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 ABSTRACT  
 
Several models have been used for the photoemission calculations from surfaces of magnetic solids 
like Fe, Ni, Co, Cr and W. We have used the Mathieu potential model which gives a qualitative char-
acteristic of surface state photoemission by considering only the surface contribution from the exist-
ing bulk-band structure calculations.       
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INTRODUCTION  
 

In this report, we present the calculations of 
photocurrent from magnetic solids by using the 
Mathieu potential to describe the surface regions 
of solids. Mathieu potential has been used by 
Levine1 and Statz2 for surface state calculations. 
In this report, we have used the model as 
described by Davison and Steslicka3, as shown 
in Fig. 1. Pachuau et al.4 had applied this model 

for deriving the initial state wave functions for 
evaluation of the matrix element /

f iH 
 
to 

calculate the photocurrent. The photocurrent 
data as obtained by them in the ultra-violet 
photon energy range showed interesting features 
comparable to experimental results5 especially in 
the case of tungsten and molybdenum. But the 
calculation for photocurrent includes those 
contributions from the bulk region. Hence the 
calculation in this report shows the variation of 
photocurrent obtained only by that contribution 
from the surface region.  

In this report, we present the calculations of 
photocurrent from magnetic solids by using the 
Mathieu potential to describe the surface regions 
of solids. Mathieu potential has been used by 
Levine1 and Statz2 for surface state calculations. 
In this report, we have used the model as 
described by Davison and Steslicka3, as shown 
in Fig. 1. Pachuau et al.4 had applied this model 

for deriving the initial state wave functions for 
evaluation of the matrix element /

f iH 
 
to 

calculate the photocurrent. The photocurrent 
data as obtained by them in the ultra-violet 
photon energy range showed interesting features 
comparable to experimental results5 especially in 
the case of tungsten and molybdenum. But the 
calculation for photocurrent includes those 
contributions from the bulk region. Hence the 
calculation in this report shows the variation of 
photocurrent obtained only by that contribution 
from the surface region.  

FORMALISM 
 

The photocurrent density formula from 
Fermi Golden rule approximation used by 
Penn6 can be written as  
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where ( )
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    refer to the initial  (final) state 

wave functions and perturbation H/ is given by  
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In Eq. (2), em   refers to the mass of the 

electron, p the one-electron momentum operator 

and A the vector potential of the incident photon 

field. To compute the photon field, we have 
used the local dielectric model of Bagchi and 
Kar7. We assume the z-direction to be 
perpendicular to the surface (which is taken as z 
= 0 plane), and the surface region is defined by 

0 zd  while the metal is assumed to 

occupy all the space to the left of z=0 plane. Let 
a p-polarised light be incident on the surface 

plane making an angle i  with the z-axis. The 

vector potential  zA

~
 in the long wavelength 

limit 0)( 
c

d
 is given by  
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where   A1  is  a   constant   depending   on  the  

dielectric   function   )( , photon energy  ωh  

and  angle of incidence  i. Let us consider a one-

dimensional crystal whose potential is 
represented by a sinusoidal potential given by  
                                                                                    

0

2
( ) cos

x
V x V

a
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where ‘a’ is the period of the potential having a 

maximum value 
0

V  at x=0. The one- 

dimensional Schrödinger equation can be 
written as 
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The surface state will be largely a hybrid of 
sine and cosine elliptic functions which is given 
by 

 
 
 
 
 

 
   
 

 

 

Figure 1. Model diagram of sinusoidal Mathieu 

Potential used for calculating the initial state wave 

function. 
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0 0.x x
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 , 0x  is the location of surface 

and m  is the hybridization parameter which 

can be written as 
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After expanding the sine and cosine elliptic 

function, and considering surface state occurring 
for m = 3, we can write 

   3 0 3 0' , 0 , ' , 0ce x q    se x q 
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Hence, we may obtain the value of   3   as: 
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Using eqs.(6), (8) and (9), the initial state 
wave function in the case of strong periodic 
potential4 (in atomic units) becomes 
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Here, the various constants (in a.u.) used are 
as follows: 

2

0 01, 2 , 2, ' .i iq   k E     x x
a


     ... (11)  

where a is the lattice constant.  

