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Roma International Conferenze

*

RICAP'07 (Roma International Conference on
Astro-Particle physics) is the first edition of a
series of International Conferences dedicated to
high energy cosmic rays study, organized by
the three public Universities and INFN Sections
of Rome (University and INFN of Roma

“La Sapienza”, University and INFN of Roma
“Tor Vergata” and University and INFN of
“Roma Tre").

Physicists by these institutions are deeply
involved in major experiments on Astro-Particle
physics, (AGILE, AMS, ANTARES, ARGO, Auger,
GLAST, NEMO, PAMELA, ..) and in deep and
fruitful theoretical speculations.

The RICAP Conference will be held every two
years. The first edition will be held at the
University of Roma “La Sapienza”, the second
at the University of Roma "Tor Vergata" and the
third at "Roma Tre"

Local Organizing Committee

Antonio Capone (Univ. La Sapienza & INFN, Roma)
Bruno Borgia (Univ. La Sapienza & INFN, Roma)
Tommaso Chiarusi (Univ. La Sapienza & INFN, Roma)
Giulia De Bonis (Univ. La Sapienza & INFN, Roma)
Mario De Vincenzi (Univ. Roma Tre & INFN, Roma)
Speranza Falciano (Univ. La Sapienza & INFN, Roma)
Mario Greco (INFN Sezione Roma Tre, Roma)

Paolo Lipari (INFN Sezione di Roma, Roma)

Fabrizio Lucarelli (Univ. La Sapienza & INFN, Roma)
Valeria Malvezzi (Univ. Tor Vergata & INFN, Roma)
Guido Martinelli (Univ. La Sapienza & INFN, Roma)
Aldo Morselli (INFN Sezione Tor Vergata, Roma)
Paolo Piattelli (INFN Lab. Nazionali del Sud, Catania)
Piergiorgio Picozza (Univ. Tor Vergata & INFN, Roma)
Francesco Simeone (Univ. La Sapienza & INFN, Roma)
Roberta Sparvoli (Univ. Tor Vergata & INFN, Roma)
Manuela Vecchi (Univ. La Sapienza & INFN, Roma)

http:/ /ricap-conference.it
email: ricap07@ricap-conference.it
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University “"La Sapienza and INFN

Roma, Italy

International Scientific Advisory Committee

Felix Aharonian (MPIK, Heidelberg, Germany)

Zhen Cao (IHEP, Beijing, China)

John Carr (CPPM, Marseille, France)

Tom Gaisser (Univ. of Delaware, USA)

Arkady Galper (Moscow Eng. Phys. Inst.,Russia)
Francis Halzen (Univ. of Wisconsin, USA)

Juan Jose Hernandez (Univ. of Valencia, Spain)
John Learned (Univ. of Hawaii, USA)

Giorgio Matthiae (Univ. Tor Vergata & INFN, Roma)
Emilio Migneco (INFN, Lab. Nazionali del Sud, Italy)
Luciano Moscoso (CEA/Saclay & APC, Paris VII, France)
Carlos Mufioz (Univ. Autonoma de Madrid, Spain)
Christian Spiering (DESY Zeuthen, Germany)
Youheng Tan (IHEP, Beijing, China)*

Contact

Scientific Secretary: Mauro
Mancini

Phone:+39064991435

Fax: +39064454910

mail:
mauro.mancini@romal.infn.it
INFN Sezione di Roma

c/o Dip. di Fisica

Universita “La Sapienza”

1

Piazzale Aldo Moro, 2
00185 - Roma
Italy
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RICAP'Q7

~ 1 month from
AGILE launch

Perfect launch of the AGILE
satellite by ISRO from the
SHAR base (Chennai), India,

April 23,2007

AGILE in a very good shape
(see the talk by Carlotta Pittori)
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~ 1 year from Fermi launch
A ——
11 June 2008 -
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Also Fermi in a very good
shape

e Lots of presentations on
gamma-rays alone or in a

<

multt wavelenth —

multi messanger connections

Fermi talk by Sara Cutini
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RICAP'11

\S-02 launch

Aay 2011
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~ 9 months from DAMPE Iaﬁnch 17 Dec 2015 ,



H.E.S.S. (Namibia) MAGIC (La Palma)

4 x 108 m2 (since 2003) SR e 2005/2007)
1 X 614 m? (since 2012) —— -

High Altitude Water Cherenkov
Gamma-Ray Observatory

" [since 2013)

SN

ntime...



