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PREFACE

Quantum field theory is a comparatively new branch of
physics that deals with complex mathematical representations
and basic physical concepts (those of quanta and fields) in
order to explain and predict properties of the fundamental
elementary particles, such as the familiar electron and proton
and the less familiar mesons and hyperons. The former con-
cept, which held that material particles obey the relatively
simple laws of classical mechanics, proved completely inade-
quate for use in interpreting the behavior of microscopic
particles. The concept of quantum entities alone without fur-
ther refinements was also inadequate. Only quantum field
theory, which combines the notions of quanta and fields (e.g.
electromagnetic Helds), has given promise of satisfactorily ex-
plaining certain physical phenomena, such as the creation and
annihilation of particles, and the existence of newly discovered
elementary particles (at present over 30 different types are
known). This branch of physics, in spite of its relative new-
ness, is marked by a rapidly growing scientific literature and
is occupying the attention of many of the world’s best mathe-
matical physicists.

Quantum field theory represents the frontiers of modern
theoretical researches into the mathematical relationships gov-
. erning the basic constituents of nature. As the theoretical
| adjunct of experimental-particle physics, which is a large and
growing branch of modern physics, quantum field theory is
called upon to interpret and predict the results of cosmic-ray
and particle-accelerator experiments where very-high-particle
energies are involved. According to world scientific literature,
these experiments and their theoretical interpretation by quan-
tum field theory are being actively pursued in close conjunction.

Because of its very basic and tentative nature, this com-
paratively new branch of physics is confronted with many
difficulties. These are mainly mathematical problems that
involve the formal manipulation of limiting quantities,* the
nonconvergence of mathematical series, and the extension of
the region of applicability of mathematical functions into
regions that have no known physical significance. Other dif-
ficulties concern the determination of how many independent
postulates must be established, how certain newly discovered
particles should be fitted into the theory, and whether mathe-
matical rigor and correspondence with reality are possible
simultaneously.
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* Limiting quantities that owe their existence to the extremely small
dimensions of the elementary particles and to the extremely large num-

bers and energies of these particles.
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The solution of these problems could lead to a revision of
present-day theories about the nature of space, time, and mat-
ter. The basic concepts of quantum field theory are funda-
mental to the physicist’s understanding of nature. His mathe-
matical techniques in certain areas of modern physics, such as
solid-state physics and low-temperature physics, are closely re-
lated to those used in quantum field theory. A deeper under-
standing of the basic particles and of their forces of interaction
will be reflected in enhanced knowledge of general nuclear
phenomena and hence in the strengthening of the theoretical

bases underlying the technological utilization of the energy of
the nucleus.

The present report is based on avallable information from
January 1953 to September 1958. The work was carried out
under an external contract. The judgments expressed in this
paper represent the immediate views of the Office of Scientific
Information, Central Intelligence Agency.
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~'SOVIET QUANTUM FIELD THEORY

PROBLEM

To assess the status and trends of Soviet research in quan-

: turh field theory

g, 5

-.j}i a4 CONCI.USIONS

1 The Sovxet research effort in quantum

B field theory is roughly comparable to the re-

lated U.S: effort; and the work of the best

© . Soviet: mathematical physicists who are ac-
tive in quantum field theory is quite compara- -

ble-to that of the best Us. physmists in- the

. field.

2 The number of physmlsts of “next-best”
“etehi:e in quantum field theory who
considered as a reserve pool of future
‘Bests” is considerably larger in the USSR
Although the results of

best” group are at present often of only mod-
érate 1nterest and sometimes mediocre, they
are expected to increase gradually in quality
with no loss in quantity.

3. The number of Soviet publications in
quantum fleld theory is increasing at a greater
rate than is the number of U.S. publications,
and in the near future will exceed the num-
ber of U.S. publications.

* 4. The Soviets who have been intmately
associated with the theory from its beginning
are fully aware of its general significance in
pure and applied fields -of science and are
capable of making basic contributions to this
theory. In the USSR, research efforts in
quantum field theory are closely allied with
pertinent research efforts in cosmic-ray, solid-
state, and high-energy physics. The Soviets
are fully aware of the. apphcability of the
quantum field theory to other areas of physics
and to.nuclear technology

5. Although the Soviets are fully engaged
in work on the outstandmg problems con-
fronting quantum field theory, there is no
indication of any imminent major advance
in their research. '

6. Within the next decade, the Soviets
probably will take the lead over the West in
quantum field theory..

SUMMARY

""‘_Coné,iderable Soviet scientific “effort is ex-
pended in quantum field theory. Research in

this area of modern physics requires great

mathematicdl capabilities, which are possessed
by- many Soviet physicists, because of . the

strong traditional emphasis on mathematical

disciplines in Soviet schools. Soviet interest in
such a high-level subject as quantum field the-
ory is completely in line with the familiar So-

.viet preference and aptl'. ude for the theoretical
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{‘*J are active mainly in other areas have pro- Important Soviet contributions to quan methods ¢
2 duced one or more papers in quantum field tum field theory include the Tamm-Da.ncoﬁf factory fe
53 theory, indicating a large potential of Soviet  scheme, developed by Tamm,; field (second) i mines the
capabilities in this area of modern physics. quantization, further developed by Fok; new,’» of the ge
As clearly indicated by a survey of the world’s mathematical representations of Landau; a.nc; restricting
scientific literature, a large and growing por- the rigorous mathematical proof of dispersion | position ¢
tion of quantum field theory papers are by relations (relating to the scattering of h1ght; (axioms)
Soviet physicists and mathematicians. Such energy particles) by Bogolyubov. i1 such as s
Wi rly a; i -kn
vizzkjsom gepgftesazfn;’f:li‘ggemyogl SS c:: The Soviets are fully conversant with West- ; gﬁ;se t;?
ences in the USSR (Doklady Akademit Naux ~ S0 efforts in quantum fleld theory. Theyy o ;o
SSSR) and the Journal of Ezperimental and 1aVe Published papers in such Western jour.:
Theoretical Physics (Zhurnal Eksperimental- 0218 8s Physica, II Nuovo Cimento, and The:
noy i Teoreticheskoy Fiziki), as well as in P_hyszcal Review. qu1ets who are working =
many other high-level physics journals, both quanpum fleld theory have appeared at vaqs
Soviet and Western. Many of the Soviet OUS infernational conferences and are ex:|
works are being translated into English. changing preprints of works on quantum field | o the
)  theory with their Western counterparts. Fot pendices
The world-famous physicists L. D. Landau  example, U.S. researchers are receiving pre:| to snow -
and N. N. Bogolyubov are the most outstand-  prints from the Joint Institute of Nuclea’| gone in -
ing Soviet scientists working in quantum Research, Dubna, USSR ‘il ‘4 and 5
field theory. Their work can easily be com- . !
pared with that of leading U.S. physicists J. S. Many Soviet works on quantum field theory A surams
Schwinger and F. J. Dyson. Landau and Bo- clearly relate to nuclear phenomena observed ;i
golyubov, who are extremely versatile, are in high-energy accelerators and cosmic raml _
competent both as mathematicians and physi- Such phenomena as the scattering of highsf NUMBE]
cists. Landau, whose name is associated with ~ energy particles, nuclear forces of mteracﬁ%,{, U pAl
low-temperature phenomena of superfluidity Spin of particles, radiation from fast movingi
and superconductivity and with numerous particles, and creation and annihilation of § ?gg%‘
topics in theoretical physics, has often been  particles are offen discussed. Bogolyubmq, e
called “the world’s best physicist.” Bogolyu- the chief Soviet worker in quantum . fieldy
bov's mathematical ability is comparable to  theory, is the head of the Laboratory of ‘Fhé- g that%fr"é
that of the late John von Neumann (U.S. oretical Physics at the Joint Institute of Nu- g revxewed
physicist). Bogolyubov’s paper on dispersion clear Research, where the world’s largest par- -
relations, important in quantum field theory, ticle accelerator — 10 billion electron wolts ¥ :
was considered by many to be the most out- (Bev) —is located and where. extensive <t I,
standing paper given at the International Perimental research on all phases of high* ¥ - NUMBE
Conference on Theoretical Physics, held in energy particle physics is being conducted: § LISHEI
Seattle, Washington, in September 1956. This indicates close cooperation between the- . 1
Since then he was awarded a Lenin Prize for  orists and experimentalists at 'this"centet- i 1983
his works in theoretical physics. Most of the authors of the quantum field the: (g}) I
Soviet physicists have been associated with 0Ty papers are doing research related t0§. .17
the development of the newest physical con- cosmic-ray and high-energy physics at Well t.h'atma.re
cepts in quantum field theory. They include known Soviet universities. §  report.
V. A. Fok, Landau, I. Ye. Tamm, Ya. I. Fren- . : . oo Sl ¢ FEEEE
keI’ (deceased), D. I. Blokhintsev, and Ye. Soviet physicists are pursuing research 81: o
M. Lifshits. In 1953, A. I. Akhiyezer, who is quantum field theory along two main lma: F pers pj
well known for his work in cosmic-ray physics, 1ne first, an older one, involves field. cq¥ K . field Y
and V. B. Berestetskiy did the first compre-  tions and perturbation methods, and repre, throug]
hensive work on quantum electrodynamics, sents a direct outgrowth of the still older § Table §
which me.y be described as an early form of -quantum mechanics. The second and typical
quantum field theory. approach, which involves so-called r,:;f, O
2 FOR-OERICIAT-USFE-ONLY
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ons to quang “meéthods - developed to overcome the unsatis- = were initiated in the West and further devel-
famm-Dancoff§ factory features of the first approach, deter- oped in the USSR. In other cases, studies
field (secondy ' miries. the ultimate mathematical properties  were initiated by Soviets and carried further
by Fok; newg .o ine ‘general fleld equations by gradually by Westerners. . In general, Soviet and West-
[ Randaa; andg rwtnctmg their generality through ‘the im- ern research in quantum field theory closely
f of dispersiong position. of eertain mathematical conditions  parallel each other and rely on-one another

Ting of high.' (axioms) correspending to. physical reality,
v ® such as symmetry and casuality conditions.
nt with West." These twa appmaches dre:closely associated
% with the work of Landdu and Bogolyubov,
necry. They] rtinent studies
Nestern jour:# respectively. In some cases, pe
nto, and The?, '
‘e working injis

ared at vari- }

and are X1

uantum field ¥ 4 Qn the basis of the detailed data in' ap-
erparts. Fol'i pemhcw D and E, tables have been prepared
scelving pre-{ o show the quantity of work that has been
: of Nuclear®

done ifi quantum field theory. Tables 1, 3,
4, and 5 represent Soviet activity, and table

1 field theory 2 summarizes U.S. work.

