



































































































































Universality for free fermions point processes

Joint work with A Deleporte arXiv 2109.02121

Probabilistic model of free fermions on IR
Relation to random matrix theory
Limits of the correlation functions
Central limit theorems

Model

Quantum state of a particle is described by a

wave function He 1B

141 11 p d f For the position y

IT E I pd f For the momentum m 1

Many body system Ye CCR N particles

NCH a 1 is a probability measure invariant under Sw

Ne EaCR Antisymmetric Fermions

Quantum evolution is given by the Schrodingereq

if X HY
Y Hamiltonian operator on IRS

Planck est he 1034 Is
H2O
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Stationary states HM Menagy of the state

HE II that Viti t I I Wha g
kinetic energy

I
trap external potential Vi IRD s IR

continuous
growing

13 0 non interacting or free fermions

Hwhas pure point spectrum Aj jew MIA else
he N Y A Nay

Ground state IHS A

Slater det Hfs tn ftp.detlticxj
ti orthonormal family in ECR

9 Ej tf i Each Each r

Fix y O and let N i Eileen
Limit as A s 0 I Fermi

energy

k microscopic scale NI FI Zr






































































































































Probability on IR Alta en Fu Yet tics

I gettin ti g

Inky IT d f fly

IP is a det pint process on IR with kernel IN

1 The correlation fats of the measure I are

PeChin ta det ft ti g for Ken
kek

2 For y A s IR

Effigies off its 1 IT
3

TN A
Hey orthogonal proj

Like an orthogonal polynomial ensemble

but no recurrence relations for bi ie
mo Christoffel Darboux formula
no Riemann Hilbert problem






































































































































Random matrices old

Droposition The GUE is the ground state of a free
fermi gas confined by VCD x on IR with k ten

Ms 1

Idea Hermite functions satisfy the ODE

f it x I Dj i few

Thm For GUE as A O for N so

MN f ETS s EV i e dy

For Ke fi Di ppl n kn f try tty s ksine m

For he IB i pinkftp.rxtgn okaiiyCMD

x








































































































































Analogous results for free fermions in a

general trap Universality

Weyl's law

Number of particles N Trw I Zn
N IT real pls turn res as A so

Assumptions peso is fixed
VE Lee R s Rt

o Vents is compact ve C on this set

Th my Law of large number Density of states

For any e so I foist hEsq p e e g e
one

Exo 1 VE x on R and M 1 GUE

PK Ji e

2 Via 141 on R andM 1





























































































































Limits of correlation functions

Thme scaling limits

For Ze Vip as A 50

Ej 2 Npczytly
d determinantat point process

on Rd with Op Ed A
ARE

or For Z E v m TV to as k so

Y z A's d determinantat point process on Rd
with Op Fai A At VA XE 0

Bulk kernel

Kd mid ffgqegyetis.ru bag
Jok Thi ri
ud la ri ok

m Id TECH VETsince

IKollur Twain ya
m'd
A2 as Lee v1 so



Fluctuations of linear statistics

Thm3 Concentration bounds

Let Fe CE Vsm For any t20

Intl fly E fled Mat e 2 e
at

Thm4 central limit theorem

For d 22 if Or fitri to then os N so

fly E fled d
s No

varkifleD
Idea Var I Fai s o as N so

Q Obtain asymptotic of Van fly n Nk tufftil
What is Er f



Thm 5 counting statistics

Let on or be smooth subsets of VTM
Let

XP I Arjen Nfp
NIE Ign Ifjm vis ok

If my.gs 2rinJrj 0 then

Nra Kkk s No In

Happy birthday Yan

thankyou



Semiclassical analysis

H Mtv Opa tess sister res

OP a x y to find ft't a 15s E d
Rd

If a e CECR'd Opg a is trace class

In general a is a symbol
alt it do x th asf E that x e t o

For any ke No TE
OP a Is g t giraffe at a

941 1Rd

Functional calculus For any GEGER Rt

If Mtv Opala
where does 9 is ere Ap are supported on a

small neighborhood of GE 9 is ere o

Approximation offree fermions kernels

In At
Hey

Galt fray f Heaviesends



Sketch The kernel of the rescaled point process

EYE is

Edt Zt Eu Zte d Ija f É 41514 viz mye em
S

E hya I toga fye
did

AggieM Ves Oa
If ze bulk

2TOL Wd TV I f É Ig as y
ok

Rd

Fadsityanad
At the edge VA p the operator associated with the
rescaled point process 4 egg is

4 GE'd viz te EM I at TVR X E o

AT ILEANA to
Edge Kandi

Kaid f 9 J AiGets Aires Joe sixth

G t
gorge yes EÉ 1
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