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OUTLINE

1.- Astroparticles and Gamma-Ray Astronomy

2.- Ultra-High Energy (UHE) Gamma-Ray (GR) Astronomy
and the Pevatrons

3.- Towards the UHE-GR: The HAWC TeV GR Observatory
4.- HAWC and the Cygnus cocoon: Stars meets Pevatrons
5.- Looking for Pevatrons: Starting a new study in Cygnus

6.- General conclusion: A new epoch on HEP
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Astroparticles and Gamma-Ray Astronomy
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High Energy Physics / Particle Physics can be divided in:

Nuclear fission

Particle Accelerators: Large Hadron Collider,
1.- Artificial, and 2.- Natural (LHC)Geneva 7x1012¢V

THE ENERGY IS THE KEY  Nature accelerates cosmic
rays to 3x1020sV
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1.- GAMMA RAY (GR)

-QUESTIONS TO ANSWER: 2.- COSMIC RAYS (CR)
3.- NEUTRINOS

1.- ORIGIN (Where are they from?)

2.- IDENTITY (What are they?),
3.- ACCELERATION (How do they get their energy), and
4.- PROPAGATION (What happend on their way)

- HOW: By measuring their EXTREME ENERGIES in
EXTREME ENVIROMENTS

1.- ENERGY SPECTRUM (Astronomical places)

2.- COMPOSITION

3.- ARRIVAL DIRECTION
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Galactic

ExtraGalactic

Nature’s Particle Accelerators are Gamma-Ray
Sources

Pulsars Wind Supernova X-ray Binaries
Nebula Pulsars y

Remnant

Long Gamma-Ray Short Gamma-Ray

Active Galactic Nuclei S Burst




Gamma-Ray (GR) Astronomy - Astroparticles

meV keV MeV GeV TeV

“Customs” in Multi-mesenger
n ; Ptﬂv
Astroparticles toward EeV

No thermal (e) Thermal No thermal(CRs)
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Gamma-Ray Astronomy and Accelerators (Friends)
ASTROPARTICLES: e

1.- Gamma rays
2.- Cosmic rays
Active Galactic \\\\\ 3.- Neutrinos

Nucleus (AGN)

VHE: E > 100 GeV e
GeV/TeV
y—rays

Highly Non-Thermal

Gamma-Ray =
Astronomical Astronomy
Tevatrons |
* Large Hadron Collider (LHC) LE or MeV: 0.1-100MeV
Large Electron-Positron Collider (LEP) 4
‘ ‘F‘ ‘;'Hrr're‘:r?%r‘e‘ 27km HE or GeV: 0.1 -100 GeV
nergy: 14 eV (pp) 209 GeV (e*e

VHE or TeV: 0.1-100 TeV

Origin of cosmic-ray: UHE or PeV: 0.1-100 PeV

<1 PeV = Galactic

> 1 Eev =& X-Galactic Revolutions in the GR Astronomy:

In between =» Transition 1.- Chereknov Obs. Maturity (TeV era)

(?) e Tevatron 2.- NASA-Fermi (GeV era)
Circumference: 6.2 km 3.- UHE and PeVatrons (PeV era)

Energy: 2 TeV (pp)

PeV Astronomy
HAWC: Pevatrons and Star Formation Regions SemineratERRoRe SHatStis €0

Dr. Eduardo de la Fuente Acosta (CUCEI-




The Birth of the VHE Gamma Ray | The first success full detection of the
Astrophvsics gamma-ray emission above 0.7 TeV from
phy the Crab nebula in by the Whipple
| collaboration: 5 sigma in 50 hrs (159 pixel

camera + Hillas image analysis)

A.E. Chudakov and G.T. Zatsepin
(1961). Crimea Obs. (1961.1963)

The upper limit obtained by
Chudakov was a proof of direct
acceleration of electrons in the
Crab Nebula (1961)

KpbIMCKana yCTaHOBKa nabopatopumn KOCMUYECKnx nyvyein ®UMAH



UHE V'ray Astronomy: If we detef:t energies > 100 TeVs (gamma ra_ys) from .
astronomical sources (accelerator), the particle acceleration

is > 1 PeV (energy per beam).

CONCLUSION: A new hot topic:
The rise of the PeV era (Pevatrons)

High -&ltmlde “.’lter Clu-rcnkot
Obsery:

To date three high sensitivity observatories:

1.- High Altitude Water Cherenkov (HAWC)

2.- Tibet AS gamma

3.- Large High Altitude Air Shower (LHAASO) LHAASO = |
%%ﬁf@ﬁ%ﬂﬁf

Between 2014-2021 '
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- Which are the CR sources?

- How we can identify them?

