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Welcome to Tonantzintla

Site of the Observatorio
Astrofisico Nacional (1942-1971)

= First science research center 1n
Mexico outside DF

= HH objects; T Tauri; flare stars;

planetary nebulae; blue galaxies
(TON / PHL)




Welcome to INAOE

Instituto Nacional de Astrofisica, Optica y Electronica
= Founded by Guillermo Haro in 1971

= Research 1n areas of expertise

= Postgraduate studies

= Scientific, technological and R&D projects

= Presence at Tonantzintla, Cananea, Sierra Negra and
Ciudad Serdan

= Part of the ?‘3 network of public research centers

CONACYT




Welcome to GH workshop

GH program founded in 1996 to promote collaborative
research 1n 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




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 Mostafa “Atrapando las
particulas mas rapidas del Universo”




GH2011

“Surveying the high energy y-ray sky
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Motivated by:
- recent and current surveys of the HE y-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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LMT First—=Light: Redshift Search Receiver — 3 June 2011

Arp220 Ultra—Luminous Infrared Galaxy z=0.018
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Surveying HE y-rays

¢ (Gamma-rays not produced under thermal
equilibrium

e Diagnostic of particle acceleration
- magnetic fields
- strong shocks

- related with non-thermal radio emission




neV. upeV meV eV keV  MeV GeV TeV  PeV

MHz GHz THz




y-ray production processes

Radioactive decay:

- Al26 @ 1.809 MeV with tin=0.72 Myrs
Pair annihilation: ee — vy

Bremsstrahlung: eZ — eZy

Inverse Compton scattering: ey — ey

Neutral pion decay: 10 — vy




The gamma band

CGRO CGRO Surface detectors
COMPTEL EGRET Water Cerenkov
Ferm1 y-ray Space Telescope

MeV GeV TeV PeV

H Satellites %(—)H Ground %)




y-ray space observatories

Telescope Operations | Photons Highlight

OSO III 1967-68 621 Galactic plane

SAS II 1972-73 13k Vela and Crab pulsars; y 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

Blazars as a class of sources;

CGRO - EGRET 1991-2000 | 1.5M 3EG catalog (271 sources)

Fermi y-ST 2008 + 195 M | Launched 2008. PSR Catalog; IFGL




354 W. L. KRAUSHAAR ET AL. Vol. 177

Csl layers to the number initiated in the plastic layers was 10 + 1 for the more
frequent atmospheric events, and 10 + 4 for the few sky events recorded during the
brief period. We consider both values to be consistent with the conclusion that most
of the atmospheric and the sky events were electromagnetic in nature.

¢) Celestial Distribution of Sky Events

The celestial distribution of all of the sky events is shown on an equal-solid-angle
projection in figure 7 together with the relative exposure as indicated by the distribu-
tion of the random events (to avoid crowding, only one in 10 of the random events
used in the numerical analysis is displayed). Evidently some of the nonuniformity in
the celestial distribution of sky events merely reflects the nonuniformity of the exposure.

AT=0

(]}
Fic. 7.—Summary maps of the distributions of (@) the real and (b) one-tenth of the artificial
events over the sky in galactic coordinates.

356 W. L. KRAUSHAAR ET AL. Vol. 177

Fia. 8.—Sky map of the y-ray intensity in galactic coordinates. The element of area on the
map to which the formula given in the text applies is approximately 245 square degrees,

Kraushaar et al. (1972)
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F1G. 1.—Contour map of y-ray intensities observed by SAS-2 at energnes above 35 MeV in the galactic anticenter reglon The
contour lines represent 75%,, 663} 57 u, 48‘7,, 9%, 30%, and 217, of the maximum intensity, which is 4.25 x 10~ photons
(E > 35MeV) cm™2s~*sr- Z contour lines are slightly darker than the others. The apparent positions of the
two maxima near 185°, —6° a.nd 195" +5° differ slightly from these coordinates principally due to the presence of the diffuse

ion from the galacti plane, as d d in the text. Dashed line, limit of the SAS-2 exposure in this region.

