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ABSTRACT

The ionization of on atom by. an external electrostatic field is

reconsidered by taking into account the interactions of the system with the

measuring apparatus. The experimental ionization rate is drastically

different from the expression obtained vhen no measurements are present. A

dependence on the mean frequency of measurements is found. This fact can be

used to determine this quantity once the ionization rate is determined

experimentally.
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1. Introduction

Recently there has been a revival of interest in the

problem of the ionization of an atom embedded in an external electro-

static field, a problem first tackled by Oppenheimer in 1928 (see,
14} C*}

for example, Landau and Lifshitz 1959> Alexander 1969, Hirschfelder

and Curtiss 1971, Hehenberger, Mclntosh and Brandas 1974, Gushina

and Nikulin 1975, Damburg and Kolosov 1976, Yamabe, tachibana and

Silverstone 1977, S. Geltman 1?78). The phenomenon is also known as

Stark effect and it is similar to the decay of an unstable quantum

system since the discrete energy eigenstates of the atom become

resonances in the presence of the external electrostatic field.

This is due to the fact that, when the external potential V s ecf.5;

(e % > 0 J is switched on, the electrons find it possible to tunnel

through the potential barrier in the direction ^ —>•—<» so

that the atom disintegrates. The life-time is of course character-

ized by the length of the potential barrier the electrons have to

travel through, in the sense that the shorter the tunnel the quicker

the atom will decay. The tunnel is of course shorter the greater
, {*)

is the electric field j£ .

The typical treatments obtain the ionization rate usually

for the hydrogen atom in the ground state. E.g., following the

(*) If the external field is made extremely strong, the energy

levels of the atom pop out of the atomic well and the atom disin-

tegrates instantly. Before that occurs electrons will be stripped

off the cathode. We are of course interested in comparatively weaker

fields so that this does not occur.

W.K.B. approximation (see, for example, Landau and Lifshitz ),one

finds for the ionization rate of this atom:

0~

(1.1) — -

WkB
where a = "ĥ ne1" — 0.529 10 " cm, is the Bohr radius.

This result is of course obtained assuming that the ionization

rate is constant in time, which means that the probability of decay

is exponential in time, with life-time T,^ B. We know that this

is not true. Deviations from the exponential are present in the

decay law. (see, for example, Fonda, Ghirardi and Rimini *• and

is)
references therein). Geltman, who solved exactly the Schrb'dinger
equation for a simple atomic model embedded in an electrostatic

(*)field , found for his particular model that the decay probability

shows a parabolic start at t = 0 followed by an essentially flat

behaviour at intermediate times which then finally merges into an

exponential. The flat, almost'constant ionization probability at

intermediate times has been interpreted by Geltman as a typical

quantum effect related to the electronic configuration in the tunnel

region. The deviations from the exponential law studied by Geltman

give of course rise globally to a departure of the ionization rate

from (1,1). Geltman, however, and also all previous authors who

treated this problem, has not taken into consideration the fact that

the decaying system is actually subject to repeated measurements,

during its life-time, whose effect is that of radically changing

the survival probability of the atonic system. In this paper we

(*)

The model is one-dimensional and the atomic potential is re-

placed by a £- function at the origin. It has been previously

considered by Craigie (1967). The first treatment actually belongs

to E.C. Titchmarsh as one can find at page 271 of his book: "Eigen-

function expansions associated to second—order differential equations",

Oxford University Press, London, 1958.
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shall consider the effect of such measurements on the ioni2ation

of an atomic system embedded in an electrostatic field. In

Section 2 the general treatment is laid down. Section 3 is de-

voted to the obtainment of the results and to the analysis of the

changes with respect to the usual approaches. We shall see that

the experimental ionization rate is drastically different from

expression (1.1). A dependence on the mean frequency of measure-

ments will be found. The formula wh-ch one obtains can actually

be reversed in the sense that, knowing the applied external field fc

a measurement of the ionization rate is able to provide a determi-

nation of the frequency of measurements, a quantity which in this

case is difficult to guess a priori.

