S\"/é\/d afc?s Alamos

hhhhhhhhhhhh ide-field NATIONAL LABORATORY

Gamma-ray Observatory

Science Perspectives of the
Southern Wide-field Gamma-ray

Observatory (SWGO)

Kristi L. Engel for the
SWGO Collaboration




SNV AR
N

Concrete
dividers

\ HAWC-style Vs 2 optional/movable
Concept .1 e

NV

Volume divider
(allowing water flow)

L —

-1 1 1L —

PoS (ICRC2019) 720

Core unit is a water Cherenkov detector

Options bein% investigated based on tanks (HAWC-like),

ponds (LHAASO-like),"and lakes |
Simulations currently ongoing to constrain all HARSO:sle e
aspects of the detector options | i
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https://inspirehep.net/files/b9da63edff31d80fc6602a18805b9f02

SV/C?@ The SWGO | i N:\,;”AWC
Concept .1 -

IACT Arrays Ground partlcle Arrays
Field of view 3°-10° 90°

Duty cycle 10%—-30% >95%

Energy range 30 GeV — >100 TeV | ~500 GeV — >100 TeV
Angular resolution 0.05°-0.02° 0.4°-0.1°
Energy resolution ~T% 60%—20%
Background rejection >95% 90%—99.8%

Science Case White Paper arXiv:1902.08429 7S _ ......

—rossibly muon tagging in all units

Bladder with

* Design option: double-layer WCDs | e
» Time-intensity tagging of single through-going particles \ “L(VO.umedder |
- j aIIowingwaterrowJ

Slide from U. Barres, Centro Brasileiro de Pesquisas Fisicas | IWARA (2020)


https://inspirehep.net/files/b9da63edff31d80fc6602a18805b9f02
https://arxiv.org/abs/1902.08429
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SWGO Differential Sensitivity
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https://arxiv.org/abs/1907.07737
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THE GALACTIC CENTRE



https://arxiv.org/abs/1907.07737

SWGO SWGO Field of View



https://arxiv.org/abs/1907.07737
https://indico.icranet.org/event/1/contributions/29/
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SWGO The Core Science Case -

Detection of short-timescale phenomena

Low—energ{y threshold for detection of short-timescale (<1 hr) transient events down
to 100 Ge

Search for PeVatrons

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

PWNe and gamma-ray halos

Unique potential for accessing the high-energy end of the Galactic population

Dark matter and diffuse emission

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

Cosmic rays

Unique complement to LHAASO for anisotropy studies, with the capability to reach
low angular scale

(I(Eood muon tagging implies good mass resolution for composition studies up to the
nee

Slide from U. Barres, Centro Brasileiro de Pesquisas Fisicas | IWARA (2020)



SWGO The High-Energy Transient Sky #®

Gravitational Waves (GWSs)

Coverage of high-uncertainty regions, locate =~ 107 o s
VHE counterparts, and currently unmodeled  10-¢}- GRB190114C i
burst-like GW signals Lol -
Fast Radio Bursts (FRBs) 5 100 | X s
. . . . .o S g —
A wide-field-of-view survey instrument is ideal % 10} ——
for Galactic FRB follow-up and monitoring for % .} E L
repeaters 2 ' |
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M M E ¥'n'* ‘:
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Multimessenger approach to determine 5y 21 Qi#**"h i
source of the astrophysical flux of high-energy £2 1| Aol | S _
neutrinos Y Y Y ¢ B Y ST CE—y
Gamma-Ray Bursts (GRBs) o e o
Foll d tri d ob : : SWGO's sensitivity to a GRB like GRB190114C,
O OW',up and triggered o Serva,tlons In including results from MAGIC for comparison
SWGO'’s energy range to potentially allow (arXiv: 2006.07249)

discrimination between proposed emission
scenarios


https://arxiv.org/abs/2006.07249

SWGO

Want to search the Galactic
plane for astrophysical
particle accelerators,
including PeVatrons

The design of SWGO is well
equipped to handle the
source confusion, diffuse
gamma-ray backgrounds,
and spatially extended
emission regions typically
complicating these analyses

Galactic Particle Acceleration
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The broadband spectral energy distribution of the
eastern emission region of microquasar SS433. Studies

of VHE emission to discover such sources would be
optimally performed by a detector such as SWGO.

