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MAGIC Telescopes

Q@ 1/mDr

Q CFﬂamv,

@ World lowest trigger
threshold: (25) 50 GeV

Thomas Schweizer, Project Review MPI December 2009
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Do optical triggers work ?

KVA optical telescope at La Palma

e
>

events /0.012 deg2
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on time: 11.1 hours
excess events: 165
significance: 5.5 ¢
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KVA optical telescope at La Palma |Mkn180 2=0.045] MAGIC—

T T

ON data
H cut —— OFF data

March 2006
4
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ToO trigger

ApJ, 648 (2006) L105
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From | AT
which location = & | .f- %

-25.0

originates the Vi | corest X-rays
PR \ :-.201'3-36:50.0 . 495 . 490 85 . 48O TS

_ e . z=0.00436

® VERITAS/MAGIC/H.E.S.S. B (0 cngle 10719
~ monitoring 120 h of observation

#® Simultanous VLBA radio imaging

and Chandra monitoring



VERITAS-MAGIC-HESS
monitoring compain 2007
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High variability of M87

MAGIC Coll., ApJ 685 (2008) L23

Beginning of 2008:

* Nucleus bright in X-rays (at all-time high),
while HST-1 rather dim

« MAGIC: 8 0 on 2008 Feb 1:

* 9.9 o in overall sample (22.8 h)
2008 Jan 30—-Feb 11

Harris+07

integral flux, F (>350 GeV, cm? s°1)

]
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e time (day/month)
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. 12:2330.0 — P &\ © ) TeV flux variable 3%-15% Crab
; z

| | Kaat A » Day-scale variability (5.6 o)
250 / knot D |

_ core x-rays ] )
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Thomas Schweizer, Project Review MPI December 2009



Increased radio activity at core
during gamma ray high state

VHE-Gamma-rays

VLBA Difference Images of M87

2008 Jan. 31 T 2008 Mar. 19

VHE instrumems
® VERITAS
A MAGIC

O

=y
o

—
(")
o
£
(3}
o
D
o
-
—
w
<
S

8y oy
o B NMONMBDOO® o G

- -
o N

-
2]
©

E

=
]
Z

=

o
c

S

2
©

£

£
<]

o

' @ e
® o B NVONMPOO®

VLBA (43 GHz)
® nucleus (r = 1.2 mas)
B peak flux

-1.0 -1.5 20 05 0.0
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® Gamma emission originates from
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High-z Observations:

Need low energy sensitivity

3 c 2 7 9 Wehrle et al. 2000
O . P

) First Flat Spectrum Radio Quasa gt g
» Redshift z=0.536

» Apparent luminosity = 10*® erg/s

» Brightest EGRET AGN (Wehrle+97,98)

» Gamma-ray flares in 1991 and 1996:
High dynamical range in EGRET data

» Fast time variation: AT ~ 6hr in 1996 flare




3C 279 MAGIC observations
Jan -April 2006

# Modeling of 3C 279 non-trivial:
#® FSRQ — bright emission lines:

External photon fields important
(Dermer+93, Sikora+94) MAGIC Coll.,

Science 320 (2008) 1752
# External-Inverse Compton
Modeling required, more
free parameters

#® VHE provides vital input!
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3C279 follow-up observations:

 Observation:
January 16, 2007 Detection with 5.6 sigma

60
Spectrum: Index 3.5+-0.7 -
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Mkn 421: First combined spectrum
of IC peak:
Fermi and MAGIC

10 day multiwavelength campain First simultaneous GeV-TeV spectrum of Mrk421
Good agreement between these 2 different instruments.

Jan 20 - May 31 ) 2009 Energy coverage of 5 orders of magnitude without GAPS.

Radio:OVRO, Ef'felsberg, Noto. .. Important for modeling of the source
Infrared: WIRO,

Optical: GASP, GRT, MITSuMe...
X-ray: Swift, RXTE

Gamma-ray: Fermi

VHE: MAGIC, VERITAS

Small offset: 80 GeV 400 GeV
(Bins are not exactly time-coincident ,, Overlapping region

because Fermi observes 24h)

E*dN/dE [ erg cm?s]

Thomas Schweizer, Project Review MPI December 2009



GRBs with MAGIC

SWIFT-BAT:
E = 15-350 keV

The Case of

* MAGIC: E>75GeV !