2. Interactions of the atomic system with the measuring apparatus

As originally pointed out by Ekstein and Siegert and by

Fonda, Ghirardi, Rimini and Weber (for a review see Fonda

et al. * ' )j a decaying system which lives long enough to merit

an investigation of its time development is never left isolated

but unavoidably interacts repeatedly with its environment. By

environment we mean here the measuring appartus, used by the ex-

perimenter to detect the decay products. Experimentally the un-

stable system is subjected to random measurement processes of the

yes - no type which ascertain whether the system has decayed or not.

This is more easily understood in a decay experiment performed in

a bubble chamber. The decaying (charged) particle travelling along

the chamber leaves a track of bubbles. Each bubble is interpreted,

according to its position, as representing the particle not decayed

or one of its decay products. If the bubble shows the particle

undecayed, this means that a quantum measurement has been performed

and the wave function of the system has collapsed onto a sub-space

orthogonal to the sub-space of the decay products. The wave function

is then localized within a sphere of radius R of the order of

magnitude of molecular distances.

When an isolated resonance characterizes the unstable

system, the wave function evolves from "ty at t = 0 up

to a measurement time t in a causal way, and then at t it jumps

back essentially to the aame state M«»i*t».Ut ' a n d a s o r t o f

stationary situation is established. In fact, the state at time

t before the measurement will be:

0.0

where A(t) is the non-decay probability amplitude

) Alt) * < X W *~*
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and »-f (t) is the state representing the decay products and

satisfies

If one neglects the part of ^ (fc) which is present inside the

sphere of localization, after the measurement performed at time t

in which the system is found undecayed, one has the following

collapse of the state vector

(2.3)
Ynti |ACtJl

This state follows then the same history as before and so on, until

of course the actual decay occurs which provokes the quantum elimi-

nation of the state *| . , • while the detectors reveal the

decay products.

For our Stark effect a similar situation occurs. In fact,

in practice the system will be put between two oppositely charged

plates and the decay of the system will be registered by a counter

which will reveal the arrival of the electron at the anode. By

arrival of the electron at the anode we mean that a quantum measure-

ment has abruptly reduced the electron wave function in the region

outside the plates. But before that occurs, the electron wave func-

tion has interacted repeatedly with the counter. in fact, as soon

as the external electrostatic potential is switched on the electron

wave function, leaking through the Coulomb barrier, starts overlapping

the anode. Then either the counter reveals the electron reducing

its wave function outside the plates (the atom is found decayed),

or the counter does not find anything and as a consequence the

electron wave-function is reduced in the region inside the plates

(the atom is found undecayed). Since the atom possesses an infinity

of bound states, in general the wave function will be a superposi-

tion of these and of a free state inside the plates. We face here

a case in which the unstable state is characterized by a

superposition of resonances, and not by a unique quantum state.

Both because of this reason and because of the fact that in

any case for the state; vector it is impossible to write down

a causal evolution equation , we have necessarily to resort

to the formalism of the density operator. Let us summarize

the general treatment ' > '

If one is interested only

in the history of the decaying atom and then disregards the destiny

of its decay products¥ the effect of a measurement at time t on the

<? —operator can be visualized as the transformation

(2.4)

TL being the operator which projects the wave function within the

plates.

On the other hand, evolution without measurements through

the time interval <0,t) is given by exp(-iHt) p(o) eAff>(c'Ht) f

where H is the total Hamiltonian of the system:

(2.5)
Ato-w

There follows that in general, when both evolutions with and without

measurements are taken into consideration, one can write.the

following equation for f (t):

( a. 6 )

Here X is the mean frequency of the random measurementsj %dt

represents then the probability for the occurrence of a measurement
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in the interval dt of time. Equation (2.6) leads to the

differential equation

C 2. 7 )

which in turn is equivalent to the integral equation

Since one assumes that the state "Uf

at t = 0, one has the boundary condition

is realized

(2.9)

