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highlights during
last year

i Outline Concentrate on

= Introduction: instruments, physics
= eV sky surveys

= Standard candle: Crab Nebula

= Other pulsars & nebulae

= Supernova remnants & CR
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Issues »
CR origin and propagation

SNR

confined
to accelerator

free propaga

9/

CR

Target
near accelerator

VHE gamma rays from secondary interactions:

p: t° production and decay

e: Inverse Compton scattering and Bremsstrahlung
Trace beam density x target density



Issues »
Pulsars: GR & Electrodynamics
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Issues »
Microquasars: Mini-AGNs / GRBs
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Galactic TeV sources

Source Type Distance | Year Flux | Grade Group
(kpc) (CU)

Crab Nebula Plerion ~1.7 1989 1 A Whipple, ...

PSR 1706-44 Plerion ~1.8 1995 ~0.5 A CANG., Durh.

Vela Plerion ~0.5 1997 ~0.5 B CANG.

SN 1006 Shell SNR| ~1.8 1997 ~0.5 B? |[CANG., HE

RXJ 1713.7-3946 | Shell SNR 1-6 1999 ~ 0.7 B CANG.

Cassiopeia A Shell SNR ~ 3.5 1999 | ~0.03 C HEGRA

RCW 86 Shell SNR | ~2.57? | 2003 ~0.2 C CANG. prel

RXJ 0852.0-4622 | Shell SNR | <0.5 2003 ? C CANG. prel

Centaurus X-3 Binary >5 1999 ~04 C Durham

TeV J2032+4130 | ? ? 2002 | ~0.03 B HEGRA, Whi.

Galactic center |? ~ 8 2003 | 0.1-0.4 B+ | CANG.,Whi.




New instruments coming online

+




VERITAS

(photomontage)




CELESTE




Gamma Detection of

i TeV gamma rays
with Cherenkov
Air shower & ~ 10 km telescopes

A




i Two ways to present data
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st H.E.S.S. : .
“1000; Crab Nebula image axis and
| preliminary source image; signal
8“°§ has a < 10-20°
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Survey capability

Wide-angle instruments surveying ~ 2-3xn
“"Threshold” Sens. (1vy)

Milagro ~ 2 TeV ~ 0.5 Crab

Tibet III shower array ~ 3 TeV ~ 1 Crab

ARGO YBJ 0.5-1TeV ~ 0.5Crab
_ Crab signal

Milagro

~ Tibet array, ARGO

86 85 84 83 82 81
R.A. Axis
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Survey capability

Small-angle instruments

Bins are correlated

HEGRA, Puhlhofer et al. 2003

Galactic latitude [deg]

HEGRA Gal. Plane survey
90° x 3° @ 0.1 - 0.5 Crab
Limits on 63 SNR

86 pulsars

Galactic longitude [deg]

H.E.S.S.: ~ 300 deg.?2in 100 h @ 0.03 Crab
2n in 7 years



HEGRA Galactic Plane survey

HEGRA
Aharonian et al. 2002

Covered

B 63 SNR

B 86 pulsars

B 9 GeV sources

No detection;
typical limits
0.1 - 0.5 Crab







New kids on the block

|alpha| < 10.00

NExcess = 287
NOff =303

Significance (Li/Ma) = 9.71
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Old hand:
HEGRA

400 h data, 1997-02
Study energy
dependence of
position, size

< 10% ionic
component

see talk by D. Horns

dN/dE [(cm® s TeW) 1
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-  HEGRA data

T | ® za<d5deg

CELESTE
Bussons Gordo 2004

b |dN/AE=(2.83 £ 0.04) 10°" (E/TeV) 2% ph/em® s TeV)

HEGRA 2004
preliminary

Crab nebula 1997-2002

O z.a>45 deg
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_ For typical ISM U4 ~ U,ag
Multlan6|ength » Peaks have equal height

spectra .