:na observed "

Soenl Teye. TABLE 1

ng of high-::

interaction, - NUMBER OF QUANTUM FIELD THEORY
fast moving @ PAPERS WRITTEN BY SOVIETS
Boeon Of - B ons 1ose. 1055 1050 1057 ‘T ot

wntum fielq | ¥ 51 49 91 . 128 91 11 465

jory of The- ' t'h-tmfore 131512;; thdicates the number of papers
: ot at were-pu ed before ut they were no
ltal.lr? eso: ;‘Iu' e reviewed og abstracted until after 1953. .
ar- ;|
ctron volts |-
densive ex- :. " TABLE 2
s of high- .
conducted. ! N‘UMBER OF FIELD THEORY PAPERS PUB-
stween the-‘ o LISHED IN THE U.S. PHYSICAL REVIEW
qo : o
t:sﬁ center. < 1983 - 1954 1955 1956 . ..1957 1958 Total
eld the- ., “g1 ':702 114 93 93 56 549
related to i (81)‘ (68) (76) (62) _ (62) . (38)  (367)
cs at well- - ‘Figures in-parentheses-represent the articles
| that are on the type of research considered in this
%t report. .
esearch ini| - T : :
-2n lines. | Taple 1 presents the total number: of pa-
leld equa- pers published by the Soviets in quantum
nd repre- field theory. The papers have been located
still older through a survey of the Soviet literature.
ind newer Table 2 gives a co*nparable breakdown for. a

axiomatie typical U.S. publication, The Physical Review.

for ideas and clarification. There are as yet
no indications of any radically new develop-
ments in or departures from present trends in
Soviet and Western quantum field theory re-
search,

' DISCUSSION

The figures of table 2 can be compared with
those of table 1 only in a very rough way.
They represent the number of articles listed
under field theory in the subject index of The
Physical Review. The term “fleld theory” as
used by the Soviets has a much broader mean-
ing than U.S. usage and includes many arti-

‘. cles that might more properly be placed un-

der another subdivision. In table 2, only
about two-thirds of the numbers listed (those
in parentheses) would be articles on the type
of research considered in this paper. The
figures in table 2 represent the papers in only
one U.S. journal in which U.S. scientists pub-
lish ‘research in quantum field ‘theory, but
this journal publishes a large percentage of
the U.S. reports in the field.

According to tables 1 and 2 the quantity
of Soviet work in quantum field is about equal
to the U.S. effort alone, although probably
less than the total Western effort, especially
if Japan is included. '

Table 1 indicates that the Soviet effort is
growing at a more rapid rate than that re-
flected in table 2. The Soviet papers of 1957
and 1958 are still being translated and are
not all included, so that those numbers in
table 1 will be subject o revision upwards. It
is believed that this rate of Soviet growth is
probably a real one, not reflecting simply the
increasing availability of Soviet works. If
this rate continues, the ouantity of Soviet
work in this field will probably equal and then

= 21 TacdAary ~LF, ”
xceed the Western effort in \1e near future.
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TABLE 3 3
NUMBER OF TOP QUANTUM FIELD THEQGRY PHYSICISTS ‘i Pﬁ
AT SOVIET INSTITUTIONS AND NUMBER OF
PAPERS PUBLISHED BY THEM ' ‘
NUMBER OF PUBLICATIONS !
No.of Befo Ear
INSTITUTE Physicists 1953 1953 1954 1955 1956 1957 1958 Totals 5
‘Moscow State Univ =~ 33 12 13 11 13 26 19 4 98 g
Physics Inst imeni 4
P. N. Lebedev, Acad :‘
of Sciences, USSR 19 2 4 6 18 14 12 4 60 &
Various Institutes o
of Physics of the
Acad of Sciences,
USSR 18 2 4 6 18 14 12 4 60
Leningrad State
Univ imeni ,
A.A.Zhdanov 1 $ 4 6 .8 % 4. 3 33 g
Joint Inst for —_—
Nuclear Research 13 1 6 6 13 M
Inst for Nuclear "
Problems 8 1 1 3 3 6 7 1 22 f:g
Totals 102 20 23 32 61 6 60 22 286 resel
in tf
at p
Table 3 presents data pertaining to physi- Table 4 presents a breakdown of the Soviel§  sciei
cists and institutions. In some cases, authors  work by number of authors. The number o TJ
publisl} from severa'l institutes. In other  papers with only one author exceeds the numsg o, 1
cases, it was not possible to ascertain the au-  per of those with more than one: Someof thif§ s s
thor’s institution. Thus, the table presentsin-  yery pest men, e.g., Landau and Bogolyubovi§ phy‘
sy C5e A’ | ALY
complete statistics and only represents ‘a almost invariably publish with others in this lm-l
trend. Furthermore, the Academy of Sci- ' : oo
ences, USSR, is not strictly an institution, but fleld. Their counterparts in the Unl el
Sse 2 > States, Schwinger and Dyson, almost in of (j

many papers are published with its designa-
tion. The tabulation indicates that there are
only a few institutions of dominating impor-
tance both in quantity and quality of their
output.

TABLE 4

NUMBER OF PAPERS WRITTEN ON
QUANTUM FIELD THEORY BY ONE
OR MORE SOVIET AUTHORS

No. oF
PAPERS

342
95
26

2
0

No. oF
AUTEHORS

Qb LoD -

-t

(3>

~ eg., T.D. Lee and C. N. Yang. The ¢ overall

" ATTATAT TS

ably publish alone, but many very good [ g
cists in the West also usually publish jei

percentage of single and multiple atﬁ:h'
ships is probably about the same for the "‘-
viet Union as for the West. ' . |

Table 5 lists the top producers of pa:crs 0l ,:.
quantum field theory, and the numbers :
pers are a fairly good reflection of the{
relative importance of the men in thi
of physics. Some of the men, for
Pomeranchuk and Landau, are more
tive than the numbers of pu
since t%ey alsodo a great deal of »

ne ~F

o U4

Slicat

racAnTAh
..... LCSCGLi01L.
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"I‘ABLE 5

§ papEms WRITTEN BY TOP SOVIET

PHYSICISTS IN QUANTUM FIELD
THEORY RESEARCH

No. OoF
PAPERS AUTHOR
24 L Bogolyubov, N. N.
20 Sokolov, A. A.
16: ) Ivanenko, D. D.
% - Shirokov, Yu. M.
15 ' Khaldatnikov, I. M.
14 R Fradkin, Ye. S.
12 S Galanin, A. D.
12 - . Abrikosov, A. A.
11 g Medvedev, B. V.
io0 Landau, L. D.
10 edts Novozhilov, Yu. V.
10 Pomeranchuk, I. Ya.
9 Zaytsev, G. A.
- Barashenkov, V. S.
Total 187 12

Moreover, there are about 200 additional
men (see appendix D) who have written only
a few papers on this subject. In all, this rep-
resents a large reservoir of potential workers

¢ in the quantum field theory, who presumably

at present are worklng in other branches of
science. -

The number of physicists listed in table 5
who might be considered the best in the field
is smadller than a comparable list of Western
phymcists would be. On the other hand, the
list of physicists in appendix D, which in-
cludes men who probably work in other fields
of science, but who still have published in
quantum field theory in the last 5 years, is
perhaps somewhat larger than a comparable
Western list. would be and presumably will
grow in the future. This latter fact repre-
sents a significant difference between the
USSR and the West, or at least'between the
USSR and the United States, in attracting
young scientists to this field of research. In
the last 5 years or so, the West has been dis-
couraged with the difficult problems of quan-
tum field theory. As a result, fewer good
graduate students have been encouraged tfo
enter this field. Students have probably been
reluctant to enter this work in the United
< impression

States because of the mistaken

—ﬂ/\ﬂ /\'ﬁf‘\fﬁ"‘ - e T T R DD T TN

that such recondite research is not as reward-
ing financially as other less fundamental
work might be.

The total number of men qualified to work
in this field is probably about the same in the
United States as in the USSR. The Soviets
appear to have produced many new workers
during the last few years. Financial support
for this type of fundamental theoretical re-
search may be obtained more easily in the
USSR than in the United States.

The overall type of research in quantum
field theory done in the USSR is much the
same as in the West. They have worked in a
large number of different areas in quantum
field theory, with only a few of particular
interest.

The Soviets seem to be doing quite a bit
of work in the area of the strong-coupling
meson theory. They have attempted to work
out such a theory for ~mesons (the mesons
of interest in nuclear-force problems) with-
out too much success.- Some work along the
same lines has been done in the West, but by
and large, the feeling has been that such an
approach to the nuclear-force problem was
too much like perturbation theory 'and would
not be too fruitful.

Another such example of comparative So-
viet concentration is the application of the
Tamm-Dancoff scheme of approximation.
This is related somewhat to the strong-
coupling theories. This scheme represents a
slightly different approach to perturbation
theory, wherein the quantities of interest are
not expanded in powers of the interaction,
but rather in the number of particles in the
intermediate states. Of course, it is natural
that much of this work is being done in the
USSR, since Tamm was one of the founders
of this technique. Again, quite a bit of work
along these lines has also been done in the
West, notably by Bethe’s group at Cornell
and by Dyson at Princeton. In recent years,
this method has been virtually abandoned by
the West in favor of other approaches.

One such Western approach to the nuclear
force problem has been that of Chew and Low.
This was originally a semiphcnomenological

(9]

T OOl oL X




C06927295

Approved for Release: 2022/03/16 C06927295

FOR OFFICHAI—GSEONLY

attack on the problems of low-energy -
meson scattering data. By the use of this
approach, Western scientists were moderate-
ly successful in correlating these types of ex-
periments, and were particularly successful in
explaining the resonance behavior observed
in ~meson-nucleon scatterings. Subsequent-
ly, the approach was refined to the point
where it became of more fundamental in-
terest, because many of its ideas and conclu-
sions. were of a more general nature than
they were originally thought to be. These
early successes of the Chew approach, and
the subsequent theoretical refinements by
Low, Wick, and others contributed a great
deal in reviving the somewhat flagging in-
terest in quantum field theory.