The main question now is the determination of the operator

P- . If one disregards the presence of the decay products within

the plates, which in our opinion is an excellent approximation, one

can safely assume that P is given by the sum of the projection

operators on the bound states of

-8"

By bracketing (2.8) on and , one gets

U.ii)

where

(2.12)
LLI k

We are interested in the stationary situation which establishes

itself after a time of a few AL ' S . For this purpose we shift
T

the initial time from t = 0 to t = -T . By defining with f (ti

and NT(t) the operators obtained in such a case, we get in

place of (2.11):

N

(2.13)

•*-». . V«vtl

-T

We see now that for T greater than say ">/>, the first term

on the r.h.s. can be dropped while the integral can safely be

extended to - o° . Indicating by f the f- operator which one

gets in this stationary situation, after a change of variable one

has:

"0 . r-

(2.14) P (t) = 2.
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The solution of (2.14) can immediately be guessed to be exponential.

Let us in fact try

(2.15) f

Substituting (2.15) in (2.14), we see that (2.14) is satisfied

provided the coefficients B satisfy the following set of equations:

The condition for the existence of a solution of (2.16) is the

vanishing of the determinant of the coefficients

which is an implicit equation for the unknown t> . In general the

solution Tf~ will not be unique so that 0 (ti will actually be a

superposition of exponentials

(2.18) P it) - 2.

-10-

The probability F(t) that at the time t the atom is found

undecayed will be given by the trace of the p - operator:

(2.19) L " v

F(t) tells us how the atomic system survives, inclusion made of

all interactions with its environment, up fco the time t. From

(2;17), we see that the quantities t/g are actually implicit

functions of A :

so that a dependence of the life - time, and consequently of the

survival probability, on the frequency of measurements is actually

realized. This will be discussed in more detail in the next section.
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3. The ionization rate in presence of measurements

In order to evaluate the experimental ionization rate,

we have first of all to understand the properties of the probabil-

ities P , ( w . There is a slight difference between

the standard decay theory discussed in the literature (see Fonda

et al.'' ') and the ionization of an atom embedded in an electro-

static field. In this last case in fact the energy spectrum has

no lower bound.

As already pointed out in Sect. 1, due to the fact that

the potential energy £.£. T&j of an electron in an external electro-

static field takes arbitrarily large negative values as *,""* — •*> ,

electrons with arbitrary negative energy can move at large distances

from the atom in the direction of the anode. The total Hamiltonian

of the system H

spectrum not bounded from below, i.e. stretching from — *" to + w ,

while the original discrete levels of H,, have disappeared, being
Atom

substituted with resonant states of finite (̂  0) width.

If we denote by (H,ol) the complete set of commuting

observables which includes H and indicate by Qw „ the

common eigenstates of these operators, we have then

(3.1)

H + 9.c2-^l exhibits then a purely continuous
Atom i<

where the V( 's are eigenstates of H (see (2.10)^ and UJ

is given by

(3.3)

Let us summarize briefly the general properties of A (tl . At

the origin of times one gets A,,̂ ,̂  (o^ = ^_ • The modulus

I A (ti I is always less than 1 :

(3.4)

Application of the Riemann-Lebesgue lemma shows that

(3.5) 0

To prove (3-5) one needs only the absolute integrability of to

\^ \

Since the set of states VTeAt *-s complete and orthonorraal,

we can use i t to expand the non-decay probability amplitudes A^ (tj

(3.2) It) - <\ \

If Uj t^3 is a purely Breit-Wigner energy denominator

(3-6)

-1

2-ir
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then /\ (,t) is a pure exponential. In this case, in fact,

after contour integration the contribution at the pole E * E —

would give for (3.2):

(3.7)

The result (3.7) would be possible just because of the fact that

the energy spectrum does not have a lower bound in our case. The

original argument by Khalfin , according to which the decay

does not follow an exponential law if to(,ff) vanishes identically

on a finite energy interval, clearly does not apply in this case

(see also the review article by Fonda et al. ' * } . In general,

however, since the contour integration vill be prevented by the

presence of singularities in the complex E-plane of U>^ (&) ,

the exponential law will not be possible for all times.as in fact

O)
found by GelLman in his model. We expect that the exponential

be established for sure over an intermediate time region.

