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TeV source catalog
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@ Nominally 207 sources as of Dec 15, 2017

@ Dominated by HESS, MAGIC and VERITAS

@ Contains already 20 HAWC sources
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Institute for Cosmic Ray Research
University of Tokyo

Source Types

® Extended TeV Halo PWN

® Binary XBB PSR Gamma
“ BIN

® HBL IBL FRI FSRQ
" Blazar LBL AGN
(unknown type)

® Shell SNR/Molec. Cloud
* Composite SNR
Superbubble

: Starburst
: DARK UNID Other

® uQuasar Star Forming

" Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR




Golden Era for TeV astronomy ICRR,

Institute for Cosmic Ray Research
University of Tokyo

Kifune plot
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HAWC, 300 water tanks at 4100m asl ((CfQ &=

array
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Due to the boost in flux sensitivity

IACT sensitivities

ICRR,

Institute for Cosmic Ray Research
University of Tokyo
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H.E.S.S. Galactic Plane
Survey

= ~ 3000 hours of observations on
the Galactic plane conducted

= Used to compile a survey in
gamma-rays

= /8 sources included in the
upcoming paper

VERITAS Cygnus Survey

36
Not firmly identified

Daniel Mazin

13 articles in special ARA issue JiEhlEyeutl
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HESS J0632+057
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Galactic Pevatron? ICRR, )\ )

University of Tokyo

10-10
c Diffuse emission shows a power-law
:'+ spectrum up to 50 TeV with no sign of a
e cut-off
Injection model fit to spectrum, solving
10-11 L transport equation of protons injected at
. the Galactic Centre
‘Tw - | | o | |
L " : Quasi continuous injection lasting ~10*
(@] hES
o years
> g
=
8 1012 "1 Total CR power injected at GC ~1038
ﬁj .| erg/s
—y
[] Diffuse emission (x10) Parent proton spectrum extends to
—— Model (best fit): diffuse emission PeV energies
- — - Model: diffuse emission E 3, = 2.9 PeV
- - - Model: diffuse emission E {5, = 0.6 PeV ¥ First detection of a galactic PeVatron!
1078 |— - ... Model: diffuse emission E 3, = 0.4 PeV \
- [ HESS J1745-290 \
i | | I I I | | | 1 1 111 I | | 11 11
1 10 17

Energy, E (TeV)
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University of Tokyo

Galactic Pevatron? ICRR, )\ )

) “« \ ) ) l) l . 07
~28.0 )). L) reliminary

S P8) <==|G0.9+0.1

0.6

0.5
28.5

-

03

+ ¢ HESS. (Abramowski+ “16)
-+  MAGIC (this work)

| Diffuse | =>"0o0)\

PSF

-30.0

267.5 267.0 266.5 266.0 265.5 265.0
RA [deg]

—
o
o
1

/(cm? * sec)]

EJYX\W

l)l'(‘]illlill;ll‘\'}

[
o

|
(=
o
n

Galactic latitude (degrees)

1
o
o
I

|

1612 1613
Energy, eV

-00.6 &g

01.0 00.5 00.0 359.5 359.0

Galactic longitude (degrees)
Abramowski+ ‘16 (Ecut =43"% (68%) i (95%) TeV)

-15 —25

m==) Cosmic ray population in the galactic plane cuts off before PeV energies.

t,~10%yr(1/ncm?) —» Other sources of cooling? Non-symmetric diffusion?
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HAWC survey vs IACTs ICRR.))).