Very little, if any, work on the Chew ap-
proach has been done in the USSR. This is
probably just a counter-example to the West-
ern reaction to their work in strong-coupling
theory, or, more appropriately, to the recent
work of Landau. A great deal of work on the
Landau approa.ch has been done in the USSR,
whereas almost none has been done in the
West. . Western physicists have felt that this
approach confained basic mathematical er-
rors which made its results inconclusive. Not-
withstanding this Western reaction, many
Soviet papers along these lines continue to be
published.

A final point to be considered here is a
general impression concerning the level and
effectiveness of Soviet training in this field.
This, of course, can only be an impression,
based on a few text books, their general work,
and some conversations with physicists who
have visited the USSR. ;

In -general, the level of training in the
USSR in field theory seems to be very high.

6 , _FOR OFRICHAI-USE ONLY

|
|

For example, there seems to be official sup:

port or encouragement for their best workers‘
to write textbooks. These textbooks are writ-

ten and published very quickly, so that they‘
have timely interest. Since they are written .
by top men and reasonably priced, they prob.'
ably are influential in enticing young worker |

into this field and in retaining those who arg | i
already in it. Just within the last few years, |
the following books have been written: Quam l
tum Theory of Fields by Bogolyubov and:

Shirkov; Quantum Electrodynamics by Akles,;
zer and Berestetskii; Foundations of Quam.
tum Mechanics by Blokhintsev; Classtca.l |
Field Theory by Ivanenko and Sokolov; Class |

sical Theory of Fields by Landau and Li:,?»
shits; Quantum Mechanics’ Non-Relativistig |
Theory by Landau and Lifshits; and Probs |

 lems in Dispersion Relations by Bogolyuboy, |

Medvedev, and Polayamov.

The books themselves, or their proofs m;j
translations, indicate that not only are they'";
written by the best men available, but, asx,
textbooks, they are generally excellent. As gf
consequence some of the very best books inff
field theory available in English or Germa.n'
are franslations of these Soviet works, many%
published by American houses. Thus, these}
books are becoming standard and in many$
cases they are the only textbooks in this field®
in many American universities, notwithstand-§
ing the high cost of the translated versions. . §

The particular quality of some of the better®
Soviet- work in quantum field theory is besf
illustrated by the work of Landau and§
Bogolyubov, which represents the only linesg
of Soviet research of special importance dufs
ing the past few years.
and C.)

(See appendices Bj

;
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_ APPENDIX A
gy EXPLANATION OF QUANTUM FIELD TEEORY
2 wnt .
lemew,- o
g WOYE@" e 2 mic, research in modérn physics can conveniently be broken down
WHO grgi into subdivigions or steps according to the size of the object under. -
-w ye@m o f-j s:gn@y . The first step is the study of very large objects -- the u.niverse
Quam= - af 8 irhoa‘.el, ineluding the galaxies, stars, and planets. Studies on- ‘
bov W L ke uaiverse lean heavily on the ideas of special and general- relativity,
?Y Ahe . pagnetohydrodynamics, classical meckm.nics, and - thermodynamics. .
"’“SW “ . ke mext step is the study of matter in'bulk of every-day size.
W; Clas~" . gia 46 the physics of solids, liquids, gases, and plasmas. In the
nd Lify:- ..« 1ast few decndes, this phase of physics has made tremendous strides,
ativistig . ' ag eyidenced directly by the sudden growth of advanced technologies.
d Progs. . - - e great strides in the fundamental understanding of the properties
’lyub‘”& SO . of matter in bulk can be tréced to.contributions originally made in
o t‘he study of the next sma.ller ste.ge. :
::f:h:;; . ‘,Ebe third step embraces the constituents that ma.ke up matter in
but, ag . * - - bulk -= the molecules and their constituents, the atoms. It was at

. Asa’’ - “ghia stage that the revolutionary ideas of qua.ntum physics were first
Joks in‘" T found necessary and introduced in the early decades of this century.
‘ ' Thede ideas and theories, linked with scientists such as Bohr, Planck,

rerman
. many | Eina‘lf-.'m,) and Dirsc, have gradually permeated physics, until today, . -

, these . thé concepts of quantum theory are considered fundamental to under-

man]j; '3 2 l:ta.mii’.ng of nature.in general. WNot only have these concepts filtered
is ﬁeld':-y" S up te the next higher step, the study of matter in bulk, but they
s, FERR lead directly to the next lower step, the etudy of the elementary particles.
ons. i - . “Thus, the ideas of quantum theory must be used in the study of
better .. . . constituents of the atoms themselves, the protons, neutrons,. and .
S best: bt elec‘hrons. In a.ttempting to understand the interactions between these
L mpdlll v fundamental "building-blocks" of matter in the universe, and their nsture
" Tineg g1 and structure, the most modern versions of. qua.ntum theories nmst be C

oo - ealléd into pla.y. B ; s : v
2 dur- ¢
s B ".{ ' g The fundamental particles a.nd the va.rious intere.ctions between them

are described in terms of quantized fields, so that there is a one-to-one
correspondence between a quantum field and a particle or family of
= particles, such as the proton and neutron.: The interaction itself, for i
example, between two neutrons, is. represented by another quantized field,
‘ which in this case corresponds 1o another real particle, first predicted
by Yukawa, the Yp-meson. It is the study of these various quantized
fields and their behavior under different conditions that is called

qua.ntmn field theory.
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- ordinary temperatures, just for their random motions, are dbout,one-fortietﬁf

Approved for Release: 2022/03/16 C06927295 4 J!

St1ll another way to place quantum field theory in relation to the *
rest of theoretical physics is to consider the energies involved in the
interactions or forces between the particles making up molecules, atoms,
and nuclei. : o

The unit of energy generally used in discussing atomie and nuclear
physics is the electron volt. This is defined as the energy acquired by

- one electron in falling through an electric potential difference of one A

volt: The thermal kinetic energies that molecules in the air have at M
‘of one electron volt, -

The interaction energles between ions or molecules in a solid¥* is
about a few tenths-to a few electron volts. This is the same order of ¥
magnitude as those energies that bind the constituent atoms of molecules, i
and represents the energies of -general interest in chemistry, : ' 3}
T T : L - Hh)
The energies inv&lved in binding the electrons within the atom itself !
range from about tens of electron volts, in the lightest elements, to j%i
some thousands of electron volts in the heavier elements. It is this ¢§
order of magnitude of energies that is involved in atomic transitions 3
responsible for the emission of light in flames or light from the sun
and in the emission of X-rays in a X-ray machine. A :

On the next level, within the nucleons of .an atom, the interaction
energies are very much larger, and are of the order of 10 Mev. (million
electron volts). This is vwhy so much more energy is released in an 4
atomic explosion, which involves. the rélease of these interaction energies, ¥
compared with a chemical explosion, such as TNT, which involves the IS
molecular interaction energies. - v L '

All . of the energies except the nuclear are quite small compared
Wwith elementary particle rest-mass energy, i.e., that energy Eto which
the mass m of a particle corresponds in the Einstein relation, £ =mc%
The rest-mass energy of an electron is one-half Mev; that of a ‘“yr-meson,
140 million electron volts; and that of a proton is about 1 Bev. As
long as the interaction energies are very small in comparison with the
rest-mass energles, so that there is no question of having enough energy
to create new particles, quantum field theory is not generally used,
although ordinary quantum mechenics is. When the interaction energies
become s0_large that eleméntary particles might be created, as they do
in the nucleus, then quantum field theory is essential, for it treats
these interactions not so much - in terms of indivisible particles, but
rather in terms of fields wherein the number of particles ¢an change by
creation or annihilation. & I

*The strength of these energies determines whether the substance
is a solid rather than & liquid or ges.
- A2 -
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3 tum field theory. 1s necessary in that region of energy
n to the. Thus, g.ua'n %
iin the - " 'j ggom a:beut l million electron volts (crea.tion of electron
*» atoms, § e"‘ are from high-energy particle a.ccelerators* and ,
At these energies, .all sorts of pa.rticles are created.

some 3. called K-mesons 3 whose mass is ‘petween that. of

S;CIear 2 n and the proton; others called hyperons , Wwhose mass is '
o;'e gnzy E tey than one proton mass, but less than two proton masses; and
¥ 5k et "'Pﬁ as yet undiscovered new particles.
one-fortieg Quantum field theory can 'be dlvided into two approaches.(l) the : {
older approach involving field equations and perturbation theory; ;
A% ig end (2) the new or axiomstic approa.ch. : ‘ x
Ef:cgi . - Tﬁe older ap’proa.ch vwas. a. direct outgrowth of the even older - 5
My - g (about 1920-30) quantum mechanics. This approach attributes certain I
nathematical functions called wave functions or fields to such. P !
om itsels physical entities as elementary particles. These fields are. _assumed ... ki
to to obey certain mathematical equations, the form-of which is ‘ ‘
Ehis determined by .certain physical properties of ‘the i’ielda realized in
lons nature - for ‘example, its. equations are Lorentz-invariant . and have
sun , : certain symmetry properties. The physical interaction between
@' ~verious particlés (e.g. the Coulomb interaetion between electrically -
x charged particles) is deseribed by a certain mathematical combination
ction 3 . of the field functions of the interacting particles. and this inter- :
¥ion i ection term is inserted 'in the field equation in the appropriate place.
:nerg fes | Thus the field equations s with the 1nteraction terms, could be
== vritten down directly and should determine the form end behavior in
) .space ‘and time of the field functions. With the determination of
® 7 these field functions, it is. possible to calculate such interesting
d s 4 i phwsical qua.ntities as the energy of interaction between two inter- -
ich - aeting particles, such as two protons in a nucleus; scattering cross-
cz R | _ Bectlons, which are a measure of the probability of one particle
eson, i scattering. from another in a ‘certain way in experiments that could be

