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CREDO: the first N,y >= 1 observatory

This talk

Cosmic-Ray Extremely
Distributed Observatory

March 2016:
,CREDO idea”

¢ Cosmic Ray/

== DATABASE/
INTERFACE

Central database/interface: access to everything for everybody 5



Incubator of Scientific Discoveries: vision

.- ] . ~e. January 2017:
Incubator of Scientific ,intellectual platform”
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Resources: money, space, tools, skills, competencies, advise, ...
Projects!: team, goal, road map, budget, action, reports, continuity — discoveries!
Distributed = access to more resources = synergy = better chance for discoveries.



Incubator of Scientific Discoveries: Motivation

Incubator role: | Jlalnuaryl 2017:
discoveries! (scientific think tank) | "< eetaaming

i

Training required
... but no ,discovery education”

:

Consequtive approximation method...

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

L ~ P ~ P N

" FIRST GUESS *, < BETTER " PROPER %,

. TRAINING ' .. TRAINING / ~ . TRANING .

~

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

— doing science (real discovery-oriented projects)
- remove thinking obstacles (today first obstacle: public perception of science):
— practice the art of asking questions (also unspoken so far)



Training to discoveries or... discipline?

DISCOVEROLOGY January 2017:

,scientific formation”
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1** article

April 2018:
,»1st public article’|
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2" article

Piotr Homaob =0 koniecmoici uvmpelienia sty praw crlowiela o prawa do informacji ...

August 2018:
Filotr HOMOLA 552nd pUinC artiCIGl

O KONIECZNOSC LZUPELNIENLA LISTY PRAW CZLOWIEKA
O PRAWO DO INFORMACI O JAKOSCI INFORMACII

Watep

W ponitszych rozwaianiach zostang preedstawione argumenty za koniecznoicia
namyshu nad wphywem jakodei powszechnie destgpnych informacii na ogblnie pojgte
bezpiccrefistve  strubturalne | personalne oraz, w konschkwencji, na  rozwd
cywilizacyjmy. Nasze rozwakania rozpocznienty poshigujac sip preykladami = obszam
nauk Scishych i badah podstawowych, 1. w obrghie kompetencji zawodowych autora,
Metodologia naukowa dysponuje prawdopodiobnie najbandzie) precyzyjmym, a praez to
uniwersalmm  jezykiem  komunikacii  interpersonalngj, wo zwiszlu oz tym
ocze kiwa libyimy, de informacje dostarczane spoleczeistwu preez naukowodw 53 i bods
oodne zaufania, inacaej méwiac, de jakosd tychie informacii bodzie | dobra™,

Mime i, jak polademy, nie zawsze wano ufad naukowcom bezkntycznie,
precyeia jezyla nauki oweigt poeestje punkiem wyiScia w kenstrukiywnych
ropwazaniach mnad zapewnieniem odpowiednici jakedei  informacii  rdwnic
i w pozostlych deiedrinach akiywnodci  spolecenej. Zestandaryzowanic
i monitorowanie jakosci informacji rzyswajanych na co drien mmigj lub bardeiej
Swiadomie, a nasigmic zapownienie tym informacjom odpowiedniej jakoici, wydaje sig
byé misjia niezmicmie waing nie tylko dla naukowoedw, ale i dla cale go spolec zefistwa.
Teza minigjszepo artykuln jest doellenie wag tejde misii twierdzimy, de jest to
wyzwaniem kategorii Jbyd albo nie by,

Jeili faktyeznie jakodd  informacji jest niezbpdnie porzehbna do dycia
poszcze phlnegos czhmvicka | romwaju spolecmego, deiwié mode brak globalnej strategii
w kierunku zapewnienia jej jakeSci. ByE mode ten artykul nie zmieni od ramu iej
nigkorzysme)  sytuacji, mode jodnak dostarczyé inapiracii do rozmyilat 0 do
wynikajacych 2 nich dzialai, kibre zaowocujs w rayszloici.

1. Mauka? Podziwlam | ufam...

Information quality — why, what, and how?