[ 125GeV <E
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GRB050904

Missed also 080319B
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at Z:O 937 bi eSt Max-Planck-Institut fiir Physik
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G GRB - Observed GRB locations ApJ 667, 358
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060206 | 04:46:53 | 16s | 25s s 10°

0C.

Denis Bastieri - Collaboration Meeting - Madrid, 22 Nov 2006
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Pulsar observations with MAGIC

| !

Crab pulsar

—

o Huge magnetic field of 108T
o Absorption of gamma rays through magnetic pair production

o Polar cap model, outer gap model & slot gap model



New Sum trigger

Event

distribution L1+Sum
SumTrigger
L1 trigger
L1 only

25 GeV |
threshold
sum trigger

55 GeV
threshold
standard trigger

| | | 1 |

| | 1 |
80 100

| | 1 | | | |
120 140
SIZE

Analog sum of 18 pixels
J L

2 J
Discriminator o Examples of 25 GeV
showers




Crab observation from October 2007
until Febrary 2007:

22.3h good hours/40 hours: 8500+- 1330
Excess events ¢

Pulses in phase with EGRET

P1=P21!l at 25 GeV
Cambined Fit: EGRET+COMPTEL+MAGIC
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—e—— EGRET (Kuiper 2001) \
—=—— COMPTEL (Kuiper 2001)
Outer-Gap Model (Hirotani 2008)
e = Slot-Gap Model (Harding 2008) = H
Polar-Cap Model (Harding, priv. com.) \ l ; s
I

IIIIII 1| IIIIIII 1| IIIIIII 1| IIIIIII RSN I.“ 11 IIIIIII 11 11l
10 102 10° 10* 10° 10° 107
Energy [ MeV ]

E0=17.7 * 2.8stat * 5.0syst GeV for B =1 (exp.)
E0=23.2 * 2.9stat * 6.6syst GeV for B =2 (super-exp.)

P oty

-

consister
Id

1t

-0.5

MAGIC
>25 GeV

-‘-llllIIIIlIIIIlII

-0.5

EGRET
>100 MeV




O puls
0.4 slgjrnzl

X
SN

- consistent
£ 45800 _ . I
'|' MAGIC )

>60 GeV

=
QO 45600
o

45400

45200

45000

P
-0.5

1
- |||||||||||| T

44800

44600 MAGIC

>25 GeV

44400

44200

44000

ey

-‘-llllIIIIlIIIIlII

-0.5

) £ 400 | EGRET
| =

MAGIC >100 MeV

Optical /‘

oo ‘mv'" ‘Mwuf

Amplitude a.u.




o Crab observation from October 2007
until Febrary 2007:
22.3h good hours/40 hours: 8500+ 1330
Excess events

o Pulses in phase with EGRET

o P1=P21! at 25 GeV
Cqmblned Fit: EGRET+COMPTEL+MAGIC

F(E) =AE % exp(-(E/Ey)P)
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17.7 GeV exponential cutoff (B=1) \
- = 23.2 GeV superexponential cutoff (3=2)
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MAGIC 20 U.L. (Albert et al. 2008)
* Celeste (De Naurois 2002)
o Whipple (Lessard 2000)
—e—— EGRET (Kuiper 2001) \
—=—— COMPTEL (Kuiper 2001)
Outer-Gap Model (Hirotani 2008)
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o Crab observation from October 2007
until Febrary 2007:
22.3h good hours/40 hours: 85OG+ 1330
Excess events

o Pulses in phase with EGRET

kAl High cutoff excludes

Co;nbmed Fit: EGRET+COMPTEL+M _ - I t th

nom F(E) AL ocexp( (E/E emission ciose 10 e
e | neutron star !!

(polar cap model)
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177GV exponential cutoff (B=1)

= 23.2 GeV super ential cutoff (=2)
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Celeste (De Naurois 2002) |

o) Whipple (Lessard 2000) i

——e—— EGRET (Kuiper 2001) \
—=——— COMPTEL (Kuiper 2001)

Outer-Gap Model (Hirotani 2008)
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Fermi observation of Crab pulsar

o Exponential cutoff at Ec = (5.8 £0.5 + 1.2 GeV) (neglecting the last point)
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MAGIC follow-up observations 2008

(work of Takayuki Saito)

[ Phasogram : Cycle lll (25 < Size < 500)
x107
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Emission above 60 GeV ?
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MAGIC Crab pulsar spectrum

(work of Takayuki Saito)
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s MAGIC excess consistent with
Exponential Cutoft?

