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3. Observator

3.1. Bandas astrofisicas

3.2. Telescopios espaciales

3.3. Telescopios Cherenkov atmosfericos

3.4. Arreglos de superficie

I{ON

10 Layers of 0.5 rad Length Converter (pb)

B 12 Layers of XY Silicon Strips

~w Gamma Rays

—— Positrons/Electrons

High Altitude Water Cherenkov
Gamma-Ray Observatory
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3.1. Bandas astrofisicas

10¢ GV 107 eV 1012 eV 1015 eV

Rayos cosmicos N
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OSO-3, SAS-2, COS-B
CGRO

COMPTEL

3.1. Bandas astrofisicas

Telescopios Cherenkov atmosfericos
CGRO
EGRET

Arreglos detectores superficie
Obs. Cherenkov de agua
Fermi y-ray Space Telescope
MeV GeV
€«——  Saftclites
Luz visible: 1.5a4 ¢V
Rayos X: 1 keV

TeV
*
s s CONACYT
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3.1. Observatorios de rayos v
» Telescopios espaciales basados en:
| telescopios de rayos X duros).

efecto foto-electrico: BATSE, OSSE, Swift-BAT (misma tecnologia que en

efecto Compton: COMPTEL.

- Observatorios en tierra basados en:
CTA.

- produccion de pares: OSO-3, SAS-2, COS-B, EGRET, Fermi-LAT.

’ o':':’:.o
& sszize CONACYT
nnnnn 80

- detecci0on de luz Cherenkov en la atmosfera: MAGIC, HESS, VERITAS,
- deteccion directa de particulas secundarias: MILAGRO, Tibet AS-y, HAWC,
LHAASO, SWGO.

.............................................................................................
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Gaarrae-Ray Choer~as
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Telescopios de produccion de pares

Arreglos detectores de supertficie
0.1 -100 GeV

100 GeV - 100 TeV
En Orbita: area de deteccion limitada Area de deteccion grande

Sr Eliminacion completa del ruido Buena eliminacion del ruido

Campo de vision grande, alto ciclo de opera01on Campo de vision grande y alto ciclo de operacion
=> Surveys y monitoreo '

Emision en rafaga (AGN, GRB)
Fuentes extendidas y emision difusa

=> surveys, monitoreo y fuentes extendidas

Emision en rafaga (AGN, GRB)
Las energias mas altas

Telescopios Cherenkov atmosféricos
50 GeV - 100 TeV
. Area de deteccion grande
D Excelente eliminacion del ruido
eg Campo de vision limitado, bajo ciclo de operacion
' ’ => estudio detallado de fuentes conocidas

surveys profundos de regiones especificas

E Espectros con alta resolucion
GeV TeV
//////i\\ 5:-?:3.-:-?:::: CO NACYT AAE@INAOE ........ 2024




3.2. Telescopios espaciales
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Compton Gamma-Ray Observatory
CGRO (1991-2000)




Gamma Ray

Telescopios de ,.%

produccion de pares = i e
+ 0S0-3 (1967-1969) e '
. SAS-2 (1972-1973) ¢
. COS-B (1975-1982)

8 ——C Gk

. EGRET - CGRO (1991-2000) e o

ol Plastic Scintillator

+ Fermi y-Ray Space Telescope (2008+) m CsI(TH)
AN Nal (T£)

“ # | Lucite

oesesy  Tungsten

Fi1G. 1.—Scale drawing of the OSO-3 y-ray instrument. The photomultipliers are labeled 1
through 15. A typical event in which an incident y-ray produces a pair of electrons in S is indicated

schematically.
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Emision difusa Galactica

Registrando 621 fotones (E>50 MeV), OSO-3 (1967-68) descubrio la emision difusa
Galactica, y la extragalactica

356 W. L. KRAUSHAAR ET AL. Vol. 177 (Kraushaar, W.L. et al. 1972, ApJ 177, 341)
Jage
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Galactic Latitude (degrees)
Fic. 8.—Sky map of the y-ray intensity in galactic coordinates. The element of area on the Fic. 10.—Combined galactic latitude distribution of all sky events exclusive of
map to which the formula given in the text applies is approximately 245 square degrees. galactic longitude range —30° < /™ < 30°.
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Altitude Water Cherenkov
Gamma-Ray Observatory
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Compton Gamma-Ray Observatory
CGRO (1991-2000)
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BATSE
DETECTOR MODULE
(1 OF 8)