University of Tokye

507 Days of observation with HAWC found 39 Gamma-
ray sources
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CasA is not a PeVatron

ICRR

Institute for Cosmic Ray Research
University of Tokyo

Fitted MAGIC spectrum assuming:
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5 10~ | * Power-law with exponential
_ < - cut-off (EPWL)
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107" =
1 EPWL preferred over PWL
s : ; 1  with 4.6 o significance!
-o- MAGIC Statistical uncertainty —
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Fermi spectral index: MAGIC fit:

I',=(0.90+0.08)
I,=(2.37+0.04)

fE)=N, (E/E,)7 exp(-E/E)

F=(24+0.1_,+0.2_))
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0 ., —0.9
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CasA is not a PeVatron

ICRR

Institute for Cosmic Ray Research
University of Tokyo
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{* If TeV emission comes only from

protons. Hadronic fit gives:

x ~2.2

E_..~10TeV

W (E >1TeV) ~ 5. 10* erg

(~ 0.2% of the SN explosion energy)

— Cas A is not a PeVatron
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PWNs

TeV efticiency

TeV luminosity

Daniel Mazin
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Crab: where is the cutoff? ICKR

University of Tokyo

HESS does not see a cutoff at 14 TeV any more

Excellent agreement among the instruments

* 5 e Fermi-LAT (]
ét : : : : e MAGIC
o 10710 — -------------- SRR I -------- : { ----------- RRET PR e VERITAS H
| - ; ; ; ; ]
L : [] *, e HESS ]
g - 5 III . Iﬁ : .
T I!IiII : g
n : : :
-11 : :
> 10U fo b :
=
L
©
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=
o -12 I T o WP
10
H E S S. PRELIMINARY

1o4 1o3 102 1071 109 10t 102

E (TeV)
Stay tuned for more data!
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Crab is extended in TeV [CKK

University of Tokyo
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Binaries: first extragalactic ICRK,

Institute for Cosmic Ray Research
University of Tokyo

LMC P3(GA076) *" - -

\ »

LMC P3 is gamma-ray binary
[Corbet et al., ApJ, 829:105 (2016)]

* blind search for periodic emission
= period 10.301 £ 0.002 days
= X-ray and radio in anti-phase

-67°12'

Declination (J2000)

binary system
[Seward et al., ApJ, 759:123 (2012)]

= O5 lli(f) companion star
= 25.42 M

= compact object ?

-67°36'

-67°48'

-68°00' 6" gamma-ray binary

= only one inside detectable SNR

05"35™00°
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First VHE detection of an

orbital phase

0.5 1.0 15 2.0
Phase [Corbet et al. 2016]

I
=3

axtragalactic binary system
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Binaries: Eta Car ICKR

University of Tokyo

Data taken by H.E.S.S. Il both before and after
periastron passage

Declination
3@, (J2000)g§

Analysed using H.E.S.S. in Mono mode (CT5 only)

10 —
8 7 [~
2 € L
2 >
0 2,
-2 L B
-4 O
pd -
11"00™00° 10"50™00° 10"40™00° 10"30™0C o
Right Ascension (J2000) W
10" |— _-_—+—
E —+— M+ + Mono pre _f_.
First VHE detection - e s -
of a colliding wind IR Hﬁ:
binary system ) F ‘j[
10 ? ernmi
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9 10 13
10 10 10" 10" Ene;goy V]
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PSR J2032 +4107
Binaries: Once in a life time ICKK

University of Tokyo

The system ATel #10810, ATel # 10971

N
0

- Extremely eccentric binary: t [ Penodwise [June-NovaOly)
o 20—
* Be star (MT91 213) + pulsar = F .
: S S 15 =
* Orbital period: 45-50 years (Hoetal.2017) 8 "F i
A -
* Associated TeV J2032+4130 % 10]-
(HEGRA 2002, Aharonian et al. 2005) o L
* Periastron: 13 November 2017 s:—+ e :
* Monitoring of the source: MAGIC+VERITAS | i ——
joined campaign :
s L L )

57940 57960 57980 58000 58020 58040 58060 58080

Latest results
* September 2017 (ATel #10810):

 TeV gamma-ray flux increased a
factor 2 wrt June-August 2017 42
average 9

* November 2017 (ATel #10971)
Periastron passage (MJD 58069.8):

* Flux increased almost a factor 10

wrt the average flux in June-August ,0es 206 2055 205 20.32 - 2065 206 2055 205 20.32 o
10
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¥ MAGIC, this work Preliminary

v MAGIC, this work Preliminary
TeV J2032+4130

TeV J2032+4130

= PSR J2032+4127 = PSR J2032+4127

DEC [deg]
DEC [deg




Pulsars: Crab

MAGIC, 2016, A&A, 585, A33
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ICRR