However^since the integrals appearing in (2.17) are drastically

cut off by the presence of the exponential exp(- Xo ), the phy-

sically relevant region for the probabilities r ( I J is

that for small times. By expanding these quantities around 5 = 0 ,

to the second order one gets

It is then possible to perform the integrals appearing in (2.17). One

gets in this way an algebraic equation for f, whose order is

^ M if N is the number of atomic bound states one takes

into consideration in the evaluation of the determinant (2.17).

Let us solve (2.17) for the hydrogen atom. If one takes E such that

no transition away f rora the ground state is possible by means of

the process of measurement, one is able to describe the process as

an isolated energy resonance characterized by a width If* and by

a unique quantum state, i;e. the ground state of the atom, in this

case H = 1 and (2.17) becomes a cubic equation of the type (for a
19discussion of this case, see also ref ( ) ):

(3-9) X - * \ + 2-<T >* = O

(#)
where X ~ \ ~ — , O1* is given by

(3.10)

and Vf is the ground state of the atom. H is the average

value of the total Hamiltonian (X.5) for the state "^ . Eq. (3.10)

is easily evaluated for our case:

(3.8)

* f c *

(3.11)

which for the ground state of the hydrogen atom reads:

(*) From (3.8), °ne has in this case:

- 1 - r^2-
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Of the three solutions of (3.9), we shall take as the

physically relevant one that which is analytically connected with

the only real solution of the case of positive discriminant A«

This solution, written in -terms of ̂ JL, , is given by

C3.13) A; - L

where

can distinguish three cases:

b). A/^ comparable with V<r

b). Let us now consider the case when /\ is comparable with y.

In this case the life-time is no longer related to the width Tf"

of the resonance. From Eq.(3.13) we see that Ac becomes a

function of the mean frequency of measurements A. . The depen-

dence on the electfilijc field £ i-a °f ̂ n e type

(3.15)

The departure from (l.l), obtained when no measurements are

present, is drastic.

c). Consider now the case /x ̂  /<T .In this case Eq.(3.l3)

can be written in a more compact form:

a). In this case the mean time ̂- between two measurements falls on the

exponential intermediate time region, therefore outside the region

of validity of the expansion (3.8). In this case the experimentally

detectable life time X is very close to the inverse of the

resonance width(for a detailed discussion of this point, see
3.0

de Gasperis,Fonda and Ghirardi ref.( ) ):

. -1 _ i
(3.14) x « 7

and one re-obtains the results of the approaches which do not take

into account the process of measurement, in particular -Eq.(l.l). This

will occur for rather strong fields.

(3.16)

where the angle IT' i s defined by

Expanding Losit,

(3.18) d_ £

for large A , , finally yields

J » 3 i
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which for the hydrogen atom reads

(3.19) — =

which shows a quadratic dependence of the experimental ionization

rate on the electric field 5- . The departure from (l.l) is of

course relevaat for weak fie?as. Increasing the electric field

one goes from (3.19) to (3.13) and thenj for sufficiently strong

fields, one should recover the old result (l.l).{*)

(*) Ghirardi et al.v*'1' have recently discussed the limit J.-»oo
(22 2 3 )

in the context of the so-called Zeno paradox * . They have

pointed out that, as a consequence of the time-energy uncertainty

relation, in the limit ^ -"re* the life-time becomes againn Jf

4.Conclusions

We have seen that the interactions of the physical

system with the measurement apparatus change drastically the

ionization rate of an atom embedded in an external electrostatic

field. C- . In particular, besides obtaining a dependence on £-

very different from (l.l), the ionization rate becomes a function

of the mean frequency of measurements •*• . However, the evalu-

ation of A is rather difficult in this case. Approximate

evaluations of this quantity have been given previously for

decays in bubble chamber and for radioactive materials. However,

in both these types of experiments one can single out a typical

periodicity which can then be related to A . This periodicity

is missing here for the case we are considering. One can,instead,

reverse our argument in the sense that experimentally one should

check whether (l.l) or (3.13-19) hold good. In this way, once

the external electrostatic field c. is fixed and the ionization

rate /<g is measured, one can get the value of the mean frequen-

cy of measurements A . To our knowledge, this would be the

first measurement of this physical quantity.



