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Quark-gluon interation indued by instantonsInstanton model for QCD vauumInstantons are strong utuations of vauum gluon �elds (review wasdone in the talk by Prof. Musakhanov)

Aa� = 2gs�a�� (x� x0)�(x� x0)2 + �2

Figure 1: Instanton solution in QCD.



Instanton liquid model for QCD vauum [Shuryak, Diakonov, Petrov ...℄
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One an introdue the \density" ofinstantons

nI(�) � exp�� 2��s(�)�R - distane between instantons� � 0.3 fm - instanton size

If R >> � ! vauum is a \gas" of instantonsIf R � 3� ! vauum is an instanton \liquid"



�In the general ase, the interation vertex of massive quark with gluonan be written in the following form:

V�(k21; k22; q2)ta = �gsta[�F1(k21; k22; q2) + ���q�2Mq F2(k21; k22; q2)℄;

� Anomalous quark hromomagneti moment (AQCM):

�a = F2(0; 0; 0):

AQCM within instanton model for QCD vauum [N.K. (1996)℄

Ispin-ip



�L = �{�a gs4m�q �q���taqGa��

�a � �0:4 [N.K. 1996℄�a � �1:6 [Diakonov 2002℄

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

E�etive instanton indued quark-gluon vertex in loal limit (smallinstanton size) �! 0

V a� = � Z dUd��2�2�2nI(�)Mq �qRU [I + i��b��� b���4 ℄U yqLTr[�a ^A�℄� ;



where ^A� = �iq�����2�2�2gs U� U yis amputated instanton �eld and U is present the orientation of theinstanton in SU(3) olor spae.
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Figure 2: The quark-gluon oupling: a) perturbative and b) nonperturbative. SymbolsR and L denote quark hirality and symbol I(�I) denotes instanton (antiinstanton).The shape of form fator F2(k21; k22; q2) is �xed:F2(k21; k22; q2) = �a�q(j k1 j �=2)�q(j k2 j �=2)Fg(j q j �) ;



where �q(z) = �z ddz(I0(z)K0(z)� I1(z)K1(z));Fg(z) = 4z2 � 2K2(z)

are the Fourier-transformed quark zero-mode and instanton �elds,respetively, and I�(z), K�(z),are the modi�ed Bessel funtions and� is the instanton size.The value of AQCM is determined by the e�etive density of theinstantons n(�) in nonperturbative QCD vauum (N.K. (1996))

�a = ��3 Z d�n(�)�4�s(�) :

Within Shuryak's instanton liquid modeln(�) = nÆ(�� �);



leads to AQCM whih is proportional to the paking fration of instantonsf = �2n�4 in vauum �a = � �f�s(�):By using the following relation between parameters of the instantonmodel f = 34(Mq�)2;we obtain �a = �3�(Mq�)24�s(�) :The dimensionless parameter Æ = (Mq�)2 is one of the main parametersof the instanton model. It is proportional to the paking fration ofinstantons in QCD vauum Æ / f � 1, and is rather small. For a�xed value of average instanton size ��1 = 0:6 GeV it hanges fromÆMF = 0:08 for Mq = 170MeV in the mean �eld approximation toÆDP = 0:33 for Mq = 345 MeV within Diakonov-Petrov model. For thestrong oupling onstant at the sale of instanton average size�s(�) � 0:5;



we obtain the following values for AQCM:�MFa � �0:4; �DPa � �1:6in the mean �eld approximation and in the DP approah, respetively.Formula for AQCM an be rewritten in the following form:

�a = �38S0Æ;where S0 = 2�=�s(�) is the Eulidean instanton ation. The typialvalue of this ation is large S0 � 10� 15and leads to the ompensation of the Æ smallness e�et on AQCM.Reent alulation within Dyson-Shwinger approah (Craig Roberts etal. (2010)) gives for AQCM �a � �0:5.



Fine pomeron struture�Pomeron is e�etive olorless exhange between hadrons (quarks) whihgives a dominated ontribution to the high energy ross setions:� � s�(0)�1�Two types of pomerons: "soft" (Landsho� and Nahtmann (lowvirtuality of quark and gluons and interept �soft(0) � 1:08 ) and"hard" Balitsky ,Kuraev, Lipatov and Fadin (BFKL) pomeron ( largevirtualities and interept �hard(0) � 1:4 ).
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Form fator in the �rst term in general quark-gluon vertex might behosen in the formF1(k21; k22; q2) = �(j k21 j ��2)�(j k22 j ��2)�(j q2 j ��2);where � is the fatorization sale between perturbative andnonperturbative regimes. In our estimation below we will use� � 1=� � 0:6 GeV.
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Figure 4: The �ne pomeron struture in the model with perturbative andnonperturbative interations: a) perturbative ontribution, b) interferene perturbativeand nonperturbative verties, ) nonperturbative ontribution. The symbol I (�I)denotes instanton (antiinstanton).



