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Quantum physics is already here
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Classical Mechanics
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Black Body Radiation

Temperature = 280K
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» Wien : formula empirica e valida solo a piccole A
* Rayleigh-Jeans : formula coerente, ma valida solo ad alte A


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjkmuaZzNHgAhURzaQKHcwMCIsQjRx6BAgBEAU&url=https://slideplayer.it/slide/552464/&psig=AOvVaw07xfJmEYXUQpbn2punWlh5&ust=1551002344783248
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjkmuaZzNHgAhURzaQKHcwMCIsQjRx6BAgBEAU&url=https://slideplayer.it/slide/552464/&psig=AOvVaw07xfJmEYXUQpbn2punWlh5&ust=1551002344783248

Max Planck hypothesized that energy is not emitted as a continuous flow but in discrete packets, e

called quanta. il
The energy of each quantum is , °
E=~hf,

where b = 6.626 x 10~ Js.

"The whole procedure was an act of
desperation, because a theoretical
Interpretation had to be found at any
price, no matter how high that might
be. | was ready to sacrifice every one €
of my previous convictions about
physical laws.”

Vienna 14 dicembre 1900
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Quantum Wonders/Resources

» Superposition of States
* Entanglement
» Quantum tunnelling
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Possible Solutions:
-De Broglie - Bohm

- Many-World Interpretations
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Possible Solutions:

-Collapse of the Wave Function
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Spontaneous emission in the y-rays regime

® CSL -s.e.photons

rate:
dr |“°* D) S -
o =1 ;’ T (N> + Ne) the photon w.l. AY IS intermediate
e T Te My = between the nuclear dimension and the
> lower atomic orbit radius -> protons
® DP - s. e. photons rate: emit coherently, electrons emit
DP iIndependently
a — G — [N +N.}
dE |, 12m3 2o RGE -~ 7 ° D

A - collapse strenqgth

rc - correlation length

seee. g.S. L. Adler, JPA 40, (2007) 2935, Adler, S.L.; Bassi, A.; Donadi, S.,
JPA 46, (2013) 245304.

R, - size of the particle mass density. See e.g. Diési, L. J. Phys. Conf.
Ser. 442, 012001 (2013)., Penrose, R. Found. Phys. 44, 557-575 (2014).
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At LNGS — with my group we study possible
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Quantum tunnelling
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Quantum tunnelling




Nobel in Physics 2025

* for the discovery of macroscopic qguantum mechanical
tunnelling and energy quantisation in an electric circuit.

University of California,
USA

"for upptéckten av makroskopisk kvantmekanisk tunnling och energikvantisering i en

“for the discovery of macroscopic quantum mechanical tunnelling and energy quantisa
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Quantum Technologies

THE TRANSISTOR

GAME CHANGERS
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Quantum superposition
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How present computer works
INPUT OUTPUT
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How a quantum computer
works

INPUT OUTPUT
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algorithm
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Qubits can exist in a state of
1 or 0 simultaneously
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QUANTUM
GOMPUTING
HAS

NOT

We need to fight against decoherence — errors and bhe sure quantum
mechanics is a valid theory at all scales!



https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiitqOh48zLAhXjKqYKHdTnCekQjRwIBw&url=https://www.flickr.com/photos/jurvetson/14105339228&bvm=bv.117218890,d.dGY&psig=AFQjCNFvy2VhJtRtVRAzgwZCS4LMusdlBg&ust=1458477757386006
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiitqOh48zLAhXjKqYKHdTnCekQjRwIBw&url=https://www.flickr.com/photos/jurvetson/14105339228&bvm=bv.117218890,d.dGY&psig=AFQjCNFvy2VhJtRtVRAzgwZCS4LMusdlBg&ust=1458477757386006

What use of QC?



Virtual Reality
Artificial Intelligence
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|- )\ tory prototype The J-PET scanner used in the discovery of non-maximal entanglement, with (left to right) Deepak Kumar, Sushil Sharma and Pawel Moskal. The central

1.—".m shows the annihilation of an electron with a positron and the resulting photons with their polarization planes. (Courtesy: Damian Gil and Deepak Kumar)

https://physicsworld.com/a/towards-quantum-pet-harnessing-the-diagnostic-power-of-positronium-imaging
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WHAT IS LIFE?

The Physical Aspect of the
Living Cell

BY
ERWIN SCHRODINGER

SENIOR PROFESSOR AT THE DUBLIN INSTITUTE FOR
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Towards Quantum Biology?
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| was not spared the shock which every physicist,
accustomed to the classical way of thinking, experienced
when he came to know of Bohr's « basic postulate of
guantum theory » for the first time (Wolfgang Pauli)
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For those who wish to contact me:
Catalina.Curceanu@LNF.INFN.IT
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Testing Quantum Physics underground
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Gian Carlo Ghirardi

Un'occhiata
alle carte di Dio

Gh interrogativi che la scienza moderna
pone all'uomo

iSaggiatore

Rafaello Cortina Editore

5y
?ﬁ(
(§

" ’/

Alice nel paese
dei quanti

Le avventure della fisica

Anton Zeilinger
I velo di Einstein

Il nuove mondo della fisica quantistica




Feynman — |l valore della scienza

e Fuori dalla culla

; sulla terra asciutta
eccolo

In piedi:

In piedi davanti al mare
meravigliato della propria meraviglia: io

Pronti per le nuove meraviglie

Del Mondo- Quantistico?
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Dark Energy

Accelerated Expansion

Afterglow Light
Pattern
380,000 yrs.

Development of
Galaxies, Planets, etc.

