
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
DIFFRACTIVE VECTOR MESON PRODUCTIONIN kt-FACTORIZATION APPROACH�I.P. IvanovFors
hungszentrum Jüli
h, GermanyandNovosibirsk University, Russiaand N.N. NikolaevFors
hungszentrum Jüli
h, GermanyandITP, Mos
ow(Re
eived June 28, 2002)We des
ribe the 
urrent status of the di�ra
tive ve
tor meson produ
-tion 
al
ulations within the kt fa
torization approa
h. Sin
e the amplitudeof the ve
tor meson produ
tion o� a proton is expressed via the di�erentialgluon stru
ture fun
tion (DGSF), we take a 
loser look at the latter andpresent results of our new improved determination of the DGSF from thestru
ture fun
tion F2p. Having determined the di�erential glue, we pro
eedto the kt-fa
torization results for the produ
tion of various ve
tor mesons.We argue that the properties of the ve
tor meson produ
tion 
an reveal theinternal spin-angular and radial stru
ture of the ve
tor meson.PACS numbers: 13.60.Le 1. Introdu
tionDi�ra
tive DIS appears to be a unique probe of the internal stru
ture ofhadrons in the Regge regime, i.e. at Q2 �xed, x ! 0. It has been alwaysappre
iated that di�ra
tive pro
esses 
an give valuable information of thegluon 
ontent inside a rapidly moving proton. Another aspe
t might not bethat obvious, namely, that di�ra
tion 
an tell us mu
h about the stru
tureof the produ
ed system as well.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3517)



3518 I.P. Ivanov, N.N. NikolaevThe 
ase of the ve
tor meson produ
tion
(�)p! V pis espe
ially promising. A general expression for transition 
(�)(�
) !V (�V ) is given by:A(x;Q2; ~�) = is
Vp4��em4�2 1Z0 dzz(1� z) Z d2~k (z;~k)�Z d2~�~�4 �S(q2)�1 + i�2 �� log x�F(x; �; ~�; ~�)I(
� ! V ) :Here we have two quantities that are not 
al
ulable within pQCD, namely,the radial wave fun
tion of the ve
tor meson  (z;~k) and the o�-forwardunintegrated gluon density F(x; �; ~�; ~�).By studying the properties of the produ
tion of ve
tor mesons with he-li
ity �V from photons with heli
ity �
 , one 
an peep into the spin-angularstru
ture of the quarks inside the ve
tor meson. Indeed, even the mere fa
tthat heli
ity-�ip 
 ! V transitions take pla
e implies a 
ertain motion ofthe 
onstituents inside the meson.It turns out that the distribution of the absolute values of the relativemomenta between the quark and the antiquark inside the ve
tor meson, thequantity that we just 
alled the wave fun
tion of the ve
tor meson, doesleave signatures in the properties of the di�ra
tive produ
tion as well. Inour work we do not aim at the most a

