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Welcome to Tonantzintla
Site of the Observatorio 
Astrofísico Nacional (1942-1971) 
➡ First science research center in 

Mexico outside DF 

➡ HH objects; T Tauri; flare stars; 
planetary nebulae; blue galaxies 
(TON / PHL)
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Welcome to INAOE
Instituto Nacional de Astrofísica, Óptica y Electrónica
➡ Founded by Guillermo Haro in 1971

➡ Research in areas of expertise

➡ Postgraduate studies

➡ Scientific, technological and R&D projects

➡ Presence at Tonantzintla, Cananea, Sierra Negra and 
Ciudad Serdán

➡ Part of the Conacyt network of public research centers
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Welcome to GH workshop
GH program founded in 1996 to promote collaborative 

research in Astrophysics

- 1996: Starburst activity in galaxies (wk + conf)

- 1998: Interstellar turbulence

- 2000: AGN-starburst connection (advanced lectures)

- 2002: mm-wave cosmology

- 2005: Pan-Chromatic view on clusters of galaxies 

- 2008: science with SASIR

- 2010: compact superstellar clusters
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GH workshop format

• Morning talks promoting ample discussion

• GH lunch at INAOE (registered participants)

• Afternoon sessions: groups, dedicated sessions, ...

• Social activities: Sierra Negra visit; trip to Oaxaca

• Public talk -- Miguel Mostafá “Atrapando las 
partículas más rápidas del Universo”
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GH2011
“Surveying the high energy γ-ray sky”

Motivated by:

- recent and current surveys of the HE γ-ray sky

- connection with traditional fields of astrophysical 
research in Mexico (star formation; AGNs)

- Mexican participation in synergic projects: 

HAWC; SPM + OAGH optical and NIR surveys;  
Large Millimeter Telescope; other Sierra Negra 
projects (LAGO, SNT); SASIR/RATIR; 
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Surveying HE γ-rays 

• Gamma-rays not produced under thermal 
equilibrium

• Diagnostic of particle acceleration 

- magnetic fields

- strong shocks

- related with non-thermal radio emission
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γ-ray production processes

• Radioactive decay:

- Al26 @ 1.809 MeV with  t1/2 ≈ 0.72 Myrs

• Pair annihilation: ee → γγ

• Bremsstrahlung:  eZ → eZγ

• Inverse Compton scattering: eγ → eγ

• Neutral pion decay: π0 → γγ



The gamma band

MeV GeV TeV PeV

CGRO
COMPTEL

CGRO
EGRET

OSO-3, SAS-2, COS-B

Fermi γ-ray Space Telescope

Satellites Ground

Air Čerenkov

Surface detectors
Water Čerenkov



γ-ray space observatories
Telescope Operations Photons Highlight

OSO III 1967-68 621 Galactic plane

SAS II 1972-73 13k Vela and Crab pulsars; γ 195+5

COS B 1975-82 200k First catalogue (25 sources); 
extragalactic sources (3C 273)

CGRO - COMPTEL 1991-2000 First (and only) all-sky MeV survey

CGRO - EGRET 1991-2000 1.5 M Blazars as a class of sources; 
3EG catalog (271 sources)

Fermi γ-ST 2008 + 195 M Launched 2008. PSR Catalog; 1FGL
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Kraushaar et al. (1972)
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γ195+5

Thompson et al. 1977

2CG catalog: Swanenburg et al. (1981)

COS-B & SAS-2
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Compton GRO

In orbit from 5 April 
1991 to 4 June 2000
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EGRET sources
• Milky Way (& LMC): star formation → cosmic-ray 

interaction with gas in interstellar medium

- Sun, M31 and starbursts galaxies undetected.

• Pulsars: isolated rotating neutron stars → particle 
acceleration through electrodynamical processes in 
magnetosphere

• Blazars: radio loud flat spectrum QSOs → 
relativistic shocks in jets of accreting SMBH

• Unidentified sources: presumably PSRs + AGNs
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0.75-30 MeV
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LAT (min. spec.) EGRET

Energy range 20 MeV - 300 GeV 20 MeV - 30 GeV

Peak effective area > 8000 cm2 1500 cm2

Field of view > 2 sr 0.5 sr

Single photon 
angular resolution

<3.5º @ 100 MeV
<0.15º @ >10 GeV

5.8º @ 100 MeV
0.5º @ 10 GeV

Energy resolution < 10% 10%

Deadtime per event < 100µs 100 ms

Source location < 0.5 arcmin 15 arcmin

Point source 
sensitivity < 6 × 10-9 cm-2s-1 ~ 10-7 cm-2s-1

GLAST → 

11 junio 2008
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Fermi operations and observing modes 

•  Almost all observations in survey mode - the LAT observes the entire 
sky every two orbits (~3 hours), each point on the sky receives ~30 
mins exposure during this time. 
–  35 deg rocking angle to Sept 2, 50 deg thereafter. 

•  30 ARRs  
–  5 hour pointed mode observations in response to bright GBM detected GRB 

•  LAT Calibrations (13 hours), Engineering (5 days) 
–  Very high ontime!  

