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Tou
hing on the gluon polarizationin the Durham PomeronS.P. BaranovP.N. Lebedev Institute of Physi
s, Mos
ow, Russiae-mail: baranov�s
i.lebedev.ruIn
lusive and ex
lusive produ
tion of s
alar and pseudos
alar mesons viagluon-gluon fusion is 
onsidered. A new experimental test is proposed,whi
h 
an probe the polarization state of the gluons in ex
lusive pro-du
tion pro
esses and 
he
k the 
ompatibility of the two-gluon ex
hangeme
hanism with the properties of 
onventional Pomeron.Key words: Di�ra
tion, polarization, Durham modelPACS: 12.38.Qk, 13.60.Le1 Introdu
tionA

ording to the present-day point of view, di�ra
tive pro
esses are to beunderstood in terms of two-gluon ex
hange me
hanism, and the old 
on
eptof Pomeron has to be repla
ed with a new �eld theory obje
t, the general-ized two-gluon distribution fun
tion. It is not yet 
lear, however, to whatextent does the two-gluon language �t the known properties of 
onventionalPomeron. In parti
ular, sin
e the Pomeron is 
onsidered to be a s
alar ob-je
t with positive parity, JPC = 0++, the polarization ve
tors of the bothgluons must be parallel to ea
h other. Do we have any 
han
e to verify thispredi
tion experimentally? The present Letter is devoted to this interestingissue, and, as far as the Durham model [1℄-[4℄ is 
on
erned, the answer is yes,as we will see in the next se
tion.2 Basi
 ideaIn order to feel the 
orrelation between the gluon polarization ve
tors, wehave to 
ompare the produ
tion 
ross se
tions of pseudos
alar and s
alarmesons in in
lusive and ex
lusive 
hannels. Feynman diagrams representing1
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the in
lusive inelasti
 and ex
lusive double di�ra
tive produ
tion me
hanismsare displayed in Fig. 1(a) and (b), respe
tively. Both these me
hanisms havean important element in 
ommon, namely, the gluon-gluon fusion partoni
subpro
ess. The properties of the 
orresponding matrix element M are su
hthat, if the polarization ve
tors of the in
ident gluons are parallel to ea
hother, then only the s
alar states are produ
ed, while the produ
tion ofpseudos
alar states is forbidden. At the same time, if the polarization ve
torsof the initial gluons are perpendi
ular to ea
h other, then the produ
tionof pseudos
alar states is allowed, while the produ
tion of s
alar states issuppressed.These properties follow immediately from the intera
tion Lagrangians,whi
h read (for an ideal 
ase of on-shell gluons) L(gg0+) / e�1e�2g�� (1)for s
alar states, and  L(gg0�) / �����e�1e�2k�1 k�2 (2)for pseudos
alar states, with e1 and e2 being the gluon polarization ve
tors,and k1 and k2 the gluon momenta.In the inelasti
 
ase, the gluons g1 and g2 in Fig. 1(a) are un
orrelatedand 
ontribute to the produ
tion of both pseudos
alar and s
alar mesons. Onthe 
ontrary, in the di�ra
tive 
ase, the presen
e of an additional gluon g0 inFig. 1(b) 
an indu
e positive 
orrelations. If we assume that the emission ofa gluon pair g0g1 is equivalent to the emission of a Pomeron, then the gluonsg0 and g1 are polarized in the same plane. For the same reason, the gluons g0and g2 are also polarized in the same plane, and so, the gluons g1 and g2 haveto be polarized in the same plane as well. Consequently, one 
an expe
t thatthe produ
tion of pseudos
alar mesons would be suppressed or forbidden inthis 
ase.Thus, by 
omparing the pseudos
alar-to-s
alar ratios in ex
lusive andin
lusive produ
tion 
hannels one probes the polarization of the intera
tinggluons. Though evident, the suppression of JP = 0� states due to quantumnumber sele
tion rules has not been taken into a

ount in the literature [1℄-[4℄ when 
onsidering the elasti
 produ
tion of non-standard Higgs bosons, �0and �
 mesons. 2