- What acceleration mechanism?
- Effects on CR propagation?

- Isotropy (?)

- Chemical composition?

Pevatrons

CR < - link with gamma rays and
NEUTRINOS (HADRONIC Models) via

ENERGY DENSITY of the local CR spectrum
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Pevatron . Particle accelerators boosting energy of protons to the PeV domain without a

(2021)

sharp cutoff up to 1 PeV

An astronomical object that can produce particles upto the knee (3 PeV) without a
visible cut-off

No consensus in defintion yet (2021): An astronomical object that can accelerate particles at PeV energies.
The conflic point is: Only Hadrons?. (ICRC 2021). LPev for PWNe, and HPev for individual SNR and stellar
winds with v > 0.01 ¢ and provided B > 0.01 G

LHAASO Sky @ >100 TeV

20 MeV to 500 GeV
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nature The History of Pevatrons
Explore content ¥  Journal information ~¥  Publish with us v (CandidatES): Timeline

nature > letters * article PeVatron term (observationally) in 2016 1.- Galactic Center

Pevatron (HESS refer to hadrons or protons)
Extreme particle accelerators that can reach such PeV energies

Published: 16 March 2016
Acceleration of petaelectronvolt protons in the

GaIaCtlc centre This is the first robust detection of a VHE cosmic hadronic accelerator

which operates as a source of PeV particles (a ‘PeVatron’).
HESS Collaboration

They propose that the supermassive black hole Sagittarius A* is

Nature 531, 476-479 (2016) | Cite this article linked to this PeVatron
—~10""F
of’ - Decay of neutral pions produced by prioton-
£ - + proton interactions
o -
=
2
3
[TH
& 10" White controus: molecular CS. Black: CR density

[] piffuse emission (x 10)
—— Model (best fit): Diffuse emission
— - Model: Diffuse emission E5"" = 2.9 PeV
- - - Model: Diffuse emission EZ: " = 0.6 PeV

&
w

-00.4 o

4 -~ +00.4 o
T~ . E +00.2 -
. g +00.2 230 b
2 +00.0 +00.0 ‘%
-12 E
1077 g -00.2 g
- =
- ' ks 19 &
= —— —00.4

00.5 00.0 3505 358.0 000 3505

. Model: Diffuse emission E=°" = 0.4 PeV e et T by
1 0-13 | v Figure 1 | VHE ~-ray image of the Galactic Centre region. The colour malecular gas, as traced by its CS line emission™. Black star, location of
- - HESS J1745-290 scale indicates counts per 0.02° x 0.02° pixel a, The black lines outline Sgr A*. Inset (bottom left), simulation of a point-like source. The part of
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The History of Pevatrons " RaGlL.4 GHz)| ' §
(candidatens,): Timeline Significani@contou HAWC Coll. ApJL, 896, L20 (2020)
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Nature Astronomy 5, 460-464 (2021) | Cite this article
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l‘latl.ll'e The History of Pevatrons

Explore content v  Journal information v Publish with us v (candldates). Timeline

3.- Cygnus Cocoon
4 to 13- LHAASO + Crab

nature ? articles » article

Article | Published: 17 May 2021

Ultrahigh-energy photons up to1.4 petaelectronvolts
from12y-ray Galactic sources - .. 1.

LHAASO J2226+6057 | S— LHAASO J1908+0621 L - LHAASD J1825-1328

=1
T

Zhen Cao & F. A. Aharonian &, [..]X. Zuo

Nature 594, 33-36 (2021) | Cite this article
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Energy (Te\) Energy [Te\) Energy (TeV)
Source name RA (™) dec. (™) Significance above 100 TeV (=a) E...(PeV) Flux at 100 TeV(CU)
LHAASD JO534+2202 B83.55 22.05 17.8 0E8+0M 1.00[014)
LHAASC 11825-1326 27645 =13.45 164 042+ 016 3.57(0.52)
LHAASD J1839-0545 279485 -575 7 0.21+005 QI0(018)
LHAASO 11843-0338 28075 -3.65 8.5 0.26 =0 Qo 073017
LHAASC 11849-0003 282.35 -0.05 10.4 0352007 074(015)
LHAASC 11908+0621 28705 6.35 172 044+ 005 1.36(018)
LHAASO J1925+1745 20225 1775 74 0.71 -0, 0721 0.38(0.00)
LHAASO J1956+2845 29905 2875 74 042+003 0A009)
LHAASC J201 8+ 3651 30475 36.85 10.4 0Z7+0.02 0.50(010)
LHAASC J2032+4102 308.05 41.05 10.5 1422013 05400100
—p LHAASO JHOB+5157 1IN L 51495 8.3 043+ 005 0.38(0.09)
LHAASO J2226+6057 336.75 60.95 126 057+019 1.05(016)
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WAIT THE THIRD DECADE OF XXI CENTURY
FUTURE AND NEEDS OF -/ErnermSouthern Observatories

PEVATRONS like ALPACA., CTA, SWGO »
- More resolution, not only sensitive.
Conclusion: Open Topic. - Constrain on Hadronic or Leptonic

Question: What is the maximum energy that nature accelerates particles in the Galaxy?