BURSTS

—
-

NUMBER O

Burst and Transient Source
Experiment (BATSE)

BATSE 4B Cata 0g
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BATSE

counts/s

BATSE—GRO

3 Types of Gamma-Ray Bursts

April 21, 1991
64 ms bins
40,000 [~ T - oy
30,000 ¢ q 1 ‘2'000
20,000 }
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0 S i) 4,000

./

50-300 keV

April 25, 1991
64 ms bins
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2704 BATSE Gamma-Ray Bursts




Oriented Scintillation Spectrometer
Experiment (OSSE)

30 25 20 15 10 &5 0 -5 -10 -15 -20 -25 -30

»E D& &2 CONACYT

FLUX (Photons cm™ sec” MeV™' rad™)

The annihilation fountain
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la Galaxia
=S |
L

‘. [
“""fll ™
ys Region |

mapear la presencia de estas
’ estrellas en la Galaxia en
e =
e, CONACYT

El 26Al decae en 0.7 Myr.
* Se produce en etapas

avanzadas de nucleosintesis
en estrellas masivas.

escalas de tiempo de 1 Myr.
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GCRO-COMPTEL map (Diehl et al. 1995)
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Energetic Gamma Ray Experiment Third EGRET Catalog

Telescope (EGRET) E > 100 MeV

N, v
\‘\ \ ét \\\ \ 4 : , / / // / /) , > i
EGRET PULSAR HISTOGRAM e TS \<”"\ ; o / 77\/> e //

‘\\ a8 i S // oY
6 I I | T T ' L T \\ o o .ol
3C279 Flux : T Tl /,//,,{,/fjf_‘;-///
=% [ (>100MeV) e -90
§4 3 + Jp 5 & Active Galactic Nuclei m Pulsars
st 1 T S e Unidentified EGRET Sources LMC
S : Solar FLare
s | N
0 E PR IS NN TN AN TR ST SN SN MU R E
166 168 170 172 174 176 178. 180
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EGRET All-Sky Gamma-Ray Survey Above 100 MeV
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_ 100-300MeV

AP e . i .
< [nteraccion de rayos cOsSmicos con gas S '
neutro y molecular modelada con mapas
b, MMWWWWWMW de HI, CO y parametros {X,Ro}.

0

% 1.90 | .
= . 2'<b<6”
§ 5 , (T, - |
_g- ' | v tili it | '(_ 1_80 - -
S 11 SR R TR L Ih, o af & L. ____
" —

% 1701 -

E |
i 160 ; =
: :

g— == ———= = S _® 8 8 & S kb S 1.50 ! =
05 -6°<b<-2° 4 I
] t NG
£ | WM’ 150 155 1.60 1.65
- OWMW WWMMW X [10” em™ (K km s7)"']
5 4 - 1-10*'<tl><-6" | F1Gc. 10—Contour plot of the likelihood test statistic, T, as a function
i [ of the two adjustable model parameters X, the molecular hydrogen cali-
E _ brating ratio, and r,, the coupling scale of the cosmic rays to the surface
ol density of the interstellar gas. The best-fit model parameters, indicated by
© 1] WM&MMN.&MMMW m,,ﬂ.“; g HIW"W“" ,,,pﬂ[ the minimum T value, are shown with dashed lines. The formal 1 ¢ errors

Hunter et al 1997 correspond to an increase in T by 1. The best-fit values and their adopted

unter ct dl. 0, o 00 00 3000 2500 2600 2400 200 200 18 errors (see § 5.5)are X = 1.56 + 0.05andr, = 1.76 + 02.
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(11 junio 2008)
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Fermi Gamma-ray Space Telescope (2008-)
Q NASA/DoE Project
0

Launched June 11, 2008

'l W W W "W EEan
Large Area Telescope (LAT) T S G——
20 MeV — 300 GeV :
2.4 sr Field of View
Q NRL Fermi Involvement
— Calorimeter
— Environmental testing
— Interdisciplinary scientist
USA (GSFC/SLAC/NRL)

Italy/Japan/Sweden/Germany

A

B 4
‘ ’( N \|
Y - ‘ /
' Anticoincidence
=1 Detector (background rejection)

Detectors

T~ Conversion Foil
\'N
e / ....... . Particle Tracking

Calorimeter

(energy measurement)

Gamma-ray Burst Monitor (GBM)
8 keV — 40 MeV (12+2 detectors)
Views entire unocculted sky
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Operations and observing modes
I T W = m =

100 Sec 1 Day

LAT sensitivity on 4

different timescales:
100 s, 1 orbit (96
2 Orbits 1 Year mins), 1 day and 1

= 107 year
I

Q 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.

