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We investigate the electron momentum distribution function (EMDF) for the two-dimensional t-J model. The 
results are based on the self-consistent Born approximation (SCBA) for the self-energy and the wave function. In 
the Ising limit of the model we give the results in a closed form, in the Heisenberg limit the results are obtained 
numerically. An anomalous momentum dependence of EMDF is found and the anomaly is in the lowest order in 
number of magnons expressed analitycally. We interpret the anomaly as a fingerprint of an emerging large Fermi 
surface coexisting with hole pockets. 

The electron momentum distribution function 
n k  ---- (~I/kol E ( r  C~k,aCk,~rt~X/k0> is  the key quantity 
for resolving the structure of the Fermi surface in 
cuprates [1]. Here we study the EMDF for I~k0> 
which represents a weakly doped antiferromag- 
net (AFM), i.e., it is the ground state (GS) wave 
function of a planar AFM with one hole and with 
the total momentum k0. In the present work we 
investigate the low-energy physics of the CuO2 
planes in cuprates within the framework of the 
s tandard t -Y model 

H = - t  ~ ( ~ , ~ j , ~ + H . c . ) +  
<ij>o" 

+ -  s ,-s?)] , (1)  +J [s.:s; +  (si sj + 
<ij> 

where ~,~ (ci,~) are electron creation (annihila- 
tion) operators acting in a space forbidding dou- 
ble occupancy on the same site. S~ are spin 
operators. Our approach is based on a spinless 
fermion Schwinger boson representation of the t- 
J Hamiltonian [2] and on the SCBA for calcu- 
lating the Green's function Gk(~) [2-4] and the 
corresponding wave function ]~k> [5]. 

In general the expectation value nk has to be 
calculated numerically. The Ising limit, 3' = 0, is 
an exception. The quasi particle is dispersionless 
with the GS energy ek = e0, the residue Zk = Zo 
and the Green's function Gk(w) = Go(w). There- 
fore it is possible to express the required matrix 

elements in nk analytically and to perform a sum- 
mation of corresponding non-crossing contribu- 
tions to any order n ~ oc. The result is 

nk  = 1 -- ~ Z 0 (  kko + ~kk0+Q) + (2) 

~nk = 4 P V k -  4 ( 1 -  Z0)3'~, (3) 

where P = Y']~m=o v /AmAm+l  with Ao = Z0, 
Am = Am-l[2tGo(eo - 2mJ)]  2, Y']~'=o Am = 1 
[5] and Vk = (coskz + cosku)/2.  We note that  
the result Eqs. (2,3) exactly fulfills the sum rule 
~ k n k  = N -  1 and 5nk < 1. In Eq. (2) the 
only dependence on the GS momentum ko enters 
through the two delta functions separated with 
the AFM vector Q = (Tr, Tr). The EMDF 5nk is 
determined only with two parameters,  P and Zo, 
presented as a function of J / t  in Fig. 1. Note that  
P = 1 and Z0 = 0 for J --+ 0, therefore the result 
simplifies, (~nk = 4 7 k ( 1  -- 7 k ) .  

Now we turn to the Heisenberg model, 7--+1. 
Here the important  ingredient is the gap-less 
magnons with linear dispersion and a more com- 
plex ground state of the planar AFM. Gk(~) is 
strongly k-dependent. The GS is fourfold degen- 
erate and the results must be averaged over the 
GS momenta k0 = (+Tr/2,=i=Tr/2). To get more 
insight into the structure of (~nk, we simplify the 
wave function by keeping only the one-magnon 
contributions. The leading order contribution to 
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Figure 1. P = ~-~m~=O ~/AmAm+l ,  full line, and 
1 - Z0, dashed line, determine all momentum de- 
pendence of 5nk in the SCBA with 7 = 0. 

Figure 2. Perturbative result 5n (1), Eq. (4), for 
Z k t / J  ,~ 1. 

5nk is then 

5n (1) : --ZkoMkoqGko(~ko--~dq) X 

X [ 2 U q  -~- M k o q a k o  ( ( k o - - O 3 q ) ] ,  ( 4 )  

with q = k - ko [or equivalent in the Brillouin 
zone (BZ)], v = t(sin ko=, sin kou) and Mkoq is the 
hole-magnon coupling [2,3]. The momentum de- 
pendence of the EMDF, contained in Eq. (4), es- 
sentially captures well the full numerical solution 
[6]. A surprising observation is that the EMDF 
exhibits in the extreme Heisenberg limit a discon- 
tinuity ,~ Zko N1/2 and  5n(k 1) ~ --(1 + sign qz)/q~. 
We interpret this result as an indication of an 
emerging large Fermi surface at discontinuities at 
points k0, not lines in the BZ. The anomalous 
structure at k = (+~r/2,:t=~r/2) is clearly seen 

in Fig. 2, where 5n(k 1) is shown for Z k t / J  ... 1 
and 7 ~ 1. The Green's function is here ap- 
proximated with the non-interacting expression, 
Gko(W) ~ -1 /w .  It should be noted that ~n(k 1) 
exhibits at 7 = 1 also a (weak) singularity (> 1). 
However, the nk sum rule is still exactly satisfied. 
In Fig. 2 is for the purpose of presentation 5n(k 1) 

truncated to - 6  < 5n 0) < 1. 
In the present work we considered the elec- 

tron momentum distribution function for a sin- 
gle hole in AFM and possibly relevant to under- 

doped cuprates. Non-analytic properties encoun- 
tered in Eq. (4) are an evidence of the emerging 
large Fermi surface at k .~ (+1r/2, :i:r/2) coexist- 
ing, however, with a 'hole pocket' type of a Fermi 
surface. As long-range AFM order is destroyed by 
doping, 'hole-pocket' contributions should disap- 
pear while the singularity in 5nk could persist. 
We thus interpret this result as relevant for the 
understanding of the electronic structure found 
recently with ARPES experiments in uderdoped 
cuprates [1], where only portions of a large Fermi 
surface close to k -~ k0 were seen. 
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