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Condensed Examples

Atomic & .
Molecular Matter: « Electrons in metals

Physics n~10°* cm™
« Carriers in semic.
n~ 10° ¢cm=3
J{e][eYe)Y * Quantum gases
n~ 10* cm=3

Nuclear
Physics Many-Body Statistical

uatilie Physics mechanics &
#part >3 Thermodynamics

HEP& Fundamental
interactions

Broken Examples

Symmetries
Metal-Superconductor

Para-Ferromagnet
Charge/Spin Wave

Quark-Gluon Plasma
n~ 103° cm3




Reduced sxmmeiri I

gy A classical
[ = example:
= 4
water

Temperature
Appear: =
3
» New collective hydro modes (phonons) Sty
* New elastic modes (shear modulus) =
 (Topological) defects: dislocations,... )



ONE vunifying idea via TWO CONCEPTS

CONSERVED QUANTITIES BROKEN SYMMETRIES
I\!umber of par;ricles : « Liquid to Crystal
znedlr momen U:“/ curréen ‘ - Normal to Super Fluidity
nguliar momentum « Para to Ferro Magnetism
Energy .

Classical )\ ; ~ sistem size

symmetry- appear:

New Hydrodynamic modes
New elastic constants
Defects:

pasnpay

alnjpiadwa]

Interactions
laplosiq

Ajljpuoisuswiq’

Quantum



ONE vunifying idea via TWO CONCEPTS

CONSERVED QUANTITIES BROKEN SYMMETRIES
I\!umber of particles « Liquid to Crystal
Linear momentum/current ‘ - Normal to Super Fluidity
Angular momentum « Para to Ferro Magnetism
Energy .

Classical )\ ; ~ sistem size

symmetry - appear:

new hydro modes
new elastic constants
Defects:

pasnpay

alnjpiadwa]

Interactions
laplosiq

Ajljpuoisuswiq’

Quantum



Table 1.2.1. Properties of some representative broken-symmetry phases.
The lsing magnet has a broken discrete symmetry and no new rigidity or modes,

Fluid Nematic Smectic-A Crrystal Heisenberg  Superflnd Ising magnet
magnet

Broken none  rotational D translation 30D translation  rotational  phase up-down

symmetry

Mew order  none  orientational 1D periodic D periodic spin condensate spin

o ) densily density wave function

Rigidity none  rotational layer modulus  shear modulus  spin-wave  superfluid -
_elastic constant stiffness density

New modes none  diffusive second sound  shear sound spin wave  second sound -
_orentational - undulation

Defects none  disclinations, dislocations dislocations hedgehog  vortices domain

hedgehogs walls

Principles of
condensed
{ matter physics

..
e

P. M. Chaikin & T. C. Lubensky

MORE EXAMPLES




TUNING
TEMPERATURE





https://www.youtube.com/watch?v=shdLjIkRaS8&list=PLG2OouLZKRJ_aQJ87-a_U0Anht5IHopvL&index=14&t=8s
https://www.youtube.com/watch?v=shdLjIkRaS8&list=PLG2OouLZKRJ_aQJ87-a_U0Anht5IHopvL&index=14&t=8s
https://www.youtube.com/watch?v=shdLjIkRaS8&list=PLG2OouLZKRJ_aQJ87-a_U0Anht5IHopvL&index=14&t=8s

TUNING
INTERACTIONS



LANDAU THEORY OF FERMI LIQUIDS

mim*

backflow
') Fy
-2 () M->m*
Table 6.1 Key properties of the Fermi liquid.