— 39 deg rocking angle to Sept 2, 50 deg after September 3, 2009. Very high ontime! ,

Q Autonomous Repointing
— In response to bright GBM-detected GRBs, LAT-triggered GRBs

A Dedicated Pointings
/////(\\\\\ — Crab flares, bright blazars, y-ray novae

)
5
Flux > 100 MeV ( photcm? s)




E;Jy(Ey) [MeVcem s sr']

(data-model)/data

—_— Pr—
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[SR—N
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|
o

I
S © o ©
Ny OB

—80° <= [ <= 80°
—8° <=b <=28§°
5S§Z4R20T150C5

GDE con Fermi
Ackermann et al. 2012, ApJ 750, 3

Modelos de masa de la Galaxia (HI, CO),
de la propagacion de RCs desde la
fuentes (GALPROP) ¢ interacciones.

Suma: magenta
Modelo DGE: azul
Pion neutro: rojo
Inverse Compton: verde
Bremsstrahlung: cyan

Isotropico: cafeé
Fuentes: naranja

.............................................................................................
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Fermi1 Bubbles

Integrated intensity, £ = 0.1 — 1.0 GeV Integrated intensity, £ = 1.0 — 10.0 GeV Integrated intensity, £ = 10.0 — 500.0 GeV

[ T T |
0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20 1.35 1.50 -02 00 02 04 06 08 1.0 12 14 —0.50—0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50

I _ [T

log10(10° F (em™2s~!sr71)] log10[10° F (cm =257 sr1))] log10[10” F (cm™2s~!sr71)]
Interpretaciones: |
- jet o flujo del hoyo negro Galactico; = Y wigey
- vientos de SNe I )
- eventos de acrecion por el BH Galactico 1;."”””“J;;;?ﬁff;;i
Ackermann et al. 2014, Apd 793, 64 u;, A

E (GeV)
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Residual intensity, £ = 1 — 3GeV
- ' l.-'-‘..".-..."'-.

Residual intensity, £ = 3 — 10 GeV

Residual intensity, £

= 1() — 000 GeV

-4 =2 0 10 -4 =2 0 10 -4 =2 0 10
1() E“ X r ((lll \\l) 1() E” X F ((lll \\l”) 1() E” X F ( lll \\l)
Residual intensity, £ = 1 — 3 Ge\ Residual intensity, £ = 3 — 10 Ge\

Residual intensity, £ = 10 — 500 Ge\

+ -2 0 2 4 6 8 10 % -2 0 2 4 6 8 10 —1 2
1() E() X F ((m \\l) ]‘() E“ x F ((lll \sr)
=
DL #5h CONACYT
IEnHQ_E .....

O S
].()‘ Eq) X F (

Loub = (4.4 +2.4-0.9) x 1037 erg/s

)
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Catalogos de Fermi-LAT

Catalogo Rango

(Acer()Bel::t(i{J 2015) 100 MeV - 300 GeV  F(1-100 GeV) = 3x10-10 cm-2 s-! 3033

...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................

(AjeuoBSt};lL 017y | 10GeV-2TeV F(10GeV-2TeV) = 3x101! cm? s 1558

4FGL — DR4 (2024) _ _ > o 5008
(Abdollahi et al. 2020) >0 MeV - 1 TeV F(0.1-100 GeV) = 2x10-10 cm= 51

Flujo Fuentes

Fermi-LAT
1FGL — 4FGL-DR4; 1,2.3FHL; 1,23PC; 1—-4LAC-DR3; FGES:; FAVA; SNR: GRB;ST
Ademas de Fermi-GBM

fermi.gsfc.nasa.gov
////gg : ..... CONACY-’- AAE@INAOE-2024 }T\Yv)fc
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A

. .. .
e’e” spectrum » # M —1Blazars

: Radio Galaxies

Starburst Galaxies

LMC & sMmc HIR

Globular Clusters

' Fermi Bubbles e A

' SNRs & PWN

Nova

y-ray Binaries

Pulsars: isolated, binaries, & MSPs

" Sun: flares & CR interactions

~ADo,

Unidentified Sources

Terrestrial y-ray Flashes —“

(577/1873)