- . performed with high-energy accelera.tors, the life-time of unsteble =
‘he ; - particles; the internal structure oi’ such elementary particles as the .
' proton; and meny others. S ,

lergy
&5 While the field eQuations can be wﬁritten down, their solutions
do g ¢an not, in general, be obtained. Only approximate solutions are.
3 2 poss1ble i in practice , and these are obtained by an approximation
£ et procedure ‘called "perturbation theory " This mathematical technique:-
by * : consists in first obtaining solutiong to the field equations when
the 1nteraction term is neglected. . This ‘corresponds. physically
¥About 10 Bev; Wherein proton pairs are created.
**Extremely high energies from a thousand to a million Bev.
g iag -
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to assuming the neglected interaction energies are quite small in R

comparison with other relevant energies, such as the kinetic energies. i placed
Having this "unperturbed" solution, one finds corréctions to it in | t;ip;xy:
vwhich the interaction is allowed to act only once (first-order = f ‘{n & i
perturbation theory). Corrections to this correction are then found, { 1:: io
in which the interaction acts twice (second-order pérturbation theory), | ;: e Tact
and so.on'. | o i i ' b : ) : ; ' Bopat &
One of the decisions to be made in quantum field theory is whether ! ¥l €0
or not such a perturbation-theory approach to these equations' solutions 5
is valid. -In using this approach, it soon became clear that it was Y Th
formally meaningless. Mathematically infinite quantities appeared in g
the equations. A successful but not entirely satisfying method was & (1

developed for removing these quantities in the "renormalization"” . &
program when it was noted that they alwsys appeared in relstion to & 8 (2
few fundemental properties of the field, like its mass and charge. - j

Thus, the original or "bare" mass and charge of the field put in the suitabl
equations could be combined with these divergences to give, by (z
definition, the real, or renomelized mass and charge of the particle. .
Actually, the eqguation changed the charscter of the so-called vecuum (4
from being a state of nothingless; so to speak, to a quantum mechanical present
state in which no real particles were present, but in which virtual
‘particles could continually be created and destroyed. _Thus » In going Tt
from a particle's "bare" charge to its real or "renormalized" charge, - a1fficy
the particle has essentially interacted with this vacuum in such a way S
that virtuel pairs of particles surround it and alter its original T
charge. The prediction of this type of strictly quantum field. probab)
theoretical effect, confirmed by some extremely accurate experiments ’ '
was one of the gresat successes of quantum electrodynamics. - . R
; ' 5 o S , R out the
Nevertheless, although these effects are observed, the fundamental - ~ procedx
methematical structure of the theory is still very unsatisfying. . 0 -~ 1imits
g L ' ) N integr:
In an attempt to by-pass these unsatisfying features of quantum : o
field theory, a fairly new, axiomatic, approech has started to o : b
develops . This approach does not use field equations and the strictly - equati
dynemic properties of fields, but rather attempts to speak very '
generally about the ultimate mathematical properties that the field ‘
functions, or certain combinations thereof, must have. ' whi i |
- ; whic
Thus, certain physical properties of nature, like Lorentz- ; - clear.
invariance, causality (roughly:" no signal traveling faster than light,’ C .. <BPPeAT
or no output before input), and certain invariances in space and time o . TOABS.
are translated into mathematical terms. These properties are used as . 1s 8.4

restrictions on the functions themselves rather than to determine field‘ &
equations that the functions must satisfy. This provides a very broad
class of mathematical functions. Then, one by one, restrictions are

-3
- Al -
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Ia certa:m :Lnstances, the restrictions lead to equations called dispersion

e reﬂ!ec‘iiion of nature can be succeasfully placed on these functions, it is

.ﬂeld;:mnctions to. represent the physical world.

B suita.ble?

.present concept of nature must be changed.
~.d.i££icu1ties and require furbher research.

._ "probably accounts for the lack of Western interest in the Soviet work.

out, that there is no Justification s ma.themtica.lly, ‘for using cut-off
) -‘proced.ures.. ‘Especia.]_ly in the. two—eut-off case, ‘the method of taking the
" limits is arbitrary.
integra.tions is unlmown.

':‘eqjaation 15, appendix B, part II.
‘which is extremely high, but finite.

~appears at experimentally observed ~energies M, where M is the nucleon

. 1s & double "ghost" state in the Iee model sense, a residue of the wrong

B\ ooroved for Release: 2022/03/16 C06927205 Hms

place& on. these functions by means of the basic axioms (which correspond
o physical préperties) These restrictions are represented by equations
which the functions must satisfy, entirely different from field equations.

relations. If a set. of restrictions that are an exhaustive and accurate

hoped: that the set, of. functions that are left will be so limited that they 3
gonsti'bute an answer to the original problem of obtaining mathematical 4

The. £ ilowing questions still need to be ansvered:
(1) can a selt of restricted functions be obtained?

(2) g a set of restricted functions is obtained., will they be

(3) Are the axioms really restrietiire?

(h) Are the axioms mrtually contradictory? If they are, the
‘Thus, both approaches in quantum field theory are beset by severe
'Ihere have 'been several severe criticisms of this me'bhod, which
The first few, general criticisms, are made by Dyson. 16/ He points 3
Whether one cen interchange limits like this’with

The problem of the singula.rity in the proton propagator is shown in¥
This appears &t a momentum of

2o e,311/& 8 g d00. 2

What this means physically is not

¢lear. In the case of the meson., theory, equation 14, this singularity

mass, Besides this, the analytic form of equation 15 means that there

¥ALL elquatiops referred to in 'l-;hié’ section are in append.ix B, part IIL
| - A5.-

for Release 2022/03/16 COBOz/éo 5

iz JApproved




7

g

295g

C0692

sign, and at imaginary ‘pass values. Again, £his seems to make for i
e sient mampeetion: B

Still more severe ‘eriticisms of & mathematical pature are made by
Kellen. 17/ These criticisms are baséd on ‘the approximations mentioned
- with reference to ‘the equation for the ‘Vertex function, equation 6, and
 1ts solution. It is gtill mot clear ‘what éffect the terms neglected -
* there might have. In solving equation 6, one expands the integrand in’  §
s perturbationcsum, integrates, and then takes the sums of the series 4
again. For integrating,cone rép}mceal:_théct:emh,:bydaséuﬁe&ﬂasyﬁp%ﬂc
forms, and then assumes 4hat the sum of these asymptotic terms is really §
the asymptotic 1imit of the original sum. There is always & cut-off. R
Tt is expected that & higher-order process does nbt become important
until therenergy is well above its threshold. Thus, for & given cut-off
energy, the asymptotic value for a process is belig~assumed in an energy
region where the process might still be small. Tn other words, if a :
given cut-off in the integral eliminates processes whose thresholds are
above the cub-off, the resulting ‘sim ‘of integrated expressions is'a
1imited one. When the cut-off then goes to infinity, asymptotic
expressions for proce'ss‘e's: that have already been excluded should be
included. Thus, the expression for the sum:may not at all be its
asymptotic form. Perhaps this explains why the presumably divergent
sum of divergent terms gives such simple,’ convergent results. "Kallen
approaches the problem of sumaing the seties of asymptotic terms frem - ;
8 different point 8f view, l.e., at high energy, a process is & multiple .§
of the corresponding Born approximetion. He gets an answer entirely
different from that obtained by 1gndau and his co-workers. e

The work in quantum field theory by Landau and his co-workers appearsi§
%o be open to very serious queéstions on rigorous mathematical grounds. & .
This ghould not be taken to imply, however, that this is true, in genersl;
of Iandau's work. Iandau 1is probably one of the best physicists in the @&
world. While work on quantum field theory is open to questions, it had
the positive effect of again stimulating thoughts on these subjects 4§
throughout the world. Thig probebly led to some of Kallen's more recent '3
work as well as to some of the ideas in the axiomatic approach to quentul i

field theory.

Tn addition, Landsu has made very gignificant contributlons in many §
other fields. Most recent,:afid perhaps most spectacular, of these 18 ‘hisg
work on the two-component theory of the neutrino, and 1ts connection ~ @
with the parity experimernts. “Before that, he did very early and good Vo

on ‘the properties of liquid helimm. He has contributed’ significantly %9 4
the theory of multiple production of mespns in cosmic rays. There are
other examples. Thus, this analysis of the Landau approach 0 quantun
£ield theory should be taken merely as an example of one of many appred

- 86 -
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f-{ & thsre are some questions as to the validity of this appreach, : it i3

yhile ; : T f Landau's ’
5 i 5t been proved incorrect. It may not be an example O . i
. 6 e 2o put it does demonstrate his versatility and the infludnce

" petter work, trat A
by :;:-e his io;'k has on other Soviet work. 1
oned I ' 4
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APPENDIX B
.- pHE QUANTUM FEELD THEORY WORK OF L. D. TANDAU *
2 Fom' many ye-é,-rs}" thé problems of ,divergénc'es-'plagdédj the 0 _ "ﬁf
" ‘perturbation approach to quantum electrodynamics. If certain simple i’
- eorrections were compated straight forwerdly, such as the effect of
. o alectron's self-energy (mess) because of its interaction with the ;‘

eﬁé"@.‘b}gm‘.wf.‘tﬂc field, mathematically these corrections were infinite,

 rasher than small, as they.should be.
B “ 7o JQlT, Kramers~observed that all such corrections to ‘the mass of .
% sy electron, while they might formally diverge, were still onlyto be’
" . imterpreted ss changes in the particle's mass. Since a mass 1s observed |4
"% physically, presumebly of the electron interacting fully, the fictitious,
.7 .original free electron mass together with &ll its corrections should be
0 sdentid ed a8 the true, observed mass. Thus, these divergent gquantities
" were to be absorbed with the original electron mass, and the result =~
- defined as the usual finite observeble mass.’ This is the basic idea
behind the remormalization program in quentum electrodynemics. When '
i . simdler ddeas were applied to other quantities, like the électric
' charge, it could be shown (see Dyson) that all divergences were thus
. 'yemoved from guantum electrodynamics. Similar considerations ‘hold for
+. gome foims of meson theory: H. A. Bethe and F. de Hoffman.
¥ g .
Wl ' With this successful removal of divergencies by renormalization
..’  emd the subsequent éxperimental confirmation of the very precise
' - +thebyetical predictions, it was hoped ‘that thé inconsistencies had
beer removed from -quentum electrodynamics. Tt soon became clear that
: " whéther or not they had been removed was still open to question.-
‘. . T. D. Lee gave a good example of a theory which could be renormalized
&nd in which the S-matrix* is nomunitary. L4/ 5/ Such a situation
- gorresponds to & physical situation in which states of negative probability 34
~ocgur; hence it is inadmissible. 5 e
© ' S%ti11 another matter that had to be determined was the rather formal E
: one of the nature and source of the divergences removed by renormalization. 12
s The problem was to determine whether these multiplicative constants were
4 fePinite becsuse of an unwarranted usage of perturbation theory (e.g. the B
; perturbation series perhaps diverges) or whether the infinities inherent e
. in the theory were indépendent of perturbation series expansion.
; LS
¥3 matrix - The scattering metrix - the quantity that contains allthe ‘{
')+ information of the theory on scatlering processes. :
§ s -
, A_-,A8- %
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Kellen and Iehmann showed that at least gome of the renormalization
constants were inherently infinite. Thus, the¥e still remains the
question of the origin of these infinities, 6-8/ Gell-Mann and Low have
attempted to investigate the high-energy (or, eguivalently, very small
distance) easpect of the functions involved in quantum electrodynamics,
using perturbation theory as well as some group. properties of these
functions. 9/ Their results, while interesting, were rather inconclusive.
Recently, Bogolyubov has refined the group theory approach to this matter,
without essentially changing its inconclusiveness. 10/ _