“I think leptonic and hadronic accelerators are equally interesting and equally important. And in fact, it s virtually certain that all
hadronic accelerators are also leptonic accelerators. Understand co-acceleration is of crucial importance”

Paolo Lipari (ICRC 2021

THUS TOWARDS THE UHE GR, ALLOW ME TO TALK ABOUT:

The HAWC TeV Gamma Ray Observatory

\Institute for Cosmic Ray Réschrgh *--'

a “Sajversity of T o .
U(-EI ICRR Seminar, August, 2, 2021 g RERF




The High Altitude Water Cherenkov (HAWC)

Observatory at Meéexico
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W.a  The HAWC Collaboration i

Mexico

Instituto Nacional de Astrofisica, Optica y Elecrénica

Universidad Nacional Autonoma de México
Instituto de Astronomia UNAM
Instituto de Ciencias Nucleares UNAM
Instituto de Fisica UNAM
Instituto de Geofisica UNAM
Benemérnta Universidad Autonoma de Puebla
Instituto Politécnico Nacional

Centro de Investigacion y Estudios Avanzados

Centro de Investigacion en Computo - IPN
Universidad Auténoma de Chiapas
Universidad Auténoma del Estado de Hidalgo

Universidad de Guadalajara

Universidad Michoacana de San Nicolas de Hidalgo

Universidad Politécnica de Pachuca

United States

Los Alamos National Lab
University of Maryland

Georgia Institute of Technology
Michigan State University
Michigan Technological University
Pennsylvania State University
NASA GSFC

University of New Mexico
University of Rochester
University of Utah

University of Wisconsin

Europe and (Costa Rica)

Max Planck Institute, Heidelberg
Univeristy of Costa Rica
Krakow Nuclear Institute, Poland
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N V</ C/ Mapping the Northern Sky in High-Energy Gamma Rays

‘Wal erenkov
ay O ry

Water Cherenkov tank

. HAWC comprises an array of 300 tanks that record the
O bservatory particles createcfin gamma-ray and cosmic-ray showers.

ay and night, providing
for the observation

\

|
| air shower
‘l particle

200,000 L of
purified water
Cherenkov

ight photomultiplier
tube (PMT)

Particles inside the shower produce
Cherenkov radiation that s detected
by the PMTs.

o3 = N

amma rays vs COSmic rays

HAWC selects gamma rays from among a much more
abundant background of cosmic rays.

gamma-ray shower cosmic-ray shower

HAWC is located at 4,100 m
above sea level, covering
an area of 20,000 m”.

“hot” spots concentrate “hot” spots are more
around the core dispersed

Milagro HAWC
Detector Area 3500 m“ /2100 m" 20,000 m*
Time to 50 on the Crab 120 days Shrs
Median Energy 4 Tel 1 Tey
Angular Resolution 0.40° - 0.75° 0.25" - 0.50°
Energy Resolution at 5 Tel/ 140% 7 &%
Energy Resolution at 50 TeV B5% 35%
- Y i g Hadron Rejection efficiency at 10 TeV 90% =00 5%
; \\‘fxf i A ”‘F— :; Q for gamma/hadron rejection 168 3
B, e g o i Time to detect 5 Crab flare at 50 5 days 10 minutes
Eff. Area at 100 GeV/ 5m 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* erglem’ GRB 7 Gpe’ 7 Gpe’
is detectable _ I .
Flux Sensitivity to a Crab-like source (1 year) 625 mCrab 5 mCrab
(9o detection)



The High Altitude Water Cherenkov (HAWC)

Observatory at México

Field of view down to ~45° from zenith:
Scanning 2/3 of the sky each day through the rotation of the Earth

A source is visible for
HAWC
up to 6 hours per day
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The High Altitude Water Cherenkov (HAWC)

Observatory at México

Survey > half the sky to: 40mCrab [50] (1yr) or <20mCrab [50]

(Syr)

Instantaneous sensitivity about
15-20x less than IACTs:

- ~2-3x from Angular
Resolution
- ~5x from energy threshold.

Exposure (sr yrs) is 2000-4000x
higher.

