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Galactic y-ray Astronomy % Leicester

Arguably the major topic of this meeting

» a lot of progress both observationally and theoretically
since HDGS 2008

This talk = Biased overview  pm = 18
» observational focus Pulsars 11 19
» will skip binaries +PWN

» Contents Binaries 6
Some general remarks Other 18

Supernova remnants Total 53
Pulsars and PWN
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x19 second Small Astronomical Satellite g5 50 Mev x17 Cosmic ray Satellite (‘option B') g s 50 MeV

11,762 events 198,327 events

= e E > 50 MeV — —— > 50 MeV
0 1 0 a4
x6 Energetic Gamma Ray Experiment Telescope x37 Fermi - Large Area Telescope

E > 360 MeV

E > 50 MeV I

1,151,662 events 43,109,003 events

E > 50 MeV E>50 MeV
|- ] o .

NASA High Energy Astrophysics Science Archive Research Center (HEASARC)

Gamma 2012 3



& ¢ University of

years of Fermi ® Leicester

1873 sources
517 above 10 GeV

>200 likely Galactic

» ~120 pulsars
» ~40 SNR candidates

Table 6. LAT 2FGL Source Classes




130MeV - 50GeV

Fermi LAT counts not correlated with
gas, Galactic inverse-Compton,
isotropic or sources.

Loop 1

counts per 0.5 degree pixel
3 years

Fermi bubble



2GeV<E<5GeV

Lar

“Ae.xc .. _
associat . .. ' A x
. Evidence for &MF B &m [3 x, (J.. e §
“®™ substructure ;1%“ 'fnrw" . % (,, 22 '\ -
gtdug;st;: In bubbles: £ W w"‘ 0

“Cocoon’ ;

and “Jets’

AGN origin

plausible

but CMZ

possibility

remains
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» astrophysical
accelerators?

» e.g. pulsar winds
» Aharonian et al 2012
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Warning:
major biases in process of assigning a distance to a source




Warning:
major biases in process of assigning a distance to a source







S N R T h eo ry CR energy density

Bel I Perpendicular magnetic field

Renaud
Ksenofontov
Kachelriss
Bykov
Ellison
Malkov
Capirioli
Reville
Dwarkadas
Morlino

+Posters o LML -

G. Morlino, Heidelberg - 11 Jul Log;o Momentum [m c]




SNR Theory

Topics/Trends

» Magnetic field amplification
» strongly supported by observations
» developing understanding of how it works
» Escape
» expectations of anisotropy
» ordered fields
» large scale components of turbulent fields Nirarrarra—
» NO consensus on speed or spectrum ‘

» Maximum acceleration energy

» (Very) young SNRs strongly favoured for
PeV particle acceleration

» Reconnection?
» well maybe, DSA still firm favourite

Fermi-LAT ~-image of SNR
W44, Uchiyama et al 2012




SNRs at GeV & | eicester

o ROSAT Contous
Status 2008 = EGRET 1 \,eﬂf@

» ~0 unambiguous detections of
Supernova Remnants

Fermi

» 2FGL.: 78 associations (but
expect 45% by chance...)

» SNR catalogue: 52/278 radio
SNRs have coincident GeV ero—
) . ight Ascension (deg)
€mission S ——
» 12 identified SNR (extended)

» 6 new extended candidates e.g. Puppis A
» 14 “SNR-like” point-source 4000 years old (Sedov)

associations 30 pc, n~4cm
GeV Radius: 0.38+0.04°

Declination (deg)
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& / ' ., Preliminary results I
Toam SNRs Radio vs GeV Flux

/ Gamma-ray
Space Telescope

Remnants known to _
Badlp vs. 1-100 GeV'Equ
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large molecular PRELIMINARY
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TeV Shells at GeV %] eicestor

A hadronic scenario requires hard proton spectral index in all TeV detected shell-type

SNRs (I'<1.8)
=> See Posters on RCW 86 by Renaud et al. & HESS J1731-347 by Acero et al.

RX J1713.7-3946 : HES.S. J1731-347

Declination (J2000)

1h30m

Right ascension

FUPTH BT S——

E2dN/E [ MeV cm2s1)

E* dN/JE (ergcm®s”)

PP E——

}
[l ———

Energy [ MeV ]

(selection effects?: TeV shells peak at TeV energies, large enough...)
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An illustration of the W51 complex

Star forming regions /
molecular clouds

7\

Hot X-ray gas /
interior of the
supernova remnant’ -

W51C P
D%
I
I
I
1
\

Radio shell
of W51C
Pulsar Wind Nebula?!
ROSAT 0.7-2.5 keV Fermi / LAT 2-10 GeV

Koo et al. 2002

Uchiyama et al. 2011

~30 ky old

@5 kpc
~(0.5° diam.

