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Detection of short-timescale phenomena

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

' Search for PeVatrons
Improved sensitivity up to a few 100s 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 capability to reach low-angular scale.

Good muon tagging implies good mass resolution for composition studies up to the knee.
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o Galactic Task Force
~ TF leaders: Alison Mitchell, Ekrem Oguzhan Anglner

o Extragalactic and Transients Task Force
- TF leaders: Giovanni La Mura, Francesco Longo*
o Fundamental Physics Task Force
- TF leaders: Humberto Martinez-Huerta, Andrea Albert

o Cosmic Rays Task Force
~ TF leaders: Andrew Taylor, Gwenael Giacinti*

o IRFS Task Force (jointly with ASWQG)

- TF leaders: Tulun Ergin, Laura Oliveira - Nieto
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- Pulsar Halos
- Galactic PeVatrons

~ Galactic Center Region
- Galactic Center

- SNRs

- Microquasars

- Novae

o Galactic Task Force topics
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- Galactic Diffuse Emission & Fermi Bubbles
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Galactic Science Topics ' qu ﬁAU
hitps./www swao org/SWEOWIkdoky php?xi=galactic_accelerators task force
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*  Pulsar Wind Nebulae and Pulsar Halos = R, Lopez-Coto, AM
* Galactic PeVatrons = EOA (Ozi), T. Ergin

* Galactic Diffuse Emission and Fermi Bubbles < G, Giacinti

*  Galactic Centre Region = ). Djuvsland, H. Ren, B, Reville

* Binaries, including Microquasars > X. Wang, D. Huang

Galactic Science WG report in Prague

* Other source classes e.g. SNRs in general

* Galactic transient phenomena e.g. Novae

Interested in participating? Feel free to add your name and contact those listed for any topic. New ideas welcome.

Many results will be revised when IRFs are available,
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o Extragalactic and Transients Task Force topics

- Gamma Ray Bursts
- Active Galactic Nuclei

Differential Fiux Sensitivity E*dN/JE (erg cm™ 57)

107
10‘ e |
........... |
g S |
10. ------------------ : : ‘
10 ST
10-. - . g
10° CTAO Northern I-\'";y-(Alpha)
% .-.__'_m:: e A
10" b ‘.M.“u{.'.;'.‘m-::_—:;..‘.;_w-::""" 1
10" T
.E Cf.laMuraetal. 21
10 unprecedented
PR NN, RPN ORI W .\ < T[Ty

for a wide field
VHE instrument




SV‘/(S@ Science WG organisation
e s e —
~

SW@@ IRFs for transients

The Sovthers Wide
Gammoro y Observetory
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The goal of this effort is two-fold: ] ] _
Transients Science WG report in Prague

Produce a set of IRFs complying with GADF definitions

Set up a sensitivity estimate ahead of the transit calculation

For this stage, tables are preferred with respect to maps because:
Tables are direct inputs to gammapy's sensitivity estimator
Tables can be easily inspected and compared with expectations
It is easy to convert Table -» Map

gammapy provides suitable data structures to represent GADF tables. Drifting
instruments can use EffectiveAreaTable2D, EnergyDispersion2D, PSF3D and
background.
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SV/'GVCB Transient/EG Task Force -» M6

The Sovhers Wide hald
Germmorcy Observatory

Preparing the IRF benchmark testing framework:

temporal properties)
+ derivation of IRF tables

Task force organization:

* The TF meets regularly on a bi-weekly schedule on Monday at 15 CEST
(next meeting October 16). Zoom link:

https://videoconf-colibri.zoom.us/j/966857749767pwd=K256ekZjSkdtdTBOWTNrQOJESmIMQT09

gl
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' development of gammapy transient models (accounting for spectral and

/X

Transients Science WG report in Prague
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o Fundamental Physics Task Force topics
- WIMPs
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SWGO Working Group Topics

The Southerm Widefed
Ganma oy Obrervater y

Primordial Black Holes:
Andrea Albert, Patrick Harding, Aion Viana, Micael Jonathan Duarte Andrade
Dark Matter annihilation and decay:

Ruben Coto, Patrick Harding, Kristi Engel, Helena Ren
Axion Like Particles:

Andrea Albert, Humberto Martinez-Huerta Fundamental Physics Science WG report in Prague

Lorentz Invariance Violation:

Humberto Martinez-Huerta, Patrick Harding, Tomislav Terzic

SWGO SWG Call 3
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o Cosmic rays Task Force topics
-~ Hadronic Cosmic Ray Anisotropy

-~ Cosmic Ray Electron Anisotropy
-~ Cosmic Ray Electron Spectrum s

- Heliospheric Physics 2
-~ Air-Shower Studies S
- UHECR Accelerators

-~ Hadronic Cosmic Ray Spectrum and Composition

He
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=
Currently mostly focused on the CR mass-dependent anisatropy. | Cosmic Rays Science WG report in Prague
: : ! "\ -New sims by Andy S.;
Rio de Janeiro | | -improvements by Rodrigo++:
- Discussed the possibility of using templates on <
number of muons for the hadron separation;
- Showed the results of a first implementation;
- Simulations lacked statistics; Praha
= Implsmentation was too prefiminary: - New implementation tested with good results;
- Different methods for the separation considered;
- Promising separation found! (ICRC)
- Shown the improvement from using the
dualklayered tank; (ICRC)
p— - Minor bugs;
Ciudad de México Eiteck 28 TV toe:

| -Another set of new sims by Andy S,
X | | -Further improvements by Rodrigo++.
- Paper?! ~ / -Applying it to astrophysical scenarios,

12
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IRFs will be ready

SN

Science WG report in Prague

Current status

The science benchmarks & Preliminary calculations are ready.

soon. The science WG will redo these

calculations & Evaluate the science benchmarks wrt the
candidate configurations

- Science input for the evaluation of the different array choices.

SWGO RED Phase Milestones

RA&D Phase Plan Established

Science Benchmarks Defined

Reference Configuration & Options Defined

Stte Shorthist Complete

Candidate Configurations Defined

Performance of Candidate Configurations Evaluated
Preferred Site identified

Design Finalised —_—

s23FRFE282
-

Construction & Operation Proposal Complete

/X
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' Science WG report in Prague
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The Southern Wide-field

Gamma-ray Observatory

Science Case . Design Drivers

| Transient Sources: Low-energy sensiuvity &
| Gamma-ray Bursts Site altitude”

.

Galacuc Accelerators: | High-energy sensitivity &
| PeVatron Sources Energy resolution”

Galactic Accelerators: Extended source sensitivity
PWNe and TeV Halos & Angular resolution®

Diffuse Emission: ' Background rejection
Fermi Bubbles

Fundamental Physics: [ Mid range energy sensitivity
! Dark Matter from GC Halo | Site latitude

Cosmic-rays: Muon counting capability”
Mass-resolved dipole /
multipole anisotropy
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- Sclence Case Design Drivers  Benchmark Description
| Trasvient Sosrces: Low-cnergy sessitiviy & | Min, time for Ser detection: The set of core science cases has been defined
| Gasera-ray Bures Site ahitade® Fum o) - 107 s, | to guide the R&D studies and to benchmark
-2, w1
Galactic Accelerators: Highencrgy sonsiivity & Maximsm exp-cetofl encrpy do- the final observatory deﬁm among different
PeVatron Sosroes Eacrgy rewlution” tectable 95% CLin Sy for: | Options and trade-offs.
| FITeV) = $ mCrab, index = -2.3
Galactic Acoelerators: Extended sousce sensitivity  Max. sagular exnenshon detected
| PWNe and TeV Halos & Azgular rewluos o S in Syt immegration Sor The benchmarks reflect a minimum set of
F>ITeV) = $x10 ' Teviem *s | SCieNce goals that encompass the full set of
' w Emissica: Backgrownd rejection Maimam  dfae somcrwy | performance requirements for the
Toresheld: < 10 levedat | Tev, | ODS@rvVatory.
| Fusdamental Physics: Mid-range energy sensitvity | Max. energy foe bb thermal relic
Durk Maccr from GC Halo | Site latitede :""“‘;“ tenke mc‘- | The quantitative benchmarks will be used to
e Nioom soning cooabili | Sax. dipolener w10 vl | COMPpare and select a set of candidate
Mass-resctved dipole / Log-man seschusion 3¢ | v - | configurations for the array, currently under
mudtipole aniotropy gosd s A=[1, 4, 14, 56 Masi- | gydly
msm multipole scale > 01 eV |

