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Displaying Cosmic Particle Accelerators

> ...and places where their outflow interacts This talk

Starlight

)

Radio Infrared Optical X-ray GeV TeV
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Collective type

Simple stellar type
Supernova shell (%, p)

Pulsars (e*)
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Complex stellar type

X-ray binaries
Microquasars
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Novae

Other binaries

GRBs

Molecular clouds (p + MC)

Black-hole type

Galactic Centre
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Plot of this talk

> The gamma-ray window

= Experimental coverage, surveys, detectors, upgrades

> Recent findings

= Subjectively chosen remarkable new results 2014/15

> Recent not-yet findings

= ...like neutrino-emitting sources

> The future
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Experimental Coverage

Fermi-LAT, all-sky VERITAS, +31°

MILAGRO, +36°

HAWC, +19°

Shower array
Equator

Satellite

iy

@&l HESS, 23°

TeV 100 TeV
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Surveys of Survey Instruments - MILAGRO and HAWC

> AIr shower arrays
= Wide field-of-views
= HAWC
= |naugurated Mar 20, 2015
= 100 GeV - 100 TeV
= Angular resolution: 0.4 - 2.0 deg
= Energy resolution: 40 - 100%

Run 2203, TS 1966176, Ev# 115, CXPE40=39.9, Cmptness= 19.4

hit time [ns]

MILAGRO, 2009
fom http://iopscience.iop.org/1367-2630/11/5/055007/

Galactic
plane

[ T
-5 25 0 2.5 5 7.5 10 *. 12.5 15

HAWC, 2014 . significance [o] .

D. Lennarz, TeVPA

HAWC, 2015

S. Benzvi, IPA
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Surveys of IACTs: VERITAS Cygnus Region Scan

> Published In bits

> Some sources newly resolved:

MILAGRO, 2009
http://iopscience.iop.org/1538-4357/700/2/L127 VER|TAS, 2014
J2020.8+3649 http://iopscience.iop.org/0004-637X/788/1/78/

MGRO J2019+37
contour of significance 9
+37.50

PWN

A
o [GRJ20188+3CH
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3812021 +3651)

1 blob
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Surveys of IACTs

H.E.S.S. Galactic Plane Survey eSS, Inprep
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What Surveys Are Good for

. . H.E.S.S., 2014
> Evolution of pulsar wind nebulae
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...Essential Ingredients to Unriddle Non-thermal Neighbourhood

> Local pulsar systems produce positrons!

arXiv:1402.0321 o
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Recent and Current Detector Upgrades

> VERITAS: PMT, trigger, finished

2012

> MAGIC: camera pixeling, readout,

trigger

> H.E.S.S.

= 2012: New 28m telescope
(CT5 aka "H.E.S.S. II")

= 2015/16: Major H.E.S.S. | Camera g

Upgrade...
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=
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- | —®—— Crab Nebula, post-upgrade

| | —<—— Crab Nebula, post-upgrade, diffuse analysis
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Recent and Current Detector Upgrades

> VERITAS: PMT, trigger, finished
2012

> MAGIC: camera pixeling, readout,
trigger

> H.E.S.S.

= 2012: New 28m telescope
(CT5 aka "H.E.S.S. II")

m 2015/16: Major H.E.S.S. | Camera
Upgrade...
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Fermi-LAT "Upgrade™: Pass 8

> Software update, including major data release
> Many tree- or MVA-based reconstruction parts
= Better resolution, more events

> Wider energy range: 10 MeV to 3 TeV

Fermi-LAT, 2014

P. Bruel at Fermi Symposium 2014
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Surveys of Survey Instruments - Fermi-LAT

> Fermi-LAT
= 3FGL: 3033 sources
= 58% AGN, 33% Unassoc., 5% PSRs

= 99.2% point sources R FERMI, 2015

http://arxiv.org/abs/1501.02003

o No association = Possible association with SNR or PWN <~ AGN
* Pulsar /. Globular cluster + Starburst Galaxy ® PWN
Binary + Galaxy o SNR * Nova
* Star—forming region
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Plot of this talk

The gamma-ray window

Experimental coverage, surveys, detectors, upgrades

> Recent findings

= Subjectively chosen remarkable new results 2014/15

Recent not-yet findings

...lilke neutrino-emitting sources

The future
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Modern-Day Strategies for IACTs

> Most low-hanging fruits have been picked

> All experiments started multi-year key " 191Y/70/7 7724
science programmes Y 7

= Deep observations ! ] 75 ///'éyi
= Surveys 22 Zj 2 /f‘_f'//—'

)
= Complex ToOs (GRBs, galactic transients, AGNs, y f///
neutrinos, ...) B

» Long-term monitoring (AGNSs)
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..turns out there still are some low-hanging fruits

\r

low hanging fruit}
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Top of the Pops 2014/15 - siack-hole Type