~1500 hrs/src/yr

For hard or extended sources,
HAWC improves relative to
IACTs

Differential Sensitivity E* dN/dE TeV/(cm? s)

10'10

1{]*11

1072 |

1083 ¢

_ HAWC Quarter-Decade Point Source Sensitivity

Fermi
10 Years
3 1x Crab

CASA-MIA

|

[ HESS - 50 Hraa
VERITAS - 50 Hrs
[ MAGIC - 50 Hrs

CTA - 50 Hrs

10! 10° 10! 102
Energy [TeV]
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* Display of the arrival time distributions of a shower consistent with a gamma-ray from the
Crab

* By precisely taking into account the shower curvature it is possible to get an angular
resolution of up to 0.15

* The system is based on measuring the ToT [Time over Threshold)

*  HAWC uses the TOCs as continuous recorders of edge timing: the experiment acquires and
transmits all of the TDC-digitized edges to a computer farm

* The trigger happens at software level: a PMT multiplicity trigger
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The High Altitude Water Cherenkov (HAWC) Observatory at

México: Results in context

Galactic Plane

Milagro (2000-2008)

HAWC Pass | (2013-2014)

HAWC Pass 4 (2014-2015)

Prelimmary

P ek . g v

TR

Milagro is located near Los Alamos, New Mexico
= different sensitivity by declination along Galactic plane.

HAWC is ~15x more sensitivity with lower energy threshold,
and more sensitive towards Galactic center.

Seminar at ICRR-Utokyo, August, 2, 2021
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The High Altitude Water Cherenkov (HAWC) Observatory at

México: Results in context

Galactic coordinates map with zoom on Crab (36 sigma) and Mrk421 (15 sigma)
HAWC-111 (283 d) + HAWC-250 (105 d)

100 GeV to beyond 100 TeV

J |
0 1| 2 3 A o 6 i 8 g -

Sigma
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The High Altitude Water Cherenkov (HAWC) Observatory at
Meéxico: Results in context

100 GeV to beyond 100 TeV

Sigma

- - Seminar at ICRR-Utokyo, August, 2, 2021
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The High Altitude Water Cherenkov (HAWC) Observatory at

México: Results in context

THE AsTROPHYSICAL JOURNAL, 843:40 (21pp). 2017 July 1 Abeysekara et al.

Figure 3. Equatorial full-sky TS map, for a point source hypothesis with a spectral index of —2.7. Black graticule corresponds to the equatorial coordinate system, and
white lines indicate Galactic latitudes +5°.

PHYSICAL REVIEW LETTERS 124, 021102 (2020)

. | =4 W .
20282726252423222120191817161514131211109 8 7 6 5

1]

-10 1 2345678 951011
Vs

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 2HWC catalog.



Letter | Published: 03 October 2018

. - - Very-high-energy particle acceleration powered by
HAWC: Results in context: thejets of the microquasar SS 433

AStro n o m i ca I Tevatro n s A. U. Abeysekara, A. Albert, [.]H. Zhou

Nature 562, 82-85 (2018) | Cite this article

HAWC observation of SS433 is the first direct
proof of particle acceleration to > 100TeV in jets
— Jets are observed edge-on so the gamma rays are not
Doppler boosted to higher energies or higher
luminosities
— Hadronic acceleration disfavored due to extreme
energetics required
— Electrons radiate synchrotron x-rays and magnetic field

Is then given by the electron energy determined by
HAWC

pre-trial significance [o]

— Acceleration does not happen at the black hole o _
because the cooling time of the electrons is too short ;Iiﬁgyi?:lﬁgﬁlﬁgﬂsstgﬁnwing
to make the observed gamma-rays the jet lobes and not the black
hole.
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The High Altitude Water Cherenkov (HAWC) Observatory at

Mexico: Future (Outriggers)

Accurately determine core position for showers
off the main tank array.

Increase effective area above 10 TeV by ~4x

Enhanced Sensitivity above 10 TeV

----- high energy shower

----- low energy shower

"""""""::ﬂ"r"
J‘I"
™ *.'
r"l.r
- 3
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“I think leptonic and hadronic accelerators are equally interesting and equally important. And in fact, it s virtually certain that all
hadronic accelerators are also leptonic accelerators. Understand co-acceleration is of crucial importance”

Paolo Lipari (ICRC 2021)

One starts: To distinguish between leptonic and hadronic

“Among the PeVatron candidates, the Cygnus cocoon is one of the favorite and perhaps more reliable because of its Neutrino
coincidence, molecular gas environment, and accelerations at least 1.4 PeVs ( 2021 and starting)”.

