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The proton is like a spinning top with a total algumomentum of’s 4. It is not,
however, a fundamental particle, and its constii¢known as quarks, antiquarks and

gluons) also have an intrinsic spin. The protospin (*2 #) must be the sum of its

constituents’ intrinsic spin and angular momentummnt their movement inside the
proton. Measuring the individual elements of thietgn’s spin has been a challenge.
Measurements show that the net spin of the quarttsatiquarks is only a fraction of the
total. The angular momentum of the gluons is zeao, but it is poorly measured.

The third element of the proton’s spin arises fribiea motion of the quarks inside the
proton. The orbital motion may give rise to someghknow as the Boer-Mulders
distribution. We can about learn the orbital motibhrough the angular distributions
resulting from quark-antiquark annihilation in apess know as Drell-Yan scattering. In
Drell-Yan scattering, the transverse motion ofdbarks (produced by their orbital paths)
will create an angular distribution proportional dos2¢. We have examined angular
distributions from proton-deuterium collisions aridund that there is nacos2¢
component in these Drell-Yan data. However, expents using beams of pions
(particles made up of a quark and amiquark) found a substantialos2¢9 component,
which became even more prominent as the transwaoien of the quarks increased.

What is the difference between a proton or pionn#2aThe proton does not contain
valenceantiquarks—the pion does. Thus, the proton sees only trgetar antiquarks,
present as “sea” quarks. The pion, however, setsthe quarks and antiquarks in the
target. The new analysis clearly shows that thggikam momentum of the “sea” quarks is
not likely to contribute to the proton’s spin. Thesult was published in 2007 by Physical
Review Letters.

0.8 :— @ Fermilab E866/NuSea (proton
[ ACERN NAI1O0 (pion)
0.6 [-EFermilab E615 (pion)

> C —f— A
0.2 :— A—_ﬁ
L — 00— & &
0 ig: @ \ 4
02 B

pr(GeV)
The cos2¢ component (v) of the Drell-Yan angular distribution plotted versustransver se momentum
(p1). Thenew proton data shown by thered circles are consistent with zero, while the pion data
(green squares and yellow triangles) are both nonzero. This effect ismost pronounced at large pr.
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