- https://www.dropbox.com/s/pmmsrztéwdbe4qg6/homola-AWL-tlum-marta-marek.docx?dl=0 (EN translation - v.1)
- https://www.dropbox.com/s/u79hbz74eok71e8/AWL-final.pdf?dl=0 (published version in Polish, see for Figures)



" CREDO

Cosmic-Ray Extremely Distributed Observatory:
join a global effort to detect and study
cosmic-ray ensembles.

Including:

Discoverology Workshop
The CREDO School
Anniversary Symposium
Collaboration Meeting

1-5 October, 2018,
Krakow, Poland




Discoverology Workshop: Purpose, Outline and Rules

Purpose:
— Help science

Outline:

Introduction to Discoverolgy — Discoverology by Examples

— Excecutive Conclusions: Can discoverology help science?
If yes, what should be the next steps?

Rules:

— Honest, fearless, biasless thinking (probably impossible, but trying)
towards helping science

- Keeping in mind: there are no experts on discoverology, everyone
welcome to speak up

— Creative atmosphere: disagreement is good! Provoking is good!



Does science need help?

= C 0 https://www.amazon.com/Science-Does-Care-Believe-T-Shirt/dp/B06ZYFSPE
Amazon Fashion WOMEMN MEM GIRLS BOYS BABY LUGGAGE SALES & DEALS
S 4F A-‘?s d i
W 1 shoppri drob ’ |
AL op prime wardrobe » L[~
Clothing, Shoes & Jewelry * Novelty & More » Clothing » Novelty * Men * Shirts » T-Shirts

Gbond Apparel
Science Does Not Care What Yot
Believe T-Shirt

Be the first to review this item

]

Price: $14.99 - $17.99

,‘ Size:

Select Size Chart
2, 53 (s~ T
@@@ @ Color: Black
e L0 T 90 S, IOE ", MOLTR

DOES NOT CARE
WHAT YOU

100% Premium Soft Cotton
BEL'EVE Pre-shrunk for comfortable fit and feel
Printed in USA

10



Does science know it needs help?

el Tt
< C O https://www.amazon.com/Science-Does-Care-Believe-T-Shirt/dp/BO6ZYFSPEY
Amazon Fashion WOMEN GIRLS BOYS BABY LUGGAGE SALES & DEALS
E ‘ Shop prime wardrobe » I’
Clothing, Shoes & Jewelry * Novelty & More » Clothing @ y ts » T-Shirts

Gbond Apparel
Science Does Not Care What Yot
Believe T-Shirt

Be the first to review this item

]

Price: $14.99 - $17.99

” Size:
Select Size Chart
]
OO@ @ Color: Black
hah T 90 [ ¥ o MOLTY

e ilﬁ ol ['“ |ﬁ
WHAT YOU e i) 1]
100% Premium Soft Cotton
BEL'EVE Pre-shrunk for comfortable fit and feel
Printed in USA
CONSIDER

EXTERNAL
IMPACTS!

11



Tools for science

Intelligence:
processing information

Reason:
choosing what to process

Reason > Intelligence

12



First Aid in Thinking: questions is life

Leibniz:
Why is there anything,
rather than nothing at e

What's for dinner?

Where do we
come from?

13



Philosophical Tree: what is the ‘“‘beginning’’?

Why is there anything, rather than nothing at all?

[Where do | come from?] [Where do | come from?]
CREATION <=  Absolute absolute —> EMERGENCE

(personal God) D\Q%
SCIENCE!

/
What's for dinner?
FEELING

GOOD

[Where do | go?] 4



[Where do | come from?]

Philosophical Tree: reason & faith interplay?

Why is there anything, rather than nothing at all?

~ e = [
absolute

CREATION bsolute
personal God)

re do | come from?]
EMERGENCE

o

SCIENCE!

di ‘er?

FEELING

GOOD
[Where do | go?]

15



Copernicus vs. Flat Earth Society




Science: reason & faith interplay?