Throughout these more recent doubts as te the incomsistency of
electrodynamics, there has long been the guestion concerning the
connectionibetween the point-like nature of the interaction assumed in
electrodynamics and the infinities that arise. It was felt that, while
this problem was still somewhat puzzling, no fundamentalcguestions were
involved. e o

. In quantum electrodynemics, this question of point inmteractions, of
course, corresponds to very high-energy asymptotlc behavior of the relevant
functions. This whole question was recpened by Landau, who used a .
potentially very powerful technique not necessarily restricted to a’
perturbation-theory approach. s ' : CE

.The approach adopted by Landau is based on the field equations
derived by Schwinger and Fradkin. 'In principle, these equations are.
exact and independent of perturbation thedry. In practice, certain
approximations must be made in order to solve these equations and these
approximations depend strongly on & perturbation approach. This approach
gives much the seme answers and conclusions for the meson theory and even
for beta-decay types of coupling. The physical coupling vanishes in the
point-intersction limit. ¢ oo T
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- NAFHEMATICAL DETATLS OF THE QUANTUM FIELD THEORY WORK OF L. D, LANDAU .
s mhn T, T - '
L1 % L 1 nis work on quantum field theory, L. D. Lendau used several field ;
3 % st ons. to- determine ‘"Green's functions.” In this context, a Green's ;
% pypetionk contains ell the information necessary to find the behavior of :
", tpe electfon’s wave functlon in space end time; 1.e., in principle, it
: ;E@aﬁzmgi;ﬁhe infermation necessary to answer questions about scattering
gnd other. problems. The term "propagater" is used almost interchangeably
L ylth the- term green's function." This usage reflects the fact that
%Y thie fuaction, coutains the information on how the particle propagates in
A gpece snd. time (or; more strictly, the Fourier transform of G(p) does).

#." " Ag an example, the Dirac equation for a free electron in momentum
( * - gpece in terms of the corresponding free-electron's Green's function,
¥y B g (p) is given. This is

o]
2]
-

ae Cp) (B-m) = 1 |
vhere i‘:i is the electron's bare (in this case actual) mass. This equation
. 'is really symbolic, in that it is & matrix equation as well as & :
. differential equation. The symbol 'B stends for the four-dimensional.
gealar prodict ¥ .p, where the four-vector X 's are the Dirac matrices.

. 1t 1s clear from equation 1 and the above explané.ti n that _thefé is
- ¢ @6 term in equation 1 referring to interaction (hence, G (p) is designated
oach 1 68 ‘the "free" propagator). % .

B "“fzg . " If the electron is allowed to interact with the electron-magnetic
v, 7 field, then Schwinger's exact equation for the electron propegator becomes

C e an{p = [ T3P, P51 G (o= R, Dy Wdkt=1

g T SR ORI TS ST

R R o A e i ot . < ™ S IR IS e
R R R g 1) i R Laie : ' : - .
~ s Ond d o i gl P Ao b v e e B 7

i ~~ In equation 2, the third term in curly brackets is the effect of the
b electromagnetic-interaction. e, is the bare electric charge .(this equation
' -1s, of course, unrenormelized).” ¥¥ is, as before, the Dirac matrices."
[%, (P, P-k; k) is known as the vertex function; it contains the information
Cdgeeming the form of the interactions,.and is to. be determined from its
equation. Duw (k) is the photon's Green's function, end it, too, is
determined by its equation. - It ig also clear from equetion 2 that we now.

o g
> TR

v

A - ®For the .eleétron, this is-denoted as G(p); a function of the electron's
b ~f9‘lIr-momentum_P.:' _ e Bl T w T S : N

#¥The summation convention on four-vector and tensor indices is used in
all of these equetions. ' '
- A10 -
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deal with complicated matrix equations of the integro-differential type
(the differential operators in space-time being here Just P; the integra.l 1
equation form coming from the ‘G(p-k) under the integral). * . %
The corresponding equation for the photon propagator D (k.) is .
(k) ,.W (k)” : DF€< k) X - e
L.l.
xs,, [j@(p)r‘ (? P-k; k)Gr(P %d J> ck>

Here, p "~ (k) is the "free nonintera.cting photon Green's function, ..
analogous to G°(p). Thus, where @o(p) satisfies the free Dirac eq_ua:bion i
1, end ha.a the solution . o : |

. &)=
D Iuyo(k) satisfies the free Maxwell equation, and has ‘the solution

5. iDW (k) o '% , '_

The operation Sp means that one should. teke the s'pur » OT trace s oF the
matrix qua.ntity in the square brackets. 3 %

Fina.lly the equation that I.a.ndau uses for the vertex f‘unction 18'
LA =
j‘p(-p?.k k)@(? k) B (PkP-k-A; l)x--\

xecP k= X)D(P k-4, P-4 ; k)DV(k)d[‘Hg

This equation is ‘the most complicated of the equations 2, 3, and 6,
becsuse it is a matrix, nonlinear: integra.l equation. It is nonlinear
because the unknown function T'P_ (--) appears more than once under the
integral _

In all equations , it 'is sometimes useful to - think in terms of -
Feynman graphs. In & very rough way, these graphs show the electron
and photon propageting in space-time. The electron is indicated by a
so1lid line and the photon by a broken line. When G(p) appears, it

- corresponds to an electron; when Duy (x) appears, it corresponds Lo a
photon; when /7 (--) appears, it corresponds to a point of interaction
between them; and D /.LVO(k) or ¢°(p) corresponds to propagation with
no 1nteraction.

‘..All_'
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.ctron (photon) is complete with int'er»a'c'bi_on_,“(}(p),' (o

olid (broken) lines are double. When the vertex is the

[3(--), it will be represented by & circle at the line

. ,'Pwheh it is only the "bare" interaction, it will be just
jon. Mhus, equation 3 can be graphed as follows:

S =5 ':::@"‘_—

wation 6 may be graphed as follows: PR

1

't is clear from graph 8, that other possible topographical forms

N

cluded, for. ezcam'ple

9.

e original equation of Schwinger includes these graphs and all other

sibilities. Neglecting these is the dpproximation mentioned above
t ILandeu makes in-Schwinger's equations. " R

In all these equations, the integration varisbles (say p or k)
correspond ‘to the energy-momentum of intermediate-state particles (in
terms of graphs, the intérnal ‘lines ).: The investigatidon of the effect
‘or point interactions is introduced as follows. - The original interaction
between the electron field and the electro-magnetic field was considered
to occur at a mathematical point in space. This restriction is dropped,
and it -is considered that this interaction takes place iﬂ a small_region
of space-time, say of dimension & (presumebly about 1071* to 10713
 céntimeters, from present-day experiments). In ‘these equations, which
are in momentum-space, this spread corresponds to an upper limit on the
intermediate-state particles' momenta, i.e., the integrals in the above
equations are cut off at an upper limit’ of momentum, of the order of
= l/g. Thus these integrals are made finite. It is hoped that when
& calculation is completed, the limit a->o0, orA»>oe, will correctly .
¢correspond again to a point interaction; and, in passing to this limit,
something will be learned of the divergences. Thus; Landau's program

3

- - A12.-
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jg sn attempt to solve the simlteneous _,.integrpfdiffng_enfpia,l equations
2, 3, and 6, incorporeting the upper - 1imit on the integrels, and then 3

passing to the point. limit oy

Since the divergences that occur in the perturbation solution of - . b
these equations are logp.rithmic with momentum, the major contributions i
to the integrals come from the high intermediste momenta. It is
pecause the divergencies: are logarithmic that Lendsu uses equation 6
rather then the complete equation. He feels that this equation contains

all the terms contributing importantly to the divergence.

To solve these equations Landau ‘as’sumes' that when the mbﬁentum
becomes very high, the Green's functions assume certaln simple

asymptotic fqms. S s
0. 6=
| .F<P»%;£)=X“<’°z). g .

where £2 is any P2 G 12 if they are of the same order of
megnitude, end, 1f not, should be the l1argest. The functions of
B XK ,d¢ and dp ave slowly-varying function of their
arguments . .

Substituting these expressions in equations 2, 3, and 6, he -
solves for the functions. In doing so in the, equation for ffg, (p, p-k; ;
k), Lendan mekes an sdditional assumption ‘in finding the dependence f
on the second varieble p when it differs from o in comparison with k. E ]
This is, that in £inding the. change in»-m (--) in going from p=0 to
small p, he cen consider _the changes . in the integral in equation 6 a8
the sum of the changes of the. integrated expressions. : .

e equations, Lendsu finds that ﬁthm't.he/)g

" As solutions to these
approximations made _in.w_riting down eguetion 6, the functions X L,

cen be chosen &s 1; i.e., ‘there are no corrections to the electron=
free Green's function or to the "free" vertex function a;,, .« However,
the photon propagator 18 changed from its free value of d, = 1 to

: 3 - .z =]
et Jf(kz)»:\__i"*—%j’:m-(%)]

/\: ela is ‘the bare, unrenormalized electric charge.. To.put the
propagator in renormalized terms, it must be written in such & way -
that it does not depend on the unphysical quentities e12 and the,
cut-off 2. mo do this, the realy observed electric charge ©

. '4 37) is defined in terms of e12 in the following wey:

. M3 - -

!

