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Introduction

For 1-Dim. theories, the ground state can be found using Bethe Ansatz, but no general way is known

to calculate the correlators of the theory, which stands as an open problem o G+ g6 w- g6 ¥ .

' ' ' ' ' | H=a a =S's’,, tc——=si’s). . g- ha s’
Korepin et Al. introduced a determinant represantation for correlators in terms of a generating a & 2 5 omTg o 2i%inl a S
functional: from this analysis, a special correlator known as Emptiness Formation Probability (EFP) | @ @ . |
is introduced to be the simplest correlator e A JordanTWigner tra_nsformat_ion t_akes the spin Hamiltonian
EFP it is the probability that a system doesn't present any particle in a region of a certain lenght to the spinless fermions hamiltonian T

: : : . . : ) Isf=2y'y -1
In one dimensional spinmodels H =  J,S,>5§ +hQ s we are interested in the s* :%(ij tisY) - TJipé 5l
] i ::S;-:yje -
Probability of Formation of a Ferromagnetic String (PFFS) of lenght n: e Switching to Fourier components we get:
8 1-5s° 1_ & ., 8 1-s?0 H=g 2(cosg- h)yly +igsinq(yly’ -y vy
P(n):<O 2|>:ZTrerHO 2|+ 2 ( ) q/’ g ( q’ -q q Q)
= € = ) e A Bogoliubov transformation diagonalize the Hamiltonian:
In the mapping fo §pin|ess fgr'mion, EFFS becomes EFP: the EFP P(n) measures the probability of . cosJ—qy " sinJ—qy ; Phase Diagram:
formation of a string of n aligned spins q q RAL

e 3 non-critical regions (S,,S,)

Considerable efforts has been devoted to the study of this n-points correlator for the XXZ Spin H=3 e, (cécq ; 1/2) « 3 critical phases:
Chain aiming to completely solve the model i W, Isotropic XY
— 2 2 AR 2
— € = \/(COS(] - h)"+g7sn“q W,: Critical magnetic field
The Critical XXZ Model | | N |
e The Emptiness Formation Probability can be written as:
_ 18 X~ X VeV ZaZ 1 N P(n) -~ e ¥ - ' A 2y . v IO
i _Ja. (SiSi+1+SiSi+1+DSiSi+l) } O'_ ( )n®¥ (g density of free energy) P(N)=(Qvyy/)=Pf(M)=det(M); M = _<yjykf> yJTyI; T
. (Korepin et al. 1993) et (yye) Yiyig
1 . o 1o GWa 1 ¥ snh’(tne’ dtd o o . .
§8_1< D<1n :_Cos.l(D)g T =0 P(n)~ An"9C™ ", ! N p} Q Cosh(2tn)sinh(t) t g e We can rotate the “2n”~ 2n” skew-symmetric matrix M:
P 1% : 1 n’ .
Luk t al. 2002 lg= 0O S
(hukyanov et e ) i 12" 31 n) ME=UMU" = ge- St Sg? det(M) = det(M 9 = |det(S,)|
Lukyanov's result shows that P(n) is Gaussian for the critical phase, but it comes without a e Thus, EFP is (exactly):
derivation and doesn't explain what is the physical picture
Abanov and Korepin tackled the problem using a bosonization technique and derived the Gaussian P(n) = ‘det(S )
form from first principles: they described a crossover (at finite temperature T) from a Gaussian :
behavior to an exponential one as n increases so that this crossover happens at infinity at zero B s higsng O e
. . . e . . S —é- P 1+ +e|q(1—k)_qu
temperature, but the procedure failed in providing quantitative results T2 Opé P 20