Chi2 test (Exp. CutOff)

50

* Assuming the power law part

of Fermi spectrum, scanning
Cutoff Energy, the Size
distribution is compared

Best Exponential Cutoff Energies

P12 (11.8 +- 0.82) GeV
P1 (8.9 +-0.92) GeV
P2 (16.4 +- 1.4) GeV

— P1 +P2 (Data)

—P1 (Data)

— P2 (Data)
|- P1+P2 (MC)

— P1 (Data)
— P2 (Data)
- ---- P1+P2 (MC)

Expoential cutoff spectra fitting tu

Fermi data are not consistent
with MAGIC!! by > 5 sigma

Super Exponential Cutoff is
already ruled out by Fermi Data

Size [ph.e.]

Size [ph.e.]



Is MAGIC excess consistent with

Exponential Cutoffe

50

* Assuming the power law part

of Fermi spectrum, scanning
Cutoff Energy, the Size
distribution is compared

40
35

Best Exponential Cutoff Energies

P12 (11.8 +- 0.82) GeV
P1 (8.9 +-0.92) GeV
P2 (16.4 +- 1.4) GeV

In our publication:
E0=17.7 % 2.85tati 5.0syst GeV for B =1 (exp.)

with MAGIC!! by > 5 sigma

Super Exponential Cutoff is
already ruled out by Fermi Data

10?

Size [ph.e.]
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What is the connection

\ between pulsar and nebula ?
o Exact location of 5 am ' "é'ﬂula emission ? Emission point-like!
o Variability in pulsar wi T
O (et
o o
0 2

Chandra xgray observatio

o T

+ ¢ | e teleBcqp

MAGIC o
location 7 . A

Dec

1_’ (Pointing error ~0.7) Ra



X-ray binary system
' . SH-+61303

. - Radio jet; 26.5 days orbital period;

~-d ~2kpc;

- Companion star: Be star ~ 18M@
with a circumstellar disc. |

-Compact star:

Black hole/neutron star < 4AM©
- High eccentric orbit (¢~0.7)

MICROQUASAR

BINARY PULSAR

Mirabel 2006

-

L f

Microquasar

ight years

\\\\\\



LS | +61 303: Period 26.5d

166 h observation

»  Gamma ray binary discovered by MAGIC

«  Periodic emission in Optical, Radio
and X-ray

 VHE emission strongly variable

* Quiet at periastron

« Highest emission at phase 0.6-0.7

« Second peak at 0.8-0.9

 VHE emission mechanism controversial

PN
o
F £
v = v o
4U 0241+61 @ e 4U 0241+61 o
~_3EG J0229+6151 5 3EG J0229+6151 o 0
, i =
— —_——
' >
& 20
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— = — o 0
4 . <
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L 04

"3EG J0241+6103 3EG J0241+6103

2
$
= >
@
- @
I
@
o
SR

1 L
“ 3 & 2 &

®=[0.2,0.3]

@ = [0.4,0.7]

0.8 0.9 1
Orbital phase

P| December



MAGIC periodicity test

All data up to December 2006 tested with the Lomb Scargle method

T

——
v,=0.0377 day
|

LS 1+61°303

0.03 0.04
Frequency [day ]

Same period in all energies

Radio Gregory (2002)
IR photometry JHK band Paredes et al. (1994)
Optical V-band Paredes et al. (1994)

Optical Mendelson & Mazeh (1989)

Photometry |-B band Mendelson & Mazeh (1994)
Photometry | band Mendelson & Mazeh (1994) | | ! )

sinusoidal+Gaussian subtraction

Ho Zamanov et al. (1999)

Soft X-ray Wen et al. (2006)

Soft X-ray Paredes et al. (1997)

MAGIC VHE y-rays

27 275 . : 0.2 0.25
Period [days] Frequency [day ]

Thomas Schweizer, Project Review MPI December 2009



Spectrum unchanged
during phases
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Thomas Schweizer, Project Review MPI December 2009



vy-ray / radio correlation ?