Institute for Cosmic Ray Research
University of Tokyo

* MAGIC dataset: 320 h (2007-2014)

e Discovered pulsed emission from Crab
spectrum extending up to 1.5 TeV

* Spectra of both peaks extending as
power- laws far beyond the expected
cutoffs:

e P1 detected up to 0.6 TeV
(r=3.5+0.1)

e P2 detected up to 1.5 TeV
(r=3.0+0.1)

 Model implications of detection of TeV
photons:

* Emission from outer magnetosphere
via IC

e Synchrotron-curvature ruled out (It
would require unrealistic curvature
radii)

* However no model can fully explain
presence of TeV pulsations 15
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Pulsars: Vela ICRR,

Institute for Cosmic Ray Research
University of Tokyo

H.E.S.S.-| result

@ Data from 2004 - 2016

v‘v
Sensation!

@® 60 hrs in stereoscopic mode
® >3TeV:5.30

® -7 TeV: 5.60

® H-test (>7TeV): 4.50

H.E.S.S. Preliminary -

- : reSU|t Unt” ' [PSRBOB33-45(P2)]
2 weeks agof|

E? dN/dE [erg s' en

—— H.E.S.S. IT PWL fit A\ 5 ' ;
i H.E.S.S. II log parabola fit <+ ] 4 fom 20042016 bsenvatons + Significance of the sngnal, Cm test:
—— Fermi >10GeV PWL fit B 2 S I 1 D:'j m' . Jer i \ 5 3 Tev 5 30
105 Fermi ECPL fit | v 60 fours n lereoscopic mode: : Vs
—— Fermi LPB >10GeV fit ? aeas 2 llescopes among CT1-CT4 >TTeV. 3.60
4 Fermi flux points : ;
10%“.| 4 H.E.S.S.IUL (P1+P2) ; H lest > 7T€V 450
10t 160 161 162 163 10*

Energy [GeV]
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Extragalactic Sources

ICRR

Institute for Cosmic Ray Research
University of Tokyo

@® BL Lacs

® FSRQs

@ Radio galaxies

® GRBs

We learn mostly from flares

even though quiescent state is interesting too

i

Obscuring
Torus

Narrow Line
Region

Broad Line
Region

Accretion
Disk

Daniel Mazin
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Extragalactic results dominated ICRR
by MAGIC nstitutef;(l)rg%srl?}ilcRa y Researc h

ey 8 Observed y-ray

O ° by MAGIC

oo * emission from 39/70
. “bo \ o

- ] currently known VHE
S\ Zﬁ’ i-ray AGN
\el / Al « Discovered emission

»  from the two most
S E distant (z~1) VHE
y-ray sources

Aa + Ton599 (z=0.72) detected on
el Friday, Dec 15, ATel#11061

0 0.2 04 0.6 0.8 1
redshift
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BL Lac

PG 1553+113: fromiradio to VHE

2007 2008 2009 2010 2011 20=

2013 2014 2015

Radio (OVRO)

IR K band (REM)

Optical (KVA)
E 3
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G

- uf uwwon
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1454

)

'é 01 .

5 X-rays (XRT)

= 005

(I

=— (.15}

< HE gamma rays

§ 01 (Fermi/LAT E>100 MeV)

: 005

(1

:2 VHE gamma rays

S M (MAGIC E>150 GeV)

- .
T I
L 0

53000 54000 55000 56000 57000 Time |MJID]
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Since
2015
denser
MAGIC

monitoring
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ICRR

Institute for Cosmic Ray Research
University of Tokyo

Mrk 421 changing peak frequency
by 1 order of magnitude in 2013

-Abdo et al., 2011, ApJ 736, 131

Peak position at ~10¢ Hz (~40 eV)
(typical state)

Factor 10 lower than typical
- “HBL moving towards IBL”

