Lawrence Berkeley National Laboratory
Recent Work

Title
ON COLEMAN'S THEOREM FOR SCALE INVARIANCE

Permalink
https://escholarship.org/uc/item/0bl7r6dqg

Author
Genz, H.

Publication Date
1969-11-17

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/0b17r6dg
https://escholarship.org
http://www.cdlib.org/

et

Submitted to Physics Letters B

UCRL-19411
Preprint

ﬁ?f

RECEIVED ON COLEMAN'S THEOREM FOR SCALE INVARIANCE

LAV/RENCE
RADIATION LABCRATORY

DEC 19 1909

LIBRARY AND
DOCUMENTS SECTION

H. Genz

November 17, 1969

AEC Contract No. W-7405-eng-48

-

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

~

J

SN

LAWRENCE RADIATION LABORATORY\A
UNIVERSITY of CALIFORNIA BERKELEYN

11P67-1T900N



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
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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
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ON COLEMAN'S THEOREM FOR SCALE INVARIANCE
- H. Gengz

Lawrence Radiation Laboratory
University of California
- Berkeley, California

" November 17, 1969

ABSTRACT
If the dilaﬁation charge annihilates the vacuum
presence of zero mass states (or complete scale invariance)

follows..
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Dilatations [1] involve rescaling of the energy and thus in a
dilatation invariant theory the dilatation chargé"QD(Xd) and the
Hamiltonian do not commute; one has [2,3] instead

[Q'D(XO)’ HJ = 1H A . ) ‘ (l)

(as also seen below). Since the dilatation curreﬁt (4]

no
S

200 = 00 -5 )8 0% -0

explicitly involves x usual arguments méy not be applied to give
QD(XO)|Q> # 0. On the contrary we will dérive below the following
analog to Coleman's_theorem [5-7] by formal reasoning: -

| stétemént: Define 8 by'Eqn. (2) and def;ne [8}
) = [aPxis (x) - oo . o)
' Assumé-[9] o(x) = M sg(g) to be scalar. Tﬁeﬁ.(for‘ xv fixed)
o) -0 - W
implies (for y_ arbitfgry) |
'QD(yo)lm = 0. E | e | L 6)

Vice versa, Eqn. (5) (for Ys fixed)‘implieé Eqn. (L) (for x

arbitrary). Furthermore [10] [from Eqns. (2) and (3) alone]

[ap(xy), W = 1H+1 ]d5x ofx) . C(6)
' We assume absence of zero mass states in deriving (k) from (5). More
generally, Eqn. (5) implies presence of some zero mass states (or

" complete scale invariance).
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Dué ig the somewhat surprising:résult'that‘the theorem [6]Vfthe
invariancé_of the Vacuum is the invariance of £he’world“'also holds fof_.
f11] scale.inﬁériance, we stress thatkthis nmight be due to the assumptions
implicit in the formal:reasoning (interchange of limits etc.). Physical
understanding of the fole_éf ﬁhese:assﬁmptionsv(and the aSSumed absence
of zero mass étates).in the derivation seems necessaryifo obtaln physical’
uriderstanding of.thé result.-—We_Will have nothing (except Ref.,llj_td’
say about ﬁhis in the pfesent.note and prpcéed witﬂ the argument.
| We remafk that Eqn. (L) [EQn.'(j)j holds. for any X '(yo) “if it
holds for avcertain_dne. ‘For Eqn. (M) this follows since o méy-bé' L

written asi[&]

o) = 1¥e -5 Y [0 - ¥ (1

i
and thus transforms covariantly under translations. For Eqn. (5) wé
note thaﬁ'[due to Egqn. (2)] all the explicit yo-dependence'of QD(yO)’V
comes from Hy, ‘(éince vF“ as giVén in Ref. [4] contains no explicit
x—dependenée) which: cannot coﬁtribute_to‘Eqn; (5).

We'ﬁow_derive Eqﬁ. (6) usiﬁg

1 _ _ :
ORI | (8)

by performing partial integrations ' A P

)l = 1 [ i 00" -5 ) 8 9% - w0 xl

i

. 3 1 | 2 - . 3
‘= 1‘fd x{Tu“(x) -5 z ¢i (x) - M ‘F“(x)} - 1](1 x Too(x) .

Upon comparison of this Eqn. with (7) we arrive at (6). .
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The‘equivalence of Eqns. (4) and (5) is now easily shown.

Assume first that

St su(x) = 0. (10)
Then from Eqﬂ. (6)

HQy(x)]e) = 0 (11)
and thﬁs

Wil = ala) e

with o =0 due to Ean (3).--This is in accordance with'the assumption ‘

made in the appendix of Ref. [L].

Next assume Eqgn. (5)‘for fixed yo. ‘Due to'the remarks made_in

- connection with Egn. (7) we have (for any yo)»

0% Qv )9 - 0. o C(3)

Thus, for any state with'B—momentum P

(gi jrd5x 3° so(x)|§> =v»o ; | - (1)
By partial intégratién | t | |

(gl J@x ot - oy
This is almost £he désired result. .Usiné thev£act that o ‘isv .

translation covariant we may perform the x-integration in‘EQn. (15)
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and,obtain‘(integratihg the résult over g).

@ = go@ln) = 0. e
Since ¢ 'is scalar we have for any state: !z) v(by Loréntz.transfor—-
mations)»;[IZj

G@ -0, an

i.e., o(x) annihilates the vacuum. Since o(x) is local the

desired result [o(x) = 0] follows.
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FOOTNOTES AND REFERENCES.
Suppqrﬁed by the. DAAD through a NATo'graht.'
Dilatations have been frequentiy discussea in‘the literature. We
mention Refs. 2-k (whicﬁ we will use) and refer to the further |
ditaﬁions'giveh therein. |
H. A. Kastrup, Nucl. Phys. 58, 561 (196L).
G. Maék,'Nucl. Phys. B, 491 (1968).
. D. J. Gross and J..Weés, "Scale Invariance,_génfbrmal invariénce
'and the high energy behavior of scattéring ampiitudes,"‘CERNf
Preprint‘TH.'1076.--Our'notafion is that'éf this réf. except that v
we d.e’nqté by T.
S. Coleman, Phys. Letters 19, 1k (1965).
s.'coiemah,_J. Math. Phys. 7, 787 (1966). |
Our ﬁioof»is partly an adaption“of that in Ref. 6 to the @resent”'
case}%-If one derives (H. Genz, "On the‘Vééuﬁm expecfatibn value:
of the 'q-term," Preprint, II.vInst. f. Theor. Phys. 4. Universitat,
Hamburgrand'z. Physik, to bebpublished) Coleman's theorem using the
spectral representation for _{[Jp(x), JV(Y)]>O oﬁe implicitly
aséumes‘translation cova;iance of J“' [not shared by'Eqﬁ} (2)].
. . If there wefe_a contributing vacuumtexpectétion'ﬁalue it should be
subtracted oﬁt (elsewiseithe bhargé would diverge linearly).
Independent of this subtraction Eqm. (4) will later,formally follo§' 
from Egqn. (5). ' ‘ | o
ASincé T, (as givéh in Ref. 4) does not ¢bntain'any explicit.

x-dependence, the assumption that o is scalar comes down to
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assuming’a suitable définition.of the products'of fiélds at a

poinit iﬁ&bived.‘ o . . y
Note-that.dilatation invariénce.which wé défined by.ic(k) =0
[due to Eqn. (6)] implies oplx,) = Qb(o);

Argﬁments favoring scale invariance Ofvhighfenergy scattering iﬁ:
OU; appiiCétioh'seem fo_fa&or QD(yo)IQ>.= 0 also. If éne avoids

fo'conclude scale invariance from Eqn. (5) byvallowiﬁg fOrvsﬁatesfx

of vahishing mass- having the quahtum'nﬁmbers of o then the

 situation appears to be (@. (¥_)]2) =0 and M s 0) opposite
- _ o w

to the Goldstone situation (Q|Q>‘% 0 and 5uju.?_o) for internal o
tranéfOrmations (for a feviéﬁ see C. A. brzalesi,Lectureé_on Field- i
Theorétic Aspeéts of Current Algebra; Marylénd_Technical Report
No. 833, 9.96). |

For -this conclusion absence of zero mass states has to be assumed.
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