The final   state   wave function   f   used  

in eq. (1)  is  the  scattering  state9  of  the  step 
potential defined by 0( ) ( )V x V x   , where ( )x  

is unit fraction such that 

( ) 1(0)x  for x>0(x<0)  ), which is encountered 

by the electron and  is given by (in atomic units) 
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f iE E  h .   

The factor  
x

e


  is included on the bulk 

and surface side to take into account the 
inelastic scattering of the electrons.We have 
calculated photocurrent for locations of the 
initial state wave functions in the surface region, 
that is, at  

0x .  

The matrix element /

f iH    occurring in 

eq. (1) can be expanded as follows: 
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Considering only the surface contribution, 
eq. (13) reduces to 
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The above integral cannot be solved 

analytically. Therefore, FORTRAN program is 
developed to evaluate these integrals for 
computing photocurrent as a function of photon 
energy. Photocurrent was calculated from 
magnetic solids like Fe, Ni, Co, Cr and W. 

 

RESULTS 

 
We discuss here the results of photocurrent in 

the case of Fe, Ni, Co, Cr and W. Here we used 
the experimentally measured dielectric constants 
as given by Weaver8 and Edward9. Choice of 
parameter like initial state energy (Ei), state 
energy (Ei), magnitude of potential (V0), Fermi 
level (EF), were those pertaining to respective 
magnetic solids. However, angle of incidence 
was 045i  for p-polarised light under 

consideration in all the cases. Photocurrent had 
been calculated for values of  

0 2 .x  a u    and  

0 3x  a.u    . As the width of the surface is 10 

a.u. in both the cases, 
0 2 .x  a u   is near the 

surface-vacuum interface and 
0 3x  a.u 

 
is 

towards the surface-bulk interface. 
 

Iron 

Fig 2 shows the behaviour of photocurrent in 
the case of Fe where we have shown the plot for 
two locations of surface states wave functions, 
that is, at 

0 2 .x  a u   and 
0 3x  a.u  . The 

observed value of plasmon energy ( ph ) of Fe10 

is 15.8 eV. In the case of wave function located 
at 

0 2 .x  a u   plot of photocurrent showed a 

maxima at h = 9 eV and it is decreased to a 

minima at h = 13 eV. A second peak of small 

magnitude in height was found at h = 15 eV. 

The case of  
0 3x  a.u   shows a different trend 

which decreases rapidly as the photon energy 

increases and also having a minima at h = 13 

eV. However, we have not observed proper peak 
in photocurrent near plasmon energy of iron. 

Surface state photocurrent calculations in magnetic solids  
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Cobalt 

 
Fig  4 shows the behaviour of photocurrent 

in the case of Co where we have shown the plot 
for two locations of surface states wave 

functions, that is, at 
0 2 .x  a u   and

0 3x  a.u  . 

In the case of wave function located at 

0 2 .x  a u   plot of photocurrent showed a 

maxima at h = 7.7 eV and it is decreased to a 

minima at h = 15.5 eV. The case of  

0 3x  a.u   shows a different trend which 

decreases rapidly as the photon energy increases 

and having a minima also at h = 12.4 eV.   
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Figure 3. Plot of photocurrent against the photon en-

ergy (eV) for Ni. 

Figure 4. Plot of photocurrent against the photon en-

ergy (eV) for Co. 

Fig 2 shows the behaviour of photocurrent in 
the case of Fe where we have shown the plot for 
two locations of surface states wave functions, 
that is, at 

0 2 .x  a u   and 
0 3x  a.u  . The 

observed value of plasmon energy (
ph ) of Fe10 

is 15.8 eV. In the case of wave function located 
at 

0 2 .x  a u   plot of photocurrent showed a 

maxima at h = 9 eV and it is decreased to a 

minima at h = 13 eV. A second peak of small 

magnitude in height was found at h = 15 eV. 

The case of  
0 3x  a.u   shows a different trend 

which decreases rapidly as the photon energy 

increases and also having a minima at h = 13 

eV. However, we have not observed proper peak 
in photocurrent near plasmon energy of iron. 
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Figure 2. Plot of photocurrent against the photon en-

ergy (eV) for Fe.  

