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Current & near-future observatories
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LHAASO PeVatrons:

Ultrahigh-energy photons up to 1.4 petaelectronvolts
from 12 y-ray Galactic sources
Zhen Cac &=, F. A. Aharonian ==, [.]X. Zuo
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THE FERMI BUBBLES

nvisible to HAWC

e Invisible to HAWC

Science Case:

https://arxiv.org/
abs/1902.08429

Access to the Galactic plane and Galactic center,
Complementary with LHAASO and HAWC - Niche for SWGO.


https://arxiv.org/abs/1902.08429
https://arxiv.org/abs/1902.08429

Site candidates for SWGO

The Andes provides a number of high-
altitude plateaus and high-altitude lakes
that constitute suitable sites for a particle
array aiming to extend the low-energy
frontier for Wide-Field Observatories.
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The Concept
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Not to scale

@

> Extended energy range

- From c. 100 GeV to the
PeV scale

©

> Design Elements

- water Cherenkov
detector (WCD) units

-~ Large (80,000 m2) high-fill
factor core

- Low-fill factor outrigger

covering at least an area
of 200,000 m?

> Site
-~ Deployed at high-altitude
in the Andes
- Above 4,4 km a.s.|.



The Science Case for SWGO

o Detection of short-timescale phenomena

> Low-energy threshold for detection of short-timescale (< 1hr) transient events down to 100 GeV

o Search for PeVatrons

> Improved sensitivity up to a few 100s TeV to search for PeV Galactic particle accelerators.

o PWNe and Gamma-ray Halos

> Unique potential for accessing the high-energy end of the Galactic Population.

o Dark Matter and Diffuse Emission

> Unique access to the Galactic Center and Halo at the high-energy end of the spectrum.

o Cosmic-rays

> Unique complement to LHAASO for anisotropy studies, with capability to reach low-angular scale.

> Good muon tagging implies good mass resolution for composition studies up to the knee.



The Science Case for SWGO

Detection of sl |

S | Decreasing of the low-energy threshold to | " S UEHIEE

Search for PeV| c. 100 GeV, at ~10-1" erg/cm2.s (5-year)

Combination of Improved design and background
rejection, plus high-altitude site > 4.5 km a.s.l.

PWNe and Ga | - Large array (> 200.000 m2) to achieve good

Improved sensi e accelerators.

Aim is to push sensitivity <10-'3 erg/cmZ.s in the
Dark Matter ar range 100-300 TeV.
Unique access1| « Muon counting capability he spectrum.
Cosmic_rays For cosmic-ray studies and background subtraction.

» Improved angular (0.2 deg) and energy
resolutions (<30%) above 10 TeV.

Good muon tac ' up to the knee.

Unique comple each low-angular scale.



The SWGO Collaboration

_ Member Institutes
_ Supporting Scientists

-/ Argentina ltaly

Brazil Mexico
Chile Peru
i China Portugal
- Croatia South Korea
e SWGO partners Czech Rep. United Kingdom
- 14 countries, 66 institutes Germany  United States

~ 4+ supporting scientists



The Chinese Consortium

o Signed by 65 faculty members, postdocs, and grad students from 12
institutes

Establish a Consortium of Chinese Institutes
in Research and Development Towards a
Southern Wide-Field Gamma-ray Observatory
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- Covering an energy range beyond 1 PeV and potentially extended
to lower energies.

- Excellent gamma/hadron separation power

- Based primarily on existing techniques, e.g. scintillators and water
Cherenkov detectors.

- With an array of detectors with multi-kilometer/A2 area considerably
larger than LHAASO.

- With the possibility of extensions and/or enhancements.

- Modular and scalable.

- With close scientific coordination with CTA, recognizing the
synergy and complementarity between these instruments.

Article 1: Goals of the R&D programme

A required step towards the realization of the observatory described in the
preamble is a programme of research and development to allow a cost/
performance optimization of the detector and selection of the site.

Prototyping activities will be pursued as appropriate to demonstrate
feasibility and to establish the cost and performance of elements.
Prototyping activities at candidate sites, and/or other high-altitude test
sites must be coordinated towards effective use of resources.

The execution of this programme within the envisaged period (Article 5) is
ambitious, requiring effective coordination as outlined in Article 3.

The primary output of the programme will be a detailed proposal for the
construction and operation of an observatory as outlined in the preamble,
under the framework of the SWGO collaboration.