10 GHz o+uv !l  10key 1Gevl 1Tev
107 - Balokovic et al., 2016| I | Low activity in
- ApJ 819, 156 l | blazars is as
— 10"} | interesting as the
g | high activity (flares)
&) ]
T, 10 E
o 5 But can only be
S, | studied in detail on
e 107 ¢ ¢ : | the brightest
. ; o 2013 Jan 10 ; s?urces anq ywth
» 107 ¥ (MJD 56302) 1 highly sensitive
3 [ | instruments
10-14 E- 1 1 1 lI 1 1 1
108 1010 1012 1014 1016 1018 1020 22 1024 1026 28

frequency, v [ Hz ]

CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha

Daniel Mazin

20



BL Lacertae: flares in 2015 and 2016 ICRR.

Institute for Cosmic Ray Research

University of Tokyo
June 2015, MAGIC October 2016, VERITAS
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FSRQ
- 1
OJ 287: finally detected CM{

VHE Discovery

e Optically bright blazar @ z = 0.306 "
e Classification uncertain 5.
¢ TeV candidate: Costamante & Ghisellini 2002 § )
e “Periodic” optical behavior: T ~ 12 yr r
% ¢ e . “ . B
e Binary black hole system? Helical jet? ) " Yo u .
$7000 57200 57400 Date [MlD] 57600 57800 S8000
¢ Next optical outburst in 2019
4074 [T SwinxAT 57788 [ — e e e 3
TR 2 SWIftXRT (57804 : : : : : : : :
e VERITAS limit in '07: 10 h, <2.6% Crab <% - ::g;:;j«;;e:gﬁz’
o ® VERITAS (Period 2) '—I—-
> | ; i ; s ; § z i §
e Swift XRT flaring =>2016-17 ToO S A B T A A
Wan5l : s : : : : : ;
- 10 : :
e VHE discovery in Feb. '17: ATel #10051 % |
wo L
® 2016-17: ~50 h, 9.70, [ =3.49 £0.28 1
10‘6 _L__ ......................................................................................................................................................
e F(>150 GeV) = (4.61+0.61) x 10-2cm2 s-; 1.3% Crab
e O’Brien Talk: GAO08O, July 13, ~16:30 A D D R A R
. . 1 0_7 iﬁ"l'l'l‘l‘llli"'l"I'l’l'l'llli}"'l"l'l'l‘l'll[i'"l"l'l’l'l'llli"'l"l'l'l'l’l],j""l"['l’l‘ll],di'"'l"l'l’ll'l]j""l"l"l’ll’ll[i'"l"l"[ll'llli'"'l"l"l'll'll&
e Copious MWL data: SED shifts 100 107 10 10" 1 10 10° 10’ 10 g7 46°
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PKS1510-089 flare in 2016 g A
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Intranight variability of VHE emission
with time scale of the orderof an hour
(and some hints of even faster changes)

Daniel Mazin
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Gravitationally lensed blazar ICRR.

Institute for Cosmic Ray Research

B0218+357 s s

The MAGIC telescopes

z=0.94 B0218+357G
QSO B0218+357 (the lens)

photons

'
J -\

<4+—>

Time difference _ _
Fermi satellite

Banse

0o~ Ahnen et al. (2016) A&A, 595, 98

0 - 1 1 L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

| & 0 0. 0.2 0.3 04
oL:mu.ul .1; T T 12 10 HUbble, NASA/ESA I 92 [deg3 ]

Daniel Mazin CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha 30



FSRQ
Gravitationally lensed blazar ICRR.) )

IttthmRR rch

B0218+357 S
i (Possible) SED model

"'\'1 ar st al (20°169) AcA, 295, 99
10 15 20

Log v [Hz]
e Two zone model

66

- " zone: larger region within BLR, mostly responsible for
low energy emission

= " zone: smaller region outside BLR, mostly
responsible for gamma rays (SSC + EC)
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radio galaxy