NG HGAROHD
e Fr% E

i *%:

Energy | Tev It
flux sl |
E2 dn/dE Synchrotron radiation Inv. Compton _

~vF(v) from electrons scattering of electrons
2
[ e dE/dtg, = ky® Unag ~ B2 dE/dt,c = ky“U, 4

I IIIIIII]

I
L}
LA

=




Multiwavelength spectra

"'(c:m2 s))

| 0( \Y l‘,‘_;"'lergi

log

1
\O

—
=

1
—
[a—

i
b

Aharonian et al. 2004

X
FA
i T
\ i A 4

Synch. ‘ "

IC

'
1
L1 | 1 1 1 | T | T T T TR AN N R TR AR S T

' High B field

(~160 uG)

~ 80% SSC
~ 20% IC

FIR,mm,
% CMB

il

2 4 6 3 10

12 14



Other pulsars
& nebulae




Chandra

i PSR 1706-44

Kifune, ICRC 2003

P=102 ms 4010 .
Spindown lum. about @ Izelgwlzr:)%r%/
1% of Crab £ \ ICR
X-ray lum. about X  E-l2
0.01% of Crab Lo, ++ Crab Flux
TeV emission detected ;q:w j
with Durham and =
CANGAROO_I = CANGAROO-II (01)
Kifune et al. 1995 « CANGAROO- Il (00)
Chadwick et al. 1998 -12 @ CANGAROO-1(98) E 22
: 10 4 CANGAROO- I (95)
CANGAROO-IT
- |n ¥ Durham (98 .
2000 and 2001 Integral flux - 10 Energy [eV]

Kushida et al., ICRC 2003 Correlated points!



‘L PSR 1706 interpretation

- 10

L ®@CANGAROO  ARadio(VLA) ,
-10- EIEgRI;T unpulsed %‘g’f
L *COMPTEL
-11F ORXTE &gﬁ
= ><Chandra nebula
12 _
£ Kushida et al.
L 2003
14
A5
'“’E_ % Sync I'-2.2 IC with 2.7K CMB
6 4 2 24 6 8 10 121415
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Energy[eV]

Difficult to make
IC work!

Aharonian,Atoyan,
Kifune 1997
Kushida et al. 2003,

Sefako & de Jager 2003, 2004
Chandra data » expect ~ 0.001 Crab !

Bednarek, Bartosik 2003
Amato et al. 2003, ...

VHE proton or Fe component ?



i New H.E.S.S. data on 1706-44

preliminary

T
P P g A
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:2 region

02 (Degr.?)

14 h 2-telescope data
taken during commissioning
phase
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H.E.S.S. data
quality
Pointing: stars & |«
pixel currents; 3

good to 20” o

Energy & flux determination: 5.14'_

Crab spectrum

Imaging & calibration:
O muon rings
LW H.E.S.S.
= . preliminary
i -
10 S _+_
o | e
.»| Spectral index: 2.63 -
- F(>1TeV): 2.0 x 101t
B Qi i [ Pl i
1 E)nergy(TeV)




| Interpretation S
2000

1500 | ]

1000 [ e |

900 "1
CANGAROO | a (degr.)
Kifune et al. o T TEL UL Y TN S
1995 0 20 40 60 80

= CANGAROO signal very solid

= Time dependence of gamma rays from pulsar
nebula ? Size ~ 0.1 pcC

= Time-dependent background source ?



PSR B1259-63

CANGAROO
Kawachi et al. 2004
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of pulsar and stellar wind



PSR B1259-63

Declination [deg]

H.E.S.S.
oversampled skymap
= See talk by
-63.5 PSR B1259'63 % M . Belllcke
H.E.S.S. (preliminary) "
-63.6 3
1008
-63.7 0
-63.8 50

~ 10 days before
periastron
50 (Feb./March)

I
196.5 196 195.5 195
Rightascension [deg]



Gamma
emission

by SNR
L Y




SNR established as
VHE gamma-ray sources

CANGAROO SN 1006 @ CANGAROO RXJ1713.7-3946

259.0 258.5 258.0 257.5

sion (J200G, EIEH;::'

