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SV/(?@ How to detect gamma rays from ground?

The Southern Wide-field
Gamma-ray Observatory

Incoming gamma ray

Collision with atmospheric
nucleus

/
/
Extensive Air Shower /
% /// J
4 Particles from air shower penetrate

=S particle detectors, interact and are
ya - detected
& PARTICLE
4 DETECTOR ARRAY

Cherenkov
Light

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

Not to scale

Problem: Our atmosphere is
opaque to gamma rays.
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of the detector '

f’r
E+‘,- ::3 o
 d f\ f | I.ﬂr
g € ¥ =
] | 8
+ o
e ' > i1 L™
S LS e\F -
. / Ng= \
C f i TN o,
;o LE A



S\A/‘G\@ Two Major Techniques

The Southern Wide-field
Gamma-ray Observatory

Particle Detector Array \

(HAWC, LHAASO, Tibet-ASy)

large FOV (2 sr)
high (~100%) duty cycle
- ENyY good sensitivity on higher energies

PARTICLE
DETECTOR ARRAY

Imaging Atmospheric Cherenkov Telescope
(H.E.S.S., MAGIC, VERITAS)

good angular resolution
good energy resolution
small FOV (<5°)

low (~10%) duty cycle




SV‘/(?@ How to detect gamma rays from ground?

Gt Obarctory <
High Duty Cycle
Wide-Field of View
UHE Performance

Two techniques

1. Air-Cherenkov telescopes

Electro-

2. Altitude particle arrays N

Cascade

Few ns spread in
particle arrival at
each detector

Few ns light flash \ \

Low Duty Cycle
Pointing instruments

Precision Astronomy at VHE

Cherenkov
Light



SV\/(S@ How to detect gamma rays?

The Southern Wide-field
Gamma-ray Observatory

The Yangbajing Cosmic Ray Laboratory
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Number of sources

SV/(S@ What we have seen so far?

The Southern Wide-field
Gamma-ray Observatory

. @® PWN/TeV Halo © SNR ©® SNR/Molec. Could
Number of sources vs. Time Binary ® Puisar ® Super Bubble/YMC
@ Other Galactic Sources ' Star Burst Galaxy @ UNID
AGN ® GRB

Kifune plot (Credit: Stephen Fegan) + UHE y rays

—e— X rays Data from HEASARC and TeVCat LHAASO
—+— HE yrays ) . . HAWC
10* § —— VHE y rays Einstein & EXOSAT . Feru{:lég Carpet-2
Tibet AS
-o—- UHE vy rays Fermi/LAT (3FGL) HESS
(>100 TeV) MAGIC
103 1 ; . | Fermi/LAT VERITAS
HEAO A-1 (1FGL) CTA
SWGO
Uhuru (4U) ! GR;’?:‘;’;;’) SqGehrels ALPACA
©
107 Uhuru (2U) EGRET (2EG) OX)
ST | 1stLHAASO Cat.
= Rockets and @Y
x balloons oS \AG\ I
§ COS-B (2CG) % ‘ LHAASO
1= &
10 L] Sounding s A 2nd generation IACTs e
] rockets [foas.2 Whipple, HEGRA, CAT, . .
E L T HAWC * Particle acceleration at the source
S Whipple (Ig-?dik(:nr) )
© . . .
100 G | * Particle escaping from their sources
McBreen et al. (Crab) Whipple (Crab) Tibet ASy (Crab
1960 1970 1980 1990 2000 2010 2020 2030 © Propag ation of CRs across the Galaxy
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SV\/(?@ Larger and higher...
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- AVGO baseline 1 year
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10134 CTA South 50 '
Improved PSF and LHAA561 y
Background
rejection
- 100 10! 102 108
Planned operation time > 10 years FE [TeV]
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SWGO  Scientific Outlook g

The Southern Wide-field
Gamma-ray Observatory

Fermi Bubbles
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(Galactic center) .

