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[. INTRODUCTION

Photoelectron measured in spectrometer have energy and momentum which are
connected to the ones inside the crystal. That is why photoelectron spectra provide
information about electronic structure of solid states (1]. This work is the next step
of our previous one [2] in which a theory of Angle - resolved Laser - ray Photoelectron
Spectroscopy (LPS) has been developed. According to this theory the intensity of LPS
spectra is given by:
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The function #(E - — E,) indicates that photoelectrons have been transmitted from
the state with energy F), rln'dugh the Fermi level Fp;| 1) and | f) describe electronic
states: w. e, q are frequency, polarisation vector and momentum of photon; b:,czb,ﬁ are
basic vector of reciprocal vector g, the height of potential barrier and surface - normal of
crystal: £ eg are kinetic energy and moving direction of photoelectron to spectrometer,
respectively. W, W are powerful radiations of laser ray. Electron is emitted to the final
state In a energy interval dE and a space angle dY,. 1, is the angle of acceptance. If
matrix elements are considered to be constant, the intensity of LPS spectra is characterized
by Plane Density of States (PDOS)
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where v is band index, k is wave vector and kg is distance of considered cross - section to
the center of Brillouin zone (BZ).

Our purpose in this work is to calculate matrix elements in (2) and (3), that means.
the intensity (1) for simple metals and through that to evaluate the angle-resolved LPS.

The numerical calculation is carried out for Beryllium (Be), a typical simple metal.
II. INTENSITY OF LPS SPECTRA OF SIMPLE METALS

The most important simple metals with configurations of the outer electronic shell
are presented in Tab. 1. The positive ions in these simple metals are small. The con-
dueting electrons which are not strongly influenced by positive ions can move near freely.
Therefore. these near free electrons can be described by Orthogonal Plane Wave (OPW)

Monovalent Li Na K Rb Cs
Alkalimetals 2s 3s 4s 5s 6s
Bivalent Be Mg Ca Sr Zn Cd
metals 2s? 3s? 45’ 5s* 4s* 5g?
Threevalent Al Ga In
metals 3s%3p 4s*4p 5s°bp

Tab. 1. Most important simple metals
with configurations of outer electronic shell in neutral atoms
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where the core - function is given by
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In these functions k, is wave vector core - state and () is normalizing volume. The OPW
(5) describe the following electronic states

- Initial state, if j = 1(vy = v,91 = g),

- Intermediate states, if j =2,3,--- | N,

- Final state, if j = N + 1 which is reduced to one OPW,_ it means that
1
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The function (6) is normalized according to the number N. of basic cells at R
dll(l each cell has N, atoms at (i, In the above expressions the momentum conversation
k, = Af = k for transition from initial state-to intermediate and final one is satisfied.

The core-function ). appears only in a combination which is calculated as follows
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From the orthogonalization of OPW (5)
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For simple metals the orthogonalizing component in OPW is small, we can neglect
the second part in the right of equation(11), that means F? 2~ 1. Moreover. free electron

does not absorb electromagnetic waves. Therefore we received
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Using the above results, we calculated the matrix elements for one transition and
received
LW )~ Colk = G.v)oa(k — T+ §)S(F - 65 - @). (16)
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After detailing calculation of matrix elements (2) and (3) we received the intensity
of angle - resolved LPS spectra (1) for simple metals in the following form

I(w. &, b;. ¢; E, é3)dEdSY, ~ /d3k > { I Mk, v;,&w,P)) |
Qa v,

+ | M'(k, v}, 2w, P!) |* }6(Ep — E(F, u)v)é(E — E(k,v) — nhw), (17)



32 Nguyen Van Hung

where the matrix elements for the linear contributions are given
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If the number of absorbed photons is defined we can calculate the intensity of
angle-resolved LPS spectra of simple metals according to equations ( 17-19). The linear
contribution to LPS is dependent on polarisation of laser ray, but the unlinear one is
independent on it.

III. NUMERICAL RESULTS OF PDOS FOR Be

It was shown that for evaluation of LPS spectra we can consider the matrix elements
to be constant and the intensity of angle-resolved LPS spectra is proportional and the to
the PDOS [1-3]. Beryllium (Be) is a typical simple metal, that is why it is selected for
calculation of PDOS. We investigate the valence band of Be and for laser ray nhw -~
1000eV . In this case the, intensity of angle- resolved LPS spectra of Be is given by
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Be has hexagonal closed packing (hep) structure. Its BZ is shown in Fig. 1. The
energy band structure of Be has been calculated before [4,5]. Using these energies we
calculated the contributions of a cross- section of BZ which is perpendicular to the outgoing
direction €, of photoelectron. Figs. 2 and 3 show PDOS for the directions ¢s//T'Af
(contribution from TAHK plane of Fig. 1) and €;//T'K (contribution from I'ALM of
Fig.1), respectively. They contain the contributions of the Ist, the 2nd and the 3rd band.
Therefore, they contain the detailing information of electronic structure of the considered
direction. We can see in Figs. 2 and 3 that from BZ center to the energy of 0.4a.u. the
electron behaves as free, that is why we receive the PDOS of free electron. . They are
about constant and isotropy. But at higher energies the PDOS are anisotropy and no
more constant. Therefore, the PDOS can characterize the angie-resolved LPS of Be.
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Fig. 1. BZ of Be with hep structure
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Fig. 3. PDOS of Be for 'K direction

IV. CONCLUSIONS
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Electrons in this case behave as near free ones. that is why their states are described by
OPW. The matrix elements describing transitions throngh intermediate states and then
to spectrometer due to multiphoton absorption has been calculated for linear and unlinear
contributions. Thev coutain the coutributions of atomic functions. structure factor and
coefficients of Bloch functions for different energy bands and reciprocal vertors. The
energy of photoelectron is contained in momentum P These values are important for
analvsis of electronic structure of the crvstal. The lincar contribution to LPS is dependent
on polarisation of laser ray. but the unlinear one is independent on it. PDOS of Be for
different outgoing directions of photoelectron have been calculated.

PDOS of Be for different outgoing directions of photoclectron have heen calculated.
Thev show the near free behavior of electrons in simple metals and their clear anisotropy
in different directions.  Therefore. thev characterize the angle-resolved LPS providing
detailing information of electronic structure of Be.
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TAP CHi KHOA HOC DHQGHN, KHTN, t.XV, n2 - 1999

PHO QUANG PIEN TU DUNG LASER PHU THUOC GOC CUA KIN LOAI BON GIA.

Nguyén Van Hung
Khoa Vat ly. Dai hoc Khoa hoc Tir Nhicn. DPHQG Ha Noi

Trong bai nayv cirong do cic pho quang dien tir ding laser (LPS) phu thnoc co
ciia kim loai don gian da dwoe ddnh gid. Cie trang trang thai cia dien nr diege bien
dien bing song phing tiwe giao (OPW). Cie veu to ma tran doi vai cie chnven dich gna
cac trang thai tuven tinh va phi tnven, Clning bao chnva uhirng dai hrong quan trong dac
trirng cho can mie dien tir ciia vat the nhue b nguyven tr, he <6 can tmie va e thong
s6 vimg nang hrong. Phan tinh s6 mat do trang thai phing (PDOS) da thire hicn cho
Be. Clining da the hien ciae dae tinh co ban ena dien tr trong kin loai dom gian v khiong
diang hirdug khi quang dicir tir phat va theo ciac lardme khiae nhan. Do do PDOS cung, cap

cic thong tin chi tict ve cau time dien fir cua Be nhan tr cac pho LPS phin thuoe g6¢



