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Ïðàâèëà ñóìì êàê êëþ÷åâûå òåñòû
äëÿ SIDIS-äàííûõ

Èçâëå÷åíèå ïîëÿðèçîâàííûõ êâàðêîâûõ è ãëþîí-
íûõ ðàñïðåäåëåíèé ÿâëÿåòñÿ îñíîâíîé çàäà÷åé ýêñïåðè-
ìåíòîâ ïî ïîëóèíêëþçèâíîìó ãëóáîêîíåóïðóãîìó ðàñ-
ñåÿíèþ (semi-inclusive deep inelastic scattering — SIDIS)
ñ ïîëÿðèçîâàííûì ïó÷êîì è ìèøåíüþ. Îñîáåííî âàæ-
íû äëÿ SIDIS-ýêñïåðèìåíòîâ âîïðîñû, êàñàþùèåñÿ
âêëàäîâ â ñïèí íóêëîíà ñòðàííûõ êâàðêîâ è ãëþîíîâ, à
òàêæå äîëÿ ëåãêèõ ìîðñêèõ êâàðêîâ è âîçìîæíîñòü ðåà-
ëèçàöèè äëÿ íèõ ñöåíàðèÿ íåñèììåòðè÷íîãî ìîðÿ. Äåé-
ñòâèòåëüíî, â íàñòîÿùåå âðåìÿ õîðîøî èçâåñòíî, ÷òî â
íåïîëÿðèçîâàííîì ñëó÷àå ìîðå ëåãêèõ êâàðêîâ ñóùå-
ñòâåííî íåñèììåòðè÷íî, òàê ÷òî âîçíèêàåò âîïðîñ: ðåà-
ëèçóåòñÿ ëè àíàëîãè÷íàÿ ñèòóàöèÿ â ïîëÿðèçîâàííîì
ñëó÷àå, ò. å. ðàâíà ëè ïîëÿðèçîâàííàÿ ïëîòíîñòü �u

ïëîòíîñòè �d?
Äëÿ ïîëÿðèçîâàííûõ êâàðêîâûõ ðàñïðåäåëåíèé, èç-

âëå÷åííûõ â SIDIS-ýêñïåðèìåíòàõ, âàæíåéøèìè òåñòà-

ìè ÿâëÿþòñÿ ïðàâèëà ñóìì, îñíîâàííûå íà SUf(2)- è
SUf(3)-ñèììåòðèÿõ. Åñëè SUf(3)-ñèììåòðèÿ ÿâëÿåòñÿ
ïðèáëèæåííîé, òî SUf(2)-ñèììåòðèÿ ìîæåò ðàññìàòðè-
âàòüñÿ êàê ïî÷òè òî÷íàÿ, òàê æå êàê è ñîîòâåòñòâóþùåå
åé ïðàâèëî ñóìì — ïðàâèëî ñóìì Áü¸ðêåíà.

Â ðàáîòàõ [1] è [2] àíàëèçèðóåòñÿ, äî êàêîé ñòåïåíè
ðåçóëüòàòû ñîâðåìåííûõ SIDIS-ýêñïåðèìåíòîâ íàõî-
äÿòñÿ â ñîãëàñèè ñ ïðåäñêàçàíèÿìè ïðàâèë ñóìì. Â òî
âðåìÿ êàê â ðàáîòå [1] òàêîé àíàëèç ïðîâîäèëñÿ äëÿ ïðà-
âèëà ñóìì, îñíîâàííîãî íà SUf(3)-ñèììåòðèè, â ðàáîòå
[2] ìû ñêîíöåíòðèðîâàëèñü íà ïðàâèëå ñóìì Áü¸ðêåíà.