Property Non-interacting Landau Fermi-liquid

Fermi momentum PF Unchanged
Density of particles 2(—;%3 Unchanged

Density of states N(0) = Hl'zp—;:g N*(0) = %;%’;

Effective mass m m* =m(l - Ff)'1 » Mott insulator
2 S

Specific heat coefficient Cy = yT ¥y = %k%N (0) = ”Tzk%./\/ *0) Fi - &—

. o _ .2 N*0
Spin tibil = upN(0) = 2 , » Stoner ferromagnet
pin susceptibility Xs = KF Xs = KE 1—_,,,352 g

abpiique) ‘saisAyd Apog-Auepy 01 uononpoaiul ‘uewa|o)d ‘d

Charge susceptibility xc =N(0) xXC = Jl\%.)(s)l FO& =-4

Collective modes = Sound (wt << 1)
Zero sound (wt == 1)




TUNING
DIMENSIONALITY



1D: NO FERMI LIQUID

—>P—>0—D

ALL
ALWAYS

FERMI «<SURFACE» NESTING AT ALL TIMES
Elx+2Ke)=-§ (k)

SPIN = DENSITY EXCITATIONS SEPARATE - PROPAGATE @DIFFERENT V

« SPIN AND DENSITY RESPONSE EASILY DIVERGE: PHASE TRANSITION

fr(&k) — fr(Ek+q)

d ML £ (s . ...t 2. £ A
dens = [ d°z V(z,t)p(x) ~ w+ E(k)—E(k+q)+1id

T. Giamarchi, Quantum Physics in One Dimension, Clarendon

(SIMILAR TO SUPERFLUIDITY)




TUNING
DISORDER



AALK argument
Altshuler, Aronov, Larkin,Khmelnitskii

pror = p1 + p2 + 2/p1p2 cos(¢r — ¢y)

Time-reversal symmetry:

Quantum Classical

LOCALIZATION PROBABILITY
QUANTUM ENHANCED !!!

2D and 1D: arbitrarily small amounts of disorder lead to (Anderson)
localization !
3D . above a critical threshold



DISORDER + INTERACTIONS: _ _
MANY-BODY LOCALIZATION PRB S1. 081103 (2015)

Breakdown of the
Ergodic
Thermalization
Hypothesis

Him = Z(S?S:‘(H + 53’51}’“ I Sizsiz+1) - Zhisf
i i

A

3

g

g
2,
2¢~
§'
8

3]

2

[Schreiber, Hodgman, Bordia, Luschen, Fischer, Vosk, Altman, Schneider, Bloch, Science 349, 842 (2015)]
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https://www.nist.gov/content/nist-and-nobel/nobel-moment-eric-cornell
https://cdnapisec.kaltura.com/index.php/extwidget/preview/partner_id/684682/uiconf_id/31013851/entry_id/0_x1cvn1yn/embed/dynamic
https://cdnapisec.kaltura.com/index.php/extwidget/preview/partner_id/684682/uiconf_id/31013851/entry_id/0_x1cvn1yn/embed/dynamic
https://cdnapisec.kaltura.com/index.php/extwidget/preview/partner_id/684682/uiconf_id/31013851/entry_id/0_x1cvn1yn/embed/dynamic

optical lattices

YWVRAYM)

1D optical lattice = array of 2D disk-like trapping potentials

l

—f

|

2 D optical lattice == array of 1D potential tubes

-
:
3 D optical lattice == 3D simple cubic array of h.o. potentials

Bloch (1995)

CONFINEMENT
AND
DIMENSIONALITY

Hadzibabic (PRL, 2013)
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SYNTHETIC GAUGE FIELDS

Atala et al., Nature (2014)

(a) Experimental layout

By Y
| I
wy, + Awy, wi,
Raman BEC Raman

(b) Level diagram

60020 ‘e @ ul1-r-'A



~ DIPOLAR ATOMS

INTERACTION

|
RANGE-1

—

RcL

ol=4,3,6

IONS

@ 00000 O

Poschinger @SPICE 2021

A B

van der Waals
‘I ’"S. IIS)
g AE ('« n'" = switchable interaction
C
£ Kt =2
- R : 3
~ Hiny = —e 1t

lgg) RS .\

Rydberg occupation
number

RYDBERG ATOMS
Anton Broaweys @Quantum?2020




INTERACTION
STRENGTH-2

AT Cooperativity 4 gg
=" (——— | =

KEY-IDEA: USE COOPERATIVITY

«  ENHANCE ATOM-LIGHT INTERACTION BY MULTIPLE PHOTON TRIPS
«  EFFECTIVE INTERACTION TUNABLE IN STRENGTH
COUPLING TO MANY MODES TUNES THE RANGE OF EFFECTIVE INTERACTION



