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The Messengers

N\

AGNs, SNRs, GREBs... MVZEEER 1

Gamma rays

They point to their sources, but they
can be ahsorbed and are created by
multiple emlsslan mechanlsins.

Meutrinos
They are weak, neutral
particles that paint ta their
sources and carry information
from deep within their origins.
alr shhower

w

They are charged particles and
are deflected by magnetic fields.
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The Messengers
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AGNs, SNRs, GREBs... MVZEEER 1
Gamma rays
Black : They point to their sources, but they
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Meutrinos
They are weak, neutral
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are deflected by magnetic fields.



Classitication

Cosmic Rays

Energies and rates of the cosmic-ray particles
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Classitication

Cosmic Rays

High Energy

Cosmic Rays
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Classitication

Cosmic Rays

Energies and rates of the cosmic-ray particles
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Primary particle

Secondary particles

e, U, v, and hadrons
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Houston, we have a propblem!

3 Hadronic interaction Models used (+ variants)
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_adiscrepancy occurs!
3 HEHI Models (+ variants)
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_adiscrepancy occurs!
3 HEHI Models (+ variants)
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3 HEHI Models (+ variants): SOME “EFFECT” IS MISSING!
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3 HEHI Models (+ variants): SOME “EFFECT” IS MISSING!

log p, —logp;,

" logpfe — log ]

O Xmax correct

3

EPOS-LHC

QOSTet-1104

SIBYLL-2.3d

SIBYLL-2.1

QGSJe!

QGSJet-IL03

SIBYLL-23

SIBYLL-23c¢

—— -
~
———————

-———
= o o Ny

10" 10 10'7 10" 10"

10'5 1051077 10" 10"
FieV

10'%10'* 107 10" 10"

10F 167107 107 167

Early stages of the EAS: Isn’t it there, or is it negligible?

BT

Auvger UMD=SD
[ceCube [Preliminary]
NEVOD-DECOR
Auger FD+SD
SUGAR

Teleseope Array
Yakotsk [Preliminary|
EAS-MSU?
KASCADE-Grande®
AGASA [Preliminary]
Expeeted from X .

- GSI

“nat enerp-cca e comectod

Later stages of the EAS: Does the effect occur here, or is it magnified?
O Lateral density incorrect

O At <100 PeV, the discrepancy is not evident
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3 HEHI Models (+ variants): SOME “EFFECT” IS MISSING!
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The Muon .

State-of-the-art |

Puzzle
strophvs. Space Sci. 367 3 .27 (2022)]

Simulations predict fewer muons than Reality!
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https://doi.org/10.1007/s10509-022-04054-5

A Hypothesis...

What if Polarization is the cause of the Muon Puzzle?

Different outgoing angles after interaction = more interaction lengths
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A Hypothesis...

What it Polarization is the cause of the Muon Puzzle?
Different outgoing angles after interaction = more interaction lengths

U Deep shower: muon production started earlier! X . don't change!
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A Hypothesis...

What it Polarization is the cause of the Muon Puzzle?
Different outgoing angles after interaction = more interaction lengths

U Deep shower: muon production started earlier! X . don't change!

[ Shallow shower: on the ground, all muons are already produced.
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A Hypothesis...

What it Polarization is the cause of the Muon Puzzle?
Different outgoing angles after interaction = more interaction lengths

M Deep shower: muon production started earlier! X ax
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Experimental conditions

A Krakow case!

Krakow altitude
~200 m a.s.l.

To test it, we need:

P Testing discrepancies in the muon trajectory predictions

4p The shallower, the more discrepancies on trajectories accumulate
2 Reducing the variables (unknown Energy and Mass descriptions)
2 A good charge separation due to the Geomagnetic field

4p related to how many particles are polarized



Experimental conditions

A Krakow case!

Krakow altitude Let’s use HECR!
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To test it, we need:

P Testing discrepancies in the muon trajectory predictions
4p The shallower, the more discrepancies on trajectories accumulate

P> Reducing the variables (unknown Energy and Mass descriptions)
2 A good charge separation due to the Geomagnetic field
4p related to how many particles are polarized
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A Krakow case!
Krakow altitude L et’s use HECR! From simulations,
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P Testing discrepancies in the muon trajectory predictions

4p The shallower, the more discrepancies on trajectories accumulate
P> Reducing the variables (unknown Energy and Mass descriptions)
P A good charge separation due to the Geomagnetic field

4 related to how many particles are polarized



UPPET

M-Puzzle with J-PET
Big Barrel J-PET Modular J-PET




UPPET

The muon tracker
Big Barrel J-PET
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The muon tracker
Blg Barrel .l PET
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The muon tracker
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UPPET

The muon tracker
Blg Barrel .l PET

Calibration: dE < ToTl
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UPPET

The muon tracker
Blg Barrel .l PET
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——— Improvement: Physics-Informed NN (PINN)



UPPET

The muon tracker

_Calibration: dE < ToTl
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UPPET

Shower reconstructor

Modular J-PET
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Shower reconstructor

Modular J-PET




UPPET

Shower reconstructor
Flexible Array on rooftops Modular J-PET

12/24 active station, close/far to Big Barrel
*’v”
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Shower reconstructor

Flexible Array on rooft Modular J-PET




UPPET

Shower reconstructor
Flexible Array on rooftops Modular J-PET

12/24 active station, close/far to Big Barrel
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Improved Réconstrudtion 'v-v'i’“t‘h B
Graph NN



UPPET

Shower reconstructor
Flexible Array on rooftops Modular J-PET

12/24 active station, close/far to Big Barrel
*’v”

