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a strong High-Synchrotron-Peaked (HSP) BL Lac
object

*Very High Energy (VHE) gamma-ray flux ~0.5 Crab
*It can be detected at 5+ sigmas in order few
minutes with MAGIC and VERITAS

*z=0.03
*low Extragalactic Background Light absorption
*more intrinsic spectrum

Excellent laboratory for studying High Energy blazar emission




Wave band

instrument

Wave band

HE Gamma Rays Fermi
X-rays RXTE/PCA
X-rays SWIFT/BAT
X-rays SWIFT/XRT
X-rays RXTE/ASM
X-rays MAXI

UV/UVW2 SWIFT/UVOT
UV/UVM2 SWIFT/UVOT
uUv/uUvwil SWIFT/UVOT

Totally ~30 instruments/bands
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Observations are truly simultaneous
- Very important during flaring activity
That means high reliability of the results derived with these data




One-Zone Synchrotron Self-Compton(SSC) Model

Environmental
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An emission blob with:
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Content of this plot: and 1-zone SSC Modeling

1. reference: low/typical state SED from 2009 data (averaged)
2.2010 03 15 SED
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Content of this plot:
1. reference: low/typical state SED from 2009 data (averaged)
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flare 10th ~ 22"d March 2010

A decaying flare
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10th ~ 227 March 2010
13 daily successive frames of broadband MW
SEDs resolving the flare :
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—=——— lowtypical state from 2009 data
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—————  lowityplcal state from 2008 data
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—————  lowtyplcal state from 2008 data
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—————  lowitypical state fram 2009 data
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—————  lowtyplcal state from 2008 data
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—=——— lowtypical state from 2009 data
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—————  lowityplcal state from 2008 data
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—=——— lowtypical state from 2009 data
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—————  lowitypical state fram 2009 data
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————  lowtyplcal state from 2008 data

1U'T§'| T T T T T T T T T T T T T T TTTTT0 S274-35278 Ferml-LAT
E ——— 55375 RETE-PCA
10-3 — B 55375 Swift-XRT

preliminary

——— 55275 Swift-BAT

— 4 55274 B_band_ROV_TeB

[erg cm™? 5]

-
o
©

— % 55276 |_band_ROV

— @ 55275 R_band_MMskles ROV _sic

— B 55276 UVMZ_UVOT

Ezd_['deE
=

—— 55276 UVW1_UVOT

—WF——— 55376 UVW2_UvOT

—— —  55275V_band_NMskies ROV _TeB

—B—— 55271 Metsahovl_37GHz

————— 55375 UMRAD_14GHz

— 55 (flaring blab}

———— 55C |(gulescent-state blob + flaring blob)

10-15 1R Ea1 Y B 1 B 1 0t 1 | T A A Y A A 1 O Y A A I A I
10 10" 10™ 10" 10%° 10 10%®* 10® 10* 10*° 10*®10*
Frequency [Hz]



—=——— lowtypical state from 2009 data
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—=——— lowtypical state from 2009 data

S —B— 55277 MAGIC
=10 =LEILN N L N L L L L L L R L R B R L B
'l'.ﬂ — —  E5276-552T8 Fermi-LAT
q"E 8 — ——— 55277 RXTE-PCA
o 10 E pre|lm|nary —B—— 55277 Swift-XRT
Eﬁ — — 8 55777 Swift-BAT
E. 10.9 ——i—— 55277 B_band ROV _TeB

—%— 55277 |_band_ROV

——8— 55277 R_band_NMskies_ROV_etc

—l— 55277 UVMZ_UVOT

Ezd_['deE
=

—— S52TT UVWi1_UWVOT

—%—— 55277 UVW2_UVOT

—— —— 55277 V_band_NMskies_ROV_TeB

—l— 55271 Metsahovi_3TGHz

—i—— 55ZT5 UMRAD_14GHz

—F—— 55264 UMRADO_8GHz

—  SSC (flaring blob)