3 Numeri
al exampleTo illustrate the analysing power of the gluon-gluon fusion subpro
ess weshow theoreti
al predi
tions on the in
lusive produ
tion of �
 (JPC = 0�+)and �
 (JPC = 0++) mesons at the 
onditions of the Fermilab Tevatron (p�p
ollisions at ps = 1960 GeV) and Relativisti
 Heavy Ion Collider (RHIC, ppmode, ps = 200 GeV).Throughout this Letter we will be using the overall (proton-proton) 
enter-of-mass system with the z axis oriented along the beam dire
tion. Adoptingthe kt-fa
torization pres
ription [5℄, we take the gluon polarization ve
tors inthe form e� = k�t =jktj, where k�t is the 
omponent of the respe
tive gluon mo-mentum perpendi
ular to the beam axis. In this approa
h, the polarizationve
tors are real and lie entirely in the xy plane.Our 
al
ulations are based on perturbative QCD and nonrelativisti
 boundstate formalism [6, 7℄. The 
reation of a heavy quark pair 
�
 is treated as apurely perturbative pro
ess. The 
al
ulations are straightforward and followthe standard Feynman rules. The spin proje
tion operators [6, 7℄P(1S0) � P(S=0; L=0) = 
5 ( 6 p
 +m
)=(2m
)1=2 (3)P(3P0) � P(S=1; L=1) = ( 6 p�
 �m
) 6 �S ( 6 p
 +m
)=(2m
)3=2 (4)introdu
ed in the amplitudes guarantee the proper quantum numbers of the
�
 states under 
onsideration.The formation of a �nal state meson is a non-perturbative pro
ess. Withinthe nonrelativisti
 approximation whi
h we are using, its probability is de-termined by a single parameter related to the meson wave fun
tion at theorigin of 
oordinate spa
e. More pre
isely, the probability of forming an �
meson is proportional to the radial wave fun
tion squared, jR�(0)j2; the lat-ter is taken to be the same as that of the J= meson (known from the J= leptoni
 de
ay width [8℄) and set to jR�(0)j2 = 0:8 GeV3. The probability offorming a �
 meson relates to the derivative of the radial wave fun
tion; thelatter is taken from the potential model [9℄: jR0�(0)j2 = 0:075 GeV5.Finally, we obtain the meson produ
tion 
ross se
tion by 
onvoluting thematrix element squared with unintegrated gluon distribution fun
tions. Here,we use the parametrization proposed by J.Bl�umlein [10℄, where the leading-order Gl�u
k-Reya-Vogt gluon density [11℄ was used for 
ollinear input. Thedetails of 
al
ulations from the �rst to the last step are explained in Ref.[12℄. The full fortran 
ode is available from the author on request.3



Fig. 2 displays our predi
tions on the transverse momentum spe
tra. Allof the pseudos
alar �
 mesons 
ome from gluons with perpendi
ular polar-ization ve
tors. Most of the s
alar �
 mesons 
ome from gluons with parallelpolarization ve
tors. As a result of the initial gluon o�-shellness, the pro-du
tion of �
 mesons by gluons with perpendi
ular polarization ve
tors isnot totally forbidden (as it would follow from (1)), but is only suppressedby a large fa
tor. This 
ontribution 
omes from the intera
tion of the type L(gg0+) / (e1k2)(e2k1) whi
h vanishes in the on-shell gluon limit.The ratio of the produ
tion rates d�(�
)=d�(�
) is exhibited in Fig. 3. Asone 
an see, it stays almost 
onstant at about d�(�
)=d�(�
) ' 5 both at theTevatron and RHIC energies, neither showing dependen
e on the transversemomentum nor on rapidity. Any deviation from this number would indi
ate
orrelations between the gluon polarization states.It is worth noting that many important theoreti
al un
ertainties 
an
elout in the ratio: e.g., the predi
tions are insensitive to the 
hoi
e of gluondistribution fun
tions, the s
ale in the running 
oupling 
onstant �s(�2),et
. Thus, we 
on
lude that the gluon-gluon fusion me
hanism 
an serve asa 
onvenient tool probing the gluon polarization.4 Comparison with other 
al
ulationsThe properties of the gluon-gluon-meson vertex has been previously 
onsid-ered in Refs. [2, 3℄. We fully agree with the mentioned papers in the generalstru
ture of this 
oupling (Eqs. (1) and (2) versus Eq. (22) in Ref. [2℄).In the inelasti
 