Kifune ICRC 2003

and HEGRA Cas A,
CANGAROO RXJ0852, CANGAROO RCW 86



"L Big issue: Interpretation
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Key Issue: Chandra
magnetic field

SN 1006

Chandra
Cassiopeia A




Short electron lifetimes!

ko, K fontov, Volk 2
» Large post-shock SN 1006 (Berezhko, Ksenofontov, V8lk 2003)

magnetic fields - s ke\;

0.8

_ H‘““x\ ! — —— 2 — 10 |

Cas A At % 1

Berezhko & Vdélk, 2004 _— |"‘|q ]
~ 500 uG

Vink, Laming, 2002
~ 80-160 uG

..JV, a.u
0.6

0.4

0.2
\
—=x1
s

SN 1006 L

Berezhko, Ksenofontov, Volk, _[ . = o |
2003 0.96 0.98 1 1.02

~ 100 HG Radial distance po/R,
Bamba et al. 2003 :
~ 14-85 nG Need hadronic component

to explain TeV flux !




they mean for TeV gammas ?

i Why X-ray lobes ... and what do

Berezhko, Volk, 2003
Inefficient injection
if B || shock front
» NO gammas from
these regions

Reynolds, 1998
Compressed field
» enhanced synch.
radiation

» softer gamma
spectrum




SN 1006: HEGRA CT1 Data

Plot revised

22 o :

N EXCEos MAR 21o2 107 E==aite | compared to
L FIg\gs prewiﬂory _ 241G 61 u | Presentation!
- j ® 6 nG ;
P, N ¢
¥ e 107 &
B , £
B : ‘ 2
- = M-
B ‘ ~ 2
B * i w
B w i
B . - E 0 =
L ©
L { N
B | - ! ! I | | — ! ']0-27 |||||

=5 QO 1 1012 1013

—ARA(deq) photon energy € [eV]

Vitale, ICRC 2003
Preliminary



SN 1006:
Problem with H.E.S.S. data
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E2dF/dE or E F(>E) (V¥ cm2g7)

9

CANGAROO RXJ 1713

108
Photon energy E (aV)

Muraishi et al. 2000
Enomoto et al. 2002

Fit electron
spectrum
assuming
B field

Predict IC
spectrum

Gammas from
proton inter-
actions

Problems?
EGRET Limit
(Reimer & Pohl
2002, Butt et al.
2002)



Alternative

Other option:
inhomogeneous

B field

(15 uG in 1%)
Lazendic 2004

X-rays

F(MeV ecm™2 s1)

Small B filling
factor — most
electrons don't
radiate ¢

explanations
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Chandra
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—40°

—43° | S
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SNR RX J0852.0-4622

“Vela junior”

Mori, ICRC 2003
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ROSAT PSPC

RCW 86 ROSAT

CANGAROO, Watanabe et al., ICRC 2003 '

79 h on source
2001/2002
~4 ¢ each year

21200_ 21200 FIUX
>1ooo }Lﬁ L Lt T | i ‘l_,;ly:l_g;_l_' IR [ R T g 200/0 Crab
> ?’% 2
800 | e .
f /%/ %/ consistent
. N %%/ with IC for
/ . _
N . B ~ 10 uG
/ 200
o% i O% i
g 10 20 ill[llp;rq[)(ggo?g} 70 d%gregéo Q 10 20 i?p:g(;g@g;] 70 d%greﬁ'e[}




i Conclusion on SNR

= Even if original 1006 results are
questioned by H.E.S.S. data, SNR are
clearly sources of O(100) TeV electrons

s High VHE gamma-ray flux (= X-ray flux)
must be of hadronic origin, if B fields are
>> Biom

= High B fields are naturally expected due to
shock compression and nonlinear
feedback, and indicated by short electron
scale lengths

a Need better TeV data to understand
details, morphology



(Still) Unidentified
Cygnus TeV source

/

) g



HEGRA final results

| Flux (> 1 TeV)
Aharonian et al. 2002, 2004 ~59% of Crab

Cygnus Field (6x6 deg): HEGRA [IACT-System

=]

