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Instanton model for QCD vauum.The vauum is a system of strong utuations of gluon �elds alledinstantons (Callan, Dashen, Gross, Shuryak et)(review was given in Prof.Musakhanov talk)
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QCD vauum struture isnontrivial: it is �lled byinstantons; light quarksjump between them.



Aa� = 2gs�a�� (x� x0)�(x� x0)2 + �2

Figure 1: Instanton solution in QCD.



Instanton indued quark-quark and quark-gluon interatiosQuark-quark interation [t'Hooft, 1976℄

I I Iu u
d d

u us s d ds sspin-ipV instqiqj =Xi6=j �m�im�j �1 + 332�ai �aj~�i~�j�Features:1) Non-zero only for di�erent quark avors2) Quark spin-ip di�ers from the perturbative one gluon exhangeu; d; su; d; s V OGEqiqj =Xi;j �0m�im�j�ai �aj~�i~�j



Multiquark interations indued by instantonsFor Nf=3, q = u; d; s ) six-quark e�etive interation indued byinstantonsIn mu = md = ms ! 0 limit

Ht0Hooft = Z d�n(�) �4�2�3�3 16NC(N2C � 1)"f1f2f3"g1g2g3 ��(2NC + 12NC + 4�qf1R qg1L �qf2R qg2L �qf3R qg3L +

+ 38(NC + 2)�qf1R qg1L �qf2R ���qg2L �qf3R ���qg3L + (R$ L))

1NC orretion



Quark-gluon interation indued by instantonsAnomalous quark-gluon hromomagneti moment [N.K. Phys.Lett.B426(1998) 149℄
Ispin-ip �L = �{�a gs2m�q �q���taqGa��

�a � �0:2 Nf = 1 [N.K. 1998℄�a � �0:7 Nf = 3 [Diakonov 2002℄

no spin-ip pQCD quark-gluon vertex�L = gs�q�taqAa�



Spin struture of nuleon and instantonsA.E.Dorokhov, N.I.K. (1993)
Ip(Q2) = 1Z0 gp1(x;Q2)dx: (1)

Ip = 1Z0 gp1(x)dx = 29�u+ 118�d+ 118�s

��EMC = �u+�d+�s = 0:01� 0:29:Modern value of quark part of proton spin�� � 0:3� 0:4
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Negative quark polarization indued by instantonsWhere is proton spin?12 = 12�� +�G+ L� RHIC and COMPASS data on value of gluon polarization: �G � 0� Large orbital momentum of sea quarks indued by instantons. Rotatingq � �q skin of onsituent quark.



Flavor asymmetry of nuleon quark sea induedby instantonsA. E. Dorokhov and N. I. K. Phys. Lett. B304 (1993) 167.

Gottfried sum rule violation1R0 [F p2 (x)�Fn2 (x)℄x dx = 13 1R0 [F p2 (x)�Fn2 (x)℄x dx= 13 1R0 (uV (x)� dV (x))dx� 23 1R0 ( �d(x)� �u(x))dx

NMC Collaboration1R0 ( �d(x)� �u(x))dx = 0:11� 0:02NA51 Collaboration�d � 2�u; < x >� 0:18



Instanton indued avor asymmetry of sea ds � 2us

P uud
ds uud

ds uud us



Soft Contribution to Quark-Quark Sattering Induedby an Anomalous Chromomagneti InterationN.K. JETP Lett. 83(2006)623Chromomagneti interation ontribution to quark-quark sattering
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Figure 2: The Feynman diagram representing the ontribution of thequark hromomagneti moment to high energy quark-quark sattering.



d�hromdt = 2�2ajtj(F (pjtj�))2M2q d�pertdtInstanton form fator: F (z) = 4z2 � 2K2(z);where z = q�.The asymptoti behaviour of the nonperturbative ontribution for largep? is determined by the instanton form fatord�hromdp? � onstp6? ;

This p? dependene is steeper than is predited by leading-twist pQCD,whih antiipates 1=p4?. The value nhrom = 6 is in agreement with theresult neff = 6:33� 0:54 found in the reent analysis of RHIC data oninlusive neutral pion prodution.
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Figure 3: Perturbative (dashed) and nonperturbative (solid) quark-quarkdi�erential ross setions versus transverse momentum.