(o)

(b)

INTERACTION

STRENGTH AND RANGE-2
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PHYSICAL REVIEW X 8, 011002 (2018)

Tunable-Range, Photon-Mediated Atomic Interactions in Multimode Cavity QED

Varun D. Vaidya,'™" Yudan Guo."’ Ronen M. Kroeze.™" Kyle E. Ballantine,” Alicia J. Kollir,™
Jonuthan Keeling," and Benjamin L. Loy
g '!)r]mn‘mml of Phvsics, Stanford University, Stanford, California 94305, [/SA
“Depaetment of Applied Physics, Stanford University, Stonford, Califormia 94305, USA
'E. L Ginztewny Laboratory, Stanford University, Stwnford, California 94305, USA
SUPA, Sehood of Physics and Astromamy, Universite of St Andrews,
St Andrews KY16 955, United Kingdom

®  (Reccived 28 Augost 2017; revised manuseript received 20 October 2017; published 8 January 2018)



STATISTICS

fermions

bosons

anyons with
topological states


https://www.youtube.com/watch?v=y07KNKzB2tY&list=PLG2OouLZKRJ_aQJ87-a_U0Anht5IHopvL&index=15&t=2215s

Optical tweezers

5.3:2 333323 ADDRESSING THE SYSTEM

Quantum Gas Microscope

12 atoms/trap " 12 atomsiirap

3 pm trap radil . 3 ym trap radii
4 um cloud radi . 5 ym cioud radi

12 stoms in centre
250 atoms in ring
5 pm centre radius 300 atoms in total

[Muldoon et al., 2012]
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BCS-BEC CROSSOVER AND HIGH-TC SUPERCONDUCTIVITY

Y. J. Uemura et al. (1991)

C T T Tl T MRALLA | MR ELE " ™YY 1 ]

«BO8 FEEEEEESE BEC —

Figure: O. DeWolfe et al. (2016)
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Interaction
strength =~

Range

Schwenké&Pethick (2005)

16’/Er @Francesca Ferlaino LAB (PRL 2018)

Quantum Gases Quark-Gluon
Plasma

106-10°K 10°K
kea in (-00,+00) kia =~ -13
1/kqa ~ 100 Bohr 1/k:a ~1.4 fm
kR, <<1 (broad) kiR, =~
kiR, =~ 1 (-> narrow)

) 3k2

~ = S(kere )]T,'”

E(kpre) = £ =0.44+0.01

560580600620640660680700720740

magnetic field (MG)

102K~ 102MeV

(TTOZ) SIA0G :sOg ‘wheg '©

Gezerlis (Thesis)

T T

T

T

@Umtanty-

BCS-neutrons

® Neutron Matter
B Cold Atoms
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UNIVERSALITY IN THE CROSSOVER WITH A SHAPE RESONANCE

V(r) V(r) 3 Parameters in the theory
Vi a>0 Vi a<0
-1 3
N - ((kra)™ ", ke R*, nrg) = kf&
) 0F———
e r‘& "| r o T i 1 ~ 1 = l,‘?*kz
-% Bound state T aeff(k) ¢ 2
: -V 14 ; P —
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- 12
: { =
r =, 10
@
o
+ o 8L
= I ™
1 | & Fal
. o {1 ~
~ 8 —~—
| 21
0 g i i s | i e |
4 i =2 -15 -1 ~05 005 1 15 2
| ) 104, 0 (kpa)
S B S . . W By, o ,
10~ 10" 1 10 10° Silvia Musolino and MLC, EPJST 2017