N

o

Lo~ Mo~
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A

juations

1d then .4 1 {30

. this corresponds to defining the electric .charge as the -

don of '] t] : . _ ; _
butions in the Compton scattering of zero-energy-photons (or, -« . .-
s - ) v, that. .‘cgg;to"'mb's_-, law gives: the potential between two real .-
. ge, distances). ~When equation-12 is used: in equation 11, : .
containg , equations. reS.ult=i. PR T Sy mdn i S Hp 7 HE G
&= !
atum A 2 A2
| + Ei (== )
: 3
<
f=__ € ‘
K — 25 (L)
37T m
f v 7
 re Dhoid 5
‘ 11-3m A (=
e R and thus, if we multiply d,(k) by the renormalization constant e, /e,
N §  tve renormalized propagator does not depend on any unphysical quantities.
g :.s e ‘In al]l these equations, the point interaction limit is taken by
iletting A°»c0. Originally, Landau asgumed that the bare charge e15¢< 1.
$  From equation 14, it is clear that asAS increases, eventually ;5> 1.
: § . This difficulty is eliminated by Pomeranchyk, who introduces two cut-offs,
) /g % . one for the intermediate bosons (photons)./\.k, and one for the intermediate
S - § fermions (electrons) .Ap, and . 3. ApSHAEDD k.
o, 1/ Results similar to those in equation 13 are obtained.

& The conclusiogs to be drawn from equation 13 is somewhat startling.
For, as long as ;>0 (necessgry for unitary S-matrix), irrespective
of ‘the varisjion Of e, withAZ, we bave the limiting conditions: as

e N CH00.as QP .ll'hus, choosing a point interaction corresponds

to no physical interaction at all.

S ‘;f‘f'i"ér.‘;“'.‘??;;_ S e g

Iy

FOR_OFPICEAL-GSE-ONLY

S R NI INR/AE
1 101 RCICAOC. JLLIVO I




‘ C O 6 97277 2‘9_5 §3. - Ap roved for Release 2022/03/16 006927295

“This work has been followed by im,ny works in the USSB -that apply
the same analysis to other theories. 1/ - . v"

- It is essential to remember that in this a.nalysis ,J\.represents an i
upper limit to the momenta. If, for example, the photon momentum kA ;
then Landau finds I;*O, oo Tather than'fy = Y - "This is a8 it - .
should be, becasuse 'as the energy becomes very lafrge,- 11; is’ expected oo
that the effect of. the {presumably): small interaction will’ ve.nish. :
Tnis result was also shown by Lehmana quite generally. 2/ ;
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- from comparable groups in the ‘United States.
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.. APPENDIX C.

Part I

TEEQUANM me TH'Eo,ﬁr 'W'ORKA.bF".. N. 'N-. 'BOGOLYUBOV:

IN'-, B. Bogolyubov* is probably the most 1m;portant Soviet contributor
guantm field theory at the present time. ‘He has provided the first
ous proof of the so-called "dispersion relations" for other than

rd scattering and this work has greatly stimulated the most promis:.ng
proa,ch to6 quantum field theory at the present time.

In order to make a thorough appraisal of the work in quantum field
heory of Bogolyubov and his collaborators, all available translated
reces were read, 1ncludin3 his published papers that are listed in -
pendix E. The past year has seen an exchange arrangement under which
prints in quantum field theory.and related topics are received from the
Laboratory of Theoretlcal Physics, Joint Institute for Nuclear Research,
Dubne, USSR, in exchange for publications on the same general topics
Since Bogolyuboyv has = .
recently been appointed director of the Laboratory of Theoretical Physics,

~ this arrangement affords a good opportunity torflollow his work. In

addition to the exchange arrangement and ‘published translations of -
Soviet articles, several other sources were used. Forcexample, the

: page proofs -of the first h28 pages of the:forthcoming English version of

the book Introduction to Quantum Field Theory by Bogolyubov and D. V. Shirkov
‘have been obtained recently. Unfortunately, the page proofs from the

entire book are not yet available, but those that have been received include
the first 34 of the 52 sections of ‘the book. When Bogolyubov visited

the. United States to attend the International. COngress on Theoretical

" Physics at Seattle s Washington, in September 1956, he presented his

findings on dispersion relations,; which were definitely the most- important

P presentation at this meeting. Because of the wide interest in his work,
he left a mnuscript on The Problems of the Thoery of Dispersion Relations

. (co-authors are Medvedev and Polivanov), which was subsequently
~translated and circulated.

A revised vexrsion of the manuscript has also
recently appeared in the Fortschritte der Physik. Bogolyubov later

sent in an :.mportant mathematical supplement to this paper to the v
Congress and it wes then translated. In view of the special importance
of the paper, a careful study was made of the monograph of Bogolyubov
and collaborators, and'alsp of the mathematical supplement. Similar works
by other authors have been 'studied. Thus. a good background has been
acquired to use in appraising the present work of Bogolyubov, even thongh
not all of his works have been translated. ,

*This spelin.ng is used to be consistent with the systen of trans-
ll‘tC‘utlon followed throughout this report even though the translations
igsued by the uvt%or spell the neme Bobollubov and Bogolubov.
A16 -
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B best mathematical

physicists, Bogolyubov has made important contributions in several
different fields. He is fundamentally & mathematician of great ability
whose contributions to physics have been primarily the presentation of
rigorous mathematical 'develoisxnenté'.for. ‘conjectures or vague physical

As is characteristic of meny of the world’

programs that were proposed by others. The nearest parallel among

present Western workers might be Professor F. J. Dyson of the Princeton
Tnstitute for Advanced ‘Study. - He also began as & mabhematician end has
made contri putions that are comparable’ quantitatively and qualitatively
to those of Bogolyubove Perhaps Bogolyubov's work is even more clearly :

- mathematical than that of - Dyson. " An alternative Western parallelmight:

be the late John von Neumani, although his’ contributions to mathematics
are of & .g_z:-ea:b_er importence than those of Bogolyubovs. '

Bogolyubov first gained wide jreéngiitiém for his work with

K. Kryloff on nonlinear mechanics: A good summary of the basic work =~
of Kryloff and Bogolyubov in this field is contained in the collection °
of papers ‘translated by Solomon’ Lefschetz and published by thePrinceton
University Press in 1943 under ‘the title: Tntroduction to Non-Linear -
Mechanies. This book gives s list of 4O references of the original '

Gf the suthors. “As Dr. lefschetz stresses, this Soviet
'vrérk‘.in_j;roduced'p't)werm new-methods 'in nonlinear mechanics and gave -
new importance to’ this field. It also stimulatéd general 'd.eirelopnignt_s'

in the theory of norilinesr différential equations.

' ‘perhaps the pext really-outstanding contribution to Bogolyuboy was ¥
4n’the general ‘thedry of the statistical methancis of interacting - 3
particles. “iin this field he contribgted'pazfticularly to the problem - o

of"condehsétion of dense systems in appro:d;mate"equilibrium. © his .

field“is o0 complex to review it -here in great detail, bub it showld.

be mentioned “that ‘Bogolyubov did 'Q.évélop»;a niera_.ifchy_ of differential i}

‘_egfga’_@,tioﬁs usually called the BBGKY equatilons ‘because they resulted: = .4
“from the work of the following people: Bogolyubov, Born; Green, Kizkwoodh g

and ‘Yvon.- This hierarchy of equations replaces ‘the Boltzmann equat:
of the more simplified prepentations. . Bogolyubov. then showed & ne¥

approach of -gpproximation to +the solution of this hierarchy of BBGKY :

equations which depends primarily on clagsifying the verious .
characteristic time intervals in the rela,xa.tion of a dense systemle.
Much work still remeins to be-done in this‘"jfield,’but 'BOgo:Lyu\ioV"IB_.,A_i

papers constitute “the- starting -point £or-many investigations.

" Bogolyubov has made some: contributions to problems of the theary .
of the solid state.- In 1950; e “piiblished an ‘impdrtant'papér on B8 .
polaron problem, which deals with the effects of -the polé,ri'za'ti_gon"fgf
electrong within a crystal in such a ‘way as to lead to & red’uci:'-i_"011‘?3_55n
the electron's energy and possible jocalization of the electron HHFEH
a" r:eli‘-«*’:v:apping".r.echenism. The first approaches 0 this .prapi&s 7o

N
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"u‘sm & weak coupling expesnsion, -i.e., an expansion -in powers of the

cal
ral = cha.i'ge Difficulties in this method of expansion occur that are-
ability S ‘to the difficulties of the perturbation theory of quantum‘electro-
tion of which have been discussed in this report. Bogolyubov. developed
sical coupling limit, which involves expansion in inverse powers of %the
mg - coupling eonstant. 1/ The approximation of Bogolyubov is still
rinceton for an accurate treatment, and altérnative approaches involving
and has e coupling have been developed by other workers (e.g., T. D. Iee
atively B s). Much work rémains to bé done before a complete theory and
clearly I ;agreement with experiment are obtained in this field, but
1 might = § 'ﬁﬁé.‘wor of Bogolyubov was certainly an 1mporta.nt contribution.
ematics ’
¥ An €ven more important contribution by Bogolyubov to soJ_id-state
physies hes been his recent contribution-to the theory of superconductivity.
: ‘pfesgm-theories of superconductivity, stemming from the theory of @ -
work Frohlich; depend upon determining how the interactions between electrons
ection - ea.mr under proper conditions, create a gap in energy between the lowest
rinceton state of the system and the next highest state. - Various workers. have -
inear - ' devised theories that predict this energy gap and a specific model was
sal - ¢ developed récently by Bardeen, Cocper, and Schrieffer. 2/ The theoretical
viet© @ . results of' Bardeen and his co=-workers had meny attractiwe features- but
ave & - ertificially exclude many of the contributions that a general theory
xments : -wWould prediet. Bogolyubov developed a much more exact mathematical -
' - 4 . formilgtion, which returned to the original Hamiltonian of Frohlich rather
. 3 than c¢hoosing an arbifrary model, and he showed how to obtain more ;
ov wvas K- rigorously an approximation that produced the same results as the theory
P » “of"Bardeen. y The problem of superconductivity is still not fully
1lem | . solved, but workers in this field generally a.gree that Bogolyubov's
B .recent WOTK: bhas been a very important steps
ould ‘L
ial 2. - It is not surprising that Bogolyubov has made outstanding contributions
d : . in statistical mechanics and in the theory of superconductivity as well
Kirkwood, & a8 in quentum field kheory, for there are many similarities in the
ation #  ‘mathematical treatment of these various fields of physies. In quantum
v F ;field theory, the time dependence of relevant functions normally is
ky ~ §  -glven as exp /[-iEt/h/ vhere E is an energy. In statistical mechanical