30



Table 7. LAT 4FGL Source Classes

Description Identified Associated
Designator Number Dlesignator Number
Pulsar, identified by pulsations PSR 231 T s
Pulsar, no pulsations seen in LAT yet ‘e o psr 10 4 -
Pulsar wind nebula PWN 12 pwn 6 Fuentes GalaCtlcaS
Supernova remnant SNR 24 SNT 15 - pLIISares
Supernova remnant / Pulsar wind nebula SPP 2 Spp 90 )
Globular cluster GLC 0 glc 30 re,StOS de SupemOva
Star-forming region SFR 3 sfr 0 - cumulos gl()blllares
High-mass binary HMB 5 [[ hmb 3 - regiones de formacion estelar
Low-mass binary LMB 1 Imb 1 . .
Binary BIN 1 bin 0 - blnarlas, novas
Nova NOV 1 nov 0
BL Lac type of blazar BLL 22 bll 1080
FSRQ type of blazar FSRQ 42 fsrq 639 , .
Radio galaxy RDG 6 || rde 35 Fuentes extragalactlcas
Non-blazar active galaxy AGN 1 agn 16 _ . . .
i mpestr madi G — o || ssra ) galaxias agtlvas. b.lazares (BL + FSRQ),
Compact Steep Spectrum radio source CSS 0 CSS 5 BCUS, ralegalaXlaS,
Blazar candidate of uncertain type BCU 3 bcu 1152 _ S eyferts
Narrow line Seyfert 1 NLSY1 3 nlsyl 5 .
Seyfert galaxy SEY 0 || sey 1 - galaxias normales y starburst [ga GRBs
Starburst galaxy SBG 0 sbg 7
Normal galaxy (or part) GAL 2 gal 2
Unknown UNK 0 unk 118 . .
Total B 359 || - 3215 Desconocidas, no asociadas
Unassociated ‘e = ‘e 1525

NoTE—The designation ‘spp’ indicates potential association with SNR or PWN. Des- . . ..
ignations shown in capital letters are firm identifications; lower case letters indicate F _2(24
associations. e
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3.3. Telescopios Cherenkov atmosfericos
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“,

1. Cc

OSMICOS

2. Gamma

Radiacion Cherenkov

Galaxia

4. Extragalactica

Neutrinos

» La radiacién Cherenkov (Cerenkov) se da cuando una particula cargada viaja mas
rapido que la luz en un medio, v > c¢/n.

» Estd restringida a un cono de apertura cosf) = 1/3n.
» La emision por unidad de longitud es,

dE B 2 ecy

i |
bt 1 — _
d/ cc | pB%n%(v)
n Umbral (v) 6(o) dE/dl¢ (eV/cm)
aire  1.00029 40.3 1.4 0.34
agua  1.335 1.5 41.2 327
:..::?:.:;?;;‘.E.::::CO\NACYT .............................................................................................
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Camma-ray astironomy

1947 Blackett estimates the contribution of cosmic-ray-induced
Cherenkov light to be 0.01% of the total intensity of the night
sky (general flux of cosmic rays)

1953 Bill Galbraith and John Jelley
detect Cherenkov radiation from
extended air showers with a dustbin,
a 60 cm diameter mirror and a PMT
at its focus in coincidence with a
nearby Geiger-Muller array. They
later confirm it is Cherenkov light in
measurements at the Pic du Midi.




3.3. Telescopios Cherenkov atmosteéricos
secundarias en la atmosfera.

» Operan detectando la luz Cherenkov producida por cascadas de particulas

- Se estudia la imagen de la cascada (At ~ ns) para rechazar hadrones.
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Yy primary - “hadron” primary

FIGURE 2. The VERITAS observatory, the newest of the third generation IACT observatories, saw first light in A ..., ...
Note that VERITAS 1s 1n the exact same location as the telescopes shown in Figure 1. Each of the four telescopes has an aperture
of 12m (collection area of 106m?) and a camera with 499 pixels.