Â ðàáîòå [2] áûëè ïðîàíàëèçèðîâàíû êâàðêîâûå
ðàñïðåäåëåíèÿ, ïîëó÷åííûå êîëëàáîðàöèÿìè SMC è
HERMES. Áûëî ïîêàçàíî, ÷òî åñëè ðåçóëüòàòû SMC äëÿ
ïåðâûõ ìîìåíòîâ ïîëÿðèçîâàííûõ êâàðêîâûõ ðàñïðåäå-
ëåíèé �1q íàõîäÿòñÿ â õîðîøåì ñîîòâåòñòâèè ñ ïðàâè-

15

A. N. Sissakian, O. Yu. Shevchenko, O. N. Ivanov

Sum Rules as the Key Tests
for SIDIS Data

The extraction of the polarized quark and gluon densi-
ties is the main task of the SIDIS experiments with the po-
larized beam and target. Of special importance for modern
SIDIS experiments are the questions of strange quark and
gluon contributions to the nucleon spin, and also the sea
quark share, as well as the possibility of broken sea sce-
nario. Indeed, it is known that the unpolarized sea of light
quarks is essentially asymmetric, and, thus, the question
arises of whether an analogous situation occurs in the polar-
ized case; i. e., whether the polarized density �u is equal
to �d .

The crucial tests for the polarized quark distributions
extracted from the SIDIS data are the sum rules dictated by
the SUf(2) and SUf(3) symmetries. While the SUf(3) sym-
metry (and, as a consequence, the respective sum rule) is

rather approximate, the SUf(2) symmetry may be regarded
as almost exact, as well as the respective sum rule — the
Bjorken sum rule.

In papers [1] and [2] it was analyzed to what extent the
results of modern polarized SIDIS experiments are in agree-
ment with the sum rule predictions. While in Ref. [1] such
an analysis was performed with respect to the sum rule
based on the SUf(3) symmetry, in paper [2] we concentrated
on the Bjorken sum rule.

In [2] the polarized quark distributions obtained by the
SMC and HERMES collaborations were analyzed. It was
shown that, while the SMC results for the first moments �1q

are in good agreement with the Bjorken sum rule, the re-
spective HERMES results are inconsistent with this impor-
tant sum rule. The reasons for this contradiction and the way
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ëîì ñóìì Áü¸ðêåíà, òî ñîîòâåòñòâóþùèå ðåçóëüòàòû
êîëëàáîðàöèè HERMES ñèëüíî ïðîòèâîðå÷àò ýòîìó
âàæíåéøåìó ïðàâèëó ñóìì. Áûëè ïîêàçàíû ïðè÷èíû
ýòîãî ïðîòèâîðå÷èÿ è ïóòè âûõîäà èç íåãî. Â ðàáîòå [2]
òàêæå ïîä÷åðêèâàåòñÿ, ÷òî ñèòóàöèÿ, âîçíèêàþùàÿ ñ íå-
êîððåêòíûì àíàëèçîì HERMES-äàííûõ, ìîæåò ñëó-
æèòü íàçèäàíèåì äëÿ äðóãèõ SIDIS-ýêñïåðèìåíòîâ, â
÷àñòíîñòè, äëÿ ýêñïåðèìåíòà COMPASS. Ñ îäíîé ñòî-
ðîíû, íèæíÿÿ ãðàíèöà ïî áü¸ðêåíîâñêîìó x äîëæíà
áûòü êàê ìîæíî ìåíüøå, ÷òîáû äîñòèãíóòü ìàêñèìàëü-
íîé òî÷íîñòè äëÿ ïåðâûõ ìîìåíòîâ. Ñ äðóãîé ñòîðîíû,
÷ðåçâû÷àéíî âàæíî ìàêñèìàëüíî óâåëè÷èòü ñðåäíåå

çíà÷åíèå Q 2, ÷òîáû áûë ïðèìåíèì ïðîñòîé àíàëèç â ëè-

äèðóþùåì ïîðÿäêå (leading order — LO) ÊÕÄ. Â ïðî-
òèâíîì ñëó÷àå äî òåõ ïîð, ïîêà SIDIS-àñèììåòðèè áóäóò

