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Outline

« Major Atmospheric
Gamma-Ray Imaging
Cherenkov Telescopes

» Sensitivity
* Results

« Multi-Wavelength
Campaigns

« Target-of-Opportunity
Campaigns
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MAGIC Telescopes

« Imaging Air Chernkov Technique

* First telescope completed in
2004

« Second telescope completed in
2009

 Distance to MAGIC II: 85 m
« Several upgrades

» Collaboration
- ~ 170 people
- ~ 25 institutes
- ~ 9 countries
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MAGIC Telescopes

e Site: ORM, 2200 a.s.l.

 Structure
- Alt-az-mount
- Weight: ~ 60 tons
— Repositioning: 180° in 12 sec
e Mirror:
- 17 m diameter —» 236 sgm
- Active Mirror Control
« Camera & Readouit:
- FoV 3.5° (0.1 per pixel)
- 1039 photo multiplier tubes
- 1.6 GHz Sampling (DRS 4)

I i 4th AMON Workshop, PennState Daniela Dorner W‘?



MAGIC Sensitivity

?"1. Mono {2005 —jil— Stereo Upgr. (2013}

4
)
By
[+ H {.,.
b

-
-

L vdgos Mono {2008 ——— Stereo Upgr. 2d 30-45, {2013} o
10 %o —k— Steres (2010} el

1:"“2 '

Integral sensitivity {(5¢ in 50h) [% C.U.]
I

0.5

107 10° 10*
Energy threshold [GeV]

I i 4th AMON Workshop, PennState Daniela Dorner \/\ﬁ*




MAGIC Performance

* Integral sensitivity: (0.66 £0.03)% CU
(5 sigma 50 h, Crab like spectrum > 220 GeV)

Energy threshold:

- Normal trigger: 50 GeV
- Sum trigger: ~25 GeV

Angular resolution: < 0.07°

Energy resolution: 16 %

More details: The major upgrade of the MAGIC telescopes,
Part Il: A performance study using observations of the Crab
Nebula, Aleksic et al. 2016, APh 72, 76
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Results: IC 310

Perseus Cluster

SIGNIFICANCES
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Detection of IC 310
Aleksic et al, 2010, Apd, 723

Detection of NGC 1275 A1:5
Aleksic et al, 2012, A&A, 539L

Rapid Variability IC 310 41
Aleksic et al, 2014, A&A, 563

VLA Radio 1.49 GHz

Extreme Variability IC 310 3 45 a4 335 33 .05

Aleksic et al, 2015, Science, 346 i | T RAT[hr]
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EVN Observations

Results: IC 310

0.005 arcsec
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Results: IC 310
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Results: IC 310
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Results: IC 310

Variability on time scales
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Pulsar-like magnetosphere model (Levinson, Rieger 2011)
Electromagnetic cascade — hard gamma-rays
Variability due to plasma turbulence and changes

In accretion rate
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Results: S3 0218+35

Credit: NASA/ESA and the Hubble Legacy Archive
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Results: S3 0218+35

« Graviationally lensed
blazar: S03 0218+35,
z=0.944

« Graviational lense galaxy:
B0218+35, z=0.684

=

Credit: NASA/ESA and the Hubble Legacy Archive
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Results: S3 0218+35

Blazar

Lensing galaxy
Appearance at Earth

Credit: NASA's Goddard Space Flight Center
gl ) * +
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Results: S3 021 8+35
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Results: S3 0218+35

« Graviationally lensed
blazar: S03 0218+35,
z=0.944

« Graviational lense galaxy:
B0218+35, z=0.684

e Lensing delays measured:

- Radio:
10.1 +/- 0.8 days

ﬁ ratio 3.6:1

- Fermi-LAT:
11.46 +/- 0.16 days

Credit: NASA/ESA and the Hubble Legacy Archive ratio ~ 1:1
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Results: $3 0218+35
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Results: Mrk 501 & Mrk 421

» Closest blazars — bright at VHE
« Coordinated MWL campaigns since 2009 every year

« Several publications

» Furniss et al, 2015, ApdJ, 812, 65

« Aleksic et al, 2015, A&A, 587, 22
» Aleksi¢ et al, 2015, A&A, 576, 126
» Aleksic et al, 2015, A&A, 573, 50
« Aleksi¢ at al, 2012, A&A, 542, 100
« Abdo et al, 2011, Apd, 736, 131