-19-

Referenees
JC/8O/11J3 . A. K.OOKERJEE and V. Ci!AUD]EY - Electronic structure cf disordered

alloys - I I : ?elf-consLstcnt CfrA calucla-tions for III-V Beoi-
conducting

1. J.E. Oppenheimer, Phys. Rev. 31 ,̂ 66 (1928).

2. L.D. Landau and E.M. Lifshitz, Quantum Mechanics, Pergamon Press,
1959, page 257.

3. MiH. Alexander, Phys. Rev. 178, 3k (.1969),

h. J.O. Hlrsehfelder and L.A. Curtiss, J. Chem. Phys. 5£, 1395 (1971).
5- M. Heherrtierger, H.V. Mclntosh and E. Brandas, Phys. Rev. 10A, lUglt (197!+).
6. H.A. Gushina and V.K. Nikulin, Chen. Phys. 10_, 23 (1975).

7. R.J. Danburg and V.V. Kolosov, J. Phys. B: Atom. Molec. Phys. 9_y> 31U9 (1976).
8. T. Yamabe, A. Tachifcana and H.J. Silverstoae, Phys. Kev. 16A, 877 (1977).
9. S. Geltman, J. Phys. B: Atom. Moleo. Phys. 11_, 3323 (1978).
10. L. Fonda, 0.C, Ghirardi and n. Rimini, Reports on Progress in Physics

JO, 5S7 (1978).

11. H.S. Craigle, B.Sc. Dissertation, University College, London, 1967.
12. H. Ekstein and A.J.F. Siegert, Ann. Phya. BY 68_, 509 (1971).
13. L. Fonaa, G.C. Ghirardi, A. Rimini and T. Weber, Nuovo Cimento 1£A, 689

(1973) and ibid. l8A, 805 (1973).
lU. L. Fonda, G.C. Ghirardi and A. Rimini, Huovo Cimento 18B, 1 (1973).
15. S.T. All, L. Fonda and G.C. Ghirardi, Huovo Cimento 2£A, 13U (1975).
16. L. Fonda, G.C. Ghirardi, C. Omero, A. Rimini and T. Weber, Proceedings

of the meeting "Mathematical problems in the quantum theory of
irreversible processes", Laboratorio Cibernetica C.N.H. Arco Felice,
Naples (1978).

17. L. Fonda, N. Mankoif-Borstnik and M. Bosina, Huovo Cimento 56A, £29 (1979).

18. L.A. Khalfin, Soviet Physics JETP £, 1053 (1958).
19. L. Fonda and T. Perai, ICTP/81/15, Trieste.
20. A. Degasperis, L. Fonda and G.C. Ghirardi, Huovo Cimento 21A, U71 (197U).

21. G.C. Ghirardi, C. Omero, T. Weber and A. Rimini, Nuovo Cimento 52A, U21

(1979).
£2. B. Misra, E.C.G. Sudarshan, Journ. Math. Phys. 18̂ , 756 (1977).
23. C. Chiu, E.C.G. Sudarshan, B. Misra, Phys. Rev. l6p, 520 (1977).

IC/80/ l^ P.A. raWAJA and-ffTA."iaTSSELSO;i - The experimental study of establishing
local order in binary metallic solid solutions.

!C/8O/l!45 H. DORS and E. WIECZOREK - Eenonaaliiation and short distance properties
of string type equations in QCD.

IC/8o/ll*6 A. QADIB - A criticism of Tlvari 's paper on coupled zero masB and
INT.REP.• electromagnetic f ields.