1x614 m2 (smce 2012)
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MAGIC (La Palmaq)
2 x 236 m?2 (since 2003 / 2009)







The Aha Conﬁguration

CTAO Northern Array CTAO Southern Array
e 4LSTs+9 MSTs e 14 MSTs + 37 SSTs
* 0,25 km? footprint e 3 km?footprint
* focus on extra-Galactic science * focus on Galactic science

and a good news: INAF+INFN have secured funding for 2 LST in the South

)
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CTA LST Status talk byAlice Donini

Sarah A. Brands, 2018
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y-ray detectors sensitivities (cta
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(more detailed ) y-ray detectors sensitivities (Cta
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Reconstructed Gamma-ray Energy ER (TeV)
SWGO talk by Giovanni La Mura

)
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Angular resolution (@
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Angular resolution (cta
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Dark Matter indirec search
Combining all dSph observations

e Combination of the observation 10==¢
results towards 20 dwarf spheroidal

galaxies (dSphs)

- Significant increase of the statistics 10722

-> Increase the sensitivity to potential

'G‘ __' _','.f.-,
dark matter signals g ‘ A
- Cover the widest energy range ever 2 10744 C ry
investigated : 20 MeV — 80 TeV B

10-26] ¥ b - — i)
« Common elements : —_— ihinaigl HAWC

pmm H; 68% containment — HESS

- Agreed model parameters Xx-bb A e, e

- Sharable likelihood table formats 10-28 L | P A

- Joint likelihood test statistic 10* 10° 10° 10 10°
m, [GeV]

)
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Galactic center with H.E.S.S.

= No significant DM signal found in any RO
— 95% C.L. upper limits on <ov>

10—23

10—27 |

1 Illllll I

Observed, this work
Expected

68% Containment
95% Containment
Expected, no syst.

Thermal relic density

546h, 2014-2020
DMDM — W W~

Einasto profile

0.2

[ 1]
1 2 245 10 50
mMpn (TeV)

= Systematic uncertainty included in the

imit computation

talk by Emmanuel Moulin

», H.E.S.S. coll., accepted in Phys. Rev. Lett. (2022)

10~
= —— Observed, this work
C —==Expected
- m 68% Containment
10_24 — 95% Containment
E === Expected, no syst.
1075
B U B density |
10—26 -
= 546h, 2014-2020
C DMDM Tt~
B Einastg/ profile
10—27 | T T I I I P T
0.2 05 1 2 345 10 50
MpM (TeV)

Thermal cross-section
expected for vanilla (s-wave) annihilating
WIMPs that account for 100% of DM

B N
QQQ

H.E.S.S\J

Emmanuel Moulin — RICAP 2022 17
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Galactic center CTA Sensitivity

T 10-25.
™ ]
=
o
5
5 :
g 10—26; S
~ ] el CTA GC projection ~ 1 GC projection,
] el HESS GC . HESS GC .
.- ) Fermi dSphs (6 years) + MAGIC Segue 1 Isignal: Einasto, Fermi dSphs (6 years) + MAGIC Segue 1 -
_97 |signal: Einasto, b6~ ————— Fermi dSphs (18 years) + LSST, projection o7 [W*W~ w/o EW corr. ~ ————— Fermi dSphs (18 years) + LSST, projection
10 1 T T llll|||2 T T ||||T|]3 T T Tll||l|4 T T ||||||r5 10 2 T T T |||||[3 T T T |l|l||4 T T T T T TT
10 10 10 10 10 10 10 10 10
m, [GeV] m,, [GeV]
* Einasto profile 520 h
a
=peexp [->( = | -1 7.1 X 102GeV2/cm®
PoM = PsCXP | = | ,J~T.1X eV</cm
S

* Main source of background : sources, Fermi Bubble, interstellar y, residual CR

@ The CTA Consortium JCAP01(2021) 057 January 27,2021 [arXiv:2007.16129]

)
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The GeV excess 7 xr region centered on the Galactic Center
11 months of data, E 400 MeV, front-converting events

analyzed with binned likelihood analysis )

e The systematic uncertainty of the effective area (blue area) of the LAT is ~10%
at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10 GeV

04

03
0.2
0.1

-0.1
0.2
0.3

(counts- model) / model

0—

R e L

-------------------------------------------------------------------------------------------------------------------------------

-------------------------

-----------------

............

I

10¢
10° Energy (MeV)

V.Vitale, A.Morselli, Fermi Coll. 2009 arXiv:0912.3828 Fermi Symposium eConf Proceedings C091122

(-
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The profile for the GCE. Does it look like a DM signal?
IC, Zhong, McDermott, Surdutovich, PRD 2022

Observed Emission at 1.02-2.24 GeV

Roughly consistent between
southern and northern galactic
hemisphere as expected from
South dark matter

The GCE at North vs South

——— GCE from the five best fit models at North
B GCE 20 fit range for the five best fit models at North
—— GCE from the five best fit models at South

GCE 20 fit range for the five best fit models at South

1| Hlllll

| IIHIII

Galactic Center Excess still there. DM interpretation non ruled out but an
experiment with better angular resolution at 100 MeV- GeV is necessary

)
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Dark Matter Direct Detection Overview
Kimberly Palladino

CF3: Cosmic Probes of DM

CF2: Wave-Like DM CF1: Particle DM o o
zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV L () 10*Mq
| | | | 1 | | | | | | | | | | |
| | | | | | I | I I | | | I | |
Extreme & dense astrophysics probes
Halo probes of interactions
Halo probes Halo probes Microlensing etc.

(small scales) (small scales)

Light experimental probes
Indirect Detection

Direct Detection

EF10, RF6, NF3 Accelerators

is ruled out by
microlensing, CMB, other cosmic probes

~90 orders of magnitude for the possible dark matter mass:
10-22 ¢V to 1088 eV
Bounded by astrophysical constraints.

Very low mass dark matter
suppresses structure formation
Massive compact obejct dark matter

R. Wechsler, SNOWMASS Cosmic Probe Plenary

)
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Th e ANTAR ES ®§ - 25 storeys / lin

* 3 PMTs / store
detector . ole + 885 PMTs

NIM A 656 (2011) 11 : ] - o b

» ¢

Mech. Electro-optical Cable

" J4 Deployed in 2001 \
&= * 40 km
s
Ql::
14.5m
* b
e
£ 1
;‘ -~
| | I Junction box
The Optical Module -~ ‘ - (since 2002)

NIM A 484 (2002) 369 ~2500 m depth Interlink cables

S— ©Montanet

iofta
1 by Annarita Mars®
Ta
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KM3NeT status by Simone Biagi

(e
W

munnncnh‘:ﬁ

HITivaaERRNdY

Summary

* KM3NeT is active and taking datal
» Detector performance as good as expected. First physics results.

* ORCA currently taking data with 10 lines.
~10 more lines ready for deployment late 2022, early 2023.

4+ Funding assured, procurement and construction in progress, for
~50 strings.

* ARCA currently taking data with 19 lines.

4+ Funding assured, procurement and construction in progress, for
‘strings.

—

* Detector mass production in regime stage. Production rate will
increase in the next years

* Interesting physics results in the next years!

a Simone Biagi INFN

)
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LHAASO
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IL.LHHAASO -
A b F FIE I 2%

LHAASO is completely built, and in full operation since July 2021
Open-up “UHE (>0.1 PeV) Astronomy”

@ 12 PeVatrons are discovered in our galaxy
@ A photon at 1.4 PeV is recorded toward Cygnus constellation
Discoveries:

@ Our galaxy is full of PeVatrons accelerating particles over 1 PeV

@ Potential CR origins: many type of candidates

@ The Crab: extreme e-PeVatron emitting 1.1 PeV y posing challenges
@ Many new sources are discovered

Precision Measurements of individual species CRs around knees will
be measured at first time

Fundamental rules, e.g. LIV, are tested in extreme condition

Aldo Morselli INFN Roma Tor Vergata RICAP 22 Final remarks 9 September 2022 3()



2\ .. LHAASO Prospects . znenceo

I.HAASO —1
& % R F FEH 2y

» Cygnus region: cosmic ray

Cyg OB2 ]
A L origin

» Extra galactic sources
Mrk421

» Diffuse y-ray emission

» Spectra of individual CR
species at “knees”