> 1C 310
07 10 min
= AGN, black hole size ~ 23 min T [
> Flare in November 2012 (few hrs) §— ﬂ ’
= AY/(1+z) ~ 4.8 min T T M{H -
( ) = ¥ by b, +*I'++ ++{t' {‘ﬁ#
= Cannot be shock acceleration in jet (5)6—24|3.95| i mm T ems . sedd

Time [MJD]
Fig. 4. Light curve of IC 310 observed with the MAGIC telescopes on the night of 12/13 November
2012, above 300 GeV. As a flux reference, the two gray lines indicate levels of 1 and 5 times the flux level of the
Crab Nebula, respectively. The precursor flare (MJD 56243.972-56243.994) has been fitted with a Gaussian
distribution. Vertical error bars show 1 SD statistical uncertainity. Horizontal error bars show the bin widths.

> Possible explanations? MAGIC, 2014
= Cloud/star falling into jet o .
= Subjet structure

= Plasma or accretion turbulence of polar vacuum gap
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Top of the Pops 2014/15 (- siack-hole Type)

Gravitationally Lensed Blazar S3 0218+357

= ...or tunneling the full moon period using general relativity
MAGIC, in prep.

D. Mazin, Fermi Symposium 2014 preliminary
B02 84357 } of T —
S30218+35 ’5{” - soofy = 146N, <9607
A , u;‘“) o 500,
!' At ~ 10 days % P 400 |
RN _‘-x;a sooE-
ﬁ ‘:v.:‘_' .;“ /;-.";,,I 2005_
8e9 years N 2 ot .
Credit: NASA, MAGIC N |
% 0.1 0.2 0.3 0.4

April 2015: Atels on another very distant AGN!
m FSRQ PKS 1441 +25, zZ= 0.939 http://arxiv.org/abs/1305.2162 — :=(1l5

Dominguez et al., 2013

—
(=}

= MAGIC & VERITAS detections (Atels #7416, #7433, #7459)

—

= Papers not out yet

Cosmic v-ray horizon, Ey [TeV]
o

New contstraints on extragalactic background light?

o
o=

= |.e. opacity of the Universe!
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Top of the Pops 2014/15

ASTROPHYSICS

The exceptionally powerful
: | TeV y-ray emitters in the Large
Magellanic Cloud

Milky Way : The H.E.S.S. Collaboration*t
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...more Southern Territory
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TOp of the POpS 2014/15 . Simple Stellar / Collective Type

> First glimpse of the LMC
population of (stellar-type)

particle accelerators g 3 ol ;
g’ g 15§
i % New SNR 0

=

t, N 132D
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TR
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H.E.S.S., 2015
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Top of the Pops 2014/15 - collective Type

> Diffuse Galactic TeV emission
m 2485 hours of data

= Analysing all data in between known sources
> First-time detection (apart from galactic bulge)

> Components:

= -ITO decay X10'9 http://journals.aps.org/prd/abstract/10.1103/:|r;3/Es|.?§\;I§§-);).12223047
T OF
= |C scattering of e* S af |
= Unresolved sources W, #HWW !
by AR
5 o el i
;: it AR f

N T
—
(4]
—
o
(4]
o
o
(3]
—
—r
[$)]
N
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TOp of the POpS 2014/15 . Simple Stellar Type

> Pulsars H.E.S.S., 2014

http://www.desy.de/news/@@news-view?id=8361

= Hot topic since the Crab PSR detection by MAGIC ™" Hess.
> Second IACT pulsar: Vela 5 F

> Refined Crab PSR measurements i i |

I L AT L [ L AL ‘ﬂ“

MAGIC, 2014
http://www.aanda.org/articles/aa/abs/2014/05/aa23664-14/aa23664-14.html 0 0.2 1.2 1.4 1.6 8 Bh 2
ase
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3 o _
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> Upper limit on Geminga from VERITAS - 4 m
0 | Ll Pt
Eaes SRR nash ey Aaading
> Newest: A TeV pulsar? Rﬂ.ﬁﬁ'f;f% —*

Reconstructed Energy [TeV]



Talking of which...

> Pulsars are Fermi-LAT territory

Radio-loud pulsar
Radio-quiet pulsar

O
H
A  Millisecond pulsar
N .'- -_' . ° 'o , . . ~~ .. '_. ~.’» A

Unpublished LAT MSP

Recent >5g pulsar

~ . -
S e -~ - ~ . ' ‘ -
-~
- - N . -~ . .
. - . . ' . .
- -~ -~ -
. ~ -~ . . - - .-
- - . ' - -
-~ .
- -~ -
- - . . -
-~ .- . ~ ~ » - - .-
le) ... I . . A .
- - . ~ ~ . 8. - - . -
- -~ - -
— e L LY . - ‘- - T M. -
. LT~ - . -