» Acciari et al, 2011, Apd, 729, 2

« Abdo et al, 2011, Apd, 727, 129
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Results: Mrk 001 in 2013

=S
E'.'w Dsf— L MAGIC *
LY B ® VEAITAS .
E:p: = -
L= = -
0z /—
E s D|§— . & L
= & anw ¥ ael , . =""®
HeomE Fermil LAT
“—'w E
=t LRI =S
{gaq 0153— +
%E D|E_ + —— + —+— + + _+_
- =
oo ;—+ —+—+—+_+_ —+— _+__+_
- E . . . . . .
5 grj; o NUSTAR t
Ei5or :
gg g oz .‘
x:‘: =B |
5T i )
= O I
— ooz | ! 1 1 ! 1
o weE- 0.3-3 ke
2 = Swift XBT "
E vz - 3-7 kel
HoomE- »
e § g . s 2t
r'g D‘E—. -l an * ., - . L] " - Sagt gat Py
falTCY = b
15 = I
= s U ® A (HE
14 =
=N Swift UVOT . v LW LUME
E 1251 L Sagw Suvataby®™
E =
- fBF @ *end snvalyen W
M= A - ., - . R SaSSigty W
2
55%—
B =
i3 g“ *‘ +HW+ 4
E AN )
C = Multlple Dptlcal Instr‘uments{ﬂ hand)
23 %_ ® 2 mm 7mm ® 13 mm 23 mm EOmm W OMROEGHz
2§_ 3mm ® 9mm ® 20 mm 36 mm ® 110mm M Metahow 27 GHz
%E‘ 15E# . '++ ™ s '- rl.
. | | ] n Epm u L | ]
= k .ﬁ L1 !.. e .' : ™ :‘- .I‘ -f u
] r £ - L
EE400 Ea470 55440 E5450 E5460 G (A E]

Julius-Maximilians-
UNIVERSITAT
WURZBURG

4th AMON Workshop, PennState

= 0.2 TeV Filx
[x10 " em a‘]

U.I-ﬂﬂ%GQV Flice
(x40 em®s]

argem=E"]

kay FI

3.7 keV Flu
2

73

XRT Flx
(10" arg em @'y [x10

R-band
[md¥] [mdy]

Radio
[Jy]

ns
Od
na
0z

L} ]

25

23

13

a3

MAGIC

a®

Ferml LAT

III|III WWWTFWWWWIIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII

HUSTAR * :
[ ]
* N\
0.3-3 key -
Swift XRT 27 ey
»
* &
- '. %
a U & B Lz
Swift UVOT .Y ® v LMz
"
»

¥

*to*"N'Hh

Multlple Dptlcal Inslr‘uments {R-band)

& 2 mm 7mm ® 13 mm 28 mm EOMM W OVROA1EGHz
3mm ®9mm ® 20 mm 36 mm ® 11omm M Metahow &7 GHz
|
| ] [ | u n '
=
Eai75 5473 FEAE EAGT T BEA0E (N3]

. . 4+
Daniela Dorner \/\g



Results: Mrk 501 in 2013

Fractional Variability
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Results: Mrk 421 N 2009

No extreme outbursts
Typical flux of ~ 0.5 CU
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Results: GRBs

A total of 77 GRB follow-ups
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Multi-Wavelength and

Multi-Messenger Programs

« VHE ToO program: HESS, MAGIC, VERITAS, HAWC, FACT
« MWL campaigns since 2009 (Mrk 421, Mrk 501)

« Optical monitoring

« Close collaboration with FACT

« ToO observations

- Follow-up of IceCube events

- HAWC hot-spots

- GW alerts

- Alerts from other wave bands (X-ray, Fermi, ...)

« GRB program

Julius Maximilians- . + #
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Summary & Outlook

« MWL Working Group incl. gravitational waves

e Successful MWL programs

- MWL campaigns on Mrk 421 and Mrk 501
— Discoveries from optical triggers and other alerts

« Several ToO programs ongoing

— Neutrino ToO
- GRB follow-up

« ToO observations well established in MAGIC

Julius-Maximilians- . + #
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