Max-Planck-Institut fiir Physik
einei-Helsenmerg-Insttut]

MW campaign in Oct/ Nov 2006 involving radio, X-ray and VHE data

CHANDRA : October 2b06
[ merRLIN : : :
60 /\ e-EVN -

{ vLBA

x 10 ergs cm? s
x 10" ph cm™? s

<

£
©
]
2
=
>
2
£
S
>
£
7]
c
(7]
T
x
e
i

54034 54035 54036 54057 54058 54059 54080
MJD [days] MJD [days]

No direct correlation between radio and VHE gamma-ray emission !

Indication that different particle populations might be responsible for
the radio emission on one side and for VHE gamma-ray emission on
the other side ?

Thomas Schweizer, Project Review MPI December 2009



Hint on y-ray / X-ray correlation ..

Max-Planck-Institut fiir Physik

Swift observed LS | from Sep to Dec 2006 with XRT instrument
- using 24 pointings
P.Esposito et al 2007
Not strictly simultaneous

measurement

|
n
n
4
-
D
O
O

Very interesting
Dedicated MW in 2007

Orbital phase

Thomas Schweizer, Project Review MPI December 2009



MWL campain:
VHE / X-ray correlation

Observation schedule September 2007

MAGIC
XMM - Newton Swift

—
4th

VHE gamma rays: E > 300 GeV
MAGIC observed T, . = 54 hours

4th — 21st September

X-Rays: 0.3 keV < E < 10 keV
XMM-Newton T, .= 104 ks

4th — 11th September

Swift T .= 29 ks (XRT)
11th - 22nd September

Same particle population x-ray/ gamma
--> |leptonic production mechanism ?
Thomas Schweizer , Project Review MPI Dece§¢r 2009

F(03-10keV) 107" ergem™ s

N (E> 300 GeV)

10" em™s™]

F(03-10 keV)
110" ergem™s ]

Orbital phase
0.7 0.8 .
T T T T

Preliminary

0 .
54345 54350

H. Anderhub ét-

54355 54360 54365

—2400000.5)
af. i préparation

Evidence for correlation !!

N
(=)
T

w

@ MAGICXMM-Newton
) MAGIC/Swift

correlation

10

N (E> 300 GeV) [10 ‘ems” ]




Supernova remnant: IC 443

« Asymmetric shell-type SNR, 45’ diameter (distance ~1.5 kpc)

i Complex morphology at different wavelength

 Unidentified EGRET source inside

* Only upper limits in VHE gamma rays

Radio, shows MASER emission

N
: p
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VLA 20cm NVSS survey TR

High soft X-ray flux (no shell)
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2

La XMM: Troja (2006) ég

Thomas Schweizer, Project Review MPI December 2009



MAGIC J0616+225 (inside IC 443)

Recently confirmed by VERITAS H P

Point-like source
Significance: 5.7 o

Flux of MAGIC J0616+225:
above 100 GeV ~ 6.5% Crab
above 300 GeV ~ 2.8% Crab

Soft spectrum, compatible

with power law (I =3.1 £ 0.3 £ 0.2)
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CO mwissioning
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Stereoscopic Observations

3D shower reconstruction

Better hadron rejection
Better angular resolution (50% better)
Better energy resolution (25%-25%)

Enhance the sensitivity over the
whole energy range

Simultaneous Observation of
N haE]  air showers with 2 telescopes

4 —e— Magic-1 (Random Forest)

—e— Magic-2 (Lookup table)

CT1 (x1, yl, z1)

10
Energy [TeV]

Thomas Schweizer, Project Review MPI December 2009



Direction reconstruction

2 independent and performing techniques :

'-.

__.-"f;
» Stereo: Intersection of 2 major axes | \ =" ﬂ.ﬁl".

- independent of any MC ]
- not good for small angle Ad Recnnstruc:ted
direction

» DISP using RF method
- MC dependent
- a reconstructed direction for each tel.

. 1 '.l. II" -
We should combine ' f"::cnm, |
- Stereo \ major direction ."
_DISP_M1 | axis 2

- DISP_M2 }% centroid
R“Mm_% host position -
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First stereo signails !
Started regular ODSEn&

— ON

Sign.=25.27¢

+ MAGIC mono

.|.