Thompson et al. 1977
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TABLE 1
Tue 2CG Cataroc oF GaMMa-RaY SOURCES

PosiTioN Frux®
No. or ErrOrR E>100MeV CG SoURrcE
OBSERVA- I b Raprus  (107% photons  SPECTRAL® (Hermsen et al.
SourcE NAME TIONS (degrees) (degrees) cm™2s71) PARAMETER COMMENTS 1977) IDENTIFICATION REFERENCES
2CG 006—00..... 3 6.7 —0.5 1.0 2.4 0.39+0.08
2CG 010-31..... 1 10.5 -—31.5 1.5 1.2
2CG 013400..... 4 13.7 +0.6 1.0 1.0 0.68%0.14
2CG 036+01..... 3 36.5 +1.5 1.0 1.9 0.27+0.07
2CG 054+01..... 3 54.2 1.7 1.0 1.3 0.20%0.09
2CG 065+00..... 4 65.7 0.0 0.8 1.2 0.2440.09 CG 6440
2CG 0754-00..... 5 75.0 0.0 1.0 1.3 .. could be an CG 75-0
2CG 078+-01..... 5 78.0 1.5 1.0 2.5 extended feature CG 7841
2CG 095+04..... 3 95.5 4.2 1.5 1.1
2CG 1214-04. ..., 3 121.0 4.0 1.0 1.0 0.434-0.12 CG 12143
2CG 135+01..... 3 135.0 +1.5 1.0 1.0 0.31+0.10 CG 135+1 ... e
2CG 184—-05..... 4 184.5 5.8 0.4 3.7 0.18+0.04 CG 185-5 PSR 0531421 Knifien et al. (1974)
2CG 195+404...., 3 195. +4.5 0.4 4.8 0.3340.04 v195+45 CG 195—4 . Thompson et al.(1977)
2CG 218-00..... 3 218.5 —0.5 1.3 1.0 0.2040.08
2CG 235-01..... 2 235.5 ~—1.0 1.5 1.0
2CG 263—-02..... 4 263.6 -=2.5 0.3 13.2 0.36+0.02 CG 2632 PSR 0833—45 Thompson et al.(1975)
2CG 284—00..... 1 284.3 —0.5 1.0 2.7 } could be an
2CG 28800..... 1 288.3 —0.7 1.3 1.6 . vs extended feature . T . e (1978)
' wanenburg ef al.
2CG 289+-64..... 2 289.3 +64.6 0.8 0.6 0.1540.07 CG 291+65 3C 273 { Bignami ¢ al. (1980)
2CG311-01..... 2 311.5 —1.3 1.0 2.1 CG 312—1
2CG 333+01..... 3 333.5 +1.0 1.0 3.8 St CG 333+0
2CG 342-02..... 5 3429 =25 1.0 2.0 0.36+0.09
2CG 353+16..... 4 353.3 +16.0 1.5 1.1 0.24+0.09 e p Oph May:;-lillagssggwander
el al.

2CG 356+-00..... 1 356.5 +0.3 1.0 2.6 0.46+0.12 prob. variable Sins
2CG 359—00..... 3 359.5 ~0.7 1.0 1.8 ..

* Assuming -2 spectra.
b Intensity (E > 300 MeV)/Intensity (E > 100 MeV), assuming E-? spectra calculating both intensities.




Compton GRO

GRO Instruments
COMPTEL

_ EGRET

In orbit from 5 April
1991 to 4 June 2000




Third EGRET Catalog
E > 100 MeV

& Active Galactic Nuclei w Pulsars
o Unidentified EGRET Sources LLMC
o Solar FlLare




Declination

10
200

195 190
Right Ascension

185

Flux [10 6 ph/(cmzs)]

IIIIIIIIIIIII

llllllllll

3C279 Flux
(> 100 MeV)

T
+++++

| L | 1 | 1 | j

LT

T

P B UM R R S B O T O O O O O O

lll[lll

166

168 170 172 174

Day of 1991

176

178

180




EGRET sources

Milky Way (& LMC): star formation — cosmic-ray
interaction with gas in interstellar medium

- Sun, M31 and starbursts galaxies undetected.

Pulsars: 1solated rotating neutron stars — particle
acceleration through electrodynamical processes in
magnetosphere

Blazars: radio loud flat spectrum QSOs —
relativistic shocks 1n jets of accreting SMBH

Unidentified sources: presumably PSRs + AGNs




Table 13: Summary of Most Significant COMPTEL Source Detections.

Type of Source Number of | Comments
Sources

Spin-Down Pulsars: 3 Crab, Vela, PSR B1509-58.

Stellar Black Hole 2 Cyg X-1, Nova Persei 1992 (GRO J0422+32).

Candidates:

Supernova Remnants: | Crab nebula.

(Continuum Emission)

Active Galactic Nuclei: 10 CTA 102, 3C 454.3, PKS 05284134, GRO J 0516-609, PKS 0208-512, 3C 273,
PKS 12224216, 3C 279, Cen A, PKS 1622-297.