UNIVERSALITY IN THE CROSSOVER WITH SPIN-ORBIT COUPLING

22 :
H=Z‘/’}; (2m —#) Y

-

- to
_..17 Z ka’ck+§TC—k+glc-k’+§lck'+%T
k.k'.q



3 Parameters in the theory: (Ko, g, A) —kg§
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Davide Giambastiani, Michele Barsanti and MLC, EPL 2018



THEORY OF SUPERFLUIDITY IN THE CROSSOVER
Bonetti and MC, arxiv 2018

e SELF-CONSISTENTRPA b
£ 2 B
5 T GGO APPROX [25] =1 e
=5 amc o331 | Ropal
T Z =
® QMC [41] L

LOCAL-FIELD THEORY
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[THIS WORK]

== B ry) lﬁ PARAMETRIZED
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BOSON-FERMION STLS THEORY WITH BROKEN SYMMETRY

Xo(q,C&J)
X(qw) = 17— 2Tl — Gla. . @

w)] XO(q, w)

e 4

G @)= ——— [ vs_aS(q) - 11-4
W= / 15— 1151 @

VVSTES(7, 1) = f [g(F =) — 1] Va G =7ym (7, 1) dF’
Generalized force

VETLS (g, @) = —v; G (g)ni(q, w)

ORIGINAL (CLASSICAL) DERIVATION: Singwi, Tosi, Land, Sjolander, PR 176 589 (1968)

QUANTUM: Hasegawa and Shmizu, J. Phys. Soc. Japan 38, 965 (1975)
FOR SYSTEMS WITH SPONTANEOUS SYMMETRY BREAKING: Pietro Bonetti and MLC (2018)



MICROSCOPIC BOSON-FERMION MODEL

Microscopic mechanism of the Fano-Feshbach resonance — Hamiltonian with fermions
and molecules .

B_q B
k+q/2,7 k' +q/2.1 B G = 2/t + 2v — 2v detuning
g
25 SYSISTRPE SR
A —k’+q/2,1 » g — open-closed channel coupling
g” o resonance width

_ T
Hpp = ZSka,aCk,a - BbTb + gz b e k+q/2¢ck+q/2T+hc]
k,o

o free-fermion term ]
o free-boson term
@ Fano-Feshbach pair-molecule conversion

@ Contact interaction ; ;
+ =U Z Ck+q/2,4C—k+q/2,0 C—k'+q/2,L Ck'+q/2,1

for opposite spins
k.k'.q



Higgs and Goldstone modes, density and spin fluctuations

6 kinds of excitations at both T < T. and T > T. = we focus on the superfluid state

@ gap amplitude fluctuations , 0g = Z [C_kiq/2,iCkiq/ar + h.c]
"Higgs mode” k

s 03 =1 [c kiq/24Ckrqzr — hoc]
k

@ gap phase fluctuations
" Goldstone mode”

3 ij
// Qq = E :Ck+q/2,ock—Q/2vU
@ density fluctuations k,o

4 — i
_ . — Oq = E :Sg”(U)Ck+q/2,oCk—q/2,a
@ spin fluctuations — k,o

+ 2 resonant bosonic fluctuations pg =b_q and @f = bg



BF-STLS THEORY: SUMMARY OF SELF-CONSISTENT EQUATIONS

Iy(q,w) )
I(q,w) = 1+ Tho(q, w)UST (g, ) X =0bor F
ST (q,w) = 2[1 + np(w)] T (q,w)

Ho(q,q’,w,A — 0) 11 / 22 /
Gx(q,w) = E = S —-q)+S -
X(q ) . Ho(q,w; : :0) [ X(q Q) X(q Q)]

Solve coupled
equations with G.=0

g

Find p and A

L4

Find S,

g

Calculate Gy

g

Solve coupled
equations

UeSgLS(Qa w) - 92 [W + GB(‘L w)] DR,D(Q? w)a

=U[W +Gr(q,w)]

