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Indication on the universal hadron substructure: Constituent quarks
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The universality of single-spin asymmetry in inclusizemeson production is discussed. This universality
can be related to the hadron substructure, constituent quarks.
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Polarization experiments give us a unique opportunity tadween 13 and 200 GeV. The analysis was done only for those
probe the nucleon internal structure. While spin average@xperimental data where the average transverse momentum
cross sections can be calculated within acceptable accuragyy was greater than 0.7 Ge¥to exclude very soft interac-
the current theory of strong interactions cannot describe largéons. The asymmetries qi;r<<0.7 GeVk are significantly
spin asymmetries and polarization. Polarization is a precisiofPwer and do not exceed a few percent. We did not include
tool for measuring the electroweak parameters, spin deperibe experiments when the asymmetry was close to zero. The
dent structure functions, etc. After establishing the fact thagonclusion is valid for altr* and 7° asymmetries. We have
the nucleon spin is not described by simple summing of thd® mention thatr~ production seems to contradict this. We

quark spins, the study of gluonic and orbital momentum con€an explain this by the fact that™ mesons at smakg can
tributions to it is very important and intriguing. be produced not only from the valendeguark but also from

Unexpectedly large values of single-spin asymmetryother channels. The interference of different channels is also

(SSA in inclusive r-meson production are a real chaIIengereSp,onS'.ble for asymmetry cancellatlonwr? a['d i proo-

to current theory because perturbative quantum chromod juction in the centra! region. In the_ reaction +p;—m-
namics predicts small asymmetries decreasing with transJ-rx in the ceniral region \éve found S|.gn|f|car.1t asymmetry, in
verse momentum. Various models have been developed ﬁ)omgaSt 0 th‘?pﬁp*” *+X reaction. If in thep, +p
explain results from E704~ermilah, PROZA-M and FODS o X react|on_ the asymmetry is Caf?ce”ed because of
(both Protving, and several BNL experiments. Most of the @fferent chan.neljnterfer.epce from polarized and nonpolar-
models analyze experimental data in termxgefand/orp+. ized protons, Py cqlhsmns_ the valencel quark from a
To investigate the dependence of SSA on the secondary mgolarized proton combined with the valenoequark from
son production angle, measurements in the reaction 7 9ives the main contribution tar” production, while
+p,— 7%+ X were carried out at the PROZA-M experiment other channels are suppressed. .

(Protving at the 40 GeV pion beam in two different kine-  In this scheme the asymmetry behaviorgnp interac-
matic regions: at the Feynman scaling variagle 0 [1]and  tions in #* and =~ production should be inverted in com-
in the polarized target fragmentation regii#l. The papers parison with thep, +p— =°+X data. The result from the
[2,3] reported that the asymmetry of inclusiwd production  E704 experiment6] is consistent with this model. The

in the reactionw*+pT—>Tr°+X begins to increase at the

same center of mass system enekfy™>~1.7 GeV. The S X/ndf 8923 / 6 ;

. . k . - P1 1.673 £ 0.1050
result is presented in Figs. 1 and 2. Nevertheless, from this z — P2 _4083+ 10.15
statement we cannot draw a conclusion whether or not the <G :
SSA behavior depends on the beam energy. + Ll

The =* asymmetry in the E704 experime(200 GeV 0 -
proton beam [4] and in the E925 experimenBNL, 22 r\+

GeV) [5] begins to increase at different values xf (x2

~0.18 for E704 andk®~0.46 for E925. It was also found

that the asymmetry for these two experiments begins to in-

crease at the same longitudinal or full energy in the center of -50
mass systentg™>~1.6 GeV. It happened, surprisingly, to

be the same energy as for the PROZA-M experiment. The
comprehensive analysis of all fixed target polarized experi-

ments of inclusiver-meson production was done[i8]. The

result of the analysis is presented in Fig. 3. Jool—
The main conclusion is that the asymmetry begins to in- 1 2 3 4
crease at the same center of mass en&g{*=1.5to 2.0 E(cms), GeV
b4

GeV for most of the experiments in the energy range be-

FIG. 1. The dependence of the single-spin asymmaigyon
m%-meson center of mass energy in the reaction+ pT—>7TO+X
*Electronic address: troshin@ihep.ru in the central region at 40 GeM].
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40 — i e i — 3 E— “‘ — FIG. 3. Center of mass energy values where the pion asymmetry

begins to increase for different experiments. The energy alony the
axis is in GeV, “cent” corresponds to experiments in the central
E(CmS), GeV region k;~0), “targ” to the polarized target fragmentation region;

FIG. 2. The dependence of the single-spin asymmasgyon beam” to the polarized beam fragmentation region.

m%-meson center of mass energy in the reactiont pTHw°+X
in the polarized target fragmentation region at 40 Gay/ Ju=1/2=S, +Sjgg+Ligq -

asymmetry ofr* production begins to increase at the same

M2, T i + . . : ,
value Eq 2.9 GeV as form™ in the reactionp; +p It is estimated in7] that L jqqy=1/3. This was done on the