arXiv: 1810.01892



https://arxiv.org/abs/1810.01892

SWGO  PWNe & Gamma-Ray Halos S

SWGO will survey nearby pulsars oo o 10 <nge<roryr Ly ety for Gemngae soucer ||
(age < 10° yr.) in the Southern / HarS e
H em | S p h ere oal -
The large angular extents of these \ | .
%amma-ray halos allow us to study — § S
the propagation of particles within 2 j b T, 2
them in unprecedented detail - I B . S £ Q
First observed by HAWC %; L A
Its large FoV will allow observation NI D | 5
of potential halos from all pulsars, e )
including millisecond pulsars not i
(yet ) discovered with current e
Instruments

Galactocentric x [kpc]

Unveil the properties of the
accelerators and the medium around
them

Pulsars, age < 10° yr., within 500 pc, showing the
one-year (red) and five-year (blue) sensitivity of
SWGO to Geminga-like sources at these locations.


https://science.sciencemag.org/content/358/6365/911
https://arxiv.org/abs/2104.00014
https://arxiv.org/abs/1902.08429

SWGO  The Extragalactic VHE Sky @

log(Frequency [Hz])

VHE gamma rays are expected ? 1|0 1|2 1|4 1|6 1|8 2|0 2|2 24 26 28 30
from blazars and some radio 10-10} ot 19
galaxies (special AGN subclasses) | b ﬁ% | 2
Provide information on the L \ ~
intergalactic magnetic field, T AL T 1%
radiative processes and acceleration . ) IS
mechanisms, periodicity, and BSM 5 P! : 2
physics sl v 4w
: : = &
Special focus on extreme high- = — cman e S
energy peaked BL La CS TU 10_135_ |. : E:ﬁiﬁf);n?::n:i};irno analysis (MJD 56949-57059) E _?)
(Epeax = 1 keV) P ZEne Teweo 5
SWGO's characteristics ideal for the o e v ' >
crucial evaluation of the significance 1074 § et i S 705 (o 1
of neutrino-blazar flare correlations, 0% 10T 107 10° 1P 100 107
such as implied by observations of Enerey [V]
TXS 0506+056 Multimessenger observations of

TXS 0506+056 illustrating the crucial energy
and sensitivity range SWGO will cover


https://arxiv.org/pdf/1812.01036.pdf
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SWEO  SWGO FoV: Fundamental Physics Targets

HAWC skymap with SWGO view (shaded) overlaid

Slide from A. Albert, Los Alamos National Laboratory | APS April (2021) 1o
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3\"/66 Searching for Dark Matter with Gamma Rays = v

Weakly Interacting Massive Particle

Promising DM candidate -
,/@ammarays

Particle beyond the Standard Model :
Being searched for at the LHC, . 70
underground experiments (e.g., LUX), and L wWizia
In space Vi
Mass appx. 5-100 TeV p, 10 F"Mx".\u\’e
>10 TeV mass only space searches can X W+/Z/g et
probe with high sensitivity WIMP DM \n:' Neutrinos
. . particles, y, &‘
Heavy DM is also theorized Eer ~ 100 Gov “’"\\vv
100 TeV-100 PeV - 1 -
Can be produced with observed + afew p/p, d/d
abundance if early Universe was matter Anti-matter

dominated or if there was late-time

inflation us
[_] Slide from A. Albert, Los Alamos National Laboratory | APS April (2021)


https://arxiv.org/abs/1805.10305
https://arxiv.org/abs/2008.00692
https://arxiv.org/abs/1712.02805
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SV‘/CS/O WIMP Searches with Cosmic Gamma Rays <

The Galactic Center is the closest 10—
dense region of DM & [ — SWGOGCHalo(10yrs)
) —— CTA GC Halo (500 h)
A 24 === LAT 15 dSphs (6 yrs)
5 107 .. LAT 60 dSph (15 yrs)

The Fermi-LAT + CTA + SWGO will
explore thermal WIMPs from
5 GeV-100 TeV

arXiv:1906.03353

There is overlap in mass between
experiments which will allow for
multiple potential detections 10

10 102
Mass (TeV)

Slide from A. Albert, Los Alamos National Laboratory | APS April (2021)


https://arxiv.org/abs/1906.03353

SWGO Axion-Like Particles

1079

ALPs are a generalization of the
Axion

Well-motivated DM candidates ;10_ |
Gamma rays from AGN can convert 5™
to ALPs in magnetic fields ¢
ALPs travel unattenuated through EBL £
and convert back to gamma rays inthe  *
Milky Way’s magnetic field o
Results in a high-energy tail in the .

observed energy spectrum

Slide from A. Albert, Los Alamos National Laboratory | APS April (2021)
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https://arxiv.org/abs/1902.08429
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SWGO Dark Matter Searches in Dwarf Galaxies &

