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Figure 1 — Cartoon picture of the DMFT phase
diagram of the half-filled Hubbard model

Figure 2 — DMFT phase diagram of the
half-filled Hubbard model using previously
defined crossover lines [1-5]
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Figure 3 — Cartoon picture of the DMFT phase
diagram of the half-filled Hubbard model

We propose a new characterization
of the phase diagram using only
timescales of magnetic
fluctuations and valence
fluctuations that brings :

¢ Physical insight to the crossover
lines in the supercritical region

® New "slow spin" dome in the
Fermi liquid regime.
Gaspard, L.; Tomczak, J. M.
Timescale of local moment screening
across and above the Mott
transition,
https ://arxiv.org/abs/2112.02881v1
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The Hubbard model on the Bethe lattice (Z = o)

® One orbital per site (i)
¢ Half-filling (one electron per site
e i)

® t : nearest neighbor hopping

e ) : Coulomb repulsion between
electrons on the same site
® 7 = oo Bethe lattice with the

density of states :
D(e) = VA2 —e2
- 2nt2 Figure 4 — Schematic picture of the Hubbard
model on a Z=3 Bethe lattice

(S DL ) Sr g
i

7/23



DMFT on the Bethe lattice (Z = o)

Single Impurity Aliw,)
. Anderson Model U

Figure 5 — Schematic picture of the Single Impurity Anderson Model (SIAM)

The Hubbard model
on the Bethe lattice

DMFT on the
ic

Magnetic
susceptibility

We replace the Bethe lattice by the SIAM :

A

H = Hatom + Hbath + thbridization

,:I = UﬁTﬁi + (80 - lu’)(ﬁT + ﬁi) + Zglé\-ll-,o'él,a + Z \//(é\j,oed + 6Té\/ cr)

l,o l,o
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DMFT on the Bethe lattice (Z=00)

DMFT on the Bethe lattice (Z=00) is exact :

The Hubbard model p

|m
on the Bethe lattice
DMFT on the CT-HYB
Bethe lattice
Magnet
s

u::::ti‘:i ity |m Goc
o A(w) = t2Gimp(w) < P Gioc(w) = [ de—

T D)

CT-HYB : Expansion of the partition function in the interaction representation and
Monte-Carlo integration

. . B
Z="Tr [7; exp <—5(Hatom + Hbath)) exp <_/o dTthbridization(T)):|
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Magnetic susceptibility

1.0

We are interested in the local
magnetic susceptibility computed 0.8
in imaginary time 7 :

The Hubbard model
on the Bethe lattice
DMFT on the

() = 8 (T.5(050) ()

Magnetic
susceptibility

From this we can get the static
local magnetic susceptibility :

10 20 30 40 50

B 0 .
Yl = 0) = /0 (DT (3)

Figure 6 — Local magnetic susceptibility in
imaginary time for U=4.9 and 8 = 50

Xm(iw = 0) = Bxm <T = g) + /0; Xm(T) = Xm </— ;) T (4)
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Magnetic susceptibility

Fit of x(7) for 7 close to O :

(-9
4 [Xm(fzm—x,n (ngﬂ e

(5)
0.0 . . .
°© 10 20 30 40 50 tm is the timescale of the magnetic

fluctuations

The Hubbard model
on the Bethe
DMFT on the
Bethe lattice

Magnetic
susceptibility

x(7)

Figure 7 — Local magnetic susceptibility
for U=4.9 and 8 = 50
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Evolution of t,, through the phase diagram

4
X tmax
—— B=200
B=25
—+— B=10 ® At low temperature (high 3) :
Ehm'hud‘hgh discontinuity in t,, at the phase
Adiabur spin transition.
® At high temperature (low ) :
continuous evolution of t,,
® |n all cases : t,, reaches a
\ .
6 8 10 maximum for a value of U

Figure 8 — ty, as a function of the interaction U
for three values of 3
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Evolution of t,, through the phase diagram