(0] . . —
- X and_the asymmetry in the rea(r:nt.lscm+ p—m basis of deep-inelastic scattering data, and a similar estimate
+X begins to increase at small valuesi§™® . can be obtained using the simple relatibgy,q=rqo(k, ),
We may conclude that the meson asymmetry produced by, erero=1/A, and(k, )=0.2-0.3 GeVé. The significant

the valence quark begins to increase at the same universg ymmetries in the model appear to show up beypnd
1

energyEg'“.“'S-. . . ms >A,=1 GeVlc, and this is in agreement with experimental
. The universality obta}lned for the value BG™™ can be data. Thus, orbital motion of the quark matter inside a con-
interpreted as the mgnlfestatlon of the presence of the un stituent quark will lead to significant asymmetries provided
versal substructures in hadrons. Such substructures can € distances are small enough=<(1/A ) and the energy is
the constituent quarks if one assuni@&$ that origin of the 1high enough for constituent quark digsolution

SSA is related to the internal orbital angular momentum o Th leA . determi t onlv the t . f
quark-antiquark pairs inside the hadronlike object which a € scalei, determines not only he transverse size o

constituent quark represents. the Co_n_stituent quark but_also its “ionization e_:nergy.” This is
The concept of the constituent qud9] has been used the minimal energy that is needed for constituent quark ex-
extensively since the very beginning of the quark era, angitation and its dissolution. In the modl] where the SSA
has been successful in explaining many aspects of hadrdp related to the internal orbital momentum of the constituent
properties and their interactions. Experiments at Jeffersofuark, it will be nonzero only when the constituent quark is
Lab [10] have demonstrated a new type of scaling and pro-ionized.” The value of Eg™* is then related to that energy,
vided further experimental evidence for the presence of conand this means thaEg'm'SocAX. Of course, it would be in-
stituent quarks inside hadrons. teresting to get an explicit relation betweEf™* and A, ,
Constituent quarks acquire their masses due to spontangyt in order to derive such a relation the problem of the
ous chiral symmetry breaking in QCD. The operator thatyagronization mechanism needs to be solved first.
transforms current quarks into constituent ones has an energy Thys, provided the above discussion is somewhat relevant
dependence, and the scale of this energy dependence is d§-e real physical situation, we can conclude that the re-

tetrmt'”_?g byAxT_t“”ftﬂ' er‘(erefﬂ is the pion o_Ieca}[y ICOU' vealed scaling dependence of the asymmetry can be inter-
stant. tecolns ituen qukar appee(ljrsdasba quaflpz(ijr |cfe, -8, 8%ted as another indication in favor of a hadron structure
a current valence quark surrounded by a cloud o quarﬁvith constituent quarks.

antiquark pairs of various flavors, i.e., they are structure
hadronlike objectgcf. [9]). We are grateful to N.E. Tyurin for interest in this work

In the model[7] the SSA is due to the orbital angular and fruitful discussions. This work was partially supported
momentum of quarks inside the constituent quark: the spin dby Russian Foundation for Basic Research grant 03-02-
the constituent quark, e.g., thequark, is given by the sum 16919.

077503-2



BRIEF REPORTS

PHYSICAL REVIEW D59, 077503 (2004

[1] V.D. Apokin et al, Phys. Lett. B243 461 (1990. [9] G. Morpurgo, PhysicgLong Island City, N.Y) 2, 95 (1965,

[2] A.N. Vasiliev et al, IHEP Report No. 2003-21, Protvino,
2003.

[3] V.V. Mochalov and A.N. Vasiliev, IHEP Report No. 2003-26,
Protvino, 2003.

[4] D.L. Adamset al, Phys. Lett. B264, 462 (1991)).

[5] C.E. Allgoweret al,, Phys. Rev. D65, 092008(2002.

[6] D.P. Grosnicket al, Phys. Rev. D65, 1159(1997.

[7] S.M. Troshin and N.E. Tyurin, Phys. Rev. 2, 3862(1995;
54, 838(1996; Phys. Lett. B355 543(1995.

reproduced in J.J.J. KokkedeEhe Quark ModelBenjamin,
New York, 1969, p. 132; inProceedings of the XIV Interna-
tional Conference on High Energy Physié8enng 1968 ed-
ited by J. Prentki and J. Steinberg&€ ERN Scientific Infor-
mation Service, Geneva, 196&p. 225-249; inThe Rise of
the Standard Modeledited by L. Hoddeson, L. Brown, M.
Riordan, and M. DresdefCambridge University Press, Cam-
bridge, England, 1997 Chap. 31, p. 561, and references cited
there.

[8] M. Gell-Mann, Phys. Lett8, 214 (1965; G. Zweig, CERN  [10] R. Petronzio, S. Simula, and G. Ricco, Phys. Rev.6D

Report No. TH401, 1964.

077503-3

094004(2003.