Cosmic rays




\;\ Moon (To Scale)

PSR B0656+14

8 Science Case

Design Drivers

Transient Sources:
Gamma-ray Bursts

Low-energy sensitivity &
Site altitude®

Galactic Accelerators:
PeVatron Sources

High-energy sensitivity &

Energy resolution”

Galactic Accelerators:
PWNe and TeV Halos

Extended source sensitivity
& Angular resolution®

Diffuse Emission:
Fermi Bubbles

Background rejection

& Fundamental Physics:

== | Dark Matter from GC Halo

Mid-range energy sensitivity
Site latitude?

* Cosmic-rays:

Relative Intensity [10 %]

Mass-resolved dipole /

i multipole anisotropy

Equatorial

Muon counting capability®

DESIGN TARGETS
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S\A/‘Gﬁ Status & Plan
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S

SWGO R&D Phase Milestones

Ml
M2
M3
M4
M5
Mé6
M7
M8
M9

&\\xx\\

;athwqys to
stronomy and Astrophysics

R&D Phase Plan Established

Science Benchmarks Defined

Reference Configuration & Options Defined

Site Shortlist Complete

Candidate Configurations Defined

Performance of Candidate Configurations Evaluated
Preferred Site Identified

Design Finalised

Construction & Operation Proposal Complete

gZdRoadmaps
~ US Decadal Review

- SNOWMASS, APPEC, Astronet

oR&D Phase
- Kick off meeting Oct 2019
-~ Expected completion 2025

+ Site and Design Choices made

- Then:

o Preparatory Phase
- Detailed construction planning
- Engineering Array

o (Full) Construction Phase
- 2027+

—<
\

12



SV\/(?@ SWGO Baseline Requirements

The Southern Wide-field
Gamma-ray Observatory

Al 600 GeV 14 TeV
500 m AR I 35 degree zenith angle
, Colour = time EEE
o Larger and dense detector array at increased altitude with
respect to HAWC
- Very precise measurements possible below 1 TeV 5
iy
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SV/(S@ WCD unit Solutions
e <

Tanks Atrtificial Pond Natural Lake

Reference Co \‘fig.
Two-layer tank

Samridha Kunwar

. . . Reference Config. iy
Muon |dent|f|c-at|o-n a key element of 80000 m? cor
background rejection




S\A/‘Gﬁ More Detector Options and Prototyping

The Southern Wide-field
Gamma-ray Observatory

— Large-area PMT {Active base
— SiPM array Multi-channel HV
I~ —
— Multi-sensor High-rate sampling
- Distributed sensor u Medium-rate sampling + TDC ¥y
A vr(lceCube)
None Time-over-threshold (ToT) PMT active
- Winston cone { White Rabbit Other White Rabbit Node examples:
~ s E w.-.‘ 3

WLS plate or fibres RapCal

HyperK-style 1 5
multi-PMT




SV/(?@ Transients with SWGO SW‘@

The Southern Wide-field The Southern Wide-field
Gamma-ray Observatory Gamma-ray Observulory

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

1 min sensitivity:
+ Fermi-LAT: 107 erg/cm?/s @ 1 GeV

+ SWGO: 109 erg/cm?/s @ < 500 GeV
o And a number of other advantages... . CTA: 101 erg/cm?/s @ 100 GeV

- 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!
v 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?

