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Heisenberg spin chain
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Most general case
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Heisenberg spin chain
N
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Transfer matrix
the integrals of motion [H, ;] = 0, [(97,, O;] =0, Vi,j

are generated by T'(\ —exp(z — Ok(A — Ao) )

dk
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TN\, T(w)] =0, X#p  holdstrue
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Introduce monodromy 7(\) - operator on Ho ® H
then
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Get to Yang-Baxter

introducing
TiA) =T\ ©1, T:(N)=10T(\)
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then from the commutation and Tr(A® B) = TrA-TrB
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R-matrix

1 0 0 0
|0 b(A k) c(Ap) O
BAW=10 cvm bum 0
0 0 0 1
AN) B(A
elements - eigenvalues of blocks T (A) = < CEA; DE)\;
b(A) = A c(A) = o XXX, case |Al=1
A+n’ A+ 7
sinh(\) sinh(n)
") sinh(A + 1) eV sinh(A + n) A

with A = cosh(n)



Ruijsenaars-Schneider model
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Ruijsenaars-Schneider model
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Agalin, rational - XXX
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Trigonometric - XXZ
sinh(nv) .
sinh(g; — q; +nv)
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admits a factorisation L" = DV~ Ye)V (e — nv) D~ te”

~

P = diag(p1,...,p~n), Vijle) =exp((2¢—1—N)(q; +¢€))
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Trigonometric - XXZ
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Trigonometric - XXZ

transfer matrix pole decomp.
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Trigonometric - XXZ

transfer matrix pole decomp.
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Determinant identity
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Determinant identity
For the two matrices

N M

| B gsinh h sinh(:vj —x) + h) sinh(a?j — yv)
Lij(i b, Witar, ) = sinh(z; — z; + h) lg sinh(z; — zx) E sinh(z; — yy + h)
gsinh A o7 osinh(ys —yy — ) 7p  sinh(ys — )
- | | _ B~ Yy — B Tk
Eaﬁ({yz}M7 {mz}Na g) sinh(ya —yg + h) H sinh(yg — yy) H Sinh(yﬁ — Lk — h)

with «.6=1,...,.M
holds true that

det <£ @i} N Y, 9) — AI) =

N XN
_ t A1) det (£ ({wibar, {xi},9) = M)
(N—M?S(N—M)(gs ) MM (itaszifn, 9)

where
Sii(h) = 6;; exp (—(2i — 1 — N)h)



QC-correspondence

Theorem: under identification nv=~h =+ =-
n  sinhA
Spec L*® q:nH;{XZ {gi}r, B _
J sinh 7 | 4 JIN
BE
— { e~ W=Ni=Dhy, — ((N=Ni=Dhy, o=(Ni=No=Dhy, — (Ni=Ne=Dhy,
N:er NltNg

. e~ (Nn-1=1)h Vi, ... ,e(N”—l_l)h Vi, }

\ -

-~

Nn—l

)



QC-correspondence
i _ H

Theorem: under identification nv="h, ==

n  sinhh
HXXZ
LRS Y. — J . h _
wpec <{% nSinhh}N{qj}N’ )

BE

—(N—N1—1)h N—N1—1)h —(N1—Ny—1)h N1—No—1)h
:{g ( 1 ) Vl,...,e( 1 ) V1J,€ (N1 2 ) VQ,...,G( 1 2 ) V%,

\ .
N N

N —Ny N1 —No

. e~ (Nn—1=Dh Vi, ... ,e(N”—l_l)h Vi, }

\ -

)

-~

Nn—l

can be reformulated as

77 XX7Z
det {L (sinhh Uy Adidy h)‘

- AI} - E det [V, Sn,_n,_, — M|



QC-correspondence
qj B H;(XZ

Theorem: under identification nv="h, ==

n  sinhh
HXXZ
LRS Y. — J . h —
wpec <{QJ nSinhh}N{qj}N, )

BE

L] L] ’

—(N—N1—1)h N—N1—1)h —(N1—Ny—1)h N1—No—1)h
:{g ( 1 ) Vl,...,e( 1 ) V1J,€ (N1 2 ) VQ,...,G( 1 2 ) V%,

\ .

N N

N—Nl Nl_N2

. e~ (Nn—1—=1)h Vi, ... ,e(N”—l_l)h Vi, }

\ -

-~

Nn—l

can be reformulated as

77 XXZ
det | (g {7 by o 1)

- AI} - E det [V, Sn,_n,_, — M|
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QC-correspondence
or by explicit view of characteristic polynomial coeffs.

L=L" c}:nHJXXZ {gjtn, P
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coeff of Jdet (M +4) gt AN-k i35 the sum of k x & minors
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1<i,5<k



QC-correspondence
or by explicit view of characteristic polynomial coeffs.
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QC-correspondence
or by explicit view of characteristic polynomial coeffs.
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so finally
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QC-correspondence
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QC-correspondence
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this chain of identities thus proves
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QC-correspondence
k=1

we have
N

N
ZHJXXZ:sinth)\j, A; € Spec L

j=1 j=1

since
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which is exactly the ‘'sum rule’



Beyond XXZ - trigonometric RS

e Non-relativistic limit of XXZ - the Gaudin model and the limit of RS - the
Calogero-Moser model is also studied. Determinant identity holds, spectral
correspondence is present.

* Free XX limit of A — 47 /2 is mentioned. The Bethe equations separate in
this limit, the whole system can be mapped onto non-interacting fermions
on aline

e (Generalisation to XYZ feels troublesome
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