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Bosons
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Bosons Fermions

[aj, al] = 4 {a, al} = dm
[aj, am] = 0 {aj,am} =0
[aJT, al1=0 {aJT-, al} =0

Anyons
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Bosons Fermions

[CLJ', CL}Ln] = 5jm {aj, CLL} = 5jm
[aj,am] =0 {aj,am} =0
[af al] = 0 {aj,al} =0

Anyons
ajaJ[n = Ojm — e*"me(j*’")afnaj
ajam = —e™ VMg q;
a}ain = —e"me(j_m)ai?aj-

e(m)=m/|m|, €(0)=0,
r € [0, 1] — statistics parameter.
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Anyonic model

L L

1
=3 e+ ) 03,
j=1 j=1
a1 = ag, OJIJF]_ = CLI'

L — number of lattice sites
h — chemical potential
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Anyonic model

Two-point correlation function (L — o0):

Trle~™al, (t)a1(0)]
Tr[e—AH] ’

G(x,t) =

where 3 =1/T, al(t) = eMale "t
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Anyonic model

Two-point correlation function (L — oc0):

G(x,t) = Tr[e_BHaiﬂ(t)al(O)] _ Fredholm x t
7 Trle=?H] determinants \x 3 h
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Anyonic model

Two-point correlation function (L — oc0):

G(x,t) = Tr[e_BHaj(H(t)al(O)] _ Fredholm x t
7 Trle=?H] determinants \x 3 h

e For large x and t it is difficult to compute Fredholm
determinants numerically;
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Anyonic model

Two-point correlation function (L — oc0):

G(x t):Tr[e_BHaj(H(t)al(O)] _ Fredholm x t
7 Trle=?H] determinants \x 3 h

e For large x and t it is difficult to compute Fredholm
determinants numerically;

e One need to find more effective ways to study
asymptotics.

5/12



Effective form factor approach

To specify the effective form factor we require two smooth periodic
functions v/(k), g(k). Here L is regarded as a system size.

@ The first one is called the effective phase shift and defines the
shifted set of momenta as solutions of

elkL — e—27rn/(k)’ equ -1
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Effective form factor approach
To specify the effective form factor we require two smooth periodic
functions v/(k), g(k). Here L is regarded as a system size.
@ The first one is called the effective phase shift and defines the
shifted set of momenta as solutions of

elkL — e—27rn/(k)’ equ -1

@ The second function is in the definition of effective form factors

2
y k)
k (a) _ Ll 2L Sln T ( J g(qa)det2Da,
|{kq"® H 1+2ﬁ“(kj)
where
cot \1= A cot kizar >
D* =
det cot o Ak .. cot ki N 7
1 1

2) = {q17 -o+yqa—1,qa+1,-- -, qL}7 a=l,..,L.
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Effective form factor approach

The tau (correlation) function is defined as series over these form
factors

E:’Hq )|%e —ix(P(k)=P(a”))+it(E(k)—E(a%))

where

- Zq, E(q) = Zg(CI)a e(q) = h—cosq.

q€q q€q
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Effective form factor approach

T(x,t) = Fredholm < x t )
’ determinants \z(q) ~(q) h
Effective model Anyonic model
g(q) v(q) h kB h
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Effective form factor approach
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|

Representation
T(x,t) as an
integral
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Effective form factor approach

T(x,t) = Fredholm < x t )
’ determinants \2(q) ~(q) h
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integral model
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Effective form factor approach

T(x,t) = Fredholm < x t )
’ determinants \2(q) ~(q) h

Effective model = G(x,t)=r(x,t) Anyonic model
>
g(a) »(a) h k B h
Representation Asymptotics
7(x,t) as an <E—m—m—m—— for anyonic
integral model

O. Gamayun, N. lorgov, and Y. Zhuravlev, Effective free-fermionic form factors and the XY spin chain,

SciPostPhys. 10, 70 (2021).
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Results

Space-like region (x > t), x> 1, t>1

G.(X7 t) ~ CZK(X’ t)e_X |ngo+%"(1_ﬁ)

where K(x,t) and zy are given by

K(x,t) = Z2[1]e™ 5= D% 1 (q) = v, (q),

e(q) = 5 log (1+ ne(q)(e*™ ~ 1)),

1

(@) 1 1’ £(q) = h—cosg,

ne(q) =

20=ho+ /R —1, h0:h+%(1fn).

The prefactors Z2[1/] and C, are constants for fixed x/t.
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Results
Time-like region (x < t), x >1,t>1

G(x, t) ~ Ryt 01703 ¢! [T (x=t="(0))(a)da

(31 efin1+it€(q1) azefixqurits(qz) )
X

+
t%‘i‘él t%+52

v

The critical momenta g; and g» are defined by
g1 = arcsin(x/t), g, = m — arcsin(x/t),
the effective phase shift 1/(q) is piecewise function
_Jri(q) if —m<g<qorq<gqg<m,
)= {V—(Q) if g1 <q<aq,

and ¢; and 0, are the magnitudes of jumps of /(q) at critical
momenta

01 =v(qu) —vi(qr), 02 =v4(q2) —v-(q2)
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Results

Asymptotics for space-like region
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Black dots — numerical values of Fredholm determinants, blue lines — asymptotics.

Panels a) and b) correspond to x/t = 2.5, panels ¢) and d) correspond to x/t = 1.3.

k=06, h=07 8=23.

Y. Zhuravlev, E. Naichuk, N. lorgov and O. Gamayun, Phys. Rev. B 105, 085145 (2022)
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Conclusions

@ Asymptotic behaviour of the correlation function at large time

and long distance in both space-like and time-like regions was
derive;

@ It was found that on top of the exponential decay the
additional power factor appears in the time-like region.
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Thank you for your attention!
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