The behavior in the critical regime (-1<D<1) is Gaussian, but what happens in the non-critical

e In this work, we evaluate the asymptotic behavior of this
"Ising Regime" (D>1)? Is the Gaussian behavior general for critical models? L

matrix as n ® ¥, in the different regions of the phase

We study a simple model in order to understand better the meaning of the EFP diagram of the XY Model
Toeplitz Matrices and the Non CriticallRegions Conclusions and Discussions
_ _ _ _ S . s(g) has no singularities
Generalized Flsher-HartW|g Conjecture S, : s(g) vanishes and presents a phase jump at q=p Zerosof  Phase
S, : s(q) vanishes and has phase jumps atg=0, p Region Critical g h P(n) s(@) J:jm(pj
of s(q
* Matrices like S, are called Toeplitz, because their elements _ _ _ . e ]
depend only on the difference of the indices and they are Using the FH Conjecture, the EFP Is tound to be: 9= " I 9
determined by a periodic generating function s(q)=s(g+2p) _b(h.g)n N = dq W,  Yes -I<h<l En*esn (-kik)  none
(S ) P ()90 dg P(n) = E(h, g)e o b(h,g) =- QpLOg(S(q))Z_p S No h<-1 Eebn none  none
=0 s(g)e .
i~ 0y 2p For h3 1, there is Z, symmetry breaking and we have to use the W Yes h=-1 Eni#[l+Ant2]e®™ none p
* Analytical results are know in the literature regarding the generalized FH Conjecture to find: S, No -I<h<l Eebn P P
asymptotic behavior of their determinant P(n) ~ E(h, g) 31 +(- 1)"A(h g)El o b(h.)n W, Yes h=1 Enis[l+(1nAnt2]etn p 0, p
e These behaviors strongly depend on the “singularities” of ’ ’ S No h>1 E[1+(-1)"A]ebr 0, p 0, p
the generating function, so we parameterize the which is in very good agreement with numerical calculations - ’ ’
generating function to singled them out as:
i & K (p- (a- g ymod2p) ¥ . * The power law contributions in W, remind us of the
s(@)=t(q) rol © (2- 2cos(9- q,) Critical Phase: WO scaling dimension of the square root of sxand sY
\rlmr%:)e;r gCI) Is @ smooth, non-zero function with winding . For g=0, s(q) is supported only for -cos(h) < g < cos’(h) Common feature for critical theories seems to be

the presence of an universal power-law contribution

* This case has already been studied by Shiroshi et al. (2001) (from which operators is it coming?)

 The index I labels the different possible parameterizations . . . .
P P and in the “70s Iin the context of Unitary Random Matrices

- D2 Esympieds benzior ol tne detsmiiart i e The Fisher-Hartwig conjecture and its generalization don’t apply » Gaussian behayior seems to be connected to the
det(S,) ~ & E[t'. k"1 'Tn" e pi)=- Log(ti(q))d_q » We use Widom’s Theorem and the behavior is Gaussian times length of ‘r.he .Fer'ml Surface | |
®¥ i P 2p a power law pre-factor: - The bosonization argument for Gaussian behavior
ialnine sLine) 2 Line) 5 s Ll gihd? fails at the critical magnetization, because the EFP
U ‘{"S((l )= (Ke) )—mjaxS((I )= (ko) )‘V\% P(n) ~ 224" Y(1- h) 8n 4 c=——_ has non-local terms when expressed in terms of the
e |n our case the generating function is: 2 bose fleld, due to the quasi-par'Ticle transformation
12 cosq- h+igsing © . * This is the first physically-motivated example of
s(q) :§§1+\/ T e Critical Phases: W, application of the generalized Fisher-Hartwig
(cosq- h)"+g"sin"q - Conjecture
and the_ parameterizations (and _asymptotic behavi_ors of the W : s(q) develops a phase jump atgq=p . We suggested a way to find subleading behavior to
gﬁteegrg;]ns?dné)rsdepend on the region of the phase diagram W, : s(q) vanishes at g = p and presents two phase jumps at =0, p the asymptotics using the generalized FH Conjecture
Using the FH Conjecture the result would be:
1
P(n) ~ E(gin "9
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