Dark Ages
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Bussola quantistica

Gli uccelli migratori, come i pettirossi europei, sembrano
utilizzare un meccanismo di navigazione basato su effe-tlt-i\
guantistici per percepire il campo magnetico terrestre. N
Questo fenomeno e noto come magnetoricezione
guantistica e coinvolge il principio della coerenza
guantistica all'interno di una proteina chiamata

criptocromo, presente negli occhi degli uccelli. Gli studi
hanno dimostrato che | pettirossi europei possono
mantenere effetti quantistici nei loro occhi per un massimo
di 20 microsecondi, una durata piu lunga rispetto a quella
ottenuta in alcune condizioni di laboratorio.




Recenti ricerche suggeriscono che la meccanica
guantistica potrebbe giocare un ruolo nel sistema
olfattivo, in particolare attraverso la teoria
vibrazionale dell'olfatto. Questa teoria propone che
Il nostro senso dell'olfatto non dipenda solo dalla
forma delle molecole odorose, ma anche dalle loro
frequenze vibrazionali. Quando una molecola
odorosa si lega a un recettore olfattivo, potrebbe
facilitare il trasferimento di elettroni tramite |l
tunneling quantistico, influenzato dall'energia
vibrazionale della molecola.

classical physics:
(ancora dibattuto...)

climbing the hill

quantum physics:
“tunnelling”

)0 SR 0T




La sovrapposizione guantistica potrebbe essere la
chiave. Nella fotosintesi I'eccitone potrebbe
percorrere contemporaneamente tutte le strade
possibili fino al centro di reazione. La
sovrapposizione guantistica offre una valida
spiegazione del motivo per cui la fotosintesi e
altamente efficiente nel convertire la luce solare In
energia.(ancora dibattuto...)

R,

https://andrewggibson.com/2024/04/21/quantum-coherence-in-photosynthesis-natures-quantum-computers/



Senso (quantistico) dell’
orientamento negli uccelli
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Validity Examination of the
Dissipative Quantum Model of
Olfaction

Bone
Nasal R g
epithelum . qu)
Oactory
(eC2OIO! !
colls |
:;’ ) A ‘!\\ Af .
TR VA ® e
. L L] » i =3
L B -

acto
Ol

W =
- e p——— Odorant palential
® BB -
. V. A 22 %07
o, e A \ Vo AL

Scientific Reports volume 7, Article
number: 4432 (2017)



Fotosintesi (quantistica?)

PUOTOSYNTHUESIS
@

co,

Carbon
dioxide

Glucose

Water }



b
s
. ."t... . ."ﬂ.w,,.u,rﬁ.,.u
*. o . gt ¥ - I
Nzl _w -t _...-...,:.. Ha
- J-H I-ILJ-I m -”i
. vy e

SR - i
S :
d ” m
i _

._._. Fi m

1 ; i
att :
HAW ;
F: H
i

e

e s ]
2 = A e
e o T i T Wy o TR

- F e

- . . o - il

A ...1..,..-.-_;“_. et .._..nu.._. ] Lo
Tt B e PR RSl
e S ; ; .__..._.”..... Wl

Ho PR T o ....uu.n..q..ﬁ W i “H

2 . .r-_....n..a oM F L e ....l-..u.ﬂ __.I.rl. F -

= b T R L, Tty Sl L



@ Available online at www.sciencedirect.com
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reviews)
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Review

At the crossroad of the search for spontaneous radiation and the
Orch OR consciousness theory

Maaneli Derakhshani *, Lajos Digsi ¢, Matthias Laubenstein “, Kristian Piscicchia “"*,
Catalina Curceanu '




Orch OR
Preconscious processing - Orchestration Conscious

morr|1ent
3, ‘30‘: @ 3;‘;:3 3 93 : :3:%0
":::,ai 32 : ’::3 3 | risultati ottenuti non
:::’;a:: "’;;a’: 33,49 ,,::‘ sono coerenti con quanto
1 2 3 5 4 ci aspettiamo dal modello

Emergence of quantum coherent superpositions

______ —— Didsi-Penrose

i Non possiamo rifiutarlo,
il = ma se esiste non e cosi
superpo- Q t = .

sit?onitate Col::gultjir:g SEM p I ICE.

Time in miliseconds ' ~ 500 msec

Alicja Rozyk Myrta



Unraveling guantum coherences mediating primary charge transfer processes
In photosystem Il reaction center

Photo: A. Jha and H.-G. Duan



Biofotoni —
piante che
stanno
germinando
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time dependence of the different spectral components
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Article
Biophotons and Emergence of Quantum Coherence—A
Diffusion Entropy Analysis

Maurizio Benfatto **, Elisabetta Pace !, Catalina Curceanu !, Alessandro Scordo !, Alberto Clozza 1, Ivan Davoli 2,

Massimiliano Lucci 2, Roberto Francini 3, Fabio De Matteis 3, Maurizio Grandi 4, Rohisha Tuladhar 5

and Paolo Grigolini &*

Biophotons: New Experimental Data and Analysis

by Maurizio Benfatto 1." &4'¥ Elisabetta Pace 1." &' |van Davoli 2 & Roberto Francini 2 &
Fabio De Matteis @ &2 Alessandro Scordo 1 'Y Alberto Clozza 1 &, Luca De Paolis 1 &,
Catalina Curceanu -~ & and Paolo Grigolini 4 & Entropy 2023, 25(10), 1431;

L'analisi dei dati sui biofotoni emessi dai semi di lenticchie
supporta modelli per 'emergere di una sorta di 'intelligenza'’
vegetale, in cui | biofotoni trasportano informazioni e
potrebbero quindi essere utilizzati dalle piante come mezzo di
comunicazione

Effetti quantistici?

Altri organismi?

La possibilita di nuovi trattamenti delle patologie?



