SHalATINT SUT1-105-44-12-05

llll

-mmrut-"

FENUMTITY

= o/ ] Y aga d =
ﬂqygﬁummauﬂu, ﬂﬂB'lﬂ'I‘N'V‘lﬁﬂﬁ‘l’lt]H{]

(Quantum Field Thieory and Theoretical Physics : Theory and Applications)

AMUSKIVY

Wanrhlnsams
Professor Dr. Edouard Berge Manoukian
School of Physics
Institute of Science

Suranaree University of Technology

§37du
1 wnEnamied Reigalsendy
2. WIENATI Uz

L% d [V
3. HUUONNE 833

TFupganypumsidvormmiinendumalulaiigani Yeudszana wa. 2544

A [V Qt 3 -~ Q) 1 = 9 o
NfN114'3118!!1]14?\’]1%1S‘Uﬂﬂﬂﬂ‘l]‘llﬂd?i'Jﬂ‘uﬂﬂNﬂﬁ’mﬂllﬂmﬂdﬂlﬂﬂ’l

AHeNaU 2544



ACKNOWLEDGMENT

This is to acknowledge with many thanks the Suranaree
University of Technology Research Fund Administration for
financial support which made this project possible and led

to its successful completicn.



as 1]
UNARLB

iteidan mﬁm"lﬁmgﬂxmnﬁmﬁﬁ%ﬂu%’aﬁm‘s”whm‘éwm%m'mNwauﬁgn
tbewwonnde 1 s00u8ans Ines lumsudssddaTnsnou el lgmsinsedszuy
tetweanugadmiveymandanugaazdaii 1dAe aundefifianuRanainduing 2.2%,
@%, 017% 7 0.8, 0.9, 0.99 vosAMITWIATUEFY daudundoi ldnngainsdni
wwmﬁwﬁi’é“ﬂﬁuﬁ wdnuRaNaIR 160%, 82%. 17% fAltenlunnusuaudsasumud iy
fidwins £ 91wA2 15U 5 3UVRLIA( Dirac picture perturbation expansion) gnﬁ'mmﬁum
pirarndmuiladdueien ﬁﬁuﬁunaﬂuszwﬁﬁﬁﬁﬂmLaz'sznuimuuﬁnﬁﬂﬂ muly
$INILNBUVY Schwinger-Feymann-Dyson lunguianiu uazngidiswazduaddnsoy|d
_}@gﬁﬁuﬁumxﬁa‘mumsﬁmm wennnilsdlonIs R idntimaliis  Idineviuna path
integral fi$mauensInuz iy I 18dmuRvades lugUiuuues resolution of the identity
noglususugathsvouasefifus mmaniidmusstsdauganundmiunnizlnd
Y84 eigenstates Y09 TuudnFayuhdeasslungoasiuuuafudy Famsimuailldily

- o w1 dh o o @ o
Qﬁ'liﬂ'lilﬂﬂ'lﬂﬁ1!11411‘!&91”‘1]6011JL1J11913J,£‘]5~33§3J



-iii-

ABSTRACT

Qur recent derivation of an explicit expression for the
Wiean number of photons emitted per revolution in synchrotron
gediation has led us to a systematic high-energy analysis for
high4energetic particles and a novel expression was obtained
for the mean nuﬁber with relative errors of 2.2%, .64%, .017%
for speeds of 0.8, 0.9, 0.99, in units of the speed of light,
in comparison to the well known formula tabulated in the
literature of 160%, 82%, 17%, respectively. A Dirac picture
perturbation expansion is developed for the time evolution of
arbitrary functions of generalized coordimates and generalized
momenta much in the spirit of the Schwinger-Feynman-Dyson
expansion in field theory and detailed rules are derived for
computations. The formalism also allows us to obtain a path
integral expression, as a resolution of the identity, involving
an uncountable infinite number of Lagrange multipliers. Finally
a rigorous positive definite lower bound was derived for the
norm of the eigenstates of the square of the orbital angular
momentum in the quantum regime which leads systematically the
elimination of half-odd integral values ﬁpr the orbital

angular momentum.
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L. INTRODUCTION

Synchrotron radiation provides a fascinating theoretical
laboratory for quantum field theorists. Much theoretical work
has been carried out over the years and recent work on the
subject is summarized in a treatise published recently [1) which

is useful for practitioners interested in the theoretical aspects
of this form of radiation as a very particular form of radiation
that may be handled and described by the sophisticated techniques
of field theory. Earlier work both of theoretical and experimental
nature was discussed in a remarkable review [2] on the subject.
The pioneering rigorous theoretical study was due to Julian
Schwinger [3, see also 4-6] who has laid the foundation for much
of the theoretical work carried out over the years. It is surprizing
that although the main features of synchrotron radiation have been
well known for a long time an explicit and exact expression for
the mean number of photons per revolution was obtained only
recently [7]. Our recent result [7] provided us the opportunity

to carry out a systematic analysis for high-energy particles and
an explicit expression for the latter was derived. Our novel
expression involves relative errors of 2.2%, .647%, .017% for
speeds of the charged particle, relative to that of the speed of
light, of 0.8, 0.9, 0.99, respectively. These are to be compared
with the crude and well known formula tabulated in the literature
[8,9] with corresponding relative errors of 1607, 82%, 17% '. These
latter very large relative errors has urged us to carry out the
investigation reported here,