CIENCE

Assumptions < faith/reason

METHODOLOGY

Calculations ~ reason
Experiments <~ reason
Reports ~ reason

Interpretations ~ reason/faith

17



Science & “external” impact

SCIENCE CONTEXT
w c“o\ces

“Iogistje . SCIENCE

Psyhology, Sociology, Philosophy, Economics, Politics, ..... 18



Derived ab initio...

DISCOVEROLOGY

' CHOICEOLOGY |

! INNOVATICS !
S
ERROLOGY | \ QUESTIOLOGY .

-
-~ -
il . --
-y --
-t s s e EEEEs= "

19



Discoverolgy by
Examples

1. Choiceology



Understanding the Universe

beautiful
iIncompatible
theories

unexplained
observations

PHYSICAL PARAMETER SPACE
Many discoveries remain to be made?

21



Understanding the Universe

PHYSICAL PARAMETER SPACE

.. or very few?



Life changing choice: to science or not to science?

We do not know We know
more than we know? more than we do not know?

Popularization of science:
- being aware of the available knowledge
— being aware of challenges
popularization of WHAT WE DO NOT KNOW?
especially if we live in the Universe type a) ...?

23



Example (real) conversation with authority

A: .... About preshowering: where can it happen outside the geomagnetic field ?
The angular expansion of astrophysical sites with a large field is negligible.
The only object we can consider is the Sun: in that case the signature is obviously
the direction of incidence. | have examined this scenario many years ago,
and the conclusion as that the cross section is not large enough  ——_ _  gyrong
to produce a significant signal references discourage!
PH: | somehow missed your work on preshowering near the Sun, was it a
GAP note or a journal paper? I've always used Bednarek 1999 as ..

. L Limi
a reference for this, | should add your publication as well, could you . trustted
please let me know the details? Then I'd read/ask how you did your analysis.

A: ...Whatever the theoretical foundation of super-preshowers, they will arrive on Earth with

a large spread, so a small local density. Have you seriously computed this spread

and evaluated the probability to activate our global trigger without the help of random signals?
For me, this is a necessary step before searching for a signature.

| did not make an estimation, but | suspect that the preshowering should occur close

to the Earth to give a detecta hower (and maybe the Sun is too far away)

Intuitional (non-scientific!) discourage.

Defence of self-comfort?... o



A chance for a unique CRE signature

O O ® O
‘NATM=1‘
O O S
O OmmO O

Standard approach:

cluster in space?
O o o

© :a cosmic-ray detector

@

@

@h @ @ o
S ‘ N > 1
’?p ATM

e @. o o
©t4 ) ©t5 o

Non-standard approach:
cluster in time?
O O @ O
ts

@te ® @t7 @

1)tn't1<~1 MS
2)t <... <t

25



Sun super-preshowers - simulations

Distribution of photons at the top of the Atm

1500

- 19

. SUN SPS, 10" eV,
1000 —

- top of the atmosphere
500
T | _
= 0 e mon e Studied
~500/— 50 km
~1000 :_ . 5000 km! i
~1500 06000 0 000 2000

X [km]

Distribution of photons (£ > 10!% eV) at the top of the atmosphere.
E., = 10 EeV, Impact parameter = 2.5Rg.

slide by Niraj Dhital, INP PAS g



Sun super-preshowers: colorful air shower physics?

Distribution of photons weighted by their energies.

Distribution of photons at the top of the Atm
2 9

- 10
15 SUN SPS, 10"V, o
i top of the atmosphere e
0.55— 10°
E ok Studied 10°
- = - 10°
0.5
' 10°
_1:_ ]

: weighted by E 10°
—1.5:— 10
I S R I AN B AR BN SR B I ’
400 80 60 40 20 0 20 40 60 80 100

X [km]

Distribution of photons (E > 10° V) at the top of the atmosphere.

E., = 10 EeV, Impact parameter = 2.5Rs.
slide by Niraj Dhital, INP PAS

27



Digging a well of knowledge or why young is good

IgrErant — doesn't care, no digging, no equilibrium of mind ~&~
S

>

Young science enthusiast P - several probe holes, minimum equilibrium,

-
T

W easy way out

Mature scientist — one favorite hole, good equilibrium, still a chance for way out

W

Too mature scientist — the only possible hole, perfect equilibrium, no way out

Depth of studies

overbalanced mind:
no way out = no chance
to find the real dwell
of knowledge

Real dwell
v of knowledge

| Physics scenarios .