Unidentified Sources:

o |b| < 10° 1 GRO J1823-12, GRO J2228+61 (2CC 106+1.5), GRO J0241+6119 (2CG 135+01),
Carina/Vela region (extended).

e |b| > 10° 5 GRO J1753+57 (extended), GRO J1040+48, GRO J1214+-06,
HVC complexes M and A area (extended), HVC complex C (extended).

Gamma-Ray Line Sources:

e 1.809 MeV (2°Al) 3 Cygnus region (extended), Vela region (extended, may include RX J0852-4621),
Carina region.

e 1.157 MeV (**Ti) 2 Cas A, RX J0852-4621 (GRO J0852-4642).

® 0847 and 1.238 MeV (*¢Co) 1 SN 1991T.

e 2.223 MeV (n-capture) 1 GRO J0317-853.

Gamma-Ray Burst Sources: 31 Location error radii vary from 0.34° to 2.79° (mean error radius: view 1.13°).

(within COMPTEL field-of-
up to Phase IV /Cycle-5)

Schonfelder et al. (2000)
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0.75-30 MeV

COMPTEL Source Catalog

Galactic coordinate system
J
AITOFF projection

GRO J1823-12

Pulsar @ X-ray Binary
1.809 MeV source 1.157 MeV source 2.223 MeV source 0.847 MeV source

g, Vel
I-RX JOB

aring e
¢

) extended emission

N 7/
[mpe|

10-30 MeV

3-10 MeV

1-3 MeV
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Gamma-ray

/ Space Telescope
\

LAT (min. spec.)

EGRET

>-armo £

Energy range 20 MeV - 300 GeV | 20 MeV - 30 GeV
Peak effective area > 8000 cm? 1500 cm?
Field of view > 72 sr 0.5 sr

Single photon <3.5° @ 100 MeV | 5.8° @ 100 MeV
angular resolution | <0.15° @ >10 GeV | 0.5° @ 10 GeV
Energy resolution <10% 10%

Deadtime per event < 100us 100 ms
Source location < 0.5 arcmin 15 arcmin
Point source ) L _ N
<6 x10° cm?s’! ~ 107 cm2s!

sensitivity

23




Fermi operations and observing modes

100 Sec

2 Orbits

por— 7 . I

1 Day

1 Year

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

—
o
&

Flux > 100 MeV ( phot cm? s1)

-
<
~
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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!

24

J. Mc Enery talk, 1st Fermi Symp.




000 LAT sources

Front > 200 MeV, Back > 400 MeV, log color scale

Galactic coordinates, Aitoff projection

1FGL

Extragalactic = 658

Bl Lac

292

FSRQ

278

Non blazar AGN

25

Ungertain AGN

Starburst galaxy

Normal galaxy

Galactic = 85

Pulsar

SNR

snr, pwn, psr

Globular cluster

XRB

Li-cuasar

No association = 708




Fermi PSRcat

¢ Normal pulsar
m Blind search y—ray pulsar
4 Millisecond pulsar

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




Fermi extragalactic sources

Normal Starbqrst Radio galaxies Seyferts FSRQ Bl Lac
galaxies galaxies
MS§2 PMN
MW ’ M87, Cen A, :
LMC NGC 253 NGC1275, J0948+0022, Classical EGRETS and
IMC NGC1218 PKS 1502+036, EGRETs, TeV sour
Ml | NGC4945(Sb | o S0 | PKS 2004447, 3C 4543 oY SOUIEES
O ML or Sy 29) NGC 6951
Larger SF than Variable, Narrow line
: Syl Steeper vy
: normal particle : :
SF cosmic rays laxies. 1 leration in Highly variable,|  spectrum,
interacting with SAIARIES, O | aCCeiLtalio Sy 2 LINER | acceleration in | highly variable,
variability mild jet, .. L.
ISM matter . relativistic jet | acceleration in
found. Weak misaligned Maybe radio relativistic jet
AGN in M82? AGN 2y ]
quiet Seyferts
— Accelerator power: SFR / Jet / AGN———>




Northern Galactic hemisphere
11 month Fermi movie
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[What's New?] [TeVCat FAQ] [TeV Astrophysics] [Bug Report or Feature Request] [Login]

Welcome to TeVCat!

mo

+
/(—r// \\ Table Control  Map Control ~ Tools
: ‘ .PWN, Plerion
: - @ starburst, HBL, FRI, FSRQ, LBL|
®Qs, Cat. Var., UNID, Other.
BIN, WR
t ®shel
‘ o | ®DARK
¢ : ® od naans seut thad | | 1180 | @xms. Psh
L 4 | Export Black || Export White
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http://tevcat.uchicago.edu/

