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CDW x SC: EXPERIMENTAL MOTIVATION

» Pressure and Cu intercalation induce superconductivity in pris-
tine 1T-Cu, TiSey

PRL 103, 236401 (2009)
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CDW - INCDW x SC: EXPERIMENTAL MOTIVATION

Observation of a charge density
wave incommensuration near the
superconducting dome in

Cu, TiSey

A. Kogar et al. Phys. Rev. Lett. 118,
027002 (2017)
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SOME PREVIOUS WORKS

» Theoretical models considering electronic origin for CDW order,
without superconductivity

PHYSICAL REVIEW B 72, 125122 (2005)

Competing orderings in an extended Falicov-Kimball model

H=— 12 dld;+ e 2l + 2 (Vidlf; + Hee)) + UZ nifnl.
ij J

[y J

PHYSICAL REVIEW B 77, 155130 (2008)

Hartree-Fock study of electronic ferroelectricity in the Falicov-Kimball model with f-f hopping
H=- .% dd;- rf(E) Fifi+ UZ fifdid;+ E.2 fifis
i) ) i i
P. M. R. Brydon et al., PRB 72, 125122 (2005)
P. Farkasovsky PRB 77, 155130 (2008)



Hamiltonian: two-band model and formalism
(Our model generalizes previous works)

H=-—1. Z (czocjg +H.c.) —tg Z (d;-rgdjg + H.c.)

(ig),o0 (ig),o
+ €do Z d/[/To'd/l:U - Z (dl‘Lgdia' + C;'rgcicr)

+ Z Vvij(cgadjg + d;'r(fcjg)
1,0
+Uge Y ming +Jg Y diydiyd] dyy
i %

where ¢;; (CIU) and d;, (d;rg) denote annihilation (creation)

operators of ¢- and d-electrons, respectively, in a given site 4, with
spin o, in the standard second quantization formalism.



Some parameters of the model

(ng) =n+d6°cos (Q - Ry),

i

<nd> =n? + 6% cos (Q-Ry),

2

» ¢ and §¢ — CDW/inCDW order parameters.
c_ i
0° = N Xk:’(<ck+ng«o> + <CLng+Qa>)

> Q = (Q4,Qy) is the modulation wave vector.
» Considering non-magnetic state

<n?(6)> _ <nf(0)>_

» Superconducting order parameter

AL = Ja{d i dier)



The matrix Hamiltonian

Hyr = Zk’\IILM\IIk + C, using the Nambu's spinor basis,

_ (. T Tt
wi= (CkT’ et Qr Dy Dicrqp C-kl C-k-Qlr d—kis dfkfm) ,
M =
e Ugdd W 0 0 0 0 0
Udc5d EIC(JrQ 0 Vk+Q 0 0 0 0

Vi 0 el Uges© 0 0 Ad 0

0 V]:JrQ Uvdc(;C EkorQ 0 0 0 AﬁJrQ
0 0 0 0 —€e¢y —Ugedt =V 0

0 0 2 0 —Uacd® =€y q od V% q
0 0 A—*k 0 —V,k 0 —€_ k —Udc5°
0 0 0 Ai*k_Q 0 —V_k—q —Ugd® —e‘ik_Q
e, = —2tc [cos(kza) + cos(kya)l, € = € + Ugen® — p,

e = e + Ugen® — 1+ €qo, v = ta/te

€40 is the relative depth between the centers of the bands.




Bogoliubov - de Gennes transformation

Hdiag = Z/ Z Epx (ainkamk + /Bjnkﬁmk> +C,
k m=1,234

where (a,,@)jnk and (a, B)mk are new operators given by a linear
combination of the original band operators (¢, d)t and (¢, d).
The free energy density is calculated as follows

F==2T% "% In[l+exp(—BEmu)] +C,
k m

where = 1/(kpT). We emphasize that we consider both
incommensurate and commensurate periodic modulations of the

crystal lattice with Q = (Qz, Q).
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RESuULTS

Commensurate modulation: Q = (7, 7)

» Comparing our results with an experimental phase diagram

Physical Review B 103, 195150 (2021)
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RESULTS
Is the stable solution a

inCDW?

Free energy density ¢
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RESuULTS

T X nyt and T X €49 phase diagram
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CONCLUSIONS

> After analyzing the free energy density, we discovered that un-
der certain parameter conditions, an incommensurate CDW
emerges at low temperatures and can coexist with supercon-
ductivity.

> Away from half-filling, our findings align qualitatively with pre-
viously reported results observed in compounds that undergo a
discontinuous disappearance of the CDW transition, indicating
a first-order phase transition.

» Besides these findings, we have obtained diverse phase diagrams
using our model. For instance, hybridization and Coulomb re-
pulsion as a function of band filling, among others.



	Conclusions