“Three conditions for a Pevatron: 1.- Neutrino Coincidence by Icecube, 2.- Acceleration at PeVs, 3.- Molecular gas environment”

Discussion between conveners and the rapporteur of the session 55: UHE gamma rays and PeVtron in ICRC 2021

HAWC and the Cygnus Cocoon: (Massive) Stars living or in

formation (?) meet Pevatrons via molecular gas ?.

Star-Forming Regions like Cygnus are galactic sources of cosmic rays, not only the pulsars, PWN, and related
objects.

On LHAASDO list, Cygnus is the only star formation region. The others are SR, PWN, and a dark nebula.
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- Stars meet PEVATRON via DEATH OF MASSIVE STARS (> 8 M_sun): SNRs <Plerions> PWNs
- (MASSIVE) Stars as MAIN SEQUENCE objects Meets PEVATRON via WINDS and SHOCKS (? )

- Stars in FORMATION meets PEVATRONS via (MASSIVE) Young Stellar Objects (YSOs)?, or by STELLAR
WINDS and SHOCKS OF MASSIVE STARS ~.

Low- Mass Stars  Massive Stars Cygnus Cocoon is the best place to find answers
:E'E—L'Iﬂu@ﬁ :Egr_'—l-n v, 1933
Prestellar Core Prestellar Corels?)

i
fen S Molecular Cloud
r e 1""“'-h-._,h_ n~10% cm-*
[ & ) / ' T~10 K
I e o  D~10pe
'\\ L .lf _-_-_________.-—
A
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Submillimetar Hot Multi-Cores? e S
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T
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o Shocks D01 pe
w
[]]tu-ConEquct HI
Region (UCH)
i, few 100,000 yr
i -
7
T Tauri star OB Star
wfacceretion remnants?)
<l PyT
Evolved T Taur OB sbtar
10,000,000 yr
]
(=i
a X

Seminar at ICRR-Utokyo, August, 2, 2021

HAWC: Pevatrons and Star Formation Regions

Dr. Eduardo de la Fuente Acosta (CUCEI-
UdeG)

Mdeva — AN tiean vsrmes — TEN i and — &0 v a1 cminns nsn ahoaloiales anlihaoniady o F



“Among the PeVatron candidates, the Cygnus cocoon is one of the favorite and perhaps more reliable because of its Neutrino
coincidence, molecular gas environment, and accelerations at least 1.4 PeVs ( 2021 and starting)”.

“Three conditions for a Pevatron: 1.- Neutrino Coincidence by Icecube, 2.- Acceleration at PeVs, 3.- Molecular gas environment”

Discussion between conveners and the rapporteur of the session 55: UHE gamma rays and PeVtron in ICRC 2021

Cygnus Cocoon; First Condition to be a Pevatron

Neutrino Coincidence (lcecube)
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Observation of photons above 300 TeV associated with a high-energy neutrino from the Cygnus
Cocoon region
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ABSTRACT

Galactic sites of acceleration of cosmic rays to energies of order 10'° eV and higher, dubbed PeVa-
trons, reveal themselves by recently discovered gamma radiation of energies above 100 TeV. However,
joint gamma-ray and neutrino production, which marks unambignously cosmic-ray interactions with

ambilent matter and radiation. was not Ell'.rE'E"I"l-"Ed until now.| In I"-Imremher 2020, the IeeCube 1'IE11tI'1I1D

EXN0EEE O AlINOSPNeETIc all SN0WETS [T01T

v the Carpet-2 experiment an

consistent with a few-months fare in phutunﬁ above 300 TeV, in tf-rnpural coincidence with the nen-
trino event. The fluence of the gamma-ray flare is of the same order as that expected from the neutrino
observation, assuming the standard mechanism of neutrino production. This is the first evidence for
the joint production of high-energy neutrinos and gamma rays in a Galactic source.

1. INTRODUCTION

Recent observations of astrophysical gamma rays
above 100 TeV established the existence of various
Galactic sources, both point-like {Abevsekara et al.
2019a.b, 2020: Albert et al. 2020; Albert et al. 2021;
Can et a2l 2071 and difusze { Amenomori et sl 2021%

tions of neutrinos co-produced with these gamma rays
wollld nnambiguously point to their hadronic origin.

It is an intriguing question whether some of the high-
energy (above TeV) astrophysical neutrinos (Aartsen
et al. 2013a.b: for recent reviews, see e.g. Ahlers &
Halzen 2018; Palladino et al. 2020) come from Galac-



“Among the PeVatron candidates, the Cygnus cocoon is one of the favorite and perhaps more reliable because of its Neutrino
coincidence, molecular gas environment, and accelerations at least 1.4 PeVs ( 2021 and starting)”.

