Lawrence Berkeley National Laboratory
Recent Work

Title
CONJECTURE CONCERNING THE PROPERTIES OF NONRENORMALIZ-ABLE FIELD THEORIES

Permalink
https://escholarship.org/uc/item/36s8i601

Authors

Redmond, Peter J.
Uretsky, Jack L.

Publication Date
1958-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/36s8j60f
https://escholarship.org
http://www.cdlib.org/

UCRL -8367

UNIVERSITY OF
CALIFORNIA

Radiation
Laborator

TWO-WEEK LOAN COPY

This-is-a Library-Circulating-Copy — -
which may be borrowed for two weeks.
For a personal retention copy, call

* Tech. Info. Division, Ext. 5545

_ _

BERKELEY, CALIFORNIA




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-8367
UNIVERSITY QF CALIFORNIA

- Radiation Laboratory
Berkeley, Czlifornia

Contract No, W.7405-eng-48

-

- CONJECTURE CONCERNING
THE PROPERTIES OF NONRENORMALIZABLE FIELD THECRIES

Peter J. Redmond and Jack L. Uretsky
July 1958

Printed for the U.5. Atomic Energy Commiasion



-2- | UCRL-8367

GQNJEGTURE CONCERNING
THE PROPERTIES OF NONRENORMALIZABLE F IELD THEORIE&
Peter J. Redmond®
University of Californis, Berkéley, Califorania

Jack L. Utetakv”

- BRadiation Ladoratory
Univeraity of Califoraia
Berkeley, Califoruis

July 1958 :

“’R is commonly ascnmed that it s impoasible to perform ealcuhtlom
wlth a local uonrenormalizable field theory. Some authors? have therefore
. postulated that nonrenormalizable interactions cannot have physical siguificance.
We propese to show by means of 8 mathemsticel model that such pessimism
may he uawarranted, '
Consider, for example, the propagstor for a boson ﬁald‘ By use of
a spectral representation thio may be expteseed asz -

RETC R G,
' o pta” 1% 2 piem” -5 :

The spectral aonsiey function can be computed by use of perturbation theory
for either a renormalisable theory or a umnnormauubh theory:. For s

renermauaabl% theory there will be contribuzians to p(m ) having an

asymptotic bohavﬁor for large m? no ""!2 --zlu m?, .-.-zun"fpalz otc.

m ) -\' .'w

'Suppartod in part by the Office of Ordaance Research, United States Army.

”ﬂuppot*ted by the United States Atomicﬁmrgy Commission. .

lSee. for eaxample, Hans Beéethe aod Frederic de Hofimau | Mesons and
Fields Vol. II {Row, Peterson, Evanston, Nl., 1955), p. 29.

2y, Lehman, Nuovo cimento 1], 342 (1954)
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¥hen such contributions are subetituted into Eq. (1) they yield finite
results, '

For & typical noarenormealisable theory one finds for plm ) a series
of terma that hehave asymptotically as |}, m2 m". etc. '\_ﬁ?hcn terms having
this behavior are substituted into Eq. (1) the integrals encountered do not
exist and because of this either such theories have been abandoned or cutoff
functions have been iatroduced. _ _

 We shall now exhibit two functions whose power-series expansions
(in g ) have just the properties we heve described. It ie our poiat of view
that these functions are to be considered as mathematical models for the
exact propagators of the two kinda of field theories we have been discussing.
Consider |

L -]
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_ Me

(3)

Both these iuncf:inns sre well defined for real, noasero 3 (en expreaaion
having reughly the form of Eq. (2) has been derived by one of us? starting from
perturbation theory). The first exprescion has the characteristic properties of
& renormalizable theory and the second corresponds to a nonrenormalizable
theory. Each expression is a singular fuaction of gz in the complex g?’ plane
for those values of .g"" which cause the denominstor to vanish for some mz in
the region of integration. In each case these ‘'branch curves™ extend to the
origin of the gz plane. The crucial poinut ia that the first of the two integrals
admits of sn asymptotic expansion about gz = 0 while the second one does not.
We note in passing that the wave {unction reuormalizationz |

3 Peter J. Redmond, (submitted to Physical Review),
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Z'lalim P Ar. (9 } o . {4)

pe

is finite for both modele. In aeither caoce, however, i}i a soupling-constant
expansion possible. : '
‘ It seeme reasonable to conjectun that all nan&riviai field theemes

- yield functions that are singular for vaunishing coupliag constant® and that the
Adiﬁereace between wnetmaumble and nourenormali&able theories is that the
former permit asymptotie expansions fa the nexghhorhood of g s 0 for
renormalized quantities, Furthermors, we suzrmise that in both theories it

is possible to obtain spectral denaity functions that yield finite propagators.
The s'éeééral functious would be calculated by ewmming appropriste iufianite
. sets of Feynman &iagra.ma. We further conjecture that when suitable jntegral
xrepuseatatioaa are found fm' higher-arﬁer (i.e., mm:yoparticle) prowgaeora
and vertex functisns a simﬁar situation will obtain, ' |

dpreeman 3. ‘Dyson, Phys. Rev. 8§, 631 (1952).