— Vulcano | September 2022 — 16




The Southern Wide-field
Gamma-ray Observatory

SWGO® Synergies ‘

o SWGO+LHAASO
- Full sky map of TeV-PeV y emission

o Strongly complements new
generation of neutrino instruments

- Mapping out diffuse emission /
separating IC from pion decay emission,
+++

- Nearby transients/flares

mmmmmm



Bolivia 4.7k

Peru

A¢a. -

Cugct Lake Sibinacocha (Peru)

o Shortlisting: Fall 2022
vanaue e (@S0 S Site visits: October

Chacaltaya (Bolivia)

MRt et Bolivia 2022
s o 2nd Site visit: July

de/la Sier

Cochabambao

e SR . = Country Elevation Location:
( Cibai Peru 4900 Laguna Sibinacocha

e e
AAP Pajonal (Chile) 9 Peru 4450 Imata >
Peru 4450
040§ 9 Yanque

Argentina 4800 Cerro Vecar
Argentina 4450  Alto Tocomar
Chile 4700 ALMA Pampa La Bola
Chile 4400 AAP Pajonales
Bolivia 4700 ALPACA area

Alto Tocomar (Nrgg'éhtina...

Chile

Peru 4.9 k



\A/K@ SWGO site selection 2024.07.31
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\A/\@ Potential Lakes

The Southern Wide-field
Gamma-ray Observatory

Lake Sibinacocha

KULINA DO MEDIO JURUA

-~ v TR gl SR
Gon g Ao SR

Shiuinuco
Peru

JJLake Marcapomacocha’  MASHCO PIRO INDIGENOUS RESERVE

MADRE DE DIOS TERRITORIAL RESERVE

JLake Choclococha

®ayacucho

Data SI0, NOAA, UsS. Navy, NGA, GEBCO
Image Landsat / Copernicus

OCochabamba
-

\ Google Earth

B
Google Earth




SV/“@ Simulation for an Lake Array

The Southern Wide-field
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Unit detector simulation