The total ontribution to quark-quark ross setion for the quarks withsmall virtualities is �total = �pert + �mix + �nonpert; (1)where �i = Z 1q2min d�i(t)dt dq2; (2)

d�(t)pertdt = 8��2s(q2)9q4d�(t)mixdt = �s(q2)�2 j �a j �2F 2g (jqj�)3q2d�(t)nonpertdt = �3�2a�4F 4g (jqj�)32 ; (3)

where q2 = �t and q2min � 1=�2 for perturbative and mixed ontributionsand q2min = 0 for pure nonperturbative ontribution.
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Figure 5: The ontibution to the total quark-quark ross setion as a funtion ofAQCM: perturbative (dashed line) , mixed (dotted line), nonperturbative (dashed-dottedline) and their sum (solid line).



For the strong oupling onstant, the following parametrization was:�s(q2) = 4�9 ln((q2 +m2g)=�2QCD);where �QCD = 280 MeV and the value mg = 0:88 GeV was �xed fromthe requirement S0 = 2�=�s(q2 = 1=�2) � 12 as in Shuryak-Diakonov-Petrov instanton liquid model. This form for �s(q2) desribes the frozenoupling onstant in the infrared region, �s(q2)! onstant as q2 ! 0.From hadron spetrosopy (Faustov, Galkin, Ebert) obtained �a � �1.In our alulation it orresponds to the value of dynamial quark massMq = 280 MeV. For suh �a we have got �totqq = 3:05 mb.That number is not far away from �expqq = 4 mb ( inelasti �exppp(�p) � 36mb in the energy range where pp(p�p) ross setions are approximatelyonstant ).Gluon distribution in nuleon induedby anomalous hromomagneti interationThe anomalous quark-gluon interation struture should also manifestitself in the struture of gluon distribution in nuleon. One of the ways to



show it is in the use of a DGLAP-like approah with the modi�ed quarksplitting funtion PGq aording with the general quark-gluon vertex.
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(a) (b) (c)Figure 6: The diagrams ontributing to nuleon gluon distribution: a)"hard"-perturbative, b) "hard-soft" interferene perturbative and nonperturbativeexhanges, ) "soft"-nonperturbative part.To alulate unintegrated distribution, we use the onvolution modelformula f(x; k2?) = Nqk2? Z 1x dyy PGq(x=y; k2?)qV (y);where Nq = 3 is the number of valene quarks in nuleon, qV is thevalene quark distribution funtion in nuleon, PGq is the quark splitting



funtion as de�ned by Altarelli and Parisi. The splitting funtion is givenby the formula
PGq(z; k2?) = CFz(1� z)k2?8�2(k2?+M2q z2)2X� Tr[(^kC +Mq)U�(t)(^kA +Mq)� �U�(t)℄��(�)���(�);

where U�(t) = V�(0; 0; t), kA (kC) is momentum of initial (�nal) quark,t = q2 = (kA� kC)2, �U = 0U y0 and � is gluon heliity. In the in�nitemomentum frame
kA = (P;P + M2q2P ;~0?)kC = ((1� z)P + k2? +M2q2(1� z)P ; (1� z)P;�~k?)q = (zP � k2? +M2q z2(1� z)P ; zP;~k?);



the result for splitting funtion isPGq(z; k2?) = CFk2?2�z(k2? +M2q z2)2� [(p�s(j t j)�(j t j ��2) +p�s(1=�2)�aFg(j t j))2z2+ 2((1� z)�s(j t j)�(j t j ��2) + �s(1=�2)�2ak2?4M2q F 2g (j t j))℄;where j t j= (k2?+M2q z2)=(1� z) is the gluon virtuality. The integrateddistribution is given by
g(x;Q2) = Z Q20 dk2?k2? f(x; k2?);For estimation we use a simple form for valene quark distributionqV (x) = 1:09(1� x)3pxwith the normalization R 10 qV (x)dx = 1:
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Figure 7: The unintegrated gluon distribution at x = 10�2: solid (dashed) line istotal (perturbative) ontribution.
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CONCLUSION� Instantons indue large anomalous quark-gluon hromomagnetispin-ip interation� This interation gives the dominating ontribution to the softpomeron exhange and to gluon distribution in nuleon for thesmall virtuality of quark and gluons�Internal spin struture of soft and hard Pomerons is di�erent� That feature should gives a strong inuene to the spin e�ets inthe di�ration ( N.K., N.Nikolaev, N.Korhagin work in progress)

Thank you for your attention!


