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Hamiltonian (spinless fermions on a 1D lattice, n = 1 filling)

H = —tz (é;éj+1 =+ H.c.) —t Z (TJTTJ'+1 =+ H.c.)

. N T
with trimer annihilation operator I’; = ¢;Cj11Cj12

Result

— zero temperature phase diagram of the model:
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. To,w phases: Luttinger liquid phases with molecular granularity
« I’ phase: weak coupling Luttinger liquid phase

« T'F — (', H phases: coexistence of unbound fermions and trimers



1) F' phase: t' -0 mmmd FH — H, — —t» eélej 1+ He.
— standard Luttinger liquid theory holds J

2) Ty . phase: t — () mmmdp H — Hp = —t' ZT‘L T;+1+ H.c
~ search for [1)Gs) in the subspace H J

of fully molecular fermionic configurations:

map to effective fermionic chain map to effective free-fermion Hamiltonian
/
—OE ) =+ fif..+ He
Dispersion relation: €7 (k) = —2t" cos(k) k: |
~ minimumat k =0 for ' >0 ( Iy phase) 10
> minimumat k = 7 for ¢ < (0 (7, phase) '
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Momentum mismatch === non-interacting two-fluid description

e assume system to be populated by two spec;les of partlcles
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* minimize total energy density
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under the density constraint ng + 3np =n

Comparison with DMRG data 0
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« Absence of momentum mismatch - add interspecies Interactions:

HQF Ny _th fj—l—l —t' ZtT Jj+1 _|_th f] 1f]f]—|—1 + H.c.

* [ntroduce varlatlonal Ansatz
)= TT  (on+ Bell S kesonfifer—s.) Inr) @ lor), o ~ 2k
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Finite-size features _ -
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— smooth behavior close to first 005 :
boundary: strong hybridization  -0.1-——wrei=e
| |— DMRG,L=228
— sharp second boundary Gill= Bes o e 22 i
Thermodynamic limit 15z 25 3 15 2 25 3
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— robustness of finite-size effects both in DMRG data and in variational prediction

— guess from variational Ansatz: - vanishing of hybridization contribution

- recovery of t' < 0 critical behavior



1) Heuristic guess: Hqy(t, t') = —t» éléja —t'» el Ay | éj4a + Hec.

— single-particle hopping + hoppingjterm for moleéule 0 lsﬁ%e d
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° Cj — ezd]Cj ‘Hd(t,t/) _ Hd(ezat’ _t/) ‘Hd(t,t/) ~ Hd(t, —t,)

(emergent symmetry)

2) Energetic signatures on the model with d = 4 :
H="Y (—té}éjH + ' MM+ H.c.) — L(—tK, + t'Ky)
J
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