] . ‘problems, the probability function depends upon the temperature through
; . ‘§  ‘the function exp /-E/kT/ where T is the absolute temperature. Thus we
3 § - ©mee that the time in the mathematical equations of quantum field theory
! correlates with an imaginary temperature in the equations of statistical
mechanies. This analogy is only one of the similarities between ‘

lory & statistical mechanics and field theory. Another is that the creation of
‘he § + fleld quanta can be made to correspond to a general excitatlon process
of : in a gtatistical system. This mathematical similarity is in fact quite
tin far-reaching and allows many statistical mechanical problems to be
rough & computed by the method of Feynman diagrams, which was developed for

| Were : quantum field theory and is the principal technique for practical

- A18 -
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- Brueckner; T. D.. Iee,. C. N.:Yang, and K..Watson

does not know explicity how the. field operators enter into the Iagran

2 Of & functional derivativelS/Se(x). ‘This functional gerivative is a usé~ 3
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V.guaptu@-ele,ctrodynamical;c_qmpuicafci.ons- a8t the.present time.. Thus,
- of the ablest physicists- in;quantum -field theor 7. (€.8., Feynmen, - Ge3

and at g;haverecently made
rimportant,contribqtions to.statistical problems s Just as Bogolyuboy

LBty

‘Fu.nctionalApproach toQua.ntum Fleld --Iﬁeory-néndi'ﬁzalization Group

.. Guantun.fie14 theory was originally developed by introducing ng
inj;_e.rac?l_;:}.ng_fie;l-.gs: and. then considering -the .coupling between :,thesg,'
_&s a perturbation.. This method. -of bresentation has the a.dvantag_e

operators:is usually given in a relatively simple form. However, . th
-fields which correspond to "bape! particles.without interactions do
describe the real physieal particles s -for even a real isolated parti
interacts with the ‘quantum fluctuations of the other. fields in the . 4
vaguum, Thus, the. renormalization Problem had to be ‘introduced so.ags. g%
to Qb'_;ta,ir\;..the,quapti'&ies cqrr,e-s‘pqnd,ipg,,to-: real quantities from “those. .8
original;gr___:-intrqq.uced -in, the t eory. .. Because of the infinities involy
in relating the real.particles to "bare”. particles, a new approach hag. gl
been developed in'recevz_lt'-yea,;zf‘s_ which attempts to define the basic hheory
entirely in terms of the quantities -for real particles. Thus, it is
assumed that the fields are already renormalized. In this case ;. one
or other. important quantities, -Such as the scattering matrix S. Never |
theless, certain -,ge_nera;t-__,\m'ath,e.mqticgl relationships between bhese . . °
quantities can be determined, “-Bogolyubov. has been one of the many peoplely
vho have contributed. to the d >Velopment .of these general mathematical .
formulations. One assumes that & quantity such as the scattering matrix -
is & general functional of the fields P(x) and introduces the concept

Tul generalization . of -the -idea of an ordinary derivative and it expresses |

the way .in which S varies when the operator suffers a small alteration :
in the neighborhood of x. (This statement is nonrigorous but gives the -
general idea,) Bogolyubov published -, paper .in 1954 that . contributed

to.._thve;.'.chlgvelopmen@ of this-formulation, and he and Shirkov have used it §
extensively in their work on the quantun theory of fields. Many quantitied
can be expressed very -succinctly. in terms of these functional derivatives, 38

and. Bogolyubov.has used them o define the generalized currents of the could
theory and to reformulate the causality Principle. In his work on the corLe
functional approach to quantum, field theory, Bogolyubov. was to a large whick
extent simply stating the research results of other people in slightly - faid/
different form. ... .. e et S A R : 2 b Obvic
TR ‘ SR - i R ¥ ¥ Bleu!
Bogolyubov and Shirkoy have -also introduced the idea of a "charge out i
Trenormalization. group" in quantum field theory. 'This. is a Lie group of ks fo o
transformations that can be introduced to clarify some of the ideas of b how

the renormalization Process and to remove some ambiguities in it., The

- Al9 : :
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technique has permitted the authors to ‘clarify some of the steps in
perturbation procedures and in particular to deal with some of the
problems connected with the introduction of an artificial ¢

Hncen ut-off of
large momenta. It is not felt that the work mentioned was of unusual
importance, but it was certainly sound work that helped improve the

formalism of quantum field theory and constituted the first appreciable
cdnt;jibuti‘ons -of "Bogolyubov in ‘quantum field theory. IR

.+ Indefinite Metric -

e - '‘One’ of ‘the major problems in quantum field theory is the intro-
duction of infinities by the reénormalization procedure. At first,
workers in this field ‘thought that these difficulties should be _
associated with the use of a perturbation. brocedure, but it was later
proved by various theorists (principally Kallen of Sweden) that

- infinities must occur even if the theory is treated accurately with-

- out the use of the perturbation method. Kallen and Iebmann showed

that the divergencies were a very essential property of the theory

related to the singularities of the Green's functions. SR

In the case of the renormalized coupling constant, these functions '
.are defined over all space-time, but become infinite on the light cone.
‘It was hoped at first that thege infinities in the Green's Pfunction
might be removed, or at least decreased, by.the normalization procedure.
‘Kallen and Tehnmann proved, by very general arguments » that ‘the
renormalized Green's functions must at least be as singillar as the

This result showed that it would be difficult
prove the logicsl consistency of quantum field theory. Furthermore,

isfactory kind.:

- The Tehmann-Kallen theorem depended upon- some very general
thematical-'postulates; -one" of these was that the ‘appropriate space
A ¥hich to describe the states of 4he quantum field is a "Hilbert
gerace." This is g generalization of a vector space to an infinite
coer of dlmensions. All ofthe states in this space have a positive
orm, i.e., all vectors have Positive length. Heisenberg and .others
" 8ted that the difficulties posed by the Iebhmann-Kellen theorem
be avoidea by introducing states of negative norm. These would
pond to states with a 'negative probability." " Such a space, in
ich the length of vectors can be either positive or negative, is
813 4o have apn *indefinite metrie." These negative probabilities
Sbviously have no direct physical meaning. Earlier, Gupta and
~Her had used g theory with such an indefinite metric to carry
the quantization of the electromagnetic field in such a way ass
Forerly elimirate the longitudinal photons, and they had shown
this indefinite metric does not need to lead to unphysical results

- A20 -
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if the real physical states .are ‘limited to.the,subspaceé -of the states .
of positive norm. .Bogolyubov and Shirkov considered in -quite general  #&
fashion' the usefulness of introducing such. an indefinite metric. .They

find ‘that there are-difficulties with the use’ of indefinite metric and.
that its introduction does not sppear to.offer a particularly simple-

solution-to the problems of nonlinear.quantum fiéld theories. . Interest
in the idefinite metric in quantum. field-theory stems now in great part
from use of such a metric in the program of Heisenberg for a unified :
field theory for elementary particles. This program is still too -indefinis}
to permit any clear appraisal. The publications by Bogolyubov and ‘Shirkov]
as well as articles by their associates on the: subject of the indefinite B
metric, -such as a 1958 preprint by Medvedev and Polivanov entitled . |
On a Classical Model of Indefinite Metric; indicate -that Soviet workers |
are-continuing ‘their interest in this field. .- S S LI SR L

e

Causality and Dispersién Réi.étioné - 2

Thework of '!Bogoiyubovi.a'.r-xd' cdiJ.a"bora.tors"on ‘the rigordus dérivé.tion
of dispersion relations in quantum field theory is believed to be the .
most important contribution that Bogolyubov has made in quantum field
theory: . iusam SE g T Ty e oy it 3o

The work on the. proof of the dispersion relations by ‘Bogolyubov
and his co-workers represented an outstanding piece of work which wes:
extremely difficult from a technical standpoint, The most difficult
part was.the mathemstical supplement, which appears to have been done

by Bogolyubov alone. = The methods that he used have since been y s
simplified by Bremermann, Ochme and Taylor, who have restated his . g O
proof in teérms  of. general theorems sbout the holomorphic envelopes I la?pp:é.;
of domains of meny complex variebles. However » some idea of the difficulty: d{
of Bogolyubov's theorem can be gained from the fact that it took these - sgex
‘three expert workers over 6 months to. restate. Bogolyubov's proof; they A A l“f
agreed that it was-very unlikely.that they would have come to & proof - 3 gﬁp -
of the -thearem without Bogolyubov's. theorem to guide them. - ‘ - ’ Ia:g:-:
- .The essential step in: these proofs,.as has been clarified bY e L ﬁi:&:
Bremermann, ‘Oehme -end Taylor, is to extend functions which are originally | £ield
proved to:.be analytic in a ‘small domain, called D. Then by very general i the U
theorems it is proved that any function which is analytic in a domain. ~ § follo
D must also.be analytic in a larger-domain D, which is the pseudo-convex | to th
hull of D and 'is called the :holomorphic. envelope of D.- While the domain , EEiha
D is by itself not large enough-to prove the dispersion relations; - the ] The a
extended domain is. A - : 2 - easie
The proof of Bogolyubov and :his. group -stimilated many other workers.
The current proofs. for:dispersion relations are found to. be valid only of
for those values of A less than:.a. certain maximum value of A . _ f dispe
. A21-1- probe
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1§ As the proofs have besn improved, the value of A pix has ‘been increased.
R . This is done as better and better methods are found for approximating the
;gv e & holzbmorphic’envélqgé. - The "Soviet ‘workers' best value for A? mix was

approXimately 2 [L< where fL'is the bioxn rest mass.  Mote ‘recently an
explicit represéntation Has been ‘found fromithe work of Dyson, Jost, -and
Lehmann, ‘whichiallows: one to extend-the limit for A2 pav o about 3 fae
These ‘last three-workers have ‘shown that Bhe current methods of proof - -
cannot be extended ‘o greater valus “Of A= max’ becaiise they have a counter
example -for which dispersion rélations break down at this critical 7
momentum transfer. This example is not sufficient to prove that the -
dispersion relation is not really valid for a great momentum transfer,

for the current proofs do not meke use of the unitary principle; which

mey easily extend ‘the range of validity of the ‘theorem..” °

- :Dispersion relations Have now ‘beéén ‘proved for other processes in
,a.dd.:'.i::f.cm-"t;'o‘p:Lon-r‘x‘tit.xll.’eo‘x:‘i-‘'1st‘.*.‘u';t:eiv:i.'n‘g-'.'j The"méthods of Bogolyubov, as ' - -
- ‘extended ‘to date:by others, have riot been -sufficient %o .prove dispersion
- relations in many intéresting cases. - ‘For' eXample, dispersion relations -
for nonforward scattering of nucleons by nucleons cannot be proved C
rigorously. It is clear that the Soviets appreciate the great importance
of Bogolyubov's achievement in this proof because it was cited as one of