PONNS [Physical
Observables NN
System]

A hybrid
architecture
2XxCNN+PINN to
reconstruct events
observable in a
station: position,
direction, energy,
and charge

Improved Reconstruction with
Graph NN



Outlook

A new hypothesis for a 15-years long issue—the Muon Puzzle

VVV
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J-PET repurposed: suitable detectors and experimental conditions
Experimental setup

Search for anomalies in muon trajectories

Big Barrel as a muon tracker

Modular as a shower reconstructor
Analysis technology

Detailed calibration [J-PET interest]

» Better tracker resolution, developing a Physics-Informed Neural

Network (PINN) [J-PET interest]

» Accurate shower reconstruction and event rejection rate reduction

via Graph Neural Network (GNN)

» Access to new observables—charge—(PONNS) [J-PET interest]
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A new hypothesis for a 15-years long issue—the Muon Puzzle
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J-PET repurposed: suitable detectors and experimental conditions
Experimental setup

Search for anomalies in muon trajectories

Big Barrel as a muon tracker

Modular as a shower reconstructor
Analysis technology

Detailed calibration [J-PET interest]

» Better tracker resolution, developing a Physics-Informed Neural

Network (PINN) [J-PET interest]

» Accurate shower reconstruction and event rejection rate reduction

via Graph Neural Network (GNN)

» Access to new observables—charge—(PONNS) [J-PET interest]

THANK YOU!
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We have a geomagnetic field!

Polarization modifies the cross-section
(whether target, projectile, or both)
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We have a geomagnetic field!

Polarization modifies the cross-section, BUT NOT ONLY!
(whether target, projectile, or both)
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https://doi.org/10.22323/1.249.0007

A Hypothesis...

What if Polarization is the cause of the Muon Puzzle?
M The right scale of energy

Muon Energy Distribution (u+ and p-)
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The geometry of calibration
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The geometry of calibration
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The geometry of calibration
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The geometry of calibration

Short side

Top side

Long side
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The geometry of calibration

Short side

Top side
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EM cascade

Ailr as a calorimeter: Heitler Model

Eo The Model
t=0 |« Every radiation length I/p = X, (= 37 g cm2in air):
Bremsstrahlung | Pair perduction e ¢ and e~ do Bremsstrahlung, emitting a

= N photon ¥
w e ysdoe™ + e pair productions
, e Energyis-~halved: E, = E,/ 21




EM cascade

Ailr as a calorimeter: Heitler Model

Eo

t=0

Bremsstrahlung ‘

e

The Model
Every radiation length //p = X,,,, (= 37 g cm~2 in air):

Pair perduction e ¢t and e do Bremsstrahlung, emitting a

photon y
e ysdoe™ + e pair productions
o Energyis-~halved: E, = E/2’
The process stops after 7., steps
@ E_,; =~ 86 MeV in air, i.e.
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EM cascade

Ailr as a calorimeter: Heitler Model
Eq

The Model
1=0 |« Every radiation length [/p = X, (= 37 g cm2 in air):
Bremsstrahlung | Pair PZdUCtiO" o ¢Tand e” do Bremsstrahlung, emitting a

photon y
e ysdoe™ + e pair productions
o Energyis-~halved: E, = E/2’

v KE e* e The process stops after 7., steps
(o | | | @ E,,;, =86 MeV in air, i.e.
ioniz brems
e a AXpepn. X p=p.,
. . . . 1 Eq
e step t with the radiative maximum production tmax = —— In
lﬂ 2 Ecrit
. L . Eq
e Number of particles at the radiative maximum Nipax = 5
crit

e Depth of the radiative maximum Xmax = Xem * tmax = In L
In 2 Ecrit



Hadronic cascade

Ailr as a calorimeter: Heitler-Matthews Model

Mesons are mostly Pions and Kaons,

Ks decay in zs faster than 77 /7™,
Pion shower!




Hadronic cascade

Ailr as a calorimeter: Heitler-Matthews Model

Mesons are mostly Pions and Kaons,

X Ks decay in 7s faster than 71 /x~,
h Pion shower!

n=1 After X,, every step produces n

____________________ e 1/3 are 70

W \\/ na [U'al o Vs decay faster than 7t /7~
‘ .

mult pions




Hadronic cascade

Ailr as a calorimeter: Heitler-Matthews Model

Nn=1

Mesons are mostly Pions and Kaons,

Ks decay in zs faster than 7z /7 ",
Pion shower!

After X, every step produces n_, ;; pions

e 1/3 are Vs

e 7' decay faster than #1/z~

» Every z' initiates 2 E.M. cascades with
starting energy

Ey/(2np,)
2 2/3 are charged pions that produce
the next generation

ey = 2/3 N alt
B> Eieifay ~ 20 GeV in air



Hadronic cascade

Ailr as a calorimeter: Heitler-Matthews Model

Mesons are mostly Pions and Kaons,

X Ks decay in zs faster than 7z /7 ",
h Pion shower!

n=1 After X, every step produces n_, ;; pions

____________________ e 1/3 are 70

/ nGJUaI o s decay faster than #1/z~

n=2 » Every ' initiates 2 E.M. cascades with
“““““““““““““““““““““ starting energy
Ey/(2np )
2 2/3 are charged pions that produce
the next generation

N=3 ., =2/3n

mult

» E9 ~ 20 GeV in air
crit
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Laniakea

Galaxy movements shows all supeclusters attracted gravitationally by something...

68




vt

zl
juf.

e ;

- A
-

gt
-

™
-y
" .J .

Ry

OF
o
r .
<8
o | S
o
e s
OF