TeV celestial knowledge dominated by atmospheric
Cherenkov telescope observations
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TeV emission from SNR

10P Institute of Physics (I)l‘)lil“l‘x("m: PHYSIKALISCHE GESELLSCHAFT

Figure 4. The shell-type TeV y-ray supernova remnants: RCW 86 [54],
RXJ1713.7—3946 [63] and RX J0852.0—4622 (Vela Junior) [53]. All images
are smoothed and were obtained using HESS.
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campo de vision de Milagro 6 son
- GeV pulsares & TeV nebulae

De 34 fuentes OFGL Galacticas en el
detectadas con S/N > 5¢ (14 con > 30)




Fermi bright sources / psr in Milagro map

J0617.4+2234 JO631.8+1034 J1844.1-0335




Beyond Milagro

The High Altitude Water Cherenkov Observatory

 Requirements

— Dimensions:
150m x150m x 4.8m

— Segmented: 5m cells
— Above 4000m
— 10 years of operations

HAWC = 15 * Milagro
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« 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







The HAWC collaboration

HAWC-MX

INAOE

Inst.Fisica UNAM

Inst. Astronomia UNAM

Inst. Geofisica UNAM

Inst. Ciencias
Nucleares UNAM

BUAP - Puebla

Univ.Guanajuato

UNACH - Chiapas

UMSNH - Mich.

UdG - Guadalajara

CINVESTAV

IPN

UAEH - Hidalgo

HAWC is a collaboration of
over 20 MX+US

Institutions.

Project contemplates 3
years of installation and

10 years operation.
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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




0.05° Source Diameter 025" } . e
40 mCrab 200 mCrab IACT Strip Survey Sensitivity

300 60 9 120 150 180 210 240 270 300 330 360

HAWC all-sky Sensitivity (mCrab)

HESS Galactic Ridge Strip Survey
VERITAS-4 Galactic Plane Strip Survey

Milagro HAWC
Detector Area 3500 m° /2100 m* {20,000 m?
Time to 5o on the Crab 120 days Shrs
Median Energy 4 TeV 1TeV
Angular Resolution 0.40" - 0.75° 0.25° - 0.50°
Energy Resolution at 5 TeV 140% 72%
Energy Resolution at 50 TeV 85% 35%
Hadron Rejection efficiency at 10 TeV 90% >99.5%
Q for gamma’/hadron rejection 1.6 5
Time to detect 5 Crab flare at 5o 5 days 10 minutes
Eff. Area at 100 GeV 5 m?* 100 m*
Eff. Area at 1 TeV 10° m? 20x10° m*
Eff Area at 10 TeV 20x10° m* 50x10° m*
Eff Area at 50 TeV 70x10° m* 70x10° m*
Volume of Universe where 3x10™ erg/cm” GRB 7 Gpc® 47 Gpe®
is detectable
Flux Sensitivity to a Crab-like source (1 year) 625 mCrab 45 mCrab
(50 detection)

Table 1- A comparison of Milagro and HAWC. Note that comparisons are generally made for a Crab-like
spectrum of differential photon spectral index -2.6. However, with a lower threshold some comparisons are
between events at different energies. In some cases, the HAWC values will improve when we optimize our
reconstruction for angular resolution and background rejection.




« AGN T 9
* Unidentified

o Pulsar
- VHE photon

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

« EXxpectativa de deteccion
de GRBs en TeV
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Figure 6 Fermi observation of GRB090510 at z=0.9 (top 5
panels) and HAWC’s simulated lightcurve (including
background). Approximately 200 events are simulated
within the 0.5-1.0s interval which corresponds to a cutoff
energy of about 125 GeV if the GRB were observed with
cos6 > 0.9.




DEC(deg)

Rafagas en AGNs

HAWC hara observaciones diarias sin restricciones de clima, luna o Sol.
Senal a ruido de 5o para flujos de (10,1,0.1) Crab en (3 min, 5 hrs, 1/3 ano)
HAWC tendra un sistema de alerta para seguimiento multi-frecuencia
Correlaciones (como rayos X) permiten determinar en mecanismo de emision
Potencial de estudiar rafagas TeV huérfanas y buscar emision coincidente

neutrinos y RCUE
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HAWC v1.0
Array of 900 x 5m diameter x 4.3m deep tanks

Re-use of Milagro PMTs and electronics
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