. the major reasons that he was recently awarded the Lenin Prize.
Possible Future Work of Bogolyubov

Both in the USSR and in other countries, many applications of
disperston relations have b

een made. - The Soviet workers have aiso
pplied dispersion relations to photo-prodmction and scattering of pidns
¥ ‘deuterons. The Soviets seem to be aware of the full potential of
dispersion relations. They have begun considering relations in which
& A is varied and @ held fixed, which has recently shown promise bf useful
¢ applications. All or nearly all the important work in the USSR on
5 @ispersion relations in quantum field theory is probably coming from the

I&bo'rfa.tozy of Theoretical Physics of the Joint Institute for Nuclear

Llowing comparison. A bibliography
tge development of dispersion relat

bo o0 comtain a total of 187 papers of which 37 are by Soviets. 4/
e above comparison may be somewhat misleading because it is obviously
er to obtain papers of Western workers.

of all significant papers related
ilons in quantum field theory was

workers:, Tt is airricult to pradict exactly vhat the future contributions
. only of the Soviets will be in quantum field theory. The usefulness of the
BEs . ' +Spersion relations as

such will probably decrease and emphasis will
generalcconsequences of the analytic properties

- A22 -
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of ;-\the‘_.;sg‘att_exjing._ functions. . of. course,
fiéld;;;Rééentpmajorxaehiévements in, this direction
of the “CPT theorem” in-this way by the Swiss physicist Jost
general proof of the gomection between spin and statistics -
and. by Luders and. Zumino.. The ‘Soviets: have not as yet made. 1tsta
contribution in. this particular direction, but there. seems to be every .
reason to.expect. that they will do s0. The Soviets are quite competent }
in the basic field of mathematics, Which is most. closely related %o this ¥
rarticular field of. physics; this. is.the theory of functions of several @
complez.c,;yariable.s,.,_ o A oa e @ E sy 3 e AL AR T -

QLl1fg]

loped by Bogolyubov, t#he |
. OL 1w ns -4 -omplex. variable and a much more detailed d
understanding .of ‘such nonJ_.inear..re’lationships.,a.s the unitary principle.. g8
It appears that.Bogolyubov. will be as apt to make a fundamental contributigl
to this. jmportant field of mathemati, : '

Since’
only £
origin
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© PART II

 BOGOLYUBOV'S DERIVATION OF DISPERSION RELATTORS.

- .The term "the assumption of causality", as used in current. work in
quantum field “theory, refers . to the'i)hysicé.lassumption-tha{t- "no effect
can be observed before its cause." ‘While this may seem to be a very .
obvious and trivial. requirement, it actually places severe limitations
on the mathematical properties of a theory that describes a linear
scattering system. The nature of this mathematical correction and the
need.for it will be explained briefly. Assume that an input or source
1s introduced at the time t=0 and .then removed almost immedistely., -

‘Let G(t) be a function that gives a time dependence of any resulting

physical observable. This will be called an output. scattered wave.
The input at t=0 can excite many transients:in the physical ‘system
and therefore an output G(t) may-.continue to be observed for s long
time after the input bulse has stopped. - However, the output cannot .
occur before the input, and therefore G(t) must equal 0 for t < 0. .
Let g (@) be the Fourier.transform of the output G(t), which is '
givgn.by' - o ‘ Joo R . SRR

. ' " AWty ‘

W) = == | -
20 =g faty Mt

. -0 .

- Bince G(t) vanishes for t<0 s-The integration domain actually extends -
‘only from the time t=0 %o t=00. The Fourier transform g (W) is
' originally defined only for real frequericies @) . “ However, we can how -
‘extend this -definition to ‘complex values of &) us‘ing; the property that

we note that the Pfactor -e""“)*i;t has ebsolute value less: than 1 for all
positive:t and all positive G ; hence the. factor depending on ;s

f- only decreases the integral for g(a)). The damping faector is in fact
: & strong damping term since it is exponential, and it will therefore
;. dominate- any power of t that might be introduced by differentiating

..h‘_e. expresgsion for g(o)')' with respeet to @ wunder the integral sign,

Using these properties s we can therefore show that the function g(ow)

L all 1ts derivatives are well defined for all .values of ¢J such
@;>0 . 1In this way, it can be proved that the function g ( ¢ )5
originally defined only on the real & -axis, can be extended into a
Bction that is analytic in the upper half of the complex €)-plane.
rthermore » the presence of the damping factor eX:¥ implies that the
Hues of the function in the upper half plane are. always dominated
the values of the real Q) - axis. - © ' notoe
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splane are glven by an ntegral around the real ax Furthermor
‘one lets g ;oint i . pat . ' e :
1 the upper half plane. approach the real: axis éne
; : ~2 Ol
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As
wnst 55 izaif;ﬂ.ckgom from the'.theory of complex varisbles A s
& contour bac thn & region can be given by an integral f‘éxmz.a :
Since the boung 8t region. This formila is-called Cauchy's foymm.
show in thig 8ry of the upper half plane is the real axis, on 2
' way that the values of the function in the uPpér hz.lg i,

Regloimap |- SRR o

If the physi ) 1s then already determined at all N
vsical function g( &) ) at the loy A l::hgiezz:g\:;gcieﬂﬁ:

are deriVed th :

one kind from :;ep:}fmi:- ‘the prediction of observable information on

information, act: knowledge of completely different observable
_ For. exémp # ke 13 ; ' Sl ' :

amplitude for thé &f. the ﬁm"ti‘m gl 6> ) is the forward scatteri

of g is deteminedscattering of energy ¢ , then the imaginayy erzf ros
: by a measurement of the total. absorption croggrt.

_FOR_ORFICIAT-UOE—ONTY-

A R et B | for Release: 2022/03/16 C06927295

“Approved for R



he
'n, | }

ion-
ce
tion
ex

he
hat

lencies.

¥

not
ions
-on
sble

The ‘causality assumption. in, quantum -field theory is usually stated
as the requirement. that ‘measurements at a space-time point x and ‘at -
another space~time point .x!'. cannot have. any-effect on one another if -
the .two ‘events are simultaneous with respect'to some frame of reference.
This is ‘stated mathematically by the. requirement that the field
quantities at such points must commutes This is expressed by the .7 -
following equation - < 2| [ - a(x), B(x*)] | 1>=o0 for (x=x*)2
- O O, where A and B are -any. two local physical operators and
b DnianR | ST are any possible states of the system. A metric
(:dis used in. which the space-time length is positive for time like

directions and negative for special directions. - i/ - - '

_ The .causality assumption. .é.ione is ”not enough fér.the derivation of
dispersion relations in quantum field theory. In addition s We ‘must use

. tthe following genersl limitations -on our theory: -

(1) Belativistic Invariance: . The relativistic invariance of the
theory demonstrates that the “¢ommutator expression written above ‘must
be Lorentz-invariant so that e.g., if | I>:and | 2>are both the -.
vacuum state . | 02> , this expectation value is & function of ‘only
the one L-vector (x=x') and not & function: of both x and x': separatély.
‘Furthermore, - such expressions :can depend upon the four components. of

.. X=x' ‘only through the Lorentz-invariants of these quantities whei _
combined with the other vectors, temsors;, ete., in the theory:: Thus,
the principle of relativistic: invariance leads to & very- largeireduction
in the number of variables of the theory and simplifies the form of
. many functions. = - T e i

¢ <. (2). Asymptotic Condition: It is assumed that each of the docal -
field operators for the interacting. system approaches (in & proper... -
mathematical sense) a solution of the equations for -2’ noninteracting
system when the differences and times involved become infinite.

F e, A8 - Energy Spectrum:. - A natural assumption is made that a vacumn. -

- 48 the state of lowest energy, -so.-that all other states have positive '
€nergy. Each operator of the theory then has ‘&' spectral representation

" In'terms of the contributions from the states of differentienergy in the
theéory. These states include both discrete or bound states and

continuum states. A o R e i B

, ‘One other very strong restriction that:a true ‘quantum field should

satisfy is the unitary principle. . This rrinciple expresses. the conservation

of ‘Probability and is:-given. mathematically by the requirement that “the .
matrix must be unitary. .This particular requirement has not been used

in most of the proofs of dispersion relations that are discussed -

- A26 -
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analytic extension is possible, use was
made werful theorem dealing with the analyticity domain of &
certain generalized function of five complex variables and one real

variable. The proof of the necessary properbi

des of this function is
provided in a mathematical supplement by Bogolyubov. ,

In order to prove that this
of a po
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. The following list was extracted from the bibliography of appendix ¢,
part II. It constitutes the basic date from Which the tables in the’ . -
discussion were drawn and upon wh:l.chfmosif-t of the- conclusians are based.

The list gives the Various authors, their institution, and %pe number
- of articles which they published, eithér alone, or Jointly. The followin g

deta on Bogolyubov have been excerpted to:.use &as an example in explaining
the system: : AR

;2511952" .‘:1955 1956 - 19573958

: (1) Numbers appearing in any given columm represent arﬁicles“'éri‘gi:{hally
published in that year (uswally in Russian), although ebstracts ang or
¢ f\previews appeared at a later time.

(25 Numbers .appea.ring to the left of the dotted vertical line under
¥he 1953 column refer to articles found abstracted, etc. > in 1953, but
riginally published before 1953.

(3) Whole numbers » Or integers, refer to papers ‘published by the
-alone. SO A A

() Fractions refer to Joint authorships. }

A Ibe denominator indicates how many authors wrote the article
jlincluding the author opposite whose neme the number appears).

~ The numerator indicates to how many distinct articles of that
mber of authors t_hEpart

lcular author contributed. .. i

Thus the 1 in the 1953 column opposite Bogolyubov's name-indicates !
he published one paper alone in 1953. In 1954, he published two

and collsborated with another author on one article. In 1958, he |

orated with three authors on two separate articles; and he b

Tated with four okher authors inm one more article. ey A g }

I

I

=443 - i

) v Wl S gemee el if .

' ] Se X2 1 : & i
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- Bazarov, I. P,
Belenkiy, S. %Z.
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