H.E.S.S. >1TeV
Igasson et al. ICRC 2009

o




GeV:

Spectrum and luminosity
suggest x, decay origin
(e.g. Kinematic low-E cut-off

suggested — need 100-200 MeV
Fermi data to confirm)

TeV:
Ongoing acceleration? -
10 TeV particles represent the

“lucky few” still left?
But only part of the cloud seems to
be illuminated

Confinement problem,
reacceleration?

vFjlergs” em™)

Bremsstrahiung -—---
Synchrotron = ==~
Sum

Abdo a1al 2008 - - .

MAGIC



W28: Another OId Interacting SNR

]
d ~ 2-3 kpc
D = 20 pc
Age ~ 35-150,000
yrs r

. Evidence for factor

20 enhancement in
<500 MeV CRs in
interacting cloud

(ionisation)




SNRs at “low” energy : diffusion of CRs (W28)




SNRs at “low” energy : diffusion of CRs (W28)




Problems: (3D) distances SNR-Clouds, Age of SNR, ...
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E? dN/dE (erg s cm2)
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e IA‘L+
e Interpretation??

. "\‘
Strong evolution of spectral ﬁf'

shape of protons (in regions +
of high density) ﬁ

escape and propagation + +
effects, time evolution of E__,
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Dominance of IC at certain "
evolutionary stages / in
some environments

I IIIIII|

ll lI l| lI l| ll II lI ll ll II II II lI ll ll ll ll ll lI II lI ll Il

107 10° 10° 10" 10 10® 10° 10° 10° 10" 10" 10"
Energy (eV)



RX J1713.7-3946 E y
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Leptons versus Hadrons

» Lack of thermal emission
=» IC can dominate even
If n, >>n,, BUT

» much target material may
be in cold clumps, hard
for CRs to get inside...

-
9
()}

/
-7 9Acero et al.

10

E2 dN/dE [MeV/(cm?—sec)]

-2

No(H2)
Np(H1)
o 2 Np(Hx+Hi)
S S00E

<l HI+ 2H2




Pulsars
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Pulsed Emission

» Hints for hard tails in Fermi data
» MAGIC detection >25 GeV (2008)
» New VERITAS + MAGIC obs. ...

PSR J0633+1746

Fermi spectrum of Geminga

8o

Exponential and

Figure: Geminga normalized weighted light curve softened exponential fits

(100 bins) in the 0.3-10 GeV range (blue) and

unweighted light curve above 10 GeV (pink). " Energy (GeV) '

Abdo et al. 2010




Pulse Profile: 2007-2012

Crab Pulsar with VERITAS 2007-2012

........................................................................................................................................................................

Phase

Preliminary results >~150 GeV ('))
~130hrs total observation time

10.70 using Li & Ma significance

1514 145 total pulsed excess events in P1 and P2




Crab Pulsed Spectrum %5 Leicester

Pulsar VHE phase-averaged observations and

S t IC of X-rays in dark wind model
peC ru I I (Aharonian et al. 2012)
OG magnetospheric cascade model

eXtendS tO at = (Aleksic et al. 2012)

least ~300 GeV - HAGIC Mono (ki€ o 1. 2011

Good _ S L EGRA o Canaronian et ol 2004) |

agreement

MAGIC

+VERITAS

» feature at 100
GeV

» cut-off?

10°Energy (GeV)




Interpretation

Curvature radiation is
tricky, IC from pairs?
synchrotron? |C from
cold wind?

Improved spectra
should be able to
discriminate

» deeper observations
with IACTs needed

R\30R (this work)

poynting flux dominated wind

r,~10°

R~10m ! / ‘e
-~

Rah~3X1 015m

termination shock

non-thermal nebula

Flux (J m g 1)

105 |

)
" Pulsar Emission |

®

S

L ¢

l'_-'O.. A: (vom 20 %o S0)A,

=5.5010%, R; (rom 1 %0 30)R

ek

| MAGIC MONo  ®

MAGIC slereo
VERITAS
Fermi

ey R - — v
PULSED GAMMA-RAY EMISSION OF CRAB |

key model parameters

Iy=4x10%, R «32R,

I Ex10°, A o320, we— ]
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Flux > 100 MeV [ 107 cm2s]

200

100

The Crab major gamma-ray flare in April 2011
(R. Buehler et al. 2011)

55660 55662 55664 55666 55668 55670 55672 55674

MJD I




Flux > 100 MeV [ 107 cm2s]

10° 10°

The Crab major gamma-ray fl:
(R. Buehler et al. 2011)




Flux > 100 MeV [ 107 cm2s]

e SO [+ S
The Crab major gamma-ray flare
(R. Buehler et al. 2011)

g 2
.................. "“"'**;Pj-v

] 1 | 2 1314151617181 9 AR 2
\ &
200 | I,'i'! 2 \
jju
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MJD
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Flux > 100 MeV [ 107 cm2s]