= & Hard spectrum
S £ et £ Index 1.9+£0.1+0.3
L PN "
. ) e 7202644124 SE Extended
,  6.2'£1.2'+0.9’
3EGIJ2033+4118 (? \—)

41 . -

fye X3 ) ? No obvious radio,
40 Gevig202014023 |OB X-ray counterpart

(gammasCygni SNR)

Butt et al. 2003
1 Mukherjee et al. 2003

39

20.8 20.6

%{%4(]2000)[1“;5] Near CygnUS OBZ



Source size

Events

220
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160

140

Aharonian et al. 2004

PSE

¥ /ndf 3107 /24
P1 0.1044 £ 0.1993E-01
P2 £3.71 &+ 12,88

2

.01 .02
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* Whipple 1988-90 archival data

Dec (J2000)

Lang et al. 2004

ha._ll
)

RA (J2000)

3.3 - 3.8 o signal
Flux ~ 12% Crab

CRIMEAN:

6 o signal
Neshpor et al.
ICRC 1995

Flux ~ 1-2 Crab ?



Interpretation

(Almost) inconsistent

Aharonian et al. 2004,

with electron source

.Y |

OB winds
as CR source ?

Cygnus OB2 has 2600
OB stars

Wind energy release |
~ 10°! ergs/10% years |

dra Sksec

ASCA
60ksec

also Butt et al. 2003

?ﬁ%

Proton E<100 Te

3EGJ2033+4118

HEGRA|




Galactic
center

Naval Research Laboratory

Wide-Field Radio Image of the
Galactic Center

. A=90cm

Sgr D HII ‘
- (Kassim, LaRosa, Lazio, & Hyman 1999)

Sgr D SNR

SNR 0.9+0.1

Sgr B2 - New SNR 0.3+0.0
New Feature:

Threads
7 e ,
The Cane

i "'—'_"—Backgromrd Galaxy

—

R > Threads
“H

-—

New thread: The Pelican

L 8
( Sgr C  Coherent
structure?

Snake

Mouse »

SNR 359.0-00.9

DN

SNR 359.1-00.5

~0.59
~75 pe

~240 light years Tornado (SNR?)

aboratory using DoD High Performance “
sa, J. Imamura,

Image processing at the Naval Rq
Produced by N.E. Kassim, D
Original data from the NRAQ V




TeV gamma

rays from GC
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Possible origins

Shocks in Sgr A* accretion flow or jet
Acceleration in stellar winds from OB clusters
Acceleratlon in Supernova shocks (Sgr A

b=+0.25

g with gas (p~10%/cm)

Proton acceleratron near event horizon and
curvature radiation

Neutralino / Wimp annihilation

II ||
Lt |
(RO

Source location, source size
Time variability
Energy spectrum




Variability

Flux (gammas/28 minute run)
|
]

CANGAROO: 2001/2 = 1.60 +0.34
Consistent within systematics

199|5 W 99|6 kkl19|'?' kl\IE{]t]It] L | Izl}ﬂll kklE{N]IE N EDDIS W | Whipple
[ F IR 1 w Kosack et al. 2004

L } | h Steady “excess”
No dramatic bursts
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Spectrum: could it be DM ?

10— 10

.~ CANGAROO

2001/2

TeV Neutralinos

CANGAROO:
1 Steep energy

spectrum
| E-4.6+0.5

1995-2003

| Hooper et al. 2004

100

200
E, (GeV)

500 1000 2000

5000



Could it be DM ?
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i Wide-band spectra
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,! Fun & exotics @



Fun & exotics

Milagro:
. searching for neutralino
~annihilation near the sun
10—3? | | §
3 el ’
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Atkins et al.
2004

10" 10° 10° 10
WIMP Mass [GeV]



Progress

Detection of TeV gamma rays from the Crab Nebula
Whipple 1989: 50 h observation time

HEGRA 1997:
15 min

HESS 2004:







