| Understandmg the

»

Umverse with Neutrm
and Astroparticles

J. Maneira

.

.

6h Lisbon miniSchool
on Particle and
Astrop;ﬁ'tlcle Physics




| Particle physics looks at matter Astrophysics looks at matter in its |
in its smallest dimensions. largest dimensions, ‘ i

Microscopes |
Jumelles

G | I'elescopes optiques & radio
Microscopes Binoculars omie

Optical & radio telescopes
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et détecteurs
Accelerators
and detectors

- Need to understand the “infinitely small” to
understand the “infinitely large”
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What Physics do we do?
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Astroparticles at LIP

Particle

Expt.

Discover New Particle
Physics

Particles as probes in
Astrophysics or

Cosmology
Sources of HECR
Hadronic interactions at Multi-messenger
high energies Astrophysics
Dark Matter search Anti-matter search
Solar Physics

Dark Matter search

Multi-messenger
Astrophysics

Oscillations and mass
Majorana neutrinos
CP violation and
leptogenesis
Nucleon decay search

Sun, Earth and
Supernova Physics
Matter/antimatter in
early Universe

Thanks to: P. Assis, F. Barao; N. Barros, R. Conceigao




Where we do 1t?



International Space Station
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Atacama, Chile (?
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Fermilab to South
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Outline

- Introduction 1: Multi-Messenger Astronomy
- AMS
- Auger
- SWGO

- Introduction 2: Neutrino Physics
- SNO+
- DUNE
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Ultra High Energy Cosmic Rays

Cosmic ray energy spectrum

E R

LHC (p-p) 13 TeV

Iols
E (eV)
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Cosmic Rays
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Complementarity

gammas travel in straight lines but can
N be absorbed in the way

neutrinos travel in straight lines but
are very difficult to detect
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Pi . .
= illj “Multi-messenger observation

of a Binary Neutron Star Merger”

THE ASTROPHYSICAL JOURNAL LETTERS, 848:L.12 (59pp), 2017 October 20

JR#tq LIGO - virgo
N300

- Joint observation of GW and

UOO

EM signals by many - I 1)
collaborations

Alf-ray
Farmi, INTEGRAL, Astrocat, 1PN, Insggsd-HXMT, Svik, AGLE, CALET, H.E.S8.5. HAWC, Konus-Wind

- different wavelengths, S —
different physics

e e S et | (11 RLTININ |
- much richer understanding of | ——— A TRTT TN
the astrophysical phenomena "N
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ANMS
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Alpha Magnetic Spectrmﬁ | T s id i
R

Installed on the

International Space
Station (ISS) in May of
2011

Collected more than
112,500,000,000
events up to this day,
at a rate of about 43 {
million events per day zr '

Most of primary cosmic
rays crossing AMS are

protons
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Solar modulation

Magnetic field lines Solar wind flow

Solar modulation is

4:__-/-—/£§\ ///'\i—l prevaling up to 30 GV




EVIDENCE OF A TIME DELAY

Nb Sunspots
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Auger



Pierre Auger Observatory

Central

Campus.,..

Loma Amarilla

Los Leone

Los
Morados

—{20

Area: 3000 km?

Located in the Pampa
Amarilla, Mendoza,
Argentina

Altitude: 1400 m a.s.l.




Hybrid
detector

!
!

Communications antenna

Surface detector (SD)
for charged particles §

Electronics box

PMT
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Observation of dipolar anisotropy

Science 357 (2017) no.6537, 1266-1270

+ Harmonic analysisshows a dipole for energies above 8 EeV
Significance: 5.2 g (post-trial ; with penalization for energy bins exploration)

+ Evidence for UHECRs origin outside the galaxy




Measurement (!) of cross-section

Equivalent c.m. energy E,p [TeV]

80—t
joof. T Semesecares Few years ago... before LHC got it
'g : # I;gliettaetal2m9
= 500l —¥— hm e 114 : :
£ [ —@— Thewenom 1L 1 First measurement of p-alr
o . F .
e T cross-section at 1018 eV
300 ;-' """ --= SIBYLL-2.1
T T U A T
Energy [eV]
o energy spectrum
JUSt nOW p+AZ7'—)7T +X F1 T I I T T T 1
o] T 4+ Sibyll 2.3¢ :
; : §$ + 2'3::;2': ¥ 10° Sibyll 2.3¢ mod. .
. 1 1 C maod. - o E
The output of first 5 ORI (P ke ]
interactions dictate ‘il o 5V w080 t
the muon S g o L ]
distribution! < 0 -
1072 107 | 4 !}H ! |
0.0 0.2 0.4 0.6 0.8 1.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5
Lab. energy fraction x InN
Measure the muons = Estimate m® Energy Spectrum
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Particle Physics at the highest energies




Muon content in air showers

» Muons = Assess Hadronic Phys.Rev. D91 (2015) 3, 032003

Interaction models (HIM)

© Epros LHC E=10Y¢eV, 0 = 67°
o QGSJET II-04
1 © QGSJET 103 —
o QGSJETO1
[ ° ] Auger
data
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<Xmax> / £cm 2

Fluorescence Detector

¢ Combination of the R (number of muons) with X shows
tension between data and all hadronicinteraction models




Measuring Muons : MARTA

A dedicated muon detector:
An array of particle detector
installed beneath the tanks.

Cost-effective.

Water tank ?MAR’I‘AE

Precast structure

Led by LIP
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SWGO



How to detect VHE gamma rays?

Primary particle of

1
I
:4— low energy high energy»
v

Satellite

Extensive Air 4
Shower (EAS)
arrays

o) 7 K
'y,

)/ .
.;'.'/b b ve
/ e
s L

Arrays at high-altitude = large field of view + large duty cycle + low energy
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Complementary to the powerful
* SWGO Cherenkov Telescope Array project
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Galactic Center

Scorpius
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Sagitarius |,



The concept: a hybrid detector

RPCs : time and spatial resolution

WCDs: e.m. energy, g/h discrimination
and trigger




SWGO [@FAR\Y/VARIiT=

Southern Wide-field Gamma Observatory

+ Joint Brazil / Italy / Portugal
Initiative
+ Interest from Czech group

+ Possible site: ;,.\

+ Atacama Large Millimeter Array site BN
+ Chajnantor plateau {"k .
+ 5200 meters altitude in north Chile R

+ Good position to survey the
Galactic Center




sensitivity

Astropart.Phys. 99 (2018) 34-42
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SINO+



Neutrino-less

double beta decay
- Only happens if

s € e neutrinos are of
Wz Z - Majorana type
. ,:' s = - Half-life depends on

N ' \y the neutrino mass
€ €

Particle Physics term

Effective Majorana mass

Nuclear Physics Depends on masses ml, m2, m3
also on neutrino mixing parameters

Half-life fermms

M1CIoCra + MaSToCiae"'*? + mg s13622(0‘3+5)
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SNO+ detector

i new v calibration { readout cards §

‘\'/ ' LY .' l’ﬂ

o iveaivah

i 180 tons of
§ liquid scintillatory premesssmaemrnmmmcmms:
remrmmimssmamnssaomed 103 ded with
t double-beta decay!
£ isotope (Tel30) %

contaiped inan |
acrylic vessel |

(AV)

12 m diameter P——y
e Y 1 eld dovvn by
L n new rope system 1

f ultra-pure water §

{ mounted on 17 m diam. structure §
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Another .rAnu»bn candidate

Muon candidate grazing the detector
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365 o eleCltorx
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420 nm o,

«-w Callbrations %] |

500 nm

40 50 60
Incident Angle (degrees

Laserball calibration source

o
=

¢ Data
—— Sig. + Bkg. Fit
Syst. Uncertainty
50<T,<15.0 MeV

Solar neutrinos

- AmBe daa

2
=

- Total fit

Neutrons for v.

N
o O

n capture time (z ~ 0.2 ms)

N
=)

Number of events / 20 us

Counts / 114.7 Days / 0.05
=

200 300 400 S00 600 700 800 900 i.(ll’() —O].O 0.8 06 04 02 00 02 04 06 08 1.0

Time between events [us] cosOg,,




SNO+

Supernova
Neutrinos

Neutrinoless
Double Beta

Decay

ﬁ Geo-neutrinos

Invisible
Nucleon Decay
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DUNE



Long-baseline oscillations |
Electron neutrino appearance..] &=

Normal Ordering

GFNe
P((ﬁ; — (ﬁe)) ~ sin? 673 sin? 2013 a==x /2

sin?(Asy 2
2 A3l
(A3 - aL]
+ sin 2623 sin 2013 sin 2012 Neutrinos
sin( Az ) - Antineutrinos  ** ge porinos Bac, = -2
Matter X ( A3l ' A3] / 0.12- Normal Ordering .8°P=°
CP violation

Effects : 0.1
L
X Azl COS(A31 ?

2 3 4 5678
Neutrino Energy (GeV)

2

. o
4 cos? 6s sin2 26 smz(aL)Az
COS” 613 sIn 12
Ajj = 1.267Am?,L/E, Mot 1 2 s 45678
J Neutrino Energy (GeV)
, . . gf 'II LABORATORIO DE INSTRUMENTACAC » 14 )
43 José Maneira | DUNE and LBL Neutrino Program r.-l !p E FISICA EXPERIMEN TAL DE PATTICUILAS DU(\E




Deep Underground Neutrino Experiment

+ DUNE in a nutshell * Physics goals

- Fermilab makes intense neutrino and - Measure v. /v, appearance and
antineutrino beams vu [ v, disappearance

- Near Detector characterizes beam - Measure mass ordering, CP
and cross-sections violation and neutrino mixing

- Beams reach Sanford lab, 1285 km parameters in a single experiment
away, 1.5 km underground - Large, deep underground

- 70 kt Far Detector, divided in 4 detector is sensitive to rare and
modules low-energy physics (Supernova

bursts, nucleon decay and more)

Sanford

Undsrground —
Research ‘ = .- -JSSEENN- \' :
Facility e - LerrEAE x

Farmilab

LABORATORIO DE INSTRUMENTACAQ r-.. 7Y =
E FISICA EXPERIMEN TAL DE PAITTICULAS A.AJ(\‘_

44 José Maneira | DUNE and LBL Neutrino Program



DUNE Far Detector

* Four detector modules, 17 kt each
* Modules #1, #2, and #3: Liquid
Time Projection Chamber
- Precision tracking and calorimetry
* Ongoing R&D for #4 Module of Opportunity

Sensc Wires

u v X V wire plane waveforms

Liquid Argon TPC y :r 4 ¥ 19 m
A [y AW

Argon
18 m

Cathode -~ / 7
Plane v //F]
‘—\_\ L / 7
v}/"/ 'v(r'"
ey "
&, /¥//
‘\é’ ¢ ',I i gy
S V/ KL/
& 7
P Y yy 7/
\({',r' {/ /v
’ ¥ /A
l/ /77
/¥
(/ /7
v/ v,.//—"/"
F r"“‘/’///lli}
. //
drift :'/)';(__.

MicroBooNE
e data
X wire plane waveforms ’
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ProtoDUNE(s) at CERN

5 - " AL O A TEEED N~ [es—
TOUU T
< i P =t = R i 5 ProtoDUNE
5 - ; b el -4.'___:.'_~_............ s

DR U OSSR e T Single-Phase

° Two ~1 kt prototypes 6x6x6 m
- Design validation at (component) full scale
Single-phase (HD) 2018-20
- Charged particle beam + cosmics
- Event reconstruction, full analysis
- Neutron calibration, Xe doping, HV tests
- Phase-ll starting 2022
Dual-phase 2019-20
- Develop CRP technology, very HV JINST 15 (2020) 12, P12004
- Evolved into SP-Vertical Drift

LABORATORIO DE]N‘:T[RUMENTACPO »E =
E FISICA EXPERIMENTAL DE PARTICULAS - :(\ .

!

L '
| = !
-
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Eur. Phys. J. C (2020) 80:978

CP violation and Mass Ordering

- DUNE Sensitivity 7 years (staged) 0 DUNE Sensitivity 7 years (staged)
12— All Systematics === 10 years (staged) All Systematics ~——— 10 years (staged)
_ Normal Ordering e 35-Normal Ordering = Median of Throws
| sin®26,,=0.088 +0.003 1o: Variations of sin226.. = 0.088 + 0.003 | 1o: Variations of
10[-0.4 <sin’0,; < 0.6 :mo::;:mm 0.4< silanze,, <06 PSS ST,
- permmoters 30 R R
L 25
=
<] ~
E: ¥ o
O ‘ .
..................................................... 165
10
S e
%1 208-06-04-0.2 -.0 02 04 06 08 1 01" 208060402 0 02 04 06 08 1
Ocp/m Sep/n
* CP violation discovery in wide . Definitive determination of mass
range of dcp over 7-10 yrs ordering for all parameters

Due to long baseline and wideband beam, CPV and MO degeneracies are broken
and DUNE can determine both these effects in the same experiment.

LABORATORIO DE INSTRUMENTACAC ! ‘:
E HISICA EXPERIMEN TAL DE PARTICULAS —m;

T |
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Calibration and Monitoring

MICROBOONE-NOTE-1050-PUB

Beam from laser
box entars here

* Use of “natural” sources
- Cosmic ray muons
- Beam-induced muons
- 39Ar radioactivity

Light shield

Number of Candidates

* Cryogenic instrumentation " et B e Ezmsm:m
- Array of temperature sensors it Flange
constraining Computational Fluid - cryostat port
Dynamics simulations | — Upper
- Purity monitors (i.e., miniature TPCs) assembly
measure electron lifetime. P R [ onment
* Dedicated calibration hardware .
- Intense laser beams steered into , —
active volume. lonization tracks to BRI — il

& starfire I
Wdisthes d

monitor detector performance
- External neutron source for low ) r—

energy response : miTor System
- Possibly deployed sources |

DD neutron generator

E FISICA EXPERIMENTAL DE PARTICULAS

LABORATORIO DE INSTRUMENTACAG »- (\ —
y I~ »
L it -

T |
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i Outlook

- Neutrino and astroparticle experiments
have a very wide range of:

- Energy ranges and techniques
Scintillator/low energy, Liquid Argon
Trackers/spectrometers/calorimeters (in space!!)

RPC, water Cherenkov tanks

- Particle Physics discovery potential

hadronic interactions, dark matter, leptogenesis

neutrino oscillations, mass, Majorana

+ Capabilities for Astrophysics

Multi-messenger studies of sources and propagation

Sun, Earth, Supernova
49