“Three conditions for a Pevatron: 1.- Neutrino Coincidence by Icecube, 2.- Acceleration at PeVs, 3.- Molecular gas environment”

Discussion between conveners and the rapporteur of the session 55: UHE gamma rays and PeVtron in ICRC 2021

Cygnus Cocoon; Second Condition to be a Pevatron

Acceleration at PeVs (UHE Gamma-ray emission)
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature LETTERS
H.Strorlo_t[].y htt Fls:,-‘:.ﬂni.nrg,-"'lﬂ.'l 038/541550-021-0N 318~y

Credit: Binita Hona (U. Utah)

A Cocoon of Freshly Accelerated Cosmic Rays
Detected by Fermi in the Cygnus Superbubble

M. Ackermann', M. Ajello’, A. Allafort!, L. Baldini?, J. Ballet®, G. Barbiellini*, D. Bastieri®%”, A. Belfiore®, R. Bellazzini’, B. ...
+ See all authars and affiliations
Science 25 Nov 2011:

Wol. 334, Issue 6059, pp. 1103-1107
DOl 10.1126/science. 1210311

0.25 0.36 -6 -5.5

One of the most massive OB associations in
our Galaxy

Consists about ~120 type O stars
Age: 1to 7 Myrs

Stellar wind power of a few 10° erg/sec
maintained for at least 2 Myrs (Lozinskaya et

N F ]

4 L x - #’ﬁ‘
1 “SINGCE910 M.
al. 2002) i !

4

Motivation of studying this particular
location

Gal. latitude (deg)

(RA, Dec): (307.17°, 41.17°)

Attributed to a Cocoon of freshly accelerated CRs

OB2 association as a possible source of CRs in the 82 81 80 79 78 77 82 81 80 79 78 77
cocoon Gal. longitude (deg) Gal. longitude (deg)
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature LETTERS
astronomy htt ps Aidoi Lorg/10.1038/541550-021-01318-y

Credit: Binita Hona (U. Utah)

= Significance map with 1343 days of GP data

31415

|
s

* Green Contour region of interest (ROI), 2HWC
J12019+367 masked in the ROI

L-ﬂ- sl e

b

HAVE 2031 + I:I 5

]

O

: Sources 2HWC Catalog HAWC Location
% (RA, Dec)

" PWHN HAWC 2031+415  307.89°, 41.58°

Cocoon HAWC J2030+409  307.65°, 40.93°

Gamma Cygni  2ZHWC J2020+403  305.16° 40.37°
SNR

85 84 B3 82 81 80 79 7B T 76 TS T4
I

-1 -2 0O 2 4 L] 8 10 12 14
Sgnilcance (a)
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature LETTERS
aStrOﬂomy https: //doi.org/10.1038,/541550-021-01318-y

Credit: Binita Hona (U. Utah)

[ \_‘, o U

Gal. latitude (deg)

b

82 81 80 79 78 77
Gal. longitude (deg)

Significance Map after subtracting the HAWC PWN
and Gamma Cygni

= Light blue to dark blue contours are Fermi-LAT (RA,
Deq) 0.16, 0.24, 0.32 photons/bin contours

BN R R R TR TR 1 = Cocoo significantly detected in HAWC data

{7
= Morphology is described by a Gaussian width of

BN S 2.12 +0.1K(stat)’

- =2 0 2 4 L] 4 10 12 14
Sqgnilcance (a)

= Gaussian width is similar to reported by Fermi-LAT
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The History of Pevatrons: HAWC and the Cygnus Cocoon

Credit: Binita Hona (U. Utah)

Spectrum extends
from 0.75 TeV to
~ 200 TeV

Spectral index of
-2.64 compared
to -2.1 observed
for GeV spectrum

HAWC: Pevatrons and Star Formation Regions

nature
RStI'OIlOl‘Ily
# ARGO J2031+4157, 2014
—_ 4+ 4FGL Fermi-LAT Cocoon, 2018
r‘: ¢ HAWC Cocoon (HAWC J2030+409), this study
5 ——
=~ 10104 ———o—
> ] @
=
: t1
(]
< -11
‘i 10 1
'u 4
E"‘ Spectral Parameters
] TS .'\ra Eﬂ-
(TeV-'em 3 (TeV)
1952 a8EEx10°™ 42
10-12 e e - —
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature
astronomy

7 10 13 16 19 22 25 28

3.5 5.0 1 4 ‘ Synchrotron === hadronic GeV cmission
— g l_ Bremsstrahlung w CGPS (2003)
= 3013257 o IC-OB2 +  Fermi 4FGL
n - _l_ IC-NGC6910 ®  HAWC
257 R an o pa IC-Cocoon +  Suzaku (2015)
E RPI‘DjE{tEd [pe]
U 2.0
D