Table 1: SWGO Scicace Beachmarks. “Sie alttude 10 be groster than 4.4 ke sbowe sea Jevel. "Encrgy
resolstion < O130%) troughost cone energy rmpe 1100 TeV. * Anguiar sesoinsion ~ O.15" throughous core
energy range 14100 TeV. “Site latitude st cosstrainieg amoeg candidates under cossideration. * WCD ity
Wi meos semsdcaion Gapabiiny for yhadion Sscrmnaion
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The Southern Wide-field
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Benchmark 1 (Transients - GRBSs)

Science Case Design Drivers Benchmark Description
Trarment Sources: uwms Minwmum indegration for S detocion:
- Gammaray Burss Sto attude* F{100 GeV} = 10 " ergpom’ s
l PWL index = 2. F(1) x t '3
Galase Accoleralons. Mwm& Maximum exp-cutol energy Seectatie
Bonchmark Definition.  The science benchmark PoVaon Sources l Erogy resouncn® o 95% CL in 5 yoars bor
i8 described as the miremum integration tmescale 1o — } . F1TeV) « S mCah M:"‘"’;
adlmsvdmdmbtatgbtm S0UrCE With flux mm;d‘ mr.v.m !F". "'""’”“I °'| B—— "‘"’“'"‘I .' ’;“ ﬂ";:‘“ “"’“u'
at 100 GeV of 10 * ergicm? s, a power law spectral E(>1TeV) = 5« 50 TeViom 1.5
index of -2, and a fux evolution with ime ~ 1 '2. | Dites Emascn. Background sepection Mickmumn dihan cosmic-ray resdusl
The reference source 8 representative of the GeV || Ferm Butties Bachground level
emission for the ~ 10 - 20% brightest LAT GRBs. Throstold: < 10 Thovel st 1 ToV.
Fundamental Physics | MdanQe endrgy Sensthity anuwumﬁm
Dark Matier hom Galactic HMalo | Sde lattude” cross-section bmit at 95% CL i S-years,
1or Enasno grotde.
Cosmorays: Muon couning capabiity” Maximum dpole energy af 10 * levet.
Masscoscived dpole mutipok Log-mass dpole resolution o 1 PeV -
. R anisotropy 002l s 10 achive A«{ 1, 4, 14 56} Max-
Science WG report in Prague imum mutpole scale » 0.1 PoV

SNOC e Berchmass *5ie sVde (e vier U ot Sesgyr oot o o Wb depryded FF E rergs ok fon
ol ORI i g it OOX0N) et ere Gy nge CANguiet MnchAon rol coraR g s g a8 - 02 - 0 Peaughewt
eneegy range “Sie Lattuce not seversly constrainng. D Bien Coner 10 307 South ace Mighty teoumd “Capabity for iIndvidul muon
dertication © play mporiant ie n ma dac muton
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Benchmark 2 (Galactic
accelerators - PeVatrons)

=

Science Case Design Drivers Benchmark Description

Transient Sources: Low energy serstvey & Miskmum indegration ior Se datection

Gamma ray Bursts Ste aknde’ F{100 GeV) » 10 * eegiom’ 5,
PWLIndew « 2_Fit) x ¢t '

Galacne Acceleranon. Hgh-enengy senstiity & Maxrmum exp-OAo anergy detoctabie

Energy resoluson® M OS% CLin S yoars v
F1TeY) « S mCraty, PWL incex « 23

Exiendod souce sonsiney 8 | Naomum sowrce anguiar eddension de-

descrbed as the maximum energy of an exponential .
cutoff detectable at 95% CL after 5-year integration b sucies
for a reference source with flux normalization at 1 TeV
of 5 mCrab and a hard power law spectral index of Mator S0 Oakecsc Halo - | Sh6 latige?
-2.3. The reference source s representative of the

potential PeVatron source population in the HESS S YS.