Single Spin Asymmetries in Semi-InlusiveDeep-Inelasti Sattering

Figure 4: SIDIS kinematis.
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Figure 5: HERMES data on Sivers SSA in SIDIS (preliminary).



One-gluon exhange based mehanism to explainsingle spin asymmetry in SIDIS(review was given in Oleg Teryaev talk)� M. Anselmino et al., \Sivers E�et for Pion and Kaon Prodution inSemi-Inlusive Deep Inelasti Sattering,"arXiv:0805.2677 [hep-ph℄.� S. Arnold, A. V. Efremov, K. Goeke, M. Shlegel and P. Shweitzer,\Sivers e�et at Hermes, Compass and Clas12,arXiv:0805.2137 [hep-ph℄.� S. J. Brodsky, D. S. Hwang and I. Shmidt, \Final-state interationsand single-spin asymmetries in semi-inlusive deep inelasti sattering,"Phys. Lett. B530 (2002) 99



Model alulation of Sivers funtionF. Yuan, (Sivers funtion in the MIT bag model) Phys. Lett. B 575, 45(2003).O. Cherednikov, U. D'Alesio, N. I. Kohelev and F. Murgia,(Chromomagneti quark-gluon interation ontribution to the Siversfuntion) Phys. Lett. B 642, 39 (2006).A. Courtoy, F. Fratini, S. Sopetta and V. Vento, (A quark model analysisof the Sivers funtion) arXiv:0801.4347 [hep-ph℄.� Problem is to explain a large Sivers asymmetry for K+ observed atHERMES.
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Figure 6: Model alulation of Sivers funtion.



Quark-exhange mehanism for single spin asymmetryof hadrons in SIDISin the ollaboration with Bystritskiy, Kuraev and NowakWe assume:
� Quark(u) -salar diquark(ud) model for protonTherefore suppress olor indies we assume that proton-diquark-quarkvertex has the following form

LPDu = gPDu �PuD (2)� Quark-K-meson vertex has the form:LusK = igKus�u5sK+ (3)� Six-quark t'Hooft instanton indued interation should lead to thee�etive ud-diquark-s-quark interation:



LDs = gDs�ss �DD; (4)

where in mean-�eld approximation the oupling is

gDS = m2D2 < 0j�ssj0 >; (5)

with mass of diquark mD � mu = md � 350 MeV and strange quarkondensate is < 0j�ssj0 >= 0:8 < 0j�qqj0 >.

� Di�erent from avor blind Brodsky et al FSI mehanism for SSA
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Figure 7: Final state interation indued by pQCD one gluon exhangeby Brodsky et al.
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Figure 8: Tree level diagrams for K meson prodution in SIDIS.
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Figure 9: Loop diagrams for K meson prodution in SIDIS. The dottedline indiated the imaginary part of amplitude. The k is momentum ofu-quark in the loop.
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Figure 10: Sivers asymmetry for K+ as the funtion of pt without takinginto aount form fator e�et in s-quark-diquark and s-quark-u quarkvertex in loop diagram.
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Figure 11: Sivers asymmetry for K+ as the funtion of zK withouttaking into aount form fator e�et.
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a) b)Figure 12: The diagrams ontributed to �+ Sivers asymmetry in SIDIS.� It is needed to take into aount formfators in the nonperturbativeverties for detailed omparison with data!



Single Spin Asymmetry in hadron-hadron interation

� Could pQCD based approah be applied to explain meson'sSSA in hadron-hadron ollisions?� Twist-3 ontributionA. V. Efremov and O. V. Teryaev, The TransversalPolarization In Quantum Chromodynamis, Sov. J. Nul.Phys. 39 (1984) 962� The fatorization approah based on the �tted from SIDISSivers distribution and Collin fragmentation funtions(Efremov with ollaborators, Anselmino with ollaborators)
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Figure 13: Fermilab E-704 Collaboration data on SSA for pions atps = 20 GeV.
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Figure 14: Instanton indued diagrams whih ontribute to SSA inhadron-hadron interation



CONCLUSION� Instantons indue very spei� spin- and avor-dependent quark-quark and quark-gluon interations� Inlusive meson prodution data at rather large energyand in few GeV transfer momentum region do notfollow pQCD predition. Nonperturbative instantonontribution is important� The �nal state interation indued by quark exhangemay explain the anomalous single spin asymmetry inthe K meson prodution in SIDIS� For �nal answer it is needed to arry out more auratealulation for SSA with formfators inluding.