L'iF N Aldo Morselli INFN Roma Tor Vergata RICAP 22 Final remar ks 9 September 2022 3]



Gravitational Wave

Cascmam
~ ltaly 2
- 3kmarms '

S =

m’gf)?ﬂndla .

new run 04 will start at the beginning of the spring 2023 ==

)
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new run 04 will start at the beginning of the spring 2023
hopefully more events like GW 170817

...and the first NS-NS merger GW170817/

Variety of Gravitational Waves and a Chirp

GW150914

LVT151012

GW151226

GW170104

GwW170814

GwW170817

2
time observable (seconds)

Event in
NGC 4993:
localisation

area ™~ 19
deg?

Low-spin prior (y < 0.05)

High-spin prior (y < 0.89)

Binary inclination 6,y

Binary inclination 6,y using EM
distance constraint [108]

Detector-frame chirp mass M

Chirp mass M

Primary mass m;

Secondary mass m,

Total mass m

Mass ratio g

Effective spin y.g

Primary dimensionless spin y;

Secondary dimensionless spin y,

Tidal deformability A with flat prior

)
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14672 deg
1511]7 deg

1:19757; 2ot Mg
1.1861 0001 Mg
(1.36,1.60) Mg
(1.16, 1.36) M,
293139 M
(0.73, 1.00)
0.001 0%
(0.00, 0.04)
(0.00, 0.04)

3007700 (symmetric) /3001320 (HPD)

INFN Roma Tor Vergata

15272 deg
153117 deg

1.1976f§_~§§(1?§ M,
1.1861 0001 Mg
(1.36,1.89) Mg
(1.00, 1.36) Mg
277732 M,
(0.53, 1.00)
0.02:08%
(0.00, 0.50)
(0.00, 0.61)
(0, 630)

=20

Declination

-30°

13h40m

20m 00m

Right ascension

12h40m 20m

Abbott et al. Phys Rev. X 9, 011001 (2019)
The Astrophysical Journal 2018, 861:85 (10pp) [arXiv:1710.05450]
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Some Open Problems

e Pevatrons : Felix Aharonian, Stefano Gabici
e Neutrino Astronomy : Eli Waxman, Elisa Resconi, Dafne Guetta

e Dark Matter Search still on going

(1s the Galactic Center excess due to dark matter ?
at high energy we are starting to reach thermal relic value)

)
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!OSI’HIC rays:

about 10 Myears
in the Galaxy
(6-7 g/cm2)

creation

acceleration
injection

further

acceleration?

Propagation

osmic Rays

Modulation
y

Atmosphere

40 km

23 Xo

Space experiments ~ 400 km

Direct detection
Balloons ~ 40 km

Particle
~3 g/om? residual atmosphere AS tI'OthSiCS
Extensive Air Shower >
High Montain \ Detectors
Detectors " .
Cherenkov Detectors

Particle Accelerators

Experiments

Underground,

Under-ice, Underwater




Particle
Astrophysics

Experiments

............... " MAGIC

H.E.S.S.

VERITAS

Cosmic rays: CTA
about 10 Myears
in the Galaxy
(6-7 g/cm?2)
ARGO-JBJ
Milagro
HAWC
LHAASO
SWGO

Atmosph

40 km

23 Xo (C)f

=

High Montain
Detectors
Cherenkov Detectors

Particle Accelerators

Fermi

creation | PAMELA
acceleration AGILE

injection AMS

Detectors

o

il
H .
/
&

KASCADE Grande

Calet
AUGER

HERD CODALEMA
Propagation NEMO
ANTARES
. IceCube
Modulation KM3NeT
‘_{ Baikal-GVD
i DAMA/LIBRA
oo , CoGeNT
J irect detection CRESST-II
Balloons™~ 40 km CDMS
\ | ~3 g/@m? residualatmosphere XenonlT
. Extensive Air Shower LUX

PandaX
/ DarkSide

= Underground,

nder-ice, Underwater ‘




RICAP-22 Roma International Conference
on AstroParticle Physics
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cO.uIC-R‘V CLouns ESCAPING FROM THE
Giada Peron', Satin Casanovs 4,

AP, P e A, et G

MIDOLE-AQED SNR Wag
" Robarta Zanin 23 Folis Avarorian £
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