Nickel 

Fig 3 shows the behaviour of photocurrent 
in the case of Ni where we have shown the plot 
again for two locations of surface states wave 
functions, that is, at 

0 2 .x  a u   and 
0 3x  a.u  . 

The observed value of surface plasmon energy (

ph ) of Ni11 is 16.2 eV. In the case of wave 

function located at x0 = -2 a.u plot of 

photocurrent showed a maxima at h = 9 eV 

and it is decreased to a minima at  h = 13 eV. 

A second peak of small magnitude in height was 
found at h = 14 eV. The case of  

0 3x  a.u   

shows a different trend which decreases rapidly 
as the photon energy increases and having a 

minima also at h = 13 eV. 

Lalnunpuia et al.  
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Chromium  

 
Fig 5 shows the behaviour of photocurrent 

in the case of Cr where we have shown the plot 
again for two locations of surface states wave 

functions, that is, at 
0 2 .x  a u   and 

0 3x  a.u  . 

In the case of wave function located at 

0 2 .x  a u   plot of photocurrent showed a 

maxima at h = 4.5 eV and it decreased to a 

minima at h = 7 eV. A second peak of larger 

magnitude in height was found at h = 9 eV. 

The case of  
0 3x  a.u   shows a different trend 

showing nearly equal peaks at 4.5 eV and 8.5 eV 
which decreases rapidly as the photon energy 

increases and having a minima also at h = 7.5 

and 13 eV. 

0 5 10 15 20 25 30

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

 

 Surface Photocurrent for Cr

P
h

o
to

cu
rr

e
n

t(
a

rb
. 

u
n

its
)

Photon Energy(eV)

 xo=-2 a.u

 xo=-3 a.u
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energy (eV) for Cr. 

 
Tungsten 

 

Fig 6 shows the behaviour of photocurrent in 
the case of W where we have shown the plot 
again for two locations of surface states wave 
functions, that is, at 

0 2 .x  a u   and 
0 3x  a.u  . 

The observed value of plasmon energy (
ph ) of 

W11,12 is 23 eV. In the case of wave function 
located at 

0 2 .x  a u   plot of photocurrent 

showed a maxima at h = 7.5 eV and it 

decreased to a minima at h = 12.8 eV. No 

significant second peak was found. The case of 

0 3x  a.u   shows a similar trend which 

decreases rapidly as the photon energy increases 

and having a minima also at h = 12.8 eV.  A 

second peak was found in this case having 
maximum (minimum) at 19.2 eV(23.5 eV). 

Fig 6 shows the behaviour of photocurrent in 
the case of W where we have shown the plot 
again for two locations of surface states wave 
functions, that is, at 

0 2 .x  a u   and 
0 3x  a.u  . 

The observed value of plasmon energy (
ph ) of 

W11,12 is 23 eV. In the case of wave function 
located at 

0 2 .x  a u   plot of photocurrent 

showed a maxima at h = 7.5 eV and it 

decreased to a minima at h = 12.8 eV. No 

significant second peak was found. The case of 

0 3x  a.u   shows a similar trend which 

decreases rapidly as the photon energy increases 

and having a minima also at h = 12.8 eV.  A 

second peak was found in this case having 
maximum (minimum) at 19.2 eV(23.5 eV). 
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Figure 6. Plot of photocurrent against the photon 

energy (eV) for W. 

 

 

DISCUSSIONS AND CONCLUSION 
 

We find that in case of magnetic solids 
discussed, photocurrent showed almost similar 
trend. For example in the case of Fe, as photon 
energy increased, photocurrent reached a 
maximum at around the values of photon 
energy equal to plasmon energy of metals. 
Beyond the plasmon energy, a second peak in 
photocurrent was obtained whose height is 
smaller in magnitude than the first one at 

p   . The reason for the occurrence of 

peak in photocurrent at 
p h h  is due to 

surface refraction effect where the z-component 
of electromagnetic field becomes maximum at 

/ 2p h h . This had been also seen in the 

experimental5 results of W and Mo. A study of 
these cases shows one can use Mathieu potential 

model for photocurrent calculations especially 
for surface region of magnetic metals. 

 

Surface state photocurrent calculations in magnetic solids  
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model for photocurrent calculations espe-
cially for surface region of magnetic metals. 
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