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Plan of the Talk

1. Introduction

2. Radio, X-ray and IR studies of the galactic 
center(mostly from last 5 years)-

Rough Neighbourhood ?

Dim Black Hole – Energetic Supernova remnant 
Also  Cosmic rays of Highest energies ? -

3 GC in low (INTEGRAL, EGRET ) and high energy  ( 
HESS, MAGIC etc) gamma rays – Dark Matter 

4 Possible ( first ?) Cosmic rays source 





GALAXY – PRE SHAPLEY

• 1610 – Galileo first to           Herschels’ picture

See stars in the MW

18th Cent – Herschels

700 brighter stars – galaxy

Like an irregular

grindstone

Sun off center to left

- was not aware that 

- Dust would obscure/

- Attenuate etc





~1920
• Used Globular Clusters

• (Dense star regions) ~200 in the 

• galaxy - should appear equally                       

• populated around center

• - But found only in one

• direction- of Sagittarius

• Shapley overestimated

• Distances 40000 lY

• Present ->26000LY 

• Sun 8000 kpc from

• center

H.Shapley



Milky way in southern hemisphere (dec=-30)







Galactic Center region

10**7 stars in a region 5 ly across! (solar 
neighbourhood ~4 stars)

But because of  dust , attenuation by a 
factor of 100 million (10**8)

If not the region would have the brightnes
of full moon !

only one in 10**(12) optical photons 
reaches earth  

However, the attenuation is small for other 
wavelengths – IR, Radio and x-gamma





Jansky/Geber(’30s) Posible detection (poor angular 
resolution)

Piddington+Minnett (1951) 1210 mhz

‘ A new , remarkably powerful , discrete source –
lies close to the maximum of galactic radiation’

McGee + Bolton (1954):

‘Probable observation of the galactic nucleus at 
400mhz’

Till 1960 – controversial

Shklovsky (1960) : It is definitely established

That Sag A is indeed the galactic radio 
nucleus !



Supermassive Black Holes must exist at the centre of 
active galaxies .

Even ordinary galaxies (like our own galaxy) can have 
such SMBH at the centre(LyndenBell+Rees)

1974 Balick/Brown compact and variable radio source 
at the center of the galaxy – Sgr A*

- faint quasar like 

1977/1979 Spectroscopy  large Doppler shifts- large 
velocities –Large mass ? 

1976 Shklovski – Sgr A west radio emission 
– very powerful source at the Galactic center
-30000 solar mass BH 

1977 VLBI – Sag A * low luminosity AGN
4-13 times less than other AGN







• The central radio emission consists of three parts: 
(VLA map) 

• Sagittarius A East: a hypernova remnant, which was
produced by a violent explosion only several tens of 
thousands of years ago. The origin is unknown. 
Explanations range from a star disrupted by a black hole to 
a chain reaction of ordinary supernovae or even a gamma-
ray burst.
Sagittarius A West or Minispiral: Gas and
dust streamers ionized by stars and spiraling around the 
very center, possibly feeding the nucleus.  
Sagittarius A *: A bright and very compact radio point at the 
intersection of the arms of the Minispiral ( dist between 

• Sgr east and A* is 2 pc)

Sgr A*  ra - 17.45.40: dec –29.00.28

Sgr a east  same ra , dec = -29.00.20





• RADIO DATA

Some stars- in the very center ( the position of  
Sagittarius A*.) are moving very fast (~1000 kps).
A huge dark mass in the center pulls them 
around with its gravitational force.
Using the velocities( Kepler's law) 

• The mass near Sag A*  is 2.6 million times the 
solar mass . 

• Vel of Sgr A* itself is very small (~20 km/sec)!
• Therefore it is not a star . Is this a black hole?



Sgr A east 
(radio) and 
Sgr A *

Sgr A east 
(radio) and 
Sgr A *



X-RAY DATA

• Before Chandra, no sensitivity
• In 2000 MIT found a faint ( 5 times less) x-ray 

source at Sgr A* 
• Dearth of matter for BH ? Or BH rejecting matter 

? 
• 2001 – an intense flare  x 45 times(equ. Of comet 

mass falling)
• In the middle of the flare X-ray intensity dropped 

5 times
• Thus fluctuations >> size small – extant <  the dia

of mercury orbit – 16 million km across



Sagittarius East
one of the largest supernova remnants known
Strong magnetic field , 
Highly enriched ( X 4-5 sol.syst) in Heavy elements
Age ~ 100,000 - 10,000 years ago. 
The energy required  ~  50 times greater than the most 
powerful supernova explosion. S
Some theorize that Sagittarius East was created when a 
star approached within 50 million miles of the central 
black hole and was torn apart by the strong gravity.



