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ABSTRACT

The case for parton orbital angular momentum is considered in the light of the

EMC data.

I would like to describe briefly some work done in collaboration with Gordon Ram­

sey, David Richards and Jian-wei Qiu1 in which we consider the impact of the new data

from the EMC2 on the modeling of quark and gluon spin-weighted parton distributions

and on theparton orbital angular momentum. In our work, it is convenient to split the

helicity weighted distributions for u and d quarks into a valence and a sea component,

H we denote

~U(X,#l2) = ~UIl(X,#l2) + ~U·(X,#l2)

~d(x,#l2) = ~~(X,#l2) + ~d·(x,#l2).
(1)

(2)

i = u ll , ~,u·, d·, u, d, S, S ••• as the spin fraction of the ith quark flavor, we find that each

spln fraction is not changed by QCD evolution. For the contribution of the sea, we make

a simple assumption about 8U(3) breaking,

(3)

We get two important constraints on the spin fractions from the weak decays of baryonsS

A3 = (~Ull - ~~) = 1.258 ± 0.004

As = (~Ull + ~~) + 2l(~S + ~s) = 0.54 ± 0.10.
(4)

·Work lIupported by the U.S. Department of Energy, Division of High Energy Physics, Contract W-31-109­
ENG-38.



We can then incorporate the information concerning the weak decays into the integration

of gi (x, J.l2) as originally proposed by Ellis and Jaffe·

-
-

Gf = [1 + Q,~2)] L1
dxgf(x,p,2)

5 3 1
= 36 Aa + 36 As + 3" (6s + 6s).

Using the EMC data2 and a value Q,(p,2) = 0.24 gives

(6s + 68) = -0.171 ± 0.060 (stat) ± 0.087 (syst.).

The two spin fractions, for valence and sea quarks,

= As - 2£(6s + 6!) ~ 0.54 + 0.34£

I, = (6u' + 6ij + !:J.d' +!:J.d + !:J.s + !:J.s)

= (3 + 2£) (!:J.s + !:J.s) ~ -0.51 - 0.34£,

(5)

(6)

(7)

(8)

-

-

-

-
are both large and of opposite signs for reasonable values of the SU(3)-breaking parameter.

The cancellation

(9)

is suggestive of a hybrid bag + skyrme model6 in which

-

and

J!U + JHa = 0 = ,r:ea + .r.kyrme
6 6 6 6 •

(10)

(11)

-

The fact that Iv + I, = 0 is consistent with a skyrme picture for proton structure has been

made by Brodsky, Ellis and Karliner.6 However, Iv ~ 1 is also required from the data

because of the strong polarization at large %. The hybrid scenario is consistent with the

shape of gf(x, J.l2) as well as with the integral. However, we should wait to be sure that

the data at small x are in the scaling region to be confident that we can draw such strong

conclusions.

-



o ~_~ (AG""')__ [a.(Q~]-l------
------~----.

1/2

o

277

(AG1 ... -----_------ w,~
---- ~Q\ .-.-•."........ ...:1."

·-·-·-:::~.c:::-·-·-·~
.:::::._.- -.-.-.-.- .-. [a.(Q')r'

----__ ~'/2---
~-----

1/1

(AG1_ ---

-------... ---_ - '. ~...c._._._._ ·..'._·_·_·_·_·_·..·~·~·-
(qj/2

-1/2 -1/2

Fig. 1. The spin fractions carried by the valence quarks, sea quarks, gluons and orbital
angular momentum are shown against [a.(Q2)]-1 for the cases (l::.qtJ + l::.q.) > 0 and
(l::.qtJ + l::.q.) = o. The dashed and dot-dashed line correspond to the initial conditions
(L.(Q~) = 0 and (l::.G(Q~) = 0 respectively.

It is also interesting to consider the impact of the EMC data on the question of

parton orbital angular momentum from a different perspective. Starting with the J. = 1/2

sum rule7

1 1
- = - E(l::.q.) + (l::.G) + E(L..),
22. •

The conservation of quark chirality leads to

(12)

(13)

where t = bo1ln (Q.(Q~)/Q.(Q2)), be> = 161C2(G) - ~T(R). This evolution leads to (L.n) -+

-00 at large Q2 unless the R.H.S. of (13) vanishes. The analysis of the EMC data discussed

above leads to the possibility that the term proportional to Et(l::.qi) does not contribute. If

we assume a priori that (l::.G (Q~) = 0 and (L. (Q~) = 1/2 the solution is stable against

further evolution. This is demonstrated in Fig. 1 where we compare a "conventional"
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picture of parton spins with Iu + II > 0 with an EMC-inspired picture with Iu + II = O.

It should be mentioned for the experimental program considered at this conference

that we should not pay too much attention to the integrals over the parton spin distri­

butions. An analysis of the full Altarelli Parisi equations shows that there is substantial

structure in the x-dependent spin-weighted structure functions8 driven by the large quark

polarization at large x. It will take a long program of spin-related measurements to com­

plete the picture of the proton's spin structure which is starting to emerge. At this point

all we can say is that the picture is more interesting than we would have guessed.
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