
QQLUME 2$, NUMBER 21 PHYSICAL REVIEW LETTERS 24 NOVEMBER 1969

and manpower, and Per Thingstad, Robert Vet-
terlein, and Domingo Cheng helped considerably
in getting our experiment underway. Our special
thanks go to Joe Murray who designed and helped
test the excellent positron beam, without which
the experiment could not have been performed.
The accelerator operation was excellent, with
the machine achieving a new record of 21 GeV
for the highest energy data taking.

*Work supported in part by the U. S. Atomic Energy
Commission.

)Now at the Department of Physics and Astronomy,
University of Hawaii, Honolulu, Haw.

'L. Stodolsky, Phys. Rev. Letters 18, 135 (1967).
2J. J. Sakurai, Ann. Phys. (N.Y.) ll, 1 (1960);

M. Gell-Mann and F. Zachariasen, Phys. Rev. 124,
953 (1961).

3Early measurements of p production on complex nu-
clei by the DESY-MIT group gave a coupling constant

y& /4n = 0.45+ 0.1 and a p-nucleon cross section o &
=31.3+2.3 mb I. J. G. Asbury et al. , Phys. Rev. Let-
ters 19, 869 (1967), and J. G. Asbury et al. , Phys.
Rev. Letters 20, 227 (1968)j. Another interpretation
of these data [B. Margolis, Phys. Letters 26B, 524
(1968)j gave op~=26+3 mb. Recent results by the
same group I. H. Alvensleben et al. , in International
Symposium on Electron and Photon Interactions at
High Energies, Liverpool, England, September, 1969
(unpublished) j gave 7& /4m= 0.54 +0.10 and o&& ——26 +2
mb, when a 201o negative real part was included for
the p-nucleon amplitudes. On the other hand, the Cor-
nell I. G. McClellan et al. , Phys. Rev. Letters 22, 374
(1969), and G. McClellan et al. , Phys. Rev. Letters 22,
377 (1969)) and SLAC-LRL tF. Bulos et al. , Phys.
Rev. Letters 22, 490 (1969)l experiments yield values
of 7& /4m=1. 10+0.15 and 1.1+0.2 and values of o'&N ——

39,0 +2.0 mb and 30+4 mb, respectively, with no real
part of the amplitude. For comparison the value of
7 2/4w determined from colliding-beam measurements

P

where the photon has the p mass is 0.52+0.03 [J. E.
Augustin et al. , Phys. Letters 28B, 503 (1969)].

Asbury et al. , Ref. 3, and Asbury et al. , Ref. 3.
5Margolis, Bef. 3.
6Alvensleben et al. , Ref. 3.
VMcClellan et al. , Ref. 3, and McClellan et al. , Ref. 3.

Bulos et al. , Ref. 3.
Augustin et al. , Bef. 3.

'OD. O. Caldwell, J. P. Dowd, K. Heinloth, and M. D.
Rousseau, Rev. Sci. Instr. 36, 283 (1965), provides a
detailed description of this type of beam.

"Total cross-section measurements on protons and
nuclei up to Cu have recently been reported. H. . Mey-
er, B. Naroska, J. H. Weber, M. Wang, V. Heynen,
E. Mandelkow, and D. Notz, in International Sympo-
sium on Electron and Photon Interactions at High Ener-
gies, Liverpool, England, September, 1969 (unpub-
lished).

~2Data on C, Cu, and Pb from Bulos et al. , Ref. 3.
The cross section on hydrogen of 122 + 12 pb/GeV was
reported by the same group at the meeting of the Divi-
sion of Particles and Fields of The American Physical
Society, Boulder, Colorado, 18-22 August 1969 [F. Bu-
los et al. , to be publishedl.

'3S. J. Brodsky and J. Pumplin, Phys. Rev. 182, 1794
(1969).

'4M. Nauenberg, Phys. Bev. Letters 22, 556 (1969).
~5K. Gottfried and D. R. Yennie, Phys. Rev. 182, 1595

(1969).
~ B. Margolis and C. L. Tang, Nucl. Phys. B10, 329

(1969).
~VR. J. Glauber and G. Matthie, Istituto Superiore di

Sanity, Laboratori di Fisica, Report No. ISS 67116,
1967 (unpublished) .
' R. Anderson et al. , Stanford Linear Accelerator

Center Report No. SLAC-PUB-644, 1969 (to be pub-
lished).

tBA value of 7&2/4m'=0. 40 +0.03 was derived by Z. G.
T. Guiragossian and A. Levy, Stanford Linear Acceler-
ator Center Report No. SLAC-PUB-581, 1969 (to be
published), in a comparison of pion photoproduction
with p production by pions.

LIGHT-CONE COMMUTATOR AND HIGH-ENERGY LEPTON-HADRON INELASTIC SCATTERING*

Richard A. Brandtf
The Rockefeller University, New York, New York 10021

{Received 29 September 1969)

An extension of the chiral [SU{3)SU{3)] 5 equal-time commutation relations to they5
light cone is proposed based on a universality defined by the [SU(3) SSU{3)]galgebra.
Consequences concerning asymptotic lepton-hadron inelastic scattering are derived and
found to be in good agreement with experiment.