CHOICEOLOGY: example of practical philosophy

~ 5000 000 $

@< OUR GOAL

WE ARE HERE
C
~ 50 000 $

D
~ 50 000 000 $

Which project to be funded?

Science: all; Philosophy: the most promising; Economy: cheap; Ethics: good for civiization 29



To publish or not to publish?

VoLuME 50, NUMBER 26 PHYSICAL REVIEW LETTERS 27 JunEe 1983

Possible Observation of a Burst of Cosmic-Ray Events in the Form of Extensive Air Showers
Gary R. Smith, M. Ogmen, E. Buller, and S. Standil

A series or burst of 32 extensive air showers of ¢ Q\ (\O sy 3% 1015 eV was
] \-

«ind during an experiment

April 1982,
PACS numbers:

Year = 1981
Nobs =32
Nexp =1
E = 3x10"%eV
PH: Correlated cosmic rays? At ~5 min.
NATM >1?

i

-

AX >= small

30



To publish or not to publish?

VoLume 51, NUMBER 25 PHYSICAL REVIEW LETTERS 19 DECEMBER 1983

Observation of a Burst of Cosmic Rays at Energies above 7x10!3 eV

D. J. Fegan and B. McBreen
Physics Department, Universily College Dublin, Dublin 4, Irs

and

The authors report on an pr \ \x ea swerease in the cosmic-ray shower rate
: \N . The event lasted for 20 s. This event was

the only o ¢ years of observation. The duration and struc-
ture of t a recently reported single-station cosmic-ray burst.
The s cident event sugpests that it was caused by a burst of cosmic
gamm <18 a possibility that this event may be related to the largest observed

PACS numbers: 94,40,Pa, 95.85.Qx, 97.80.Jp

At ~20 s
PH: Correlated cosmic rays?

Natv> 1? Year = 1975
E > 7x10"%eV

-

AX >=250 km



Pierre Auger Observatory

CRED®:

THE QUEST FOR THE UNEXPECTED

Scientific diversity: GEO

PAQ sees earthquakes [by A. Saleh]

""" February 27, 2010, 6h34:14 UTC, Chile:
s 8.8 magnitude earthquake

rate
26-28 Feb

scaler rate [Hz]

rates

Feb 26 Feb 27 Feb 28 2010

T8.8 magn.

# Increase of CR before the earthquake
» Strong drop during the earthquake

— CREDO-earthquakes task [already existing]

Inhabitants of territories
threatened by earthquakes
[= potential CREDO

public egagement target]:

2,7 billion people

Science as a service to
the human community?

Even the smallest chance to
save lives

- a must check!

32



CRED@:

THE QUEST FOR THE UNEXPECTED °

Scientific diversity: BIO

Worldwide distribution of MS

B Higher than 30/100,000
% Between 5/100,000 and 30/100,000
i Below 5/100,000

é Total cosmic ray Intensity at sea level
__ _."‘ A . - r
4 : =
T T o [ . .
N % =N i A
N Z B
'(“# 3 - g i1 \‘ s Pla
= .
-_— =5 =] o k] i ] [E- = ]
T

Geographic Latitude

http://www.geoexplo.com/
airborne_survey workshop_rad.html

Costelloe L., Fletcher J., Fitzgerald D.

(2016) Neuroinflammatory Disorders.

In: Hardiman O., Doherty C., Elamin M., Bede P. (eds)
Neurodegenerative Disorders. Springer, Cham,
https://doi.org/10.1007/978-3-319-23309-3_15

33


http://www.geoexplo.com/

multiple sclerosis and cosmic rays:
the floor test???

llll

CRE /CR

afsllsls ARAARARARARA ARARARAARRA
WHH ARAARARA ARAAAAR
SWHH ARAARAARARA ARAAA
SO ARARRARARR T AAAA

CeTH ARAAAAAA A A

B0 ARAAAARARA A

Piotr Homola, Institute of Nuclear Physics PAN, Krakéw, Poland, 2018-04-18, Piotr.Homola@ifj.edu.pl



Discoverolgy by
Examples

2. Questiology



36
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Speed of light = ¢? Which speed of light:...