Time=1.79 h
1 ON=513, mean OFF=76.0

,.--—r-i:|:=|=+¢+"+t-r*-|-¢"'=l="¢'|'++

T T R

ON (std stereo reconstruction)

300

250

200

150

100

015 0.2 0.25 03 035 04 045 0.5
theta? [deg”2]
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Already achieved _Sen,sitivity
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MAGIC stere¢o
(MC, prelim

Expect good
sensitivity down
to 40 GeV'!

- (standard trigger)

(achieved)

10°
Energy threshold [GeV]




Thomas Schweizer, Project Review MPI December 2009

MAGIC stereo
Is a low energy

iInstrument !

There we are unique




O

- such that it is equal to MAGIC |l

0

~“MAGIC Il

Upgrade of MAGIC |
March 2011

We plan to upgrade MAGIC |

New camera with 1039 channels, same as
MAGIC Il with a larger trigger area. Camera
IS in construction already. --> Improved
sensitivity !

Same domino (DRS4)

readout system as i




New sumtrigger with larger trigger area
and low threshold for both telescopes

N

Thomas Schweizer, Project Review MPI December 2009



Near Future: Upgrade with HPDs

Decrease trigger threshold down to 15 GeV (sumtrigger)

HPD clusters have the same geometrical shape as PMT clusters:
easy to exchange

—— HPD 131
= 60— ol |~ HPD 129
|~ HPD 128

——HPD 125

" —— 125 with WLS

5)00 300 400 500 600 700 800
Wave Length [nm]

VCSEL 8kV power Amplifier and HPD Winston
supply APD HYV generator Cone

Thomas Schweizer, Project Review MPI December 2009



Conclusions

« MAGIC has many interesting results (most distant source
3C279, 1C443, S5 0716, LSI +61 303, ...), especially in the low
energy domain down to 25 GeV (Crab pulsar detection)

slow 150 GeV ca
the MAGIC experlment 1
"'J* 5 LD Jr,ua of the MAGIC observatory with =
second tzlescope improved the sensitivity and ine
tion

)
angular resolut

iy

« We expect very exciting discoveries with stereoscopic
observations very soon !!
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Designing a continuously
adjustable analog delay line by 7ns

Varaohr: NXP BB143A (2.1pF-20pF)
.a0 deo 100 100KHz 1GHz Td_cpan_max=7.88nc (5.84nc- 13.80n¢c)

BA_min = 316MH 2

R33: 280hm

L1

C22 c2. (=]
R

©)fc21 [gcy|cas |{Cy|C26 [(op(c27 [{cH(c2e |{CY|C31 [(CY(C35 [¢C}|car
R1ccpaf AR EcpdriR 1 cp q fecnd R 11 ccpdr]™2dccnaf ™2 fecp.
Réer} | [(Rfer} | [(Reer} q q Rier} | [(Reer} | [(Rfer)
132 )
o

131 _J133 L34 140 L41
- |

<

.param L=16n .param C=20p

.param L_Recer=0 .param Cpar=0.13p
.param L_Rpar=0  .param Reer=0.85
.param L_Cpar=0 .param Leoer=0.7n

CgsMHz A egomv 1+ -~ @F 0 YA issmuz A 74.0my |
: 162MHz - @: -30.0mV - @: 54.0mv
ot GRS TR TR R R RS
e Ch2 +Breite - Chzz &%relte
re e S RS T T o
— ﬁ\(' (".. =] v u71.848n - u2.666n -
et Sl =l T 0 409.5p
~s o ch2achiN Ch2+Chi >
g g i =20667ns -8.083ns
-1 u-2.680n W -7.761n
: ; g 10.50p 0 1.209n
! ; Ch2 Max Ch2 Max
371.0mv 253.9mv
_________ W 372.0m - M 252.9m 1
_ : 055190 0 27.93m
: © Ch2Fliche : 1 ) . -\ Ch2 Fliche
- & -45‘%1;2;? J i ; 3 g R 4 ©\ -44.98nvs .
; . K-45.34n diglomiaiin: ) o1\ K-44.57n
A i ‘,’3"-."%5 b i i\ eassy,
T® 100mv QR ; / ~200mV T @R 100mVQ-H 2.00ns ‘A Cl
e e BHva.88000ns : ; : ; +v.4.88000ns