The Fubini-Dashen —Gell-Mann sum rule has been shown' to be essentially' equivalent to the relation
[we consider only forward (f =0) amplitudes~]

,'fdx, [J'(x—),J ]5(x ) =if'~'J'5(x)5(x ), (1)

where J'(x) =n "J„'(x) [J—= J(0)) with J„' (p. =0-4, a =1-8) the octet vector currents (-', gy„) Q in the quark
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model), and n" = (1,0, 0, -1), x, =x,+x„x=(x„x,). Equation (1) requires that [between rest states'
with momentum P" =(1,0, 0, 0), so that P ~ x=x,j

[J'(x),J' ]-2n 'i5(x2)[f' J' f(2xo) +R' (x)j (2)

for x'-0, where

r'fdx, f(x, ) =1, f(-A) =f(A); fdx, R' (x)5(x ) =0, R'~( x) =—-R~(x). (3)

In this paper we shall explore some simple consequences of the assumption that the form of R' is
such as to give (2) a universal structure maximally symmetric in f and -d-type octet couplings. Thus
we propose that for x'-0, 4

[J'(x),J ]-2m 'i5(x2)f(2xo)[f J -d' ~S e(xo)]. (4)

Here S is the octet scalar current density given by 2(A. 'P in the quark model. The quark model [SU(3)
IN SU(3)]z commutation relations,

[J,'(x), J, ]5(xo)=if' Jo'5(x), [J,'(x), S ]5(xo) =if' 'S'5(x), [S'(x), S ]5(xo) =if' Jo 5(x),

T„„' =i fdxe'q' 8(x,)(p~[J„'(x),J, ]~P)+p lyo=P„P„T,' (v, v)+ ~ ~ ~,

and its absorptive part

W q,
' (I/m) Im—Tp„' ——(I/2n)f dx e ~'(P

~
[Jq''(x), J,~]

~p) =p q p, W2'~(v, v) + ~ ~ ~ .

Here w =q' and v=q p. Choosing n ~ q =0, say q" = [v, (-tc)"', 0, -v], we can project out T, and W, with
nu.

7,"=i fdx e"'S(x.)(p~ [J'(x),P]~p),

W,"= (I/2~) f«e"'(Pl [J'(x),P]1P).

In (8) and (9) we can write (P~[J'(x),J ]~P) =- W,
' (x', x, ) since the allowed quadratic dependence on n ~ x

=x is absent because n ~ q=0. Our proposal (4) then tells us that for x'-0,

(8)

establish the scale of S relative to J, and make precise the universality implicit in (4) in exactly the
same way' that the [SU(3)E SU(3)]» commutation relations establish the scale of J', ' relations to J', and
make precise weak-interaction universality. We shall see that (4) gives results usually taken to imply
a composite structure' for the nucleon.

In addition to the weak V-A universality analogy, some motivation for (4) comes from the following
formalisms which have been applied in other contexts: (a) The Cabibbo, Horwitz, Ne'eman' proposal
applied to vector-meson-nucleon scattering gives an operator structure similar to that of (4) in the
[U(3)S U(3)]8 symmetry limit if one takes all Regge trajectories to cross j=1 at t= 0. (b) Okubo' has
suggested that the pseudoscalar-meson source commutator for x' =0 involves (unspecified) unitary sin-
glets and octets. (c) Given the presence of the first term in (4), its relation to nonsense right-signa-
ture j = 1 fixed poles, ' and its analogy with odd-signature vector-meson Regge-pole exchange, the
presence of the second term can be inferred from a (very) generalized interpretation of exchange de-
generacy. "

Parts (a)-(c) are concerned with the on-shell Regge limit whereas, as we shall see, the light cone
should only describe the Regge limit far off the mass shell. They also all involve only Regge poles,
whereas (4) involves (perhaps only) fixed poles. Exchange degeneracy, for example, essentially
equates the odd-signature vector-meson Regge-pole residues and trajectories with those of the even-
signature tensor-meson Regge poles. We assume the same relation between the right-signature fixed
poles and the wrong-signature singularities generalized by SU(3) from the combined singular residue"
and Pomeranchuk singularity (or any other mechanisms) which give rise to the forward coupling of the
Pomeranchuk to photons.

We proceed to outline derivations of some of the implications of (4). Details will be given elsewhere. "
We consider the forward spin-averaged current-proton scattering amplitude

W2' (x2, xo)-L (x2, xo)—= 2v 'i5(x')f(2xo)[if 'F -d ~ D e(xo)], (10)
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where we have written

iF =&pl@ lp), D =(pls'Ip).