I

~x 1.0
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature
astronomy

Credit: Binita Hona (U. Utah)

* CR density, wer(> 10Ey) = 1.8 *
i -2 L.(2E,) M 3!
2 (N yl=Sy
L (1.5) 1034 ergs—1 (U]E'ME,)
(Aharonian et. Al, Nature Astronomy, 2019)

L, = Luminosity
M = Gas Mass
n = 1.8 (presence of heavier than Hydrogen nuclei)

= Fourrings ( [0:15] pc, [15:29] pc, [29:44] pc and
[44:55] pc) centered at the position of OB2
association (308.3, 41.3)°

= L, = 4l d?,

j' a
S Iying =Integrated flux of each ring

—.-'1 -2 0 2 4 &6 & 10 1'2 14 _
significance [o] d = 1.5 kpc
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature

astronomy

—— Continuous profile
| = U/r profile

cm™)
e 2
R

# CR Density (=10 TeV)
I[ 4 CR Density (=100 GeV'), Aharonian et al . {2019
=== Local CR (=10 Te¥)

-
= 0.101
2z
7
& 0.08-
o l
2> 0.06 T
5
2 0.04- t l
m T
=4 - . |
& 0.02 f —
0.00 bemme
0 10 20 30 40 50 60
Projected radius (pc)

HAWC: Pevatrons and Star Formation Regions

LETTERS

https: //doi.org,/ 101 03 8/541550-021-01 318-y

Credit: Binita Hona (U. Utah)

Rings (pe) L.(=07TeV)ergs—' wegp(> TTeV)eV /em?

D=<r<15 0.7-05+ 1.6 0.016 - 0012 + 0037
15 <r <29 1.5-0.9 1.2 0.033 - 0.007 | 0.00D
20 <r <44 42-09+14 0019 - 0,004 + 0.006
44 < v < BB 3.0-1.2+ 23 0.017 - 0.006 + 0.012

Green circles: Projected CR density against
the distance from the center of the OB2
association.

Significantly detected above local CR (>10
TeV)

Can be described by 1/r signature for
continuous injection or constant profile for

burst like injection

Black triangles: CR density from (Aharonian
et. Al, Nature Astronomy, 2019)
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The History of Pevatrons: HAWC and the Cygnus Cocoon

nature
astronomy

Credit: Binita Hona (U. Utah)

10-9 === Continuous injection - BI..II'S?[ SE'EI"IEII'iD
] P(> 1GeV) ~4 x 10°7 erg/s

A recent burst

= Steady Scenario

~~ 10797 .
w P (> 1GeV)~ 7 x 10°¢ erg/s

= * In OB2, wind power of a few 10
; 1011 erg/s maintained for at least 2 Myrs.
(¥

) = Acceleration efficiency:

- ¢ Hawc * 4% (Burst Scenario)

1012{ -4 FemidFGL * 1% (Steady Scenario)
Fermi -LAT Coll. (2011 )
Aharonian et al, (201 9)

ARGO

0-[3

T T TN T O TR T

ET (ew A spectral softening above TeV,
* leakage of CRs from the superbubble (Burst Scenario)
* a cutoff in the CR injection spectrum (Steady Scenario)
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“Among the PeVatron candidates, the Cygnus cocoon is one of the favorite and perhaps more reliable because of its Neutrino
coincidence, molecular gas environment, and accelerations at least 1.4 PeVs ( 2021 and starting)”.

“Three conditions for a Pevatron: 1.- Neutrino Coincidence by Icecube, 2.- Acceleration at PeVs, 3.- Molecular gas environment”

Discussion between conveners and the rapporteur of the session 55: UHE gamma rays and PeVtron in ICRC 2021

Cygnus Cocoon; Third Condition to be a Pevatron

Molecular Enviroment : n(H.,) via CO (2CO, 3CO, and C'30)

\\\\E\ND&D DE l UADAL 4]4,14
n’xi-

’ ’ (U(L'I

ICRR Seminar, August, 2, 2021 verety of Toky




The History of Pevatrons: HAWC and the Cygnus Cocoon
LETTERS

https://doi.org/ 101 038,/541550-021-01318-y

-

=50+ =51 . —=52 =+ —53-- —54 =55

sicmificance [al

80 79 78
I

8 84 83 82 81 80 72 7AW MW 75 T4
) B R\ IR TR T F e T L e LA Y

signifcance [c] HAWC plus Spitzer-MIPS at 24 microns: Dust,
EE—— e _
20 2 4 6 8 f0 12 14 HAWC Young Stellar Objects, embedded star clusters

Sqnicance (o)
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Work to do in the ICRR, starting in 2021, in a colaboration between ICRR-UTokyo and UdeG-
Mexico (on GR Astronomy), using the experience obtaine with Tibet AS-Gamma and HAWC
Observatories in the Cygnus Cocoon.