With the very rapid progress of field theory in describing



the basic interactions occurring in nature, it has become more

and more urgent to extend the powerful techniques of field theory
in describing physics, in general, in a more unified language.

Such a unification has always been the goal of physics research
over the years. It was our aim to extend these methods in describing
classical dynamics in such a spirit. Some earlier work ou the subject -
are given in the references [(10-13}, which are, however, only
tangentially related to our present investigations. We have
developed a Dirac picture in the spirit of the Schwinger-Feynman~
Dyson [14-24] perturbation theory to all orders in a coupling
parameter and detailed rules were derived for computations starting
from the time evolution of arbitrary functions of the generalized
coordinates and generalized momenta. These methods are, in
particular, useful for the complexification of the time operation
and for phase space analyses and study such preperties as the
so~called geometrical Berry phase [25,26]. Since the classical
limit of the path integral [27 and, e.g., 28], starting from the
quantum regime, reduces to just a phase factor involving the
classical action, such a limit [11,12} is not of very practical
value, as it stands, for actual computations. Instead, we develop

a path integral expression by direct integration of Hamilton's
equations, as a resolution of the identity, that may be applied

to any function of the generalized coordinates and momenta, in

the same spirit of developing the resolution of the identity of

a self-adjoint operator, in quantum physics, that may be appliled

to any vector in the underlying Hilbert space.

A rigorous and explicit positive lower bound is derived for



the norm of eigenstates of orbital angular momentum in quantum
physics. The latter bound is restricted to a sub-interval in the
azimuthal angle near the origin which is shown to be non-
normalizable for j = 3/2, 5/2, ... in contradiction with the very
normalizability condition of the corresponding eigenstates. This
fact was used to dismiss with half-odd integral values of the
orbital angular momentum. For a partial list of contributions to
orbital angular momentum and half-odd integral values, a problem
considered first by Pauli {29], by completely different approaches,

see, e.g., [30-341,

From above, we may summarize, in turn, by stating that the
objectives of this project were to obtain, for the first time, an
explicit expression, with negligible relative errors, of the mean
number of photons emitted per revolution in the very celebrated
form of radiation known as synchrotron radiation and correct the
crude and well known tabulated result with relative errors as
high as 160%. Our aim was also to extend field theory methods to
a relatively unexplored area of physics by such techniques. Such
unifications have always been the goal of physics research over the
years. The underlying hypotheses involved as of the validity of
field theory which has been tested repeatedly in the history of
physics as a framework to describe most if not all of the
phenomenae in physics. The usefulness of our results are that they
are of practical value for many computations that may be carried
out by our newly established results. The scope of the research
is unlimitted as our results are obtained from well established

theories which have been tested over the years.



2. METHODOLOGY

We have used the theoretical foundation laid by Julian
Schwinger, to carry out a systematic theoretical analysis of
the mean number of photons emitted per revolution in synchrotron
radiation. The basic idea for obtaining the explicit expression
for the latter, for the first time, was to incorporate at the
outset the correct boundary condition for vanishing speeds of
the charged particle. This has led us to the investigation for
radiation off high-energy charged particles. This investigation
turned out to be far from trivial for the following reasons. At
high energies, the integrand obtained develops a singularity near
the origin. By rewriting the integrand in a form suitable for
studying its behaviour near the origin, made the investigation
at infinity or the upper limit of integration rather difficult.
These points, in turn, has led us to a systematic analysis of
some given functions at both ends. These properties of the
integrand are reflected quite clearly in the expression obtained
for the mean number. The so-called Dirac picture obtained was
an extension of the field theory one which, in our formalism,
describes the time evolution of non-commuting operators, and
specific rules were then possible to derive for such methods
with no constraints used in the order of the perturbation
expansion obtained. These methods are reminiscent of Feyuman
diagrammatic techniques well known in parxticle and condensed
matter physics problems. In developing our path integral
expression, we have realized that the well known Feyunman path

integral is not vsafdgl in our limit as it reduces just to a phase



factor involving the classical action. Instead, we had to use

and develop a resolution of the identity operation in the

spirit of developing the resolution of the identity of a
self-adjoint operator. To dismiss with half-odd integral values
for the otbital angular momentum, a rigorous lower bound was
derived for the norm of the eigenstates of this operator which
is positive definite. This bound was shown not to be integrable
near the origin in the azimuthal angular part which was a
sufficient condition for establishing this important result of
physics. The periodic time table of elements would have looked
quite different if half;odd integral values were allowed for the

orbital angular momentum !