amma
& Gamma
< 0.9 : :
~~~~~~ <« b
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3 065
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045
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E | o 45°
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20 40 60 80 100 120 140 160 180 200
Height(cm)
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SV‘/@@ Simulation for an Lake Array

The Southern Wide-field y
Gamma-ray Observatory i

@100TeV

| First Arrival 0.75 0.96 0.93 0.62

Time ) (1.28) (1.54) (1.55) (0.93)
Spread(ns)

NPE 574 +11.96 6.34 +12.76 4.06 + 7.64 3.79 + 7.50 2.26 + 2.44 5.72 £ 10.25

(4.63+9.03) (4.63+7.26) (340+5.68) (3.18+6.15) (2.02+1.90) (5.22+17.64)

NPE Per 0.18 £ 0.30 0.20 + 024 0.12 + 0.20 0.11 £ 0.15 0.06 = 0.07 0.17 £ 0.22

Particle (0.15+0.22) (0.16 £0.16) (0.11+0.14) (0.11+0.14) (0.06+0.05) (0.16+0.29)
Energy(MeV?)

Effective 0.90
area(m?) (0.55)




SV/“@ Simulation for an Lake Array

The Southern Wide-field
Gamma-ray Observatory

o Unit detector simulation
- surface detector, muon detector i K E E B ¥
-~ parameterized detector Tt e

/ response binned in secondary particle’s energy,.zenith,..,

o Fast array simulation
- test different array layouts B
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SWEO
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SWGOMF! | ERI LI

/
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Credit: Jia Liu (IHEP) jialiu@ihep.ac.cn
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SWGO

The Southern Wide-field SWG O BE 5” E
Gamma-ray Observatory E
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S\A/(‘;@ SWGO Collaboration

The Southern Wide-field
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_ Member Institutes
BN s.oporting Sc

ientists
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Argentina ltaly

Brazil Mexico
Chile Peru
China Portugal
o SWGO partners Croatia South Korea
- 14 countries, 66 institutes* Czech Republitnited Kingdom
- + supporting scientists Germany United States

— Vulcano | September 2022 — 26



SV‘/@ The Chinese Consortium
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o Signed by 65 faculty members, postdocs, and grad students from 12 institutes
o Sol are expected to be made at the level of individual researchers

R BB BRSBTS (Institution of High Energy Physics, CAS)
EE I S T VP N S . L ET

Statement of Interest to

- = . = e e 0 B T T 3 > > .
Establish a Consortium of Chinese Institutes Yol fore frAR Y CLR ST
in Research and Development Towards a Fo AEe IALKF FRRONA ASE RXM
Southern Wide-Field Gamma-ray Observatory B Jyh IhE AT Hgwm b s ki
A E= 3
Eﬁj % "Ti %K% (Ludong University)
EX 2

Preamble T4k (Tsinghua Unive

a) The scientific potential of a wide field of view, and very high duty cycle, Rrde WA A% (Shandong University)
ground-based gamma-ray detector has been demonstrated by the /ﬁ;ﬁ/— o
current generation instruments HAWC, ARGO, and LHAASO in_the | A L L T
Ns)r!hern hemisphe . . Wt He R aH 3 W 0%

Miky ey 1o, Tl - Covering an energy range beyond 1 PeV and potentially extended FEBAR R SR
accelerating partic to lower energies. N ey Nanjing Universi
the: Southe hemt - Excellent arima/hadron separation power = fr e« »”"J'DE et
for PeVatrons in thel 9 P! P s A ga/f HEEe IHE KEW
emission and provi - Based primarily on existing techniques, e.g. scintillators and water i " vy
multi-wavelength Cherenkov detectors. Lde #HY
ety " y - i 5 AEFAHE R (University o
significant potential - :Nnh a?harrelnE/HrX :seéectors with multi-kilometer~2 area considerably TERHARAS (University of Science and Technology of China)

b) The Southern arger han LR )
collaboration has - With the possibility of extensions and/or enhancements. Py & EHh o RRA wH P REE EBRE AR AF
countries around - Modular and scalable. Bib AR LI G ZE‘;J A 3bF ks
el Sl - With close scientfic coordination with CTA, recognizing the | FIHLIFHIA: (Hebei Nor ) - o
in?::{: de{: m’:’“ synergy and complementarity between these instruments. P EASEIAS: (Shanghai Jiao Tong University)
consortium. The sh N WA8%  HAW  Gwenael Giacinti  Samy Kaci $x5 FT

icle 1: 4 By S <
A gammasray| Aticle 1: Goals of the R&D programme W He Wi g Gk KSme L ge
detection, with A required step towards the realization of the observatory described in the FERL R I % ® .
field of view. preamble is a programme of research and development to allow a cost/ ff amiro “',"’ A
- Located in Soul performance optimization of the detector and selection of the site. Té %2 Fﬁ i‘% e
y Prototyping activities will be pursued as appropriate to demonstrate
- Atanaltitude of feasibility and to establish the cost and performance of elements. EMFAY: (China University of Geosciences)
Prototyping activities at candidate sites, and/or other high-altitude test - . B )
sites must be coordinated towards effective use of resources. RFEH RAR ATh THE IRE
The execution of this programme within the envisaged period (Article 5) is —— . =
ambitious, requiring effective coordination as outlined in Article 3. Wil A2 (Sun Yat-Sen University) -
The primary output of the programme will be a detailed proposal for the
construction and operation of an observatory as outlined in the preamble, EER HAEA BEF4E AHH

under the framework of the SWGO collaboration

RAx i

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.




S\A/‘Gﬁ Summary S\Mé@
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\

o SWGO is deep into the R&D phase
-~ Figuring in the future infrastructure roadmaps in the US, EU and LA

o Engineering array at few-% scale planned after CDR, in 2024+

o Science and performance goals

- New window for in the southern hemisphere
v Complementary to LHAASO's sky view
v

- Wide-energy range coverage
v Complementary to CTA
v Bridging the satellite all-sky monitoring capabilities

- Sensitivity for transient phenomena below

~ Crucial mass-resolved CR data at the knee region

o A key instrument for MM astrophysics for the next decades!
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SWGO

The Southern Wide-field
Gamma-ray Observatory

hao zhou@sijtu.edu.cn

Thank you
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