ase, the angle between the gluon polarization ve
tors is atthe same time the azimuthal angle between the re
oil protons. This resultsin the 
os2 ' and sin2 ' behavior of the produ
tion 
ross se
tion for 0+ and0� mesons, respe
tively. The behavior of double di�ra
tive pro
esses is lesssimple and strongly depends on the dynami
s. Parti
ularly essential is therelation between the internal transverse momentum QT in the loop (see Fig.3 of Ref. [2℄) and the transverse momenta of the outgoing protons pt. Thedistribution of 0+ mesons preserves its 
os2 ' behavior for QT << pt (whi
h istypi
al for 
omparatively light states) and be
omes nearly 
at for QT >> pt(for heavier states like Higgs bosons).In the present Letter, we basi
ally fo
us on the quantum number sele
-tion rules and avoid giving numeri
al predi
tions on the double di�ra
tivepro
esses, as they would be too mu
h model dependent. First of all, the4



very fa
torization prin
iple is questionable. In order that the fa
torizationbe valid, both gluons atta
hed to the `upper' proton in Fig. 1 must onlyhave positive light-
one momentum fra
tion, while the negative one must be
lose to zero. Also, both gluons atta
hed to the `lower' proton must onlyhave negative light-
one momentum fra
tion, while the positive one must be
lose to zero. These two 
onditions are in
ompatible for the gluon 
onne
tingthe both protons. A possible way out is in assuming that the positive andnegative light-
one momenta are both 
lose to zero, and only the transversemomentum is ex
hanged. But then it would be hard to believe that thereexists a simple relation between the generalized two-gluon distribution fun
-tions and the ordinary gluon distributions measured in in
lusive pro
esses.Instead, we give the �rst priority to 
larifying the fundamental role ofsele
tion rules 
oming from gluon spin 
orrelations, that may have dramati
e�e
t on the produ
tion of all pseudos
alar states (in
luding non-standardHiggs bosons) but yet had never been 
onsidered in the literature.The �rst experimental observation of the double di�ra
tive produ
tion ofs
alar �
0 mesons is re
ently reported in [13℄. This is an en
ouraging resultshowing that the test whi
h we propose here is really feasible.5 SummaryIn the present Letter we draw attention to the fa
t that measuring the pro-du
tion 
ross se
tions of pseudos
alar and s
alar mesons in in
lusive andex
lusive 
hannels 
an yield important information on the polarization stateof the intera
ting gluons. In addition, it would be extremely useful if thesemeasurements are a

ompanied by measuring the azimuthal dependen
e ofthe 
ross se
tion.Whether or not will the Durham model re
eive support from the data,the information obtained by these measurements will shed more light onthe nature of di�ra
tive pro
esses and, in parti
ular, will stimulate furtherre�nement of the 
on
ept of generalized gluon distributions.A
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Figure 1: Diagrams representing the in
lusive (left panel) and ex
lusive (rightpanel) produ
tion me
hanisms. M denotes the gluon-gluon fusion matrixelement; open 
ir
les stand for the gluon distribution fun
tions in the proton.
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Figure 2: In
lusive transverse momentum distributions at the Tevatron (up-per panel) and RHIC (lower panel) energies. Solid histograms, �
 mesons,all 
oming from the gluons with perpendi
ular polarization ve
tors; dashedand dotted histograms, �
 mesons 
oming from the gluons with parallel andperpendi
ular polarization ve
tors, respe
tively.8



Figure 3: The ratio of the produ
tion rates d�(�
)=d�(�
) as a fun
tion of thetransverse momentum pt (upper panel) and rapidity y (lower panel). Solidhistograms, RHIC 
onditions; dashed histograms, Tevatron 
onditions.9
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