PeVatron Sources

Acceleryors.

Benchmark Definition.  The sGence benchmark is and ToV Halos
Ermssion

Argular resolaton’ Jectalie al S« in S-yr mdegration for:
Fi»tToV) « 5410 " ToVom 75
Mesimun Giiuse cosmicaay sesichonl
background lewel.

Threshold: < 105 boved a2 1 TeV.
Physics: Mia-range energy senstivilty | Maximum energy jor bb hermal relc
Crons-section bmit o 95% CLin Syears,
for Enasto profe

Nusn counting capablity® NMaomum digole energy a 10 7 lewel;
Log mass dipole resolution at | PeV «
poal is 10 achive Asl1, &, 14, 56); Max

Bachground repectien

resoived dgolamuitpole

Galactic Plane Survey.

Science WG report in Prague

| mom mutpole scale > 0.1 Pe

- SWOO Scere Serciraaa TS stUOE DERTEW T 09 Cotgr SACTYRnatr @ A Secerdert Ty 'Crergy rmauon
ot Soretainyg A ong a8 ODO%] Proughout eremy Wege.  Acpuar smohuion nel corairareng & kong an - 327 - 0.3 Broughout
SOogy TENge. “Sae lattuce a0t Beverely COMEE NG DUt s Coner 10 337 South aee WigNty fvouned “Cagabiity kor iIncvausl muon
Certhicason 1o Play Mmoot mhe @ FMuss SacTenaton
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Benchmark 3 (Extended sources
- PWNe & TeV Halos)

Science Cose Design Drivers Benchmark Description
| Transspet Sources.: Lowanergy sasamiety & | Mirsenum ntegration bor S cetecton
. . Garnma-rary Borsty S abimce® | F(100 GaV) = 10°* gupiem’ 5,
Science WG report in Prague A A, o X
Galactic Acoskarators Hgh-onergy ya | M Sp-oof! enmgy Oetectatio
PoVatron Sousces Energy resohson® | M 95% CLin S youry kx
| F(1TWV) « § sCrab, PWL index = -2.3
Galactic Acosioratons: Exfencod soune sensivty & | Maximum Souce anguiar exdension de
- PiWNe and Te¥ Halos Argular resskton | Wctatie at S in Sy tngration for
[ PO TaV) = 5510 ™ ToViom 75
Erre Backgound rejection | Mirsmum Gfise cosmceay resdual
Benchmark Delinition.  The science benchmarkis | Buttles | background levet.

described as the maximum source anguiar exlension - 1::,?'0‘0:“0’:0:'“
detectable at S after 5-year integration for an integ- r"""|":"° x| SSERS SO | Hute sy Drermal-rodc
mcays

| Cross-Sacnon bt a2 95% CLin Syoars,
ral flux above 1 TeV of 5«10 " TeVicm ?s. The

| for Eimasto prole
reference source is represantative of the PWNe pop- Mucn countng capablity” | Maimum cipolo energy af 107 lovel.

f ol . ha-resoived dipcle il | Log-mass dipole sesckton 1 PeV -
ummmmoHESSGﬂaacﬁmSwwyammm fovcpy | goul 8 10 achive Asd1, 4, 14, 565 Max-
a Geminga-ike spectrum and ditfusion coefficient. | imum mutipole scale > 0.1 PeV

