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Integrable models are typically not “adiabatically connected”
to free theories:

— Hierarchy of multi-particle bound states
— weakly interacting bosons behave like fermions at low E

Is there an integrable model where elementary excitations
can be understood as in Fermi liquid by simple (perturbative)
dressing of elementary fermions?



Delta-function Bose gas Lieb&Liniger ‘63

2
N-particle Hamiltonian:  H = 2 (— 0 ,u) + 2c2 o(x; — x;)

2nd quantisation: H = de O (x) |07 — p| P(x) + C[dx (@))% (D))
[D(x, 1), @ (y, 1] = 6(x — y)

Consider the repulsive case ¢>0.

Local conservation laws: 0,,0.1=0=1[H,Q,]

Smirnov, Davies & Korepin



Impenetrable bosons

"Impenetrable limit” ¢ — oo: equivalent to free fermions
L

Hleo) == [ dx ¥ (x)02¥(x) Pi(x) = dF(x) etz ¥ @O
0

(P, P} = 6x - )

2 sectors: periodic/anti-periodic bcs for odd/even fermion



What about ¢ > 12

There should be a description in terms of weakly interacting

fermions: adiabatic continuity with ¢ = oo (dressing elementary
fermions like in Fermi liquid)



Cheon-Shigehara model Cheon&sShigehara "98

interacting bosons —> interacting fermions

A & ¢ 1
HCS(a,c)=Z[ = ,u]+22 > o lé(xj—xk—a)+5(xj—xk+a)]

j=1 J i<j b
a is a regulator that needs to be taken to zero.

(a—0: discontinuous wave-fns, continuous derivatives)

lir% Wos(Xps - Xn) = W (X, ..o Xy) I I sgn(x; — x;)
a—
j<k

large c: looks like

strongly interacting bosons Res Al strongly interacting fermions

No perturbative calculations possible.

Hm.



A different dual fermion theory

N 82
H(a, €)= ) [=——= = ul+2 )V, (5= %)
j=1 4 i<j
26”<£)

Regularised interaction potential: V, (x) = ax
cx + 20(;)

o(x) a smooth function s.t.

o(—x) = —o(x) , c'(0) >0, cx#0)=>0

lim o(x) =1, lim x%6"(x) = 0.

X— 0 X—O0

In the limit a—0 this is equivalent to H-q(a — 0,c¢), but standard

many-body perturbative calculations are possible!



Fermion spectral function at finite temperature

Free fermion acquires finite life-time.




Conserved charges for weakly interacting fermions

. p
Consider H= Z e(p)l//;l/fp + I Z V(p4)l//;11//;21//p3l/fp4
P

(only quartic interactions)

Try to construct conserved charges order-by-order in [

0" = J dxQ"(x) = Y p"ww, + ) S vy,
14 P4

QI NN
T Z SZH (p 6)wp1Wp2Wp3l//p4l//p5Wp ’ + ...
Ps

where SIE”) has an expansion in 3 starting at S*



Can determine S}gn) NSV for any interaction potential!

In the spinless fermion case we find at O(f°):

1. Cheon-Shigehara model
2. Calogero-Sutherland model.

Precisely the known integrable models!



"6 if H integrable
O(p")

N N
H | [c'tk)10) = E® ] [ "k 10)
j=1 j=1

fermionic creation operators for Bethe integers!

N N
H] [a'@10) = ED] [A'@)10) + 6™

J=1 J=1

if H not integrable |

. . 27l
Undo the unitary transformation: A(I) = e™c’(k)e™ , k= =

L
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Duality that maps strongly interacting Bose gas to weakly
interacting fermions.

. Perturbative analysis now feasible.

Generalizations to multi-species Yang-Gaudin models possible.
Operator equivalences ?

. “Perturbative” construction of conserved charges to higher

orders — models with interesting “pre thermal” dynamics