Fermi-LAT, 2014
H. Laffon at the Fermi Symposium 2014
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TOp of the POpS 2014/15 . Simple / Complex Stellar Type

Fermi-LAT, 2014 > MSPs = old pulsars,
| / — powered by accretion
of binary partner

s, ermi The millisecond revolution

Gamma-ray
Space Telescope

2009, R. Romani (AAS conf.) > "RecyCIGd pUIsarS"

® Gamma Only
mMSP
B Radio+Gamma

2014

® Gamma only
m MSPs
®m Radio+Gamma .
Fraction of MSPs
50
40 —
. . - 30 —
» Growing fraction of millisecond % /
pulsars (MSPs): 43% of gamma-ray 20 r e
pulsars at present 10
https://confluence.slac.stanford.edu/display/ 0 ] . ]
GLAMCOG/Public+List+of+LAT- 2010 2013 2014
Detected+Gamma-Ray+Pulsars
H. Laffon, 5th Fermi Symposium, (1 PC) (ZPC) 6
Nagoya
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Top of the Pops 201 4/195 - complex Stellar Type

> New, small population of GeV accelerators
> White dwarf + stellar companion

> Thermonuclear explosion for ~ 2 weeks
Fermi-LAT, 2014

> UnexpeCted HE partiC|e acceleration http//wwwsmencemag org/content/345/6196/554abstract
15 F LAT (>100 MeV) V339 Del 2013
10 :‘ E
TR T f.*f**.’.vﬁ“f.f*??f
coE T st
SR VL L LA s
S 5 A + — HTTTT v
5 Of::::l::::I::::'::::'::T::'::::'::::‘
© 15F V1324 Sco 2012 ]
r:CCL 2 ++ + *T M ‘:
° 1(5)5‘ TT+++++ +T+T+TT MR TTTTT§
=~ A2 ]
LL)O-‘::::::::::::{::::}::::::::'::::‘_
13: } +++ ; V407 Cyg 2010:
Pt et T

-5 0 5 1 0 1 5 20 25 30
Days since start
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Plot of this talk

The gamma-ray window

Experimental coverage, surveys, detectors, upgrades

Recent findings
Subjectively chosen remarkable new results 2014/15 »{

> Recent not-yet findings

= ...like neutrino-emitting sources

The future
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Regd (SOURCE), E, =1298 GeV

T v
Signal counts: 57.0 (4.630) $0.5 - 210.1 GeV
pvalue=0.46, X2, =22.1/22
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Dark Matter Lines 2014/15

> The 133 GeV Galactic Centre line has disappeared

,'\Dﬂisrfd ata Fermi-LAT, 2014
" Trial factor A. Albert at the Fermi Symposium 2014 5.8 yr, Pass8
> ———S . e 2R Y0, T 4990
$ L ©  P7_REP_CLEANR32DE =133.0 GeV < 140 E, = 133.0 GeV -
o 50 Ngg = 1/8Quts ny, =276.2 evts & 1203 [y = 2.466 £ 0400 =
f s [ =276 o 100 Ngg = 7.27 evts —
P 40 local bkg ":l 80 - f=0.07 £0.02 =
S 30 sglobal =-1.50 3.7yr ~ - 3
2 R3 = 3° GC ROI 2 605 nary =
<0 Ackerlan et al. (The Ferml LAT Col.) o 40 =
10 082002 (2013) L 20 :_ _:
| A AL ) P ST TR W oo o 2SS YU ST PO

160 180 200 220

easured energy (GeV) 40 60 80 100 160 180 200 220

Energy (GeV)
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Dark Matter Lines 2014/15

> The new Galactic Centre feature and other DM searches

> New feature: 0 _
S [ e PL with exp. cutoff ) GC excess spectrum with |
] . F'; .- DM b stat. and corr. syst. errors |
= Broad in energy (peaking at few GeV) R e
E —-;"':E-ff-‘:'-‘_,-?‘\\sl ? . PRELIMINARY
= Broad in space (~10°, spherical) S IF_ ' RIS U i 2- 0. GeV
S 1077 E ’ = )
= Fermi team sort-of confirms, but denotes % Calores 2014
strong dependence on Galactic model, ) S 3
systematics, etc. GeV]

. . . . Fermi-LAT, 2014
> In tenSIOn Wlth Ferml dwarf galaxy IImItS 102 B. Anderson at the Fermi Sympogium 2014

I A ¥
= Fermi-LAT Pass 8 Dwarfs (95% C.L.)
-=- Ackermann+ 2012 MW Halo (3 o)

Preliminary

— Ackermann+ 2014 Dwarfs (95% C.L.)