Nobeyama 45m Cygnus-X CO Survey. II. Physical Properties of C'*0 Clumps'h

Tatsuya Takekoshi'~ @, Shinji Fl:l_iita'1 . Atsushi Nishimura® ©® | Kotomi Ta.niguchiﬁ'f' . Mitsuyoshi '1";1:11:1_5'_i.-5.hiT

MODELLING ON
THE GAMMA RAY
EMISSION
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Work to do in the ICRR, starting in 2021, in a colaboration between ICRR-UTokyo and UdeG-
Mexico (on GR Astronomy), using the experience obtaine with Tibet AS-Gamma and HAWC
Observatories in the Cygnus Cocoon.

80 79 78
e

4. 2.0 2 4 6 8 1012 14
significance [0]

Galactic Latitude
+
=

80 79
Galactic Longitude

13CO from Schneider et al. (2011) + HAWC
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A new epoch in the High Energy Physics is emergening. The PeV era on
Astronomy is emerging too, both in 2021, all thanks to the Astroparticles, and the UHE GR Astronomy

Understand Pevatrons is crucial, lets see the evolution of the topic in the ICRC 2023 at Osaka.

We need to better the sample; the southern sky is more rich in Pevatrons: SFRs, SNRs, PWNe; and UHE GR
sources than the north sky. More. WAIT for ALPACA observatory in Chacaltaya, Bolivia (sensitivity) and CTA.

-10
10§ T Galactic Canter Diffuse (H.E S, ] Kifune plot (Credit: Stephen Fegan) + UHE y rays
[ HAASD 1-year :Nnrlh} ] —— Xrays Data fram HEASARC and TeVCat LHAASO
HAWC 1-year (North ] —— HE yrays ol . HAWC
H.E. ETSAI % ngﬂg Snum — ] 104 4 VHE y rays Einstein & EXOSAT 1 1 FEF?}#&E Carpet-2
Sau Tibet AS
Full M_Pﬁi :II _].re::: {Sﬁul]‘l — —— UHE y rays Fermi/LAT (3FGL) HESS
— gad ye E (>100TeV) MAGIC
"_W 10° Fermi/LAT VERITAS
w 9 HEAO ALl (1FGL) CTA
g g Macomb & Gehrel SWGO
3 > acom ehrels
% E Uhuru (4U) EGRET (3EG) ALPACA
E b 102 o ?
5 1074 Uhuru (2U) EGRET (2EG) \?.C b= .
LH g — Rockets and "‘\S\“‘@‘ i
= e = balloons '
E E COS-B (2CG LHAASO
- 1] =
£ 10 © Sounding €O5-B (€6} 2nd generation IACTs HESS
o rockets ¢ Whipple, HEGRA, CAT,
= ANGARQO, TA
] Whipple (+Mrk 501) HAWC
g Whipple (+Mrk 421)
1004 @ Py
McBreen et al. (Crab) Whipple (Crab) Tibet ASy (Crab
1960 1970 1980 1990 2000 2010 2020 2030
”]'14 1 L 1 1 Year

Draw the "Kifune" plot - the integral number of high energy sources detected as a function of year - in the style of a plot developed

Enargy (TaV) by Tadashi Kifune {for example http://adsabs harvard.edu/abs/1986NCimC. 18, 853K).

The data for the number of X-ray and HE {GeV) gamma-ray sources come from a page on HEASARC maintained
by Stephen A. Drake (retrieved 2017-09-28) : hllES:fF_'hE:lde gsfe.nasa gwfdo[s!hcasarcf’huadalns;’how many_xray.html

curren‘ s'a‘tus of ALPACA for Explori“g sub_PEV The data for the number of VHE (TeV) gamma-ray sources is from TevCat maintained

by Deirdre Horan and Seatt Wakely [retrieved 2017-03-28) - http://tevcat.uchicaga.edu/
gamma-ray sky in Bolivia o Kifune plot: the number of detected sources as a
https://pos.sissa.it/395/733/pdf function of time (1960) (ICRC 2021)

T. Sako“ on behalf of the ALPACA Collaboration
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THANK YOUL.

Dr. Eduardo de la Fuente Acosta

Departamento de Fisica, CUCEI, Universidad de Guadalajara
Institute for Cosmic Ray Research (ICRR), University of Tokyo (Sabbatical)

eduardo.delafuente@academicos.udg.mx
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