1
NGC 1275 flare: New Year 2017 CM{‘

|

& 2017 Jan. 01

10—10 -
= & 2017 Jan. 02-03
— _ & 2016 Sept. - 2017 Feb. low state
(7)) -
e s —@— 2009 Oct. - 2010 Feb.
O ==
> - —@—  Aug. 2010 - 2011 Feb.
=L .
% -
51072 = —
Ww I &
F ©
MAGIC, preliminary 2
107° =
- | ! ! ! R R R ! ! O
100 1000 Q
E [GeV] —
7

"= Harder spectrum w.r.t. Aleksic et al. 2014 and curved
= Significant signal found above 1 TeV
= Power-law fits plus exponential cutoff indicate cutoff at ~500 GeV
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radio galaxy

M87: quiescent state 2012-2015

MAGIC in cooperation with K. Asano (ICRR)

ICRR

Institute for Cosmic Ray Research
University of Tokyo
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Emission can be

explained by:

o Constant
injection of
particles at ~200
Ry (~0.13pc)

: | o The model can
4| describe the

observations
. well assuming

10 T : :

) ~ ~15° viewing
ol angle and '=3
R o The model
10° requires energy
10 density in the jet
107 strongly
10°® dominated by

g , . particles
ol 10

R/R,
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GRBs
ICRR,
Gamma ray bursts (MAGIC)

GRB 1608218

MAGIC: time delay vs Zenith

96 GRBs:

18—
, 43 mono 16 - Nee 23N, =108 10
60 — ® o 0O OO 0 O ol N, = 12.4
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GRB 160821B Time delay from T, [seconds]

)

Matter of time to catch one!
MAGIC vs HESS-II vs VERITAS: ongoing race for the first detection
but maybe the first detection will be made with LST (CTA)

61
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Observational cosmology ars and Dust

g intrinsic .,' B aalaxies
" /d' \ ~ -
. = .

\ HE/VHE Y-Rays

M:W‘xf =Y

‘E'}'EEBL ~ 4(mecz)2 ~ 1 MeV2 A
Fgpy, ~ eV — E,y ~ TeV Va

Nikishov (1962), Jelley (1966), Gould & Schred:’-(}QEB) JJJJ

dN/dE

Energy
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EBL limits (MAGIC)

Fobserved = Fintrinsic X eXp(-a T)

(A) : single free EBL parameter
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Institute for Cosmic Ray Research
University of Tokyo

(B) : five free EBL parameters
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EBL limits (MAGIC)

ICRR

Institute for Cosmic Ray Research

University of Tokye
"; 102 — PRELIMINARY . MAGIC (stat only) Berta et al. 2010 (Herschel/PEP) Béthermin et al. 2010 (SPITZER)
o — Systematic uncertainty Cambrésy et al. 2001 (DIRBE/2MASS) Dube 1979/Leinert 1998 UL
e - Dwek & Arendt 1998 (DIRBE) Elbaz et al. 2002 (ISO)
< — Fazio et al. 2004 (SPITZER) Finkbeiner et al. 2000 (DIRBE)
% - 9 & 0O 1 A Frayer et al. 2006 (SPITZER) Gardner et al. 2000 (STIS)
- — .
good agreement with
other indirect measurements
Metcalfe et al. 2003 (ISO) Papovich et al. 2004 (SPITZER)
Penin et al. 2012 Schiegel et al. 2000
Voyer et al. 2011 Wright & Reese 2001 (DIRBE)
Xu et al. 2005 (GALEX) Zemcov et al. 2014
Abramowski et al. 2013 (H.E.S.S.) P Ackermann+'12 (Fermi, w.rt. D11)
P | P | " A " aa a2l A R Dommguez+2011
107" 1 10 102 A [um]
|
"E' . Berta et al. 2010 (Herschel/PEP) Béthermin et al. 2010 (SPITZER)
N - MAGIC+Fermi-LAT [stat only) Cambrésy et al. 2001 (DIRBE/2MASS) Dube 1979/Leinert 1998 UL
S .
2 good agreement with
w wavelength independent
measurement, but
. (IRTS)
somewhat higher >20 pm Wi
Metcalfe et al. 2003 (ISO) Papovich et al. 2004 (SPITZER)
Penin et al. 2012 Schiegel et al. 2000
Voyer et al. 2011 Wright & Reese 2001 (DIRBE)
Xu et al. 2005 (GALEX) Zemcov et al. 2014
— Dominguez+ 2011 = Helgason+ 2012
---------- Gilmore+ 2012 (fiducial) s Finke+ 2010 model C
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Cosmic Ray Physics

@ Electron spectrum (H.E.S.S.)