‘Ll & CTA / Delay T 't Boorf/
PLANCK~Institut fu Physi
D / Gruope EP / +.t 90 a



3C 66A/B region: [aceea At

| 1753
B: Nearby FR-I Radio Galaxy

A: Distant blazar, z=0.44? | Index: 4.1+-0.4 |
VERITAS preliminary '

Beilicke € Scineghe08

it Function:

T dN/dE =f,x (E/QJ3TeV)"

. fo=(1.74+0.28) f 10" [cm? s TeV]
~ I'=-3.10=0.31

i x2/ndf=1.10/

MAGIC Collab., ApJ in press
e Gz IV YAV  3C 66B

Significance

U extends S2TeV

22%Crab =
.Combined spectrum._© 1SNl
- for observed region = | i

- 99.7%

ApJ 692 (2009) L29

02"26™ 02"25™ 02"24™ 02"23™ o02'22™ 02"21™ 02"20™ 70 100 200 300 1000 2000
0 Energy [GeV]

> 3C668B is the most likely identification
3C66A exclude by 85% (including systematics)

» If 3C66A (unlikely): = distance
cannot be z > 0.23
(no > 1 TeV y-rays, EBL)
Mazin+Rave 08, Aharonian+06
Thomas Schweizer, Project Review MPI December 2009



MAGIC collaboration
~150 Scientists / 10 countries

Armenia Yerevan
Bulgaria Sofia
Croatia Consortium
Finland Tuorla Observatory
Germany DESY, Dortmund

MPI Munich, Wuerzburg
Italy INFN Padova, INFN Siena
| | INFN Udine,
goecomsi INAF Rome, INAF Trieste
) Poland INRNE Lodz

ALl IIL'."I;}i/\ e
> | ( !

o S N

yo e Spain U. Barcelona, UAB Barcelona
N g ROMANIA IEEC-CSIC Barcelona
% IFAE Barcelona, IAA Granada
IAC Tenerife
U Compultense, Madrid
Switzerland ETH
USA UC Davis

Thomas Schweizer, Project Review MPI December 2009




Ground-based gamma-ray astronomy

MILAGRO TIBET
4 ' STACEE

- J

. %
MILAGRO '\

Thomas Schwe



Gamma event Hadron event

=10-15 km

Gammas and Hadrons have
different shower image shapes
--> Suppression of Background

'n@Lan,()f'energy and direction
teconstruction

\\3\\ S



EBL Absorption

— Extragalactlc Backgr,ound nght

~—

Primack et al. 2005

Kneiske et al. (low limit) 2004

3C279,z=0.536

Stecker et al. (base evolution) 2006

LWing;q

—

S
-
pry

— 3c279, slope -2.5

— Primack 05
Kneiske Low
Stecker Base

-

o
A
w

differential flux, dN/dE [TeV"' cm? 5]

¥ N
30 4050 100 200 300 1000 2000
Energy, E [GeV]

-

o
S
@




Foldlng the flux with the cutoff
COMPTEL < - -

E10

collection g¥ea [

-
o
()

LLNURLALEL L LLL .

EffectiVe area

'y
o
)
T IIIIIIl

>

Energy (GeV)

Method: Combined fit: COMPTEL + EGRET data and MAGIC data

Fold function F(E) = A E**exp(-(E/E»)P)  with eff. area (forward unfolding):
Calculate the Chi2 between expected excess and measurement
Minimize Total Chi?