TABLE 1. Major Existing ACT Facilities

Elevation Telescopes Mirror Area FoV Threshold Sensitivity

Observatory (km) = (m*) (degrees) First Light (GeV)  (%Crab)
HESS. 18 4 428 5 2003 100 0.7
VERITAS 13 4 424 35 2007 100 1
MAGIC 22 1 236 35 2005 50 16
HAGAR 43 7 31 3 2008 60 9
Whipple 23 1 75 22 1985 400 10
CANGAROO III 0.1 3(4) 172 (230) 4 2006 400 10
PACT 1.1 24 107 3 2001 750 11
TACTIC 13 1 10 28 2001 1500 70
SHALON 33 1 112 8 1996 10007 ?

Weekes - astro-ph/0811.1197
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[What's New?] [TeVCat FAQ] [TeV Astrophysics] [Bug Report or Feature Request] [Login]

+180

l’ﬁ! Ty
& NNIsLs

tevcat.uchicago.edu
Welcome to TeVCat! S
/ +90° \ Try TevCat 2.0 Beta!
‘;7' N RS R TR -
L/‘k\\\ ® Extended TeV Halo, PWN
.Starburst

@ HBL, IBL, FRI, Blazar, FSRQ,
LBL, AGN (unknown type)

® Globular Cluster, Star Forming
Region, uQuasar, Cat. Var.,
Massive Star Cluster, BIN, BL Lac
(class unclear), WR

® shell, SNR/Molec. Cloud,
Composite SNR, Superbubble

©DARK, UNID, Other
©Binary, XRB, PSR, Gamma BIN

A
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1\ Y R
WS §555% CONACYT AAE @ INAOE - 2024 }/ 38
7= IS s St @ INAOE - 2024 W

Lti
Gam


http://tevcat.uchicago.edu

3 | berto carra 1 Recibido carra ' 5 Edit \Meri p Atmosfera - OneDri @WelcometoTeVCat,an'

A No seguro cat.uchicago.edu

[ Barrade marcadore... ©°® Watch 72| A Gather... §@ SAT - tramites y ser... n Facebook {5‘ earth :: a global ma.. [l§ HIGH ALTITUDE WA... E] NASA Mars @ Amazon.com: First... [ OperaDef

[What's New?] [TeVCat FAQ] [TeV Astrophysics] [Bug_Report or Feature Request] [Login]

Try TevCat 2.0 Beta!
IELICNe6/B8 Map Control ~ Tools
Table Columns
B TeVCat Name ¥ Name ¥ RA
O ¥ Dec ¥ Type
B Discoverer
¥ Date ¥ Distance
® ¥ Catalog
-
Select
[+
ol +180
Catalogs
Default Catalog
Newly Announced
Q Other Sources
Source Candidates
\ ¢ Filter by Catalog
Select All  Unselect All Plot Selected Plot All Plot UnSelected  Filter Selected Clear Filters
Reg Exp: OK
B Name & BRAK B Dec B B Type & B Date & B Dist & B Catalog &
v v
GRB 180720B 00 02 07.6 -02 56 06 GRB 2019.05 z = 0.654 Default Catalog
CTA 1 00 06 26 +72 59 01.0 PWN 2011.10 1.4 kpc Default Catalog
SHBL J001355.9-185406 00 13 52.0 -18 53 29 HBL 2010.11 z = 0.095 Default Catalog
Tycho 00 25 21.6 +64 07 48 Shell 2010.05 3.5 kpc Default Catalog
KUV 00311-1938 00 33 36 -19 21 00 HBL 2012.07 Default Catalog
1ES 0033+595 00 35 16.8 +59 47 24.0 HBL 2011.10 z = 0.467 Default Catalog
NGC 253 00 47 32.54 -2517 25.4 Starburst 2009.07 2500 kpc Default Catalog
GRB 201216C 01 05 28.88 +16 30 58.0 GRB | 2020.12 z=1.1 Newly Announced
0\
I,," /f \\\\ ‘..‘ ‘ , ............................................................................................
/ Y \ Y .. .... : |
AR 033250 i ,
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H.E.S.S. Galactic Plane Survey
. H.E.S.S. GPS (A&A 612, ..., 2018):

2700h of H.E.S.S. Phase I data taken between 2004 and 201 3.

Galactic Longitudes: 260° to 65°; Latitudes: |b|<3°
Average sensitivity ~ 1.5% Crab 1n the 0.2 - 100 TeV range.
78 TeV y-ray sources:
- 31 firmly 1dentified: 8 SNR + 12 PWN + 8 composite + 3 binaries
of the 47 remaining, 36 potential associations with cataloged objects, mostly
PWN and y-ray pulsars.

.............................................................................................

