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I Model

We consider N particles:
e spinless fermions
e 2D compact domain () = [0, L]?
e uniform transverse magnetic field B

e magnetic periodic boundary conditions

Mean field Hamiltonian

N
. 1
A= 3, ((-ihV; = bA@))* + V() + v 2 wai—) (1)
ol 1<i<j<N
Acting on N
L2 (V) = A\ LX) (2)
Coulomb gauge: 3¢ € C*(£2, R) such that
A=V¥ipand V A A =(0,0,1) (3)

We study the ground state and ground energy.
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Magnetic periodic boundary conditions

Translation operator 1,1 (x) = ¥ (x — vy), problem:
[T,,:hV + bA] = 0|1, A] # 0

VAA=Cst = T,A— A= IV, define

7, = 9T, = [1,,ihV + bAl = 0 (4)
h N
Magnetic length: [, = 7 N AN
L2
Flux quantization: |7y o), T(o,r)] =0 < 77 € 2nZ  T(0.L) (0,1)
b X
Landau level diagonalization of the magnetic Laplacian: T2 >
& = (ihV + bA)* = Z E 11, with E,, = 2hb (n + %) (5)
neN
on |
_ : W(L,t) = eveolbly(0, )
Dom (%) = {w e H*({)|Vt € [0, L], Ot L) — ew<07L>(t’L)w(t,O) (6)
L2
Moreover Rank(Il,) = —5 = d
2mly
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Characteristics lengths:

e /v N: mean distance between particles

e [;: minimal distance between particles
[Lieb, Solovej, Yngvason (1995)]: coulomb interaction

o L*/IZN — +oco: all particles lowest Landau level
o L*/IZN — 0: all Landau level filled

[Fournais, Lewin, Solojev (2015)], [Fournais, Madsen (2019)]: general V, w

Scaling

Semi-classical limit:

| 1
ﬁzzN_éwich<5<§ (7)

Let g € N, r € [0, 1), fix b such that

N 27N
— - WLbQ o atr = Ohb)=KN=N"">51 (8)
—>00
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II Limit model

Semi-classical functional

Tom : N x ) - Ry, such that

0<m< 7 +17~)L2 and %Q/m(n, r)dr =1 (9)
associate the semi-classical energy
EseN M) = m(n, x)dr + Z /V(az)m(njsl:)dx (10)
nEN neN
+— Z // w(r —y ,x)m(n, y)dxdy (11)

n neN
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Model for the partially filled Landau level

Electrostatic functional:

1
Sl = [ V@) + 5 [ v - yppty)dody (12)
0 0?2
with domain
( 3
1
o 1 _
D,rr = § pe L (£2) such that /,0— T and 0 < p < TEIE ’ (13)
\ e J
Let p € D,rr, define
|
my(n,2) = sty + Py (14)

Then,
gSC,N [mp] = hbcl T 02 + quL [IO]
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III Results
+Theorem 1: Convergence of the ground state energy. D.P N.Rougerie (2022)h

IfV,we L?

: Un|HNY ) _
int - inf gsc m,| + o1
sveDom ot N v ey, Soe [me] £ o)

Let I'yy be a fermionic N-body density matrix, k € Z, define
WY = [ Tu(X 2y Vi Zy-dZng and o0 = 200 X

OQON-k

(15)

+Theorem 2: Convergence of the reduced densities. D.P N.Rougerie (2022)

If Viwe L? 3p e P (D,rr) only charging minimizers of &,z such that vk € N* in
the sense of Radon measures,

Xk
(k) * q
PN N%/ <L2<q“>+p> d(p)

Dyrr
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IV Sketch of the proof

Semi classical approximation
Define [z = ga(e — x)llgx(e — )
(h (+)
m (nla L1y -y Nk, ij) = Ir \f}/]\f @ Hnl,xlw

EseN IMmpy]| = Z En/m(n,a:)dx +

Q
+— Z // w(x —y najfﬁ,y)dazdy
nneN
T I
g [jf]/‘\f N] — Cse,N [mN] + 0(1)

Mean field limit
e Upper bound: Lieb variational principle

e LLower bound: De Finetti theorem

(16)

(17)

(18)

(19)

(20)

IV. SKETCH OF THE PROOF
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V Perspectives

e Obtain similar results for relativistic fermions

9= - <0> (ihV + bA) (21)

Ty

e Dynamics: convergence in the mean field limit of the NV body Schrodinger equation
to Hartree-Fock and convergence in the semi classical to the vorticity equation

aip(t, R) = =Vx(V(R) + w+ p(t, R)) - Vrp(t, R) (22)

Thanks for your attention :)
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