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The Bjorken Sum Rule

E142 (*He)

Proton Deuteron

- 0.2+

7 Combine data at gy level, use SMC p & n data for
small-x extrapolations, at Q2 = 5 GeV2:
ry-T}=0.202+0.022

J Prediction (Q2 =5 GeV?2):

[? — T =0.18140.003
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Non-Singlet Fit Result: Bjorken sum rule

NS
o xg; (x) m SMC A E143
- T T T rorIrT T LI S e N I IR UL L B T[T oo
E i . |
0.08 ‘4
0.06 —
0.04 -
0.02
0 _______________________________________
10 10° 1072 10" 1
X
ga +0.08 CF _ RE T F% T
| = 1.20_0'07(stat) -{} Xp.syst i o 0e(theory
gv
[[® — ] (Q3 = 5GeV?) = 0.181%3713(stat)=0.018 (exp.syst) ygos(theory

0.1817002% <= SMC — NS Result

Excellent agreement with the theoretical calculation
I - I = 0.181 £ 0.003 at Q* = 5 GeV?
Statistical error larger than the global fit result as expected
Systematic uncertainties comparable or smaller!
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o - _ v+ ..., the result is that as the incident
cnergy goes to infinity the {hti(_;:‘encc of neutrino and antineutrino cross sections
15 a constant independent ol =

) dv (o Pl 2,
lim 10 (vp) do o) G- ( 2 : 2
= & e ~ lecos” 0 _ +2sm 9 ) (8)
[l —~co dg” dg” i . ©

\\"hf.‘ljt.' . 15 the Cabibbo angle. This_result would also be true were the nucleon
a point-like object, because the derivation is a general derivation. Therefore, the
difference of these two cross sections is a point-like cross section, and it is big,
Therein lies itg interest o us.

[fow can wo interpret this sum rule ? 1 would like to suggest an interpretation
based essentially on history and not much more. We assume that the nucleon is
built out of some kind of point-like constituents which could be seen 1 you could
conlly TooK at it instantancously in time, rather than in processes where there is
4 time averaging and in which the charge distribution or matter distribution of
these constituents is smeared out. Then if we go to very laroe energy and large q- ,
which is the interesting region because of the constant on the right-hand side of
the sum rule, we can expect that the scattering will be incoherent from theseg point-
like constituents. Suppose, just for example, these point-like constituents had
isospin one-half. The antineutrino, because it goes to a pu* and must pick up a
charge, scatters only from the isospin up constituents. Therefore, its cross sec-
tion is proportional to the expectation value of the number of isospin up ohjects in
the nucleon times the point cross gection

(vp) 2
o — - & by )

e

dg 7

[ikewise, the same thing applies for the neuatrinos with isospin up replaced by
isospin down, Therefore, what the sum rule $ays is simply (WNI> - (N|>=1
for anv confieuration of constituents in the proton. This gives a very simple minded
_picture of this process which may lock a little bit better if you really look at it , say,
in the center-ol-mass ol the lepton and the incoming proton. i this frame ihe proton
1s Loventz contracted into a very thin pancake and the lepton scatters essentially
instantaineously in timc from 1t in the high energy Iimit. Furthermore the proper
Moo oT ANy of the constituents mside the hadron is slowed down by time dilatation.
Brovided one docsn 't observe 166 carefully the final energy of the lepton to avoid
frouhle with the uncortamty principle, this process looks qualitatively like a_goad
measurement of the ipstantancous distribution of matter or charge inside the nuecleon.
ThaT ol course, is folklore. II we take this idea over to the electromagnetic processes,
what we say by analogy is that the limit as the energy goes to infinity of dg/dq? for
lepton -proton scattering (with either the lepton an electron or a muon) should be the
Rutherford point cross section times the sums of the squares of the charges of those
point-like constituents inside the nucleon.

L(;flz> ZQ? (10)

Rutherford

thin

[Lis big: it is point-like,

=3
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Fig. 21  Plots of (d¥o/dRE") /T for the first four resenances,

compiling data reports from various laborateries.

The ineclastic muon data reported by Zipf ct
al.?7) cover inelasticities up to an equivalent pho-
ton energy of 7 GeV and a range of q° < 0.9 (GeV/c)?.
An optical spark chamber technique is used; the
statistical accuracy is, of course, well below that
‘of the electron data. Within this limited accuracy,
there is fair agreement in the region of overlap be-

tween the electrons and muons.

The qualitatively striking fact is that these
cross-scections for inelastic clectron and puon scat-

tering leading to the continuum

decrease much more slowly with momentum transfer
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Fig. 22 Plot of Wi(g®,v) versus q° for various values of
vw«E-E".

than the elastic scattering cross-sections and the
cross-sections of the specifig Igcsonant states; in

fact, indications are that they probably decrease

even more slowly than would be predicted from a sim-

ple p-vector dominance propagator. Therefore theo-
plebhenied At -1

retical speculations are focused on the possibiljty

that these data might give evidence on the behaviour

of point-like, charged structures within the nucleon.

Treating the proton by a non-relativistic point
quark model, Godfrey has derived a sum rule for the
integras fWp(g?,v)dv. Evaluation of the integral
over the SLAC data gives about 60% of the required
amount. There is no visible quasi-elastic peak at
a defined inelasticity v = q*/2Zm, where m is some

characteristic mass, but the apparent success of

the parametrization of the cross-sections in the

variable v/q® in addition to the lrrpge cross-sectipn

itself is at least indicative that point-like inter-

actions arc becoming involved. Numerical evalua-

tion of the sum rules is difficult since the inte-
grals will converge only if the curves shown in
Fig. 23 eventually decrease more rapidly with (v/q?)

than over the region covered by piesent data.

I have only attempted to point out the qualita-
tive features of the data; specific comparisons with
models and sum-rules are discussed in the theoreti-
cal sessions. However, a great deal more fundamental
cxperimental material must be developed in this field

before a clear picture can emerge.
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