H.E.S.S. Collaboration, A&A 612, A1 (2018)
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H.E.S.S. Galactic Plane Survey

- ; 'y d £ t« R

HAWC

Galactic Latitude (deg) Galactic Latitude (deg) Galactic Latitude (deg) Galactic Latitude (deq)

290 285 280 275 270 265 260 255 250
Galactic Longitude (deq)
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cta

cherenkov telescope array

L Prototipbs en prueba en Mt Hopkins y Canarias
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Desarrollados
originalmente para
el estudios de rayos
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ACTs
FoV: 5°, duty cycle 25%, 1 Crab/(15 min)!/2

EAS
FoV: 45°, duty cycle 95%, 1 Crab/(6h transit)!/2
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Observatorios de rayos oran altura
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Number of electrons

—_— ] TeV

500 GeV
—_— 100 GeV
—_— 50 GeV

£2800m

N\

20 25 30
Radiation Lengths
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Situado en Nuevo Mexico a 2650m
Operacional de 1999 a 2008
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Pico de Orizaba
“Citlaltepet]”
5610m

Latitud 19°N, Longitud = 97°W.

Sierra Negra
“Thltepetl”
4582m
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~ HAWC Experiment Monitoring

s | seotmetie | o et st  samyitomtn | Joboputiommne, | b

S ww

HAWC registra 20,000 rayos CcOSMICOS por segundo,
generando 2 Terabytes de datos cada dia - todos los dias.
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All-sky view; 0.0°; 1523 days
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The Crab Pulsar Wind Nebula

Abeysekara et al., 2019, ApJ 881:134

THE ASTROPHYSICAL JOURNAL, 881:134 (13pp), 2019 August 20

THE ASTROPHYSICAL JOURNAL, 881:134 (13pp), 2019 August 20 Abeysekara et al.
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. L . . . Figure 12. Significance map above 56 TeV in reconstructed energy for the GP (left) and NN (right). The maximum significance is 11.2¢ for the GP and 11.6¢ for the
Figure 2. Depiction of the information used by the two energy estimators. The NN. Both significance maps have been smoothed for presentation purposes.

black points show, for a single event, the log of the effective charge measured

Estimadores de energia (GP y NN) implementados para estudiar la emision del
Cangrejo desde 1 TeV hasta por encima de 100 TeV.
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. ASTROPHYSICAL JOURNAL, 917:6 (16pp), 2021 August 10

Abdalla et al. (2021) - TeV Galactic plane sources with HAWC and H.E.S.S.

THE ASTROPHYSICAL JOURNAL, 917:6 (16pp), 2021 August 10

HES.S
Galactic latitude

x10~11
1.0 —— fpeqs > 1 TeV, FoV bkg, 6= 04°, "'=-25
fhawe 1523 days bin 4.9, "= =2.5 '
% 0.84 m
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5 BN staustic uncertaintics 30% systematic uncertaintics '3 ----- all systematic uncertaintics
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A
'3 0.0+
e
~0.5- T 7
60 50 40 30 20 10

Longitude (%)

Figure 4. Longitude profiles of the integrated flux above 1 TeV at b = 0° for the new H.E.S.S. map, using the 0.4° Gaussian an

method in cyan, and the HAWC map in dashed orange. The bottom panel shows the difference between the HE.S.S. and HAV
histogram (mean and standard deviation given on top of the histogram). The systematic uncertainties are derived for each parameter us
Appendix B) and added quadratically, are represented by the dotted envelop. More details on the derivation of the systematic uncertai

HAWC
(Galactic latitude

SL  #3h CONACYT
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THE ASTROPHYSICAL JOURNAL, 917:6 (16pp), 2021 August 10 Abdalla et al.
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ISHWC - el tercer cataloeo de HAWC

360 °

65 fuentes en 1523 dias de exposicion; 20 nuevas en TeV Albert et al., 2020, ApJ 905:76

-3 -0 3 6 9 12 15 18 21 24
VTS
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PHYSICAL REVIEW LETTERS 124, 021102 (2020)

b["]
Nol-oo-w

8382818079 78777675 74 73 72 71 70 69 68 67 66 65

434241403938373635343332313029282726252423222120191817161514131211 10 9 87 65
S — /o
-10 1 2 3 4 6 7 8 9 1011
\/TS

FIG. 1. +/TS map of the galactic plane for E > 56 TeV emission. A disk of radius 0.5° is assumed as the morphology. Black triangles
denote the high-energy sources. For comparison, black open circles show sources from the 2ZHWC catalog.