WA

e 5, 0NNE€-WAY’ OF ...
{1 S i

Vlight—one-way=S/(t2't1 )

%
ceooe ,,tWO-Way ?
{1 s >
< S
to

Viight-two-way=2S/ (t2't1 )

37



Ultra-high energy cosmic ray (UHECR) PARADIGM

Assumption trUe Q\QNon-observation\\“\‘\:\\\Assumption true " Non-existence
set A © "7 " ofUHE photons ="  setB ' of UHE phtonos

. N

Exotic models, e.g. Super Heavy Dark Matter
predicting large fractions of UHE photons on Earth

| e

ABANDONED <= - — — —

> — QUESTIOLOGY >

! L

| - * BEYOND
false DEVELOPED e false THE PARADIGM
1 (|

e | uncharted realm of

~ cosmic ray ensembles (CRE)

38




Discoverolgy by
Examples

3. Errology



Understanding the Universe: possible mistakes?

beautiful
iIncompatible
theories

mistakes”?

unexplained
observations

PHYSICAL PARAMETER SPACE
What If Question (WIQ): Mistake(s)?

40



Magnetic pair production function: Erber's error

U2 P Eebar '66:

- - Tasre VI. The magnetic pair production function T (x).
02k -

' T(x) from equations x T
M8r CORRECT! '_ 03
s ] Y INCORRECT!
a4t - i 010

- ] H 0088
ok -
o B - .- T(x) from equations significantly
0ge . -» T(x) from larger than in Table VI of

- Table VI - the standard reference Erber '66.
005 | . INCORRECT!
m'_ Taking T(x) values from Table VI
e T =5 K, ) leads to an underestimation
ozt | of pair production probability [!].

o Mistake mentioned in:
0 | 10 100 1000 o Homola et al. 2005
Erber '66: — Klein 2006
F1c. 9. The magnetic pair production function T () comparc

(3.4a-d). . 41
) 21/48



Erber's Error: example of consequences

Basic reference: T. Erber, 1966

Follow-up references

Conclusions on UHE photons (paradigm

Benchmark reference example (2000): extracts

2. Highly energetic photon and electron interactions
in a magnetic field

2.1. Magnetic pair production

Following the notations of Ref. [2], the rate of
pair production is governed By the dimensionless
parameter y = (E,/2m.c*) (B, /By), where E, is
the energy of the photon, B, is the magnetic field
perpendicular to its movement, By = m2c? /el ~
4 % 10° T is a “critical” field. > A good approxi-
mation of the photon attenuation length L is given
by :

L:%A
o BiT(y)

. 0.16 2\1?
with T(X)ﬁT K1/3 -— R

124 X. Bertou e al | Astropariicle Physics 14 (2000) 121-130

Fig. 3. Spectru
weighted by their enei Sample of 100 converted
v

2.3 Simulation of the preshower cascade

Let us first point out that in this cascade, all
trajectories may be described by the same straight
line (the shower axis), because the lateral devia-
o the further
shower in the atmosphere.
n at a given point on
Earth (latitude /. longitude 2) in a given direction
(zenith angle 0 < 0 < 90, azimuth ¢). we fist trace
back this trajectory 10 a distance rye, = 20000 km
from the center of the Earth. Then the photon is
tracked in steps of 100 km unil it disappears or
reaches the upmost layer of the atmosphere
(= 6500 k). The electrons and positrons are
tracked in steps of 2 km; in each step, the proba-
bility of emitting a photon is computed in §00
logarithmic slices between 10* £ and E. The
procedure is iterated until r = r, or £ < 10/%eV.
On a given site. the probability of a magnetic
interaction depends on the direction of incidence.
As it was mentioned above, the first conversion
occurs generally in the last few thousands of km
above the Earth, where the field lines are roughly
straight. So, in a first approach (the “conical”
approximation), the probability depends only on
the angle with the local field. The exact probability
of conversion has been evaluated in all directions,
at the Southern site of AUGER. The results are
plotted on Fig. 4: the conical approximation is well
suited. This probability is negligible below 40
and uniformly close to 1 above 200 EeV. The an-
isotropy is important in the “transition” energy
range, from 50 o 200 EeV.