Model fit to signal event distribution

Model fit to signal event distribution

Total P1 + P2 Probability of cutoff energy

F(E) = A E"% exp(-(E/E,)P) folded with eff. area

[c=B 3_

2]
(=}
(=}
o

—— B=1(E,= 17.7 GeV)
— B=2 (E,= 23.2 GeV)
—— B=1.2 (E,= 20.4 GeV)

R ® Data

3
Probability

Excess events
(4]
o
o
o

T+

1 1 1 1 1 1 1 I -—I- 1 1
30 40 50 6070 100 200 300 400
SIZE bin [phe]

Cut off [GeV]

E0=17.7 £ 2.8stat £ 5.0syst GeV for 3 =1  (exponential)
E0=23.2 * 2.9stat £ 6.6syst GeV for 3 =2  (super-exponential)
E0=20.4 * 3.9stat * 7.4syst GeV for § =1.2




Relatively nign cuiofi >20 GaY |
Comparison with pulsar models

Magnetic pair production introeduces
a super-exponential cutoff at low Ligh cyinder
energies

Our superexponentlal cutoff is
23.2 GeV+-2.9stat GeV+-6.06syst Ge'

Lower limit on the distance of tm
emitting region of

Closed
field lines

classical

field lines



GRBs with

TeV site radio site radio site

The Case of

SWIFT-BAT:
E = 15-350 keV

* MAGIC: E>75GeV
T

ol Q?‘?'O

0 500 2000 2500 3000 3500

Missed also 080319B
at z=0.937, biggest
GRB ever!!

Denis Bastieri - Collaboration Meeting - Madrid, 22 Nov 2006

. GRB WG:
G GRB - Observed GRB locations ApJ 667, 358

GRB to | Aty | At | 1o <ZA>
050421 | 04:11:52 ‘ 58s | 83s 10s 50°
050502a | 02:14:18 | 18s | 990s | 20s 42°
050505 . . 55°
050509a 50°
050509b 49°
050528 | 04:06:45 | 43s | 77s s 50°
050713a | 04:29:02 | 13s | 40s 27 s 49°
050904 | 0o1:51:44 | 82s | 92s | 225s 20°
060121 | 22:24:54 | 15s | 583 s 2s 42°
060203 | 23:53:35 | 171s | 185s | 83s 40°
060206 | 04:46:53 | 16s | 25s s 10°

0C.



Stecker et al., 20086, (fast evolution)
max-EBL (this work)

Primack et al., 2005

Cosmic Microwave Background
Mazin & Raue, upper limit 2007
HESS upper limit, 2006

3C 279 observations
Jan -April 2006

vl (nW m?2 sr’)

# Modeling of 3C 279 non-trivial:
#® FSRQ — bright emission lines:
External photon fields important
(Dermer+93, Sikora+94)
#® External-Inverse Compton " EBL spectrum: probing 0.2-2,i#

Modeling required, more
free parameters

#® VHE provides vital input!

MAGIC Caoll.,
Science 320 (2008) 1752

+ MAGIC: E>100 GeV
23 Feb 2006 N
6.20

|
—_
o
LI B e e e e

22 Feb 2006

2.20 \%

Log vF, [erg em™2 s7!]
|

|
—_
0
LI e e e e

Index 4.1+-0.68

-U0.1I"Flux incompatible with const.: 5.04 ¢

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
770 780 790 800 810
Time (Julian Date—2453000

Log v [Hz]



Analogue sum trigger: |
Decreasing the threshold from 35 GeV to 25 GeV

o Design, development and production of a new low
energy trigger 9 ,

o Installation in La Péi’rﬁ%in October 2007

Analog sum of 18 pixels

Discriminator




® VERITAS/MAGIC/H.E.S.S.
monitoring 120 h of observation

#® Simultanous VLBA radio imaging
and Chandra monitoring



From which location originates
the gamma radiation ?

400 Radi : - X-rays: HST-1 sometimes brighter than
130 NQQlo ,/,3‘”. S5 o : I
-300 VLBA 8 GHz 2 AL
=250 ( :  Nature of the TeV emission?
-200 | ®|_eptonic or hadronic acceleration?
- 15.0 ®Proton-induced cascades (Mannheim 93)
- 100 ®synchrotron proton radiation
+05.0 (Mucke+Protheroe 01; Aharonian 00)
r 12:23:00.0 ®Might also account for parts of the UHECR
520, 510, agso0, 490 . 4aq. . 470, L
T Harris+07 : - Location of TeV emission? Core, HST-1
: | - | Knot A?
350 HST-1 : - @ close to the core (Georganopoulos+05; i
| O | Ghisellini+05; Lenain+08;
1223300 ~ GRS - Tavecchio+Ghisellini+08) ll
| N knot A - ® large-scale jet (Stawarz+03jflonda07),
T25.0 / knot D - @ in theVicinity of BH L\
; s x-rays | (Neronov+Aharonian 07; =
-20.0 Chandra _ - Rieger+Aharonian 08)
. 12:30:550.0 . 495. .. 490. . . 485 . . 480. . . A75! —