b["]
N = O = N

-
838281807978 77767574 7372 71 70 69 68 67 66 65

434241403938373635343332313029282726252423222120191817161514131211 109 8 7 6 5
e — /o
-10 12 3 4 6 7 8 9 1011
\/TS

Abeysekara et al. 2020, PRL 124, 021102
FIG. 2. The same as Fig. 1, but for E > 100 TeV. The symbol convention is identical to Fig. 1.
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E2 dN/dE (TeV cm—2 s~ 1)

Fuentes a mayor energia

» Nueve fuentes E > 56 TeV; las mas
energeticas alcanzan >100 TeV.

» En todas hay un pulsar a menos de 0.5° con
E,ot = 4m?I P/P°? > 10°° ergs™!.
| eHWC J1825-134 ' - Los pglsares mas ener.g,etlcos tienen mayor
(o3| o eHWC J1907+063 capacidad de aceleracion,
. -—— eHWC J2019+368
— 1/2
[t e | A® < 1.06 x 10" Volts Eyf” .
10° 10! 10°
Energy (TeV)
[1] Abeysekara et al. 2020, PRL 124, 021102 - Aceleradores leptonicos por naturaleza.
[2] Albert et al. 2021, ApJ 907, L30.
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Fig. 2. Surface brightness of the tera—electron volt gamma-ray emis-
sion. Surface brightness is shown as a function of distance from the

Geminga (A) and PSR BO656+14 (B) pulsars. The solid line represents
the best-fitting model with a common diffusion coefficient, and the
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shaded band is the £l statistical uncertainty. Error bars are statistical
errors. The distance from each pulsar in parsecs is calculated based on

nominal distances of 250 and 288 pc for Geminga and PSR BO656+14,
respectively (14).

Abeysekara et al. (2017; Science 358, 911-194)
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PREPARED FOR SUBMISSION TO JCAP w

The Highest Energy HAWC Sources

are Likely Leptonic and Powered by
Pulsars

Takahiro Sudoh,*! Tim Linden,’ Dan Hooper““

“Department of Astronomy, University of Tokyo, Hongo, Tokyo 113-0033, Japan

®Stockholm University and The Oskar Klein Centre for Cosmoparticle Physics, Alba Nova,
10691 Stockholm, Sweden

“Theoretical Astrophysics Group, Fermi National Accelerator Laboratory, Batavia, Illinois,
60510, USA

IDepartment of Astronomy and Astrophysics and the Kavli Institute for Cosmological Physics
(KICP), University of Chicago, Chicago, Illinois, 60637, USA

E-mail: sudoh@astron.s.u-tokyo.ac.jp, linden@fysik.su.se, dhooper@fnal.gov
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Sudoh, Linden, Beacom (2019, 2021)
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SS 433: multi-TeV microquasar e
#

NASA - https://afod.nasa.gov/apod/ap960306.html

« SS 433: sistema estelar binario
con un hoyo negro, M>10 M.

-

-

-

i‘;
.

R an : ..:...-................-... .................

» Espectroscopia Optica evidencia
materia moviendose a 0.26¢.

- HAWC detecta emision de rayos
v (> 25 TeV), coincidente con
los 1obulos de rayos X.

.ot S T

* Modelo leptonico favorecido e W u -
sobre hadronico. | ° 1%
4 6 8 10 12 14 =1 © 2 ¥ 3 27
' — hre-trial significance [o]
Abeysekara et al. Nature 565, 300 (2017)
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High Altitude Water Cherenkov
Gamma- Ray Observa tory

Galactic plane I; 0.0°; 1523 days
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Cvyonus X

+ Region de formacion estelar de alta
masa a 1.4 kpc de distancia.

» Contiene 100 Mg de estrellas con

edades de 1 a 7 Myrs dentro en
~100 pc. Incluye Cygnus OB:.

+ Imagen de Spitzer centro: {=79.4°,
=10.5°. Campo: 4.2° x 3.8°.
3.6 um, 4.5 pm, 8 pm, 24 pm.
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Ackermann et al. (2011) % 20 i _ C nus
G SN .o Oy » Region de formacion de estrellas
masivas a 1.4 kpc: 106 Mo en ~100pc.

» Estudiada por Fermi-LAT (GeV).