[6,]

ax ’ ) tmaX(T) changes behavior for a
> % given temperature T, ~ 0.055
3 X
Evoluton of . 3% , X e Below T.:
the phase diagram ge P tmax exhibits a logarithmic
A ic spin X 1 X
: 2 e P ~ T
I o behavior : t/1¥* ~ — log (;)
Xi
L S ) v~ 0.19
x e Above T, :
OGOO 0.05 0.10 0.15 0.20 0.25 tgax behaves as a power -
' ' T ' ' I o< T~% a~0.27

Figure 9 — Value of the maximum of t,, at
constant U as a function of the temperature
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Phase diagram using the timescales
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Figure 10 — Phase diagram of the Hubbard
model using previously defined quantities

6.5

® The coexistence region is

reproduced using the
discontinuity in t,

The orange line is the
coordinate of the maximum of
tm (2]]7°). It separates the
Fermi liquid (where the
magnetic fluctuations timescale
increases with the effective mass
of the quasiparticle) and the
Bad metal (where the magnetic
fluctuations become slower).
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Phase diagram using the timescales

0.200 . . .
Vo ® The coexistence region is
R LA reproduced using the
ot N\ | \ discontinuity in t,,
N
ANV T H H
Evlution of 0125 AR ® The orange line is the
timescales through NN . .
L F 0100 RN coordinate of the maximum of
iabatic spin \\\\.\‘\\\
vors) AN tm ( ). It separates the
0050] - Craps st Fermi liquid (where the
7T Sepenovetal magnetic fluctuations timescale
0.025¢ —— asari et al
i
2.0 25 3.0 35

Figure 11 — Comparison the t1?* line from our

work with previous works

increases with the effective mass
of the quasiparticle) and the
Bad metal (where the magnetic
fluctuations become slower).
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Evolution of t,, through the phase diagram

—— B =200
B=25
—+ B=10

Figure 12 — tp, as a function of the interaction
U for three values of 3

e First inflection point of t,, (A),
exists in all the cases :
formation of a local moment.

e Second inflection point of tp,
(V), exists only when ¢, is
continuous : reaching the
atomic limit.
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Phase diagram using the timescales
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Figure 13 — Comparison the t1?* line from our

work with previous works

u

® The t, line is consistent with

the crossover line between
local-moment dynamic

X and
indicating the predominance of

the local moment.

® The t line indicates the end of
the crossover between the bad
insulator and the Mott phase as
the growing interaction has less
and less effect on the magnetic
fluctuations period (reaching the
atomic limit).
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Phase diagram using the timescales
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X
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om0 AR ! the crossover between the bad
I [y '\'{.\ insulator and the Mott phase as
X Tt R
I

5.0 5.5 6.0 6.5
U

the growing interaction has less
and less effect on the magnetic

fluctuations period (reaching the
atomic limit).

Figure 14 — Comparison the t1?* line from our
work with previous works

19/23



Valence fluctuations

ﬂ(|un} One c:'an defln.e the timescale
associated with the valence
history using the DMFT

hybridization function A(iw,)

Adiabatic spin
response

1

t = —
Figure 15 — Schematic representation of a site hyb
coupled to a bath iwp—0

How do the two different timescales compare ?

lim_ SA(iw,)

(6)
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Magnetic screening vs valence fluctuations

® tm/ths < 1: Magnetic
fluctuations faster than valence
fluctuations.

tmlthyb
3.5
o ® tm/thyp > 1 : Magnetic
fluctuations slower than valence
fluctuations.

N]
=}

® Mott phase : No valence
fluctuations, t, < thyp

-
5

* Low interaction and/or high
temperature : t, < tayp

e Appearance of a dome where

Figure 16 — Heatmap of the ratio between tp, thyp > tm : valence fluctuations
and tpy,, in the DMFT phase diagram of the faster than magnetic
Hubbard model . . . .
ubbard mode fluctuations (adiabatic spin
response).
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Conclusion

Conclusion

® We provided a new insight into the phase diagram of the Hubbard

model through the lens of spin dynamics.

® We identified a new crossover line within the Fermi liquid phase with a

region with preponderant local moment

e \We identified a regime in which the spin dynamics is adiabatic

tinlthyo

35

Mott
insulator
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