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We report on an experimental determination of the Q2-dependence of the Bjorken
sum using data from Jefferson Lab Hall A and Hall B in the range 0.16 < Q2 < 1.1
GeV2. A twist analysis is performed. Overall, the higher twist corrections are
found to be small due to a cancellation between the twist 4 and 6 terms.

1. The GDH and Bjorken Sum Rules

A main reason to study the generalized GDH sum is to understand the
transition from the hadronic to the partonic descriptions of the nucleon.
The generalized GDH sum is in principle calculable at any @2, which makes
it an ideal tool to study the hadronic to partonic transition. This topic was
covered in the symposium'. However, the validity domains of the available
chiral perturbation theory (xPT) and pQCD calculations do not overlap.
Lattice QCD should provide the bridge between the two domains but no
calculation is available yet.

The Bjorken sum rule? has been a cornerstone of polarized pQCD stud-
ies. At leading twist, it reads:
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where g, is the nucleon axial charge. The connection between a generalized
GDH sum and the Bjorken sum was made by M. Anselmino et al. . More
recently, X. Ji and J. Osborne made the reason for the connection clear:
the GDH and the Bjorken sum rules are two particular cases of a more
general sum rule*. The extended GDH sum rule, as generalized in Ref.*,
links the first moment of the spin structure functions to the spin dependent
forward Compton scattering amplitudes. Hence, the relation between the
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generalized GDH and Bjorken sums is:
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Considering this p — n flavor non-singlet quantity yields many advantages.

(1) At large 2, we have a sum rule (the Bjorken sum rule) without
hypothesis beyond QCD (as opposed to the Ellis-Jaffe sum rule® for
singlet quantities).

(2) The estimations of the unmeasured low-z part of the integral are
more reliable.

(3) The pQCD evolution equations are simpler.

(4) At low Q?, the xPT calculations are more reliable due to the can-
cellation of the Aj232 contribution.

These advantages might help in extending the validity domains of pQCD
and yPT. It is conceivable that the hadron-parton gap might be bridged,
allowing one to fundamentally describe the nucleon structure at all scales®
for the first time. Hence the Bjorken sum is arguably one of the most con-
venient quantities to measure in the resonance region to understand the
hadron-parton transition.

Precise data are available from the Thomas Jefferson National acceler-
ator facility (JLab). Results were published on the proton” and deuteron®
from CLAS in Hall B and on the neutron extracted from polarized ®He
from Hall A%, We used these data to extract the Bjorken sum from
Q% = 0.16 to 1.1 GeV2. To combine proton and neutron data, the *He
data were reanalyzed at the same Q? as those of Ref.”. For consistency, the
unmeasured low-z part of the integral was re-evaluated for the three data
sets using a consistent prescription'!. The part beyond the validity range
of Ref.!! was estimated using a Regge form and forcing the total integral as
measured by the SLAC E155 experiment'? at Q>=5 GeV? and completed
by the estimation'' and our Regge form, to verify the Bjorken sum rule at
Q%>=5 GeV2. The results are shown on Figure 1. The elastic contribution is
not included. The negative horizontal bands give the systematic uncertain-
ties on the two data sets. Also plotted are the SLAC E143 results in the
resonance region'3. Two yPT calculations, from Bernard et al.'* and Ji et
al.'5, are shown at low Q2. At Q2 = 0, the Bjorken sum is constrained by
the GDH sum rule (see eq. 2). At higher @Q? the leading twist calculation
up to third order in «; is shown by the gray band. Its width is due to the
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uncertainty on a,. The model of Soffer and Teryaev'® overestimates the
data at large Q2. An improved version accounting for the pQCD radiations
was presented!” and seems to agree better with the data. The calculation
from Burkert and Ioffe'® agrees well with the data.

In the particular case of the xPT calculation done in the heavy Baryon
approximation'®, the comparison with the data may indicate that the
XPT domain of validity is indeed extended since they agree, up to about
Q? = 0.25 GeV? (to be compared to Q? = 0.1 GeV? typically for singlet
quantities). However, the calculations from Bernard et al.'*, that do not
employ the heavy Baryon approximation, do not support this conclusion.
In any case, a gap between the xPT calculations and the pQCD calculation
clearly remains. More details can be found in Ref. ?

