretation

c) Magnetospheric vacuum gap model + one-zone
Sof

M]D 56857.98
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See Tallk #141 b'ﬁ C. Wendel
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Take home message

Detection of the historical maximum of the X-ray emission during
the 16 years Swift-XRT operation (at the level of the historical
1997 flare)

Detected the first evidence for a narrow VHE spectral feature,
centered at approx. 3 TeV

This feature could be interpreted within the framework of 3
different theoretical scenarios:

@ A) Pile up in the electron energy distribution
@ B) Two-zone SSC model

@ C) Magnetospheric gap model + one-zone SSC

24 Thanles!