3. RESULTS OBTAINED

The new results obtained in the project were numerous.
The exact expression for the mean number of photons emitted
per revolution in synchrotron radiation we obtained earlier
was used to do a systematic high-energy analysis for radiating
charged particles. This analysis has led to the following

expression for the mean number of photons emitted per revolution:

t———————

2
HY = 5?&/‘/3(1—32) + ago 4+ Wav (1-8 )/10‘/-?:

where « 1is the fine-structure constant, a,. is a numerical

0
constant: ag = - 9.55797, and 3 is the speed of the charged
particle as measured relative to the speed of light. The relative
errors are 2.2%, .64%, .017% in comparison to the well known

formula tabulated in the literature with relative errors of 1607%,

82%, 17% for B =10.8, 0.9, 0.99, respectively.

A systematic perturbation theory was developed for any
function of generalized coordinates and generalized momenta
fa(®), p(t)] , in a standard notation, leading to the

expansion

fla®), pO1= i(z)" :[dqj'dzz TdtnB(tn). ..B(t,) e flg,p]

n=0 0

where A denotes so-called a coupling parameter, defined by
writing the Hamiltonian in question as

H=H +AH,
with

H,=p*[2m, H, =V (@)



Here

B(t) = e" Be™

———————

Upon defining

g+i2_, Flgl=-V'(g)
m

the rule for evaluating the integrand in the perturbation

éxpansion is as follows:

B(t,)...B(t)[g + 2]
m

5(k1,2) & (ky,n)
t—t t,—t L -t
=(————'JF[u"]xZ[———' 2] [—-——‘ 1’-) F®ry ]
m m m
8k, 3) 8ikym)
t, -t t, —~t
(i e,
m m

and the sum is over all f’s and §’s such that



ky+ky+...+k,  =n-1
|
k=1,...,n-1
ky,=01,...,n~2
k,, =01
ok, j)=0, if k,=0 ok, j)=0, if 1<;<i

and for j>i , thed(k,j)are zero or one such that

> Sk, )=k, i=1..,n-1

J=i+l

n—.l - L 3
S ok, p=1, (5k,)H=0, ] =1,2,...,7)

i=l

i.e., for a fixed j,(j appears only once in the product:

n n

II 5k,‘|| 8(ky,/
2(t1 —tj) (ky,0) 3(t2__tj) (zJ)-”

j= =

The path integral expression obtained in the formalism

as a resolution of the identity is given by:




Sla@®, p0]= j[dq][dp][dzndn]expzj a [/w )(a”(( )) e )J (e )( (())+ p(t )H
x flg(®), p(1)]

in terms of an uncountable infinite number of Lagrange

multipliers A(),7()

Finally upon cousidering the familiar orbital angular

momentum eigenstate
o.6l), 3) = A (sin®) ; A, = (F(i + 3/2)r2m0(j + Hras2)”
with

(0,001, -3) = @W(@i)) (L) (.8l s L. = he'i¢(icot9—% , —%j

a rigorous non-vanishing lower bound was dexrived for the norm:

[ da [ sinoael(e, olj, ~ i > 2x], ™ sinoael(o. ol. - iy
> !Ajr (23} nc2 [ ¥ (sine) < a0

where Aj andC&7ax_are strictly positive comnstants. Here

(23-1)/2. The lower bound diverges at the origin for

K

K =1, 2, 3, ... and this fact was used to give a clear
account of the non-existence of half-odd integral values for

the orbital amgular momentum in quantum physics.



4. SUMMARY AND CONCLUSIONS

The exact and explicit expression for the mean number of
Photons emitted per revolution in synchrotron radiation we
derived recently was used to carry out a systematic analysis
for high-energy particles with our result summarized in Sect.3.
This, in turn, improved tremendously the crude and well known
formula tabulated for this physical quantity in the literature
with very large relative errors as high as 160% !. The quantum
field theory techniques were used to develop a perturbation
theory for the time development of arbitrary functions of
generalized coordinates and generalized momenta and explicit
rules were derived and spelled out for computations with no
Testrictions on the order of the perturbation expansion. Finally,
a rigorous positive definite lower bound was derived for the
norm of orbital angular momentum states which automatically allows
one to dismiss half-odd integral values for the orbital angular
momentum. The properties of elements in the periodic table would
have been different if half-odd integral values were allowed

for the orbital angular momentum.
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