————— S§5C (quiescent-state blob + flaring blob})

1045 1N KA1 Y B N 4 B 1 0t 1 Y I T A 1 I O Y A T 1 Y A A A 1 A I
10 10" 10™ 10" 10%° 10 10%®* 10® 10* 10*° 10*®10*
Frequency [Hz]



high state
Model 1 Model 2
7
R 1'7_'10 SN
1 blob, 2 breaks & 2 blob:
I= 108 Flaring blob:1 break
; Quiescent blob: 2 breaks
. .
I;Ili(;?l?InyI:lbove 2 10-9 maithes

data
J

Ezd_!_ﬂde
=

-

o
&
8]

-

o
L
[

-

o
2
r

—
o
—
—
I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [ TTI

) I I I Y S Y Y A Y Y A A A A 1 ) I T A N A A A A A
10" 10™ 10" 10*° 10*® 10%* 10 10" 10™ 10" 10® 10® 10

-

o
Y
on



high state
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Model 1

1 blob, 2 breaks

Going into low states

2 blob:
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lowest state: quiescent blob emission=this SED
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preliminary
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Electron Energy Distribution(EED): 1-zone SSC model

The evolution of the SED during the flare can be explained, within the one-zone
Synchrotron Self-Compton scenario, with variations in the high-energy part of the
electron energy distribution, rather than the environment parameters (B,R, Doppler
factor).

Electron Energy Spectrum F ixed Param eters
’E EIIIIII 1 T T TTTI 1 T T TTTT | IIIIII| __:jg::::: 7/min 800
s - = === MJD 55267
'_;, B e MJD 55268
g [ B Ymax 108
= — —— MJD 55271
T —— = MJD 55272
2102 ~ o ssers B[mG] 38
— — = MJD 55275
— == MJD 55276
: — MJD 55277 _
i ] log(R[cm])16.72
10 — —
1 | | | m

Te
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In 2-zone SSC Model

It provides slightly better fits than 1-zone model
(Gamma min helps a lot )

the flaring blob

The flaring blob

DateMJD| Flux[em~2s™!] B{mG] log(R[em]) & T —— Flectron Snergy Spectrum

E T0T Mip skaer
55265 3.8 x 10710 105. 15.51 35. = F T Mubsees
55266 4.7 x 10710 100. 1551 3. 10 S wosan
55267 40%10710 (™ 100, 1551 3.~ F T esan
55268 2.1 x 1010 100, 15.51 35 Tk  ostars
55269 3.3 x 1010 85. 15.51 35. = e
55270 2.3 x 10710 75. 15.51 35. : |
55271 35x 10710 () 75, 15.51 35. d = E
55272 1.4 x 1010 75. 15.51 35. - .
55273 1.5 x 10710 75. 15.51 35. 10 —
55274 9.9 x 10~ 11 60. 15.51 35. E E
55275 1.8 x 10710 (w) 60, 15.51 35. 1‘ T T
55276 1.6 x 10710 60. 15.51 35. 10° 10° 10’ 10° T
55277 1.2 x 10710 60. 15.51 35.

the quiescent blob
38. 16.72 21.
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Evolution of the broadband SED could be described with a one-
zone or atwo-zone SSC model

Lower states: broader bumps in SEDs,
double-broken power law needed to describe EEDs
both one-zone and two-zone models are fine

Higher states: sharper bumps in SEDs,
broken power law needed to describe EEDs
two-zone model is better in describing the SED evolution

Overall: The observed evolution of the SEDs favors the presence of
two blobs, rather than the one single blob used typically to
describe flares in TeV blazars
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Flaring-Activity Study

