Principia Program on
Multi-Messenger Astrophysics

May 22 - June 16,2023
* New physics with multi-messenger observations; main theoretical challenges and key
experiments/instruments of the next decade

Sao Paulo Advanced School on
Multi-Messenger Astrophysics

May 29 - June 7,2023

* Training the next generation of researchers in multi-messenger areas
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Motivations for the Principia Program on Multi-Messenger Astrophysics

e Fast-growing field worldwide

* Opportunities for discoveries and new physics

e New instruments, new experiments, new data — new theories?

e Combination of different data sets & physical observables

e Increasing need for coordination between different instruments/experiments
e Trend for larger, transnational efforts present challenges & opportunities

e The importance of networks

e How to train a new generation of physicists & astronomers?
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Motivations for the Principia Program on Multi-Messenger Astrophysics

* Not a “pipe dream” anymore:
I Diffuse astrophysical neutrinos detected by IceCube
| Gravitational waves detected by LIGO/ Virgo
I Joint detections of GWs and photons (Kilonova)
I Joint detections of neutrinos and photons (Supernova 1987a, blazar TXS 0506+056)

e With MM observations, “astrophysics is fundamental physics ” (2203.10074)
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Goals of the Program

e [dentify key areas of fundamental physics that may be impacted

e Focus on main new experimental efforts that look promising, and how local
instrumentation expertise could help us become part of those collaborations

e Prepare and support local research community to meet these challenges
e Come up with medium- and long-term plans

e Produce a record of the conclusions of the Program
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LOFAR: ground armay vansiest survay, 'ad o
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Facilities: past & present
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Multi-messenger aspect

e Two or more messengers from the same sources
e Coincidence in time or space — or, even better, both

e Complementarity between probes of physical mechanisms behind emissions

Keys for future MM efforts

e Larger fields of view

* Better directional resolution for tracing events

e Greater time domain discrimination

e Greater depth/sensitivity

e Tools to identify events on top of backgrounds/foregrounds

e Better coordination between instruments
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The obvious example: GW170817
e LIGO & Fermi-GBM both critical for zooming into the area for the candidate
e SWOPE Supernova Survey had previously mapped the nearby galaxies in that area
e Their survey uses two small (1m) wide FoV (30'x30') telescopes (@California and @Chile)
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Coulter et al., Science 2017
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But what are we still missing?

e Mechanisms for ! -ray emissions in Kilonovas?

e Where did “Bert”, “Ernie" and “Big Bird” (~PeV neutrinos)
come from? Could it be a blazar, like TXS 0506+056...7

Lheees v

e Still not clear what are the progenitors of most HECRs

e What are the acceleration mechanisms deep inside AGNs?

-~

e What are the sources of ! -ray bursts and fast radio bursts?

v
c.l@’
- FF . 4 .

Ercackline
ragion

Ducly
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What else could we possibly find?

An intere5ting example: 10000 | CGRO/BATSE (high anerqgy)
CGRO/BATSE

e Presently there are no ! -ray instruments with 1,000 } SWIYBAT
good time-domain capabilities ) |

e BATSE was able to resolve ! -ray detections in % I
real time, but it died in ~2000 5 ol

2 |

e Cecilia Chirenti et al. analyzed archival data I | _GRB GRe.
from BATSE looking for the “quasi-periodic” ’ N -
signals characteristic of mergers of compact

g 0] 13 11311 1311 2 1 . 1 ! . 1
objects (NS-NS, BH-NS). -2 0 2 E 6 8 10
log. ,({BY)
e They found two good candidates! (See talk by Chirenti et al.. Nature 2023

Cecilia on Wednesday)
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And, of course, we need to talk about H,,...

004

e The “tension" between local /late measurements
(SHOES) and early measurements (Planck) is at
(Bt =
| Local/late: Hy = 73.4?8:38 kms !t Mpc
(Riess et al. 2022, Scolnic et al. 2022)
| Early: Hy = (67.4% 0.5 kms ! Mpc *
(Aghanim et al. 2018)

e NS-NS and NS-BH mergers are probably the
ultimate standard candles

SIH,) (km T sMpr)

0.00

H: (¢ems :'~1[1¢' 1

Planck

speed

e [t may be possible to improve the constraints on
the inclination angle of the merger through  -ray
(Guidorzi et al., Ap] 2017 ) or radio observations
(Hotokezaka et al., Nature Astron. 2019)

— GW170817

distance
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Week #1: May 22-26

#3 e
Brian, Mario, | Peter, Maris &
Riccardo Vitor

#1
Juan, Edivaldo

#4 & Martin

Raul, Miguel, Rita,
Carlos, Enrico,
Ulisses

Common area

But... feel free to tweak with these arrangements




Print e
M FAPESP il

 PRINCIPIA

Offices

Week #2: May 29-June 2 (Program + School)