Article 2: Purpose and Scope of this Document
This document serves to outline the framework within which the R&D
programme will take place and to ensure mutual understanding between
the participants. It is not legally binding and all expectations expressed
here for the members are on a best effort basis.
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Status & Plan o)

oR&D Phase
~ Kick off meeting Oct 2019

M1 R&D Phase Plan Established

; M2 Science Benchmarks Defined - EXpeCted Completlon 2025

/| M3 Reference Configuration & Options Defined - Site and Desig n Choices made

/| M4 Site Shortlist Complete - Th en:

v/ | M5 Candidate Configurations Defined

/| M6 Performance of Candidate Configurations Evaluated © Pre p ala to ry P h ase

==D> M7 Preferred Site Identified -~ Detailed construction planning

M8 Design Finalised - E ng ineeri ng Array
M9 Construction & Operation Proposal Complete

o (Full) Construction Phase

- 2027+
oRoadmaps

- US Decadal Review
- SNOWMASS, APPEC, Astronet
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Potential Lakes
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Deployment in Lake
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Simulation for a Lake Array

Unit detector simulation
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S\Mé@ The baseline

The Southern Wide-field
Gamma-ray Observatory

detector concept

Core: ©320m, FF=80%
5,700 WCD units

Outer: @e600m, FF=5%
880 WCD units

Altitude: 4,700 ma.s.l.

¥ muon COL.!I"‘ItIﬂg

250m

050 m
L
¥




80% FF, 80,000 m?

~ ARRAY
- CONFIGURATIONS

LHAASO

HAWC

 0.6% FF

EQUAL NOMINAL COST ARRAYS, similarly B1, C1, D1, ..., E4 (13 total)’



& Simulations
to compare different detector concepts,

IS

Analys

© Build on the analysis & simu

© Simulations

framework from HAWC.
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lat

Cherenkov photons
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Sensitivity range (exploration)
1 TeV 1 PeV
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https://arxiv.org/abs/1902.08429

Angular resolution

Hofmann (2020) Astroparticle Physics 123, 102479
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Core Science Cases
& Benchmarks for SWGO

Science Case ' Design Drivers Benchmark Description
Transient Sources: Low-energy sensitivity & Minimum integration for 50 detection:
Gamma-ray Bursts Site altitude® F(100 GeV) = 1078 erg/cm?®.s,
PWL index = 2., F(t) oc t 12
Galactic Accelerators: High-energy sensitivity & Maximum exp-cutoff energy detectable
PeVatron Sources Energy resolution® at 95% CL in 5 years for:
F(1TeV) = 5 mCrab, PWL index = -2.3
Galactic Accelerators: Extended source sensitivity & || Maximum source angular extension de-
PWNe and TeV Halos Angular resolution® tectable at 5¢ in 5-yr integration for:
F(>1TeV) =5x 1073 TeV/cm 2.5
Diffuse Emission: Background rejection Minimum diffuse cosmic-ray residual
Fermi Bubbles background level.
Threshold: < 105 level at 1 TeV.
Fundamental Physics: Mid-range energy sensitivity || Maximum energy for bb thermal-relic
Dark Matter from Galactic Halo | Site latitude® cross-section limit at 95% CL in 5-years,
for Einasto profile.
Cosmic-rays: Muon counting capability® Maximum dipole energy at 102 level;
Mass-resolved dipole/multipole Log-mass dipole resolution at 1 PeV -
anisotropy goal is to achive A={1, 4, 14, 56}; Max-
imum multipole scale > 0.1 PeV

Tab. 1 SWGO Science Benchmarks. 2Site altitude parameter to enter design discrimination as altitude-dependent IRFs. ?Energy resolution
not constraining as long as O(30%) throughout energy range. CAngular resolution not canstraining as long as ~ 0.2° — 0.3° throughout
energy range. %Site latitude not severely constraining, but sites closer to 30° South are slightly favoured. Capability for individual muan
identification to play important role in mass-discrimination.



H : ThS South (éi field
Transients with SWGO (GRBs) &=ous

o Short-timescale sensitivity of ground-particle detectors is much
worse than [ACTs at low E! But room for improvement < 1 TeV

1 min sensitivity:
s Fermi-LAT: 107 erg/cm2/s @ 1 GeV

* SWGO: 109 erg/ /s @ < 500 GeV

e CTA: 10U erg/cm2/s @ 100 GeV

o And a number of other advantages...
»100% duty cycle - higher rate and monitoring capability of transients

- bridging the gap with satellite facilities
» Serendipitous view - observation of onset / prompt emission of GRBs

» A trigger instrument!
+ Blind searches and offline checks for afterglow triggers

» Critical synergy with IACTs and other MWL + MM instruments

<> SWGO can bring the 10s deg? error boxes (GBM, GW) down to ~ deg?