urate possible way of des
ribing theve
tor meson wave fun
tion. What we do is we take two radi
ally di�erentAnsätze � the Coulomb and the os
illator type � for the wave fun
tion and
he
k how di�erent the predi
tions based on the form of the wave fun
tionare. This will give us a reliable estimate of the sensitivity of the wholeapproa
h to the details of the wave fun
tion.2. Unintegrated gluon densityAlthough the unintegrated gluon stru
ture fun
tion is not 
al
ulable from�rst prin
iples, it 
an be extra
ted from experimental data on F2p. This anal-ysis was performed in [1℄ and yielded 
ompa
t and ready-to-use parametriza-tions of F(x;~�2). Sin
e this analysis was based on simple eye-ball �ts andbe
ause new data appeared during last two years, we re-extra
ted the unin-tegrated gluon density from F2p, this time by means of �2-minimization. Weused 191 data points in low to moderate Q2 (Q2 < 10 GeV2), x < 0:01 regionand obtained three �ts with �2=nd:o:f: � 1:25� 1:40. We hope that later on,when 
al
ulating ve
tor meson produ
tion 
ross se
tions, using these three
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h 3519�ts will give us a reliable estimate of the level of un
ertainty introdu
ed byunintegrated glue.This minimization pro
edure resulted in somewhat unexpe
ted two-peakshape of the unintegrated glue, whi
h means that the soft and hard 
om-ponents of the pomeron are strongly separated. Further analysis is neededin order to establish whether the data indeed favor the non-monotonous~�2-behavior of F(x;~�2) or this is an artefa
t.3. Produ
tion of ground state mesonsThe kt-fa
torization 
al
ulations of the ve
tor meson produ
tion 
rossse
tion are known to possess a s
aling phenomenon: all ground state ve
tormesons, when 
orre
ted to �avor fa
tor, follow the same Q2 +m2V depen-den
e. Moreover, we predi
t that a similar phenomenon should take pla
ealso for the energy rise exponent and for the di�ra
tive slope.When 
al
ulating the produ
tion of �-meson and 
omparing them withthe data, we observed a good overall agreement ex
ept for two Q2 regions.Fig. 1 display the quantity �(
�p! �p) (Q2+m2�)2:3. At low Q2 we observethe experimental data points drop sharply, while our predi
tions do notexhibit this behavior. It must be emphasized that this dis
repan
y is lo
atedat Q2 � 1 GeV2, not at very small Q2. In fa
t, with os
illator wave fun
tion,we managed to reprodu
e the Q2 ! 0 behavior of the total 
ross se
tionnearly perfe
tly.
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tion multiplied by (Q2 +m2�)2:3. Dis
rep-an
ies at Q2 � 1 GeV2 and at Q2 > 10 GeV2 
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3520 I.P. Ivanov, N.N. NikolaevAt large enough Q2 we observe another deviation between kt-fa
toriza-tion predi
tion and the data. As seen in Fig. 1, at high Q2 both our predi
-tions for �(
�p ! �p) (Q2 +m2�)2:3 and the data de
rease, but our 
urvesstart de
reasing earlier. This problem was dubbed by us the �T puzzle,sin
e it be
omes even more glaring when �T and �L are analyzed separately.During the last two years, a number of ideas was investigated � namely, thee�e
t of hard Coulomb tail of the wave fun
tion and strong S-wave/D-wavemixing, see [2℄ � whi
h 
ould in prin
iple 
ure this problem. However, nosatisfa
tory solution was found.If we ask not for the absolute values of 
ross se
tion, but for relativestrength of various heli
ity amplitudes, the agreement between kt-fa
toriza-tion predi
tion and the data is mu
h better. For example, our 
al
ulationof the �-meson spin density matrix and of the ratios spin-�ip/non-spin-�ipyielded numbers rather 
lose to data points. This make us believe thatwe grasped the essential part of the spin physi
s of the di�ra
tive 
 ! �transition.In the 
ase of other ground state ve
tor mesons (!; �; J= ), the kt-fa
-torization predi
tions were in a good overall agreement with the data. Herewe wish to show one parti
ularly interesting quantity, namely, the ratio of�-meson to �-meson 
ross se
tions, taken at equal Q2, Fig. 2. Aside fromthe observation that our predi
tions are in a ni
e agreement with the data,we noti
e that predi
tions based on Coulomb and os
illator wave fun
tionsvirtually 
oin
ide. This is highly non-trivial, sin
e these two Ansätze lead
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ross se
tion. This observation sug-gests that quantity �(�)=�(�) is pra
ti
ally insensitive to the details of theinternal stru
ture of the ve
tor mesons (provided it is the same for � and �).Therefore, in some sense, this quantity appears to be a parameter-free pre-di
tion of the theory, and the fa
t that it agrees with the data supports ourapproa
h. An interesting issue remains to be settled, namely, what is thisquantity mostly sensitive to.4. Produ
tion of ex
ited ve
tor mesonsSin
e we expli
itly take into a

ount the spin-angular 
oupling insidethe ve
tor meson, we 
an 
al
ulate produ
tion of pure S-wave or pureD-wave ve
tor mesons, as well as any given S=D-wave mixture. Duringsu
h 
al
ulations, we observed a number of remarkable phenomena. In the
ase of 2S states (radial ex
itations) we observed the famous node e�e
t andstudied its in�uen
e on produ
tion 
ross se
tions. We observed 
hara
ter-isti
 Q2 and t shape of the (di�erential) 
ross se
tions. Whenever possible,we 
ompared predi
tions with the data and found good agreement. In the
ase of D-wave state we found strong overall suppression that 
omes fromorthogonality between the pure D-wave in ve
tor meson and the dominantS-wave in the initial photon.We also 
al
ulated the spin density matri
es and �L=�T ratios for allthese states. The most spe
ta
ular quantity here is �L=�T. For 2S state in� system, we observed a strongly os
illating Q2 shape of this ratio in thesmall Q2 region, whi
h is again manifestation of the node e�e
t. For D-wavestate we found an overall suppression of this ration in 
omparison with 1Sstate by more than an order of magnitude.We think that study of ex
ited states, espe
ially in the � system, willshed light on the nature and internal stru
ture of various �0 resonan
es. Inthis aspe
t, HERA will yield information hadron stru
ture, 
omplementaryto studied at e+e� 
olliders. REFERENCES[1℄ I.P. Ivanov, N.N. Nikolaev, Phys. Rev. D65, 054004 (2002).[2℄ I.P. Ivanov, N.N. Nikolaev, Talk given at 8th International Workshop on DeepInelasti
 S
attering and QCD (DIS 2000), Liverpool, England, 25-30 Apr 2000,hep-ph/0006101