- ~ 10000 yrs ago – Low mass progenitor–
expanding gas etc takes away the matter near BH 
Starved BH – A SNR regulating a SMBH

- Thus 3 million solar mass in a small region !! 
~2003 – more flares – jet from BH 

Connection between Sgr A (East) 
and Sag A*





Results from INTEGRAL 
(hard x-ray/lo gamma ray) 
Jan 2005

Sgr A* - B2 sep 350 ly

Mol. Cloud Sgr B2 is  
being exposed to   
Gamma rays emitted 350 
years ago  from SGR A*-> 
is now reemitting

X-ray echo of Sgr A* 
activity in the past 

More active in the past !



Sgr A* and –xray jet



Near IR Data
KEK/UCLA/MPIEP

1995 – 2004 Orbits of several stars 
studied – within 1 “ x 1” of galactic 
centre – reveals presence of a 
SMBH

2003-2004 Several flares – quasi 
periodicity of 17 mins – spin ?



INFRA RED(NACO 2002)





Inferred Mass of BH









• AGASA and SUGAR ground arrays both 
found a source near GC

• Possible source near Sgr.  A East ?

Cosmic Ray anisotropy (10**18 
ev)



AGASA Array

• AGASA
– 111 scintillation counters of  2.2m2

– 100 km2 area, about 1 km spacing
– 900 m above sea level
– Trigger requirement: coincidence of 5 

adjacent detectors
– Data from 1984 – 1995 ( With   12 km2

for first 5 years)                                       

Astroparticle Physics 10 (1999) 303

– 3 degree angular resolution



Quick Search: within

Astroparticle Physics
Volume 10, Issue 4 , May 1999, Pages 303-311 

Abstract

Anisotropy in the arrival directions of cosmic 
rays with energies above 1017 eV (1999)
Akeno 20 km2 array and the Akeno Giant Air 

Shower Array (AGASA)
~ 114 000 showers observed over 11 years.  A 
strong anisotropy of ~ 4% around 1018 eV, 
corresponding to a chance probability 
of   0.2% .
This anisotropy is interpreted as an excess of 

showers near the directions of the Galactic 
Center and the Cygnus region. 

Corresponding author.
* Present address: Institute for Cosmic Ray Research, Univ. of Tokyo, Midori-cho 3-2-1, Tanashi, Tokyo 188-8502, Japan 
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Evidence for EHE CR Anisotropy
• AGASA – Japanese, giant air-shower array – finds anisotropy 

(~25 % over-abundance) at the 4 σ level towards the GC over a 
20 degree diameter circle for17.9 < log[ E/eV ] < 18.3 

Re-analysis of SUGAR data (1968-1979) also uncovers point 
source near GC (4000 events within a priori restricted energy 
range) – Bellido et al. 2001.

• New AGASA data strengthens case for anisotropy: get 4.5 σ
result for 18.0 < log[ E/eV ] < 18.4

• AGASA also sees enhancement towards Cygnus (3 σ effect) 
and a deficit towards the Galactic anti-center (3.7 σ effect) 

• Fly’s Eye: Galactic Plane enhancement at 3.2 σ (Bird et al. 1999) 
for 

17.3 < log[ E/eV ] < 18.5
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What’s the Source?

• A natural explanation of this phenomenon is that it is due to neutrons
generated at the GC: the Lorentz-boosted decay length of the neutron 
becomes equal to the distance to the GC at precisely the energy at which the 
anisotropy turns on – i.e., a neutron at 1018 eV experiences a quarter of an 
hour in its propagation from the GC

•- a conventional astrophysical explanation for the production of these 
putative EHE neutrons: that they are produced in proton-proton 
collisions at the supernova remnant Sgr A East located near the GC 

•

8 + - 0.5 kpc



AGASA CR Sky

Galactic 
Plane

Hayashida et al. 1999 Instrument horizon



High vel. Neutron Star

• 2 ‘ separation between SNR centre and 
source - Hard X-ray spectra - Possibly same 
origin ? 

Some Other Inhabitants of GC



More  strange objects !