O  Data quality guarantee:
v' multi-wavelength coverage [energy]

v' simultaneity of observations [time]
0  General situation: light curves

O  Further study: spectra
v' Sample, model introduction, spectrum modeling samples
v' Day-by-day spectra

v’ Summary of the evolution of spectra

O Conclusion

33



o MJID 55265
S B //////////////////////é
& = RXTE  Swift ;g
§1u” ig 2.4 hours 41» . Eé
552%4 55265  Date nuuzi
roR MID 55267
552%6 55267  Date szi
S MID 55269
%m” é% ! %
552%3 55269  Date muzi
o MJD 55271
S107 ; =
552%0 55271 Ei

TAS

Date [MJD

uency [Hzl

Fre_nlq

uency [Hzl

21

Fre

Fre_:guan::y [Hzl

e MID 55266
o'7 éé =1 é
552%5 552I66 Date IMJEi
. MID 55268
o' %;- I %é
552%7 55268  Date szi
- MID55270
o'7 ; é
552%9 55270 Ei

I VAGIC
I VERITAS
B Fermi-LAT
I Swift-XRT
[ RXTE

I Swift-UvoT
B optical b band
I optical v band
[ optical r band
B optical | band
I Metsahovi
N UMRAD

Date [MJD



MJD 55272

>
8

uency [Hz]

Freq
—
<,

3

MAGIC

VE
G

Swift | =RXTE

2.4 hours >

MJD 55273

requency [Hzl

N
~y[ T I|

h
4]

55272 Date [MJD]

MJD 55274

A

>
3

uency [Hz]
RERARRRA RN

Fre

%///////////////////////////)////////////)/////

552|73 Date [MJD

M.JD 55275

uency [Hzl

Fre

RRERRRERRRRN Lm»l i

th
ot
N
-~
(7]

55274 Date [MJD

=

>
3

Frequency [Hz]

-

=]
"
u

TITTITFTRATTT

MJD 55276

A

55275  Date [MJD

MJD 55277

=)
8

ZZ 77772 %

Fre_:guan::y [Hzl

°,
4

TR @

th
th
]
=~
th

55276 Date [MJD

)/

S WL,

th
%]
]
=
=]

552|77 Date [MJD

>
3

-

=]
=
o

Frequency [Hz]

G

I VAGIC
I VERITAS
Fermi-LAT
I Swift-XRT
[ RXTE

I Swift-UvoT
B optical b band
I optical v band
[ optical r band
B optical | band
I Metsahovi

ST %

0 Date [MJD

I—l I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I

I UMRAO

I—l I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I

I—l I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I

IERERENRRR RN mﬁlll L

Sl



Cosmic microwave background, -3 mm
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Wave band instrument fluxunit  |mean freq. Hz| low freq. Hz high freq. Hz |low energy|high energy
count/cm”2/s 4.84E+025 1.21E+028 200GeV
count/cm”2/s 4.84E+025 1.21E+028 200GeV
count/cm”2/s 9.68E+025 1.21E+028 400GeV

