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The high energy bands / sky
• All sky γ-ray surveys: CGRO (1991-2000)

– Comptel: 0.7 - 30 MeV     (not in this talk)
– EGRET: 30 MeV - 30 GeV   →  GLAST

• Half sky survey (2000-2008):
– Milagro: > 1 TeV                  → HAWC

• Cherenkov telescopes:
– high sensitivity pointed observations + limited

surveys (HESS-GP + Veritas-Cygnus)
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1509 photons >10 GeV 

+ Half a dozen GRBs 
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Gamma-ray Large Aperture
Telescope

• larger detector efficiency 
⇒ larger {Ae, Ω} 
– Ae≈ 1m2 ≈ 10 EGRETs
– FOV ≈ 2.5 sr ≈ 3 EGRETs

• better tracking ⇒ better PSF
• better PSF + more photons ⇒

better locations (1 arcmin)

GLAST

GLAST-LAT≈ 30 EGRET



GLAST - a formidable synoptic
telescope

• All-sky surveys between 100 MeV and
100 GeV

• Instantaneous FOV ≈ 20% of the sky
• One sky survey every 3 hours (2 orbits)
• Source location = 1 arcmin

• To find up to 10,000 γ-ray sources



EGRET
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LIR galaxies?



The GLAST era

Started
11th of June

11:05am





GLAST - LMT synergy
• γ-ray loud blazars:

– EGRET - WMAP correspondence
– EGRET reached z≈3 ⇒ GLAST to z≈7
– LMT can reach WMAP blazars @ z≈30

• GRBs:
– thick-thin afterglow evolution
– dust and SFR in GRBs hosts (Tanvir 2004)

• Unidentified GLAST sources:
– LMT to test variability / spectra
– ToO follow-ups including daytime



Adding SASIR?

1.3×1081×10-61.3×1014SASIR

3×10710-43×1011LMT

1.4×1010 6×10-142.4×1023GLAST

νFν (Hz Jy)Fν (Jy)ν (Hz)



Counterparting...
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Water Cherenkov

In Orbit Ground



TeV ground based detectors
(include the atmosphere)

Atmospheric Cherenkov telescopes Surface detectors

Rango de energía 0.05-50 TeV
Área > 104 m2

Eliminación de hadrones > 99%
Resolución angular 0.05o

Resolución en energía ~15%
Apertura   0.003 sr
Funcionamiento (Duty Cycle) 10%

Rango de energía 0.1-100 TeV
Área > 104 m2

Eliminación de hadrones > 95%
Resolución angular 0.3o - 0.7o

Resolución energía ~50%
Apertura > 2 sr
Funcionamiento (Duty Cycle) > 90%

Espectros con alta resolución
Estudios detallados de fuentes conocidas
Ubicación y morfología
Mapeo profundo de regiones limitadas del cielo

Mapeo homogéneo y completo
Fuentes extendidas
Objetos eruptivos (GRBs blazares)
Observaciones multifrecuencia





Hinton, rapporteur ICRC 2007



Water Cherenkov detectors
the Milagro 2π survey
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Smith et al.
ICRC 2007

• 7 year daily monitoring
• 64 day bins 
• Mean flux ≈ 2/3 Crab



HAWC

• 2.7π survey instrument between 100 GeV and
100 TeV

• Instantaneous FOV ≈ 15% of the sky
• One 2/3-sky survey every 3 hours (2 orbits)
• Source location ≈ 0.3º
• Two Cherenkov telescopes on site
• Synergy with GLAST, IACT, IceCube + LMT





The HAWC collaboration
HAWC-MX
• INAOE
• UNAM:

– Instituto de Astronomía
– Instituto de Física
– Instituto de Geofísica
– Instituto de Ciencias Nucleares
– Centro Geociencias (*)
– DGSCA

• Benemérita Univ. Autónoma Puebla
• Universidad de Guanajuato
• CINVESTAV
• Universidad Michoacana SNH
• UAM Iztapalapa (*)
• Universidad Autónoma de Chiapas
• [Universidad de Guadalajara]

HAWC-US
• Maryland University
• U. California, Irvine
• U. California, Santa Cruz
• Michigan State University
• George Mason Univ.
• Los Alamos National Laboratory
• University of New Hampshire
• Penn. State University
• University of Utah
• University of New Mexico
• NASA/GSFC

+ Universita di Torino, Italia
+ IAFE & Balseiro Bariloche, Argentina



Ubicación geográfica de HAWC

Cerca del ecuador: Ωsur= 4π cos(lat) sin(θ) ≈ 4π(2/3)
    -  10% mayor cobertura que a 30º
    -  40% traslape con el censo HESS del plano Galáctico
    -  90% traslape con IceCube
    - 100% traslape con el Whipple Strip Survey + VERITAS Cygnus Survey
Crab @ 3º del cenit
Centro Galáctico @ 48o

Sincrono con observatorios
 de EU y América Latina



Monitoreo de blazares
• HAWC puede medir los ciclos de actividad de AGNs y notificar en tiempo

real observadores acerca de eventos episódicos.
• AGN dentro de ~8 sr serán observados cada día por ~ 5 hrs.
• Las observaciones de HAWC serán continuas, sin interrupciones por

clima, luna o sol.
• Sensitividad 5σ de HAWC es (10,1,0.1) Crab en (3 min, 5 hr, 1/3 año)

Observaciones de Mrk421 con telescopios Cherenkov

1 month



HAWC & IceCube

• HAWC and IceCube  to observe in
similar energy ranges (100.

• Hadronic production of photons
gives similar number of neutrinos
→ TeV HAWC sources as prime
candidates for IceCube.

• HAWC can indicate IceCube
where y when to search for
neutrinos.

• HAWC boosts up IceCube.



Time frame
SASIR timeline ≥ 8 years (say survey 2017-2021)
• GLAST: 9 years after launch; 8 years after data

becomes public; database established; GLAST
functional? (simultaneity!)

• HAWC: 6 years into full array operation - coincident
with last 4 years of operation - simultaneity with
SASIR - HAWC / IceCube / SASIR?

• IceCube: 6 years into full detector operation
• AGIS / CTA: operational?

Which will be the HE questions in 2017??