IC/8O/IU7 M.W. HORSY, A.A. HILAL and H.A. EL-SAEAGH - The scattering matrix element
of the three-body reactive coll is ion.

IC/8O/II48 F. BALDRACCHDJI, H.S. CRAIGIE, V. ROBERTO and H. SOCOLOVSKY - A survey of
of polarisation asywraetries predicted by QCD.

IC/86/II19 R. PARTHASARATHY and V.H- SRIDItAR - Effect of meson exchange corrections
INT.REP.* on allowed muon capture.

IC/80/15O N.H. MARCH and M.P. TOSI - Interpretation of X-ray diffraction from
INT.REP.• liquid a lkal i metalB. .

IC/8OA51 K.S. SINGWI and M.P. TOSI - Simple considerations on the surface tension
INT.REP.• and the c r i t i ca l temperature Of the electron-hole l iquids.

IC/80/152 Z. AKDEKIZ, G. SENATORE and M.P. TOSI - Concentration fluctuations and
IHT.REP.* ionic core polarisation in molten sal t mixtures.

IC/80/153 F.A. KHWAJA and AMIS ALAM - Concentration and temperature dependence of
short-range order In Ni-Ta solid solution usifig X-ray diffraction method.

t on
IC/8O/15I* W.WADIA and F. Et-BATAHONY - Alpha Clustering in cuNe.

IC/80A55 M. STESLICKA and L. PEHKAL - Effect of the field penetration on surface
INT.REP.• ' s ta tes .

IC/80/156 I.Y. YANCHEV, Z.Q. KOINOV and A.M. PETKOVA - Density of states in heavily
INT.REP.* doped strongly compensated semiconductors vlth correlated impurity

distr ibution.

IC/80/157 CAO XUAS CHUAli - A theorem on the separation of a syatem of coupled
1HT.REP.* differential equations.

IC/80/158 E.W. MIFXra and R. SCHERZER - Geon-type solutions of the non-linear
Helsenbcre-lQcIn-Cordcm equation.

IC/Oo/159 A. RABIE, H.A. El-GAZSAR and A.Y. ABUL-MAGD - The Wfttanabe model for
«tl-nucleu3 optical potential.

IC/80/160 A. RABIE, M.A. El-CAZZAR and A.Y. ABUL-HAGD - A correction to the
Vattnabe potential.

IC/80/I6I E.W. M1ELKI! - Boplrieal verification of recently proposed hadron r«aa
IKT.KKP.*

IC/ao/162 A. RADIQ, R.A, TAHIH-KHELI, H. WOFTIS an<i N.A. BHATTI - Percolntlwi and
opln Rlftsa transit ion.

• Internal Heporta: Ltsttcil P
lE I'REFRIHTS AiiF. AVAtlJlPIJ; TWA TISE PUBUCATIOSS OFFICE, 1CTP, P0 liOX 566. 2.O
UIOO TRIESTK, ITAW.



1C/8O/161.

IC/80/165

IC/BO/166

IC/80/167

IC/8O/I68

IC/8O/I69
INT.REP.•

IC/80/170
INT.SEP.*

IC/80/1T1
INT.REP.*

IC/80/172
INT.REP.•

IC/80/173

IC/80/171'

IC/80/175

IC/8O/1T6
INT.REP.•

IC/80/177
IHT.REP.*

ic/eo/181

1NT.1W.*

S. NARISQU - QCD sun r u l e s for l i g h t r.esona.

U.K. C!IA.TURVEDI, C. SENATORE and M.P. TOSI - Structure of the strongly
coupled classloaL,ylasiaa In the self-consistent r.ean spherical
approximation.

H, TOSSOUFF and R. ZELLER - An efficient Korringa-Kohn-Rostocker method for
"complex" l a t t i ce s .

B.E. CRAIGIE and H. DORN - On the renornallzation and short-distance
properties of hadronic operators in QCD.

D.S. KULSHRESHTHA and R.S. KAUSHAL - Heavy mesons in a simple quark-
confining two-step potential model.