•Expect ~10000 stellar BHs near GC 
region

•Dynamical friction – migration towards 
gal.centre = eventually eaten up by 
SMBH

•Stellar Graveyard !

.2005 – Chandra found 4 x-ray binaries very near

– GC(< 3 LY) – Highly variable



Radio Blasts ! New type of source

March 2005 – Hyman et al   larger region of 
the sky- 5 strong bursts (~10 min duration) 
– separated by 77mins- same region of the 
sky near Gal centre GCRT 1745-3009

Source size ~ small

Near ? Far? Known type of object?

Pulsar in dying stages – Burper?











While it is  the closest SMBH and  good for 
studies

(1)  Sgr A* is a relatively small one

(2) one of the dimmest black holes known.
SMBH in  distant galaxies are observed as  
quasars, accrete (absorb) a lot of gas from 
their surroundings and~ 10%, of the mass 
energy of that gas converted  to radiation-
luminosities ~ nearly equal to the maximum 
allowed( Eddington limit)

Sgr A*, in contrast, is extremely dim, radiating 
at only a billionth of the Eddington limit for 
its mass.



Why is Sgr A* so dim?
(1)It has less gas to accrete, compared with the bright
black holes in quasars — but this is only ~ 10,000 times less

(3) Therefore, only a small fraction of the 
available gas actually accretes onto the 
black hole, the rest being ejected from the 
system.

This still leaves the fundamental 
question : Something is clearly 
different about the physics in bright 
black holes and in dim ones.

(2) the gas flow in Sgr A* s radiatively inefficient: 
only a very small fraction of its mass energy 
is converted to radiation.



GLAST

Launch expected in 2007

Energy range : 10 MeV – 100 GeV

Satellite Based Gamma Ray Astronomy

Energy range :
20 MeV – 30 GeV

Compton Gamma Ray Observatory 
(1991-2000)



+++



GAMMA RAY (EGRET)







Low Energy Gamma Rays

(1) EGRET ~ strong unid source 3EG 1746-2851; 
marginally consistent with GC . 3 different 
analyses     source may be offset from Sgr A* -
hard spectrum may cut off > few GeV

(  But limited angular resolution – GLAST) 

(1) INTEGRAL  (15 kev –10 mev) 

time variable emission from within 0.9 ‘ of 
Sgr A*











T
h

Theoretical curves for different  nebular 
magnetic field. VHE gamma ray astronomy ‘
fixes’ the magnetic field !

Energy Spectrum from Crab Nebula from 
many experiments – Crab is a standard 
candle inVHE gamma rays







Gal Centre (Whipple (1994-
2004)~ 26 hours  ~ 4 sigma
20 % crab flux; no variation
(3 TeV, 0.1-0.2 ang res)













GC(HESS)2004 >165 GeV
(~40 Hrs) Chandra map(+ Sag A*, tria- Hess centroid)



















Methods of Weakly Interacting Massive 
Particle (WIMP) Dark Matter detection:

• Discovery at accelerators (Fermilab, 
LHC,..)

• Direct detection of halo particles in 
terrestrial detectors

• Indirect detection of neutrinos, gamma 
rays, radio waves, antiprotons, positrons in 
earth- or space-based experiments

The basic process for indirect detection is 
annihilation, e.g, neutralinos:

Indirect 
detection

χ χp

e+
ν

γ_





INTEGRAL DATA (~2004)

Measured since early ‘’70s

Varaiability ?





The disk emission can be attributed to the 
beta+ decay of the radioactive species 26Al 
and 44Ti.

The bulge emission is highly symmetric 
and is centred on the galactic centre with 
an extension of 8 deg. 

Source - Type Ia supernovae and/or low-
mass X-ray binaries 

Also  Light dark matter annhilation









Integral
• The MeV-scale  Dark Matter particle giving the     
511 keV annihilation line at the galactic center

HESS

• The 20 TeV Dark Matter particle giving 
the HESS signal from the galactic center

W. de Boer

• The 50 – 70 GeV neutralino Dark Matter 
particle which explains the EGRET galactic 
gamma ray spectrum

Elsässer & 
Mannheim

• The 500 GeV neutralino Dark Matter 
particle which explains the EGRET 
extragalactic gamma ray spectrum

CACTUS 
Collab.

• The few hundred GeV Dark 
Matter particle in Draco giving 
the signal in CACTUS



• The existence of Nonbaryonic Dark Matter has been 
definitely established from cosmological measurements.