2V

probabilty of y conversion
N N

% 3 13
Soutn site - S0Eev Soutnsite - 70ev
N N
W] 13

Sounste- 100w

Fig. 4.

p of the photon conve
i S

cton, at the Southe

ca on the plot is cqual (o the
a steradians. The dashed circles cortespond to zenith
angles 0= 30° and 60

In this study, we use the IGRF description of
the geomagnetic field [8]. We work mainl
conditions of the Southern Site (Pampa
province of Mendoza, Argentina) of AUG
first one to be built (geographical por
69.2 W field 25 T, with an inclination
the horizontal plane). The Northern Site (Millard
County. Utah, USA) is expected to give similar
anisotropies of the photon showers, but at a lower
energy scale and with a different geometry (the
field is 53 T, with an inclination of 65°), hope-
fi wing a better statistical significance.

3 shows the spectrum of secondary photons
ed over 100 converted primary photons of
300 EeV. Actually the shape of the spectrum does
not depend strongly on the primary energy. the site
location or the zenith angle; the altitude of the first
interaction has little influence. Therefore, we will
concentrate our attention on the differences be-
tween converted and unconverted photons.

cal p

Erber's equations or Table
in the private code?

» No clarification =
no scientific conclusions!

— paradigm questioned!

42



PRESHOWER vs. MaGICS, B,

0.08 - —— = = = =
0.07 | |
PRESHOWER ——
MaGICS - R
0.06 - MaGICS corrected - - - - - \ |

0.05

0.04

B, [G]

0.03

0.02

0 = 60°, ¢ = 0° (geogr. North)

....

0.01

0 " " L L " " PR | " L " " L L PR
100 1000 1000

altitiude a.s.l. [km]

A bug (?) in MaGICS: — wrong sign in transformation between the AIRES and MaGICS
frames of reference

hereafter ,MaGICS” — ,,MaGICS corrected”
43
32/48



# of preshower particles at the top of the atmosphere

PRESHOWER vs. MaGICS: discrepancies!

1200

1000

800

600

400

200

Distributions of preshower particles at the top of the atmosphere
1000 events, Malarglie, E=10* eV, 6 = 60° ,$=180° (arrival from geographical South)

Number of particles

oo é?o ) OOO
PRESHOWER o 0° %0200 38

MaGICS-corrected

&

500 1000

1500 2000 2500 3000
first conversion altitude a.s.l. [km]

3500 4000

— in MaGICS corrected,
compared to PRESHOWER:
- differencies in Peony
- higher energies of e*"
- fewer photons emitted

4500

total energy carried by electrons [eV]

Energy carried by e*"

i T

T T T

PRESHOWER
MaGICS-corrected

1e+19

1e+18

P 1 1 1 L 1 1 1

1500 2000 2500 3000 3500

first conversion altitude a.s.l. [km]

0 500 1000

— Where are the bug(s)?

Homola & Rygielski, Astropart. Phys., 2013

4000

4500

44
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Practical discoverological conclusions for science

Choiceology:

- work with younger colleagues
- be careful of authorities

— open your data

Questiology:
— never stop asking yourself
- find money/time to consider ,alternatives”

Errology

— better code twice

— cross-check everything you can

— no problem with own mistakes / forget self comfort

45



Information (also scientific!) like water!

Obieg wody w przyrodzie

mechanical C|rculat|on =X

" deszcz

|d-suejoyos

s §§§§€

Darowanie

information ~— ™actions
\ conclusions T Ty
analysis ¥

consequences

7

Mental circulation / Vehicle of development
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