GammaRays Fermi ph/cm2/s 6.06E+022 6.06E+025 300MeV | 300GeV

XRays RXTE/PCA erg/cm2/s 4 84E+017 7.26E+018 2.00keV 30.0keV
Xrays SWIFT/BAT count/cmz2/s 3.63E+018 1.21E+019 15keV 50keV
Xrays SWIFT/XRT erg/cmz2/s 4.84E+017 241E+018 2keV 10keV
Xrays SWIFT/XRT erg/cmz2/s 7.25E+016 4 84E+017 0.3keV 2keV
Xrays RXTE/ASM ph/s 4.84E+017 241E+018 2keV 10keV
XRays MAXI ph/s 9.67E+017 241E+018 4keV 10keV
Uvw?2 SWIFT/UVOT mJy 1.60E+015 1.37E+015 1.93E+015
UVM?2 SWIFT/UVOT mly 1.38E+015 1.24E+015 1.55E+015
Uuvwi SWIFT/UVOT mJy 1.19E+015 1.05E+015 1.37E+015
mJy 6.81E+014 6.14E+014 7.66E+014
mly 6.81E+014 6.14E+014 7.66E+014
mlJy 5.45el14 5.04el14 5.92el14
mly 5.45el14 5.04el14 5.92el4
mJy 5.45el14 5.04e14 5.92el14
mJy 4.68E+014 4.20E+014 5.29E+014
mly 4.68el4 4.20e14 5.29e14
mJy 4.68el4 4.20el4 5.29e14
mJy 4.68el4 4.20el4 5.29el4
mJy 4.68el4 4.20el4 5.29el4
mJy 4.68el4 4.20el4 5.29el4
mJy 4.68el4 4.20el4 5.29el4
mJy 4.68el4 4.20el4 5.29el4
mJy 4.68el4 4.20el4 5.29el14
mJy 3.79el4 3.47el4 4.19e14
Jy 37GHz 3.63E+010 3.87E+010 1.5e-4eV | 1.6e-4eV
Jy 14GHz 1.26E+010 1.64E+010 5.2e-5eV | 6.8e-5eV
Jy 8GHz 7.25E+009 8.70E+009 3.0e-5eV 3.6-5eV
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Variability: the quantity showing how much each light curve fluctuates

Variability
(S. Vaughan et al. Mon.Not.Roy.Astron.Soc.345:1271,2003)

Fvar:\‘ f_z i Sz

Variance of Flux

2 Mean of error sq.

Z(fl o f)2 -I? Mean of Flux

@p)
N
ll
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2009
Variability amplitude of Mrk 421
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Inverse-Compton(IC) regime

—— Swift-XRT 0.3-2 keV vs MAGIC

VHE Flux [cm? s
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=
L
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linear fit, y*/ndf=115.962/7
------------ quadratic fit, y*/ndf=100.015/7
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—s— Swift-XRT 2 -10 keV vs MAGIC
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r arc
Very High Energy Light Curve
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55277 58.45 Next: unprecedented data for blazar study:

day-by-day broadband Mrk421 SEDs in flaring activity




Mrk421 2009 averaged SED

THE ASTROPHYSICAL JoURNAL, T36:131 (22pp). 2011 August |
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One-Zone Synchrotron Self-Compton Model
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Table 2. Integral Flux and Fit Parameters of One-zone SSC Model

Date[MJD] Flux(E > 200GeV)[em™ 257 4min  Ymaz  Yoreakl  Vbreak2 s1 82 83 nelem™]  B[mG] log(R[em]) 5
55265 3.8 x 10710 8e2. le8.  6.0e5. 6.0e5. 223 223 470 1.14e3. 38. 16.72 21.
55266 4.7 x 10710 8.e2  le8  6.6eb. 6.6e5. 2,23 223 470 1.16e3. 38. 16.72 21.
55267 4.0 x 10710 (v) 8.2  le8  1.6ed. 6.0e5. 2.23 270 470 1.10e3. 38, 16.72 21.
55268 2.1 x 10710 8.2 le8.  1.6e5. 6.0e5. 220 270 470  0.90e3. 38. 16.72 21.
55269 3.3 x 10710 8.2, le8.  1.2e5. 7.0e5. 220 270 470 0.95e3. 38. 16.72 21.
55270 2.3 x 1010 8.2  le8  8.0ed 3.9¢5. 220 270 470  0.90e3. 38. 16.72 21.
55271 3.5 x 10710 (v) 8.e2.  leS.  9.0ed 5.0€5. 220 270 470  0.90e3. 38. 16.72 21.
55272 1.4 x 10~10 8e2. le8.  5.0ed 4.0€5. 220 250 470  0.90e3. 38. 16.72 21.
55273 1.5 x 10710 8.e2  le8  6.0ed 3.9€5. 2,20 270 470  0.90e3. 38, 16.72 21
55274 9.9 x 10~ 11 8.e2. le8.  3.5ed. 3.9¢5. 220 270 470  0.90e3. 38, 16.72 21.
55275 1.8 x 10710 (w) 8e2. le8.  5.0ed. 3.9e5. 220 270 470 0.85e3. 38. 16.72 21.
55276 1.6 x 10710 8e2. le8. 5.7ed 3.9e5. 220 270 470  0.90e3. 38. 16.72 21.
55277 1.2 x 10710 8.e2  leS  8.0ed 3.9€5. 2.20 270 470 0.70e3. 38. 16.72 21.