SWOO Scerce Denchmarka. *Ste slucde T etw Seugr = ik W "Laeegy seacksion
ot comeiaineng 8 fong 18 OO Sroughoul enogy wrge “ Acguint rescllion 0! comsiramng 8 ong sa - 327 - 0 Feoughout
rengy range. “Se lathuc NOt seversly COMMARING Dot sies CoBer 10 30 South are gty toumd “Capabiity for indvadual muon
Cortfication 10 Pay IMponant e n mase - dacmraton.
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The Southern Wide-field
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Benchmark 4 (Diffuse
Galactic emission)

Science Case Design Drivers Benchmark Description
| | Sources Low-energy sensitvey & wmm.nus-m
Benchmark Definition.  The science benchmark is "= Tas— mo::'_':_)m' y p “
descrbed as the minimum diffuse cosmic-ray resicual Accolerators Hg™ 0oy socanvty & NALEITLm exp CAS energy Ostectatio
background level atainable above 1 TeV, as this is the Sources Energy resolton’ o 95% CL in 5 years fov:
biggest imiting factor in the detectability of large-scale - sl de s Tk
s Acceteratons Exwnded scume senstiviy § | Maomum source angulsr dension do-
affuse emission. oad TeV Halos Angular resoktioe’ Nectaio a1 S in 5.yt integraicn for:
oo 2L 1OV) # S 107 ToViom %
Oftuse Emvssion Background regecon Msimum dfuse cosmiccay resiudl
[ peerve beckgmnd ev
Throshoid: « 107 bowed at 1 TeW
Fundamontal Physcs M3 range energy senstivly | Masmum ooy ior DO thermal- rebe
Dark Matier rom Galactic Halo | Sie ude” cross-section bmi at 95% CLin Syoars,
or Enasto peofile.
H : Cosmic- Muon cacandty” Manmum dipcie 2107 owl,
Science WG report in Prague s mniiin] T Lagaiase dasts mesiviin 41 POV<
AnSOvCpy o8 590 achive A1, 4,14, 56§ Max-
- - | imem mulipole scale » 0.1 PeV

SNGO Scence Te 500 AN paae & ener Cougr

- ey $¥s "Toeagy meachdon

not commning a8 long & OO Broughout snegy Broe. “Asgulsr ssohton not coratmaring st long e - 0.2° - 03" Bwoughout

gy (Wge TSie LBow NOF Meverty COMERIWG Dt Ais Coser 10 327 Sau
OEtBCANON % DBy IMQOCINT 8 A\ MEEE - SMCATINGRO.

W ey Svouma “Capateiny br ncheaudl mon
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The Southern Wide-field
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Benchmark 5 (Dark Matter
from GC & Halo)

ray Bursts
Benchmark Definition. The science benchmark l

Science Case Design Drivers Benchmark Description
[hm!&won: Low endigy sonsiivty & AMirumum integraton e 5+ detocson.
Sto atruse” F(100 GeV) = 10 " ergiom’ 5.

PWL index = 2, Fity « 1'?

is descrbed as the maximum energy for achieving
the WIMP thermal-relic cross-section limit for the bb
channel at 95% CL in 5-years, for Einasto profile, The
choice of channel & 1o have the channel with weakes!
current imits as a clear reference for discriminating

Hghenergy senstrty &
Energy resolution®

LT ="T "1}

Maceum p-cutol! enirgy Sotectatio
M 55% CLin 5 yoars kv
m‘l’cw 5 mCrab, PWL index » 23

H-Mmm.mn {

wctabie # 5v 0 Sy mlegaaton for
FOITV) « 5410 Y SeViom 7

lﬂmm“mm Muﬂ
Badkground level
Theeshold « 10 % lovel at 1 TeV.