#3 #1

122 )
Mario, : . Edivaldo,
: Brian, Aion & :
Riccardo, Irene Al Martin &
#4 Emille
Raul, Rita, Carlos,

Enrico, Vitor &
Ulisses

Common area
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Week #3: June 4-June 7 (Program + School)

#4
Raul, Edivaldo,

Enrico, Riccardo,
Orlando

Common area
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Week #4: June 12-June 16

#3
Zoltan &

44 Rodrigo

Raul, Miguel,
Edivaldo, Enrico,
Riccardo, Vitor

#2
Ivone & Joao

Common area

#1
Carlos &
Arman




Week #1

9:30-11.00

11:00-11:30

11:30-12.30

12:30-14;30

14:30-16:00

16:00-16:30

16:30-17:30

Mon (22/5)

Vielcome & summary of
the gozls of the
Prcgramme

Chairs: Raul & Vitor

Coffee

Shorl talksireviews.;
Riccarde, Vilor, Rita

Lunch

MMA cnallengss &
oppolunities ¢f next 10
yaars

Chairs: Martin & Peter
Coffee

Focus dizcussion: GWs
and MMA

Chairs: Riccardo &
Mario

Tue (23/5)

Open ime

Coffee

2-3 shor: glks/reviews,;
|gana, Marlin

Lunch

Open ime

Coffee

Focus discussion:
Stranglhs anc wazknesses of
the lozal community

Chairs: Migue! & Edivaldo

Audiléro Boulevard

ram on

ophysi'cs .

Wad (24/5)

Invited talks

9:30 Isabela S. de Matos: Tesling gravity on
cosmological scales vallh gravitahonal waves
10:15 Rogemar Riffel: Aclive Galaclic Nuciei in
Mullimessengers

Invited talks
11.00 Cecilia Chirenti. Gairuna ray bursts,

b o

thypermassive) neulron siars and gravitational waves

Invited talks
11.45 Rogeric Rosenfeld Cosimalogy willi Rutn
Chsarvaiory's LSET. Challenuss and Opportunities

Lunch

Invited talks

14.30 Valerio Marra. A roadmag ior cosmological
Inferencz using aark sirens and LEST observations
15:15 Clecio de Bom:

Coffece

Foeous discussion: Cosmic Rays, Gamma-ray
Aslrenomy & MMA
Chairs: loana & Vitor

|

Thu (25/5)

2-3 short zlks/reviews

Coffee

Review of MMA chzllences &
opporlun ties inlight of local
community slrengths

Chairs: Riccardo & Rita

Lunch

Open tme

Cofee

Long-term future, "blue sky® iceas
Chairs: Brian & Mario

Sala da Escola de Talentos (ET)

NSTITUTO
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crencia expaonde O

Fri (26/5)

2-3 shorl tal<sheviews

Coffee

Round table: key challenges,
exparamenls & insliuments, ranked
in 20 science relevancs v.
feasibility in next 10 years

Chalrs: Martin & Irene

Lunch

Crentims

Coffee

\Wrap up of 1st week: executive
summary of main conclusions.,
Social gathering at end of the day
in the rooftep lounge



Week #2

9:30-10:00
10:00-11:00

11:00-11:30

11:30-13:00

13:00-14:30

14:30-16:00

16:00-16:30

16:30-17:30

Mon (29/5)

Hegistretion
Vielcome. Local Information
Schoo' Crganization

Coffee

Alicia Lépez Oramas
Gamma-Ray Astrophysics
Lecture 1

Lunch

Irene di Palima
Gravilational Waves
Lecture 1

Coffee

Martin Makler

Strong gravitahional iensing of
supermovas, grewlationz)
wavas and other sources

P W

Multl- .

Tue (30/5)

Brian Reville

Panicle Acceferation ana
Radiation Processas
Lecture 1

Coffae

Irene di Palma
Gravitationa! Waves
Leceturc 2

Lunch

Alicia Lépez Oramas
Garnma-Ray Asliophysics
Lecture 2

Coffee

Mario Diaz

A Brnief Histary of Gravitaticnal
Waves: From Denal v
Muftimessenger Astrophysics

L

‘
a ' [ ]
e

~

Wed (31/5)

Erian Revilla

~articls Acceieranon and
Radiation Procasses
Lecture 2

Coffeo

Irene di Palma
Grawvitational Wavss
Lecture 3

Lunch

Alicia Lopez Oramas
Gamma-Ray Aslroviysics
Lecture 3

Coftee

Aicn Viana

oark Maiiter searches in the

mulli-ressenger era

ram on
ophysms

Thu (1/6)

lrene di Palma
Gravitational Waves
Lecture 4

Coffeo

Emille Ishida
Using machine leaming to find
astroncmical transients

Lunch

Hands-on sessions

Cottee

Student serminars - Sgssion 1

posters & short talks (S mins)

Saocial gathering at end of the
day in the rooficp lounge

‘ NSTITUTO
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Fri (2/6)

Visit to Sirius (LNLS, CNPEM)

Bus leaves Flat Unlversa at 11 am,
arrives at LNLS at 12:30.