Note. — The flux is from the MAGIC measurement except the case of no observation, in which VERITAS or Whipple measurement is instead used.

Note. — () VERITAS measurement. This flux value was measured around 7 hours after the simultaneous MW observation time.

Note. — (*) Whipple measurement. This flux value was measured around 7 hours after the simultaneous MW observation time.



Table 3.

Integral Flux and Fit Parameters of Two-zone SSC Model

Date[MJD] Flux(E > QUUGEV}[Cm_QS_l] Yrin Ymaz  Vbreakl  break? s1 89 53 ng[cm_3] B[mG|  log(R[em]) a
the quiescent blob
for all dates - - 8.e2. 1e8.  3.5ed. 3.9e5. 22 27 4.7  0.9e3. 38. 16.72 21.
the flaring blob
55265 3.8 x 10—10 3.0ed. 6.e5.  3.0eb. -- 20 30 --  5.0e3. 105. 15.51 35.
55266 4.7 x 10710 3.0ed. 6.e5.  3.0eb. - 20 30 --  6.0e3. 100. 15.51 35.
55267 4.0 x 10710 (v) 2.5e4. 6.65. 1.leb. - 20 3.0 -- 5.9e3. 100. 15.51 35.
55268 2.1 x 10~10 5.3e4. 6.5,  1.8eb. -- 20 30 -- 5.6e3. 100. 15.51 35.
55269 3.3 x 10—10 3.0ed. 6.e5.  1.8eb. - - 20 30 --  6.5e3. 85. 15.51 35.
55270 2.3 x 1010 3.5e4. 6.5 0.8eb. -- 2.0 30 --  6.0e3. 75. 15.51 35.
55271 3.5 x 10710 (v) 3.5ed. 6.5,  1.2eb. - - 20 30 --  6.5e3. 75. 15.51 35.
55272 1.4 x 10710 3.5ed. 6.5,  2.4eb. -- 20 50 --  4.0e3. 75. 15.51 35.
55273 1.5 x 10710 3.5e4. 6.5, 0.5eb. -- 20 3.0 --  4.0e3. 75. 15.51 35.
55274 9.9 x 10~ 11 3.5ed. 6.5 0.4eb. - - 20 30 --  1.4e3. 60. 15.51 35.
55275 1.8 x 10710 (w) 3.5e4. 6.5 0.5eb. -- 20 30 -- 5.0€3. 60. 15.51 35.
55276 1.6 x 10710 3.5ed. 6.5,  0.8eb. - - 20 30 --  5.0e3. 60. 15.51 35.
55277 1.2 x 10710 3.5e4. 6.5, 0.8eb. - - 20 3.0 --  2.5e3. 60. 15.51 35.




!onclusron

During this flaring episode, VHE and X-ray bands vary the most.

VHE vs X-ray show a linear trend for 0.3-2 keV band, while
a quadratic trend for the 2-10 keV band

Evolution of the broadband SED could be described with a one-
zone or atwo-zone SSC model

Lower states: broader bumps in SEDs,
at least 3 power-law indices needed to describe EEDs
both one-zone and two-zone models are fine

Higher states: sharper bumps in SEDs,
at least 2 power-law indices needed to describe EEDs
two-zone model is better in describing the SED evolution

Overall: The observed evolution of the SEDs favors the presence of
two blobs, rather than the one single blob used typically to
describe flares in TeV blazars
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