Some applications of (10) are given below.
Electron scattering. —We take a =& =Q, with JO= J'+3 '~'J' the electromagnetic current. We are in-

terested in the Bjorken" deep inelastic limit v-+~, p-=—v/~&0 fixed, which we call the & limit. By
rotational invariance, we can change q" to k"=[v, 0, 0, —(v~ —z)'~~] in (9) (even though n kt0). Since

k x ~ vx + (x —x, )/4 p, (12)

the behavior of (9) in the A limit is determined by the x —0 behavior of W, and since the large x,
contributions are oscillated away, this (by causality) is the light cone x'=x,x -x'-0. Thus the lead-
ing light-cone singularity controls the A limit and we have

W, oo„-(1/2w) fdxe' «Ioo

dOO-'D'(i/2m') fdx, dx dxe' " —+'~5(x,x -x') f(x, )e(x, ). (13)

Now, fdx5(x, x —x') =@8(x,x ) and, since the leading asymptotic behavior is given by the leading sin-
gularity atx =0, we can put 8(x,x )-8(x )e(x, ) in (13) to obtain

vW, oo -doo'D'(1/2v) fdx, e + ~'~f(x, ) =F,(p).

Thus (4) implies the Bjorken scaling law" and with (3) gives the asymptotic behavior

(14)

F,(p) =„w 'P3(p4-2 sin'8)D'+ 2 sin'8D'] —= w, . (16)

[SU(3)S SU(3)]q symmetry gives w, -0.59 and only SU(3) gives w, -0.9. Experimentally, F, is ob-
served" to approach a constant asymptotic value, rather like F,. Assuming that F,(p) ~F,(p), and

that the pther structure functions are as large as possible, "we find from the observed'~ total cross
section that w, -0.85+ 0.2. Our prediction agrees well with this value.

Writing the above w~ =w~(vP), and noting that d =d; we predict that m~('PP) =w, (vP). Further,
since (PlS'lP) =(nlS'ln), we predict in the 8-0 limit that w, (PP) =so, (vn). With the correct 8, the two
should differ by -5%. These relations should be testable soon at CERN.

Regge limit. -The Regge limit v- ~, with efixed and»-1 (R limit), is similarly determined from
the light-cone commutator. [v-~ corresponds to x -0, and -v»1 keeps x, «1/x, so that the light
cone x,x -0 is relevant. "] As above, we find from (4) that"

T Bb v $[f8bcFc dBAcDc]
2 R

W (mv) d D .R'

(17)

(18)

F (p) = w 'doo'D'-=w, . (1 5)

Thjs cpnstant asymptptjc behavjor is experjmentally indjcated. ' Since d~~ D =
~

D~, tp pbtajn i,he
value of the constant limit m, we need to know D' and D'. As a first approximation, we assume [SU(3)
8 SU(3)]8 is an exact rest symmetry and obtain DO=1 and w, -0.21. A better approximation is to only
assume SU(3) symmetry. Then there is a d-type admixture in D' which has been determined from
mass-shift calculations"" (which assume Hl c«S') from the Cabibbo-Horwitz-Ne'eman' theory, "and
from low-lying saturation of (5).""These determinations are roughly consistent (giving d/f-3) and
we find now that m2-0. 27. This seems close enough to the observed"'" value of -0.3 to render plausi-
ble our universality assumption. The above values should be compared with weak-interaction V-A
universality, which gives gz=—lG&/G zl =1 in the chiral-symmetry limit, g~ = 5/3 or & with low-lying
saturation, and the observed value of g~- 3..2 from the exact Adler-Weisberger relation.

Electron-positron annihilation. —Since the structure function W, for e'+e -hadrons satisfies W, (v,
v) = W~(tc, —v)-,"' we easily find from (10) that F~(p)—:lim~vW~(z, v), p =+v/K, is also given by (14)
and hence, as has been suggested, "is the analytic continuation of F,(p) from p & & to p & &.

Neutrino scattering. —With P=&, the Cabibbo current [p'y&(1 y, )(n' -cos8+A. 'sin8) in the quark mod-

el], and J»—= J&, (9) is a structure function for v+p- p, '+hadrons. Defining" F,(p) =lim„vW, "~, and
assuming (4) to be valid for both vector and axial-vector currents, we find as above that
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Thus even for W, we do not obtain the usual Regge behavior (with singular residues) which says that
only the Pomeranchuk contribution goes as I/v. " Assuming the usual Regge trajectory behavior, (18)
requires, for example, additional fixed nonsense wrong-signature (double) poles. " Alternatively, our
proposal can be easily altered to be consistent with the usual Regge picture, but then universality, as
we have formulated it, would be lost. In any case, according to (15) and (18), (4) is seen to incorpo-
rate the suggestion ' that the leading Regge contribution continues to dominate in the A limit.

Although the above numerical results, if not accidental, support the validity of (4), we conclude by
listing some alternative, but related, possibilities: (i) Sum c from 0 to 8. (ii) Maintain consistency
with the usual Regge picture by keeping only S' and S'. (iii) Multiply the second term in (4) by a uni-
versal constant. (iv) Give up universality and allow f' 'J +g' 'S', with g' 'e -d' '. What is certain
is that the experimental nonvanishing of m, implies the nontrivial nature of R,q in (2), and (4) appears
to be algebraically the most appealing possibility.

I thank my colleagues at Rockefeller for helpful comments.
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