Dwarf spheroidals are DM-rich ™| ' | P2
Milky Way satellites | |
Nearby and essentially 107 |
background free ﬁ
o o . -"2 | _ioo--mTTT o
With its wide FoV and large 20T - ‘:
duty cycle, SWGO will observe ¢ \/\/ ey I/
dozens of dSphs every day o | T Ve ot s v oo |
. . . 3 -- ombine p N |
Able to perform joint analysis of _ HESS Sgr (100 hr) |
- = Fermi LAT Combined 15 dSph (6 yr)
dSphS MAGIC Segue | (160 hr)
e ™ - = CTA Ursa Major 2 (500 hr)
1070 10° 10°
Mass,, [TeV]

Slide from A. Albert, Los Alamos National Laboratory | APS April (2021)
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—SWGO will be sensitive to -y

gamma rays up to several PeV
* Current highest-energy gammas
are 1,140 TeV seen by LHAASO 3

—The detection of multiple PeV
gamma rays will provide world
leading constraints on LIV

* |f Lorentz Invariance is violated,

then gamma rays above an energy : _
(Tl) . d | d . Fermi-LAT HEGRA Tibet HAWC LHAASO
threshold (E};; ) rapidly decay into e

Comparison of the current constraints on E;};,

and EL(IZIz from different experiments.
arXiv:2106.12350

e*e” pairs

Slide from A. Albert, Los Alamos National Laboratory | APS April (2021) 1o


https://arxiv.org/pdf/2106.12350.pdf
https://arxiv.org/pdf/2106.12350.pdf
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SWGO Primordial Black Holes =

PBHs can constitute some of the

10°

Obse rved D M —— 1 yr SWGO inner array ---- 1 yr SWGO outer array
5 yr SWGO inner array ---- 5 yr SWGO outer array
10 yr SWGO inner array 10 yr SWGO outer array

PBHs are created in the early Universe

Emit gamma rays during end of life

Evaporation increases substantially at
the end of their lives, producing a burst
of gamma rays

With its wide FoV and large duty
cycle, SWGO is an optimal instrument e
to look for PBHs 107

Sensitive to mpgy ~ 5x 1074 g 107 i 10 10° 10°

Expected limits are 30x better than tls]
those from HAWC p4

Slide adapted from A. Albert, Los Alamos National Laboratory | APS April (2021)
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arXiv:2103.16895



https://arxiv.org/abs/1911.04356
https://arxiv.org/abs/2103.16895

SWEO

—Anisotropy Studies

» Complementary to
LHAASO, HAWC, and
lceCube for dipole studies
at the highest energies

* Low-scale anisotropy and
understanding of ISM

Cosmic Rays

Equatorial

Relative Intensity [107%] 15

turbulence and local CRs _*
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* For composition studies

* Joint mass-dependent
anisotropy studies
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Cosmic-ray TeV
dipole skymap
(arXiv:1812.05682)

Comparison of fit
phase and amplitude
of the all-sky cosmic-

ray anisotropy from
recent
measurements.
(arXiv:1805.01847)
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https://arxiv.org/pdf/1812.05682.pdf
https://arxiv.org/pdf/1805.01847.pdf
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SWGO is a proposed cosmic-gamma-ray observatory that would be
located in the Southern Hemisphere

SWGO will use the water-Cherenkov technigue to observe intensive
air showers from gamma rays

SWGO is expected to be sensitive up to PeV energies and would be the
most sensitive gamma-ray observatory in the Southern Hemisphere above

10 TeV

With its wide field of view, near 100% duty cycle, and high-energy
reach, SWGO will provide the world’s best sensitivity to emission
from high-energy transients, propagation of particles within gamma-
ray halos, PeVatrons in the galactic plane, several DM candidates, as
well as Lorentz Invariance Violation

Slide adapted from A. Albert, Los Alamos National Laboratory | APS April (2021)
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Benchmarking the Science for the Southern Wide-field Gamma-ray
Observatory (SWGO)— U. Barres de Almeida

The Southern Wide-field Gamma-ray Observatory reach for Primordial
Black Hole evaporation— R. Lopez Coto

Galactic Science with the Southern Wide-field Gamma-ray Observatory—
R. Lopez Coto

Monitoring Gamma-Ray Burst VHE emission with the Southern Wide-field-
of-view Gamma-Ray Observatory— G. La Mura

Searching for Dark Matter with the Southern Wide-field Gamma-ray
Observatory (SWGO)— A. Viana

Cosmic ray studies with SWGO— G. Giacinti

Beyond the Standard Model searches with the Highest Enrgy Gamma rays
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