2. Twist Analysis

It is remarkable that the data agree with the leading twist calculation down
to quite low @?. This may indicate that higher twist terms are small or
cancel each other. To quantitatively address this, we performed a twist
analysis. The coefficient p} ™" of the 1/Q? correction to Eq. 1 is:
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where ab "

g"™", and d5™" is a twist-3 matrix element given by

is the target mass correction given by the second moment of
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The term ab~" is computed using our data and db~" is obtained from
SLAC and JLab data®. The twist 4 term f3~ " is extracted from a fit of
the Bjorken sum including the elastic contribution. After re-estimating the
low-x part of the world data using our method, we fit our data together
with the world data in the 0.66-15 GeV? Q2-range. To verify that the twist
series is convergent, the next twist term pf~ " was included. We obtain, for
Q% =1 GeV?, fI7" = —0.17 £ 0.05(uncor) ) 5s (cor) and 5™ = 0.09 £
0.02(uncor) +0.01(cor) GeV* where uncor (cor) specifies the uncertainties
due to the point to point uncorrelated (correlated) uncertainty on the JLab
data. Comparing ph~"/Q* = 0.09 £ 0.02 to )" /Q? ~ —0.06 £ 0.02, we
find that the @2 and Q —* terms have opposite sign and similar magnitude,
making the overall twist correction small at Q% = 1 GeV2. This result may
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Figure 1. QZ2-evolution of the Bjorken sum. The Bjorken sum formed using neutron
data extracted from 3He (D) data is shown by the triangles (squares) and the horizontal
band spanning from Q2 = 0.16 to 1.0 GeV? (from Q2 = 0.35 to 1.1 GeV?2) is the
corresponding systematic uncertainty. The resonance data from SLAC E143 are also
shown (circles). The pQCD calculation at leading twist is represented by the gray band.
Two xPT calculations (Ji et al. and Bernard et al.) can be seen at low Q? as well as
the GDH slope which constrains the Bjorken sum near the photon point. The dashed
curves are the predictions of two phenomenological models (Burkert and Ioffe, bottom
curve, and Soffer and Teryaev, top curve).

explain why many experimental JLab results tend to indicate that pQCD
works down to surprisingly low Q2.

3. Summary and outlook

We have extracted the Bjorken sum in the Q? range of 0.16-1.1 GeVZ2.
Compared to singlet quantities, the xPT calculation seems to agree with
the data over a larger Q2 range only in the case of the Heavy Baryon
approximation. Such possible improvement is not seen with the calculations
of Ref.'. This last point is not unlike the conclusion reached in Ref.?! where
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xPT calculations were compared to measurements of the generalized spin
polarizability ér7, a quantity in which the A degrees of freedom are also
suppressed. At any rate the parton to hadron gap, if smaller, is not bridged
yet. The magnitudes of the higher twists were extracted, in particular f2~".
The higher twist effects appear to be small, due to a cancellation of the 1/Q?
and 1/Q* terms. The analysis of new proton and deuteron data from CLAS
will be finalized soon. These cover a larger Q? range (0.05 to 4 GeV?) with
improved statistics 22. Data at even lower Q? are expected to be available
in the upcoming years from both Jefferson Lab Hall A (*He and neutron??)
and Hall B (proton)?*.

References

See for ex. S. Choi, these proceedings.

J. D. Bjorken, Phys. Rev. 148 1467 (1966).

M. Anselmino, B.L. Ioffe and E. Leader, Sov. J. Nucl. 49, 136, (1989).

X. Ji and J. Osborne, J.Phys. G27 127 (2001).

J. Ellis and R.L. Jaffe, Phys. Rev. D9 1444 (1974).

V. D. Burkert, Phys. Rev. D 63, 097904 (2001).

R. Fatemi et al., Phys. Rev. Lett. 91, 222002 (2003)

J. Yun et al., Phys. Rev. C 67, 055204 (2003).

M. Amarian et al., Phys. Rev. Lett. 89, 242301 (2002).

10. M. Amarian et al., Phys. Rev. Lett. 92, 022301 (2004).

11. N. Bianchi and E. Thomas, Phys. Lett. B450, 439 (1999); Nucl. Phys. Proc.
Suppl. 82, 256 (2000).

12. P.L. Anthony et al., Phys. Lett. B 493, 19 (2000).

13. K. Abe et al., Phys. Rev. Lett. 78, 815 (1997).

14. V. Bernard, T. R. Hemmert and Ulf-G. Meifiner, Phys. Rev. D 67, 076008
(2003).

15. X. Ji, C. W. Kao and J. Osborne, Phys. Lett. B472, 1 (2000).

16. J. Soffer and O. V. Teryaev, Phys. Lett. B545, 323 (2002).

17. J. Soffer, these proceedings

18. V. D. Burkert and B. L. Ioffe, Phys. Lett. B296, 223 (1992); J. Exp. Theor.
Phys. 78, 619 (1994).

19. A. Deur et al. hep-ex/0407007.

20. X. Zheng et al., nucl-ex/0405006, accepted for publication in Phys. Rev. C.

21. M. Amarian et al., nucl-exp/0406005, accepted for publication in Phys. Rev.
Lett.

22. G. Dodge, these proceedings.

23. J.P. Chen, A. Deur and F. Garibaldi, JLab experiment E97-110.

24. M. Battaglieri, A. Deur, R. De Vita and M. Ripani, JLab experiment E03-

006.

©XNSOE W=