W projector onto the amplitude-phase space

45



Tc AND CHEMICAL POTENTIAL EQUATIONS

tanh (1;5’E )
1=U5"5(0,0)) 2}371, P E, =

D

2

21/g— 2/ [1 - GB(O'O)]

N =2¢2 +Z [I-I-E—tanh( )] +2Zn3

q,ivn

5 Z — tr In 1 + o(q, ivy) Uesi_ferS(q, zl/n)] e

ivn 0T

Hellman-Feynman theorem (g — VA g)
1
N =2g / dA VA Z [SLI;IF (q; \) + S&7 (q; )\)]
Jo =

Si: bose-fermi static structure factors




BF-STLS THEORY CHECKS

BEC limit v < —EF

BCS limit 1> Ep

e

L .
N — EXp | —
e? " N(er)USTES(0, 0)

Re1—2 & 1
r eXP | —=
™ N(cr)USFES(0,0)

Melik-Barkhudarov
correction !

47
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1D BOSONS IN SYNTHETIC GAUGE FIELDS:

ANALOGS OF TYPE-Il SUPERCONDUCTORS

25 h : q 25 Meissner .i
¢ A phase /

0 0.25 0.5 0.75 1 p 0 025 05 075 1
An) M)

H/\ = Z — t(b},ae“"bjﬂ,g + b}_’_l’ae_i’\abj,a) = QZb};ab]‘,_aj
Jo

ho

[(9T0Z-ST0Z) 98d DTN ‘043D “deuslQ ‘ojed aq ‘oiq 1d]

DMRG + BOSONIZATION

Experiment: |. Bloch (2014)
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Observation of Aubry-type transition in finite
atom chains via friction
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PHYSICAL REVIEW D 103, 076001 (2021)

Hawking temperature and phonon emission in acoustic holes

'
'
horizon surface

. S . - 2.3 Qarpoe I A . . g 2l
Massimo Mannarrelli©,” Dario Grasso®,”" Silvia Trabucco.™ and Maria Luisa Chiofalo®

STRATEGY

:
R’

-

Aim: calculation of Hawking temperature Ty in acoustic analogs

» Covariant Kinetic theory for fluid excitations —»
Hawking particle "‘q Partner particle
2 dral® n(x) » full relativistic distribution function /
Gw= outside hortzon rside
m : .
b w ‘0"\_" » Exploit the correspondence (black hole) «+— (acoustic hole) for the entropy
Tw ,
‘,: R Sen = aApy area law also for AH
c
;: P Equate infinitesimal entropy loss of horizon with gain of phonon’s entropy
= :
00) <40 -20 0 20 40 80 (IS'l — dSPh

=» covariant relativistic expression of 7}

« No need for a microscopic theory of modes propagation!

O T
e experiment theoratical Exp: Steinhauer, Nature 2016
analysis Theory: Carusotto, PRA 2008



-+ 2A;'2(] = 4

2 g 7 2
ds” = dt“(¢g — v g

Wwdrdt — [(1 — ¢2)v*v? + 1]dr* — r2dQ? Chin, Nature 2018

Hypothesize area law for acoustic horizon entropy

A
Sy =a 5 9 o = const.
47TI'2 r
. H o H .
3t = & 2 = dSy = a8w ri(/l//
J‘l 4‘-
At equilibrium and for isolated system dSy = dSph
TR, ¢, ~ ’ - a
8" 25
‘IS,I — (I‘S' 1“ :-> .:',h — — 9
215 :
- 100 20
T o g 10
Yar o A 1D a gy
()L(*.K+ 3);/[{.
0 FOba . 4
N T prL TR R = o —c i 3 O 0 50 100 150 200
Close to acoustic horizon expansion v + ¢y = Cr, C = (v + Cs) gy T
2av cs — |v| i 2 | 2
=— | m— Hawking temperature « = — as for BH
m l - ('_\'I“l H 4
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SQUEEZED MOMENTUM STATES FOR GW DETECTION VIA ALl