log At for 50 detection (s)

SWEO

Transients with SWGO i

o Energy threshold is crucial for variability studies,
in particular short-transient events such as GRBs

2. 50 frererrrrnrerranssnnassnnnsnsasannns e e T e nninni G —— PL test spectrum, z = 0.0
: 5min — PL test spectrum, z = 0.1

2.25 1 : —— PL test spectrum, z = 0.3

2 .00 - —— PL test spectrum, z = 0.6

. —— PL test spectrum, z = 0.8

1.50 - Time to reach a 50 detection

j— In function of energy
o e :re : I — (model spectrum representative of
1.00 4 ;_1.1'—‘ 1/3 brightest LAT GRBs)
: ——
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Number of detectable PeVatrons

Observatory Latitude = -23 deg Overlapping region between

SWGO and LHAASO
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Results for E > 100 TeV

SWGO Detections

SWG

The Southern Wide-field Gamma-ray Observatory
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Coverage of nearby TeV halos

Nearby = more likely to be extended

Latitudes > 15° South preferred for optimum coverage

o Age=10%yr
0.6 o 10° = Age < 10° yr
Latitude -25.0 deg L
Latitude -15.0 deg o,
Latitude -5.0 deg \\

0.4 Y
Observability \\
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Coverage of nearby TeV halos

Nearby = more likely to be extended
Latitudes > 15° South preferred for optimum coverage

o Age= 10 yr .
oe o 16 <rsecicty Source clustering:
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Lot 50 g, |
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Diffuse emission and Fermi Bubbles

Projected significance for the observation of the
Galactic diffuse emission with 1 yr based on an
extrapolation of the Fermi diffuse model.

e e —
0 5 10 15 20

Significance [0]
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Diffuse emission and Fermi Bubbles

Diffuse emission from the Galactic Plane
up to PeV energies:

- A wide-field instrument with an excellent
background rejection will be optimal for the
detection of such very extended, dim emission.

Fermi Bubbles:

- Their (non-)detection at TeV energies will
allow to disentangle between a number of
theoretical scenarios.

E* dN/dE [GeV cm * s ! sr!]

Hadronic Model 1
Hadronic Model 2
= Leptonic Model 1
== Leptonic Model 2
HAWC 95
e JceCube Hadronic Model
— S5GSO. 5 years, 95% UL
¢ Fermi 2014 Ap) T93

SWGO
estimated




Dark Matter targets in SWGO’s FoV

HAWC skymap with SWGO view (shaded) overlaid
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WIMP Annihilation

o Reaching critical sensitivity: Thermal relic WIMP annihilation signature accessible
over a very wide mass range (Galactic Center/Halo observations at VHE).
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Cosmic rays

o Anisotropy Studies
o Complementary to LHAASO, HAWC, IceCube for dipole studies at the highest energies

© Low-scale anisotropy, and understanding of ISM turbulence and local CRs

o Unprecedented mass-separation potential

* HAWC+iceCube @ Baksan @ SuperK » ARGO-YB) ¢ lceTep
4 HAWC B EAS-TOP < Milagro 4 Tibet-AS, #® IceCube
o For composition studies ¥ KGrande # _wacro " )
. . . 50 4 4 49 _ @
o Joint mass-dependent anisotropy studies i = 3‘*"; " .
= 310 ® ®i
3 Galactic Center é Ao
g 260 <~ A- F el e 7
g 210 oL + +
160
110

Cosmic-ray _, 10 _ )

TeV dipole T TeV-PeV Dipole swing
= } 1

3 [ ¢

skymap ¥ @ s Rk i
§ - = » ‘I.‘ : 4B *
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arXiv: 1812.05682 £ )

< 10 + arXiv: 1612.01873
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=

Cosmic rays

© A probe of the dipole (102 amplitude) will be

achievable up to energies of at least 3 PeV.

o At 10 TeV (100 TeV), a probe of multipoles up

to [~20 (I~6) will be possible (strawman).

© Muon tagging will allow for 4 mass groups

10'5-\‘\
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10—12

between proton and iron to be resolved.
(Equal logarithmically-spaced (o, ,=1)

possible at > 3 TeV.)
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Conclusions

The southern sky needs a wide-field VHE-UHE gamma-ray observatory:
Unique view of the Galaxy and its center

A strong Science Case from 100 GeV to PeV:

PeVatrons, Galactic sources (incl. extended, e.qg. halos), VHE diffuse
emission, (extragalactic) transients, physics beyond the SM, CR physics,...

R&D phase under way. Choice of site completed.

SWGO China involved in a possible lake site extension, especially useful
for PeVatron science
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