LAT sensitivity on 4 
different timescales: 
100 s, 1 orbit (96 min), 
1 day and 1 year 

J. Mc Enery talk, 1st Fermi Symp. 



1FGL1FGL

Extragalactic = 658Extragalactic = 658

Bl Lac 292

FSRQ 278

Non blazar AGN 25

Uncertain AGN 59

Starburst galaxy 2

Normal galaxy 2

Galactic = 85Galactic = 85

Pulsar 52

SNR 4

snr, pwn, psr 18

Globular cluster 8

XRB 2

µ-cuasar 1

No association = 708No association = 708



Fermi PSRcat 

PSR birthrate 1/50 yr with γ-ray selected representing half or more  



Normal 
galaxies

Starburst 
galaxies Radio galaxies Seyferts FSRQ Bl Lac

MW
LMC
SMC

no M31!?

M82,
NGC 253

 
NGC 4945 (Sb 

or Sy 2?)

M87, Cen A, 
NGC1275, 
NGC1218, 
NGC 6251

PMN 
J0948+0022,

PKS 1502+036, 
PKS 2004-447, 

NGC 6951

Classical 
EGRETs, 
3C 454.3

EGRETs and 
TeV sources

SF cosmic rays 
interacting with 

ISM matter

Larger SF than 
normal 

galaxies, no 
variability 

found. Weak 
AGN in M82?

Variable, 
particle 

acceleration in 
mild jet, 

misaligned 
AGN

Narrow line 
Sy1

Sy 2 LINER 

Maybe radio 
quiet Seyferts

Highly variable, 
acceleration in 
relativistic jet

Steeper γ 
spectrum, 

highly variable, 
acceleration in 
relativistic jet

Fermi extragalactic sources

Accelerator power: SFR / Jet / AGN



Northern Galactic hemisphere
11 month Fermi movie 
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Canica H (1.6µm)
Fermi (1-300 GeV)
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http 

http://tevcat.uchicago.edu/ 

TeV celestial knowledge dominated by atmospheric 
Cherenkov telescope observations 
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-85º < long. < +60º          |b|<2.5º 



TeV emission from SNR



Milagro half-sky map



AR

De 34 fuentes 0FGL Galácticas en el 
campo de visión de Milagro 6 son 

detectadas con S/N > 5σ (14 con > 3σ)
- GeV pulsares & TeV nebulae



Fermi bright sources / psr in Milagro map

psr

psr

psrpsr

psr

psr psr

psr psr
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Beyond Milagro 

•  Science case:  
–  Deep sky survey 
–  Deep Galactic plane 

survey 
–  Mapping of extended 

diffuse sources 
–  Blazars - flares 
–  Gamma-Ray Burst 
–  Extragalactic Background 

Light pair absorption 
–  Solar flares 
–  Dark Matter Searches 
–  Cosmic Rays 

•  Requirements 
–  Dimensions:                 

150m !150m ! 4.8m 
–  Segmented: 5m cells 
–  Above 4000m 
–  10 years of operations 

HAWC = 15 * Milagro 

The High Altitude Water Cherenkov Observatory 

Citius, Altius, Fortius 



HAWC
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The HAWC collaboration 
HAWC-MX  
INAOE 
Inst.Fisica UNAM  
Inst. Astronomía UNAM  
Inst. Geofísica UNAM  
Inst. Ciencias  

 Nucleares UNAM  
BUAP - Puebla 
Univ.Guanajuato  
UNACh - Chiapas  
UMSNH - Mich. 
UdG - Guadalajara  
CINVESTAV  
IPN 
UAEH - Hidalgo 
 

HAWC-US 
Univ. Maryland  
Los Alamos NL  
Univ.Wisconsin  

Colorado State U. 
Penn State U. 

Univ. Utah   
UC Irvine 

UC Santa Cruz  
U New Mexico  

Michigan SU  
U New Hampshire 

Georgia Tech 
Michigan Tech. U. 
George Mason U.  

NASA/GSFC 

HAWC is a collaboration of 
over 20 MX+US 
institutions. 

Project contemplates 3 
years of installation and 
10 years operation. 





HAWC - GRBs 

•  Relevamiento diario de 
2/3 de cielo E>TeV 

•  Expectativa de detección 
de GRBs en TeV 



Ráfagas en AGNs 
•  HAWC hará observaciones diarias sin restricciones de clima, luna o Sol. 
•  Señal a ruido de 5! para flujos de (10,1,0.1) Crab en (3 min, 5 hrs, 1/3 año)!
•  HAWC tendrá un sistema de alerta para seguimiento multi-frecuencia!
•  Correlaciones (como rayos X) permiten determinar en mecanismo de emisión 
•  Potencial de estudiar ráfagas TeV huérfanas y buscar emisión coincidente   de  

neutrinos y RCUE 

1 month 

X-ray flux 

M
ila

gr
o 

flu
x 

Quadratic or Linear?  
Synchrotron Self 

Compton or External 
Compton? 

Crab Flux  

Milagro: 9! Mrk421 
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The HAWC site 
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Citlaltepetl (5610m) 
- highest peak in Mexico 

Sierra Negra or 
Tliltepetl (4580m) 

- site of the Large 
Millimeter Telescope 

The HAWC site  
(4100m) 
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HAWC v1.0 
Array of 900 x 5m diameter ! 4.3m deep tanks 

Re-use of Milagro PMTs and electronics 
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VAMOS - HAWC 
engineering array

 June 2011
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