between designs.
—

Science WG report in Prague

Maomum enegy for 20 tharmal-relc
CI0aS- 300N Ik a1 05% CL n Syears,

o Enagto prolle.
- i
Mtnmnowhwdw w |

Log-mass dpoke resolsion at 1 PeV -
oal Is 10 achwe A«{1, 4, 14 56]; Max-
mum mulipole soale > 0.1 PeV

|
-t |
|

1
1
|

FWOO Sourvin Deraenans. "Sin WU MaRmane © ST Seign SA0Wrdlon M SRRte Mpededt IB5y Erergy eeinmon |
0L SORRINg 3 1ong 88 OUXIN) Pwinglaut en ey BAge “ANun’ sl Aon 1OT GonErang M g 8 - 02 - O Teagteus |
ey range. "SAe it Aot sevirely ol g But s SoNer 1 30 Soui are SgMy lvoumed. "Capabiity b v maoe |
CorMeabon ¥ pidy #oos et whe = o ey v aehon
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The Southern Wide-field

Gamma-ray Observatory /<

Benchmark 6 (Cosmic-rays)

Benchmark Definition. A ref, exposure of 5 years . .

is considered. The science goal is ulimately 10 un- Science WG report in Prague

derstand the nature of the evolution of the dipole and

multipoles between 0.1-multi PeV. To do this our re- EITI= T Benchmark Description

quired benchmarks are: Sources " Low-erergy senstivty & Urameam noegraton o - dutecton

2y Burses | Sae Wtuse* F{100 GeV) = 10 * engien’ 8,

i) the energy scale up to which the dipole aniso-} ' P PWLindese 2. PO
trogy can be detected at 10~ level v it Rl o T el
(i) the log-mass resolution required 1o achieve the F{1TaV) = § mCrab, PWL index = 2.3
doconvodﬁonoilhOcosm'crtyaninbloor Accoloratons. | Eended s00rte serditvly § | Midimum sOuwros angully exdensidn S
mass group A=(1, 4, 14, 56), in the 0.1-1 PeVen- [ o ' o sl enponbabelenst o arniag
ergy range EM' | Background rejection MinwTum Gfuse CoSTICTY residudd
(i) the multipole / - scale up to which the cosmic ray e

! Theeshold « 10 * lewed at 1 TV
anisotropy can be probed, for events with energies | M angn anengy Saniitatty | Madmom enesgy for D5 thersa relc
MMM

above 0.1 PeV. | Site astude® Croas-Section b a 95% CLin Syowrs,
P — ]
| Meon counsing capabiiy” Maumam dipcle energy 2 10 7 level;
Muum dpole muttipole Log-mass dpoie rescluton ot 1 PeV -
Benchmark driven by the - | anisotropy goal Is %0 achive A={1. 4. 14, 56); Max:
capability of SWGO to detect the : irum siipols scele > 0.1 Po¥
mass-resolved CR anisotropy. BVOO Since Bonchrurss 5 $Mude it 1 S SEUG S0 mrabon B WM SeOeert FF Mgy 10U —
ol cova g o lorg it OO0 Proaughoud eregy mge “Arguier ressiion rol cossarwyg da beg s - 02 - DY Proughout
nongy range “Site lattuce 1ot seversly Conairanng, Dl mies doner © 30 South are sighty avoued. “Cagatity lor ndwalal muon 22
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S The Science WG activity

The Southern Wide-field

Gamma-ray Observatory

o Toward Mé

- Be able to evaluate the benchmarks wrt to the candidates
configurations

- Science Inputs for the evaluation of Different Array choices
- Update of Science Benchmarks definition
-~ Create a “Figure of Merit” for each Science Benchmark (with numbers)

o IRF task force development
- Joint work with ASWG

o Specific Data analysis Use cases
-~ What about a DataChallenge?
- Might help for Development of SWGO papers
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The Southern Wide-field

Gamma-ray Observatory <<

o Toward Mé

- Be able to evaluate the benchmarks wrt to the candidates
configurations

- Science Inputs for the evaluation of Different Array choices
-~ Update of Science Benchmarks definition
-~ Create a “Figure of Merit” for each Science Benchmark (with numbers)

o IRF task force development
-~ Joint work with ASWG

o Specific Data analysis Use cases
-~ What about a DataChallenge?
~Working group for DataChallenge?

-~ Might help for Development of SWGO papers
24