X o
/ R
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CONTROLLED INTERACTIONS
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Quantum Science and Technology

PAPER
Oo—m
Squeezed state metrology with Bragg interferometers operating
iy in acavity
W Sopbr 3068
mmmmm i Alhmaslwﬂsa ©, Leonardo Salvi’, Maria Luisa Chiofalo' ', Nicola Poli ¢ and Murray | Holland'
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Figure 1. Experiment setup and working principle. (a) A cloud of atoms interacts with two counterpropagating modes of a ring cavity.
One mode (mode 1) is driven at frequency wy, while the counterpropagating mode (mode 2) is in vacuum, i.e. not pumped. The
scheme enables cavity-mediated interactions between every pair of atoms. (b) The excitation or de-excitation of a single atom is off-
resonant. However, the exchange of excitation between two atoms is a resonant process.




gg= 0+ 0025 x 0054 010
(b) 8 ———
5 6} E
Vg 4l S D
Ted 2 ¢ X * = O
uy
0 ,, S S ,
2 4 8 16
817 (x10%)
0 . : . |
0 0.1 0.2 0.3 0.4 0.5

time ¢t (ms)

0.8
0.6 |
0.4
0.2

Normalized guantities

1 . ! - 0 | | |
0 01 02 03 04 0 01 02 03 04
time ¢ (ms) time ¢ (ms)

Figure 4. Squeezing in the presence of momentum width. (a) Evolution of FR in the case of|3|2/ 10* = 4for & = 0, 0.025, 0.05, 0.1.
Solid (dashed)lines represent MCM (T CM) results. (b) Maximum metrological gain (I / mem indB) asa function of drive strength
for different ; values. (c) Evolution of F“ in the TCM for &; = 0.1and |3 /10* = 2 when Ni = 0,1,2,4 echo pulsesare inserted.
The graybroken lineshowsthe &, = 0 msethh no echoes. (d) Evolution of the constituents, Cand V.., of & in the TCM when

Ni = 2echo pulses are inserted. Other details are the same as in figure 3.
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HIGHLY ENTANGLED MAGNETICALLY ORDERED 1D FERMION STATES WITH

TUNABLE RANGE INTERACTIONS- PARADIGM FOR QUANTUM METROLOGY
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METROLOGICAL USABILITY: THE QUANTUM FISHER INFO
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ADIABATIC STATE PREPARATION IN THE PRESENCE OF DECOHERENCE

2 particles per site +

Mott-Insulator U>> . : Heisenberg spin-1

H=—C) (ala; +blb, )+UABZa a;blb, ¢
(i.3) A
UAJ e Hspr=—J) S;Si+ uZ(S,
+ — 5 a]a,J - —Zb bib (i)

wu =U—~Ukn, J =43 Uan

~'v

1 particle per site: XXZ Heisenberg spin-1/2

Hoprys = —J3 (5787 + 8¥8Y) — (J — A) Y 8282
(,7) (i,3)

I] - jmaanz - 0)

J = 4C%/Uap, and A = 8(C2/Uap)—8(C2/U) e

Quantum Science and Technology

Experimental interest @ Adiabatic preparation of entangled, magnetically ordered
Wolfang Ketterle Lab - MIT states with cold bosons in optical lattices

Araceli Venegas-Gomez'*’ (9, Johannes Schachenmayer’ (", Anton S Buyskikh' (2,
Wolfgang Ketterle" ", Maria Luisa Chiofalo"®® and Andrew J Daley' >




Trade-off between ramp speed and energetic cost of natural
heating (spontaneous emission, field fluctuations, noises of
optical lattice)

Optimized ramp speed

Here: simulation with MPS+Markovian master equation with
most destructive source of heating, i.e. spin-dependent local
fluctuations

Characterize many-body entanglement via Quantum Fisher
Information: entanglement useful for phase estimation and thus
also for metrological applications

AO>1/vmI > 1/y/mIg.
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Integrating Human and Machine Minds for
Quantum Technologies