D,S. KULSHRESHTHA and R.S. KAUSHAL - Form factor of K-aeson and the meson
radii in a quark-confining two-step potential model.

J. TARSKJ - Unitary synmetries in Budlni's theory of quarks.

N.H. MARCH and M.P. TOSI - Charge-cnurse liquid structure factor and the
freezing of alkali ha),ides

W. DEPPEPT - Remarks on the ' ,ir,d the "<-nd" of the Jnivcrse-

H. YUrstHIFF leniirnlized structural theory or freezing.

A. RABIE, M.A. Rl-GAZZAB and A.Y. ABUL-MAGD - Diffraction model
vector polarized "Li elast ic scattering on 12c, ^°Q, ^"Si and

nalysis of
8jjl nuclei.

T. JAPOSZEWICZ - High energy multi-gluon exchange amplitudes.

M.R. MONGA and K.N. PATHAK - Dispersion and damping of plasmona in metalo.

N.H. MARCH and M.P. TOSI - Interacting Frenkel defects at high concentration
and the superionie transition in fluorlte crystals .

PATI, AEDUS SALAM and J . .STSATHDEE - A preon nodel vith hidden
.-trie and magnetic type charges.

"ULAN and R. RACZKA - A new approach t o uni f ied f i e ld t h e o r i e s .

1 "i 70, M.P. TOSI and N.H. MARCH - I^cchanfie enorgy of inhcEcgeneous
•• v.~ii pus nefir n ne td l ourface .

• • • : : , W.VZ CAlJJi and J. ETRATHtiF.E. - Problnga through proton decay
"• i ! -n-. tr.r,s.

. !:i..:,!!.>•.,-.HTlLA - Antici i :atfd t t utdtpa in the quark-c-ciirifilne t v ^ - s t r p
i l

C(;:--.'ii'. n •• n

IC/80/186

ic/60/187

ic/80/188
INT,REP.•

IC/8O/I69
1ST. REP.*

IC/80/190

IC/80/191

IHT.REP."

IC/8O/I92

1081

IC/81/1

IC/81/2

1C/81/3

IC/8I/I1

IC/81/5

IC/81/6

IC/81/7
INT.REP.1

IC/81/8
IMT.REP.*

IC/81/9

IC/81/10

C. MUKKU and W.A. SAYED - 0t5) electroveak theory.

SAMIK K. PAK and R. FEECACCI - On the topologies! equivalence of

Hlgga fields In tberDyon sectors.

H.D. DIMITROV - On the one-electron theory of crystall ine solids in a
homogeneous electr ic field.

H.D. DIMITROV - On the theory of electron states connected with semiconductor-
dielectr ic interface,

I . CAPRDII, I . GUIASU and E.E. RADESCU - Model dependent dispersion approach

to proton compton scattering,

I . GUIASU and E.E. RADESCU - Sum•rule inequalities for pion polarizabili t ioa.

K. TAHIR SHAH - Breakdown of predictability an investigation on the nature
of singulari t ies .

S. NARISON - QCD sun rules for the gluon component of the U(l)» pseudoscalar
meson.

Y. FUJIMOTO - S0(l8) unification.

RAJ.K. GUSyA, RAM RAJ and S.B. KHADKIKAH - Proximity potential and the surface
energy part of the nicroscopic nucleus-nucleus interaction with Ekyrtne force.

HAM QI-ZHI - The finite-dimensional star and grade star irreducible
representations of SU(n/l).

G.C. GHIRARDI, F, MIOLIETTA, A. RIHIHI and T. VEBER - Limitations on quantum
measurements - I : Determination of the minimal amount of non-idenllty and
identification of the optimal measuring apparatuses.

D.K. CHATUHVEDI, M. ROVERE, G. SEKATORE and M.P. TOSI - Liquid Alkali metals
and alloys as electron-ion plasmas.

P. CORDERO - Ambiguities of functional integrals for feraionic systejaa.

W. MECKLENBURG - Towards a. unified picture for gauge and Higga fields.

E.W. MIEIJCE - Outline of a nonlinear, re la t iv i s t lc quantum mechanics of
extended par t ic les .