_ _ ' ' Beilicke, Mazin, Raue, RMW et al. 2008
Thomas Schweizer, Project Review MPI December 2009 Colin, RMW, Beilicke et al. 2008



Measuring the EBL

systematic error band
EBL-corrected, Primack, o* =2.94 + 0.91
EBL-corrected, Stecker (fast),o* =0.49+ 1.19

Reconstruct intrinsic spectrum
using state-of-the-art EBL models:

o=4.1 °

fit to measured spectrum:

- E _\*
dN/dE =N, (2ooeev)

N, = (5.2 + 1.7)x10"° [TeV' cm2 s1]
o =4.11+ 0.68

differential flux, dN/dE [TeV' cm2 s]
=)

—t

o.
-
=y

—

Q
L
)

Generic acceleration mechanism
arguments, e.g. Aharonian+06:
Assume a*<1.5 unreasonable

Formation of hard spectra possible
Aharonian+08, Sitarek+Bednarek 08,
Liu+08

Internal absorption in 3C279 does
not produce important hardening
Tavecchio+Mazin 08

Infer maximum tolerable EBL

7080 100 200 300 400 500

ars e
Stecker et al., 2006, (fast evolution
max-EBL (this work)

Primack et al., 2005

Cosmic Microwave Background
Mazin & Raue, upper limit 2007
HESS upper limit, 2006

vl (nW m? sr'1)

10°

Gamma-ray horizon ' ()

MAGIC Coll., Science 320 (2008) 1752
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Mismatch in energy scale ?
Cross-calibration to Fermi

o MAGIC Unfolded = MAGIC Unfolded

—=&— Fermi Exponential Cutoff —ae— Fermi Exponential Cutoff

_25‘11

—=a— Fermi Super Exponential Cutoff —a— Fermi Super Exponential Cutoff

—®— Fermi Power Law —®— Fermi Power Law

Werg cm?s™]
S
>

S

EZdN/(dE dt dALlerg cm

EZdN/(dE dt dA

-

o
N
N

13
10" p

Spectrum: P12

=10°

10° 6
Energy [Me\}]o

6
Energy [Me\}]0
—#— MAGIC Unfolded
—a&— Fermi Exponential Cutoff
—=a— Fermi Super Exponential Cutoff

—®— Fermi Power Law

E2dN/(dE dt dA)ferg cm?s

6
Energy [Me\}i)




Emission in different energy bands

Phasogram : Cycle All (25 < Size <50) ycle All (200 < Size < 400)

-0.5

Phasogram : Cycle All (50 < Size < 10!

x10

#Events
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E2dN/(dE dt dA)Lferg cm

-

o
N
N

10"

Spectrum: P12

=10°

E2dN/(dE dt dA)ferg cm?s

10°

MAGIC spectrum

(work of Takayuki Saito)

o MAGIC Unfolded

—=&— Fermi Exponential Cutoff

_25‘11

—=a— Fermi Super Exponential Cutoff

—®— Fermi Power Law

S
=
=)

EZdN/(dE dt dA)lerg cm

5 6
Energy [Me\}]0

—#— MAGIC Unfolded
—a&— Fermi Exponential Cutoff

—=a— Fermi Super Exponential Cutoff

—®— Fermi Power Law

6
Energy [Me\}i)

= MAGIC Unfolded
—ae— Fermi Exponential Cutoff
—a— Fermi Super Exponential Cutoff

—®— Fermi Power Law

6
Energy [Me\H’
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Mkn 421 }

1 Crab lavel *

-ray/TeV Correlation

NTTA MJD [days]

Mrk421 Opti
-2008

1 Crab level

Integral Flux =300GeV [Crab]

{ il

1
54600

1
)01 0.012 0.014 0.016 0.018 0.02 0.022 0.024 0.026 0.028 0.03 MJD [days]

R-band flux F [Jy]
Satelecka et al. (MAGIC Collab.),
Thomas Schweizer, Project Review MPI December 2009 ASP Conf. Ser. in press