@ Iron"Spectrum (VERITAS)
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Electron spectrum ICRR,

Institute for Cosmic Ray Research
University of Tokyo

- —¥— HESS HE (2008) 4+ — HESS LE (2009)
— —&— MAGIC (2011) —s— AMS-02 (2014)
— —i#— VERITAS (2015) —4— Fermi-LAT HE (2017)

= —— HESS (2017) —— T. Kobayashi et al. (2004)
3 0 @ fy Dtg} 6 o;DOY i ; Stat. + sys. errors - - — HESS Fit (2017)
L = m 0
102 -0 -9 - —-4]—‘ \?! |
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Flux E3 g—g [GeV2m2ssr]
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ICRC 2017
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Iron spectrum ICRR

Institute for Cosmic Ray Research
University of Tokyo

T 10-1 | llll 1 1 | 1 | llll | | 1 I IIAI t I 2008] 1 L
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* Wissel, 2010
-8
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Fundamental Physics IQ@@ )

ity of Tokyo

@ Search for Lorentz Invariance Violation (LIV)

@ Dark Matter search
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LIV: likelihood analysis using
Crab Pulsar data

ICRR

Institute for Cosmic Ray Research
University of Tokyo
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LIV parameter A,

Linear case

A1 = 10" GeV/Eqq,
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LIV parameter A,

Quadratic case
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Dark matter searches
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ICRR

Institute for Cosmic Ray Research
University of Tokyo
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VERITAS - 48 hrs Segue 1

VERITAS - 216 hrs Combined DSphs
MAGIC - 160 hrs Segue 1

HESS - 141 hrs Combined DSphs
Fermi-LAT - 6yrs Combined DSphs
Fermi-LAT + MAGIC Segue 1
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he search goes on. No positive hints so far
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Multimessenger ICRK)) ),

University of Tokyo

@ September 2017: TXS0506+056 (unknown redshift) in flaring state
coinciding with Extremely High Energy (EHE, through-going track) v event
@ Chance coincidence or prove of hadronic emission?

TS value map

S 7
8 3FGL_J0509+0541  Preliminary
5 » EHE-170922A
© L
- -
| | : , _ 6
L= O W S W .
= o e T EHEN 70922A
c A ) : :
AW < 5
I |4 . :
QSO 0509+0541: =
-10 0 LO
: 9.25 5.2 5.15 5.1
arcmin RA [h]
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Conclusion fgﬁﬁ A,

sity of Tokyo

@ TeV gamma-ray astronomy is blooming

@ Publication rate is stable, limited by the man power, can
publish for the next 3-4 years in the same rate

@ Saturation effects not seen yet, thanks to upgrades of
the major instruments

@ Looking forward to the CTA observatory!
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BACKUP ICRR,

Institute for Cosmic Ray Research
University of Tokyo
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EBL limits (MAGIC)

ICRR

Institute for Cosmic Ray Research
University of Tokyo

Spectrum EBL model Effective Area Energy migration maftrix Eff. fime
~ v | Collection area vs. true energy |
. : R | Ll :
L 7¢ 5 105 = ——
O %, : |
~ @ 10‘;
L /é) |
% 102 -
10,
10 107 10° O‘E[GeV] 102 10° EZ;,[GeV]
Expected # of gammas ON (&OFF)-source events
10 —“_HHH—”H_._ 103; —:— —**"' s 103; -
' : . 0k T wE s
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Fold infrinsic source spectra with EBL effect and MAGIC instrument response =
compare to observed distributions of E_;

Free parameters: 0 (infrinsic spectra) + one or more EBL parameters
Poisson parameters of the background in each E_ bin are freated as nuisance
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