> Alternative scenarios (msPSRs, ...) — cler e

— Daylan+ 2014 (2 o)
—— Abazajian+ 2014 (1 o)

In discussion

_1)

wm
ME | Thermal Relic Cross Section
T e e s B it
10®f oo ] z
Rescaled to p,,.,=0.4 GeV cm™* bb
10427 | !
10* 102
Mass (GeV)
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Neutrino + Gamma = Hadronic Accelerator

= Approach 1. Time-independent follow-up
= Observations of well-tracked neutrinos
= Based on public data or mutual non-public agreements

= QObservations/analyses non-public lceCube. 2014
upbe,

http://journals.aps.org/pri/abstract/10.1103/PhysRevLett.113.101101

= No publication yet
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Neutrino + Gamma = Hadronic Accelerator

> Approach 2: Triggered, time-focused follow-up (ToOs)

= Approach 2a: Pre-defined target list
= Running: lceCube+MAGIC, IceCube+VERITAS since 2012
= In preparation for IceCube+H.E.S.S., Antares+H.E.S.S.

= Lists are not public
= Approach 2b: All-sky best-pointing events
= Multiplets, any energy (100s of GeV - PeV)
= Possibly public (GCN alerter?), in prep.
= Approach 2c: High-energy (background-free) events
= >some 100 TeV

= Possibly public (GCN alerter?), in prep.

> Publications
= Technical proceedings exist

= Around lIceCube: 2 technical publications in prep, one more planned
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Is it about Point-Like Sources at all?

> Distantly produced pions as a main source of background gammas
and neutrinos

IceCube-Gen2, 2014

http://arxiv.org/abs/1412.5106

Fermi-LAT, 2015
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Plot of this talk

The gamma-ray window

Experimental coverage, surveys, detectors, upgrades

Recent findings e
Subjectively chosen remarkable new results 2014/15 ‘—-4’.

Recent not-yet findings

...lilke neutrino-emitting sources

> The future
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> A huge |mprovement |n aII aspects of performance
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South: nego ff‘j"tlons started with ESO/Chile and Namibia;
Conclusion Itkely not before summer 2015




CTA Covera
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3 Telescope Sizes

: . SALS 23m, prototype in
.many possible designs ) % Berlin (near DESY)

Large-size telescope, 23 m

-

Small-size telescopes

'r/, /&\ T —\
N ————



CTA Timeline

Deploy ~10% of tels.

Pre-Construction Pre-Production
Phase Phase
2014-2015 2016-2017
7/2016

I

4/2014
Site
narrowing
South

First telescopes
on site (earliest)

Mass deployment

Pre-Construction Phase 2014-2015

[ 1

I 1

712014 3/2015
CTAO GmbH Site
founded narrowing

North

6/2015

Critical
Design
Review

8/2015 Site Funding
Site decision  Agree-
decision North ment
South
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> The gamma-ray sky is being exp'lored,qeit'e 'cemp'rehensive!y

>

> Surveys and large observatlon programs are becomlng the way to go '

N

= Great mterest in first HAWC results| 0

"’> Current mstrurgen’ts ebpl%ach saturatlon bUt the sky is too

spectacq,lar to stop surprlsmg us o

-~

L2 CTA will be the Ferm| LAT of TeV astronomyl

(c) F. Acero & H. Gast



(c) F. Acero & H. Gast
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July 2015: H.E.S.S. | Camera Upgrade

> Goals

= Reducing readout deadtime
(= more mixed-size stereo events)

= Reducing downtime
> Scope
u 4 old HE.S.S. | cameras

= All camera electronics
= Camera ventilation system

» Pneumatics

> Spin-off CTA technology
= Using NECTAR chips

= Ethernet-based readout

QQQ Camera
Upgrade _
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July 2015: H.E.S.S. | Camera Upgrade

> Goals

= Reducing readout deadtime
(= more mixed-size stereo events)

= Reducing downtime
> Scope
" 4 old H.E.S.S. | cameras
= All camera electronics
= Camera ventilation system

» Pneumatics

> Spin-off CTA technology
= Using NECTAR chips

= Ethernet-based readout

QQQ Camera
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Experimental Coverage - Other subtleties between IACTs

GRB repointing

field of view time threshold

MAGIC 3.5° 24 s ~50 GeV
B R R
"""""
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More Top of the Pops 2014/15

> Qther Fermi highlights | can't cover here:
= Fermi bubbles: http://adsabs.harvard.edu/abs/2014ApdJ...793...64A
= GRB 130427A: http://adsabs.harvard.edu/abs/2014Sci...343...42A
= Gamma-rays from the sun: http://adsabs.harvard.edu/abs/2014ApdJ...787...15A
= ...and even from behind-the-limb: http://arxiv.org/abs/1505.03480
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Top of the Pops 201 4/15 - simple Stellar Type

~ HESS J1641-463

> Very hard SNR 250
= |ndex 2.07 i
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= Data points until 20 TeV +106
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= Lower limit on cutoff energy: 100 TeV 20
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> A potential PeVatron? .
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