L. FONDA and N. MANKOC-BORSTNIK - On Quantum quadrupole radiation.

1.NT.REP,

IC/81/II MUBARAK AliMAD - Symmetric structures of coherent states in super rluid
HIT.REP.• heliua-lt.

IC/81/12 M. GAMIULLA1I and li.H.H. HAHSOUR - Durfln-Kcraier fonaulation of opln one-half
particle enuge theory.

IC/Sl/13 U,R. DALAFI - Study of high spin atatea in nuclei within the frostwork of it
llrt.Wi'.* single particle r.od.»l.

IC/8l/l!| O.C. OHIHAKDI, K. MICLItTPA, A. RIMIWl tuA V. VEBKK - Llnltollona OU ^iiartwa
ieaiiurcr.enta I I : Analysis of a endrl oxotple. J %



IC/fll/15 L. FONDA and T. PERSI - Ionization of an atom by an external electrostatic
.IBT.REP.* • f i e ld .

IC/81/16 R. CAR, E. TOSATTI, S. EAROHI and S. LEELAPRUTE - Dielectric band structure
of crystals; general properties, and calculations of s i l i con .

IC/81/17 L. SCZANIECKI - Effective Haailtonlans, two-level systems and generalised
1ST.REP.• Haxwell-Bloch equations.

IC/81/18 H.S. CRAIGIE and H. DORH - A renark on the reucallng of the 3lze of the
INT.HEP.• Wilson Lcop.

IC/81/19 A.B. LIDIARD - Point defects and atomic transport In crystals .
IHT.REP.*

IC/61/20 N.S. CHAIGIE, V. ROBERTO and D, VHOULD - Oluon hel ic i ty distributions
from hyperon productions in proton-proton co l l i s ions .

IC/81/21 QING CHEHGRU and Q1N DAHHUA - A discussion of the re la t iv i s t i c equal-time
equation.

IC/8l/aa F; CKISCIANI, O.C. GHIRABDI, A. RIMINI and T. WEBER - Quantum limitations
for spin measurements on systens of arbitrary spin.

IC/81/23 S.C. LIM - Stochastic quantization of Proca f ie ld .

IC/81/2U
INT.REP.•

W. MECKLENBURG - On the zero modes of the internal Dirac operator in
Kaluza-Klein theories.

IC/81/26 ZHANG YtAN-ZIIOKG - On the poss ibi l i ty for a fourth tes t of general relat ivity
in Earth's gravitational f ie ld,

IC/81/27 A.M. PATinEY, Y.KUMAR, U.P. VERMA and D.R. SIHCH - Molecular properties of
IMT.BEP.* a few organic molecules.

IC/Bl/26 E. CAVA, R. JESGO and C. OMERO - On the in3tanton effect in the f in i te
temperature Yang-Mills theory and in the nonlinear 6-nodel.

IC/Gl/30
INT.FEP.*

IC/Ol/31

IC/Ol/32

IC/81/33
INT-KKP.*

0. PATTOFE, G . SEHATORE and H.P. TOSI - Electric res i s t iv i ty and structure
of liquid alkali metals and al loys as electron-ion plasmas.

Ii. MIZRACHI - Duality transfornation of a spontaneously broken gauge f ie ld.

Z!!AHG YUAH-ZHOltG - The approxlriate solution «ith torsion for a charged
pnrtlclc in a gauge theory of gravitation.

W. V-'i'KLESEURG - Maaoive photons and the equivalence principle.

IC/81/3'i K. '!'/'.!•'"K ZVMi - Metric and topology on a non-standard rea l l ine and non-

IC/6l/3rJ. K. ';'l:,,'.KAE)i iind 3. CHANDRA - Unpolariicd s t a t e of liel-.t revlulted.

A.II, :"T!!'J!S H

IHT.KEP.* mid HCCNH_.
R.fi. 1-RASAi) - Molecular tmr.s ls t lons in , HCOOI!