200

100 |
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Flux > 100 MeV [ 107 cm2s]
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Flux > 100 MeV [ 107 cm2s]
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Flux > 100 MeV [ 107 cm2s]
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The Crab major gamma-ray flare
(R. Buehler et al. 2011)
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Flux > 100 MeV [ 107 cm?2s]

The Crab major gamma-ray flare i
(R. Buehler et al. 2011)
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Flux > 100 MeV [ 107 cm2s]

The Crab major gamma-ray flare

(R. Buehler et al. 2011) s ¢! _Fgriig,
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gamma-ray flare in April 2011

(R. Buehler et al. 2011)

100}

100 |

Flux > 100 MeV [ -
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Jamma-ray flare in April 2011
(R. Buehler et al. 2011)
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Jamma-ray flare in April 2011
(R. Buehler et al. 2011)

T 11

100 |

Flux > 100 MeV [ 107 cm2s]

55660 55662 55664 55666 55668 55670 55672 55674

MJD

<8 hour flux doubling timescales



modelling of the April 2012 super-flare
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modelling of the April 2012 super-flare

-8 : | | I

It AGILE
Fermi
2 A 4 PeV
5 ~mono-energetic
5 . accelerator!
Power-law S
dN(y)/dy = yPl, Maxwellian
pl =2.1 Y, = 6-10 Y« = 7'109, B=1mG
BB — \l N\ \/I/T
2 8 10

log & [eV]



: =
-m =
5 | 3
w
|-
(] —
>
- ©
—] !
o

_
Ce} o o
S

[ s, 819] (3)43 30]

NI



Origin?

Properties

» Flares reach significant
fraction of spin down-
power of pulsar in <10
hours, and the decay away
In ~days

» fast acceleration and fast
cooling

Acceleration site/
mechanism?

» several possibilities in the
Inner nebula

» reconnection attractive

HST/ACS F550M

. 2010-10-02



Pulsar Wind Nebula ] eicestor
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Steadily growing population of TeV PWN
Brightest objects now being identified in GeV

“Standard” TeV PWN

» ~10 ky old, smaller/dimmer X-ray nebula, offset/large




Search Radius ~ 0.09 deg (= VERITAS PSF)

VERITAS Coll. in preparation
» Clearly separated source coincident with SNR ( 6.20 post-trials)

» Elongated complex emission in the center ( > 50 post-trials )
Resolving
Milagro Diffuse
TeV sources

o VERITAS > 600 GeV
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Barnard College
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Search Radius ~ 0.09 deg (= VERITAS PSF)

VERITAS Coll. in preparation
» Clearly separated source coincident with SNR ( 6.20 post-trials)

» Elongated complex emission in the center ( > 50 post-trials )
Resolving
Milagro Diffuse
TeV sources
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Fermi + TeV PWN

i HLTTH} r
e.g. Vela-X, J1857, J1825 1 'MAGIC ﬂ
} Iarge, hard_spectrum Ferml PRELIMINARY

sources associated with
brightest TeV PWN

» standard picture: slower-cooling
and hence older electron
populations

» injection spectrum?
» transport?
» escape”?

-1.5

-2.0

550 -45 -40 -35 -30 -25
>

ROSAT




Everything
Else




SG R 1 806 20 4,5,6,7 o significance HESSJ1808-204
- ) contours (r<0.1 deg)

12:00
, Declination (J2000.0)

Preliminary

Extended TeV nebula |
around soft gamma-ray || ”
repeater

» but no evidence for X-ray

nebula, not much spin-
down power...

C1 1806-20

LBV association?

» Non-thermal radio nebula
associated with an LBV
star close by...

Another famous LBV is a
gamma-ray source...




Eta Carinae

Eccentric 5.5 year period LBV+

» colliding wind binary system
2-compontent Fermi source
coincident with Eta Car at low

and high energies
Variability now seen in both bands
» limit from HESS (Ohm+)

0 2—-10 GeV 10 - 300 GeV

M difie d I D y Modified Julian Day
5,01 5! 54,800 55,000 55,200 55,400 55
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Flux vs. Time
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& ¢ University of

Summa ry %P Leicester

A vibrant field both observationally and
theoretically

» a steady stream of important new obs. results
» increasing MWL work, increasingly detailed theory

» Upgrades / new instruments on the horizon to continue
to drive progress

Most important galactic accelerators?

» (Old) SNRs becoming established as (very) significant
sources of ~GeV cosmic ray hadrons

» Pevatrons?: The Crab, look at young SNRs for hadrons

Trends?
» “Escape” and “Reconnection”