Visit to Sirius (LNLS, CNPEM)

Visit to Sirius (LNLS, CNPEM)

Visit to Sirius (LNLS, CNPEM)

Visit to Sirlus (LNLS, CNPEM)

Visil to Sirius (LNLS, CNPEM): bus
leaves lab at Sgm, arrives on Flat
Universe at 6:30pm

Principia Program: focus groups and discussions between participants and lecturers of the School



Week #3

9:30-11:00

11:00-11:30

11:30-13:00

13:00-14:30

14:30-16:00

16:00-16:30

16:30-17:30

Sun (4/6)

Freec time

Coffce

Carlos Arguelles Delgado
Higiranergy Nedrino
Astrophysics

Lecture 1

Lunch

Edivaldo Moura Santos
CN ovopulation studies
usSIng garmme rays

Coffee

Arman Esmaili
Specigl lopics Lecture G

Mon (5/6)

Carlos Arquclics Delgado
righ-ensrgy Neutrind Astrcphysics
Lectura 2

Coffce

Riccardo Sturani
Special tiyices Teciue 7

Lunch

lvone Albuquerque
Searching for I'ght dark matter

Coffee

Zoltan Haiman
The asfrophysics of black hole meraers
Lectura 1

Tue (6/6)

Carlos Arguellcs Declgado
High-energy Neutrino Astrophysics
Lecture 3

Coffec

Zoltan Haiman
The astrovhysics of blzck hole mergers
Lecture 2

Lunch

Enrico Bertuzzo
The Dark Maiter model 'andscape

Coffee

Student seminars - Session 2:
posters & short talks (S mins)
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Wed (7/6)

Zoltan Haiman
The astrophysics cf black hole mergers
Lecture 3

Cofice

Carlos Arguelles Delgado
Higt-energy Neulrino Astrophysics
Lecture 4

Lunch

Final discussion session and wrap-up
of the School

Free time + possible extra student talks

Cocktail in the rooftop lounge

Principia Program: focus groups and discussions between participants and lecturers of the School; review
previous discussions and results; start preparation of the draft of the White Paper.



Week #4

9:30-10:30

10:30-11:00

11:00-12:30

12:30-14:30

14:30-16:00

16:00-16:30

16:30-16:00

Mon (12/6)

Executive summary of pravous
wecks; geals of the Program,
crafling skelelon for Whils Paper
ter Brazilian commurity &
fund ng agencies

Chairs: Raul & Riccardo

Coffce

2 stort talks + discussion: MMA
and dark matte-.
Chalrs: Ivone & Enrico

Lunch

Opentmsa

CoHee

2 short talks + discussion: MMA
and neutrinzs.
Chairs: Pedro & Arman

Muﬁi- Ié

Tue (13/6)

Focus discuss an. neutriras dark
mattcr scarches & MIMA
Chairs: Juan & Carlos A..D.

Coffce

2 snort talks + discussion: MMA
and opticalArtrarad astronomy
Chalrs: Rodrigo & Zoltan

Lunch

Meetings with industry, engineers
and other pariners for
devalopment of insrrumantation:
2 snort talks + discussion

Coffee

Meetinos with industry, enginecrs
and cther pariners for
development of Insrumantation:
2 snort talks + discussion

Auditério Bou'evard

ram on

ophysi'cs .

Wed (14/6)

Focus discussion: opticalin‘rarec
astroncmy & MMA
Chairs: Miguel & Rodrigo

Coffee

Ganeral ciscussion 10 organize
the drafting of the whita paper,
thcn moving on to zplintcr groups
Chairs: Raul & Riccardo

Lunch

Spl nter groups; drafting white
paper

Caftee

Spl nter groups; drafting white
paper; brief progress report at the
enc of the day.

|
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Thu (15/6)

Review of orogress on while
paper and achercnee to goals of
Lhe Program, hen moving o o
spl nter groups

Chairs: Edivaldc & Orlando

Coffce

Splinter croups; drafling whiie
paper

Lunch

Splinter croups; drafiing whiia
papear

Coffee

Splinter croups; drafiing whii2
paper; bref crogress report at
tre end of the day

Social event at end of the day
et the rooftop lounge

Sala da Escola de Talentos (ET)

2NCIQ expande O

Fri (16/6)

Wrap-up of Program: main
canclusions, key arcas &
opportunities

Coffce

Discussion about the status
of the White Paper; open
Issucs, strong/weak arcas

Lunch

Free

Coffee

Free