Q. * Cygnus X a 8 um de MSX:

Nacests _ 6 - v Cygni SNR,

f o - PSR 12032+4127, PSR J2021+4026,
- asociaciones OB (o b/n),

- estrellas OB (¢ blancas),
- regiones HII (U).

Gal. latitude (deg)
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b (°)

HAWC J2031 +‘

85 84 83 82 81 80 79 78 77 76 75 74

WC J20314415 y

0oB2 association oo2

H

o

1(°)

2 4 6 8
Significance (o)

10

12

2HWC J2019+ 67\[35

14

b ()

85 84 83 82 81 80 79 78 77 76 75 74

I(°)

-4 -2 0 2 4 6 8 10

Significance (o)

Izquierda: vanas fuentes de HAWC en la region de Cygnus. ..
Derecha: sustraccion de HAWC J2031+415 (PWN) y 2HWC J2020+403 (y Cygni).
[Los datos favorecen modelos hadronicos.
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PHYSICAL REVIEW LETTERS 131, 051201 (2023)
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ﬁ\x CATCHING RAYS

I HAASO ™ China’s new observatory will

A F G AL 3 intercept ultra-high-energy y-ray
particles and cosmic rays.
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Article

Table 1| UHE y-ray sources

Source name RA(°) dec.(°) Significance above 100 TeV (xo) E. oy (PeV) Flux at100 TeV (CU)
LHAASO JO534+2202 83.55 22.05 17.8 0.88 + 0.1 1.00(0.14)
LHAASO )1825-1326 276.45 -13.45 16.4 0.42+0.16 3.57(0.52)
LHAASO )1839-0545 279.95 -5.75 1.7 0.21+0.05 0.70(0.18)
LHAASO )1843-0338 280.75 -3.65 8.5 0.26 —0.100-16 0.73(0.17)
| HAASO J1849-0003 282.35 -0.05 104 0.35 +0.07 0.74(0.15)
| HAASO J1908+0621 287.05 6.35 17.2 0.44 +£0.05 1.36(0.18)
| HAASO J1929+1745 292.25 1775 714 0.71-0.07*0-16 0.38(0.09)
 HAASO J1956+2845 299.05 28.75 14 0.42+0.03 0.41(0.09)
| HAASO J2018+3651 304.75 36.85 104 0.27+0.02 0.50(0.10)
| HAASO J2032+4102 308.05 41.05 10.5 1.42+ 013 0.54(0.10)
LHAASO J2108+5157 31715 51.95 8.3 043 +£0.05 0.38(0.09)
LHAASO J2226+6057 336.75 60.95 136 0.57+019 1.05(0.16)

Celestial coordinates (RA, dec.); statistical significance of detection above 100 TeV (calculated using a point-like template for the Crab Nebula and LHAASO J2108+5157 and 0.3° extension
templates for the other sources); the corresponding differential photon fluxes at 100 TeV; and detected highest photon energies. Errors are estimated as the boundary values of the area that

contains £34.14% of events with respect to the most probable value of the event distribution. In most cases, the distribution is a Gaussian and the erroris 1o.

DL FE CONACYT
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LHAASO Collaboration, Nature, May 2021
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Figure 4: Left: Array configuration with instrumented areas and ground coverage indicated

4

Ay

o%ec®

[ IO

oosses

R . !

. ....‘ Consejo Nacional de Ciencia y Tecnologia
0g0®

SWGO sites

9 Alto Tocomar (Argentina)
@ Cerro Vecar (Argentina)

¥ Chacaltaya (Bolivia)

9 AAP Pajonal (Chile)

@ AAP Pampa La Bola (Chile)
¥ Lake Sibinacocha (Peru)

9 Imata (Peru)

Q Sumbay (Peru)
¥ Peru National Observatory (Peru)

Q Yanque (Peru)

Important places

Q@ Cerro Armazones (CTA-S site)

SWGO LASF4ARI white paper
& Vicha (ICHEP 2020)
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El futuro de HAWC
HAWC ha dejado de ser el mayor instrumento de su tipo

Caso cientifico post-2025 (LHAASO, SWGO) en proceso
detectores de este tipo

Pocos sitios en el mundo por encima de 4000m para

Permiso del sitio por SEMARNAT hasta 2025
INAOE por solicitar la extension a 2035

Financiamiento asegurado hasta 2025

. Extensiones? ; Desmantelamiento ~20307
DL

33 CONAC 4
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