IQHuUMinds: a quantum black box for problem solving

A combined set of

* Quantum technologies
* Interfaces

e Measurement tools

e C(itizens science tools

to integrate the best of

Human visual mind, creativity and intuition
+

Computer algorithmic logic



CHANNELLING HUMAN-MIND POWER

' | «Play is Children’s work»

B
s -Maria Montessori-

N

«Games change the world»
-Jane McGonigall- Reality is broken 2011

-

«Play is the highest form of research»
-Albert Einstein-
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Map quantum problem into videogame

-

Citizens play videogame

-

Play strategies used to train classical or quantum computer

-

Computer solves problem

Quantum physicists DESIGN OF

Neuroscientists o
Game developers - .
Computer scientists o
Outreach experts o
Physics education experts
Citizen scientists

Quantum technologies
Interfaces
Measurement tools
Citizens science tools





https://turkuquantum.github.io/IQHuMindsNetwork/

A spin-off project becoming
main stream
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A Quantum Spin Model
for Numerosity Perception
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 Determining number
Is traditionally
associated with
counting

* In fact:
cognitive)

b. BFANRIQ N Gisa S 056 Of ndMEBRGFBiol. 18, 425-428 (2008)

Humans (and animals) are able to estimate
pretty well HOW MANY objects there are
I.e. their numerosity

Humans perform this
operation remarkably
well with an error rate
of about 20% over 7-

200 range of items

SRRt




WEBER’s LAW

A random counter
would at most be
Poissonian (\/N)

Weber Fraction

C
o
2
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-
C
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Y
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 HOLDS OVER A WIDE RANGE OF STIMULI # !

0.05 |
100 500 : 50 100 500

Mumerosity Numerosity

Exp data from PisaVisionLab: Anobile, Turi, Cicchini, Burr, Journal of Vision (2015)



Numerosity perception:
existing models

Counting without counting

Numerosity perception:
phenomenology

Our coarse-grained
qguantum model

|
el b bl
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Neural systems
Neuron/unit: activity vs no activity

Propagation of activity
Built-in connectivity with gxcitatory-+inhibitory
mechanisms

Flexibility in connectivity for different functions
System decays to a resting state

all-to-all

nearest
neighbors

Architecture/Topology fI = (Jz-j (0';*'0'3-_ + h.c.) + Aij (afa;)
Tunnelin Interaction

Excitation losses dp : f{, p] 1
or dt ~ h

Collisional dephasing Gorini- Kossakowski-Sudarsha

Yo (T T p + I T — 2T pJ 1,
Dissipation

cquation
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Yago Malo J, Cicchini M, Morrone C and Chiofalo M.
Quantum spin models for numerosity perception. PL0S
ONE 2023;18(4):e0284610.

Psychometric function


file:///C:/Users/maril/Desktop/DE-SIDERA/TemplatesAndTheLike/Quantum%20spin%20models%20for%20numerosity%20perception

SUMMARIZING



Designed a quantum toolbox for information processing in the brain. In our toolbox:

e Strong signal of the number of past events persists after long time even with
dissipation (if the network is all-to-all connected)

* Numerosity perception is an intrinsic property of the quantum network, without any
training

* Even with our “agnostic” decoder, numerosity perception follows Weber’s law as
derived from the psychometric function: this finding is robust with respect to time and
space randomness, excitation intensity, moderate dissipation levels and other
governing parameters (no time to show detailed analysis)

A minimal (single layer, minimal couplings but all-to-all, untrained ) Quantum model
exploiting its intrinsic properties captures the qualitative behaviour and performs
comparably — if not better - to idealized standard neuronal activity modelsMESSAGES



QUESTIONS (TAKE THREE and FOUR)

Can we equip our quantum toolbox with the potential of relevant paradigms from
driven-dissipative open quantum systems, and

Engineer a quantum technology to make a neurobiology sensory system?

In the opposite direction: what about elevating our (fully equipped) quantum toolbox to
a microscopic model?
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