• CDM is favoured (e.g., supersymmetric particles).
• Indications of gamma-ray excess from galactic center, the 

galactic halo, the extragalactic flux and perhaps from the 
Draco dwarf galaxy. However, none compelling (at least to 
this speaker). Need more definitive spectral signature – the 
gamma line or a sharp drop at Eγ = mDM would be a 
”smoking gun”.

• Where does the GeV excess in galactic and extragalactic 
gamma-rays come from? GLAST data will be crucial.

• The hunt is going on – many new experiments (GLAST, 
VERITAS, AMS) are coming on soon!

• Complementarity: GLAST will do all-sky search for ”hot 
spots” with high sensitivity – ACTs may do small-angle, 
detailed study.

• ACTs will soon have interesting data on dwarf galaxies.
• LHC starts within 2 years…

Conclusions



Possible Pulsar (x-rays)
G359.95-0.04( Dec 05) 

PWN (blue)within Hess error bax – ~ 
1 LY from Sgr A*(pink)



Galactic Center (HESS)

• 1. Flux – 5% of crab flux

• is consistent with constant emission –
hours/days/months/years – vicinity of Sgr A* 
(SMBH)  ruled out

• 2. Spectrum is a pure power law(-2.2) – does not 
match (curved spectrum)  expected from 
DM(neutralino) annhilation





A cosmic-ray source 
uncovered 

Scientists in the HESS collaboration have 
observational evidence of cosmic rays coming from 
our galaxy's center.. This is the first time scientists 
have found direct evidence for  accelerated cosmic 

rays. 
Two possible cosmic-ray accelerators reside in the 
galactic center. . More observations are needed to 

pinpoint which is the cosmic-ray source. 











After subtraction of point 
sources:

( 55 hrs data - 3500 
photons – 14.6 sigma)

(1)Extended emission 
spatially coincident with 
Egret Unid. Source

(2) Emission along gal. 
Plane for ~ 2 degrees

Eng Thresh ~ 380 GeV



The recons. Gamma ray spectrum
slope = 2.29 +/- .07 +/- .2

2 degrees >> 30 pc 
ISM – Giant Molecular clouds in the 
region
17-44 mil solar masses 
Close match between density of 
interstellar gas (traced by CS 
emission) and VHE gamma ray 
emission







Close correlation between target material and 
gamma rays > Strong indicator for origin in 
Cosmic ray interactions !

Measured spectrum HARDER than obsvd on 
earth (2.3  >> 2.7) . Propagation effects less 
pronounced because accelerator nearby

Expected. And Obsvd agree < 500 GeV

But At > 1 TeV 3-9 higher than expected Flux

(For electron sources  Inv Compton scattering

Intense photon/magnetic fields)



Diff model – solar
neighbourhood data



(1) To give gammas of 4-40 TeV we need 10**50 
ergs; SN can give 10**51.Therefore 10 % of 
explosion for accelerating cosmic  rays  ( 
Theory – Cr originate in shock wave of 
expanding SNRs)

(2) Must have occurred in recent past since it has 
not diffused out . Calculations give ~ 10 kyr

(3) Gamma ray spectrum is hard – protons+mater > 
gamma rays . More likely to be protons



Cosmic Ray Source ?

• Within the 1' error box of HESS J1745 -
290 are two compelling candidates for 
such a galactic cosmic-ray accelerator.

• (a)SNR Sgr A East with its estimated age 
around 10 kyr

• (b)A Supermassive BH Sgr A* which may 
have been more active in the past

• Potential of Gamma Ray Astronomy finally 
realized !



Cosmic/Gamma Rays + GC

(1)GLAST – should establish definitively which 
GC object is giving ~GeV gamma

(2) Cerenkov telescopes - Need continued 
monitoring of GC  at ~GeV/TeV . More 
Cosmic ray sources ?  

(3) AUGER - Massive increase in EHE CR data 
down to ~1018 eV. Should see strong, GC 
point source of CRs and halo



FUTURE OF GC ASTRONOMY
NASA newsletter – July 19,2006

Rough and crowded neighborhood
at galactic center

The center of the Milky Way is a crowded
neighborhood and not always a calm one,
according to the latest image from NASA's
Chandra X-ray Observatory.

INTEGRAL  > Sgr A* may get bright in the near future

Galactic Centre will always be in 
News !











Atmospheric Cerenkov Technique

Collection area for ACT ~ 104 m2

Collection area for satellite experiments ~ 1 m2
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