èçìåðÿòüñÿ ïðè ñðåäíåì çíà÷åíèè Q 2 ïîðÿäêà, äîñòèã-

íóòîãî HERMES, 2,5 ÃýÂ 2, LO-àíàëèç áóäåò íåäîñòàòî-
÷åí è ïîòðåáóåòñÿ àíàëèç â ñëåäóþùåì çà ëèäèðóþùèì
ïîðÿäêå (next to leading order — NLO) ÊÕÄ, ÷òîáû ïîëó-
÷èòü êîððåêòíûå ðàñïðåäåëåíèÿ, ñîãëàñóþùèåñÿ ñ ôóí-
äàìåíòàëüíûìè îãðàíè÷åíèÿìè, äèêòóåìûìè ïðàâèëà-
ìè ñóìì.

Â ðàáîòå [2] áûëà òàêæå ïðîàíàëèçèðîâàíà âîçìîæ-
íîñòü ðåàëèçàöèè íåñèììåòðè÷íîãî ñöåíàðèÿ äëÿ ïîëÿ-
ðèçîâàííîãî ìîðÿ ëåãêèõ êâàðêîâ. Áûëî ïîêàçàíî, ÷òî
åñëè ïî êðàéíåé ìåðå îïóáëèêîâàííûå ðåçóëüòàòû
HERMES äëÿ âàëåíòíûõ êâàðêîâûõ ðàñïðåäåëåíèé
áëèçêè ê ðåàëüíûì (óäîâëåòâîðÿþùèì èñòèííîìó ýêâè-
âàëåíòó ïðàâèëà ñóìì Áü¸ðêåíà), òî ïðèìåíåíèå ýêâè-
âàëåíòà ïðàâèëà ñóìì Áü¸ðêåíà, çàïèñàííîãî â òåðìè-
íàõ âàëåíòíûõ è ìîðñêèõ êâàðêîâûõ ðàñïðåäåëåíèé,
ïðèâîäèò ê èíòåðåñíîìó ðåçóëüòàòó

� �1 1 0 235 0 097u d� � 
, , ,

ò. å. âåëè÷èíà � �1 1u d� îòëè÷àåòñÿ îò íóëÿ (2,42 ñòàí-

äàðòíûõ îòêëîíåíèÿ) è, òàêèì îáðàçîì, ïîëÿðèçîâàííîå
ìîðå ëåãêèõ êâàðêîâ ÿâëÿåòñÿ ñóùåñòâåííî íåñèììå-
òðè÷íûì.
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to improve the situation were discussed. It was also stressed
in [2] that the situation with incorrect analysis of the HER-
MES data might serve as a good lesson for other polarized
SIDIS experiments, in particular, for the COMPASS experi-
ment. On the one hand, the low x B boundary should be as
small as possible to achieve the maximum accuracy for the
first moments. On the other hand, it is extremely desirable to
maximize the average Q 2 value for the simple LO analysis

to become applicable. Otherwise, while the SIDIS asymme-
tries are measured at average Q 2, which is still about the

HERMES value 2.5 GeV 2, the LO analysis is not sufficient
and NLO analysis is necessary to get reliable polarized dis-
tributions consistent with the fundamental restrictions, such
as the Bjorken sum rule.

In paper [2] the possibility of broken polarized sea sce-
nario was also analyzed. It was shown that, if at least the
published HERMES results for the valence quark distribu-

tions are close to the real ones (satisfying the real equivalent
of the Bjorken sum rule), application of the equivalent of the
Bjorken sum rule written in terms of the valence and sea
quarks leads to a rather amazing result

� �1 1 0 235 0 097u d� � 
. . ;

i. e., the quantity � �1 1u d� we are interested in is not zero,

as compared to the total error (2.42 standard deviations),
and the polarized sea of light quarks is asymmetric, with re-
spect to u and d quark polarized distributions.
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